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Abstract
In a developing economy, the availability of storage infrastructure is considered essential
for two purposes; the reduction of post-harvest losses resulting in food shortage, and
allowing for gains from inter-temporal trade due to potential arbitrage opportunities
arising out of volatility in food grain prices. This paper provides empirical evidence on a
lesser studied impact of storage infrastructure, viz, agricultural yield. The author exploits
potentially exogenous variation generated by the intensity of access to a capital investment
subsidy program for construction and renovation of rural godowns in India to identify
causal effects of better storage on yield. He finds that the program led to an increase in rice
yield by 0.3 tons per hectare, approximately a 20% increase compared to the baseline. A
potential mediating channel for such an effect would be reduced storage costs facilitating
better investments in productive inputs. As supportive evidence, the author finds that
fertilizer consumption increased by 21% in response to the intervention.
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Introduction

The United Nations Development Programme’s (UNDP) ‘2030 agenda’ includes 17 new sustainable
development goals, one of which is responsible consumption and production (Goal 12).1 Among
the stated targets of Goal 12 is the objective to ...reduce food losses along production and supply
chains, including post-harvest losses by 50%. Gustavsson et al. (2011) estimate that about 1.3
billion tonnes of food produce are wasted or lost each year globally. Much of this is due to lack
of adequate storage facilities and other associated logistical concerns. The availability of storage
infrastructure in terms of adequate warehouses or godowns to preserve crop produce is therefore
of immense global importance, especially in light of the UNDP agenda.
Alternately, from the point of view of farmers, especially in developing countries, a major
motivation for acquiring storage services would be to cope with price volatility and seasonal
fluctuations. Many farmers in developing countries rely on credit and successful repayment of their
debts are likely to be contingent upon the possibility of selling their produce at favorable prices.
However, in the absence of storage facilities, lean season and peak season variation coupled with
market price dynamics may compel farmers to sell a lot of produce at low prices as determined
by market conditions and conversely, not being able to sell enough when the prices are higher.
Therefore, from a pure welfare perspective of the farmers, access to storage infrastructure seems
important as well.
While the above motivations should be sufficient to encourage the development of storage
infrastructure worldwide in general, and developing countries in particular, it may still be interesting
to explore if access to better storage has other potential benefits. For instance, does improved
storage infrastructure increase or decrease the motivation of farmers to produce? We know that
better storage can help reduce loss of food grains but if farmers already accounted for the potential
of losses due to lack of proper storage facilities, will they increase or decrease their production
once they have access to storage? In this paper, I study a capital investment subsidy scheme for
construction and renovation of rural godowns in India to answer this question.
The answer to this question is important from two perspectives. First, from the perspective of a
policy maker in a developing country, if better storage can lead to better productivity, then policies
and incentives to promote storage facilities should be worth taking up as it would potentially
increase the welfare of agents in the economy. Second, from the perspective of entrepreneurs in the
warehousing business, farmers maybe encouraged to acquire their services if they can be convinced
that access to storage leads to better yield. At the end of the day all the farmer cares about is his
own productivity and if if his output per unit of land cultivated can go up due to some intervention
or innovation, it is likely that the farmer would adopt that technology or make use of that service.
The Grameen Bhandaran Yojana (GBY) was such a program introduced in India in 2001-02
to provide the farming community with scientific storage facilities and enable them to avoid
deterioration and wastage of the food grain production.2 I exploit the intensity of penetration of
this scheme along with potentially exogenous variation provided by the access to this program
1

More about the 2030 agenda can be found here: http://www.in.undp.org/content/india/en/home/post-2015/
sdg-overview/
2 The National Bank for Agricultural and Rural Development, India has laid out the details of this scheme on their
website: https://www.nabard.org/content.aspx?id=593
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in terms of time and institutional features of implementation to find the causal effects of storage
facilities on agricultural yield for rice, which is a major food crop of the country.
The empirical framework relies on the natural experiment of introduction of the GBY. This
facilitates the inference about the counterfactual scenario, ie, what would have happened in the
absence of GBY. I find that enhanced access to GBY leads to an increase in rice yield. This
helps answer the above research question because this finding implies that in the absence of GBY,
rice yield would have been lower. Therefore, with better storage facilities the farmers appear
to be motivated to improve their production and in the counterfactual scenario with no (or less)
access to storage, rice yields would have been lower. This suggests that farmers do account for
post-harvest losses when making their production decisions and input choices. I use several years
of pre-GBY data to perform falsification exercises in support of the counterfactual assumptions
and identification strategy. I also present a simple theoretical framework with concave production
functions and storage costs to motivate and support the empirical analysis.
The rest of the paper is organized as follows. In Section 2, I present some background of this
research by relating the study to existing literature and providing information about the policy
implementation. I also discuss the theoretical premise of this study by presenting a very simple
conceptual model. In Section 3, I discuss the estimation of the causal effects of the program. I
first lay down the identification strategy and then discuss data sources and present the regression
specification. Section 4 presents the main results and falsification tests. Section 5 describes a
robustness check and Section 6 concludes.

2

Background

In this section, I present some details about the GBY program and discuss the literature to which
this paper adds. Broadly speaking, the GBY might facilitate gains from inter-temporal trade by
allowing for storage which has been considered a problem in the literature in this field. Much of
the lack of such arbitrage gains are attributed to price volatility, excess consumption in current
periods, giving away of food grains to friends and relatives, many of these being related to the idea
of not having adequate access to storage infrastructure. I conclude this section by describing a very
simple conceptual model which can help understand the theoretical channel through which better
storage may affect production and yield.
2.1

The Grameen Bhandaran Yojana - A Capital Investment Subsidy Program

The GBY was launched as a capital investment subsidy program by the government of India in
2001-02. The idea was to subsidize the setup of new godowns and renovate existing ones which
were becoming dysfunctional. The government realized that a major problem faced by farmers
in the country was lack of retention infrastructure for their food grain produce and this may lead
to huge post-harvest losses and increased consumption by the producers themselves to prevent
spoilage. Among the stated objectives of the program, capacity enhancement for storage with
associated facilities in farming areas was prioritized to enable quality control of the output and
better marketability. From this it is fairly obvious that the government was aware of the issues
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associated with price volatility and strived to protect the farmers’ interests in this regard. Whether
the policy eventually worked or not remains an empirical question examined in this paper, but the
advent of the program seems to be grounded by some theoretical premise.
An associated objective of the government was to encourage private sector entities and cooperative societies to invest in agriculture by allowing them to setup warehouses for storing food grains
via this program. The government invited participation in the program to construct rural godowns
from self-help groups, non-government organizations, farmers or a group of farmers, any private
proprietary or partnership firm and so on.3 Indian districts are sub-divided into rural and urban
areas based on the local governments of those areas. Municipalities and municipal corporations
essentially look after issues in urban regions whereas rural areas have local self governments
known as panchayats in a three-tier federal structure. The only geographic restriction in setting
up these godowns was that it had to be outside of the municipal corporation areas, ie, must be
restricted to rural regions.
The individual private entrepreneur who would construct a rural godown would decide on the
storage capacity of the unit independently with the condition of having a minimum capacity of 100
tonnes and a maximum capacity of 10,000 tonnes of grain, to be eligible for subsidy under the
scheme.4 There were some specific engineering requirements which were laid down as well to be
eligible for subsidies, such as adequate protection from rodents, birds etc, sufficient ventilation,
robust structure conducive to weather conditions in the area and so on.
The major highlight of this program was the assistance from the government in terms of
providing subsidies for setting up such godowns. The subsidy was linked to institutional credit and
would only be made available to projects funded by banks and other recognized formal financial
institutions. Loans would be given out to the entrepreneurs and the banks would be responsible
for collecting the repayments. The subsidy would be provided by the government through the
banks in terms of favorable loan terms. The subsidy rates were fixed as described in Table 1. From
the initial disbursement of the first instalment of the loan, a term limit of roughly 15 months was
considered for the completion of the project.
2.2

Related Literature

The traditional literature on the effects of storage mainly focusses on the risk-response of households in terms of storage as a savings or investment device (Saha and Stroud 1994). More recently,
researchers have started taking into account the impact of programs and policies that promote
storage on various outcomes of interest. For example, Femenia (2015), in a general equilibrium
setup, shows that providing subsidies for setting up private storage facilities (much like the GBY
model) would eventually destabilize the market and Gouel (2013) presents a framework to compare
various storage policies in a standard setting with well defined risk preferences of consumers.
There is a large body of literature, particularly in the domain of agricultural economics,
acknowledging the problem of post-harvest losses, summarized in a meta-analysis by Affognon
et al. (2015). However, convincing empirical estimates of the magnitude of these losses are
3

Details found here: http://agricoop.nic.in/sites/default/files/1_0.pdf
based on geographic and topographic conditions, special discretionary relaxations were sometimes considered under
the consideration of NABARD for setting up smaller godowns, particularly in hilly areas.
4
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Table 1: Credit-Linked Subsidy Assistance under GBY

Category

Subsidy Rate
Max Ceiling
(as percentage of capital cost) (in 100,000 INRs)

Women Farmers

33.33%

62.50

Self help groups and co-operatives (women run)

33.33%

62.50

Scheduled Castes and Scheduled Tribes (SC/ST)
Entrepreneurs

33.33%

62.50

Co-operatives run by SCs/STs

33.33%

62.50

All Farmers (other than women)

25%

46.87

Agriculture graduates, cooperatives
and State/ Central Warehousing Corporations

25%

46.87

All other individuals, firms etc

15%

28.12

Renovation of godowns of cooperatives

25%

N.A.

Notes: The category column indicates the category of entrepreneurs undertaking the godown construction project. There
were special considerations for historically marginalized sections of the society, ie, SCs and STs and also for women.

largely unavailable and one has to rely on reports coming out of the World Bank and other similar
orgranizations for descriptive data on these numbers.5 It is nonetheless well established that the
reduction in post-harvest losses is a very important objective particularly for developing countries.
This paper contributes to this strand of literature by providing empirical estimates of such an
intervention targeting reducing post-harvest losses on actual yield of food grains.
The other strand of literature that this paper relates to is in the field of access to new agricultural
technology. Specifically, papers like Conley and Udry (2010) focus on adopting a new technology
by many farmers in a community and study the role of learning, Duflo, Kremer and Robinson (2011)
study investment decisions of farmers in Kenya with respect to fertilizer purchases concluding that
subsidies may help procrastinating present-biased farmers to make a welfare improving investment
decision, Emerick (2018) in the context of India finds that there exist trading frictions among
farmers in terms of adoption of new technology and interventions like door-to-door sales may
alleviate some of these concerns.
This paper is most closely related to Basu and Wong (2015) and Aggarwal, Francis and
Robinson (2018) which study the effects of experimentally providing farmers with some storage
facilities. Aggarwal, Francis and Robinson (2018), in the context of interventions in Kenya,
conclude that access to storage may act as an investment instrument rather than a savings instrument
and based on their estimations suggest that interventions that help farmers store grain could have
5 For instance, the World Bank published a “Missing Food" report on post-harvest losses in the context of sub-Saharan
Africa to be found here: http://siteresources.worldbank.org/INTARD/Resources/MissingFoods10_web_final1.pdf
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better welfare implications compared to encouraging savings in bank. A potential channel through
which these effects operate is embedded in an idea from behavioral economics, known as, mental
accounting (Thaler 1999). Mental accounting, in this context, involves earmarking the saved grains
for future use rather than falling prey to temptations of consumption at current periods. Basu and
Wong (2015) find that their storage intervention (providing free weather-sealed drums and sacks
for food grain storage in West-Timor) had no overall effect on consumption smoothing or health
but find that it led to increases in reported income and non-food consumption. This is indicative of
the fact that if a large-scale well intentioned storage intervention is directed towards farmers, at the
least one would expect the budget set to expand opening up many more consumption-possibilities.
2.3

Conceptual Framework

While some of the results above look at the effects of storage from the perspective of better
consumption, in this paper, I approach the issue a little differently. The basic premise of this
paper is to estimate if better storage can lead to better production. Going by the findings of Basu
and Wong (2015), it is understandable that the mediating channel would be a favorable budget
constraint. If this is so, it is natural to also expect that farmers may be encouraged to invest more
in inputs (as suggested by Aggarwal, Francis and Robinson 2018). If the investment is made in
productive inputs, one would expect that output and hence yield per unit of land, would rise.
In this section, I present a simple model of a profit maximizing producer (who is also the
seller) choosing inputs in the presence of storage costs, to describe this potential channel. Consider
a standard concave production function y = f (X) where y denotes the output and x denotes any
representative input (or vector of inputs) in the production process. Concavity of production
function implies f 0(x) > 0 and f 00(x) < 0. Assume that the market price is denoted p and the
producer sells a fraction α of the produce in the market and stores (1 − α) times the produce.
Without loss of generality, assume that input x has a per-unit cost of c. Additionally, the producer
incurs a per-unit cost ψ towards storage of the product. The producer chooses input x to maximize
profit π. We can write out the objective function of the producer as follows:

maximize π = p · α · f (x) − c · x − ψ · (1 − α) · f (x)
x

(1)

The optimal choice of x must satisfy the first order condition of profit maximization given by:

∂π
= p · α · f 0(x) − c − ψ · (1 − α) · f 0(x) = 0
∂x

(2)

Solving for x we can find the following condition:

f 0(x) =

c
p · α − ψ · (1 − α)

www.economics-ejournal.org

(3)

6

Economics: The Open-Access, Open-Assessment E-Journal 12 (2018–65)

Clearly, there is a positive relationship between the marginal productivity term f 0(x) and the
storage cost ψ. If storage costs decline, ψ falls and as a result f 0(x) falls. Given the concavity of
the production function, a lower f 0(x) implies a higher value of x. So with decrease in storage
costs, optimal input choice increases and given that the input has positive productivity, the output,
and hence yield, should be higher. The idea to be explored here is that an intervention like GBY
leads to better storage infrastructure and hence may play an important role in reducing the ψ,
which eventually implies, following this model, that output should go up through the mediating
channel of productive investments in input. Such investments are now facilitated by lower storage
costs leading to favorable budget constraints.

3

Estimation

In this section, I first discuss the identification strategy of this paper to estimate causal effects of the
storage intervention on agricultural yield and other outcomes of interest. Then I go on to discuss
the data sources and present the regression specifications in the empirical framework section.
3.1

Identification Strategy

Empirically identifying the effects of improved storage infrastructure on agricultural production and
yield is difficult. Firstly, there maybe several factors correlated with better storage infrastructure
which may also affect output and hence linear regressions using a simple OLS framework is likely
to suffer from omitted variables bias. One such omitted variable could be the presence of better nonstorage infrastructure in general which may lead to overall impacts on the agricultural production
in the region. The other major concern is that better storage infrastructure maybe available in those
areas which already have better yield. In other words, entrepreneurs may selectively choose to
locate in areas that are flourishing and hence a simple OLS model will suffer from selection bias
and reverse causality issues.
The ideal way to estimate such an effect would be to randomly assign better storage facilities
to some regions. Then a means comparison of the average output in these regions could provide
reliable causal estimates of storage on productivity. Even though the GBY was a targeted program
towards improving and upgrading storage facilities in rural India, the policy was not randomly
allocated to regions, as is usual with a national level program. So essentially the program in
principle affected all regions of the country, ruling out the possibility of cross-sectional variation
in terms of rolling out of the policy. However, the institutional features of implementation of this
program provides an interesting quasi-experimental setup that can allow us to identify the causal
effects of GBY on outcomes of interest using the intensity of the program reach.
Since assistance was linked to institutional sources of credit, the availability of banking
infrastructure in a given region is likely to be heavily correlated with the intensity of the program.
To avoid issues arising out of the unlikely scenario of banking infrastructure improving in a region
in response to this policy, I restrict attention to the cumulative infrastructure available at the start of
the program. So I use the number of existing bank branches at the district levels as of 2001-02 as a
potential source of exogenous variation in access to GBY. However, just comparing regions with
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more banks to those with less banks would not give true causal estimates of GBY on outcomes
like agricultural yield because bank infrastructure potentially leads to several other financial
and economic benefits that may spur on agricultural growth. Doing a difference-in-difference
estimation seems attractive exploiting the time dimension of the policy introduction and comparing
more and less banked regions before and after 2001-02. However, even such a setup is not sufficient
to make a causal claim of GBY because it is quite possible that with other competing programs
like the Kisan Credit Card scheme, for instance, yield would naturally be higher in more banked
regions post-2002 and this may not entirely be attributable to the GBY (see Chatterjee 2018).
To address these issues, while continuing with the cross-sectional bank infrastructure variation
and inter-temporal variation, I incorporate a third dimension to the identification strategy, ie, an
intensity measure of the GBY program using actual reach of the program. This idea is similar to a
lot of applied econometrics studies done in the field of development economics (like Duflo 2001).
I look at the intensity of the program in the first 3 years, ie, 2002-2005 at the state levels to get an
idea as to which states were ahead in terms of GBY implementation. State level variation can occur
because of several reasons ranging from the alignment of the state government with the central
government, available state level infrastructure, market conditions in the state, taxation policies etc.
I use a fuzzy triple difference estimation by comparing districts with more banks as of 2001-02 to
others in states with more GBY access as of 2005 to others, before and after the introduction of the
program. I define GBY access in terms of total number of new godowns constructed in the first 3
years of the program at state levels.
Therefore, based on the intensity measure of program reach, define GBY districts as the ones
with above-median number of rural bank branches in states with above-median number of new
godowns constructed as of 2005. All other districts would be like the control group of this quasiexperiment. The identifying assumption of this fuzzy triple difference estimation paradigm is that
the difference in average yield in GBY districts before and after 2001-02 would be no different
from the difference in average yields for the non-GBY districts between the same time periods,
in the absence of the program, after controlling for other differences between the cross-sections
contained within the definition of GBY and non-GBY districts. Since this is an assumption about
the counterfactual, there is no clear way to test for the validity of this. However, since I have
multiple years of data, I perform a falsification exercise and provide support for this claim at a later
section. So, any changes in average yield over time between GBY and non-GBY districts would
be the causal effect of GBY on yield, based on this assumption and empirical framework.6
3.2

Data

Data used in this paper comes from three sources. First, the Village Dynamics of South Asia
(VDSA) database by ICRISAT which provides a district level panel dataset for various agriculture
related variables.7 I use data from 15 major states (comprising above 80% of the population of the
country) for the years 1990 to 2010 to account for a period of roughly 20 years, such that we have
6

It is worth noting that non-GBY districts do not mean that these districts have zero access to GBY, it is just because
of the way we have defined a GBY district for expositional simplicity.
7 The appendix presents some of the summary statistics of variables used as outcomes or controls in the regression that
follow, from the VDSA dataset.
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approximately the same number of years before and after the program. I focus on production of
rice as a major food grain. The data also includes variables representing total production, total
area under production, gross and net cropped and irrigated areas„ number of markets in district,
rainfall etc. To check for robustness of estimates, I also find the effects of GBY on a second food
grain of great importance in the country, viz, wheat. Finally, I look at the potential effects of the
storage program on usage of other associated inputs like fertilizers. The second data source is the
website of India’s central bank, Reserve Bank of India (RBI) which regularly publishes data on
branches of banks. The data on number of rural bank branches for each year at the district level
have been manually compiled from the statistics published on the RBI website. The third and
final data source comes from a complied dataset published on the portal, indiastat.com on the total
new construction of godowns under the GBY scheme at state level. The original data source as
per the listed publication is the answer given during the question hour in the upper house of the
Indian parliament on August 12, 2005. The main outcome of interest is rice yield which has been
calculated as the total production of rice divided by the total rice cropped area under cultivation.
Similarly, wheat yield has been calculated and used as another outcome along-with consumption
of fertilizers as the third outcome of interest. The mean rice yield for the apportioned data used
in the analysis is around 1.77 tonnes per hectare. Mean wheat yield, which is also considered as
an additional outcome, is roughly around 2 tonnes per hectare. Mean consumption of Nitrogen,
Phosphate and Potash (NPK) fertilizers is around 52 thousand tonnes per year per district.
3.3

Empirical Framework

I implement the above strategy exploiting potentially exogenous variation in reach of the GBY as
described above and run the following specification running regressions for district d in state s and
time t:

Ydst = α + β1 · GBYdst + β2 · (moreGDs ∗ moreBNKd ) + β3 · (a f tert ∗ moreBNKd )
+ β4 · (a f tert ∗ moreGDs ) + β5 · a f tert + β6 · moreGDs + β7 · moreBNKd + γ · Xdst + εdst
(4)
This is the baseline specification where α is a constant, moreGDs is a dummy variable which
takes the value 1 if the are above-median number of new godowns constructed under GBY in state
s and zero otherwise, moreBNKd is the dummy variable which takes the value 1 if district d has
above-median number of rural bank branches and zero otherwise, a f tert is a dummy for time which
takes the value 1 is year t is post-2002 and zero otherwise. The interaction of the inter-temporal
and cross-sectional dummy variables captured by GBY generates potentially exogenous variation
in intensity of the program reach under the assumption that the difference in the difference-indifferences of means of outcome Y along the 3 dimensions is statistically indistinguishable from
zero in the absence of the intervention.
As a result, GBY takes the value 1 if all the three above dummy variables take the value 1, and
it takes the value zero of either of the above dummy variables takes the value zero, for the given
district at the given state and for the particular point in time. The coefficient β1 would therefore
www.economics-ejournal.org
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give us the causal effect of storage access due to GBY on outcomes of interest Y . Some of the
outcomes studied in this paper are rice yield, wheat yield and fertilizer consumption. The controls
for gross cropped and irrigated areas, annual rainfall, number of markets, area under cultivation,
crop-specific cultivation area that is irrigated etc are represented by Xdst . In some departures from
this standard specification, I also use year and district-fixed effects.

4

Results

The regression results are reported in this section. I follow the above empirical framework to
run variants of the regression specification described above to get a robust causal estimate of
the program on outcomes of interest. I first report the findings from the main regressions using
rice yield as the outcome of interest. As part of a falsification exercise, I then describe why the
identifying assumption may be reasonable. Finally, I present results from regressions using other
outcomes like an alternate food grain, wheat, and input usage like fertilizers.
4.1

Effects of GBY on Rice Yield

The main outcome variable considered in this paper is the yield of the major food grain, rice. Rice
yield has been calculated as the total production in a give district divided by the total area cultivated
specific to rice production and therefore the units of measurement of yield would be tonnes per
hectare. On average the rice yield for the sample seems to be 1.77 tonnes per hectare. Table 2
presents the results from regression of Equation 4 with variations in the model specification.
In column 1, I report results from a baseline regression without using any of the controls and
even though a positive impact of GBY on rice yield is estimated, it suffers from lack of precision
due to the large enough standard errors. Introducing controls clearly alleviates some potential
omitted variables bias as the coefficient becomes a lot larger in column 2. It appears that with
enhanced intensity of GBY penetration and more availability of bank branches and higher number
of godowns, rice yield can increase by 0.4 tonnes per hectare on average which compared to the
mean seems like a very large effect on productivity. The finding is in line with the conceptual
framework section above and it confirms the predictions of the theoretical model. Introducing
year fixed effects in column 3 does not change the coefficient much. The results are also robust to
introduction of district fixed effects, as in column 4, but the coefficient is slightly smaller. It appears
that after controlling for time-invariant district specific characteristics, rice yield can increase by
0.343 tonnes per hectare on average with enhanced exposure to GBY program. Compared to the
mean, this is roughly a 20% increase which is definitely a very large impact of storage.
The results suggest that with access to better storage infrastructure, rice yield is likely to go
up. Potential channels have been explored in the conceptual framework section, where a program
like GBY can be thought of as an intervention to reduce the storage costs ψ of the farmer. With a
relaxed budget constraint, now the farmer can make better input investments and hence output per
hectare might go up. Essentially, such a model allows us to get a near-estimate of the elasticity
of storage costs on agricultural yield. However, the 20% figure estimated above should not be
considered an actual elasticity estimate because it is implausible to quantify how much ψ would
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Table 2: Effects of GBY on Rice Yield

(1)
GBY

0.127
(0.102)

Dependent Variable: Rice Yield
(2)
(3)
0.423***
(0.144)

0.427***
(0.145)

District FE

(4)
0.343***
(0.114)
Yes

Year FE
Controls

Yes

Yes

Yes

Yes

Yes

R2

0.17

0.48

0.48

0.91

Observations

4914

3375

3375

3375

Mean of Dep Var

1.77 tonnes per hectare

Notes: The sample contains the population of districts for 15 major states of India for a period between 1990–2010
coming from the VDSA database. All columns report results from different regressions. The coefficient GBY is the
causal effect of the GBY program on outcomes, as described in the estimation strategy section. All regressions control
for relevant baseline dummy variables and double interactions. Controls include gross cropped area, gross irrigated area,
total number of markets, annual actual rainfall, area under cultivation and irrigation specific to rice production. The
outcome for this table is rice yield (total production divided by total area under rice cultivation). Robust standard errors
clustered at the district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1

have declined with access to GBY infrastructure. Future research in this domain may be directed
towards estimating the impacts of GBY on costs, which could further enable the prediction of
yield-to-storage cost elasticity, which maybe a very relevant statistic for policy formulation as well
as an important metric for marketing storage and warehouses by private entities.
4.2

Falsification Exercise

One concern about the above regressions would be that the effect picked up is not necessarily that
of GBY but could be something else. In essence the claim we are making is that in the absence
of GBY, the estimated coefficients would be statistically indistinguishable from zero. Since this
is a claim about the counterfactual, it is not testable. However, it is possible to do a falsification
exercise by exploiting the fact that we have multiple years of data at our disposal. Essentially, the
triple difference estimate was giving us the difference in outcomes for GBY and non-GBY districts
(as defined above with the caveats mentioned) before and after the policy was introduced. This
implies, that the references period is the before-policy span of the data. In this section, I restrict
the reference point to just 1 year instead of 10, ie, I consider 1990 as the omitted reference year
and calculate pair wise triple differences for the GBY districts minus non-GBY districts between
year t and year 1990. Figure (1) plots all such coefficients of rice yield estimated using the same
framework as above, but only for pair of years instead of all years. The dotted lines signify the 95%
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Figure 1: Falsification Exercise

Notes: The above figure plots the coefficients for rice yield using 1990 as the omitted year and reports coefficients
for all triple interactions by year. The dotted lines represent 95% confidence intervals. The interpretation is as if the
regression is run for pairs of years (t and 1990) instead of all years and therefore the dummy a f ter is now replaced by
t90. The estimated coefficients are for (moreGDs ∗ moreBNKd ) ∗ t90 where t90 takes the value 1 for year=t and takes
the value 0 for year = 1990. All controls are used as in the main specification. Robust standard errors clustered by
district are used to calculate the confidence intervals.

confidence intervals for these estimated. Clearly, none of these estimates seem to be significant
prior to the policy year, ruling out the possibility that there were pre-existing differences among
these regions. The estimates become significant only post-2002 suggesting that something must
have happened during that time period and therefore it is not implausible to think that GBY is
the policy that has driven these estimates upwards. From the figure, it is also likely that in the
absence of the program, the trend would have continued and hence the counterfactual predictions
that have been made seem rather innocuous. Overall, this falsification exercise provides support to
the identification assumption and reaffirms confidence in the empirical specification.
4.3

Effects on Other Food Grains and Inputs

In this section, I find impacts of the program on other food grains and input choices. The primary
reason is to confirm if the results are mostly generalizable in the Indian agricultural setting or a
phenomenon just specific to rice. The natural choice of outcome is therefore yield of the next most
popular food crop of the country, wheat. I calculate wheat yield in the same way as rice yield by
dividing the total production by the total area under production. As mentioned above, the average
district produces about 2 tonnes of wheat per hectare over the span of the data. Apart from wheat
yield, I also consider outcomes like fertilizer consumption. I use the total consumption of nitrogen,
potash and phosphate (NPK) fertilizers with the idea that with the relaxation of budget constraints
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with a declining ψ (storage costs), it maybe possible for the farmers to now make a productive
investment in terms of buying more fertilizers. This could be a potential channel through which
the effects on yield operate.
Table 3: Effects of GBY on Wheat Yield and NPK-Fertilizers Use

Wheat Yield

GBY

(1)

(2)

0.266**
(0.129)

0.117
(0.106)

District FE

Fertilizer Consumption
(3)
(4)
11.638*
(6.459)

Yes

11.075**
(5.284)
Yes

Year FE

Yes

Yes

Yes

Yes

Controls

Yes

Yes

Yes

Yes

R2

0.59

0.91

0.68

0.93

Observations

3132

3132

4079

4079

Mean of Dep Var

2.07 tonnes per hectare

52.37 thousand tonnes

Notes: The sample contains the population of districts for 15 major states of India for a period between 1990–2010
coming from the VDSA database. All columns report results from different regressions. The coefficient GBY is the
causal effect of the GBY program on outcomes, as described in the estimation strategy section. All regressions control
for relevant baseline dummy variables and double interactions. Controls include gross cropped area, gross irrigated area,
total number of markets, annual actual rainfall, area under cultivation and irrigation specific to wheat production for
columns 1 and 2. The wheat specific area cropped is not used in columns 3 and 4. The outcomes for this table are wheat
yield (total production divided by total area under wheat cultivation) and total consumption of NPK fertilizers in 1000
tonnes. Robust standard errors clustered at the district level are reported in parentheses. *** p<0.01 **p<0.05 *p<0.1

Table 3 reports the results. Like rice yield, wheat yield also seems to go up in response to the
GBY program by 0.27 tonnes per hectare as evident from column 1. However, introduction of
district fixed effects in column 2 brings this magnitude down to an imprecisely estimated level of
0.12 tonnes per hectare. Therefore, although there seems to be suggestive evidence of an impact
on wheat (at least in terms of the direction of the effect), precision is lost when conditional on
district level time invariant characteristics are controlled for. Columns 3 and 4 suggest strong
positive impacts on fertilizer consumption. Enhanced exposure to GBY seems to increase fertilizer
consumption by around 11 thousand tonnes. This estimate is statistically significant and seems to
be robust to district fixed effects. Compared to the mean, the effect size is roughly around 21%
which is considerably large.and very similar to the approximately 20% increase found in rice yield.
This result helps suggest a mediating channel for the effects of storage on rice yield, ie, through
access to better inputs like use of fertilizers perhaps facilitated by the reduction in storage costs,
modelled as ψ in the conceptual section above.
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5

Potential Confounders

Even though the falsification exercise presented above provides supportive evidence in favor of
the identifying assumption, there may still remain concerns that the changes observed in yield
and consumption of fertilizers are just inter-temporal even after accounting for the cross sectional
variations and the empirical strategy just gives us some spurious inference.
The other concern could be about the interpretation of the findings. While we do observe
increasing yields, could it be partially owed to the fact that farmers are now putting more land
to use rather than through the mediating channel of cost as claimed in the above analysis? Even
though I control for land put to cultivation, the regression does not rule out the possibility of new
land being put to cultivation or changing land use patterns leading to substitution between different
types of land used for agriculture vis-a-vis other activities.
5.1

Robustness Checks

Both the above concerns can be alleviated by looking at two specific outcomes, viz, amount
of barren land and amount of land used for non-agricultural purposes. If the same empirical
framework is used and amount of land put to non-agricultural use changes, that may mean that the
storage program has affected land use patterns and a deeper investigation of the issue is required
before making predictive comments about the effects of the intervention on agricultural yield.
Similarly, if amount of barren land changes we may be concerned about spurious predictions from
the model because this outcome is potentially an unrelated variable and should in principle be
unaffected by the program.
Results from Table 4 confirm that concerns about spurious inference and interpretation of
results may be ignored. It is clear that the program, using the identification framework used above,
has no impact either on barren land or the amount of land put to non-agricultural use.
5.2

Further Discussion

Apparently another potential concern could be the special project launched by the Indian Council
of Agricultural Research (ICAR) on capacity creation in hybrid rice production which would be
with the use of high-yielding variety seeds (HYV) in 1989. Reports suggest that 43 hybrids were
released for commercial cultivation in a 15 year span containing the GBY year (MOA 2010). Since
HYV seeds are likely to be costlier, maybe these are adopted in districts with better financing
options, which is one of the cross-sections used to identify GBY variation.8
However this program is unlikely to confound the estimates above because of the following.
The econometric analysis above would be deemed incorrect only if it is true that these seeds
were adopted more in states with more GBY godowns, not just in areas with better financing! If
not, then the empirical strategy I use still holds good. Further, such a confounder would not be
consistent with the estimated effects on use of fertilizers. For instance if seeds are costlier and
hence the household budget constraint is tightened further, that makes it less plausible to think of
this affecting investment in fertilizers. Our story on the contrary is that of a cost reduction. Post
8

I think an anonymous invited reader of Economics for pointing this out.
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Table 4: Robustness Checks

Barren Land

GBY

(1)

(2)

-1.043
(7.733)

7.875
(4.913)

District FE

Non Agricultural Land
(3)
(4)
5.567
(8.904)

Yes

2.591
(5.364)
Yes

Year FE

Yes

Yes

Yes

Yes

Controls

Yes

Yes

Yes

Yes

R2

0.04

0.95

0.25

0.95

Observations

4028

4028

4028

4028

Mean of Dep Var

47.88 thousand hectares

62.95 thousand hectares

Notes: The sample contains the population of districts for 15 major states of India for a period between 1990–2010
coming from the VDSA database. All columns report results from different regressions. The coefficient GBY is the
causal effect of the GBY program on outcomes, as described in the estimation strategy section. All regressions control
for relevant baseline dummy variables and double interactions. Controls include gross cropped area, gross irrigated
area, total number of markets, annual actual rainfall. Robust standard errors clustered at the district level are reported in
parentheses. *** p<0.01 **p<0.05 *p<0.1

harvest losses coming down essentially makes the budget constraint favorable for the farmer and
hence he can now invest in fertilizers etc, leading to an increase in yield.
A contemporaneous policy was the System of Rice Intensification (SRI) that was being adopted
by Indian farmers since 2001(Sharma 2014). However, there is no documented evidence that the
SRI program affected banked districts in more godown states differentially, even though the timing
was the same as GBY. This is why the triple difference estimation design is very robust because
it generates identification variation across two cross-sections and one time dimension and unless
some other program affects exactly these three dimensions together, the estimated effects above
must be that of GBY and not anything else that is being ignored empirically.

6

Conclusions

In this paper, I study the Grameen Bhandaran Yojana which was a capital investment subsidy
scheme introduced by the Indian government in 2002 for construction and renovation of rural
godowns. I find that the program led to increase in rice yield and fertlizer consumption. I do not
find any changes in land use patterns suggesting that the mediating channel for increased yield
could be reduced costs of storage facilitating investment in productive inputs. While previous
studies in the field have recognized the importance of reducing post harvest losses from the point
of view of reducing food wastage and improving storage infrastructure to allow inter-temporal
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arbitrage benefits due to price volatility of food grains, the idea of better storage infrastructure
increasing productivity remains little explored.
This paper fills that void by presenting, to the best of my knowledge, the first empirical
estimates of the impact of the GBY intervention on agricultural yield. To identify the causal effects
of the program, I used a fuzzy triple difference estimation design exploiting the inter-temporal
variation in the reach of the program coupled with institutional features of implementation and
actual program intensity. Future research may be directed towards estimating the impact of GBY
on production costs which may enable calculating the elasticities of the GBY effect on yield
through the cost reduction channel.
This paper does not make any specific claim about the channels through which storage
infrastructure affects yield and/or fertilizer use but just presents basic reduced form results in what
is known as a “Intent-to-treat" (ITT) approach in the quasi-experimental econometric literature.
For instance there maybe concerns that farmer?s willingness and returns from recommended doses
of fertilizer play bigger roles in fertilizer consumption than access to GBY and so on, which is
precisely why a two-stage least squares (2sls) estimation paradigm has been avoided.9 . A 2sls
would require making strong assumptions about the exclusion restriction which might lead to
aspersions caste on the estimates reported.
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A

Appendix: Summary Statistics
Table A.1: Summary Statistics

Observations

Mean

Standard Deviation

Rice Production (in ’000 tonnes)

11708

175.646

284.257

Wheat Production (in ’000 tonnes)

11708

170.956

320.411

Gross Cropped Area (in ’000 hectares)

9295

578.746

360.023

Rice Cropped Area (in ’000 hectares)

11708

106.762

149.949

Wheat Cropped Area (in ’000 hectares)

11708

78.213

97.219

Gross Irrigated Area (in ’000 hectares)

9295

155.784

215.979

Irrigated Area for Rice (in ’000 hectares)

10787

43.954

78.221

Irrigated Area for Wheat (in ’000 hectares)

10787

65.814

96.140

Total Number of Markets Available

10878

13.625

16.387

Annual Rainfall (in millimeters)

9344

1125.234

749.792

Consumption of Fertilizers (in ’000 tonnes)
(Nitrogen, Potash and Phosphate)

11610

32.232

40.910

Notes: The results are from the VDSA database using the full available span of the data for all states. I use only a
subsample of the data from here restricting the analysis to 15 major states (comprising above 80% of the population of
the country) for the years 1990 to 2010.
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