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Abstract

This paper analyses the provision of electricity in Indian states and
its e¤ect on industrial outcomes between 1965 and 1984. The introduc-
tion and the di¤erential adoption across states of a new agricultural
technology intensive in irrigation (the Green Revolution) is exploited
as a natural experiment to understand why some states invested more
in expanding their electricity network, considering that irrigation wa-
ter could be pumped from the water table using electric pumpsets. In
particular, geographic characteristics and initial conditions that deter-
mined the succesful adoption of new seeds are used in an instrumental
variables strategy to address the endogenous investment on infrastruc-
ture. Estimates show that the uneven electri�cation process that fol-
lowed the Green Revolution can explain between 10 and 15 percentage
points of the di¤erence in industrial output across states in India.

1 Introduction

The adequate supply of infrastructure goods is increasingly acknowledged
as one key factor in generating a proper environment for industrial devel-
opment. The World Bank Report on Infrastructure (2006) shows how in-
frastructure regained a central role on the Bank�s agenda in 2003, when
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there was a "renewed appreciation - both inside and outside the Bank - of
the importance of infrastructure in enabling growth and poverty reduction".
From a theoretical perspective, Murphy et al. (1989b) show that infrastruc-
ture goods can be an important component of a "big push" industrialization
process, where the expansion of one sector contributes to the development
of other markets, by helping to overcome coordination problems.

This paper investigates the e¤ect of electricity infrastructure in indus-
trial development, by looking at a panel of Indian states between 1965 and
1984. The attention is drawn to India for two main reasons. First, because
its particular political con�guration gives each state the full responsibility
in creating, expanding and administrating the electricity network, from up-
stream to downstream, with full freedom to set their pricing policies and
their investment plans. That provides signi�cant variation in performance
and outcomes that can be exploited across regions over time. It also means
that within the same country it can be tested whether the gap in infrastruc-
ture provision is associated with unequal industrialization levels, i.e. states�
speci�c "big push". The second reason why the electricity supply in India
deserves a lot of attention is because there is a general consensus that the
sector as a whole is underperforming, unreliable and has been acting as a
major constraint for industrial development (World Bank (2000), US DoE
(2003)).

As it happens with all set of institutions and policies, assessing and
quantifying the actual impact of investment in infrastructure on economic
outcomes in the long run is a di¢ cult task. Infrastructure and industrial
development are so closely related that is very di¢ cult to determine the
underlying driving force. The resulting problem of endogeneity and omit-
ted variables in econometric analysis might explain why an issue deemed so
important has attracted so few development economists, relatively to issues
such as institutions, credit markets or human capital. The problem arises
because observable or unobservable state characteristics, such as level of
income or the business climate, might explain why some states are better
prepared to provide a better electricity network than others. To overcome
this problem, the analysis delves into the circumstances that led some states
to invest more than others in expanding the reach of electricity. This pa-
per claims that the di¤erential pace of expansion of the electricity network
across Indian states was driven by the di¤erential electricity needs in the
agricultural sector, generated by the introduction of scienti�cally modi�ed
seeds that initiated the phenomenon known as Green Revolution. These high
yielding variety (HYV) seeds are known to be high-cost/high-yield because
they could potentially multiply agricultural productivity if timely irrigation
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and an intensive use of fertilizers and pesticides are provided. The cheapest
way of securing the water supply needed is by means of electric pumpsets
that suction water from the water table via tubewells.

The empirical strategy will concentrate on using states� geographical
characteristics that determined the feasibility of adopting the new HYV
seeds as an instrument for understanding their di¤usion and the subsequent
rural electri�cation. The link between geography, adoption of HYV seeds
and the electricity provision across states, that goes beyond states�wealth
and their capacity to a¤ord the provision of infrastructure, will help to over-
come the endogeneity concern in the econometric estimation and will provide
the exogenous variation needed to measure the e¤ect of electricity provision
in India on industrial indicators. The Green Revolution will be used as a
quasi-natural experiment with respect to Indian states to understand the dif-
ferential expansion of the electricity infrastructure. Because the "treatment"
(adoption of HYV seeds) was not randomly allocated across states, I follow
the literature (e.g. Foster and Rosenzweig (1996)) and argue that selection
was on geographical variables and conditions directly uncorrelated with in-
dustrial development that could be used as an instrument. The empirical
strategy consists on �nding appropriate instruments for the expansion of the
electricity network in order to consistently estimate its impact on industrial
development in a two-stage least squares strategy, that can be summarised
as follows

Geography=)HYV Adoption =)Electri�cation=)Industrial Develop-
ment

I �rst investigate what characteristics have driven the successful adop-
tion and di¤usion of HYV seeds and provide some tests on their power and
suitability to instrument a measure of electri�cation in rural areas. Sub-
sequently, I carry out an instrumental variables estimation of electricity
indicators on manufacturing output and other outcomes. The main concern
in my empirical strategy is related to the exclusion restriction. To alleviate
concerns regarding the validity of the instruments and the mechanisms I
propose I carry out a series of robustness checks and falsi�cation exercises,
aiming at ruling out alternative channels that could induce a spurious corre-
lation in my results. Results in this paper suggest that a standard deviation
di¤erence in grid reach explains around 13% percentage points di¤erence in
industrial output, a substantial magnitude that underlines the importance
of investing in infrastructure.

The paper is organised as follows. Section 2 provides an overview of the
electricity sector in India and its relation to the Green Revolution. Section
3 develops the empirical strategy and results and Section 4 presents some
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robustness checks. Section 5 delves into the political economy of electricity
supply in India and Section 6 concludes.

2 Background and data

2.1 The power sector in India.

The Indian Constitution establishes in a handful of articles the distribution
of legislative powers between the Central Government and the States, spec-
ifying a Concurrent List of activities where both levels of government have
the power to intervene. These shared competencies include non economic
legislation (e.g., criminal law) and economic regulation (e.g., labour mar-
kets or price controls). The electricity sector falls in this last category. The
Electricity Supply Act created in 1948 agencies like the Central Electricity
Authority (CEA)1, in charge of formulating national policies and assessing
the technical and economic viability of power projects, and the State Elec-
tricity Boards (SEB), in charge of coordinating the electricity generation,
transmission and distribution and pricing at a state level. Board members
are appointed by the state government (Chapter III, 5.2). The SEBs are
fully vertically integrated, owning the four segments of the industry: gen-
eration, transmission, distribution and commercialization. In the 60s �ve
not interconnected Regional Electricity Boards (REB), subordinate to the
CEA, were created to integrate the operation of states under the same grid
to improve the utilization of power resources in each region. In 2001, ac-
cording to the Ministry of Power�s Blueprint for Power Sector Development,
the States were in control of 60% of India�s generation capacity, 70% of the
transmission network and a 100% of the distribution system. By 2002 links
between regions were built after the creation of Powergrid Co., a national
corporation responsible for up to 40% of total transmission.

A World Bank report stated in 2000 that "the fundamental of India�s
slow export growth lie in the lack of further tari¤ reform, high infrastruc-
ture and transaction costs (...) that reduce India�s comparative advantage
in labour intensive products". The situation in the energy sector �ts into
this general concern about India�s future development and its aptitude to
exploit its productive potential. It is generally acknowledged by both pub-
lic agencies and private consultants that the performance of the electricity

1The current national authority is the Ministry of Power, created in 1992, preceded by
the Ministry of Energy comprising the Departments of Power, Coal and Non-Conventional
Energy Sources. The CEA is now part of it. For most years included in this paper, the
CEA was part of the Ministry of Irrigation and Power, Government of India.
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sector a¤ects heavily the growth and development possibilities of the Indian
economy. The US Department of Energy published that "the poor quality
and arbitrary pricing of electricity has been the single greatest deterrent to
India�s economic growth and development". To take an example, subsidies
to farmers and domestic consumers by states via the electricity provision
have been estimated to be in the order of 1 to 1.5% of India�s GDP. These
concerns are investigated and quanti�ed by Dollar et al. (2002, 2003), show-
ing that productivity, return and investment rates are lower in Indian states
where the business climate is worse, using indicators on cost and reliability
of the electricity supply among others.

The inadequate investment in maintenance and modernisation of the in-
frastructure and huge and avoidable energy losses topped with persistent
cross-subsidy to agricultural and/or domestic consumers at the expense of
industrial producers and/or commercial users explains the generalized poor
state of SEBs��nancial health. The quality considerations of the electricity
provision are related to power cuts and voltage inadequacy mainly coming
from infrastructure underinvestment (e.g. generation capacity, transmis-
sion and distribution networks maintenance, grid coverage) and regulatory
concerns (e.g. ine¢ cient use of available capacity, uneconomical pricing
schemes, large scale theft). On the pricing side, the average ratio of tar-
i¤ to cost �uctuated between 75% and 85% between the early 70s and the
late 90s, with average tari¤ for industrial sectors as large as 10 times the
tari¤s for agriculture and domestic sectors. As a result of this, SEBs have
shown commercial losses and consistently required subsidies from the state
governments. Even though the 1948�s Electricity Supply Act has an article
requiring SEBs to earn a rate of return of at least 3%, most SEBs have never
complied with it2.

At the root of the problem are the preferences revealed by the regulator
in the regulatory process. Sectorial analyses deemed the energy provision
as "more of a social service than a business. Prices do not re�ect costs
and state institutions are dependent on allocations from the public budget".
(TERI (1999)) and that "the SEBs became bastions of political patronage

2The problems were well acknowledged and by the late 90s some states began reforms
to make tari¤ setting processes more transparent, balanced and faster and SEBs �nances
more sustainable. Additionally, in 1998, the Parliament passed the Electricity Regula-
tory Commissions Act, creating a Central Electricity Regulatory Commission and State
Electricity Regulatory Commissions, aiming at rationalizing electricity tari¤s, promoting
transparent policies regarding subsidies and e¢ cient and environmentally benign policies.
These reforms are not exploited empirically in this paper since all attempts to redress
SEB problems fall outside the time span of the data.
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rather than true business enterprises (...) Reformers faced political opposi-
tion from farmers, who had come to rely on enormous quantities of low-cost
electricity for pumping water and labour unions that represented electricity
workers who feared losing their job if the bloated SEBs were privatized"
(Tongia (2003)). This anecdotal characterisation of the political economy
of electricity provision in some Indian states may explain the claim in this
paper that after the Green Revolution states followed either a path of rela-
tive network expansion or a path of relative disregard for the rural provision
of electricity. As a matter of fact, the pricing distortions seem to be more
conspicuous in states where adoption of HYV seeds has been deeper3.

This paper will exploit these cross-state di¤erences in infrastructure in-
vestment, underlining the importance of network extension over other in-
dicators of regulation or performance. The idea is that having access to
the grid, however imperfect and unreliable, opens the production possibili-
ties inducing entry of new �rms and improving the productivity of existing
ones by turning production more capital intensive. Figure 1 shows that the
above-mentioned dichotomy between agricultural and industrial consumers
of electricity loses ground when looking at the number of connections for
16 states, between 1958 and 1984. The evolution of both variables shows a
signi�cant variation across states and a very similar pattern within states.
The most spectacular evolution in electricity network expansion in Figure 1
is observed in Punjab, Haryana and Tamil Nadu. As it will be shown below,
the �rst two states were at the forefront of the Green Revolution in India.

[Figure 1]

2.2 Green Revolution: irrigation and electricity

Food shortages were a persistent problem in newly independent India. The
farming activity was mainly for subsistence, characterized by the use of prim-
itive techniques and rainfed (Chakravarti (1972)). The Third Five Year Plan
laid by the Planning Commission, covering the years from 1961-2 to 1965-
6, set ambitious targets in terms of agricultural production, e.g. foodgrains
should grow by 30%, other products like jute, by 55% in the belief that "with
the achievement of these targets, the economy will become self-su¢ cient in
the supply of foodgrains". To meet the Plan�s ends, some programmes such
as the Intensive Agricultural District Programme (IADP) and the Intensive
Agricultural Areas Programme (IAAP) were introduced in selected districts

3Some states, like Haryana, have shown ratios of average tari¤ over unit cost as low as
40% and consistently below 60% for many years.
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in selected states4, that could guarantee water supply and well developed
village institutions while being free from �oods or drainage and conservation
problems5. The results were not as expected, mainly because the crops used
had low response to fertilizers, but also because selected areas did not match
the mentioned criteria. In 1966-7 the introduction of the High Yielding Va-
riety Seed Programme provided the expected breakthrough, by providing
farmers with hybrid seeds scienti�cally adapted to India�s domestic condi-
tions. These seeds were more responsive to fertilizers, had higher yields,
were more resistant to adverse conditions such as droughts and more vul-
nerable to pests and weeds, and had a signi�cantly shorter growing time.
Five types were introduced: bajra, jowar, maize, rice and wheat, the best
performer of all. The Green Revolution, in order to become a revolution,
depended on a series of factors such as the use of fertilizers and pesticides
and the adequate and timely supply of water. These requirements became
a constraint to the spread of the new seeds. Even though the Fertilizer
Corporation of India was created to supply farmers with fertilizers at a sub-
sidised price, the problem of irrigation would prove decisive. In 1961, only
around 20% of the total cropped area was under some form of irrigation.
The increase in irrigated areas for the following twenty years was more than
50% with a very uneven distribution across regions. In the period under
consideration, Haryana and Punjab, the two states at the forefront of the
Green Revolution, achieved a share of irrigated area around 60% and 90%
respectively, while other relatively rich states like Gujarat and West Bengal
were around the 25% mark.

The nature and the depth of the irrigation development constitutes the
fundamental argument in the empirical strategy. Its expansion goes hand in
hand with HYV seeds adoption, meaning that states that were trying harder
to introduce the new technology were creating a demand for irrigation that
at the same time would increase the potential return from doing it. The na-
ture of the irrigation expansion is linked to the use of canals supplying water
from a dam or reservoir or to the installation of deep or shallow tubewells.
Bharadway (1990) on a study on irrigation in India notes that "the rate of
increase of irrigation by wells/tubewells was higher than that by canals and
accelerated remarkably during the period 1969-1980 when there was a spurt
in private tubewells, especially in the late sixties". McGuirk and Mundlak
(1991) emphasize further this point by showing that in Punjab government

4Andhra Pradesh, Bihar, Madhya Pradesh, Punjab, Rajasthan, Tamil Nadu and Uttar
Pradesh.

5Sharma and Dak (1989) provide a good account of the circumstances that led to the
introduction of the new seeds.
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provided canal irrigation dominated only until 1968; afterwards private wells
and tanks became more important in terms of land coverage. As a matter
of fact, this acceleration in the usage of tubewells is closely related to the
availability of electricity in rural areas. As Bharadway explains, "a tube-
well uses diesel or electricity operated pumps to lift the water (from the
water table) and can manage greater depths and irrigate bigger commands
(than dug wells)". Considering their high cost of operation, installation and
maintenance a State Tubewell Corporation was set up to fund big, mainly
state-owned, undertakings, through government backed banking loans. Pri-
vate undertakings consisted generally on shallow tubewells and were funded
by �nancial institutions, meaning that only well-o¤ farmers that could pro-
vide a collateral had access to this form of irrigation. Poorer farmers had
to rely on publicly provided sources of irrigation or simply buy from pri-
vate tubewells�owners. As mentioned before, the e¢ cient utilization of the
tubewells was conditional on electricity or diesel availability. Again, this
suggests that the success in the cultivation of new seeds became somehow
conditional on the availability of electricity. It follows that states that were
to deepen the Green Revolution had to expand their electricity network si-
multaneously. Kohlui and Singh (1997) analyse the experience in Punjab
emphasizing that one of the main drivers in Punjab�s HYV success was the
development of infrastructure. In particular, they draw the attention to a
phenomenon that is central for the empirical strategy undertaken in this
paper, by pointing out that "since 1960-1, per capita power has been the
greatest in Punjab among all the states. The high consumption could re�ect
greater availability." McGuirk and Mundlak back up this idea by showing
that "from 1965/6 to 1979/80, power generation in Punjab increased by over
240% and by 1976 all villages had access to electricity. (...) The fastest-
growing source of demand for electricity during this period was agriculture.
A large part of this increase (from 14.5% in 1960/1 to 47% in 1979/80 of the
total available electricity) was as a source of power for the growing numbers
of tubewells"

Figure 2 shows the evolution for 15 states of HYV intensity (share
cropped with HYV seeds as a proportion of total cultivated area) and num-
ber of farmers connected to the network per capita. It is striking to observe
that the intensity of the change is similar for both variables in most of the
states.

[Figure 2]
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2.3 Data and related literature

This investigation covers �fteen Indian states6 over the period 1965-1984 us-
ing state varying indicators of manufacturing performance, electricity avail-
ability, adoption of HYV seeds and other demographic, political, economic
and geographical variables. All electricity indicators are taken from "Public
Electricity Supply - All India Statistics", published annually by the Central
Electricity Authority between 1957 and 1985. These include the number of
consumers, electricity consumed and connected load, all disaggregated per
type of consumer (households, commercial, agricultural and industrial and
other minor groups), generating capacity and electricity generated.

Data for industrial development and performance indicators include real
per capita manufacturing output, stock of �xed capital, number of factories
and investment. All these variables are taken from di¤erent publications
published by the Department of Statistics, Ministry of Planning, and Min-
istry of Labour, Government of India, including the "Estimates of State Do-
mestic Product", "Annual Survey of Industries" and "Indian Labour Year
Book", respectively. State controls are taken from di¤erent sources: data on
expenditure on health, education and development come from a Ministry of
Finance, Government of India publication, "Public Finance Statistics". Po-
litical outcomes per state were compiled by Butler, Lahiri and Roy in their
"India Decides: Elections 1952-1995". Banking data, including number of
bank branches and total credit, come from "Statistical Tables relating to
Banks in India", Reserve Bank of India. Price indices, used to de�ate vari-
ables, and climatic and demographic variables are taken from "A Database
on Poverty and Growth in India", prepared by Ozler, Datt and Ravallion
(1996). Data on soil characteristics and cropped area under HYV seeds come
from the "India Agriculture and Climate Dataset", compiled by Sanghi, Ku-
mar, McKinsey, Jr. (1998).

[ Insert Table1 : Descriptive statistics]
Descriptive statistics are presented for all main variables used in the re-

gression analysis. In particular, I focus on the number of agricultural units
connected to the network, manufacturing output and the incidence of HYV
at the state level. Table 1 shows a signi�cant variation in all three of them,
with high values of standard deviations relative to the mean and substantial
di¤erences between minimum and maximum. Of particular interest is the
number of agricultural connections to the electricity network, whose mean

6Andhra Pradesh, Assam, Bihar, Gujarat, Haryana, Karnataka, Kerala, Madhya
Pradesh, Maharashtra, Orissa, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh and West
Bengal.
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increases tenfold during the period analysed. Additionally, states show sub-
stantial variation in geographic characteristics and initial conditions, a fact
that will be exploited in the next section.

This paper adds to the literature investigating the sources of variation of
economic performance across Indian states. Bandyopadhyay (2003) shows
the existence of two income convergence clubs explained by the di¤erence
in infrastructure provision and electricity in particular. Sachs et al. (2002)
carry out a simple analysis of convergence patterns, without distinguishing
sectorial evolution. They also �nd divergence rather than convergence in
Indian states�income per capita and refer to many studies that suggest that
there has been a steady increase in the inter-state inequality of income and
a clear dichotomy between "forward" and "backward" states. The former
having higher levels of per capita income, better infrastructure and better
social and demographic indicators. They suggest some explanatory factors
to understand di¤erential growth rates across states that are in line with this
paper. First, states at the forefront of the Green Revolution have grown
more in the 80s. Second, to explain Rajasthan�s relative improvement in
the 80s, the authors point out that this might be due, among other factors,
to the rapid electri�cation of the state in that decade. Ravallion and Datt
(1999) �nd that states with initial lower farm productivity and lower literacy
experienced less poverty reducing growth, using household surveys for 15
states over the period 1960-94, .

Changes induced by policy have also been subject to scrutiny and used
to understand Indian regional disparities. Besley and Burgess (1999, 2004)
have exploited the relative independence that states have in India to set
their policies to analyse the evolution of output and poverty. In Besley and
Burgess (1999) they show that states that introduced more land reforms
observed a substantial reduction in poverty and more growth. In their 2004
paper, they look at the e¤ect of labour regulation on industrial outcomes.
By coding amendments to labour laws as "pro-worker", "pro-employer" or
"neutral" they �nd that the power balance of industrial relations can explain
some of the long run industrial evolution across states. In particular, pro-
worker regulations were shown to reduce industrial output and employment
in the registered manufacturing sector while increasing output in the infor-
mal sector. Burgess and Pande (2005) also look at cross-state e¤ects after
a policy change. The introduction of a formal rural banking programme in
India in 1977 is associated with greater output and less poverty. This paper
will pay especial attention to the empirical strategy used to identify trend
breaks.

The variation in manufacturing output across states is shown in Figure 3,
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joint with the evolution of agricultural electricity connections to the network.
Both variables move together in most of the states, irrespective of the level
of manufacturing output. The evolution of a relatively more industrialised
state like West Bengal, and others less developed, like Orissa or Bihar, are
very similar. An interesting fact that stems from looking at Figure 3 is that
the intensity of the change is also very similar for both variables: states
that developed slightly but positively their electricity network also show a
slightly but positive change in their industrial output, like Karnataka or
Madhya Pradesh.

[Figure 3]

3 Identi�cation Strategy

The main objective of this paper is to quantify the e¤ect of electricity provi-
sion on industrial outcomes using a panel of Indian states from 1965 to 1984,
by obtaining a consistent estimate of � in equation (1), where an indicator
of industrial performance (yst) is expressed as a function of an indicator of
electricity supply (est). The regression includes time varying state controls
(Xst), state �xed e¤ects, included to control for persistent and constant fea-
tures within states, and year �xed e¤ects to control for shocks common to
all states.

yst = �0s + �1t + �est +�3Xst + �st (1)

The explained variable, yst, captures industrial development or perfor-
mance per state and year, using measures such as the log of real output per
capita in the manufacturing sector or �xed capital per capita. Di¤erent vari-
ables are represented by est to capture the reach and network development
in states�electricity supply at a point in time. The total number of con-
sumers per type (farmers and factories) connected to the network relative
to the state population and the average connected load (i.e. the maximum
electrical power consumption per user) measure the depth of the network.

To control for demographic features and human capital I include the
log of population density, and the proportion of rural and literate popula-
tion. In order to investigate whether the infrastructure variable is actually
picking up the e¤ect of more credit availability that allows more manufac-
turing �rms to start up, I control for �nancial development by including
indicators such as the log of real per capita total credit . As noted by Laf-
font (2005), government�s ine¢ ciencies and corruption increase the marginal
cost of raising funds and constraints the ability of the executive to invest
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in infrastructure. It follows that the indicators of electricity network devel-
opment might actually be capturing these political economy variables that
would drive both dependent and independent variables. To address this con-
cern, state controls include political party outcomes (party allegiance of the
Chief Minister and votes for the Congress Party in parliamentary elections)
and real per capita expenditure on development sectors, such as health and
education. The latter is not only aimed at capturing states�investment on
human capital but also the ability and/or willingness of the state government
to enhance the economic environment. All regressions have their standard
errors clustered at a state level to deal with serial correlation.

In the estimation of the coe¢ cient of interest, �, endogeneity is a major
concern for quantifying the e¤ect of infrastructure on output. The presence
of correlation between the error term and the explanatory variable could
be explained by reverse causality (i.e., more industrialized states can af-
ford investments in expanding the electricity network) or omitted variables
(e.g., unobservable changes in the institutional environment that drive both
industrialization and electri�cation) and it would introduce a bias to the
estimation. At this point, I am agnostic about the sign of the bias, since
alternative stories could explain a positive correlation with both the out-
come and the explanatory variable (e.g., a pro-business environment) or a
positive correlation with either of them and a negative correlation with the
other (e.g., the formation of a strong pro rural electri�cation lobby, clashing
with urban industrialists).

The challenge is to �nd a set of instruments that can explain the dif-
ferential pattern of investment in infrastructure that is not correlated with
industrial output by other means. I argue in this paper that the introduc-
tion of High Yielding Varieties (HYV) in Indian agriculture in the mid-60s
is at the root of the dissimilar development of the electricity network across
states, without being related to contemporaneous or potential industrial de-
velopment. HYV seeds need reliable irrigation and access to electricity was
a fundamental input for farmers to pump water7. Because some concerns
towards the endogeneity of HYV adoption remain, I will �rst investigate how
geo-climatic characteristics and some initial conditions, such as groundwater
availability and irrigation prior to the Green Revolution, respectively, have
a¤ected the di¤usion of the new agricultural technology8. Subsequently, by

7 It was also the cheapest option for farmers: the National Commission on Agriculture,
Ministry of Agriculture and Irrigation of India (1976), estimated that operating diesel
pumpsets was two times more expensive.

8A similar idea was already discussed by Evenson and Mckinsey (1999) where the
authors analyse the viability of HYV seeds as a function of the interaction between climatic
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exploiting the fact that states followed either a path of adoption of the new
agricultural technology, creating a demand for rural electricity, either a path
of traditional farming without creating the need for expansion of the elec-
tricity network, I will explore whether the proposed instruments satisfy the
assumptions that validate the IV strategy. That is, I will investigate whether
the state speci�c introduction of new seeds starting in 1966 is correlated to
the development of the electricity network (power of the instruments) and
whether this relation can be used to assess the di¤erential impact in man-
ufacturing outcomes (validity of the instruments). The underlying idea is
that as the electricity network expanded to satisfy farmers�needs, industrial
producers have bene�ted. In short, the empirical strategy will investigate
each of the connecting arrows in the following schedule:

Geography=)HYV Adoption =)Electri�cation=)Industrial Develop-
ment

3.1 Instruments

The adoption of HYV seeds in rural India has been subject to a number
of studies. As noted by Sharma and Dak (1989) or Kohli and Sing (1997)
among others, there are many institutional factors that were required for
the adoption of the new technology to be successful. Credit availability
to buy the new seeds, fertilizers, pesticides or new machinery was deemed
fundamental, as were price incentives, via subsidies or tax credits. Other
characteristics like land titling, distribution and size also played a part, not
just in terms of allowing access to credit via collateralization of the property,
but also in terms of whether �xed costs, such as investment and maintenance
of irrigation or machinery, could be recouped. Additionally, human capital
(education, literacy) would determine whether farmers were aware of the
potential bene�ts and its viability and prepared to change their production
methods. Foster and Rosenzweig (1996) have shown that better educated
people (at the primary school level) have bene�ted most from the introduc-
tion of the new technology and that initial levels of education would matter
for growth after the introduction of the new technology. However, they point
out that the technological change could be considered exogenous, given the
fact that the innovation industries were di¤erent from the bene�ciaries of
the new seeds and that "a feature of the Green Revolution in India is that
the ability to exploit the new seeds pro�tably was substantially di¤erent
across India because of exogenous di¤erentials in local soil and weather con-

and technological (e.g., infrastructure) variables.
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ditions". On a similar note, Evenson and Mc Kinsey Jr. (1999) show that
climatic and edaphic endowments, when combined with basic investments
in infrastructure, result in the di¤usion of HYV seeds. In this section I will
investigate further these claims, by looking at the evolution of HYV adop-
tion as a function of initial conditions, soil and climate characteristics and
the interaction of both.

3.1.1 Unveiling HYV adoption drivers: Geography and initial
characteristics

Before the Green Revolution started all agriculture was rainfed and farmers
in dryer states had to rely on irrigation, like canals or pumpsets. This initial
"curse" that induced a state to look for alternative sources of water might
have been the reason why some states, who were better prepared to reliably
irrigate their crops, ended up introducing these new high yielding but sen-
sitively water-dependant seeds. Sharma and Dak (1989) sustain that "HYV
was directed towards areas that were irrigated and not areas that relied on
rainfall. The rainfed areas comprising 70% as against 30% of irrigated ar-
eas remained outside the fold of green revolution. The new technology was
tilted towards areas with better quality lands, assured irrigation facilities
and more developed infrastructure". Chakravarti (1972) agrees by stating
that "farmers under HYV cannot a¤ord to take chances with erratic rainfall,
but 70% of the cropped area in India has rainfall too low or too unreliable
to permit their use even during the main cropping season and only 20% of
the area is irrigated. Even where the annual rainfall is heavy, the available
moisture is insu¢ cient for crop production during winter and premonsoonic
seasons. The HYV has been adopted mainly in areas with well developed
irrigation facilities." This section will look more in detail at those claims.

The �rst step is to check whether areas that had to rely on some form of
irrigation years before the Green Revolution started ended up successfully
adopting the new technology. To this end, a regression that investigates
whether states�initial infrastructure have experienced a di¤erent evolution
in their HYV adoption is run in the following form,

HY Vst = �0s + �1t +
1984P
k=1966


t(ICs59 � Tk) +
1984P
k=1966

�t(Xs59 � Tk) + �st (2)

where HY Vst is the gross proportion of cultivated land with HYV seeds
in state s at time t, ICs59 is the state proportion of irrigated land in 1959
and Tk is a year dummy equal to 1 whenever k = t. State controls , Xs59,
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are included to control for the above mentioned characteristics suspected to
be correlated with the di¤usion of HYV seeds, such as proportion of literate
population, log of real per capita development expenditure, population den-
sity and log of real per capita income, all measured in 1959. Additionally,
state and time �xed e¤ects are included and errors are clustered at the state
level. In an alternative speci�cation ICs59 takes the form of 1959�s level of
agricultural electricity connections per capita. The coe¢ cients of interest
in equation (2) are 
t, where positive and signi�cant values would indicate
that states with greater initial levels of irrigation or agricultural connections
to the electricity grid have adopted a greater proportion of HYV seeds. In-
creasing values of 
t would also indicate that the di¤erence is growing over
time.

In the next regression, I investigate whether soil or climate characteristics
can be linked to the adoption of the new agricultural technology from 1966
onwards. The variable Ss in equation (3) captures these characteristics
identi�ed by the literature as relevant (e.g., Evenson and Mc Kinsey Jr.
(1999)) and is interacted with year dummies to follow the importance of Ss
on HYV adoption over time. State controls (Xst) are the same as described
for equation (1).

HY Vst = �0s + �1t +
1984P
k=1966


t(Ss � Tk) + �tXst + �st (3)

Three di¤erent state characteristics are used for Ss: to account for the
availability of abundant groundwater that could be used to provide timely
and adequate irrigation, I use the proportion of districts at the state level
that have an aquifer thicker than 150 metres. To account for the quality
of the land, I use the proportion of districts per state with a topsoil depth
of at least 3 metres. Finally, to account for aridness, I use the average
annual rainfall at the state level. As mentioned above, if irrigation was
more prevalent in dryer areas, the HYV should have been directed towards
those areas, leaving states with abundant rainfall to specialise relatively on
rainfed crops. The main distinction in the speci�cation of equations (2) and
(3) is related to the introduction of state controls. In the former case, as I
am testing the e¤ect of initial conditions such as irrigation, I am concerned
that variation across states in the initial values of other characteristics are
driving the results. For example,it might be the case that what mattered for
HYV adoption was the initial level of human capital (e.g., literacy). In the
latter regression, I am focusing on time invariant characteristics, so I want
to control for changes in potentially relevant variables.
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Finally, I run a third speci�cation similar to equation (2) where I include
a triple interaction (Ss � ICs59 � Tk, i.e. geo-climatic characteristics times
initial conditions times year dummies) to investigate whether there is a
di¤erential adoption pattern in areas with better initial infrastructure and
better soil and climate conditions. As all lower levels of interactions are
included, values of 
t would represent the marginal levels of adoption for
these states whose more appropriate geographical characteristics for HYV
di¤usion were complemented with better initial infrastructure.

[Insert Figure 4]
Results are shown in Figure 4 where the estimated 
t are plotted by year

for three speci�cations. For equation (2) only results using initial levels of
irrigation are shown, even though the same pattern holds when using initial
incidence of electricity in rural areas. For equation (3), the estimation shows
coe¢ cients for the proportion of thick aquifers (i.e. groundwater availability)
interacted with time dummies. Results, in magnitude and signi�cance, hold
for the other two variables (topsoil depth and average rainfall9). Finally,
I also include results for equation (2) when using the interaction of year
dummies with initial irrigation and groundwater availability. All estimated
coe¢ cients after 1966 are signi�cant at the 1% level and show that states
with initial irrigation and states with better access to groundwater have be-
come relatively more intensive on HYV seeds. An additional e¤ect for states
with more thick aquifers that had greater initial investment on infrastruc-
ture is also present. This is consistent with the idea that a combination
of good geo-climatic conditions and investment in infrastructure fosters the
adoption of technological change in the agricultural sector. Additionally, the
di¤erence increases over time, suggesting that initial conditions determined
the fate of states at the start and then the process reinforced itself.

The depth in the di¤usion of the Green Revolution can be, in part, at-
tributed to initial conditions and geographic characteristics. From now on,
I will always use the measure of abundant groundwater as a proxy for geo-
graphical characteristics (Ss) and the net proportion of irrigated area in 1959
as the measure for initial conditions (ICs59). This exogenous variation will
be later used in an instrumental variables strategy to address endogenous
agricultural technological adoption and expansion of the electricity network.

9For "average rainfall", coe¢ cients are negative, sustaining the previous point that
arid areas, because they had invested more on irrigatation, were better prepared to take
on HYV seeds.
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3.1.2 Instruments power

The empirical strategy will exploit the di¤erential adoption and success of
this new agricultural technology in Indian states as a shock to their decision
to expand their electricity grid, exogenous to the needs or the performance
of their industrial sector. If the instrument is not perfectly uncorrelated with
the error term, the consistency of the IV estimator relative to OLS hinges
on the power of the instrument, i.e. on how important is the correlation
between the instruments, HYV adoption (HY Vst) or interactions explored in
the previous section (ICs59�Tk; Ss�Tk,ICs59� Ss�Tk), and the instrumented
variable, electricity provision (est). To test the power of the instrument I
exploit the time dimension of the panel to test whether the timing at which
some states have improved signi�cantly their electricity reach coincides with
the start of the Green Revolution.

A �rst test consists on analysing if the progress of the electricity network
has shown a similar pattern of divergence as the one observed for the HYV
adoption results in the previous section. To test for this, I follow a similar
methodology as in equations (2) and (3), but I use instead the number of
agricultural producers� electricity connections per 1000 people as the ex-
plained variable and the same measures of geographical characteristics (i.e.,
the access to abundant groundwater) and initial conditions (i.e., irrigated
area in 1959).

Figure 5 shows that states with greater initial irrigation and abundant
groundwater have developed more their electricity network. Signi�cance
levels have dropped but they still remain always within the 95% con�dence
interval. and the point estimates suggest that the pattern of divergence ob-
served for HYV di¤usion holds for the measure of rural electricity. These
�ndings provide the �rst piece of evidence towards establishing a link be-
tween characteristics that determined the innovation process in the agricul-
tural sector and the subsequent evolution of the electricity supply network.

[Insert Figure 5]
The second test consists on a di¤erence-in-di¤erence regression to see

whether states with high levels of ICs59 or Ss have observed a di¤erential
expansion of their electricity network after the Green Revolution started in
1966, this time using electricity data that starts in 1958. The regression is
of the form

est = �0s + �1t + 
(Hs � P66) + �Xst + "st (4)

where Hs is either ICs59 or Ss and P66 is a dummy equal to 1 for all
years after 1966. Time varying state controls (Xst) are included. A positive
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and signi�cant coe¢ cient for the interaction term Hs�P66; would mean that
states whose characteristics are associated with greater HYV adoption have
also observed a di¤erential expansion of their electricity network after 1966.

Additionally, a speci�cation of the form

est = �HHs + �PP66 + 
(Hs � P66) + �Xst + "st (5)

would add some relevant information to the picture of the electricity
expansion across states. The coe¢ cient �H represents the di¤erence across
groups before the Green Revolution started. A result where the coe¢ cient is
not signi�cantly di¤erent from zero would suggest that electricity availability
was not statistically di¤erent across states before the introduction of the new
seeds. The coe¢ cient �P captures how states with relatively lower values
of Hs have performed after the start of the Green Revolution. A positive
and signi�cant coe¢ cient would mean that these states have signi�cantly
expanded their network on average after 1966.

[Insert Table 2 ]
Results are shown in columns (1) to (3) in Table 2. In line with the idea

that states with more suitable geographical characteristics or better initial
conditions have developed relatively more their electricity reach with the
start of the Green Revolution, the estimated coe¢ cients for the interaction
terms are all positive and signi�cant. Again, results are shown for values
of groundwater thickness and initial irrigation, but the pattern of results
holds for di¤erent measures of ICs59 and Ss and for di¤erent measures of
electricity expansion est. Results in column (3) refer to equation (5), where
state and time �xed e¤ects are dropped and estimates of the coe¢ cients for
Hs and Ps can be obtained. Both coe¢ cients are insigni�cantly di¤erent
from zero. Regarding �H , this suggests that the mean agricultural reach of
the electricity network was not substantially di¤erent across states in the
years before the Green Revolution. With respect to �P , the result suggests
that the mean agricultural connections to the grid for the states with lower
values of Hs has not changed after the Green Revolution. This result can
probably be explained by the great variation across states with low initial
irrigation or without thick aquifers that drive standard errors up.

To see whether this wedge in the evolution of electri�cation according
to states�groundwater availability and initial irrigation also holds for the
variable of interest in the second stage, i.e. industrialization, columns (4)
to (6) in Table 2 show results for a di¤erence in di¤erence regression where
manufacturing output is the explained variable. In all cases states with char-
acteristics shown relevant for HYV adoption observe a di¤erential increase
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in industrial output. It is also interesting to see in column (6) that before
the Green Revolution, these states were relatively less industrialized as the
negative coe¢ cient on groundwater availability shows.

A third speci�cation looks at the time dimension only and tests whether
there is a structural change in the provision of electricity with the start of
the Green Revolution. To do this, I run

est = �0s + �1(t� 1958) + �2(t� 1966) + �Xst + "st (6)

where the estimated �1 and �2 provide information on whether the evolu-
tion of the electricity provision before and after 1966, respectively, increases
signi�cantly. Additionally, I introduce an additional test to the power of the
instruments by interacting them with the time terms as follows

est = �0s + �1t + �1(t� 1958) �Hs + �2(t� 1966) �Hs + �Xst + "st (7)

As in the case of the di¤erence-in-di¤erence speci�cation, the same re-
gressions are run using the log of manufacturing output per capita on the
left hand side. Table 3 shows results for all four regressions. In column
(1), there is no apparent change in electri�cation between 1958 and 1966.
A di¤erent pattern emerges after 1966 where the number of agricultural
connections increases with time. Column (2) shows that states with more
abundant groundwater were under a slightly di¤erent evolution before the
Green Revolution but the gap widened both in magnitude and signi�cance
afterwards. When analysing changes in industrial output, columns (3) and
(4) show interesting results. There is no apparent change before and after
the Green Revolution when all states are put together, as in column (3).
However, in column (4) it becomes apparent that the industrial output in
states with thick aquifers was falling behind before 1958, but this trend
turned over with the Green Revolution. Once again when states are divided
along the dimension of groundwater availability a wedge in both electri�ca-
tion and industrialization emerges, adding con�dence to the suitability and
power of the chosen instruments.

[Insert Table 3]
This section has shown that the period that followed the introduction of

HYV seeds in 1966 is contemporaneous with a divergence in the electricity
supply across states, in particular when states are divided along dimensions
that determined HYV suitability. Additionally, a similar pattern emerges for
a set of reduced form regressions of the outcome of interest, manufacturing
output, on the same characteristics, adding con�dence to the instrumental
strategy. The next section will build on these �ndings in a two-stage least
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square (2SLS) strategy to obtain an estimate of the impact of electri�cation
on measures of industrial development.

3.2 Two-stage least squares results

In this section I present estimates of � in equation (1) where est is replaced
by êst = f(Ss � T ; IC59s � T ). That is, I instrument the electricity indicator
using the geographical characteristics and initial conditions that, interacted
with year dummies, have shown explanatory power with respect to states�
divergence in both HYV di¤usion and electricity expansion. Additionally,
since the adoption of HYV is the channel I claim is at work I also instru-
ment est with êst = f(HŶ Vst(Ss�T ; IC59s�T )), where HŶ Vst is a generated
instrument. Basically, I use the cross state variation in Ss and IC59s, in-
teracted with year dummies, to predict the value of HY Vst and use these
state and time varying predicted values (HŶ Vst) as an instrument for the
electricity indicator.

Results are presented in Table 4. In all speci�cations the log of real
manufacturing output per capita is run on the number of farms connected
to the electricity network per 1000 people. Column (1) shows OLS results
and �nds, as expected, a positive and signi�cant correlation between elec-
tri�cation and industrialization. In column (2), the number of agricultural
connections is instrumented with the net proportion of area cropped with
HYV seeds. There is a small drop in the magnitude and in the signi�cance
of the estimated coe¢ cient. However, these results have to be taken with
extreme care, since di¤erent sources of bias are most likely at work. As
mentioned before a source of positive bias could be the presence of reverse
causality or unobservable state characteristics, such as the business envi-
ronment, that are positively correlated with both industrial outputs and
infrastructure provision. Sources of bias towards zero could be any un-
observed process driving positively rural electri�cation but at the expense
of industrial producers (such as skewed electricity pricing policies) or the
presence of attenuation bias because of measurement error in the electricity
indicator (produced by illegal connections, theft of electricity, etc. that tend
to be widespread in rural areas).

[Insert Table 4 2SLS]
Columns (3) to (7) present results for the instrumental variables strategy

that produce more reliable results. In Column (3) the number of agricul-
tural electricity connections is instrumented by the interactions between
year dummies and the measure of abundant groundwater availability. Col-
umn (7) reproduces it without any state control. Column (4) uses the triple
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interaction, adding the proportion of net irrigated area before the Green
Revolution. Columns (5) and (6) use the same instruments to predict the
values of HYV adoption, that are used as a generated instrument. Across
speci�cations estimated values of � are positive, signi�cant at the 1% level
and slightly lower than the OLS estimate. All �rst stage F-tests pass com-
fortably, in line with results in the previous section where I found a strong
relationship between states�time invariant geographical characteristics and
subsequent expansion of the electricity network. Additionally, in columns
(3), (4) and (7) I can carry out overidenti�cation tests of the instruments,
that pass with a great margin in all cases. This suggests that instruments
are uncorrelated with the error term and correctly excluded from the second
stage.

The estimates of � also suggest that the impact of electri�cation is sub-
stantial: an increase in 1 standard deviation in the number of rural connec-
tions implies an increase in 13.5% in manufacturing output. It is important
to note that, given the great variation in electricity provision across states,
a state at the mean of the distribution would need to double its electricity
reach to observe an increase of 13.5 percentage points in the manufactur-
ing outcome. For example, Bihar in 1984 had a real manufacturing output
per capita of Rs 1206 and 2.64 farms connected to the network per 1000
people, while Haryana had Rs 2694 and 19.45 connections, respectively. If
Haryana�s network depth was reproduced in Bihar, the model predicts that
the gap in manufacturing output between these two states would be reduced
by almost 75 percentage points10. Bihar�s network incidence covered only
near 200,000 farms in 1984 and reaching Haryana�s level would imply taking
the number of total agricultural connections to more than 1,200,000. Even
though serving an additional million farming units would be very expen-
sive, the potential expected bene�t derived only from the increase in the
industrial output per year would be around 45 billion Rupees11. This would
constitute an increase of around 7.8% of Bihar�s total product per year.

Table 5 show results for other industrial outcomes and when other mea-
sures of electricity are instrumented. In column (1) I use the number of
factories per capita as the explained variable, in columns (2) to (4) I look
at variables for small �rms, as classi�ed in the Factory Sector in the Annual
Survey of Industries of India and excluded from the Census Sector, i.e. �rms

10Haryana�s manufacturing output would be 1.5 times Bihar�s, rather than the observed
factor of 2.25.
11This is obtained by multiplying the estimated increase in real manufacturing output

per capita times total population in Bihar in 1984 (around 74 million people). The value
is in 1974 Rupees.
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with less than 50 workers (and �rms with more than 50 and less than 100
workers that do not use power). In particular, I use information on �xed
capital, value added and investment. The idea behind these regressions is
that we should expect the expansion of the network in rural areas to create
and enhance performance of small factories. As there are not direct mea-
sures of rural industries available, I check whether the expected results hold
for small industries without distinction of their location. Column (5) looks
at the e¤ect of electri�cation on registered manufactures, i.e. �rms with 10
or more employees that use power (or �rms with 20 or more that don�t use
power). In all speci�cations I run two-stage least squares regressions using
the interaction between groundwater availability and year dummies and the
variables of interest are positively and signi�cantly a¤ected by the expansion
of the electricity network.

[Insert Table 5]
In columns (6), (7) and (8) I use the same procedure running di¤erent

indicators of electricity availability on manufacturing output . I use the total
connected load in Kw per million people (i.e., maximum power available),
the number of factories connected to the network and the number of facto-
ries using low and medium voltage only, respectively. In all three cases, the
pattern of results hold as do magnitudes: a change in one standard devia-
tion in the electricity indicator explains between 11% and 15% di¤erence in
manufacturing output.

4 Robustness checks

4.1 Alternative channels

The main concern with respect to the identi�cation strategy is related to
the exclusion restriction. If the measure of rural electri�cation is strongly
correlated with other rural outcomes that are actually driving the industri-
alization process, then the results obtained in the previous section would
be spurious. In this section I will explore whether the variation used to
identify the e¤ect of electri�cation can also be used to explain alternative
channels for the observed divergence in industrial development. There are
many stories in the literature as to why shocks to agricultural productivity
would spill over the manufacturing sector. Johnson (1997) points out that
rapid increases in agricultural productivity was at the heart of the Indus-
trial Revolution, by releasing (cheap) labour for the manufacturing sector
and by creating the agricultural surplus needed to feed the growing pop-
ulation. This argument could be linked to a process of urbanization as

22



the agricultural sector lays workers o¤. Matsuyama (1992) formalizes those
mechanisms in a model where both sectors compete for labour and where
exogenous increases in agricultural productivity bene�t the manufacturing
sector. This mechanism only works in closed economies, since comparative
advantages in the agricultural sector might deprive industries from labour
in open economies. In that case, e¤ects on industrialization could go either
way12. Murphy et al. (1989a) propose a mechanism where industrialization
happens because positive shocks to agricultural productivity boost rural in-
come and, subsequently, the demand for manufactures. An important point
for the proposed mechanism to work, is that bene�ts from agricultural pro-
ductivity increases are fairly distributed if they are to sustain a sizeable
demand to the manufacturing sector13. Additionally, the increase in rural
incomes might a¤ect saving rates in rural areas and, subsequently, credit
availability.

In short, the shock to agricultural productivity introduced by the Green
Revolution might have a¤ected industrial outcomes in di¤erent ways. In
all cases, the instruments would be correlated with error of the baseline
regression and the instrumental strategy would lose validity. It follows that,
if these alternative channels are operating, variables that determined the
feasibility of HYV seeds (e.g., groundwater availability) could also be used
as instruments in a similar strategy to the one I used to identify � in equation
(1).

To test whether the results obtained for electri�cation hold for urban-
ization rates, changes in the demand for manufacturing goods or in funds
available to invest via credit I reproduce the same steps as before, i.e. check
whether instruments remain powerful and valid. The dependent variables
used are the proportion of rural population, the average per capita monthly
expenditure in rural areas and real per capita non-agricultural rural credit.

[Insert Table 6]
Columns (1) to (3) in Table 6 take a look at the �rst stage and test

whether the variation in HŶ Vst (predicted value of HYV adoption estimated
using year and groundwater availability interactions) can explain variation
in urbanization rates, non agricultural rural credit and expenditure. In all
three cases, results suggest that variation in HYV adoption is not signi�-

12 India, being a very large federal country could be thought as a collection of open
economies. In that case, the mechanisms described by Matsuyama could be present.
13This could undermine the argument when applied to India, since it is well documented

(see for example, Dhanagare(1989)) that the Green Revolution has increased the rift
between poor and rich farmers and, in some cases, has not even increased poor peasants�
real incomes.
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cantly linked to either of the three variables. The pattern of results holds
for di¤erent speci�cations, e.g. using the actual values of HYV adoption or
when running a set of regressions similar to equation (3) using variables for
the three alternative mechanisms on the left hand side. It has to be noted
that these results do not mean that the Green Revolution had no impact
whatsoever on rural incomes or on urbanisation rates. As a matter of fact,
the opposite is true. This can be observed in the mean levels captured by
state dummies and not in the variation in the adoption of HYV seeds. For
example, the mean rural expenditure per capita in Punjab and Haryana is
between 2 and 2.5 standard deviations greater and the proportion of rural
population is between 5 and 11 percentage points lower than in Bihar. This
shows that, conditional on states�mean, the variation exploited as an instru-
ment has no e¤ect on the variables of interest for alternative explanations.
In the �rst stage at least there is a sharp contrast with the power the same
instruments had with the measure of electri�cation.

Columns (3) to (7) look at the second stage using di¤erent speci�cations.
Columns (3), (4) and (5) show that a two-stage least squares strategy similar
to the one used with electri�cation would not provide the expected results
as the variable of interest is never signi�cantly di¤erent form zero. Col-
umn (6) drops state controls and �nds no change in the signi�cance of rural
expenditure, reduces �rst stage signi�cance and does not pass the overiden-
ti�cation test, i.e. instruments are correlated with the error and should not
be excluded. This can also be compared with column (7) in Table 4 where
dropping state controls did not weaken the 2SLS strategy on the electri�ca-
tion measure. Finally, column (7) instruments mean rural expenditure using
HŶ Vst and again �nds no e¤ect on industrialization and has very weak �rst
stage. Unreported results show that this results are reproduced when using
rural population and non agricultural credit as the instrumented variable.

The importance of the information provided in Table 6 lies in ruling
out alternative explanations to electri�cation in the empirical strategy. As
mentioned before these results are not telling that these other variables are
unimportant or did not re�ect di¤erences across states, but simply that the
variation used to instrument for the measure of electri�cation can not be
used to explain variation in urbanization rates, credit availability or expen-
diture in rural households. The use of state �xed e¤ects in all speci�cations
means that I exploit within state variation as well as cross state and only in
the case of the electricity measure this variation shows explanatory power
to understand states�divergence in industrial development.
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4.2 District level analysis

The analysis presented so far looks at variation within states across time
only. A good reason for focusing on states�variation is that each state has
its own electricity network, run at the state level by the State Electricity
Board. An implication of the story portrayed in this paper is that the ex-
pansion of the network aims at reaching areas intensive in HYV seeds, but
given the network characteristic of electricity provision, intensity in HYV
is not necessary. For example, a district whose soil or climatic character-
istics are not suitable for HYV seeds might still bene�t from this process
of electri�cation if surrounded by districts intensive in HYV seeds. Unfor-
tunately, I could not �nd information on electricity supply at the district
level over time. However, some progress can be made using the district level
data available from the World Bank�s "Agricultural and Climate Dataset",
gathering information on agricultural outcomes, geographical characteristics
and input availability for 271 districts across 13 Indian states from 1956 to
1987.

As a �rst step, I check the robustness of the �rst stage to add con�dence
to the use of the Green Revolution as a natural experiment. In particular,
I run a similar set of regressions as in Section 3.1 where the level of HYV
adoption is explained by the interaction of time invariant state character-
istics (e.g., abundant groundwater or initial irrigation) and year dummies.
Exploiting within district variation using district �xed e¤ects I use the fol-
lowing speci�cations

HY Vdst = �0ds + �1t +
1984P
k=1966


t(Sds � Tk) + �tXdst + �st (8)

and

HY Vdst = �0ds+�1t+
1984P
k=1966


t(ICds59 �Tk)+
1984P
k=1966

�t(Xds59 �Tk)+�st (9)

As in the analysis for the state level, Sds is a measure of groundwater
availability (a dummy that equals 1 if the district has aquifers thicker than
150 metres and 0 otherwise) and ICds59 the proportion of irrigated land be-
fore the start of the Green Revolution. A third speci�cation is introduced,
where I replace the explained variable in equation (8) by a constructed
measure of electri�cation. As mentioned before, there is no information
on availability of electricity at the district level. Using state level data on
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electricity, I generate a variable that takes the number of agricultural elec-
tricity connections and multiplies it by the rural population in the district
divided by the rural population in the state and by the total cropped area
as a proportion of total area at the district level. This measure is somehow
a conservative estimate of farm electri�cation since it allocates state con-
nections according to the proportion of rural population and cropped area
without weighting districts according to their intensity in the introduction
of HYV seeds or in their agricultural productivity, phenomena that would
be associated with more demand for electricity connections.

Figure 6 plots the estimated 
t for the three speci�cations. As shown
for the state level regressions, districts with greater groundwater abundance
and more initial irrigation are associated with a greater and increasing pro-
portion of adoption of HYV seeds. Estimates for the interaction terms are
positive, signi�cant and increasing, meaning that there is a positive mar-
ginal e¤ect for districts with adequate geographical characteristics and for
districts with better initial infrastructure. These results hold for other geo-
graphic characteristics, such as topsoil depth. Finally, there is a positive gap
for districts with more abundant groundwater in the measure of agricultural
connections. This set of results are consistent with the �ndings at the state
level and provide more evidence that validate the choice of instruments.

[Insert Figure 6]
Now I turn to the analysis of whether electri�cation is a result of the

Green Revolution or not. An alternative story with respect to the placement
of the electricity network might be that what actually matters is ground-
water availability and not HYV adoption, because households or rural in-
dustries pump groundwater for their consumption for example. To test this
I run a di¤erence-in-di¤erence estimation for a cross section of districts in
1974 where I use a measure of rural power availability at the district level14

as the explained variable and the interaction between the measure of ground-
water availability and adoption of HYV seeds. A setback to my story would
be to �nd that power availability is not driven by the Green Revolution but
by the thickness of the watertable. Column (1) in Table 7 shows that this
alternative explanation does not hold. The coe¢ cient on groundwater avail-
ability is negative, suggesting that districts with thick watertable that are
not intensive in HYV have on average less rural power. This undermines the
argument that what mattered for the placement of electricity connections
was exclusively water availability. Furthermore, the coe¢ cient on HYV is

14Collected and published only for 1 year by the National Commission on Agriculture,
Ministry Of Agriculture and Irrigation of India.
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positive, showing a positive correlation between HYV adoption and power in
districts without a watertable thicker than 150 metres15. Finally, the coe¢ -
cient for the interaction term is positive, signi�cant and greater in magnitude
than the estimates for each of the levels. That shows that districts adopt-
ing HYV and with thicker watertables were those with greater rural power
availability. Overall, total e¤ects of HYV adoption and groundwater are
positive, as expected. This result provides evidence in favour of the second
link of my empirical strategy (i.e., from Green Revolution to electri�cation).

[Insert Table 7]
Finally, I use a similar procedure to test the channel going from elec-

tri�cation to industrial outcomes. To this purpose I use census data at the
district level on employment in the rural manufacturing sector for every 10
years from 1961 to 1991. I generate a dummy variable equal to 1 for districts
with power availability in the top 25% of the distribution and I interact it
with the measure of HYV adoption. As previously mentioned districts that
have not intensively adopted HYV seeds might bene�t from accessing to
an electricity network that has expanded to serve those areas intensive in
HYV. The di¤erence-in-di¤erence estimation will show whether rural man-
ufacturing employment is linked to HYV adoption (irrespective of power
availability), to power availability (irrespective of HYV adoption) or to the
interaction of both. Column (2) in Table 7 �nds that only the measure of
electri�cation is positively and signi�cantly correlated with the proportion
of the rural population working in the manufacturing sector. The sign of
HYV adoption is negative, even though not signi�cant. This suggests that
districts intensive in HYV with low levels of electri�cation have less people
working in the manufacturing sector. The interaction term is positive, but
insigni�cant. Column (3) uses a measure of the proportion of rural work-
ers employed in the manufacturing sector. The three coe¢ cients have the
same signs but now are all signi�cant. Again, HYV adoption without elec-
tri�cation is linked to less employment in the rural manufacturing sector.
The interaction is positive, meaning that districts intensive in HYV and
rural power have more manufacturing workers. Overall, the e¤ect of HYV is
slightly positive. The overall e¤ect of rural electri�cation in the proportion
of rural workers is again positive and signi�cant, irrespective of whether the
district is intensive on HYV seeds or not. These results adds con�dence
to the claim that rural electri�cation can be linked to an increase in the
importance of the manufacturing sector and reduces concerns regarding the
exclusion restriction by suggesting that HYV adoption a¤ects outcomes in

15Of course water can be obtained from shallower watertables.
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the rural manufacturing sector only by means of electri�cation.

5 Discussion

A natural question to ask is why the evolution of states seems very much
determined by circumstances in the initial stages of the Green Revolution.
What was impeding underperforming states, aware of their neighbours suc-
cessful experience, to catch up with them or to attempt an overhaul of their
agricultural sector? Results suggested that initial output per capita or ini-
tial levels of industrialization didn�t explain why some states succeeded in
introducing the new seeds or in developing their electricity sector. As an ex-
ample, Punjab and Haryana whose manufacturing output was around 66%
of West Bengal�s in 1966, caught up to the same levels in less than 20 years
after the Green Revolution started.

The �rst circumstance that seems important to note is that expanding
the production possibilities in the agricultural sector was deemed fundamen-
tal and "increasing food shortages and mounting concern for immediate gain
in production led to the shift in developmental priorities. Consequently,
agriculture was given top priority in rural development and e¤orts were
concentrated since early sixties in selected areas with high production po-
tential (...) The change in strategy is accompanied by drastic changes in
the developmental organisation,..., credit and input supply infrastructure".
(Sharma and Dak, (1989)). As it was mentioned in the previous sections,
the achievements associated with the Green Revolution depended on a set of
circumstances that went from the having the right institutions to adequate
soil conditions and �nancial help for farmers (subsidies, controlled prices).
That means that introducing HYV seeds and obtaining quick and sizeable
results implied shifting signi�cant amounts of state resources towards the
agricultural sector. One explanation why that might have been di¢ cult to
execute has to do with the endogenous formation of lobbies. Sharma and
Dak (1989) document that government loans and subsidies were directed to-
wards large landlords, increasing the rift between rich and poor farmers and,
as a consequence, social tensions in rural areas. Richer landlords were also
better prepared to exploit the potential gains: more educated, better access
to credit via collateral and with better political connections. Dhanagare
(1989) estimates that "the prosperity unleashed by the Green Revolution
was distributed di¤erentially, putting the small and marginal farmers at a
relative disadvantage. The high cost/high yield technology called for capital
investments beyond the means of a majority of small and marginal farmers."
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Simple estimations show more than a 20% correlation between HYV adop-
tion and inequality in rural areas. With a stronger economic position, rural
rich farmers also developed a political leverage that was translated into fur-
ther subsidies. In particular, Gulati and Narayanan (2003) show how what
they call "the subsidy syndrome in Indian agriculture" after the introduction
of the new seeds in late 60s became a fundamental instrument of economic
policy that was mainly channelled through available and a¤ordable fertiliz-
ers, irrigation and electricity. Concerning the latter, the State Electricity
Boards were in charge of supplying and pricing electricity and their subsidies
constituted more than 40% of total subsidies on average. Dhanagare also
points out that "only the needs of rich farmers were catered by the electric-
ity boards", since while the unit price was heavily subsidized, connection
charges were so expensive that only rich farmers could a¤ord them. The
formation of a powerful farming lobby, or the lack of one, might explain the
uneven development of the Green Revolution across states.

The importance of lobbies in shaping the Indian electricity sector poli-
cies is mentioned in Rud (2006), where the pricing policy of a regulator is
determined by the weight given to a particular lobby in the welfare function.
The leverage of the farmer�s lobby is denoted by �A, a coe¢ cient between 0
and 1 where 1 means that the regulator fully accounts for farmers�surplus
in the objective function. The optimal price in the simplest case with just
one lobby and full information, would be p =

c�

� � 1 + �A
where c is the

marginal cost of producing electricity and � is the demand elasticity. If the
ability to lobby in this case is proxyed by the level of HYV adoption, then a
lower price of electricity should be observed in states more intensive in HYV
seeds. This idea seems to be con�rmed by the data. Figure 7 shows the
correlation between HYV intensity and the ratio average tari¤/unit cost of
electricity for the years 1974-1984. States that have been heavily subsidis-
ing agriculture have done so at the expense of huge de�cits in the operating
balances of the State Electricity Boards, consistently bailed out by the cen-
tral or state governments. It is widely accepted that the pricing policy is
at the heart of those de�cits (Tongia, 2003). The correlation is around -
50%, showing that the Green Revolution has indeed been accompanied by
heavy power subsidies at the state level and that pattern holds even when
excluding states more intensive in HYV such as Haryana and Punjab from
the sample.

[Insert Figure 7: HYV and Pricing Policy]
All this suggests that the lobby of rich agricultural producers has gained

a lot of power in states where the Green Revolution succeeded. The farmer
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sector in the remaining states might have remained weaker, at least rela-
tively to other lobbies like unionised workers or urban industrial producers.
Besley and Burgess (2004) show that unions gained a lot of power in states
like West Bengal or Maharashtra, where since the 70s many "pro-worker"
amendments to labour regulation have been introduced. In their state-wise
classi�cation, Haryana and Punjab, the two frontrunners in the expansion
of HYV seed adoption, remain neutral, meaning that they can�t be clas-
si�ed as "pro-worker" or "pro-employer". This would be consistent with
the suggestion that the lobby that "captured" state�s government attention
was precisely a third one, the farming lobby. In the case of Punjab, Simms
(1988) describes a situation in which "farmers are aware of the power they
hold due to their strategic importance in the national economy (...) Political
action has led to extensive changes in rural Indian Punjab". Describing a
rally organized by one organization of farmers, Simms points out that "the
state government was thrown o¤balance by their show of force and conceded
many of their demands". Tongia (2003) stresses that reforms to the State
Electricity Boards towards a rational pricing policy faced opposition from
farmers who relied on cheap electricity and from some politicians who used
the electricity supply for political patronage. Similarly, rural electri�cation
"has swayed in strong political winds".

There are many hints insinuating that the formation of strong lobbies
in the agricultural sector shaped the evolution of economic policy in Indian
states. This paper suggests that industrial producers have indirectly bene-
�ted from an agricultural-led expansion of the electricity network. However,
despite their impressive growth, agriculture persists as the main economic
activity in this period: in 1984 the agricultural sector in Punjab and Haryana
was almost 50% of total output. It still remains to be seen what the evolu-
tion of those states�s industrial sector would have been if cross-subsidies in
electricity pricing or other pro-farmer and anti-industrial policies demanded
by their strong farming lobby were not implemented. Similarly, there is
an unanswered question regarding the evolution of non-HYV states and
why their industrial sector never picked up or remained virtually unchanged
(e.g., West Bengal had a steady level of manufacturing output in the period
analysed in this paper.) All this calls for more research focused on the polit-
ical economy of lobby formation at a state level and their in�uence on state
and central policy in India. Investigating economic causes and consequences
of the rise and actions of political power groups might help to understand
the di¤erent paths followed by Indian states since independence and could
shed light on similar circumstances occurring in other developing countries
with large regional variation.
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6 Conclusion

The idea that infrastructure is a motor for economic change, expanding
and diversifying production possibilities to, ultimately, reduce poverty is
not new. In the years following the Second World War, the World Bank
directed a large proportion of its government loans towards infrastructure
projects in underdeveloped regions. At least two thirds at its peak, but not
below 40% at its lowest, infrastructure lending remained, until the 90s, the
heart of World Bank�s activity (World Bank (2006)). The interest in publicly
provided infrastructure declined in the 90s, mainly because the increasing
involvement of the private sector. In recent years, the development agenda
has gradually focused again in the power of infrastructure in improving
economic conditions.

Despite this renewed interest the literature has not provided a substan-
tial amount of empirical investigations aiming at quantifying the e¤ects of
infrastructure provision on output and at understanding the circumstances
under which governments invest in infrastructure. The latter becomes im-
portant if the empirical strategy is to overcome the estimation challenges
of endogeneity and omitted variables. This paper suggests that the dissim-
ilar evolution of electricity provision in Indian states can be understood by
looking at the exogenous determinants of the introduction of a new agri-
cultural technology, intensive in irrigation, in the late 60s. The need for
timely irrigation, that can be supplied by pumping water form the water
table using electri�ed pumpsets, generated a growing demand for electricity
and subsequent expansion of the electricity grid in some states. This paper
also investigates why some states adopted the new technology while others
did not. Two-stage least squares estimations show that between 10 and
15% of the di¤erential level in manufacturing output can be explained by
the adequacy of the electricity provision across Indian states. These �nd-
ings go hand in hand with the idea that investment in infrastructure might
contribute to a "big push", by allowing industrial producers to blossom.

There is a some preliminary evidence in the analysis that opens a whole
new line of research into the mechanism that ensures that the infrastructure
needs of a group will be satis�ed by the government. Anecdotal evidence
and some raw numbers suggest that the role of politically and economically
strong interest groups might not only explain why some sectors are pref-
erentially catered for but also why these groups gather power in the �rst
place. In the case of India, but not exclusively, the investigation of endoge-
nous lobby formation would allow a better understanding of the nature of
regional disparities in infrastructure provision and economic outcomes.
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Figure 7: Intensity in HYV is correlated with less sustainable pricing levels across and within
state over time
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