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Abstract

In this paper, I examine the role of natural resources as a mechanism through which the effects
of industrial and trade policies extend from the manufacturing sector to agriculture. I show that
water is a major channel through which industrial policies affect agricultural production decisions,
and that industrialization may hurt agricultural productivity when factories and farmers compete
for water. To illustrate the water linkage, I develop a three sector model in which agriculture and
two different industries use water as an input, as well as capital, labor and land. The model iden-
tifies two mechanisms through which lowering import tariffs on industrial products may affect
agriculture. A decrease in the overall tariff level drives down the average wage, and this is benefi-
cial for farmers. However, if the trade reform leads to an increase in the relative output prices of the
more water-intensive industries, these industries will expand. This change in industrial composi-
tion increases the pressure on groundwater resources. The resulting increase in the cost of water
extraction reduces the profitability of growing water-intensive crops, such as rice.

I test the predictions of my model on a district-level panel dataset from India in the 1990s. I use
India’s trade liberalization experience as an exogenous policy shock. I demonstrate that this trade
reform affected the industrial composition in each district. I also show that the relative drop in tar-
iff protection between water-intensive and non water-intensive industrial sectors: (a) exacerbated
groundwater depletion, and (b) reduced the profitability of growing rice. Overall, the empirical ev-
idence suggests that the water linkage is responsible for strong general equilibrium spillover effects
of industrialization on agriculture.
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well as to Alessandro Bonatti for many helpful discussions. I am indebted to Amalovoyal Chari, Siddharth Sharma, and
Petia Topalova for generously sharing their data and answering my numerous questions. I also thank Costas Arkolakis,
Mike Boozer, Ariel Burstein, Gus Ranis, Stephen Redding, Paul Schultz and several friends and seminar participants for their
helpful comments. All errors are, of course, my own. 
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1 Background and Motivation

“God forbid that India should ever take to industrialism after the manner of the West [...] It
took Britain half the resources of the planet to achieve this prosperity. How many planets will a
country like India require?” Mahatma Gandhi, 1928

Development economics studies growth, inequality, poverty and institutions in the developing
world. While micro oriented topics such as intra household bargaining, or the impacts of income
on child nutrition and health, have been the subject of recent research, some of the core work in this
field focused on structural changes experienced by an economy over the course of its development.1

This earlier body of work documents that as an economy grows, production shifts from primary
activities, such as agriculture and fishing, to the secondary sector, such as manufacturing. Thus, in-
dustrialization is placed in the center of the growth process (Matsuyama, 2008). This literature has
focused on two mechanisms through which industrial policies (e.g. trade policies, anti-trust laws)
can affect the agricultural sector. The first mechanism works through labor movements between sec-
tors, as initially proposed by Fisher (1935) and Clark (1940). The second is the input-output linkage.
Many agricultural products are used as raw materials for industrial production. Cotton, which is
processed and used in the textile industry, is a good example of this link.

However, as industrialization intensifies, new links emerge between the manufacturing and agri-
cultural sectors, different from labor movements or input-output channels. Natural resources, and
in particular groundwater resources, constitute such a link. In this paper I investigate the impacts
of intersectoral transfers of water on agricultural outcomes in the context of India. To the best of
my knowledge, my paper is the first to separately identify the impacts of industrialization operating
through wages and operating through water resources.

Groundwater, i.e. the water beneath the surface of the ground, is a critical input for livelihoods,
irrigating roughly 70 percent of the all cultivated land and supplying a significant percentage of do-
mestic water requirements in many developing countries. The importance of groundwater use seems
to be particularly relevant in the Indian context. Although other sources of irrigation, such as tanks
and canals, were for a long time the primary source of water for Indian crops, the Green Revolution
that took place starting in the mid-1960’s increased the importance of groundwater irrigation relative
to surface water sources.2 The high yielding crop varieties that were introduced during the Green
Revolution are more sensitive to the timing of water provision as well as to the level of irrigation.
High yielding varieties respond strongly to timely, reliable and adequate water supply, and using
groundwater for irrigation gives farmers the flexibility required to meet such needs. Thus, farmers
who have access to groundwater resources (either through their own wells or through groundwater
markets) can more easily satisfy the water requirements of their fields. Other farmers must either
rely on rainfall or on an erratic supply of surface water, or simply switch to less water demanding
but less profitable crops. Besides being used for cultivation and for domestic purposes, groundwater
is used as an important input for many industrial processes. Industrial water uses range from fab-
ricating, processing, washing, diluting, and incorporating water into a product, to sanitation needs
within the manufacturing facility itself.

1For a comprehensive review of this literature, see Syrquin (1988).
2Indeed, Mukherji and Shah (2005) suggest that in many regions of India, old and new surfacewater structures such as

canals, tanks, drains, which were used for irrigation purposes in the past, are increasingly being used primarily as groundwa-
ter recharge structures.
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In the last three decades, groundwater depletion has emerged as a major issue as a consequence
of increasing population pressure, agricultural production and industrialization in developing coun-
tries (Shah et al. , 2001). According to the Central Ground Water Board’s groundwater resource
estimates of 2004, approximately 20 percent of India’s geographic blocks are either overexploited,
meaning the rate of water withdrawals exceeds on average the rate at which water resources are
replenished by rain, or critical, meaning they are alarmingly close to overexploitation.3 Further ev-
idence of groundwater depletion is the rising depth of wells over time in India. Using the Indian
Rural Economic and Demographic Survey from 1999, Figure 1 plots the average depth of the irriga-
tion wells by the year of installment. Well depth clearly follows an increasing pattern. This signals
increasing groundwater depletion, since households will deepen wells unless they can access water
by easier means.

One might argue that agriculture uses a disproportionate fraction of the available water resources,
especially in the middle and low income regions of the world (Figure 2). Why do we believe that agri-
cultural production should be affected by the (relatively) minimal amount of water used by industry
as an input? The answer is not in the magnitudes but in the trends. As developing economies are
shifting from agrarian bases to industrial concentrations, demand for industrial water use is growing
many times faster than demand for irrigation (Meinzen-Dick and Ringler, 2008). Figure 3 demon-
strates this increase. Consequently, the intersectoral transfer of water is a phenomenon of rising
importance.

Agricultural production decisions, such as the selection of which crops to grow, are particularly
important from a food security perspective. The transfer of water towards non agricultural uses
affects cropping patterns and therefore is bound to have policy implications. According to an Inter-
national Rice Research Institute report (1997), rice provides 23% of global human per capita energy
and 16% of per capita protein requirements. More than 90% of rice is produced and consumed in
the developing countries of Asia, where rice is a staple food and accounts for up to 80% of the daily
caloric intake. Rice is a highly water intensive crop. The IRRI estimates that to produce one kilogram
of rice requires 5,000 liters of water, which is twice that needed to grow most other crops. Similarly,
Guerra et al. (1998) state that more than 50% of total freshwater used for irrigation purposes is di-
verted to cultivate rice in these regions. Thus, the decline in the availability of water in the last three
decades, combined with the fact that rice is a staple good for most Asian countries, poses a major
threat to food security in Asia. About 60% of the world’s population and 70% of world’s poorest
people live in Asia.

Motivated by these observations, I examine a natural resource link between industry and agri-
culture. In particular I argue, both theoretically and empirically, that water represents an additional
channel through which industrial policies affect agricultural production decisions. I show that indus-
trialization may hurt agricultural productivity when farmers compete with the industry for water.
While some industries, such as textiles and paper, use large amounts of water to produce commodi-
ties, others use only negligible amounts. Thus, the specific industrial composition of a region affects
the strength of the water linkage introduced in this paper. In order to identify the effects of industrial
composition in a region, I use exogenous variation stemming from changes in trade policy, coupled
with regional variation in the water intensity of local industries, as an empirical instrument. In other
words, I exploit three types of variation in the data: (1) variation in the water intensity of production
across industries, (2) variation in the initial (prereform) distribution of industries in the districts in

3The geographic block is the smallest administrative unit for water resource management in India.
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India, and (3) variation in the timing and the size of decrease in the tariff protection across industries.
I examine whether agricultural production decisions are affected by changes in the regional indus-
trial composition that make agricultural producers more exposed to water demanding industrial
activities.

To highlight the mechanisms through which the water link operates, I develop a three sector
general equilibrium model in which agriculture and two different industries compete for a common
input (water), while using capital, labor and land as additional production resources. My model
identifies a direct and an indirect mechanism through which changes in trade policy affect agricul-
ture. First, a decrease in the overall tariff protection level in the economy causes a reduction in
output prices, and hence, drives down the competitive wage. This is beneficial for farmers. Second,
by changing the relative output prices of water intensive and non water intensive industries, trade
reform could modify industrial composition in the districts. This change may increase the pressure
on groundwater resources and the unit price of water extraction. This, in turn, reduces the profitabil-
ity of growing water intensive crops. I also show that the theoretical results on the water linkage are
robust to different assumptions on the existence of well-functioning water markets.

Using district-level data from India between 1993 and 1999, I test the predictions of my model and
quantify the effect of groundwater depletion. I show that this effect can aggravate the reduction in
the water intensive crop production. In particular, I show that the Indian trade liberalization of the
early 1990s affected profit levels in water intensive and non water intensive industries differently.
This caused a movement of labor between industries and a change in the industrial composition
of each district. This shift into water intensive industries increased the pressure on groundwater
resources. Since agriculture and industry compete for groundwater, the impacts of a supposedly
one-sector policy are diffused intersectorally. In particular, the empirical results of my study show
that districts facing a more severe reduction in the protection levels of non water intensive industries,
relative to the water intensive ones, also experienced: (a) a shift of workers out of the non water
intensive industrial sectors, (b) a significant drop in groundwater levels, (c) a decrease in the average
manufacturing wage, and (d) a significant decrease in production of the water intensive crops, such
as rice. However, at the same time, I find no evidence of an increase in the area devoted to the major
non water intensive crops, such as pulses or millet. Overall, the empirical evidence presented in this
paper suggests that when evaluating the general equilibrium impacts of industrial policies, indirect
effects, such as those operating through natural resources, must be taken into account. These indirect
effects of macro policies may well influence rural and urban livelihoods.

This work in this paper is related to two different strands of literature. One pertinent strand of the
literature concerns the importance of the water allocation problem and the rapidly increasing water
demands of industry.4 In essence, most discussions and evaluations of water transfers out of agricul-
ture in this newly emerging literature have focused on the technical and economic efficiency of the
transfer rather than the impacts on the agricultural production decisions, or have supplied limited
descriptive evidence of these impacts. Moreover, as a result of data limitations, a significant share
of the studies on intersectoral water transfers have focused on the Western United States and other
industrialized countries (Hamilton et al.,1989; Chang and Griffin, 1992; Villarejo, 1995). Much less
attention has been given to the consequences of increasing competition between agriculture and in-
dustry for farmers in developing countries (Palanisami, 1994; Rosegrant and Shleyer, 1995; Thobani,

4Water reallocation out of agriculture is rarely an explicit process. Although there have been cases in which explicit water
transfer schemes are being developed, frequently water reallocation is actuated by investments in water supply systems.
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1998; Hearne, 1998; Kurnia et al.,2000). Rosegrant and Ringler (1999) and Meinzen-Dick and Ringler
(2008) provides a comprehensive review of this literature.

This paper also relates to in spirit the literature on the impact of trade on the environment. This
body of work uses the fact that trade liberalization changes the relative prices of goods by opening
the economy to foreign competition. It tries to discuss, especially in the context of developing coun-
tries, whether trade liberalization and weak environmental laws caused a change in the industrial
composition and attracted more polluting industries (Copeland and Taylor, 2003).5

The remainder of the paper is organized as follows. Section 2 summarizes the issues related to in-
dustrial water use. Section 3 develops a three-sector general equilibrium model in which agriculture
and industry compete for a common input, and presents the theoretical results. Section 4 outlines
the Indian policy framework and its relevance for our purposes. Section 5 describes the empirical
strategy to test the predictions of the model and the data used in the analysis. Section 6 presents
the empirical results of the study, while Section 7 provides a discussion of additional considerations.
Section 8 concludes.

2 Industrial Water Use

Industrial establishments use water in numerous stages of their production process. These stages of
production can be classified in four broad categories. First, manufacturing firms may use water to
wash and dilute their intermediate or final products. For instance, in paper and pulp production,
water is used as a diluting agent to form a smooth sheet using fibers. Second, water may be included
as part of the final manufacturing product as in case of beverages. Third, water can be used for
cooling intermediate inputs and machinery during the production. Finally, water can be used in
auxiliary activities such as sanitation and cleaning of the plant.6

Estimates of industrial water demand in India by government agencies and international orga-
nizations vary between 40 billion cubic meters a year to 67 billion cubic meters. According to the
World Bank, demand for water for industrial uses and energy production in India will grow at an
annual rate of 4.2%, and increase from 67 to 228 billion cubic meters by 2025. Even though overall
industrial water use in India is low compared to developed countries, water use per unit of produc-
tion in Indian industry is very high compared to other countries. Poor recycling and reuse practices
are two important reasons. In many plants in India, water is discharged immediately once used for
the necessary process. For Indian manufacturers, it is not a common practice to recycle and reuse
water for multiple processes or several stages in the same process. The lack of incentives to recycle is
also emphasized by Blomqvist (1996) in her book on the conflict between farmers and textile indus-
trialists in Southern India, quoting one dyer: “Water is so abundant that there is no reason for recycling
it. Within three to five kilometers we can transport the water and that is no problem. To transport the water
this short distance is more economic than to recycle it.”

In India, manufacturing water use, like agricultural water use, is mostly supplied through ground-
5The Water Control Act created in 1974 and The Air Act created in 1981 are the two fundamental pollution control laws

active in India today. Being very detailed and broad in nature, these laws are not very effective in reality due to poor enforce-
ment. There are two important points to emphasize here. First of all, Central Pollution Control Board is responsible for setting
the environmental standards. Thus, the environmental regulations are in the jurisdiction of the federal government. Second,
and more important, there is no notable changes in these regulations in the span of the empirical analysis of this study (Jha
and Gamper-Rabindran, 2004). Consequently, my study will not deal with any changes in the environmental regulations.

6For more on industrial water use, see Renzetti (2002).
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water resources. Thus, firms either own their own wells to extract water or purchase groundwater
from nearby villages and carry them using water tankers. Blomqvist (1996) describes her observa-
tions on the water use patterns of textile producers in semiarid Coimbatore region in Southern India.
She reports that in her study area while many production units use their own wells to extract local
groundwater, some mix the groundwater extracted from their own wells with that purchased from
tankers carrying groundwater from nearby villages. She also observes that some smaller units buy
water even in pots. Blomqvist (1996) quotes a large textile dyer located in Tirupur: “We get our water
from the northern side of Tirupur, 10-15 km away. We are buying from someone’s land. We have two tankers,
they are supplying”. The same dyer also states that their factory also has 4 or 5 borewells in various
places. In another study focused on the Bhavani basin in India, Palanisami (1994) also describes the
development of such informal groundwater markets in which farmers sell water to the industries.

While the main focus of my paper is the increasing competition over water resources between
agriculture and industry, and the impact of this competition on agricultural production decisions,
one might also wonder about the impacts of the transfer of other resources from agricultural uses to
industrial uses. Land, which is one of the major inputs of agricultural production along with labor
and water would certainly be interesting to consider. However, the acquisition of agrarian land for
industrial uses have been neglected throughout this paper. I do not model the land use by industry.
Clearly, industries use land to build their factories, lots or storage places. But also, infrastructure, a
necessary precondition for industrial development, takes over an extensive amount of land. Thus,
many people have concerns about the sustainability of agricultural production, while more and more
land is diverted from agricultural use to build factories or infrastructure. Recent riots in West Bengal
against the acquisition of agricultural land gained special attention and media coverage both in India
and in the world.7 However, the question to answer is how much land has been indeed shifted from
farm to non-farm use in India.

The Ministry of Agriculture’s response to the February 12, 2002 Lok Sabha question (starred ques-
tion number 191), that sought to reveal, among other things, whether the cultivable area in the coun-
try is gradually shrinking due to exploitation of land for residential and industrial purposes, also
addresses this issue.8 The part of the Ministry of Agriculture’s response related to the land utiliza-
tion trend over time is summarized in Table 1. Table 1 shows that in a 20 year time span, between
1980 and 1999, the share of land devoted to non agricultural uses increased from 6.4% to only 7.4%.
Similarly, Appendix Figure 1 illustrates the trends of land utilization in India in the 1990s using Sta-
tistical Abstracts of India (2002). A first insight is that area which is not available for cultivation
(i.e. land which is absolutely barren or uncultivable, or covered by buildings, water, roads, railways,
mountains, deserts, or otherwise appropriated for non agricultural purposes) increased by 6% over
this time period. Compared to a predicted annual increase of 4.2% in industrial water demand, a
decadal increase of 6% in industrial land demand is quite low. Appendix Figure 1 also indicates that
the total cropped area stabilized around 140 million hectares in this 10 year time span with a slight
increase of 1%. On the other hand, in the same time span, cultivable wasteland area (i.e. land which
includes all land available for cultivation but not taken up for cultivation) decreased by 9%. Thus,
it can be argued that most of the land diverted for industrial use was indeed waste land, which was

7Tata Motors Limited, India’s largest passenger automobile and commercial vehicle manufacturing company, proposed to
establish a new factory in Hugly district of West Bengal. The state government of West Bengal has been acquired approxi-
mately 1000 acres of land for Tata.

8Lok Sabha is the lower house of Parliament of India. Members of Lok Sabha pose questions to be assigned to specific
government ministries, to be answered at a fixed date in the future.
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not utilized for crop production even before the reallocation takes place.9

3 A Model of Water Linkages between Agriculture and Industry

In this section, I develop a general equilibrium model with the goal of understanding how different
types of linkages across sectors influence the impact of policy changes. The model delivers a series
of empirical predictions which I test in Section 5.

I consider a model of small country economy, which includes three sectors: agriculture, wet in-
dustry and dry industry. As the names imply, the wet industry is a more intense user of water as an
input compared to the dry industry. In the empirical part, I take each Indian district to be a small
country.

In the agricultural sector, a representative household owns A units of land and 1 unit of labor.
This representative household allocates its land to two types of crops: a water intensive crop and a
non water intensive crop. Both the water intensive and the non water intensive crop are traded on
the international market, and their prices are determined exogenously.10 Sectors can exchange labor
with each other, but labor cannot move across locations. Thus, labor is only mobile across sectors.11

I use subscripts j  a, m to refer to agricultural and industrial sectors respectively, and sub-
scripts i  L, H to refer to low and high water intensive crops (sectors) in agriculture (industry)
respectively. When a variable has a double subscript, the first index refers to the sector and the
second refers to the water intensity of the particular product. I now describe the basic setup of the
model, then characterize the equilibrium conditions.

3.1 Production Technologies

I present the model for the case of Cobb-Douglas production functions. The findings are valid under
the more general case of constant elasticity of substitution (CES). The agricultural sector in each
country operates under a decreasing returns to scale production function in agricultural labor, l,
land, A, and water, w. In particular, I am assuming that productivity of land is heterogenous over
space.12 For instance, the farmer is initially allocating the land best suited to produce rice to rice
production. However, as he wants to enlarge the rice area, he needs to use less productive land. This
will be true for both crops. The production technology of crop i takes the form of:

Yai  Aψai
ai


wa,i
Aai

γai


lai
Aai

βai
. (1)

9It might worthwhile to revisit the infamous case of West Bengal land disputes to make a back of the envelope calculation.
Was the social unrest well justified? Sarkar (2007) reports that 63 % of the land in West Bengal (~14 million acres) is cultivated.
On the other hand, total land to be acquired for the Tata establishment was around 1000 acres. That is, the particular project
in question necessitated only 0.007% of the total area cultivated.

10Appendix Table 3 illustrates this fact in case of India. Using wholesale prices for rice and gram in district markets (pro-
vided by Ministry of Agriculture), one can conclude that there is minimal price variation across districts in a given state. Thus,
it is valid to assume that agricultural prices in India are exogenously determined from an individual district perspective. Note
that price differences among states may exist, but the fact that price is not varying in a given state is the sufficient to use the
particular assumption stated here.

11As I will explain in detail in Section 5, these are reasonable assumptions in the context of Indian districts.
12Many components, such as soil type or climatic conditions, affect the capacity of a given amount of land to produce a

particular crop. As stated by Hertel (2002), models that consider farmland as a homogenous input implicitly assume that
“one can grow oranges in Minnesota at the same cost as in Florida, i.e. without greenhouses”.
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The difference in the water intensity of the crops is captured by the relationship γaL  γaH . The
water intensive crop uses more water compared to the non water intensive crop. Agricultural profit
functions for these crops are given by:

yai  paiYai  pwwai  pllai, (2)

where pw is the unit price of water, pl is the wage for i  L, H, and with the non water intensive
agricultural crop taken as the numeraire good. I assume that in each location labor markets are
competitive.

Production in both the wet and the dry industrial sectors takes place under constant returns to
scale. The high intensity sector uses water, wmH , as well as labor, lmH , and capital, kmH as factors
of production. On the other hand, the dry sector uses only lmL and capital, kmL. For computational
ease, I assume that the non water intensive industrial production does not use water at all. The two
production functions are:

YmH  lmH
βmH wmH

γmH kmH
1γmHβmH (3)

YmL  lmL
βmL kmL

1βmL . (4)

Output prices in the wet and dry sectors are exogenously set at levels pmH and pmL (these levels
represent a markup on the world price). Agents in the industrial sector face a constant cost of capital,
pk. Thus, the profit for industrial producer in the wet and dry sectors are defined as:

ymH  pmHYmH  pwwmH  pllmH  pkkmH (5)

ymL  pmLYmL  pllmL  pkkmL. (6)

3.2 Input Demands

To compute the allocation of resources in agriculture, I use the following two step procedure. First,
holding the land allocation decision constant, I compute input demands as a function of prices. Sec-
ond, I solve for the profit maximizing land allocation decision. Decreasing returns to scale in agricul-
ture allows me to compute labor and water demands in agriculture as functions of the area allocated
for the crops, the price of labor and the unit price of water. For each agricultural sector i  L, H, in-
put demands are given by laiAai, pl , pw and waiAai, pl , pw. These demands determine output and
income as a function of input and output prices according to equations (1) and (2), YaiAai, pl , pw

and yaiAai, pl , pw.
Industrial production technology takes place under constant returns to scale. The firms, therefore,

use inputs in fixed proportions and the scale of the firms is determined only in equilibrium. For
convenience, all the industrial input demands may be expressed as multiples of labor demands. For
example, the water intensive sector’s water demand is

wmH  lmH
pl
pw

γmH
βmH

. (7)

The resulting production and profit levels are linear in labor demands lmi and are denoted by YmHlmH , pl , pw,
YmLlmL, pl, ymHlmH , pl , pw and ymLlmL, pl.

Finally, the levels of input demands in the industrial sectors are determined by imposing market
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clearing conditions on the labor and water markets. While I assume total labor supply is fixed, the
supplied quantity of water depends on its price. For simplicity, I assume the following production
cost for water:

c w  cw  log
x

x w
(8)

The water supply function is therefore given by:

w̄ pw  x
cw
pw

(9)

where x is the initial level of water (i.e. how far is the water from the surface level) and cw is the
marginal cost of water extraction.13 In this version of the model, a third party acts as an "extraction
agency" and sells the groundwater he extracts to both the industrial user and the farmer. In Section
3.5, I analyze the opposite scenario in which the farmer and the industrial users extract their own
water. I also show that the water linkage operates independently of the existence of a market for
groundwater.

3.3 Equilibrium

I now present the equilibrium values of the key variables in the model. More specifically, I focus
on the equilibrium prices and quantities that will inform my empirical analysis. It is important
to remember that all four output prices, pmL, pmH , paL and paH are set in international commodity
markets. That is why I take them as given for my small country model.

The price of labor, pl is determined through the zero profit condition in the dry industrial sector:

pl  C1 pmL
1

βmL . (10)

The price of water, pw may be found using the zero profit condition in the wet industrial sector. Note
that this condition will also be affected by the wage. Hence, a change in the output price of the non
water intensive manufacturing sector will affect the price of water as well. This condition is given
by:

pw pmH , pmL  pmH
1

γmH pmL


β
mH

βmLγmH C2 (11)

where C1 and C2 are positive constants.14

Condition (11) shows that the equilibrium price of water may be expressed as a function of the
price of the non water intensive good sector and of the relative price of output in the two sectors,

13To derive the cost of extraction, I embedded the physical fact that as the amount of water extracted increases, water level
goes down and the cost of extraction increases since one need to carry the water up for a longer vertical distance. Thus:

cost o f extraction w 
x

xw

cw
t

dt

 cw logtxxw

 cw log
x

x w

where x is the initial level of water (i.e. how far is the water from the surface level), cw is the marginal cost of water extraction
for the extraction agency, and w is the amount of water extracted.

14From now on, all the Cz’s denote a positive constant where z  N. Note that Cz never depends on pd, pw, pl , or ps.
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pmL/pmH . Let r equal relative price, and re-write the equilibrium price of water as:

pw pmL, r  r
1

γmH pmL
βmLβmH
βmLγmH C2. (12)

The equilibrium input prices of water and labor may now be substituted into the agricultural in-
put demands laiAai, pl , pw and waiAai, pl , pw. The resulting agricultural profit levels, as a function
of the price of the dry good and the relative output price are given by:

yai Aai, r, pmL  Aai
ψaiγaiβai

1γaiβai pai
1

1γaiβai r
γai

1γaiβaiγmH pmL
βmHβmLγaiγmH βai
1γaiβaiβmLγmH C3. (13)

Combining the equilibrium price levels and the input demands from agriculture, I can solve for
the wet sector water demand, wmH , using the water market clearing condition. Furthermore, using
the proportionality of the industrial inputs and equation (7), I obtain the wet sector labor demand
from:

waHAaH , pl , pw  waLAaL, pl , pw  lmH
pl pmL

pw pmL, r
γmH
βmH

 x
cw
pw

(14)

where pl is given by (10) and pw is given by (12). The labor demand by the dry sector, lmL, will be
derived from the labor market clearing condition:

lmH  lmL  laH  laL  1 (15)

The representative farmer now will solve the profit maximization problem stated below to find
the optimal crop combination:

max
AaH ,AaL

yaH AaH , r, pmL  yaL AaL, r, pmL (16)

s.t. AaH  AaL  A.

Decreasing returns to land guarantee that the farmer’s (first stage) problem has an interior solution,
characterized by the first order condition for program (16).

3.4 Theoretical Findings

I am now interested in how (absolute and relative) changes in the industrial output prices affect the
equilibrium of my model. Trade liberalization may, for example, decrease industrial output prices
by reducing support for the industrial sector. These comparative statics results will then allow me to
evaluate the effects of trade liberalization on labor allocation, water demand, and the production of
agricultural crops. All calculations and proofs can be found in the Mathematical Appendix.

Proposition 1 (Manufacturing Wages) As the price of the dry good goes down (i.e. as pmL decreases), the
wage decreases.

In the model, lower output prices and competitive pressures lower the wage rate to satisfy the
zero profit condition in the dry sector. The first implication of a change in the output prices in the
industrial sector is then a change in the district level manufacturing wages.
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This finding is in accord with a growing body of literature on the effects of trade reform on wages
in the developing countries. To name some of these studies, Cragg and Epelbaum (1996), Revenga
(1997), Harrison and Hanson (1999), Feliciano (2001), Pavcnik (2003), Attanasio et al. (2004) and
Goldberg and Pavcnik (2005) investigate the link between trade liberalization and industry wages
in mostly Latin American countries. Although the magnitude of the impact of relaxation of trade
protection on wages depend on the nature of the labor market in question, these studies points out
a positive correlation between trade protection and industry wages. For instance, Goldberg and
Pavcnik (2005) show that, in the context of Colombia, workers in protected sectors earn more than
workers with similar observable characteristics in unprotected sectors.

The next result shows the effects of a change in the relative output prices.

Proposition 2 (Water Linkages) Assume the water intensity of agricultural production, γai, is sufficiently
high relative to its labor intensity (for both crops). Then, as the price of the dry good goes down, relative to the
price of the wet good (i.e. as r : pmL/pmH decreases):

1. The unit price of water increases.

2. Water demands of rice and non water intensive crops decrease.

3. Labor demand in the wet sector increases.

4. The water intensive crop becomes less profitable to produce.

The water linkage is therefore responsible for extending the effects of a policy change from in-
dustry to agriculture. In particular, the changes in relative prices impact agriculture differently, ac-
cording to each industrial sector’s water requirements. When the wet sector benefits from a relative
increase in its output price, there will be an increase in the water demand on the industry side and
this will increase the pressure on water resources, which in turn drives up the unit price of water.
This will decrease the relative profitability of water intensive crops and alter the agricultural crop-
ping patterns. Clearly, relative prices would not affect agricultural cropping decisions, if industry
did not use water (i.e. no water linkages).

The evidence in Kurnia et al. (2000) from West Java and Palanisami (1994) from India supports the
finding of the negative impact of increasing water prices (equivalently, increasing water depletion)
on the water intensive crop production. Both studies report that as a response to increasing com-
petition for water, farmers shift their crop composition from rice production to less water intensive
crops.

3.5 A Model with No Water Markets

The model of the previous section assumed the existence of a perfectly-functioning water market,
which relies on competitive pressures to determine the unit price of water. In this section I show that
the predictions of my model do not rely on this assumption. For this purpose, I drop the assump-
tion of perfectly functioning water markets, and consider a scenario in which both the farmer and
the industrial water users dig their own wells and extract their own water. The absence of a single
water-extracting firm is potentially problematic, because of the induced externalities from ground-
water consumption. Groundwater pumped out of an aquifer is a typical example of a common pool
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resource. Basic physics suggests that the extraction of groundwater from an aquifer by user A in-
creases the extraction cost for user B, who needs to bring the water up from deeper under ground.

Let me now describe in more detail the set-up when there is no water market. As in the model
with water markets, wet industry, water intensive agriculture, and non water intensive agriculture
use wmH , waH and waL units of water, respectively. In the absence of water markets, the amount
of water extracted by other groundwater users should be taken into account when I write the cost
function for each sector. For instance, the cost of extraction for the industrial user is given by:

cwmH ; waL; waH  cm log
x

x wmH  ρwaL  ρwaH
,

where ρ  0, 1 is a parameter capturing the extent of externality. A value of 1 for ρ describes
the case in which an increase in a farmer’s extraction affects industrial user’s cost on a one-to-one
basis. Assuming that water withdrawals for different agricultural crops are increasing the cost of
withdrawal for the other crop one to one, the agricultural profit functions for the two crops are given
by:

yaL  paLYaL  ca log
x

x waL  waH  ρwmH
 pllaL, (17)

yaH  paHYaH  ca log
x

x waH  waL  ρwmH
 pllaH , (18)

where ca is the marginal cost of water extraction for agricultural use and pl is the wage. Similarly,
the profit in the water-intensive industry may be written as:

ymH  pmHYmH  cm log
x

x wmH  ρwaL  ρwaH
 pllmH  pkkmH , (19)

where cm is the marginal cost of water extraction for industrial use.
Unfortunately, even for the Cobb-Douglas specification, it is not possible to have closed form

solutions for the agricultural and industrial input demands. Thus, for a reasonable set of parameter
values, I plot how water demands and agricultural profits evolve as the relative industrial output
price (r) varies.15 I consider three cases. In Case 1, I assume that the marginal cost of extraction is
same for all uses and all users, i.e. ca  cm  cw. In Case 2, I assume that agricultural users are facing
a lower marginal cost, i.e. ca  cm  cw. Finally, in Case 3, I assume that the water provider in the
water market is the more efficient type. Thus, I assume that cw  ca  cm. Figure 4 illustrates all
three cases.

Comparing the left and the right column of Figure 4, it is clear that the impacts of a change in the
relative output prices without water markets are consistent with my initial findings in the presence
of water markets. Although the magnitudes of these changes vary depending on the existence of a
market, the direction of the changes remains constant. I now analyze the three proposed extraction
cost configurations.

In Case 1, the industrial user, farmer and water extracting firm pay the same marginal cost of
extraction. For the chosen parameter values, overall water extraction is lower with a water market,
since the party who extracts and sells the water faces high extraction costs for the marginal units,
while industrial or agricultural user extract smaller amounts for their own use. Furthermore, the

15More specifically, ψaL  0.7; γaL  0.33; βaL  0.2; paL  1; ψaH  0.9; γaH  0.5; βaH  0.25; paH  1.4; βmL  0.2; pmL 
5; γmH  0.32; βmH  0.35; x  2 and ρ  1.
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farmer is better off in the presence of water markets. The intuition for this result is as follows: Under
the scenario with water markets, the water price is determined through the zero profit condition in
the industrial sector. An increase in the industrial water demand has therefore no effect on agricul-
ture, as long as the price level does not change. In the absence of a market, any amount of water used
by the industry increases the extraction cost for agriculture and thus decreases the agricultural water
use and production.

In Case 2, I investigate a situation which is in line with the institutional structure in India, where
power supply for agricultural use is heavily subsidized. Indeed, while some Indian states do not me-
ter electricity consumption for agricultural uses and determine power charges on the basis of horse
power of the pump connected, some other states provide up to 100 percent subsidized electricity to
the farm sector (Kumar 2005). When I lower the marginal cost of extraction for the farmer, agricul-
ture can extract water with a lower marginal cost and might be better off in the absence of a water
market. On the other hand, the industrial user, who needs to bear a higher extraction cost due to the
increasing demand by agricultural farmer, scales down its activity. Overall, subsidized extraction
cost of farmers causes a higher level of depletion of the resource base compared to the case with
water market. Despite the fact that (for a given price) the market manages to determine the most
efficient allocation of water across uses, such water transfers may bring up concerns about equity.
In particular, the efficient allocation of water provided by the market forces may not guarantee a
desirable level of food crop production. However, subsidizing agricultural water extraction under
no water markets might induce an intertemporal trade-off between short term equity and long run
sustainability. In other words, even though the farmer is better off in the short-run, he can be hurt in
the longer run by depleted water resources.16

In Case 3, I illustrate a scenario in which a third party, which extracts and sells the water when
a market exists, is the most cost efficient. That is, I assume that water extraction costs in this setting
are as low as the subsidized levels of agriculture. The results show that, first, while the industry
enjoys the existence of the water market, the farmer prefers the no market case as in Case 2. Second
and more important, when the water extraction agency is highly cost efficient, overall extraction of
groundwater exceeds the no market levels, which can once more raise the concern related to sustain-
ability.

Water markets are generally believed to minimize and internalize the impact of externalities aris-
ing from groundwater allocation between different uses, as well as different users. The main con-
clusion of this section is that even without a water market the water linkage operates as described,
though the combination of no markets and other policy interventions may alter its distributional
effects.

16Researchers and policy makers agree on the fact that increasing rural electrification and subsidies for electricity use for
agricultural purposes intensified the groundwater use in India and in turn, resulted in agricultural growth. However, the
implications of subsidized energy prices for efficiency and sustainability in groundwater use is an area which needs further
investigation. The existing literature on the subject consists of two distinct groups. Researchers in the first group argue that
by removing or decreasing the subsidies on agricultural power consumption may force the agricultural water users to be less
wasteful by increasing the marginal cost of extraction (Shah, 1993; Kumar and Singh, 2001; Kumar 2005). On the other hand,
researchers such as de Fraiture and Perry (2007) underline the fact that at relatively low prices, the amount of water used by
farmers is independent of price, and only beyond a certain threshold, does demand become responsive to price. They further
claim that political considerations of the law makers may limit their ability to impose such high prices for electricity, which
would induce the desired reduction in water demand.
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4 Indian Policy Framework

4.1 Indian Trade Liberalization

By the end of the 1980s, India faced a period of declining government finances, deepening current
account deficits, and ever increasing debt and interest payments, which resulted in a significant drop
in the overall credit ratings of the country. In the wake of a serious balance of payments crisis and
threat of default, India appealed to the International Monetary Fund (IMF) as an alternative to the
faded private external borrowing opportunities in 1991. As discussed by Ahluwalia (2002), to ful-
fill the conditions for IMF loans, India immediately launched an economic liberalization program
that included industrial and trade policy, financial sector reforms, and privatization. Prior to the
1991 reforms, Indian trade policy was characterized by high tariffs and widespread import restric-
tions. Imports of manufactured consumer goods were banned and were only possible with import
licenses. However, rules and criteria to obtain import licenses weren’t explicitly stated. Indian trade
reforms, while replacing the different forms of import licenses with a negative list of imports and
drastically reducing the level of tariffs, also covered areas such as exchange control regulations and
rationalization of export subsidies.

4.2 Indian Trade Liberalization as an Exogenous Policy Shock

India provides a unique opportunity to investigate the effects of trade policy on agricultural out-
comes and to formalize the channels through which these effects operate. For my statistical analysis,
four aspects of the Indian trade reforms are crucial.17

First of all, as summarized in the previous section, Indian trade liberalization started soon after
the 1991 balance of payment crisis, as a result of a conditional agreement with IMF. In the years prior
to 1991, such a comprehensive reform in trade policy was not expected by any player in the Indian
economy. Thus, one cannot argue that pre-reform industrial composition in any administrative unit
in India was a result of the anticipated tariff reduction. (Hasan et al., 2007)

Second, the 1991 trade reform aimed to decrease the differences in protection across different
industries. Namely, industries with larger pre-reform tariffs experienced larger tariff cuts. Mehta
(1999) demonstrates how the structure of protection across various industries changed over time.
Similarly, Topalova (2005) shows that the standard deviation of tariffs dropped by 50 percent during
the period between 1991 and 1996. According to Edmonds et al. (2007), this pattern in part reflects
the fact that reforms were externally imposed (i.e. by the IMF), which greatly reduced the industry’s
ability to influence the actual shape of this reform. Topalova (2004) also shows that tariff changes
were not correlated with initial industry characteristics such as employment size, output size, con-
centration, productivity or skill intensity at the industry level. For example, there is no evidence that
a higher employment size in an industry, which would in turn indicate a higher number of votes,
cause a relatively smaller reduction in the tariff protection.18

Third, tariff rates in India had increased significantly during the 1980s. This was an attempt by
the government to turn quota rents into tariff revenue. According to an Indian Trade Policy Review
published in 1998 by the World Trade Organization, in 1991, the import-weighted average of all

17These characteristics also justify the empirical studies of Topalova (2005), Hasan et al. (2007) and Edmonds et al. (2007).
18Similarly, Gang and Pandey (1996) finds that economic and political factors are not significant determinants of industry

level tariff rates before 1991 trade reforms in India neither.
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tariffs in India was 87 percent, while the highest tariff rate was as high as 355 percent. Starting in 1991,
the trade reform gradually but severely reduced the level of tariff protection. These tariff reductions
affected all sectors of the economy. Table 2 shows tariff rates for 1993 and 1999 for different industries
in the Indian manufacturing sector. Percentage as well as level changes in tariffs are also provided
and indicate substantial reductions in tariffs occurred in all industries.

Fourth, there is no correlation between the rate of decline of protection and the water-use inten-
sity in an industry at the 2-digit industrial classification. Indeed, the correlation coefficient between
the percentage change in tariff protection in a sector and the sectoral water intensities provided by
the Central Water Commission of India is only -0.16. Thus, the Indian trade liberalization was not
environmentally motivated.

These features of the Indian trade reform experience enable me to treat the trade liberalization in
1991 as an exogenous policy shock for the purposes of this study.

5 Empirical Strategy and Data

5.1 Empirical Strategy

My theoretical results predict that a decrease in the relative prices of the industrial goods causes a
movement of workers out of dry industry and into the wet industry, as well as an increase of the unit
price of groundwater. Everything else constant, this decreases the profitability of the water intensive
crop. My model also suggests that a decrease in the dry sector prices will lead to a decrease in the
wage rate. The empirical objective of this study is to test these predictions.

5.1.1 Main Idea

Utilizing the tariff reductions in the non water intensive and water intensive sectors in the post-1991
Indian economy, my empirical analysis relies on the differential impact of the trade reform on relative
prices across regions.19 Due to the different initial industrial compositions across regions, the impact
of a relative change in tariff protection on the relative output prices (and in turn on the resource
allocation) will be different in each region. For instance, in an extreme case, if there are no cotton
textile factories in a region, any change in the trade protection of cotton textile products should not,
ceteris paribus, have a direct impact on the composite prices in this region.

As a first step, to see whether tariffs are an effective determinant of sectoral prices, I run a re-
gression of wholesale price indices for thirteen 2-digit industries over a span of 8 years, from 1993
to 2000, on the tariff rates in these industries.20 Table 4 shows that after controlling for the year and
industry type, tariffs are positively and significantly correlated with industrial prices.

5.1.2 Unit of Analysis

The empirical analysis of this paper will use Indian districts as the definition of a region. There are
at least two reasons for this choice. First, the district is an administrative division of an Indian state
or territory. Indian districts, as administrative units, resemble counties in the US and China, and

19As discussed in the previous section, between 1991 and 2000, trade restrictions decreased in all manufacturing sectors.
However, the rate of decline and the timing were different across sectors (Mehta, 1999).

20Price data is acquired from the Handbook of Industrial Policy and Statistics 2002 published by Ministry of Commerce and
Industry of Government of India.
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municipios in Brazil, and they are the commonly-used unit for planning purposes. Therefore, most
government agencies provide the most detailed administrative data at the district level.

Second, low labor mobility is one of the crucial assumptions in my model set-up. To see whether
this is a relevant assumption in case of Indian districts, I analyzed the people who have been in-
terviewed in 1991 India Population Census at a different place than her place of birth. Results are
presented in Table 3. First of all, in 1991, 73% of people have been enumerated in their place of birth.
When I split this number into gender categories, I find that this number increases as high as 86% for
males, whereas it is relatively lower for females. Higher mobility of women can be explained mostly
due to movement for marriage. However, when I restrict my attention only across district migration
(within or across states), I find that only 7% of males and 14% of females were born in districts dif-
ferent from their district of birth. Thus, although an overall migration rate of 27% seems to be high,
most of these people have migrated from a part of the district to another, say from one village or
town in a district to another village or town. Consequently, my unit of observation will be a district
in India in a given year.21 Immobility of labor across regions in India is assumed in many other
studies focusing on different policy aspects. Foster and Rosenzweig (1996) on determinants of rural
schooling, Topalova (2004) on impact of trade liberalization, Jayachandran (2004) on the impacts of
agricultural shocks on wages, and Sharma (2005) on the impacts of factor immobility on regional
disparities in factory growth are some examples of empirical studies which rely on this assumption.

5.1.3 Classification of Industries

In my empirical work I classify cotton, wool, silk and jute textile production and paper and paper
production industries as water intensive sectors. All the other sectors are classified as non water in-
tensive. This classification primarily relies on the water intensity measures published by the Central
Water Commission of India. Anecdotal evidence from India also supports this particular partition.22

Table 5 shows that water intensive and non water intensive industries as classified in this paper are
not significantly different in any dimension other than their water and labor uses. Indeed, both these
differences will be taken care of in my empirical specification.

5.1.4 Baseline Specification

After establishing the appropriate unit of analysis and the relevant proxy for the price changes, fol-
lowing Topalova (2005), I construct a measure of the level of protection enjoyed by the dry sector in
each district as the average industry-level tariff, weighted by the share of workers employed in each
one of the dry sectors prior to the trade reforms (DryTari f fdt). Thus, the dry sector tariff protection

21See other studies with district level analysis in India such as Rosenzweig and Evenson (1977), Topalova (2005), Duflo and
Pande (2007) and Edmonds et al. (2007) among others.

22The data provided by the Central Water Commission of India does not contain detailed information on the industrial
water intensities. This data captures industries only at a 2-digit level and the water requirement is summarized in terms of m3

per unit, where the unit is not a particularly homogenous measure. One alternative is to look for statistics of industrial water
use for other countries. Canada is a good example of a country with detailed information on this subject. However, once
you analyze the Canadian data, you realize that water requirements in each industry are highly dependent on the structure
of the industry in a given country. For instance, in Canada textile production reports negligible amounts of water use (see
Renzetti, 2002), whereas in India the Central Water Commission points out that textile cloth production is one of the biggest
users of water. However, one might expect that for other developing countries my partition of industries is better justified.
Data presented in Inocencio et al. (2000) for the Philippines supports this fact.
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measure is calculated as:

DryTari f fdt 
∑qDry workersd,q,1991  Tari f fq,t

∑qDry workersd,q,1991
(20)

This measure, therefore, captures the district’s exposure to a one percent drop in the import tariff
on the dry sector good. A similar measure for the wet sector is also created (WetTari f fdt) as:

WetTari f fdt 
∑qWet workersd,q,1991  Tari f fq,t

∑qWet workersd,q,1991
(21)

Then, the variable DryTari f fdt
WetTari f fdt

is constructed to capture the relative exposure of a district to dry
versus wet tariff changes. In a regression framework, my baseline specification will take the form of:

outcomedst  λ1  λ2
DryTardt
WetTardt

 λ3DryTardt  λ4Xdt  λ5d  λ6t  λ7st  
Fixed Effects

 εdst (22)

The inclusion of the district fixed effects (λ5d) will allow me to control for time-invariant charac-
teristics of a district, such as agro-climate conditions, that affect the outcome measures. The year
dummies (λ6t) control for macroeconomic shocks that are common for all of India, while the state-
year interaction dummies (λ7st) take care of the annual macro shocks or state-level policies such as
changes in the labor regulations, which affect all the districts in a state. The vector of covariates,
Xdt, includes the measures of the yearly rainfall and the decadal averages of the rainfall prior to the
observations in each district.23 The coefficient, λ2, on the relative trade exposure term, DryTari f fdt

WetTari f fdt
,and

λ3, on the dry sector trade exposure term, DryTari f fdt, will be the main estimates of interest in the
remaining of the study. Note that a higher value of DryTari f fdt

WetTari f fdt
means a higher relative trade exposure

of a district through dry sector tariff changes compared to the wet sector tariff changes.
My theoretical work informs the choice of DryTari f fdt

WetTari f fdt
and DryTari f fdt as my main explanatory

variables. The theoretical model presented in this paper, indeed, suggests that the relative change
in the dry and wet industry output prices and the price level in the dry industry affect the outcome
variables of interest. These measures will fully capture the impacts of tariff changes on the prices.24

5.1.5 Robustness

A further point worth discussing concerns the potential differential impacts of a tariff reduction in
different parts of the country. In a world without frictions, arbitrage opportunities would ensure
that the same goods are sold for the same price across different regions. However, frictions such

23One potential concern with this specification is the fact that initial industrial composition may be correlated within a state,
which can in turn affect the correlation of the outcome measures of districts within the same state. To take care of this problem,
I cluster the standard errors at the state-year level.

24For instance, think about two districts, say district A and district B. In both districts, dry industry is composed of ma-
chinery, leather products and metal products. However, the number of workers employed in each of these industrial groups
is different in each district. In district A, there were 2 workers working in machinery production, 20 in the leather products
industry and 200 in the metal products industry in 1991. On the other hand, in district B there were 6, 60 and 600 workers
employed in each of these categories, respectively. Even though the dry sector in district B is three times larger in size, my
DryTari f fdt measure will assign the same value to both districts. The idea is simple. As long as the composition of the dry
industries is the same, the impact of tariff changes in these three industries on the composite output price of the dry good will
be the same. That is, the core of my identification strategy is the fact that the impact will not be the same in a third district, say
district C, where there were the same number of total dry sector workers as in district A, 100 workers working in machinery
production, 100 in the leather products industry and 22 in the metal products industry.
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as transportation costs result in different product prices across different regions. Hence, one might
suspect that distance to the major outlets of a country, such as ports, is inversely related to the access
to foreign goods. Thus, the impact of a trade policy change should be less pronounced in the districts
which are in the interior or in remote parts of the country. Let me assume that transportation costs
are proportional to the value of each product, or in other words a certain fraction of the goods melts
en route from its source to destination. This “iceberg” type transport technology causes to increase
the prices with the physical distance between the initial entry point into country and the region to
which it is transferred (Samuelson, 1952).

Will the existence of such transportation costs change the results of my baseline specification?
Let me rewrite dry tariff protection measure specified in Equation 20 including a transportation cost
in iceberg form. As a first approximation, I assume that the inverse of the distance to the closest
port from a district provides a measure of the regional friction in the diffusion of trade liberalization.
Thus, 1/tcd will be a proxy for transportation costs, where tcd is the distance of district d from the
closest port. Equation 20 takes the form of:

DryTari f fdt 
∑qDry workersd,q,1991  Tari f fq,t  1 1/tcd

∑qDry workersd,q,1991
(23)

Similarly, Equation 21 can be written as:

WetTari f fdt 
∑qWet workersd,q,1991  Tari f fq,t  1 1/tcd

∑qWet workersd,q,1991
(24)

There are two important points to note. First, including transportation costs in dry and wet tariff
protection measures does not have any impact on the relative tariff measure I created. Second, 1/tcd

is a time invariant measure. Thus, once I control for the district fixed effects, the change in the
DryTari f fdt will not have any impacts on my results neither.25

5.2 Data

The data for this paper are drawn from six main sources. I matched these data sets across two time
periods to form a panel for the districts. The panel created for this study comprises up to 250 districts,
defined by the 1981 Census, for the outcome variables of interest.26 Table 6 presents the summary
statistics and the definitions of some key variables.

5.2.1 Industry

I use two different sources to acquire industrial data. First, I measure the initial industrial composi-
tion in each district using the Indian Census of 1991, which reports the industry-specific employment
measures in 3-digit industry groups. Second, I measure the district level manufacturing wage and

25An alternative way to introduce the transportation cost frictions in the current model set up is to have additive costs.
Thus, instead of having a proportional impact on the output prices, transportation costs may enter Equation 23 as an addition
to the existing tariff protection. In that case, using district fixed effects will not be sufficient. Compiling road network data
for India and checking the robustness of my results for the existence of non iceberg transportation costs is the subject of the
future research.

26Throughout the 1980s there were substantial changes in the administrative division of India, with districts’ boundaries
changing as new districts were created out of existing ones. As I compare districts over time, I used a consistent time-series of
district identifiers provided in Murthi, P.V.Srinivasan, and S.V.Subramanian (2001) and use the district boundries as defined
in the 1981 Indian Census after accounting for the boundry changes in this period.
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the sectoral employment in 1993 and 1999 by using the Annual Survey of Industries (ASI). The ASI
is a survey of factories that covers all industries in all regions of India.27 Moreover, the ASI sur-
vey stratifies each sector into 3-digit National Industrial Classification (NIC) industry groups. It is
thus possible to get district-level estimates of wages, as well as estimates of the number of workers in
each industry. I have used ASI surveys conducted in 1993-94 and 1999-2000 to construct district-level
figures for the manufacturing wages and employment.

5.2.2 Groundwater Resources

I use two rounds of the Minor Irrigation Census conducted by the Government of India through the
Minor Irrigation Division of the Ministry of Water Resources in 1993 and 2000 to get data on ground-
water resources. The Minor Irrigation Census reports the distribution of the villages in the individual
districts into several groundwater level categories. I have aggregated this information at the district
level to generate the fraction of villages in the district that belongs to a particular groundwater depth
category. In addition, the Minor Irrigation Census contains information on surface water irrigation
structure in each sample district. In my study, I will also utilize the information on the surface flow
irrigation potential created in each district, which is defined as the total area in hectares proposed to
be irrigated during a year by the surface water irrigation schemes.

5.2.3 Agricultural Production

Data on agricultural production and areas are drawn from the Evenson and McKinsey India Agri-
culture and Climate dataset, with an update by Siddharth Sharma. Kerala and Assam are the two
major agricultural states which are not included in this dataset. The data also excludes the minor
states and Union Territories in Northeastern India, and the Northern states of Himachal Pradesh and
Jammu-Kashmir. I use the average 1970-75 crop prices to obtain monetary production values. Later,
I deflate all the monetary values by the state-specific Consumer Price Index.

5.2.4 Tariffs

As far as trade policy variables are concerned, I use industry-year specific tariff rates constructed by
Topalova (2005). This data set includes yearly average tariffs for 1987-2001 at 3-digit industry groups.

5.2.5 Rainfall

Rainfall data, measured at the closest point on a 0.5 degree latitude by 0.5 degree longitude grid, is
taken from the Center for Climatic Research at the University of Delaware. The rainfall measure for
each latitude-longitude grid is a combination of information provided by the closest twenty weather
stations using an interpolation algorithm based on the spherical version of Shepard’s distance-weighting
method.

27Firms surveyed belong to the factory sector. By definition, a factory is a manufacturing establishment that employs at
least 10 workers. In fact, the ASI is a census of all factories employing 100 workers of more. Smaller factories are then covered
in a survey.
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6 Empirical Findings

Section 3.4 outlined my main theoretical findings. The main empirical objective of this paper is to
test the predicted effects of the water linkage as outlined in the theory part.

6.1 Wages and Labor Movement

I start by examining how trade policy changes affected the wage rate in Indian districts. My theoret-
ical exercise suggests that trade liberalization affects wages negatively. This prediction is consistent
with the Stolper-Samuelson theory that claims that relative changes in output prices will drive the
relative prices of the factors used to produce them.

To test this hypothesis, I use the wage data from two rounds of ASI. ASI defines wages to include
all remuneration in monetary terms and also payable more or less regularly in each pay period to
workers as compensation for work done during the accounting year. I use two measures of the
district level average wage. The first measure is calculated by dividing the total wage bill information
by the total mandays reported by each factory. The second measure is an average over the number
of workers in the factory.28 For both measures I then compute the average industrial wage for each
district.

Table 7 provides a very consistent pattern for how the change in the dry sector protection, both
relative to the wet sector and in absolute terms, affects the (log) wage rate in each district. As pre-
dicted by Proposition 1, the large decline in tariffs as a result of the trade liberalization experience
in India appears to have caused a relative decrease in the wage rate in the districts whose exposure
to dry sector liberalization was higher. It is important to note that there is no significant impact of
a relative tariff protection change in the determination of wages. Columns (2) and (4) depict this
finding.

The theoretical model also suggests that distribution of workers across sectors changes in each
district. In particular, part (c) of Proposition 2 shows that the total employment in the water intensive
sectors decreases, if the relative protection of non water intensive sectors’ increases. This prediction is
in line with the implications of a simple Heckscher-Ohlin trade model. The Heckscher-Ohlin model
predicts a redistribution of resources away from the previously protected sectors after the country
experiences a trade liberalization episode, assuming that factors can move at no cost across sectors.
Thus, as the relative prices changes, the sector which experiences a higher drop in its output price
(and in turn, in its profit) is expected to shrink. Table 8 tests this prediction. The dependent variable
in Column (1) is the total employment in the wet industrial sectors (such as cotton textiles or paper
production) relative to the dry sectors (such as food processing). The estimated value of the impact
of the relative dry sector tariff protection is negative, as expected, and significant at 10%.

6.2 Groundwater

Proposition 2 also indicates that as the relative dry sector tariff protection decreases, the unit price of
water increases, as does the total amount of water supply. In other words, the groundwater resources
in the district deplete.

28The number of workers or employees is an average number obtained by dividing mandays worked by the number of
days the factory had worked during the reference year.
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The results presented in Table 9 provide a coherent picture of the impact of relative price changes
in dry and wet sectors on groundwater levels. In columns (1) and (2), I report the estimates for the
share of the villages which have groundwater within the first 15 and 70 meters of the ground. For
instance, those villages with groundwater available in the first 70 meters below the surface level of
the ground belong to the “within 70 meters” category. Conditional on observable characteristics,
such as the March rainfall, and the average decadal rainfall prior to the data collection, I find that
the share of villages with higher levels of groundwater resources is positively correlated with the
relative tariff protection in the dry sector. This correlation is significant for the more groundwater
scarce regions. In particular, a decrease in the tariff protection decreases the share of the villages
which can access the water within the first 70 meters of the ground at a significance level of 5%. A one
standard deviation decrease in the relative protection measure forces approximately 0.4 percentage
of villages in a district out of the “within 70 meters” category and these villagers need to seek water
in the deeper parts of the ground. Given that the number of villages in the average district was 1542
in 1993, this means more than 6 villages will be under this risk in an average district.29

A further point worth stressing here that there are potential changes in the alternative sources
of water during the same time period. What if an increase in relative prices have a positive impact
on the groundwater availability, only because of the increasing investment on surface irrigation in-
frastructure? Under this alternative scenario, groundwater depletion decreases due to the increasing
availability of alternatives. Table 10 tests whether changing relative prices had an impact on the
surface flow irrigation potential created in a district. As one would expect, an increase in relative
prices, which in turn decreases the pressure on water resources in general decreases the investment
on surface water potential. However, this impact is not statistically different from zero.

6.3 Agriculture

I now examine the evidence for the potential impacts of a change in the relative non water intensive
sector tariff protection on agricultural production. Table 11 uses data differenced by 6 years (1993-
1999) to quantify agricultural production and cultivated area for rice as well as for two non water
intensive crop categories (i.e. millet and pulses).30 Rice is a semi-aquatic crop, which has a high
demand for water.31 Murty (1994) claims that water demand by rice is the highest compared to all
the other crops cultivated in the semi-arid and arid tropical regions of India.32 Thus, we should
expect that the impact of groundwater depletion will be the most pronounced in rice production.

The estimates in Columns (1) and (2) of Table 11 Panel A suggest that a higher relative exposure
29As stated earlier, a district is the administrative unit immediately under the Indian state and forms the natural unit for the

planning and implementation of state policies. However, it can be too naïve to claim that groundwater resources stay in the
administrative boundaries of a district. Ideally, I need to check the groundwater maps of India and match each district with
the aquifers it receives the groundwater from. However, these maps are not available for such a large number of districts.
Moreover, agriculture and industry data I am using doesn’t have any GIS type information. As a robustness check, I redefine
the unit of observation on the basis of geographical boundries instead of administrative ones. I define each dependent and
explanatory variable as an average of its district’s and its neighbouring districts’ values, weighted by the respective inverse
distances between districts. Results stayed similar in magnitude, though noiser, are available upon request.

30Millets are ragi, bajra, maize, jowar and barley and pulses are tur, grams and other crops classified as pulses by Evenson
and McKinsey data.

31This water demand is amplified the most over the reproductive stage from panicle initiation to early grain development.
(For more information, see http://www.irri.org/)

32A recently published report called “Water Use on Australian Farms” by the Australian Bureau of Statistics indicates that
rice is the most water intensive crop grown in Australia, using an average of 12.3 megalitres of water per hectare. Cotton is
second, using 6.4 megalitres per hectare, followed by nurseries and sugarcane. Thus, the water requirement of this particular
crop is as high in the developed world.
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to dry sector liberalization led to a significant decline in the overall production and area of rice in
the district. A one standard deviation decrease in the relative trade protection measure decreases
production of rice by 33.916 Rupees per ton, while decreasing the area under rice production nearly
21,962 hectares in 1993. Note that any reduction in rice production is particularly important, since
rice is a staple for a large part of the world’s human population, especially in tropical Latin America,
and East, South and Southeast Asia. According to the Food and Agriculture Organization (FAO),
more than half of the world’s population depends on rice as the main source of calories and protein.
(FAOSTAT, 2006)

I estimate equation 22 with the agricultural outcome measures, area and production, in logs.
Appendix Figure 2 shows that the distributions of area and production measures appear to be suited
for such a specification. While I find evidence that the area and production of water intensive crop,
i.e. rice, decrease in the districts where relative dry sector trade exposure were higher, I do not
observe any substantial substitution into major non water intensive crops, such as millet and pulses.
None of the four coefficients on the relative tariff protection measure are statistically different from
zero. This pattern of coefficients is consistent with the model.

It is important to note that my theoretical exercise identifies two distinct effects of trade liberaliza-
tion. First of all, it suggests that a decrease in the dry sector prices will lead to a decrease in the wage
rate. Second, the impact of trade liberalization also works through changing groundwater pressure,
a decrease in the relative prices of dry industrial good with respect to wet good causes the extraction
cost of groundwater to rise. In Table 7, I show that wages respond only to the changes in dry sector
prices. Consequently, the estimated values for dry sector protection measures in Table 11 reflect the
impact of wage changes on the production decision. Thus, negative coefficients for dry sector pro-
tection reflect the fact that labor becomes more expensive. The relative protection coefficient isolates
the impact of groundwater depletion.

A complicating feature is that there are numerous districts which are not cultivating a given
crop at all. For instance, about 18% of the Indian districts in the 1993 sample grows no rice at all,
allocating land into other crops instead. Appendix Figure 4 illustrates this fact. A certain problem
stemming from this fact is that my log specification assigns missing values for a crop in a district
if this crop is not produced in that district. To address this concern, I analyze another specification
of the agricultural production decision. Following a standard approach in the literature, I measure
area and production as the log of the value plus a positive constant.33 Panel B of Table 11 gives
the relevant coefficients for the new sample without missing values. Evidence in Panel B supports
the earlier result and shows that results reported in Panel A are not driven by the non-producing
districts. Although the impact of relative dry sector protection is magnified once I include the non
producing districts, the effects on both rice area and production stay significant.

7 Robustness Checks

7.1 An Alternative Mechanism: Electrification

The effects of relative changes in industrial protection levels on agricultural production decisions,
identified through groundwater depletion in this paper could be misleading if the measures of rela-
tive protection changes were correlated with other factors that are driving the changes in cropping

33More specifically, I added one tenth of the smallest none zero value for the given variable.
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patterns.
A plausible alternative story is that the change in the industrial composition due to the tariff

changes may cause districts to be electrified differentially. In other words, it may be the case that the
decline in tariffs caused a relative increase in groundwater extraction, as well as lower electrification
levels, in the districts whose exposure to relative dry sector liberalization was higher. This alternative
mechanism can explain the divergence in the observed crop patterns, i.e. the significant drop in the
water intensive crops’ production levels.

As mentioned earlier, groundwater irrigation through wells satisfies the timely, reliable and ad-
equate water supply which is required by the high yielding varieties introduced by the Green Rev-
olution. However, since other alternatives (such as diesel pumps) are expensive to acquire, the effi-
cient use of wells depends on the availability of electricity (Rud, 2008). Consequently, in the regions
where electricity distribution is more developed, Indian farmers have a better access to the benefits
of groundwater. But, what determines the differential electrification of regions?

India is a federal democracy and under the Indian Constitution many policy issues are circum-
stantial. That is, both central and state governments have joint jurisdiction over these issues. Al-
though both the central and state governments in India have legislative rights on the subject of elec-
tricity, distribution is exclusively done by the state governments (Modi, 2005). Thus, states alone
decide how and when to expand the electricity network in their territories. However, electricity
distribution diverges from other state-level policies, such as labor regulations or fertilizers subsidy
programs, because of its specific nature. Electricity is a network good. For instance, even though
a state level labor amendment, either pro-employer or pro-labor, affects all the districts in a given
state in a similar way, the state’s decision to extend the electricity network has a direct influence only
on the districts that extension took place. Thus, whereas controlling for state-year fixed effects in
my empirical analysis takes care of the differential attitudes of states, say against labor agreements,
it will not solve the problem if states are differentially expanding their electricity networks initially
towards the districts with a bigger enlargement of wet or dry sectors.

I perform a falsification test to address this concern, and to explore whether the particular varia-
tion I use to identify the impact of groundwater depletion on agricultural outcomes can also be used
to explain the impact of electrification. In particular, I test whether the relative tariff changes predicts
the electrification in a given district. In my analysis, I use the electrification data from the Census of
India 1991 and 2001, which have provided a wealth of information regarding the number of villages
with electricity supply in the Indian districts.

Table 12 presents these results and shows that the relative change in the dry and wet sector prices
is not the driving force behind differential electrification. Thus, I do not need to worry that my
identification strategy captures the impact of trade liberalization on cropping patterns due to an
increase in the electrification that facilitates the use of electric pumps for groundwater extraction.

7.2 Non Tariff Barriers

The choice of tariff rates as the sole measure of trade reform to construct my trade exposure measures
may be somewhat problematic. The period starting with the balance of payment crisis and the India-
IMF interaction in 1991 is defined with many radical changes in Indian trade policy. As discussed
in Section 4, in this period Indian government did not only drastically reduce the level of tariffs, but
also removed many import licenses and replaced them by a negative list of imports. In other words,
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the tariff and non-tariff barriers (NTB) are reduced almost simultaneously. Indeed, Topalova (2005)
documents that tariffs and non-tariff barriers are positively correlated during this period. Thus, the
part of the impact I find and attribute to the tariff reductions in my empirical work might have to be
credited to the changes in non-tariff barriers.34

Unfortunately, due to the data limitations, it is hard to incorporate non-tariff barriers in every step
of my analysis. However, I run some specifications, whenever the data is available, to show that my
results are driven mainly by the tariff changes. Due to the lack of yearly data on non tariff barriers
in India, I cannot run the same regressions as I have in Table 13 with an additional NTB control.
Instead, I use data provided by Hasan et al. (2007) for the years 1987 and 1998 and create a relative
NTB protection measure analogous to my dry sector and relative tariff protection measure. Table
13 provides evidence that even though the impact of relative NTB changes is significantly different
from zero, the relative tariff protection measure remains significant for rice production estimates.

8 Concluding Remarks

The Food and Agriculture Organization (FAO) describes food security as a condition when all people,
at all times, have access to sufficient, safe and nutritious food to meet their dietary needs and food
preferences for an active and healthy life. Nations’ ability to achieve food security via agricultural
production has long been a policy concern. Will agricultural production keep up with the increasing
global food demand and avoid more people to struggle with hunger? One of the targets of the
United Nations Millennium Development Goals is to decrease the number of people who suffer from
hunger by half between 1990 and 2015. It is clear that to reach this goal, vigorous and sustainable
agriculture is the first requirement. The Green Revolution starting 1960s has been an engine to fulfill
this requirement and to boost agricultural productivity in many developing countries. Rainfall is
subject to shocks and variability, and so irrigation such as groundwater systems has played a central
role in the success of the Green Revolution. Diffusion of irrigation methods and high yielding variety
seeds widely contributed to the reduction of the number of people facing risk of hunger in these
countries. However, increasing competition for water resources seems to be a major threat for future
advances in agricultural productivity. Indeed, food-crop production has been negatively affected by
the depletion of water resources. World Development Indicators (2006) suggest that approximately
70% of the world’s annual freshwater is still used for agriculture. More than 50% of irrigation water
in Asia is used for rice production. Increasing competition between different uses and users of water
and water depletion is, thus, important from a food security perspective in these countries.

The policy-oriented contribution of this paper is to establish the existence of a negative impact of
industrial water use on agricultural production. I have shown that this impact was more severe in
those Indian districts where water intensive industries benefited more, in relative terms, from 1991
trade liberalization episode. In such districts, the water intensive industrial sectors have expanded,
causing a reduction in the profitability of growing highly water intensive crops, and reducing their
supply. I have found this effect to be particularly strong for the case of rice production. Thus, the

34There is a growing literature on the impacts of industrial delicensing in India starting from 1985. Under the 1951 Industries
Act an industrial license was required to establish a new factory or to significantly expand an existing factory’s capacity. In
two waves of delicensing in 1985 and 1991, the License Raj, which is the term for the controlled entry and capacity expansion
in Indian manufacturing industries, was partially dismantled by removing the restriction for many manufacturing industries.
In 1993, only couple of industries remained under the jurisdiction of License Raj and most of these industries’ situation did
not change between 1993 and 1999 (Aghion et al. 2008).
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intersectoral effects of single-sector policies, operating through the natural resources channel should
be considered when assessing their overall impact or conducting cost-benefit analyses. Once the
existence of this negative impact is established, the next step consists of understanding which market
configurations for these resources, and which other policy interventions, are most likely to alleviate
this problem.

Water markets are generally considered to minimize and internalize the impact of externalities
arising from the allocation of groundwater between industry and agriculture. I show that the wa-
ter linkage introduced in this paper operates independently of the existence of water markets. The
analysis suggests that, to minimize the negative distributional impacts induced by the increasing
industrial water demand, a combination of market mechanisms and other policy interventions, such
as differential pricing of electricity across sectors, might prove beneficial. Although pricing of elec-
tricity for industrial and agricultural use equally increases the efficiency of groundwater use, many
other dimensions to the problem must be considered. As discussed, one relevant concern is the food
security. Consequently, it is the role of policy makers to balance efficiency gains and equity loses
while establishing policy interventions in these markets.
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A Mathematical Appendix

A.1 Proofs

Proof of Proposition 1.. This proposition follows directly from equation (10). As a reminder, I previ-
ously find that equilibrium wage is stated as:

pl  C1 pmL
1

βmL

where C1  βmL


1βmL

pk

 1βmL
βmL is a positive constant. Thus, since I know that βmL is a positive

number, as the price of the dry good goes down, the wage decreases.
Proof of Proposition 2.. (Part 1.) As the relative price of dry sector good goes down, price of water
goes up. From equation (11), I get:
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βmH1βmL
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and since I know that γmH is a positive value, I conclude that the unit price of water increases as
relative price of dry sector good decreases.
(Part 2.) Labor demand in the wet sector is derived using the water market clearing condition:

waH  waL  wmH  W (25)

The right hand side of this expression gives me the water supply. We know that water supply and
unit price of water moves in a similar fashion. Thus, I know that right hand side of equality (25)
increases as the relative price of dry sector good goes down. Then, for the water market clearing
condition to be satisfied, one expects that total demand of water should increase as well. Now, I
need to check each component of water demand separately. I know that agricultural water demands
are given by:

wai  C4ai r
1βai

γmH1γaiβai pmL
1βaiβmHβmLβaiγmH

βmLγmH1γaiβai pai
1

1γaiβai

for i  L, H. Thus, water demand for both agricultural crops decreases as the relative price of dry
good goes down and this proves part (2) of Proposition 2.
(Part 3.) The industrial water demand is calculated as:
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Thus, we can write the market clearing condition as:
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Where the superscripts  and  denote the sign of the corresponding partial derivatives. Since the
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water demand for all agricultural crops goes down as the relative price of dry good goes down, water
demand in wet sector should rise to clear the water market. The only way to have such an increase
will be through an increase in the labor employed in wet sector production.
(Part 4.) I have already known that profits can be expressed as:

yai  1 γai  βai Aai
ψaiγaiβai

1γaiβai pai
1

1γaiβai


βai
pl

 βai
1γaiβai


γai
pw

 γai
1γaiβai

for i  L, H. After substituting back price of labor and water in this expression, we find that:

yai  Aai
ψaiγaiβai

1γaiβai pai
1

1γaiβai C5 r
γai

1γaiβaiγmH pmL
βmHβmLγaiγmH βai
1γaiβaiβmLγmH

There are two separate points I need to check out in this expression. First, as the relative dry sector
price decreases, profit of each crop goes down. Note that this decrease would be higher as the water
intensity of the crop, γai, goes up. Thus, I should observe a higher impact of relative price change for
water intensive crops such as rice.
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Figure 1: Change in groundwater levels in India over time

Figure 2: Industrial water use compared to agricultural and domestic uses (Source: Worldbank WDI, 2006)
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Figure 3: Trends of industrial water withdrawals in the World and in Asia (Source: Shiklomanov, 2000)
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Figure 4: Comparing the case with water markets and the case without water markets
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TABLE 1: Classification of agricultural land by different uses

1980-1981 1998-1999
Geographical area 328.73 328.73

Reported area for LUS 304.15 306.04

Forests 67.47 68.87
(22.2) (22.5)

Area under non agricultural uses 19.66 22.81
(6.4) (7.4)

Barren and unculturable land 19.96 19.55
(6.6) (6.4)

Culturable waste land 16.74 13.97
(5.5) (4.6)

Other uncultivated land excluding fallow land 15.57 14.70
(5.1) (4.8)

Fallow lands 24.75 23.44
(8.2) (7.6)

Net sown area 140.27 142.60
(46.0) (46.6)

Notes:
1) Source: Lok Sabha Starred Question No.191 (02.12.2002)
2) Figures in brackets are the percentage in the reported area for Land Use
Statistics.
3) Areas are given in million hectares.
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TABLE 2: Industry-specific tariff rates

1993-1999
Industry 1993 1999 Level ∆ % ∆

(1) (2) (3) (4)
Cotton Textiles 84.87 37.77 47.10 0.55 WATER INTENSIVE
Wool and Silk Textiles 85 38.66 46.33 0.55 SECTORS
Jute Textiles 85 38.82 46.18 0.54  200 m3 per unit
Paper Products 78.37 28.19 50.18 0.64 o f production

Textile Products 85 39.95 45.04 0.53
Metal Products 72.09 33.23 38.85 0.54
Food 62.33 25.98 36.36 0.58 NON WATER
Petroleum 85 35.65 49.35 0.58 INTENSIVE SECTORS
Metal and Alloys 78.43 33.06 45.37 0.58  30 m3 per unit
Basic Chemicals 83.6 33.9 49.7 0.59 o f production
Machinery 67.10 28.68 38.42 0.57
Leather Products 78.38 32.72 45.66 0.58
Notes: Tariff measures are the author’s estimates based on Topalova. Level and
% changes in Columns (3) and (4) refer to negative values. Final column, gives
the average water requirement per unit of production using data provided by
Central Water Commision of India.
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TABLE 3: Mobility across districts

Male Female Total
Panel A: Rural
Place of birth is different 0.13 0.44 0.28
from place of enumeration

Born in a district other than 0.06 0.13 0.09
the district s/he was enum.

Panel B: Urban
Place of birth is different 0.15 0.27 0.21
from place of enumeration

Born in a district other than 0.11 0.17 0.14
the district s/he was enum.

Panel C: All India
Place of birth is different 0.14 0.41 0.27
from place of enumeration

Born in a district other than 0.07 0.14 0.10
the district s/he was enum.
Source: Census of India, 1991
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TABLE 4: Impact of tariff protection on the sectoral prices

Wholesale Price Index
(1)

Tariff rate 4.0201***
[0.411]

Fixed Effects:
Year Yes
Industry Yes

Observations 104

Source : Handbook of Industrial Policy and Statistics
2002, Ministry of Commerce and Industry, Govt. of India.
Notes: Robust standard errors, clustered by industry,
are reported in brackets. (* p0.1, ** p0.05, *** p0.01)
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TABLE 5: Comparing water intensive and non water intensive industries

Non water intensive Water intensive
industries industries Difference

Fixed capital 101000000 116000000 -14400000

Physical working capital 37500000 30400000 7101503

Working capital 28700000 11900000 16900000

Gross capital formation 24100000 11700000 12400000

Outstanding loans 57400000 81000000 -23600000

Number of factories 1.08 1.05 0.03

Labor intensity 0.21 0.36 -0.14*

Electricity intensity 0.19 0.39 -0.19

Share of women 0.11 0.12 -0.01

Notes:
1) Labor intensity: Share of wage bill in net value added for industry.
2) Electricity intensity: Share of electricity expenses in net value added for industry.
3) Share of women: as a % of total workforce in the industry.
4) * significance at 10%.
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TABLE 6: Summary statistics

Beginning Period End Period
(1) (2)

Relative tariff protection (DryTari f f


WetTari f f ) 1.061 1.203
[0.139] [0.356]

Dry sector tariff protection (DryTari f f ) 0.842 0.396
[0.104] [0.103]

Wet sector employment/Dry sector employment 0.266 0.202
[0.263] [0.289]

Log wage per manday 5.550 6.312
[1.376] [1.335]

Share of villages with groundwater within the 70 meters 0.962 0.932
[0.088] [0.161]

Rice production (Rupees per ’000 tons) 24629.4 24651.69
[42005.06] [36391.85]

Rice area (in ’000 hectares) 89.382 78.964
[112.032] [97.595]

Millet production (Rupees per ’000 tons) 8675.862 8258.35
[13206.47] [11894.93]

Millet area (in ’000 hectares) 81.164 87.970
[141.011] [133.412]

Pulse production (Rupees per ’000 tons) 4203.982 7471.51
[6021.229] [15369.78]

Pulse area (in ’000 hectares) 55.544 73.534
[168.786] [210.252]

Share of villages with electricity supply 0.712 0.824
[0.246] [0.225]

Notes: Standard errors are reported in brackets. I use the average 1970-1975 crop prices to
obtain monetary production values. All monetary values are in 1973 Rupees. Millets are
ragi, bajra, maize, jowar and barley and pulses are tur, grams and other crops classified as
pulses by Evenson and McKinsey data.
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TABLE 7: Average manufacturing sector wages (in logs)

Measure-1: Measure-2:
Wage per manday Wage per worker

(1) (2) (3) (4)
Relative tariff protection 0.130 0.146
(DryTari f f


WetTari f f ) [0.074] [0.085]

Dry sector tariff protection 11.519** 11.919** 9.243** 9.694**
(DryTari f f ) [4.570] [4.596] [4.055] [4.134]

Fixed Effects:
District Yes Yes Yes Yes
Year Yes Yes Yes Yes
State*Year Yes Yes Yes Yes

Observations 394 394 394 394

Notes: Robust standard errors, clustered by state-year, are reported in brackets.
All monetary values are in 1973 Rupees. (* p0.1, ** p0.05, *** p0.01)
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TABLE 8: Water intensive sector employment

Relative share of water intensive
sector employment [Wet sector/Dry sector]

(1)
Relative tariff protection -3.276*
(DryTari f f


WetTari f f ) [1.608]

Dry sector tariff protection 83.071
(DryTari f f ) [104.564]

Fixed Effects:
District Yes
Year Yes
State*Year Yes

Observations 426

Notes: Robust standard errors, clustered by state-year, are reported
in brackets. (* p0.1, ** p0.05, *** p0.01)
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TABLE 9: Groundwater depletion

Share of villages with
groundwater within:

15 meters 70 meters
(1) (2)

Relative tariff protection 0.047 0.029**
(DryTari f f


WetTari f f ) [0.062] [0.013]

Dry sector tariff protection -2.030 -1.597
(DryTari f f ) [1.540] [0.958]

Fixed Effects:
District Yes Yes
Year Yes Yes
State*Year Yes Yes

Observations 396 396

Notes: Robust standard errors, clustered by state-year,
are reported in brackets. Regressions include average
rainfall in the decade prior to the observation and the
march rainfall of the given year.
(* p0.1, ** p0.05, *** p0.01)
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TABLE 10: Surface irrigation

Surface Flow Irrigation Potential Created
(in hectares)

(1)
Relative tariff protection -62.732
(DryTari f f


WetTari f f ) [1642.431]

Culturable command area 1.118***
(DryTari f f ) [0.053]

Fixed Effects:
District Yes
Year Yes
State*Year Yes

Observations 328

Notes: Robust standard errors, clustered by state-year, are reported
in brackets. (* p0.1, ** p0.05, *** p0.01)
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TABLE 11: Production of water intensive and non water intensive crops

Rice Millets Pulses
Prod Area Prod Area Prod Area
(1) (2) (3) (4) (5) (6)

Panel A:
Relative tariff protection 0.244** 0.158** -0.003 0.090 -0.099 -0.023
(DryTari f f


WetTari f f ) [0.106] [0.074] [0.213] [0.242] [0.078] [0.107]

Dry sector protection -6.822** -6.761** -0.850 -2.159 0.811 3.317
(DryTari f f ) [2.805] [2.497] [3.550] [3.333] [4.207] [4.840]

Observations 350 350 350 350 360 360

Panel B:
Relative tariff protection 0.633** 0.736*** -0.350 -0.335 0.796 0.756
(DryTari f f


WetTari f f ) [0.240] [0.220] [0.475] [0.375] [0.597] [0.531]

Dry sector protection -16.044 -15.448 -12.317* -4.542 -4.240 -1.005
(DryTari f f ) [25.046] [24.881] [6.630] [5.202] [6.415] [6.227]

Observations 424 424 424 424 424 424

Fixed Effects:
District Yes Yes Yes Yes Yes Yes
Year Yes Yes Yes Yes Yes Yes
State*Year Yes Yes Yes Yes Yes Yes
Notes: Robust standard errors, clustered by state, are reported in brackets. Regressions
include average rainfall in the decade prior to the observation and annual rainfall of the
given year. I use the average 1970-1975 crop prices to obtain monetary production.
Millets are ragi, bajra, maize, jowar and and barley and pulses are tur, grams and other
crops classified as pulses by Evenson and McKinsey data.
(* p0.1, ** p0.05, *** p0.01)
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TABLE 12: A falsification test for electrification as an alternative mechanism

Number of villages with electricity supply
(1)

Relative tariff protection 14.700
(DryTari f f


WetTari f f ) [93.003]

Dry sector tariff protection -1159.206
(DryTari f f ) [703.351]

Fixed Effects:
District Yes
Year Yes
State*Year Yes

Observations 500

Notes: Robust standard errors, clustered by state-year, are reported in
brackets. Regressions include the total number of villages in the district.
(* p0.1, ** p0.05, *** p0.01)
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TABLE 13: Impacts of tariff versus non tariff barriers on agricultural production

Agricultural production
Rice Millet Pulses
(1) (2) (3)

Relative tariff protection 2.419** -0.693 0.301
(DryTari f f


WetTari f f ) [0.854] [1.651] [0.695]

Dry sector tariff protection -2.329*** -2.908*** 0.255
(DryTari f f ) [0.708] [0.735] [0.517]

Relative NTB protection 1.891** 0.346 -0.779
(DryNTB/WetNTB) [0.658] [1.076] [0.638]

Dry sector NTB protection -2.575** 4.754** 1.476
(DryNTB) [0.919] [2.092] [1.248]

Fixed Effects:
District Yes Yes Yes
Year Yes Yes Yes
State*Year Yes Yes Yes

Observations 296 336 360

Notes: Robust standard errors, clustered by state-year, are
reported in brackets. Regressions include average rainfall
in the decade prior to the observation and the annual rainfall
of the given year. I use 1970-1975 crop prices to obtain
monetary production values. This regressions includes data
from year 1987 and 1998. (* p0.1, ** p0.05, *** p0.01)
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Appendix Figure 1: Patterns of land utilization in India
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Appendix Figure 2: Distribution of agricultural output measures
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Note: Histogram is overlaid with an appropriately scaled normal density. The normal will have the same mean
and standard deviation as the data. The blue line gives the appropriate normal distribution
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Appendix Figure 3: District level prices for (fine) rice and gram
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Appendix Figure 4: Rice producing districts in 1993
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