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Abstract

This paper analyzes the effects of intrastate water reallocation on agricultural
productivity. Specifically, | look at the 1976 Krishna Water Dispute Tribunal that
reallocated the rights of three Indian states over the Krishna River. | exploit district-
time variation in access to water to obtain causal effects of water reallocation on crop
output and yield. | find that on average, the decision reduces district output by 7.7
percent and yield by 5.5 percent. The weak negative net effects of the decision are
comprised of productivity gains for the most downstream state, Andhra Pradesh, that
are more than offset by the productivity losses for the upstream states Maharashtra and
Karnataka. The negative impacts for Maharashtra, which are especially pronounced
during periods of drought, are significant at conventional significance levels. Thus, the
1976 reallocation of state rights over water from the Krishna Basin was redistributive

and weakly reduced overall efficiency.
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“I have witnessed the conversion of my land from a water abundant country to a water
stressed country.” — Vandana Shiva, Water Wars: Privatization, Pollution and Profit

1 Introduction

River waters have long been the basis of conflict, both nationally and internationally.
Usually the downstream parties demand more access to the river; their upstream counterparts
tend to have more control over the river. Conflicts intensify when parties decide to build
projects (canals, dams) on the rivers and/or their tributaries, thus blocking the water’s natural
flow (lyer, 2007). In India, water wars have been waged for centuries. The Cauvery River
dispute has been going on since 1892, conflict over the Indus River between India and
Pakistan began when India was partitioned right after its Independence in 1947, and the
Farakka Water treaty between India and Bangladesh with respect to the Ganges River was
brought up in the 1970s. The dispute over the Krishna River among the three riparian states
has ensued since the early 1900s, and despite many attempts to settle it, a binding agreement
was not in place until 1976; this 1976 agreement is the subject of this paper.

Rivers are examples of common pool resources: goods that are non-excludable but
rival in consumption. There are a number of international doctrines pertaining to decisions
solving water disputes. Most prominent are the Helsinki Rules on the Uses of the Waters of
International Rivers of 1966, and the United Nations Convention on the Law of Non-
Navigational Uses of International Watercourses of 1997.* These redistribution rules abide
by the concept of equitable appropriation which states that the river is to be viewed as
common property and that the concerned parties will be allocated water on various factors

that include the geography of the basin, the hydrology of the basin, climate, economic and

! Helsinki Rules on the Uses of the Waters of International Rivers of 1966 spell out the principle of equitable
sharing for beneficial uses while the United Nations Convention on the Law of Non-Navigational Uses of
International Watercourses of 1997 details the utilization of water in an equitable and reasonable manner



social needs of the basin and population. India has its own set of doctrines to resolve
disputes: the Interstate Water Disputes Act of 1956, which allows state governments to
complain regarding river waters, and the National Water Policy of 1987 and 2002, which
recognizes a river basin as the primary unit for water resources development and
management.

Reallocating water among states involves redistribution, typically from upstream
parties (who usually have better access to the water) to downstream parties. It is theoretically
ambiguous whether on net, efficiency increases; this depends on whether the marginal
productivity of water is higher upstream or downstream. Assessing which party has higher
marginal productivity can be difficult, since the incentives to invest can change after
reallocation. In agriculture, for example, a change in water rights might change investments
in irrigation and cropping patterns, among other things. The literature with respect to water
allocation and water management more generally is interdisciplinary and has been largely
descriptive (Section 2.2 provides a discussion of the related literature). Though claims have
been made about the depletion of water and the potential negative consequences for
productivity, and case studies exist about productivity declines due to water reallocation?,
there are no studies that rigorously evaluate the effect of reallocation of state rights over
water on agricultural productivity. This paper attempts to fill this gap by analyzing the
impact of one particular water reallocation in India on agricultural productivity: the
allocation of the Krishna Basin waters decided by the Krishna Water Dispute Tribunal

(KWDT) in 1976. The evaluation of this water reallocation is of interest for several reasons.

% In the matter of the Cauvery Water dispute, the downstream state of Tamil Nadu has always extensively used
the river water for its irrigation, while Karnataka, the upstream state, started late with its irrigation and has
extensively controlled the flow of water to the downstream areas. This has been associated with a productivity
loss in the Thanjavore district in Tamil Nadu, which is one of the largest producers of paddy in the basin.
However, it is difficult to attach a causal interpretation to this observed reduction in productivity, as there could
be secular time changes in productivity unrelated to Karnataka’s control of water upstream.



The Krishna Basin is one of the largest river basins in India, located in three states that
collectively make up one-fifth of India’s total population. Understanding the effect of the
1976 Tribunal decision is therefore important to the region, and could help policymakers
design policies that raise food supplies, raise efficiency, or reduce poverty. The experience in
Krishna Basin could illuminate issues in reallocation of water rights that others in India and
outside it could learn from as they contend with their own water disputes.

To identify the effect of the 1976 water reallocation on agricultural productivity, |
take advantage of district-time variation in exposure to the decision. In particular, only after
1976 is the water reallocation in effect, and moreover, it is the districts located adjacent to the
Krishna Basin whose access to water could be changed due to the water reallocation. This
enables me to use a difference-in-differences strategy in which the change over time in
agricultural productivity in the districts adjacent to the basin in excess of the change in
districts located farther out is interpreted as the effect of the 1976 water reallocation. In the
presence of differential trends in agricultural outcomes between the districts located closer
and farther from the Krishna Basin, the difference-in-differences estimate would not give the
effect of the water reallocation. Thus, in my preferred specification below, | control for
district-specific time trends.

| apply this difference-in-differences strategy to a district panel data set covering all
63 districts of the three concerned states for the period of 1971-1999. My main finding is that
the decision reduces agricultural productivity, though this is not significant at any
conventional levels. I also look at the effect of the decision during drought periods, and find a
negative (however not statistically significant) net effect on agricultural productivity;

although the magnitude of the effect is higher than that of non-drought periods. When 1 allow



heterogeneity in effect of the decision by state, | find that the decision increases productivity
in the most downstream state, Andhra Pradesh, reduces productivity in the two upstream
states, Maharashtra and Karnataka. The negative impacts for Maharashtra, which are
especially pronounced during periods of drought, are significant at conventional significance
levels. Taken together, these results indicate that the 1976 reallocation of state rights over
water from the Krishna Basin was redistributive (with Andhra Pradesh gaining at the expense
of its upstream neighbors) and weakly reduced overall efficiency.

The rest of the paper is organized as follows. Section 2 provides a background on the
Krishna Water Dispute Tribunal, followed by a brief discussion of the related literature.
Section 3 explains the theoretical framework for thinking about the impact of the water
reallocation and elaborates on the empirical strategy. Section 4 describes the data. Section 5

presents the estimation results and | conclude in Section 6.

2 Background
2.1 The Krishna Water Dispute Tribunal

The Krishna River is the second largest river in Peninsular India. It rises from the
Western Ghats near Mahabaleshwar and flows eastwards into the Bay of Bengal. The
Krishna Basin spreads over 99,980 square miles (258,000 km?) across three states:
Maharashtra (upper riparian), Karnataka (middle riparian) and Andhra Pradesh (lower
riparian).? The basin is further divided into 12 sub-basins. Figure 1 shows a map of the basin
and the sub-basins. The Southwest Monsoon that spans from June to September/October is

the main source of water in the basin. Canal irrigation is the primary method of irrigation,

® Before the reorganization of states in 1956, the riparian provinces were Bombay, Madras, Hyderabad and
Mysore.



followed by tanks and wells. The soil in the region is primarily black soil and alluvial soil.
The main crops of the basin are jowar, bajra, cotton, paddy and sugarcane.

The Krishna Basin has witnessed conflict between upstream and downstream parties
for centuries. Most of the dispute has focused on which state has primary rights over the
water, and also on various projects that were built on the river, thus curbing the natural flow
of the river. There were contracts written between the states in 1933, 1944 and 1951, but
arguments ensued about the validity of these agreements. Prior to the formation of the
Krishna Water Dispute Tribunal in 1969, “the States were reduced simply to ‘parties to the
disputes’, comparable to individual landowners quarrelling over withdrawals from
watercourses that run through their properties” (D’Souza, 2006). Thus contracts regarding
water sharing were difficult to enforce, with parties unhappy with the contract continuing to
fight for a better allocation instead of abiding by it. To contest the 1951 agreement regarding
the allocation of the Krishna waters, which Karnataka believed overly favored the
downstream state Andhra Pradesh; Karnataka moved the central government to adjudicate
the matters of the Krishna waters. The case was filed with the Indian Supreme Court in 1962
and a decision stipulating a new water allocation became effective in 1976.

After Karnataka filed the case in 1962, the Krishna Water Dispute Tribunal was set
up in 1969 in accordance with Section 2(c) and Section 3 of the Interstate Water Dispute Act
of 1956. The Tribunal consisted of one former Indian Supreme Court judge, and two former
judges from the highest court of two states not party to the dispute. The Tribunal sought
advice and testimony from the concerned parties as well as technical experts. Karnataka was

the main complainant and Andhra Pradesh the main opponent in the dispute. Maharashtra

* Section 2(c) lays down the foundation that a “water dispute” implies that it is a dispute or difference between
two or more state governments with respect to the use, distribution of the water of an inter-state river. Section 3
enables a state government to make a complaint regarding water disputes.



joined Karnataka as a complainant in this case. The primary point of dispute between the
parties was to determine if the 1951 agreement remained valid. The upstream parties
(Karnataka and Maharashtra) contended that the 1951 agreement was struck among entities
that no longer existed due to the 1956 reorganization of states, and was based on many
projects that had either been abandoned or modified, and thus was no longer valid. The
downstream party (Andhra Pradesh) argued that the 1951 agreement was still valid.

The Krishna Water Dispute Tribunal announced its decision in 1973. The Tribunal
concluded that the 1951 agreement was not valid and that the three states were not bound by
that agreement. The Tribunal then stipulated a new water allocation: out of an estimated 2060
thousand million cubic feet (TMC) of total dependable flow® provided by the Krishna Basin,
Maharashtra was allocated 565 TMC; Karnataka 695 TMC; and Andhra Pradesh 800 TMC.
The decision was finalized in 1976 and henceforth became binding on the three states.® The
intent of the Tribunal was to increase equity amongst the three states involved in the dispute,
while maintaining as well as possible individual state’s efficient use of water in agricultural

productivity.

> Dependable flow is “the magnitude of river flow which may be assuredly expected at a given point on the
river on some scientific or rational basis inspiring confidence” (Krishna Water Dispute Tribunal, 1973a, page
74). There are two approaches to calculate dependable flow; runoff and stream flow. Runoff is rainfall that is
not absorbed by the soil finding its way into the river channel. River discharge (also sometimes called stream
flow) is the volume rate of water flow (the residual amount available in a drainage basin). Stream flow was the
preferred method of estimation since it also represents the integrated results of all meteorological and
hydrological factors operative in the drainage basin and is the only phase of the cycle for which reasonably
accurate measurements can be made of the volumes involved (Bruce and Clark, 1976). Discharge was
calculated at the Bezawada (Vijayawada) site in Andhra Pradesh and the percentage dependability of the
Krishna River at Vijayawada was calculated to be 75%, which works out to 2060 TMC.

® In addition to the above allocation (also known as Scheme A of the KWDT), Scheme B of the KWDT
determined the distribution of the surplus water in the basin. The surplus was determined to be 330 TMC, and
was to be divided thus, 25% to Maharashtra, 50% to Karnataka and 25% to Andhra Pradesh. However, the
implementation of this Scheme required the constitution of the Krishna River Valley Authority, which was
never realized. Thus, Andhra Pradesh was given access to use any surplus waters, but could not claim rights to
it.



To regulate the implementation of the allocations, the Tribunal listed out a monitoring
scheme. At all dams and weir sites (existing, under construction, and future projects) that
utilize more than 1 TMC annually, discharge measurements were to be made three times a
day.’ In addition, the Central Water Commission (CWC) set up gauge sites on state rivers
and interstate rivers and streams; these were to be monitored three times daily as well. All
monitoring costs were to be borne by state governments. Water management techniques in
the basin include dams, reservoirs, canals, and tube-wells.

Before turning to estimate the effect of the 1976 Tribunal decision reallocating states’
rights over water in the Krishna Basin on agricultural productivity, it is useful to assess how
the decision impacted water flows downstream. Data on discharge along the Krishna Basin
prior to the 1976 decision are not widely available; in fact, as mentioned above, it was not
until after the decision that attention was paid to the collection of such data. For one station
in Andhra Pradesh though—Vijayawada—I have managed to obtain monthly discharge data
for 1965-2000 (Biggs et al., 2007 and 2008).% It is an important station since it was the site
primarily used to make the rulings of the allocation, and moreover, it is where the river forms
the Krishna Delta and flows into the sea. Figure 2 shows the location of the station.

To examine the effect of the Tribunal’s decision on the flow of water, | perform a
simple before-after analysis (unfortunately, given the data available, it is not possible to
separate the true effect of the decision on water flow from changes in water flow that would
have occurred over time irrespective of the decision). Figure 3, Panel A shows the mean
discharge (averaged over 12 months of each calendar year) by year and Panel B shows the

variance of the 12 months of discharge by year. Visually, it appears that the mean level and

" The daily three times are 6 A.M., 12 Noon, and 6 P.M.
& | am grateful to Dr. Trent Biggs for sharing these data with me.



variance of discharge have decreased in the post-1976 period. This is corroborated by the
regression analysis of Table 1. All specifications include rainfall as a control variable since
rainfall is an important source of water in the basin. In Column 1, monthly discharge is the
dependent variable, and | find that on average discharge significantly decreases after the
Tribunal decision. In Column 2, I look at average monthly discharge over each calendar year
and still find a significant decline in discharge in the post-water reallocation period.

Columns 3 and 4 relate to within-year fluctuations in discharge rather than the level
of discharge. Column 3 shows that discharge significantly decreases in all months except the
summer months.® The discharge significantly increases in the summer months after the
decision (the point estimate is 1.189 = -7.492 + 8.681 and is significant at the 5% level of
confidence). This suggests that during the drier part of the year, there is more water flow than
what would be expected if the decline in level of discharge in Columns 1 and 2 applied
uniformly across months. This is in line with the research by Biggs et al. (2007, 2008) and
Venot et al. (2007). The KWDT had defined a typical water year as June 1% to May 31* each
year. One potential explanation of the increase in discharge during the summer months could
be that the upstream states were trying to meet the allocations towards the end of the water
year, which coincidentally falls during the summer months. However, it is also consistent
with upstream states releasing more water when the downstream is drier for other reasons,
such as increased pressure to release water when supply is naturally low downstream.
Column 4 explicitly shows that the variance of discharge declines in Vijayawada after the
Tribunal decision.

While the results of Table 1 do not say anything about what happened in the upstream

states, they do suggest a decrease in the level and variance flow to Vijayawada. Hydrology

® Summer in India is typically between the months of March and May.



research suggests that the Krishna Basin is facing water shortage (hence the lower flows
perhaps), however during times of higher demand for water (in the analysis, the summer
months) it appears that more water is being released from upstream, leading to more stable
water flows throughout the year.

2.2 Related Literature

A large literature has focused on the provision of common pool resources and public
goods. There are broadly two things that these papers focus on: the need for cooperation
among parties who are beneficiaries to the resources and the control aspect of it. Ostrom
(2003) finds that some ownership rights towards common pool resources can result in
effective governing and managing of systems.'® Boucher and Branoillé (2010) provide
evidence of cooperation at the country level. They argue that contributors to a public good
increase participation but lower parties’ efforts when there is uncertainty.

The other set of literature has highlighted provision of public goods based on who
controls these goods. Banerjee and Somanathan (2006) discuss how public goods are
allocated by a centralized state and note that politically disadvantaged groups have also been
able to extract public resources from the state; however, it is not the same across all minority
groups. Besley and Coate (2003) suggest that sharing costs in a centralized system clouds
efficient policy making since it does not keep local needs into account. ** A handful of other
studies examine the relationship between property rights allocation and economic efficiency.
Besley and Ghatak (2010) theorize that for a non-binding resource constraint, improving
property rights of an insecure asset involved in the production process (e.g. land) can

improve economic efficiency. Banerjee, Gertler and Ghatak (2002) find evidence of an

19 Also see Ostrom and Gardner (1993), Ostrom, Gardner and Walker (1994), Steins and Edwards (1999).
1 See Bardhan and Mookherjee (2006), Besley et al. (2003) and Besley et al. (2004) for more on this topic.
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increase in agricultural productivity when tenants have more secure land rights. Bardhan
(2000) finds that usually, rich farmers violate water allocation rules within an irrigation
community. He also points out that obedience might not be an indicator of cooperation
among farmers since they might be better off without the rules.

Also related to my study is research in the area of hydrology that has been done on
the Krishna Basin.'? One focus of this research has been about the closing of the river, i.e., it
can no longer sustain any large irrigation projects since its efficiency has reached a
maximum. In addition to the research presented by Venot (2008), Biggs et al. (2007) and
Venot et al. (2007) find that the stream flow in the Krishna Basin has dramatically decreased,
with the effects aggravated during drought years. Gaur et al. (2008) estimate cropping pattern
and water supply changes during the drought of 2000-2003 and formulate methods to sustain
such shocks. However, these papers have largely focused on the Lower Krishna Basin and
the Krishna Delta (two lower sub-basins of the Krishna Basin) and usually use a short panel
dataset.

Adding to the problem of overuse is the issue of low quality irrigation techniques in
the basin. Wallach (1984) points out that in the Krishna Basin, although cultivated land grew
over 80% (post-independence in 1947 to the 1970s), water had not reached most parts due to
leaky canals. Shah (2005) finds that groundwater irrigation is being heavily exhausted
because of lack of good canals, tube wells and irrigation and hence allocation schemes are by
and large wasted because of faulty irrigation methods. A handful of studies have also focused
on the efficiency of dam constructions on rivers. Duflo and Pande (2007) find that dams

increase agricultural productivity and reduce vulnerability against rainfall shocks in the

2 D’Souza (2006) provides a detailed description of the history on the Krishna Water Dispute and a thorough
insight into the Tribunal’s decision.
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districts downstream from where dams are built. On the other hand, Gamage and Smakhtin
(2009) suggest that large-scale expansion of dams and barrages over the rivers have reduced
flow into the sea. They focus on the Krishna Basin and note that upstream reservoir storage
developments are to blame for this.

The main contribution of my paper is that I quantify the effects of redistribution of
state rights over water within an entire basin, over an extended period of time. In particular, |
look at the impact of the 1976 Krishna Water Dispute Tribunal decision that shifted state
rights over water from the Krishna Basin. My research tries to link the literature on the use of
water in agricultural production and the research on property rights (in my case water rights).
To my knowledge, it is the first study on the effects of court-ordered water distributions on

agricultural outcomes.

3 Empirical Strategy
3.1 Conceptual Framework

A simple model where states are treated as profit-maximizing firms can provide a
useful framework for understanding what could be the impact of a redistribution of state
rights over water.™® Consider two states (upstream and downstream) that share a river basin.
Suppose the total amount of water in the river is w. Each state maximizes profit with respect

to water
maxm = f(w) *p — c(w)
where 1 is the profit, f (w) is a concave production function (’'(w)>0, f”(w) <0), p is output

price and c(w) is the cost function and is non-decreasing in water. For simplicity let us

13 State governments and their politicians may well have other objectives, but profit maximization nevertheless
provides a useful reference point.
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assume that the cost of production is just the net cost of controlling the water. To maximize
profits, each state will produce output where marginal revenue equals marginal cost, i.e.,
f'(w) *p = c¢'(w). Upstream has first access to water, and so it will use water until the
marginal profit from using the additional unit of water is zero; let w" denote the profit-
maximizing amount of water for the upstream state. Assuming the downstream state had the
same technology, costs, and price, then downstream would also like to choose w" to
maximize its profits. However, there will not be enough water to permit downstream to also
choose W, when 2w" > w; in this case the resource constraint is binding and the best
downstream can do is to choose w® < w" where w" + w® = i.

Without any allocation rules, each state maximizes its own profits, and f'(w%) <
f'(w?), i.e., the marginal product of an additional unit of water is less in the upstream state
than in the downstream state. This is inefficient, as reallocating a unit of water from upstream
to downstream would increase output and profit. Indeed, if the two states were to jointly
make production decisions (e.g., a social planner acting on behalf of the two states, trying to
maximize total profit), then water would have been allocated such that the last unit of water

provides the same extra profit in the two states. Generally, this means that the new profit-

maximizing amount of water used by the upstream state decreases from w to w*2. and that

used by the downstream state increases from w to w?. In the case where the states are

identical in technology, costs and price, and where the resource constraint binds, then each

w

state should use >

Let y denote the total output in the region. Without any allocation rules, each state

maximizes its own profit, and the total output is:

Yalone = f(Wu) + f(Wd)
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If states behaved jointly, total output would be:

Yjoint = f (%) +f (g)
and given the concavity of the production function it can be seen that y;,int>Yaione- Thus, for
the region as a whole, there is an increase in output.

Figure 4 illustrates the above arguments in graphical form. Panel A shows the effects
on the upstream state, and Panel B shows the effects on the downstream state. | use a linear
marginal benefit curve for simplicity (the results are similar for a non-linear marginal benefit
curve). At point A, the upstream maximizes its total profit where marginal benefit is zero,
given the current amount of water it uses, w*. Point B is where downstream produces given
w® amount of water. If they were to jointly make the output decision, i.e., where marginal

benefits are equalized, they would produce at point C, with upstream using w** and

downstream using wd?, Thus, the upstream state decreases output moving from stand-alone
to joint profit maximization, the downstream state increases output, and output increases
overall.

To summarize, in the case where the resource constraint is binding, a reallocation of
water from an area of lower marginal productivity of water to an area of higher marginal
productivity of water is predicted to raise overall output and yield (with the higher marginal
productivity area gaining in output and the lower marginal productivity one losing in output).
However, it is theoretically possible that water reallocation might lead to lower output. This
would happen if water were reallocated from a higher marginal productivity area to a lower
marginal productivity area. While this is not something a profit maximizing decision-maker
would intentionally do, this could arise for sensible reasons. For example, the equitable

appropriations guideline for solving water disputes stipulates that decision-makers consider
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equity as an important goal, and decision-makers who weigh equity heavily in their social
welfare function more may well redistribute water in favor of the lower marginal
productivity party. Also, allocation decisions are being made under imperfect information
about each state’s marginal productivities, hence even decision-makers who care only about
efficiency could ex post have reallocated to lower productivity areas.

Additionally, in theory, the effect of the water reallocation could have zero impact on
output. This is consistent with several scenarios. First, the resource constraint may not be
binding—the water that the upstream state left for downstream use may exceed the optimal
amount demanded by the downstream state. In my empirical analysis below, | allow the
effect of the allocation to vary between drought and non-drought periods in the region; the
rationale is that the resource constraint is more likely to be binding during a drought period
than a non-drought period. Second, the allocations may not be enforced, in which again
nothing changes from the pre-decision situation of each state maximizing its own profit.
Also, if there were already some private bargaining in place prior to the 1976 water
reallocation, then this reallocation would not achieve any efficiency increase and the net
effect of the allocation would be zero.

Given the foregoing discussion, it is theoretically ambiguous what the effect of the
reallocation of states’ rights over the Krishna Basin is on agricultural productivity. Next, |
describe my methodology for identifying the causal effect of water reallocation.

3.2 ldentification Strategy

The decision of the Krishna Water Dispute Tribunal redistributes rights over water

from the Krishna River among the three states bordering it. There are two sources of

variation in exposure to this water reallocation. On the one hand, there is time variation: the
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decision is effective beginning in 1976. On the other hand, there is cross-sectional variation,
with the water reallocation affecting the water access of districts located closer to the Krishna
River. Using the time variation alone would not permit identification of the causal effect of
the water allocation because agricultural outcomes would have differed before and after 1976
even without the reallocation. As well, using the cross-district variation alone would not
permit identification of the causal effect because the districts adjacent to the Krishna River
are different from the farther away districts in ways that affect the outcomes (e.g., water
availability, soil type, topography). Therefore, | exploit both sources using a difference-in-
differences identification strategy.

Specifically, | estimate the effect of water reallocation by taking the after-before
difference in outcomes for the districts located inside the Krishna Basin (i.e., adjacent to the
basin; below, I refer to these as “inside” districts), and subtracting out the after-before
difference in outcomes for districts located outside the basin to remove the secular time
effect. This strategy is summarized by the following equation:

yar = @ + B(insidey * post,) + p(rainfally,) + 84 + 0, + &4
where yq: is a measure of agricultural productivity of district d in time t, post; is a dummy
variable for observations in years 1976 or later, insidey is a dummy variable for the districts
located inside the Krishna Basin, rainfallg; is the rainfall shock, &, is district fixed effects, 6,
is year fixed effects, and &4 is the error term. The coefficient of primary interest is £1, which
is the difference-in-differences estimate.' In order to interpret this coefficient as the effect of

the 1976 decision reallocating states’ rights over the Krishna Basin, the parallel trend

' Compared to the raw difference-in-differences estimate, which is (mean y for inside districts after 1976 minus
mean y for inside districts before 1976)- (mean y for outside districts after 1976 minus mean y for outside
districts before 1976), this one controls for main effects more fully (time dummies are more detailed than
controlling just for a “post” dummy, and district dummies are more detailed than controlling for just an “inside”
dummy) and for rainfall.
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assumption must hold: in the absence of the water reallocation policy, the change over time
in productivity in the inside districts would have been the same as the change over time in
productivity in the outside districts.

The district panel data | use for my empirical analysis has several years of pre-1976
data to permit explicitly controlling for differential trends. One method I use is to control for
a time trend that is specific to the inside districts:

Yar = a + B(insidey * post,) + p(rainfally,) + 84 + 6, + A(insidey * year,) + 4.
A second method controls for district-specific time trends, which is a more exhaustive
control for differential trends than what is encapsulated by Equation 2:

Yar = a + B(insidey * post,) + p(rainfally,) + 84 + 0, + A4 (yeary) + eq¢.

The difference-in-differences estimates in Equations 2 and 3 provide the effect of the
water reallocation even if there is a differential trend between districts closer to and farther
from the Krishna Basin, so long as the differential trend that would have applied in the post-
1976 period mirrors the recent historical trend. Gradual expansion of irrigation, or gradual
adoption of new agricultural technologies like high yield variety seeds, are two important
forces underlying trends in agricultural productivity in Maharashtra, Karnataka and Andhra
Pradesh over this time period, hence these inside-specific and district-specific time trends
credibly capture much of the differential time effects between inside and outside districts.

If the water allocations stipulated by the 1976 decision are not binding, then we do
not expect the decision to have any impact. For example, there may be enough water for
everyone, and so productivity does not change. During droughts, there is likely to be excess
demand for water, and the allocations are more likely to be binding. Therefore, I modify the

previous models to incorporate heterogeneity in effect by drought and non-drought periods.
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A district-year is classified as under drought if the rainfall shock in that year falls below the
20" percentile of rainfall shock in the three states. When a district’s own rainfall is below
expectation, then demand for water from other sources (such as the Krishna Basin) is
especially high. It is an empirical question whether the water reallocation on the whole
mitigates or amplifies the harmful effects of drought on agricultural productivity. For
downstream districts, the harmful effects could be mitigated because the water reallocation
assures a steady release of water from upstream (subject to the annual and monthly flows
stipulated in the decision). However, for upstream districts, the very same steady releases of
water could amplify the harmful effects of drought because at their highest time of need for
non-rain sources of water, they may need to release some water to abide by the decision. To
assess whether the water reallocation on net changes the effect of droughts on agricultural
productivity, | estimate the following equation:

Var = @ + B (inside, * post,) + B, (inside, * post; * drought ;. )+y,(post; » drought,;)
+ y,(insidey * droughty,) + ys(droughty,) + Bs(rainfally,) + 64 + 0, + €4

where droughty; is a dummy variable for district d having a drought at time t. £, gives the
effect of the water reallocation on agricultural productivity during non-drought periods, and
P> gives the differential effect during drought periods. A positive £, would suggest that on
net, the water reallocation mitigates the harm of droughts, while a negative 8, would suggest
that on net, the water reallocation amplifies the harm of droughts (which would be an
unintended consequence.

The analysis has thus far focused on estimating net effects of the water redistribution
across the three states involved in the decision. This is of primary interest because this
answers the question of whether the policy raised efficiency. However, given that the

decision basically redistributes water from upstream state Maharashtra to downstream states
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Karnataka and Andhra Pradesh, it is also of interest to assess which states gain and which
lose (if any). Therefore | modify Equations 1 to 4 to allow for state-specific effects of the

water reallocation.

4 Data

| implement my identification strategy using a district panel data set that is used by
Duflo and Pande (2007)." The dataset is an extension of the Evenson and McKinsey India
Agriculture and Climate dataset (Evenson and McKinsey, 1999).'® The dataset contains
variables related to agricultural production collected from various Indian government
publications as well as rainfall*’ for 271 Indian districts in 13 Indian states from 1956-2004. |
restrict this data to the three states in the Krishna Basin, namely Maharashtra, Karnataka and
Andhra Pradesh. There are 63 districts in total, with 24 districts falling within the Krishna
basin (“inside” districts) and 39 outside. My main analysis uses data for 1971-1999; this
restriction is made for practical reasons the rainfall variable is available only for these years;
but still provides a good number of before and after years of data.

The two main measures of agricultural productivity that | use are total production
and total yield. Total production, measured in rupees per thousand tons, is the value of the
production of the main crops (at average crop prices in 1960-65). Total yield, measured as
Rupees per hectare, is total production divided by cultivated area. The main crops consist of
water-intensive crops (rice, sugarcane, cotton and wheat) and non-water intensive crops

(bajra, jowar and pulses).

1> Data downloaded from Institute for Quantitative Social Science at Harvard University,
http://dvn.ig.harvard.edu/dvn).

1° These data are available for download from the BREAD website,
http://ipl.econ.duke.edu/dthomas/dev_data/index.html.

" Rainfall in this dataset is the district’s fractional deviation from its mean over the 1971-1999 period.
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Table 2 provides descriptive statistics of the district panel data that | use for my main
empirical analysis. Figures 5 and 6 show mean output and yield, respectively, by state and
year in inside and outside districts. The average log of total production is 9.67 Rupees per
thousand tons and average log of total yield is 4.12 Rupees per hectare. While output is
higher in inside districts at the outset of the water reallocation, yield is similar between inside

and outside districts.

5 Estimation Results
5.1 Effect of Water Redistribution on Agricultural Productivity

| first estimate the overall net effect of water reallocation on total production and total
yield. These results are presented in Table 3. The difference-in-differences estimate of the
effect of water reallocation is given by the coefficient for the “Post*Inside” interaction term.

Column 1 reports the results of estimating Equation 1 with log total production as the
dependent variable using ordinary least squares. | obtain a difference-in-differences estimate
of 0.035. This coefficient is not statistically significantly different from zero at conventional
confidence levels. In order to interpret this coefficient as the effect of water reallocation, the
parallel trend assumption must hold: in the counterfactual where the decision did not happen,
the change in output over time would have been the same in the inside districts (located
adjacent to the Krishna Basin) and the outside districts (located further away). In Column 2, 1
add a control for a time trend specific to inside districts (i.e., Equation 2) and obtain an
adjusted difference-in-differences estimate of -0.077.* In Column 3, | add district-specific

time trends (i.e., Equation 3), and obtain an adjusted difference-in-differences estimate of -

181t is interesting that the coefficient decreases after adjusting for a differential trend between inside and outside
districts—this suggests that in the absence of the decision, output would have grown faster in the inside region.
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0.076, though neither of these estimates is significant at conventional levels of significance.*

Thus there is weak evidence that the decision reduced output. The point estimate in Column
3 indicates that the 1976 reallocation reduced annual district output by an average of 7.6
percent. The 95% confidence interval is [-0.186, 0.034], which means that | can rule out
output gains greater than 0.034 and output losses less than -0.186 at the 5% significance
level. In the right panel of Table 3, | conduct a similar analysis with log of total yield as the
dependent variable. The difference-in-differences estimate is -0.008 in Column 4. The
difference-in-differences estimate is -0.055 when I control for inside-specific and district-
specific linear trends (Columns 5 and 6), indicating that the 1976 reallocation reduced annual
district yield by an average of 5.5 percent. The 95% confidence interval is [-0.131, 0.021],
which means that the yield losses will not be less than -0.131 and yield gains are limited to
0.021.

The main finding from Table 3 is that the water reallocation weakly reduced
agricultural output and yield on net within the three states involved in the Tribunal’s
decision. In Table 4, | explore whether the net effect of water reallocation differs during
drought and non-drought periods. The first row shows the coefficient for the “Post*Inside”
interaction, and reflects the net effect of water reallocation during non-drought periods. The
second row shows the difference in effect between drought and non-drought periods (thus,
the effect of water reallocation during drought periods is the sum of these two coefficients;
this figure is displayed in the bottom row of the table). Column 1 (Column 4) shows the

results of estimating Equation 4 with log total production (log total yield) as the dependent

19 Also, the standard errors | use are rather conservative, robust not only to arbitrary heteroscedasticity but also
arbitrary serial correlation within districts.
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variable, Column 2 (Column 5) adds a time trend specific to inside districts, and Column 3
(Column 6) adds district-specific time trends.

| find that during non-drought periods, the net effect of water reallocation is negative,
though not significantly different from zero (Table 4, first row). During drought periods, the
net effect becomes more negative (second row gives the difference in effect, bottom row
reports the total net effect during drought periods), though neither the effect during drought
periods nor the difference in effect between drought and non-drought periods is significant.
These results are suggestive of the decision amplifying the harmful effects of drought,
however, due to the imprecision of the estimates we cannot rule out that the effect of water
reallocation is no different between drought and non-drought periods.

Did the redistribution lead to some winners and losers in terms of agricultural
productivity, or did it have a uniform effect on all three states? | re-estimate the preceding
models allowing the effects of water reallocation to vary by state. Table 5 presents these
results. The odd columns use basic difference-in-differences estimation (as in Equation 1),
and the even columns control for district-specific trends (as in Equation 3). The results in
Table 5 indicate that the decision was redistributive—it reduced output and yield in
Maharashtra and Karnataka, and increased output and yield in Andhra Pradesh. The decision
reduces output by 14.8 log points and yield by 14.0 log points in Maharashtra (Columns 2
and 6, first row), and these estimates are significant at the 10 percent level of significance.
Much of the negative impact of the decision in Maharashtra comes during drought periods.
The bottom of Column 8 indicates that for Maharashtra during drought periods, the water
allocation reduced total yield by 24 log points and production decreased by 20 log points

(bottom of column 4); both the results are significant at the 5% level. These results of lower
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productivity especially during drought periods due to the decision is consistent with
Maharashtra having to release water downstream at a steady pace, regardless of its own water
needs. The gain in output that Andhra Pradesh experiences can be attributed to the discharge
results presented in Table 1 — there is a decrease in variance of water flow, and water flow
during summer months was higher than expected after the 1976 decision.

Although the estimated effects are not in general significant for Karnataka and
Andhra Pradesh, the pattern of results in Table 5 suggest a redistribution of water in favor of
the downstream state, with the cost borne by upstream neighbors. Such a redistribution may
well have been intended by the Tribunal, who were trying to adhere to the equitable
appropriations doctrine. However, it is not clear whether reducing overall efficiency and
amplifying the harm of droughts for Maharashtra in the magnitudes shown in my tables were
the cost the Tribunal was willing to pay for the increased equity—yperhaps some of these

effects were unintended consequences.

5.2 Robustness Checks
5.2.1 Severity of Drought

My analyses thus far have shown that the decision hurts agricultural productivity
during drought periods (at least weakly; the estimates are imprecise, so often they are not
significant at the conventional levels). However, a potential confounding factor is the
severity of droughts in the drought periods. The drought dummy variable | use takes on the
value one for 20% of the sample by construction; hence one could argue that the intensity of
the drought could vary, and if by chance the post-1976 has a larger share of severe droughts

in the inside districts, this could cause large negative estimated effects in output and yield for
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reasons having nothing to do with the decision. To check if this is indeed the case, | make the
following adjustments to my estimations. First, | add a control for severity of drought (an
interaction between the drought variable and the rainfall deviation variable) to Equation 3.
This allows for rainfall shock to have a different effect during drought and non-drought
periods. Columns 1, 2, 5 and 6 of Table 7 report these results. A second way | account for the
drought severity is by dropping the worst drought seasons, which | construct as the bottom
5% of the rainfall shock. This precludes the possibility of a few devastating droughts driving
the results. Columns 3, 4, 7 and 8 present these results. The estimation results controlling for
severity of the drought in these two ways are basically the same as the original results in
Table 3 and 4, suggesting that differential severity of droughts is not biasing my estimates of
the effect of the water reallocation. Table 7 reports results for the state-wise estimations, and
the results are similar to Table 5.
5.2.2 Other Robustness Checks

Duflo and Pande (2007) show that dams increase agricultural productivity and reduce
susceptibility to rainfall shocks in districts that are downstream from where the dams are
built. To the extent that dam construction is correlated with the interaction term
“Post*Inside”, then the coefficient for this variable would not be interpretable as the effect of
the water reallocation, as it could also be capturing effects of dam construction. To address
this concern, | control for number of dams using the variable from Duflo and Pande (2007)
and my results are basically unchanged.”

An additional concern is that with a long post-decision time window (my analysis

extends from 1971-1999, so the post-decision period is 24 years), there could be other

% The district-time data on the number of completed dams by Duflo and Pande (2007) is derived from the
World Registry of Large Dams.
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policies, not just the construction of dams, that are correlated with the “Post*Inside” dummy.
Therefore, | narrow the time window around the decision and find qualitatively similar

results.

6 Conclusion

This paper estimates the effect of redistributing water rights among states on
agricultural productivity. The 1976 decision of the Krishna Water Dispute Tribunal provides
district-time variation in access to water from the Krishna River. | exploit this variation using
a difference-in-differences strategy to identify the effect of water reallocation on agricultural
productivity. | find that, on net, there is weak evidence that the water reallocation lowers
agricultural productivity. I also find that the decision significantly lowered output and yield
in Maharashtra, especially during drought periods. Additionally, the decision lowers
productivity in Karnataka and raises it in Andhra Pradesh. These state-wise effects taken
together clearly indicate that a redistribution away from the two upstream states toward the
downstream state.

Various international and Indian doctrines governing the resolution of water disputes
have often pushed for “equitable appropriation”, i.e., increasing equity amongst parties
without compromising much on individual riparian’s efficient use of water. My results are
consistent with following this principle: equity is improved (downstream party benefits),
though there is an efficiency cost. The point estimates suggest a 7.7% decline in output and
5.5% decline in yield (these effect sizes are not economically significant). It is impossible to
know whether the entirety of these net productivity losses were part of the tradeoff that the

Tribunal intentionally made to gain more equity, or whether at least some of the losses were
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unintended consequences. However, unintended or not, efficiency losses are associated with
the 1976 agreement, and it is worth considering whether there are more efficient ways to
improve equity than water reallocation. Evaluating the KWDT’s decision is important
because the Krishna Basin is a water source for many people and is an important region for
agricultural production. However, the external validity of these estimates may be limited.
Each basin is different with respect to its inherent characteristics, but more importantly they
are different with respect to the nature of the dispute, so what is found for the Krishna Basin
may not necessarily apply elsewhere. Moreover, my analysis is restricted to a particular
allocation- that stipulated by the 1976 Tribunal decision. It is likely that some other
allocation for the same basin would have had different consequences.*

My work is the first to highlight the effects of a water reallocation decision on
agricultural productivity. My results indicate the vagueness of the 1976 decision and the need
to make future allocations more precise. In particular, that the upstream state Maharashtra
and middle riparian Karnataka are worse off, while the downstream state of Andhra Pradesh
is better off, especially during drought periods, suggest that there might be need for flexible
allocations; state-contingent allocations might be better than having rigid allocations. This
will allow for some flexibility when a state is experiencing an extreme rainfall shock, to

achieve their goals.

21 A new decision regarding the Krishna Waters was reached in 2010; it will be interesting to evaluate the new
allocation and see how the effects compare to what is estimated here.
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Figure 1: Map of Krishna Basin
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Figure 2: Vijayawada Station in the Krishna Basin
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Figure 3: Discharge at Vijayawada
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Figure 4: Effect of Redistribution of Water on Marginal Benefit of Upstream and Downstream States
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Figure 5: Mean Log of Total Production by State, Year and Inside/Outside Districts
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Figure 6: Mean Log of Total Yield by State, Year and Inside/Outside Districts
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Table 1: Discharge at Vijayawada After the Decision

Post

Post*Summer

Summer

Monthly Rainfall
Average Rainfall
Variance of Rainfall
N;meer of Observations
R

Mean of dependent variable
(S.D.)

Monthly Average Monthly Variance of
Discharge Discharge Discharge discharge
1) ) 3) (4)
-5.321%** -6.636*** -7 .492%** -9.789***
(1.870) (1.264) (2.472) (3.122)

8.681***
(2.517)
-2.545%** -8.309***
(0.704) (1.763)
0.0819*** 0.0821***
(0.013) (0.013)
0.366***
(0.046)
0.387***
(0.053)
432 36 432 36
0.240 0.640 0.250 0.500
8.678 8.680 14.469
(17.963) (5.619) (10.556)

Notes: Robust standard errors in parentheses. ***, ** * denotes significance at 1%, 5% and 10% respectively.
Discharge is measured as mm/month and rainfall is measured in mm.



Table 2: Descriptive Statistics

Full Sample
Obs
1) )
Log of Total Production  9.670
1827
(0.691)
Log of Total Yield 4.120
1827
(0.643)
Rainfall Deviation <0.001
1827
(0.256)
Drought 0.200
1827
(0.400)

Inside Outside
Before After Before After
Obs Obs Obs Obs
(3) (4) (5) (6) (7) (8) 9) (10)
9.658 9.981 9.288 9.573
144 552 234
(0.573) (0.712) (0.579) (0.644)
3.750 4.159 3.835 4.250
144 552 234
(0.629) (0.605) (0.696) (0.606)
-0.094 0.025 -0.081 0.021
144 552 234
(0.280) (0.305) (0.218) (0.218)
0.319 144 0.219 0.278 0.149
(0.468) (0.414) (.449) (0.357)

Notes: Observations are at the district-year level for all districts located in Maharashtra, Karnataka and Andhra Pradesh. Inside
districts (24) are those located adjacent to the Krishna Basin, and outside districts (39) are the remaining districts. Production
is measured in Rupees per thousand tons using average crop prices of 1960-1965. Yield is measured in Rupees per hectare.
Rainfall deviation is the fractional deviation of rainfall from the mean at the district level (over 1971-1999). Drought is a
dummy indicating that the observation is in the bottom quintile of rainfall deviation.
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Table 3: Difference-in-Differences Estimates of the Effect of Water Reallocation on Agricultural Productivity

Post*Inside

Inside*Drought

Post*Drought

Drought

Rainfall Deviation

Number of Observations

RZ

Log of Total Production

Log of Total Yield

1)
0.035
(0.065)

0.127%**
(0.047)

0.205%**
(0.058)

-0.213%**
(0.053)

0.135*
(0.069)

1,827
0.770

(2)
-0.077
(0.056)

0.133%**
(0.046)

0.205%**
(0.057)
-0.219%**
(0.053)

0.122*
(0.065)

1,827
0.771

3)
-0.076
(0.056)

0.130%**
(0.035)

0.194%**
(0.043)
-0.201%**
(0.035)

0.134%**
(0.044)

1,827
0.817

4)
-0.008
(0.048)

0.039
(0.034)

0.117**
(0.046)

-0.131%**
(0.041)

0.024
(0.047)

1,827
0.865

)
-0.055
(0.039)

0.042
(0.034)

0.118**
(0.046)

-0.134%**
(0.041)

0.019
(0.047)

1,827
0.866

(6)
-0.055
(0.039)

0.030
(0.029)

0.109%**
(0.039)
-0.114%**
(0.036)

0.046
(0.041)

1,827
0.891

Notes: Standard errors are clustered at the district level and reported in parentheses below the estimated coefficient. ***, **
* denote significance at 1%, 5% and 10% respectively. All regressions include year and district fixed effects. Columns (2)
and (5) control for linear time trends specific to inside districts. Columns (3) and (6) control for district - specific time
trends. The first row of coefficients gives the difference-in-differences estimate of the effect of water reallocation.



Table 4: Effect of Water Reallocation by Drought/Non-Drought Periods

Log of Total Production

Log of Total Yield

1) (2) 3) (4) () (6)
Post*Inside 0.038 -0.073 -0.074 0.017 -0.031 -0.047
(0.067) (0.066) (0.061) (0.054) (0.038) (0.038)
Post*Inside*Drought -0.011 -0.012 -0.005 -0.091 -0.091 -0.027
(0.094) (0.094) (0.066) (0.084) (0.084) (0.069)
Inside*Drought 0.135 0.141 0.134** 0.106 0.109 0.051
(0.088) (0.088) (0.059) (0.074) (0.075) (0.066)
Post*Drought 0.209*** 0.209*** 0.196*** 0.154*** 0.154*** 0.120***
(0.067) (0.066) (0.052) (0.043) (0.043) (0.045)
Drought -0.216*** -0.223*** -0.202*** -0.156*** -0.158*** -0.122***
(0.059) (0.058) (0.040) (0.042) (0.042) (0.041)
Rainfall Deviation 0.135* 0.122* 0.134%** 0.023 0.018 0.045
(0.069) (0.065) (0.045) (0.048) (0.047) (0.042)
Observations 1,827 1,827 1,827 1,827 1,827 1,827
R? 0.770 0.771 0.817 0.865 0.866 0.891
Overall effect during drought 0.027 -0.085 -0.079 -0.074 -0.122 -0.074
(0.101) (0.078) (0.068) (0.076) (0.083) (0.074)

Notes: Standard errors are clustered at the district level and reported in parentheses below the estimated coefficient. ***, ** * denote
significance at 1%, 5% and 10% respectively. All regressions include year and district fixed effects. . Columns (2) and (5) control for
linear time trends specific to inside districts. Columns (3) and (6) control for district - specific time trends. The first row of coefficients
gives the effect of water reallocation during non-drought periods, and the second row gives the difference in effect between drought and
non-drought periods; the sum of these two coefficients gives the total effect during drought periods, and is reported in the bottom row.
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Table 5: Effect of Water Reallocation by State

Post*Inside*MH
Post*Inside*KT
Post*Inside*AP
Post*Inside*Drought*MH

Post*Inside*Drought*KT
Post*Inside*Drought*AP

Rainfall Deviation

Observations
RZ

Overall effect during drought

Log of Total Production

Log of Total Yield

1)
-0.028
(0.076)
0.142
(0.113)
0.072
(0.091)

0.113**

(0.051)

1,827
0.780

(2)
-0.148*
(0.081)
-0.089
(0.079)
0.139
(0.088)

0.127%**

(0.046)

1,827
0.820

3)
0.009
(0.086)
0.141
(0.126)
0.110
(0.097)
-0.124
(0.081)
0.005
(0.149)
-0.166
(0.193)
0.112%*
(0.051)

1,827
0.780

-0.115
(0.079)
0.146
(0.141)
-0.056
(0.178)

(4)
-0.120
(0.080)
-0.106
(0.091)
0.136
(0.094)
-0.079
(0.063)

0.067
(0.113)
0.016
(0.136)

0.126***

(0.046)

1,827
0.820

-0.199**
(0.095)
-0.040
(0.098)

0.152
(0.133)

)
-0.105
(0.065)
0.041
(0.051)
0.126%
(0.065)

0.016
(0.043)

1,827
0.871

(6)

-0.140*

(0.081)

-0.126**

(0.051)
0.105
(0.064)

0.041
(0.043)

1,827
0.894

(7) (8)
0078  -0.086
(0.081)  (0.076)
0.058  -0.130**
(0.046)  (0.059)
0.138* 0.103
(0.076)  (0.064)
-0.087  -0.154**
(0.097)  (0.067)

-0.066 0.016
(0.142)  (0.133)
-0.051 0.012
(0.112)  (0.098)
0.015 0.039
(0.043)  (0.043)
1,827 1,827
0.871 0.894

-0.166**  -0.240%*
(0.075)  (0.101)

-0.009  -0.115
(0.138)  (0.114)
0.087 0.115

(0.095)  (0.107)

Notes: Standard errors are clustered at the district level and reported in parentheses below the estimated coefficient. ***, ** * denote
significance at 1%, 5% and 10% respectively. AP represents Andhra Pradesh, MH represents Maharashtra, KT represents Karnataka. All
regressions also control for year and district fixed effects, inside*drought, post*drought and drought. Even columns also control for

district-specific time trends.
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Table 6: Robustness Check —Controlling for Severity of Droughts

Post*Inside
Post*Inside*Drought
Inside*Drought
Post*Drought
Drought*Rainfall Deviation
Drought

Rainfall Deviation

Observations
RZ

Overall effect during drought

Log of Total Production

Log of Total Yield

1)
-0.075
(0.056)

0.146%**
(0.034)
0.182%**
(0.043)
0.375*
(0.214)
-0.094
(0.069)
0.095%
(0.053)

1,827
0.817

(2)
-0.077
(0.060)

0.006
(0.064)
0.141%*
(0.057)

0.180%**
(0.052)
0.376*
(0.212)

-0.093
(0.070)
0.095*
(0.053)

1,827
0.817

-0.071
(0.068)

3)
-0.078
(0.059)

0.104%**
(0.036)
0.110%*
(0.045)

-0.123%**
(0.041)
0.105**
(0.052)

1,735
0.816

4)
-0.069
(0.060)
-0.055
(0.079)
0.148%*
(0.061)
0.127%*
(0.056)

-0.136%**
(0.048)
0.105*
(0.053)

1,735
0.816

-0.123
(0.090)

)
-0.054
(0.039)

0.047
(0.029)
0.096%*
(0.040)
0.428%*
(0.186)

0.007
(0.063)
0.0009
(0.047)

1,827
0.892

(6)
-0.049
(0.037)
-0.015
(0.070)

0.058
(0.064)
0.102%*
(0.044)
0.426%*
(0.186)

0.002
(0.066)
0.0007
(0.048)

1,827
0.892

-0.064
(0.074)

(7
-0.059
(0.037)

0.012
(0.027)

0.054
(0.040)

-0.059
(0.040)
0.019
(0.048)

1,735
0.889

(8)
-0.053
(0.038)
-0.035
(0.075)
0.039
(0.065)
0.065
(0.052)

-0.067
(0.049)
0.019
(0.049)

1,735
0.889

-0.088
(0.076)

Notes: Standard errors are clustered at the district level and reported in parentheses below the estimated coefficient. ***, ** * denote
significance at 1%, 5% and 10% respectively. Columns (3), (4), (7) and (8) drop the drought observations falling in the lowest 5 percent of
rainfall deviation. All regressions also control for year and district fixed effects, and district-specific time trends.
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Table 7: Robustness Check — State-wise Estimates Controlling for Severity of Droughts

Log of Total Production Log of Total Yield
1) ) @) (4) () (6) () (8)
Post*Inside*MH -0.144* -0.121  -0.147* -0.122 -0.137 -0.088 -0.117 -0.089
(0.081) (0.079)  (0.084) (0.088) (0.082) (0.076) (0.074) (0.083)
Post*Inside*KT -0.093 -0.113 -0.108 -0.099 -0.130**  -0.137**  -0.141***  -0.136**
(0.081) (0.090)  (0.082) (0.085) (0.053) (0.060) (0.052) (0.059)
Post*Inside*AP 0.136 0.129 0.126 0.125 0.099 0.092 0.097 0.092
(0.085) (0.091)  (0.086) (0.092) (0.061) (0.063) (0.063) (0.062)
Post*Inside*Drought*MH -0.065 -0.153 -0.143* -0.176
(0.065) (0.126) (0.077) (0.118)
Post*Inside*Drought*KT 0.079 -0.054 0.029 -0.031
(0.110) (0.125) (0.135) (0.117)
Post*Inside*Drought*AP 0.035 0.007 0.030 0.029
(0.128) (0.125) (0.081) (0.076)
Rainfall Deviation 0.089 0.087 0.098* 0.097* 0.001 -0.0008 0.014 0.012
(0.053) (0.053)  (0.054) (0.054) (0.049) (0.049) (0.049) (0.050)
Observations 1,827 1,827 1,735 1,735 1,827 1827 1,735 1,735
R? 0.820 0.820 0.819 0.819 0.895 0.895 0.891 0.891
Overall effect during drought
MH -0.186* -0.275** -0.230** -0.264***
(0.098) (0.119) (0.110) (0.089)
KT -0.033 -0.152 -0.108 -0.167
(0.099) (0.134) (0.118) (0.102)
AP 0.163 0.132 0.122 0.122
(0.124) (0.122) (0.086) (0.092)

Notes: Standard errors are clustered at the district level and reported in parentheses below the estimated coefficient. ***, ** * denote
significance at 1%, 5% and 10% respectively. Columns (3), (4), (7) and (8) drop the drought observations falling in the lowest 5 percent of
rainfall deviation. All regressions also control for year and district fixed effects, and district-specific time trends.
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