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Abstract: Efﬁcient pricing of water and energy, advocated by economists as a means
of achieving more efﬁcient allocations, is often politically infeasible, especially in developing countries. In India, for example, subsidized, nonvolumetric pricing of the
electricity used to pump groundwater is politically entrenched and often blamed
for groundwater depletion. Are there politically feasible ways to introduce incentives
for conservation? We worked with a state government to design and test an alternative, voluntary approach, that invites farmers to install electricity meters and receive
compensation for every unit they “save.” Interest in participation was high, leading to
an unprecedented voluntary shift to meter-based billing, but we found no impacts on
water usage. These results provide some of the ﬁrst empirical evidence on the effect of
incentives on water use in India, and we discuss the extent to which they are informative about other policy tools, such as full pricing.
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GR O W ING D E MA N D FO R F O OD , and therefore for irrigation water, is placing increasing pressures on ﬁnite, depleting water resources in many parts of the world (Vörösmarty
et al. 2000), and the resulting scarcity is threatening to undermine the livelihood of hundreds of millions of smallholder farmers in semi-arid developing countries. Water withdrawals are also associated with substantial use of energy for pumping. Improvements in
the efﬁciency of allocation and usage of these resources can help alleviate scarcity, but
realizing these potential improvements remains a major policy challenge.

Ram Fishman (corresponding author) is at the Department of Public Policy, Tel Aviv University, and Department of Economics, George Washington University (ramf@post.tau.ac.il).
Upmanu Lall is at the Columbia Water Center, Columbia University. Vijay Modi is at the Department of Mechanical Engineering, Columbia University. Nikunj Parekh is at the Columbia
Received September 24, 2014; Accepted July 4, 2016; Published online November 3, 2016.
JAERE, volume 3, number 4. © 2016 by The Association of Environmental and Resource Economists.
All rights reserved. 2333-5955/2016/0304-00XX$10.00
http://dx.doi.org/10.1086/688496
819

This content downloaded from 209.002.208.064 on March 23, 2017 12:13:37 PM
All use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).

820

Journal of the Association of Environmental and Resource Economists

December 2016

Economic theory suggests that the marginal (volumetric) pricing of water at its full
social cost (shadow price), which would include the cost of energy for pumping, will
result in efﬁcient allocations and may slow down water resource depletion (to the extent that it is inefﬁcient). The full pricing of water is therefore often advocated as a policy prescription (World Water Commission 2000; Rogers, de Silva, and Bhatia 2002).
However, in practice, and especially in developing countries, water resources do not
have clear property rights and their allocation is constrained by a host of political, institutional, and technical barriers. As a result, water withdrawals are often neither regulated nor priced (Tsur and Dinar 1997; Johansson et al. 2002) and are determined
through “second-best” mechanisms such as quotas or nonvolumetric pricing (Johansson
et al. 2002). While efﬁcient distribution of power could help control water extraction
(Scott and Shah 2004), energy use is also commonly distorted by widespread subsidies
in rural areas of developing countries (Morgan 2008).
In light of these political constraints, a natural question is whether there exist indirect, politically feasible ways of introducing marginal incentives for conservation of water (and power) that can result in more efﬁcient allocations. This paper discusses one
such approach and reports an evaluation of a pilot program recently undertaken in the
Indian state of Gujarat, where groundwater resources have been mined for decades
through intensive use of subsidized electricity.
Globally, about 40% of irrigation water is supplied from groundwater, and India is
the world’s largest user, with 70% of agricultural production and more than 50% of the
population depending on it (World Bank 1998; Shah 2010). The common-pool nature of groundwater and the difﬁculty of observing it directly make this resource especially difﬁcult to monitor and regulate (Mukherji and Shah 2005; Aeschbach-Hertig
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and Gleeson 2012), and in many parts of the world, groundwater resources are being
depleted because of unsustainable extraction levels in excess of natural recharge rates
(Wada et al. 2010; Famiglietti 2014). The rates of depletion in India are probably
the world’s highest (Livingston 2009; Rodell, Velicogna, and Famiglietti 2009; Tiwari,
Wahr, and Swenson 2009; Fishman 2011; Aeschbach-Hertig and Gleeson 2012), and
by some estimates, 20% of India’s electricity supply is used for pumping groundwater.
In 2008, the Indian government estimated that there were 15 million electrical pump
sets (agricultural consumers) on the grid (ﬁg. 1).
Subsidies on power for pumping groundwater are thought to play a central role in
the Indian groundwater crisis (Badiani, Jessoe, and Plant 2012; Badiani and Jessoe
2013). The great majority of agricultural power consumers in India (who use it almost
entirely for pumping groundwater) are unmetered, and if they are charged at all, are
billed a ﬂat, nonvolumetric, and highly subsidized tariff proportional to the power of
the pump (table 1). The origin of the ﬂat rate system dates back to an attempt in
the 1970s to reduce the transaction costs of metering and volumetric billing, but it
has since become entrenched by political dynamics that saw the actual level of the ﬂat

Figure 1. Number of electrical pump sets (light gray), agricultural electricity consumption (in
GwH, black), as a share of total electricity consumption (percentage, gray), and the average
pump set power (KW, gray dashed) from 1978 to 2008. Source: All India Electricity Statistics,
annual volumes.
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Electriﬁed pumps (1,000)****
Number of consumers (100,000)****
Fraction of sown area irrigated
by GW(%)**
GW dependent cultivators*****
Electrically powered wells**
Agricultural electricity
consumers (1,000)***
Average agricultural tariff (Rs/unit)****
Average overall tariff (Rs/unit)****
Cost of power supply (Rs/unit)****
Agricultural power subsidy
(Rs. 10 million)****
Agricultural subsidy/Total gross
subsidy (%)****
Surplus from other users/Total gross
subsidy (%)****
Uncovered subsidy /Total gross
subsidy (%)****

UGVCL

Table 1. Characteristics of the Agricultural Power Sector across Indian States
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rate drop over time, to the point of becoming completely nulliﬁed in some states (Dubash
and Rajan 2001, 2002; Shah et al. 2008). It is widely believed that the distorted incentives associated with this ﬂat tariff are responsible, at least in part, for inefﬁcient usage1
and excessive withdrawals of groundwater (Dinesh Kumar and Singh 2001; Kumar
2005; Planning Commission 2012). However, while Badiani and Jessoe (2013) show
that the level of the ﬂat tariff affects groundwater extraction, there is little empirical evidence on the impact the ﬂat rate system itself vis-à-vis volumetric pricing.
Agricultural power subsidies are also thought to be responsible for the poor ﬁnancial
situation of most public power utilities in India (Reddy and Sumithra 1997; Dubash
2007; Planning Commission 2012). However, despite the consensus that the supply of
power to agriculture should be reformed, all attempts to reinstate full electricity pricing
in groundwater-scarce parts of India have been foiled by political resistance (Dubash
and Rajan 2001, 2002), and the Indian Electricity Act, 2003, which calls for universal
metering of all consumers, remains unenforced by most state governments. As a result,
state governments have few politically feasible policy tools by which to contain the
groundwater and power crises,2 other than the rationing of power supply (Shah,
Giordano, and Mukherji 2012), and there is little empirical evidence by which to assess
what the impact of marginal pricing in groundwater-scarce areas might be.
The approach studied in this paper attempts to circumvent the political difﬁculty of
restoring full volumetric pricing by following a voluntary approach. Well owners were
invited to have meters installed on their pumps and to receive compensation per unit
reduction of electricity use below a benchmark “entitlement.” Usage above the baseline
would not be charged. The voluntary nature of this approach and the lack of any impositions on farmers’ water usage can make such an approach more acceptable to well
owners than one based on regulation or direct pricing, while still introducing a marginal
opportunity cost to the use of electricity (and hence groundwater) that could create an
incentive for greater efﬁciency and potentially decrease demand. To succeed, however,
the program needs to: ﬁrst, generate a high rate of take up, which is not obvious in the
Indian context because of deep suspicions that metering of power will be used by electric utilities to eventually charge farmers the full costs; and second, improve the efﬁciency of water and power use to an extent that outweighs any potential losses resulting
from its design, including the difﬁculty of determining accurate baselines, which can
discourage behavior change and lead to unwarranted compensation (more below).
For both reasons, the performance of the program is a matter for empirical evaluation.
It is important to note that while the program targets electricity use, it aims to introduce efﬁciency to both electricity or groundwater use and potentially to reduce us1. For example, according to the 3rd Minor Irrigation Census, the great majority (about
95%) of Indian farmers ﬂood their ﬁelds through open channels (Ministry of Water Resources
2001), a method of water applications which is prone to large evaporation losses.
2. Sekhri (2012) evaluates some recent policy attempts to contain groundwater withdrawlas.
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age of both of these inputs (direct regulation of water is practically impossible). For a
given water table depth and pumping infrastructure, power and groundwater use are
directly proportional, so the two objectives are directly related. We will therefore be
referring to electricity or water use interchangeably throughout the paper.
The basic idea of providing well owners with an entitlement to their current energy
usage and allowing them to sell or trade it has been proposed before (Morris 2001),3
but as far as we are aware, has never been tested in the ﬁeld. In the pilot reported here,
“trade” was limited to receiving compensation for reduced usage, which amounts to
selling power back to the state. Future expansions could also allow consumers to exceed
their entitlement level but to be fully billed on a per unit basis or to sell power to other
agricultural or nonagricultural consumers. The program could be thought of as a gradual step toward transforming the power subsidy into a direct cash subsidy, an approach
increasingly being considered by the government of India in other domains.
In some ways, the program is similar to energy conservation rebates commonly used
in industrialized countries to incentivize reductions in usage in lieu of full pricing
(Wolak 2010; Ito 2013) and it shares some of their weaknesses (see below). It is also
somewhat akin to the increasingly popular approach of payments for ecosystem services in which participants are rewarded for complying with behaviors that are protective of the environment (Jack, Kousky, and Sims 2008). However, in this context, the
incentive is only one part of an attempt to address deeper energy market failures, common in developing countries, by introducing metering and, in a sense, property rights,
to an institutional void surrounding agricultural electricity use.
After discussing challenges to the design and implementation of the program, we
present an evaluation of a ﬁeld implementation that took place in the state of Gujarat
in 2012. Contrary to the prevailing opinions among ofﬁcials and bureaucrats with
whom we discussed the program, we found a high degree of interest among well owners
to join the program (75%) and no indications of attempts to tamper with meters. We
believe this was the ﬁrst instance of successful voluntary metering and volumetric billing
of agricultural consumers in India in decades. The program’s impact on electricity and
water use, however, was less encouraging.
Estimating the program’s impact on energy use was complicated by the nature of the
intervention, since untreated consumers’ electricity use is not metered. Our ﬁrst empirical strategy exploits the availability of aggregate time-series data on electricity use at
the feeder (a node of the electricity grid) level through a difference-in-difference estimate. Our second empirical strategy made use of special devices that measure the duration of pump operation and were welcomed by both treated and control consumers,
probably because they did not clearly indicate actual electricity usage in kilowatt hours
(KwH), but rather in hours. We did not ﬁnd any evidence of reductions in demand for

3. Similar ideas are expressed by Gulati (2011) and Krishna (2012).
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electricity (or shifts in irrigation practices) using either estimation strategy, and we are
able to statistically bound the impacts at well below the level of impact that was anticipated by the ofﬁcials we discussed the pilot with. Substantial rebates were made to
many of the participating well owners, but our estimates suggest these rebates were
a result of inaccuracies in the determination of baselines (i.e., counterfactual usage),
an unavoidable weakness of programs of this kind (Ito 2013). Interestingly, our estimated impact on actual electricity usage, based on physical measurement, is at odds
with the positive treatment effect that would be inferred on the basis of well owners’
self-reports of their energy and water use. This highlights the potential pitfalls of relying on self-reported behavior, prone to strategic reporting, in evaluating programs of
this kind.
We conclude the paper by discussing several possible explanations for the lack of
observed response by well owners and what general lessons can be learned from this
study. We are able to rule out lack of understanding or trust of the government’s intent
to compensate reductions in energy use, since an abnormally abundant monsoon rainfall at the start of the program led to reduced demand for irrigation water, and this
“saving” of electricity (which was not due to any intentional effort by well owners)
led to compensations being transferred to the majority of well owners in our sample.
Instead, we hypothesize, on the basis of qualitative interviews of well owners, that a
combination of social norms governing trade in water and lack of familiarity with
low-cost water-saving technologies is responsible for these results.
Nevertheless, we acknowledge that factors related to the general nature of the
mechanism, as well as some that are speciﬁc to the pilot and the study area could also
be driving our results. We therefore caution against reaching sweeping conclusions regarding agricultural energy pricing in India on the basis of this study and call for additional ﬁeld experiments in a variety of locations and designs to fully assess the potential of this particular policy approach.
This paper contributes to the growing literature on the political economy of the Indian groundwater crisis.4 It also contributes valuable ﬁeld evidence to the ongoing dis4. A growing empirical literature is exploring the political economy of the Indian groundwater crisis (see Badiani et al. [2012] and Shah et al. [2012] for reviews). For example, Sekhri and
Nagavarapu (2013) ﬁnd evidence that regulatory capture of electricity regulation ampliﬁes
groundwater extraction. Highly relevant to this paper are studies that ﬁnd groundwater usage
is sensitive to energy pricing. Badiani and Jessoe (2013) ﬁnd that higher levels of subsidy (lower
levels of the ﬂat tariff) lead to increased groundwater extraction and the cultivation of waterintensive crops. Kumar (2005) conducts simulations, based on primary data from Gujarat, that
suggest that volumetric pricing of energy would reduce demand for groundwater. In a study
closely relevant to this paper, Mukherji et al. (2009) and Meenakshi et al. (2012) investigate
the impacts of shifts to marginal electricity pricing in West Bengal, a groundwater-abundant
state. They ﬁnd little evidence of reductions in groundwater use, but some effects on water markets.
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cussion of water and energy pricing and subsidization in rural areas of developing countries. While abolishing energy and water subsidies in developing countries is often advocated on grounds of economic efﬁciency (IEA 1999; Bacon and Besant-Jones 2001),
few ﬁeld studies have explored the success and implications of attempts to implement
such reforms (Mukherji et al. [2009] is an exception).
Section 1 describes the program under evaluation and conceptually discusses some
challenges in its design and implementation. Section 2 describes the study area, the implementation of the pilot, and the experimental design. Section 3 outlines the empirical
analysis and the results. Section 4 discusses some possible explanations for the observed
results and what general lessons, if any, can be learned from them. Section 5 explores
directions for further research and concludes.
1. PR OGRAM DESIGN

From 2010 to 2013, we worked with the Columbia Water Center (CWC), the Government of Gujarat (GoG) and the North-Gujarat Electrical Utility (UGVCL) to design and pilot an incentive scheme that introduced voluntary metering and rewarded
participating UGVCL agricultural consumers for reductions in electricity usage below
a baseline endowment. Agricultural consumers of UGVCL are groups of one or more
farmers (see below) who co-own a well and a pump that is connected to the grid and
billed by UGVCL. These agricultural consumers form the unit of our analyses, and we
will refer to them simply as “consumers” in the remainder of the paper. As noted above,
the scheme targets electricity use but seeks to inﬂuence the usage of both groundwater
and the electricity used for pumping it, which are directly related to one another. In this
section, we describe the details of the compensation scheme that was eventually chosen
by the GoG and UGVCL.
1.1. The Rate of Compensation
Economic efﬁciency dictates that the rate of compensation per unit “saved” by the consumer be set at the social shadow price that includes the cost of electricity generation
and delivery as well as the scarcity value of groundwater ( Johansson et al. 2002). However, from the narrower point of view of the utility, revenue neutrality dictates that the
rate of compensation be set no higher than the marginal cost of power supply or the rate
at which it sells electricity to nonagricultural consumers (assuming the electricity
“saved” by agricultural consumers can be sold to these other consumers). The GoG
took a conservative approach and set the rate at 2.5 Rs. per unit (KwH) of electricity.
This rate is lower than the cost of power supply (the statewide cost of power supply is
about 5 Rs.) and the rate paid by nonagricultural consumers (commercial and industrial
consumers pay close to 6 Rs. per unit, table 1). On the other hand, it is higher than the
mean water price in the informal water markets that are prevalent in the area, suggesting that this rate might still be high enough to generate a response among participating
consumers (ﬁg. 7).
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The GoG wanted to avoid direct monetary transfers to consumers. Instead, it compensated them through reductions in their bimonthly ﬂat rate power bills. UGVCL
charges its agricultural consumers a ﬂat rate, proportional to the power of their pump,
worth about 20% of the value of the typical electricity consumption, if priced at 2.5 Rs/
unit. In effect, this put a cap of 20% on the amount of saved electricity for consumers
that could be rebated.
1.2. Baseline Entitlements, Additionality, and Selection
Subsidy programs that reward prosocial behavior often suffer from the difﬁculty of predicting counterfactual behavior in the absence of the program and, therefore, possibly
rewarding behavior that is not additional. The problem of additionally has been widely
discussed in the literature of pro-environmental incentive programs, including in the
context of deforestation (Sánchez-Azofeifa et al. 2007; Pfaff, Robalino, and SanchezAzofeifa 2008; Alix-Garcia, Shapiro, and Sims 2012), carbon emissions (Schneider
et al. 2007), and energy efﬁciency programs (Ito 2013; Boomhower and Davis 2014).
In our context, the problem is rooted in the difﬁculty of determining baseline entitlements that accurately reﬂect existing usage or predict future usage. Estimating these
baseline entitlements is complicated by variation over time and across consumers in
electricity usage, as well as the fact that prior to the program, consumers were not metered, so data on past usage are not available. The determination of baseline entitlements is therefore a challenging aspect of program design, as any inaccuracies can result
in rebates being made to consumers whose entitlements are overestimated, even if they
do not reduce their usage, and vice versa, in transfers not being made to consumers who
make a genuine effort to reduce usage but whose entitlements are underestimated. The
problem could be further exacerbated by increased selection into the program by consumers whose entitlements are overestimated, especially if participation is perceived as
costly by consumers. In an extreme scenario, all participants could be of this type, and if
they do not change their usage, all rebates can be inframarginal. As will be seen below,
we did not ﬁnd evidence of self-targeting into the program by low electricity users.
However, inaccurate baseline entitlements will still introduce additional costs to the
policy maker. Whether these costs are large enough to overturn the program’s beneﬁts
is an empirical question.
Three basic approaches to determining entitlements were considered in the course
of the program’s design.5
5. This discussion ignores issues of fairness and equity in determining the distribution of
entitlements and focuses on approximating the current distribution of power in order to ensure
the attractiveness of the program to existing consumers. Several authors claim that the power
subsidy disproportionally beneﬁts larger landowners. In contrast, Mukherji (2007) claims that
high ﬂat rate tariffs have actually beneﬁted smallholders by providing them access to groundwater through informal water markets with relatively low marginal water rates. This raises the con-
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1.2.1. Measuring Usage

To determine accurate baselines, a possible strategy could be to begin the scheme with
a certain period of metering (ideally a year) during which no compensation would be
made. However, it might be difﬁcult to recruit suspicious consumers to the program in
this way. Moreover, this approach introduces serious concerns about strategic behavior
on the part of consumers, especially when the program is gradually expanded, and actual usage may well ﬂuctuate from year to year as a result of changes in weather and
other factors. This approach was therefore determined to be impractical.
1.2.2. Landholding-Based Entitlements

Energy usage for irrigation can be written as E 5 λ × L, where L is the landholding
size, and λ is a parameter that measures the amount of energy used to pump water per
unit area of owned land and incorporates the fraction of irrigated area, water application rates, and the energy required to lift a certain amount of water to the surface (a
function of the pumping infrastructure and local hydrogeology). Landholding sizes are
observable from land records (even if somewhat outdated), but λ is unobservable and
likely to vary across consumers. Baseline entitlements could be determined by multiplying landholding sizes with a regional average value of λ that can potentially be estimated on the basis of regional hydrogeology and cropping patterns.
1.2.3. Pump-Capacity-Based Entitlements

Energy usage for irrigation can be written as E 5 T × HP, where T is the annual duration of water pumping and HP is the capacity (in horsepower) of a consumer’s
pump.6 Since utilities often charge consumers a pump-capacity-based ﬂat tariff, HP
is known to the utility, and in any case, is also easy to verify in the ﬁeld with relative
ease. However, the actual duration of power use is unobservable (prior to the program)
and may differ across consumers. Baseline entitlements could be determined by multiplying observable HP values with a average value of T that could be calculated from
aggregate consumption data (see below).
The GoG decided to follow the third approach, because it was thought that variation in T is likely to be lower than variation in λ, as all UGVCL agricultural con-

cern that the mechanism discussed here might also affect local water markets and potentially
harm water buyers, who do not own their own wells or electrical connections. These waterbuying farmers may face increasing water rates or reductions in sales but will not receive any
power entitlements and become worse off. Some evidence from West Bengal, a groundwaterabundant state, where metering of agricultural power was recently introduced suggests that
may indeed be the case (Mukherji et al. 2009; Meenakshi et al. 2012).
6. This assumes that the load of their pump is stable over time and proportional to HP, a
fact that was veriﬁed with UGVCL data.
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sumers receive the same duration of power supply, and anecdotal evidence suggested
that most of them use it to the maximal possible capacity, especially during the drier
parts of the year.
2. STUD Y A R EA A ND PROGRAM I MPLEMENTAT ION

In April 2011, after a 2-year period of ﬁeldwork and dialogue with the GoG and
UGVCL, the program was piloted in a small study area by UGVCL and the CWC.
2.1. Study Area
The study area is located in northern Gujarat, one of the most groundwater-depleted
parts of India (ﬁg. 2), where water table declines have been a source of concern for
decades (Moench 1992a, 1992b). Shah (2007) considers northern Gujarat to be
one of the ﬁrst areas in India to be entering into an anticipated phase of decline of
groundwater irrigation as a result of overextraction.
Surveys we conducted in the study area show that water tables are as much as
300 meters deep, having declined at a rate of 3 meters per annum over the last 3 decades. Bore wells now reach as deep as 400 meters and require pumps of 60–70 HP to
lift water. More than a staggering 50% of all power supplied by the regional utility,
UGVCL, is used for pumping groundwater. Our ﬁeld measurements showed usage of
up to 10,000 units (KwH) per hectare of irrigated land annually, about ﬁve times the
national average. These are, to be best of our knowledge, the ﬁrst precise measurements
of energy use in agriculture in India. At such depths and energy intensity, the value of the
energy used for pumping water may become comparable to the net value of the crops that
are irrigated with it (CWC 2011).
The study area offers several advantages as a pilot site for the program. First, a
feeder separation program that separated power supply to agriculture and to other
users was completed in 2006 and led to high quality power supply to agricultural consumers on dedicated feeders and to a curtailment of illegal usage (Shah et al. 2008).
Second, the large capacity of the pumps meant that each pump tended to utilize an
entire transformer (a node in the electricity grid) on its own. This has made it logistically easier for UGVCL to operate and read meters for participating consumers.
Third, reliable power consumption data have been collected by UGVCL at the aggregate feeder level (a node in the grid serving 30–40 consumers) since the implementation of feeder separation, assisting the design and evaluation of the program (see
below).
However, the extreme rates of depletion in the area raise questions of external validity of our ﬁndings to other regions in India where depletion is less advanced. On the
one hand, deeper water tables mean that the marginal value of a unit of electricity is
lower in this area, since more energy is required to draw the same amount of water
from deeper depths. This suggests that response to the incentive program observed
in this area (in terms of demand reduction, for example) might be lower in parts of
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Figure 2. Grid lines and the location of consumers. Black lines indicate electric grid lines. Grid lines belonging to the four treated feeders are indicated in
thicker gray lines. Dots indicate the location of wells (agricultural electricity connections) that are connected to the grid. Smaller black dots belong to control
feeders and larger dots belong to treated feeders. Among the latter, light gray dots indicate consumers in the treatment feeders who have consented to participate in the program, and darker gray dots indicate those who had declined to participate. The location of the study area is indicated in the map on the
top right corner.
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the country that have shallower water tables. On the other hand, given that farmers
are no longer able to irrigate their entire landholding, farmers are already facing strong
incentives to increase the amount of water used per unit area, meaning that they have
already harvested “low hanging fruit” in terms of efﬁciency.
Another issue affecting external validity has to do with collective well ownership.
To ﬁnance the high costs of deep well drilling and powerful pumps, farmers in this area
tend to congregate into informal water cooperatives, numbering an average of 10 shareholding farmers who operate the well collectively and share both access and maintenance costs (including electricity bills) through complex systems of internal accounting.
Formally, however, each well is registered with UGVCL in the name of one of the
shareholders, who is usually the one on whose land the well is situated and typically
holds the largest share. Water cooperatives also sometimes sell water to other farmers,
called water buyers, on the basis of need and availability (Dubash 2000).
Joint management of wells raises a concern that imperfectly cooperative groups may
fail to distribute rebates for reduced usage accurately within the group and, as a result,
that individual members will not be inclined to respond to the incentive, lowering the
program’s impact. For example, well owners who are formally registered with UGVCL
may attempt to capture any rebates offered to that consumer, especially if individual
usage may be hard to observe. And even if the distribution of rebates is transparent,
if they are not distributed on the basis of each co-owner’s own reductions in usage, this
can result in free-riding and reduce individual co-owners’ incentives to reduce their usage. While this is a very valid concern, we note that well co-owning groups implement
rather sophisticated cost and water-sharing systems on a continuous basis. Individual
usage by cooperative members is scheduled and often monitored by a dedicated well
operator who is hired by the group to manage its operations. Members are charged internally, often on the basis of usage, a fee that is used to ﬁnance the running costs of
electricity and well and pump maintenance. Any remaining unused funds are distributed among the members at the end of each year. These existing distribution systems
and the strong within-group accountability would make it relatively easy to manage
and distribute the rebates received by the group for reductions in aggregate usage, if
the group chose to implement such a system. We believe it is unlikely that well owners
could manipulate and capture such reductions in the well’s electricity bill given the
strong cost-sharing mechanisms that are in place, but we are unable to observe how
and if rebates were distributed within the group.
One more concern has to do with the potential for collusion in which treated consumers shift some of their water usage to neighboring nontreated consumers in exchange for a portion of the associated rebates. In practice, we believe this to be an unlikely scenario in this area, for three reasons. First, transport costs of water are very
high, at least in the short run, because water is usually delivered to end users through
underground concrete channels that run from the well to the ﬁelds. The typical dis-
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tances between different wells are large enough to make changes to the delivery systems
costly and complicated. Local utility ofﬁcials as well as local farmers who were consulted with about this possibility were conﬁdant that the construction of new delivery channels in the short term was extremely unlikely. Second, CWC ﬁeld staff who
closely monitored the program’s implementation in the ﬁeld have not reported any
such efforts. Third, we also note that most wells make maximal use of the power
available to them outside of the rainy season (this power is rationed by the local utility and limited to 8 hours per day) so there would be little possibility of loading additional consumption to untreated wells, unless these wells increased their load,
which is prohibited and closely monitored by the local utility. Nevertheless, from
a broader perspective, program design should take into account the possibility of collusion and of other forms of slippage.
2.2. Program Implementation
Electrical consumers are organized into feeders, nodes of the electrical grid that typically serves 30–40 consumers. The pilot was implemented in four out of the 28 agricultural feeders belonging to the Kukarwada substation. These four treatment feeders,
being representative of a variety of hydrological circumstances, were originally surveyed
by CWC before the pilot was planned, and then selected by UGVCL for the pilot.
UGVCL ofﬁcials maintain that these feeders do not differ from other feeders in any
signiﬁcant technical or socioeconomic way.
The four treatment feeders serve 134 consumers (ﬁg. 2), of which 113 were technically eligible to participate in the program.7 All of these consumers were invited by
UGVCL to join the pilot. Consumers served by the remaining 24 feeders serve as a
control group (see below).
To determine baseline entitlements, UGVCL divided the year into six billing cycles8 and then determined each period’s baseline entitlement by multiplying every participating consumer’s pump load with the estimated average number of hours of power
usage in each period. This average duration of power usage was estimated on the basis
of past consumption data, measured at the aggregate feeder level. The resulting daily
duration of usage that was used to determine baseline entitlement is reported in table 3.
It tends to be lower during the rainy season ( June–September) and climbs up toward

7. Some UGVCL consumers, especially those who have relatively new connections, are metered and billed at a rate that is roughly equivalent in total expenditure to the ﬂat rate tariff.
They were not considered eligible for this pilot, which was focused on voluntary metering of
existing consumers.
8. The six periods were meant to coincide with the bimonthly bill cycles, except that the ﬁrst
period was extended to last for 3 months because of administrative delays.
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the maximum possible 8 hours/day (the rationed daily supply) at the height of the dry
season.
Prior to the announcement of the program, UGVCL staff performed a veriﬁcation
of the load (capacity, in HP) of all consumers in the pilot area. Following load veriﬁcation, during February–March 2011, UGVCL representatives visited all eligible consumers in the pilot area and invited them to participate in the pilot project. The terms
of the offer were as follows:
1.

2.
3.

4.

5.

Participating consumers will receive bimonthly entitlements of electricity
usage amounting to the product of their (veriﬁed) contracted load and a
certain number of hours for each billing period that was identical for all
consumers and calculated as explained above.
Participating consumers agree that UGVCL will install and regularly
(once a month) read a meter on their electrical connection.
UGVCL assures participating consumers that the metering will not be
used for introducing unit-based billing but only for the purposes of rebating them for voluntary reductions of energy usage.
Participating consumers are free to withdraw from the program at any
time. They may continue to pursue their present pattern of electricity usage and will not be penalized for usage that exceeds the determined baseline entitlement.
Should consumers raise their HP during the pilot period (subject to approval), their baseline will not change and it will remain frozen at the
original level (in terms of electrical units).

Meters began to be read in April 2011, and consumers were informed through by
mail of their compensation levels, even though, for technical reasons, the ﬁrst rebates
were only issued in October. During the entire process, CWC staff worked closely with
UGVCL staff to administer the program. At the end of the ﬁrst year of the pilot, CWC
staff withdrew their support, and we believe the administration of the program was
substantially slower after that point. Figure 3 summarizes the implementation time line.
3. RESUL TS

3.1. Participation and Compliance
Of the 113 eligible consumers who were received an offer to participate, 84 consented
(an acceptance rate of over 75%). Even though concerns and suspicions about future
billing were common among consumers (and were the main reason for declining), most
consumers seemed to be attracted by the possibility of obtaining the ﬁnancial beneﬁts.
Thus, a pervasive notion in Indian policy circles, according to which suspicions of this
kind would prevent the implementation of voluntary reforms in agricultural energy
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Figure 3. Implementation time line. The program started in April 2011 with a veriﬁcation of the existing load of existing consumers. The ﬁrst rebates were
delivered to consumers in October, before the winter season begun. The analysis of this paper refers to the year between April 2011 and April 2012.
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pricing, was found to be incorrect. However, we note that both UGVCL and CWC
staff engaged in an intensive awareness campaign to alleviate consumers’ concerns in
order to achieve this result.
Figure 2 shows the locations of the wells of all consenting and nonconsenting consumers in the pilot area. As the ﬁgure indicates, most of the declining consumers belonged to one of the four treatment feeders (Bilodara feeder), and CWC staff reported
that a few farmers fomented suspicions among their peers in that area. To explore
other determinants of consent, we regressed the probability of consent on several consumer characteristics. The results are reported in table 2. Despite limitation of statistical power, they suggest that consumers with relative abundance of water (relative to
their own needs), that is, those who are able to cultivate most of their land in the winter

Table 2. Regression Estimates for the Probability of Participation
in the Program
Probability of Participation
(1)
Depth to water (10 feet)

.01
(.01)
Pump load (10 HP)
–.08**
(.02)
Single owner
.19*
(.09)
Sells water
.05
(.09)
Fraction of land irrigated in winter
.41*
(.19)
Fraction of land irrigated in summer .01
(.11)
Constant
.47
(.36)
Village ﬁxed effects
No
Feeder ﬁxed effects
No
N
109

(2)

(3)

.00
(.00)
–.02
(.03)
.08
(.09)
.20*
(.09)
.25
(.18)
–.01
(.10)
.38
(.35)
No
Yes
109

.00
(.01)
–.04
(.04)
.03
(.10)
.20*
(.09)
.28
(.19)
–.02
(.10)
.84
(.53)
Yes
No
109

Note. Dependent variable: a binary indicator of whether consumers
consented to participate in the pilot. Column 1 reports OLS estimates.
Columns 2 and 3 control for feeder (4) and village (13) ﬁxed effects, respectively. Standard errors in parentheses.
* p < .05.
** p < .01.
*** p < .001.
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season, the primary agricultural season, and those selling water were more likely to consent. There is weak evidence that single well owners were also more likely to consent.
On the other hand, as we report below, rebates were eventually offered to about
50% of consumers (see next subsection). Since baseline usage was determined based
on aggregate average consumption data, this is what we would expect to see if there
was no treatment effect, no self-targeting into the program by consumers whose usage
falls below baseline levels and if the distribution of hours of usage is symmetric enough
around the mean.
There were no indications of attempts to tamper with meters in the course of the
pilot. In only three cases did UGVCL equipment indicate meter malfunction, and in all
cases intentional tampering was deemed an unlikely cause by UGVCL. On the utility
side, UGVCL has been able to take regular meter readings without interruption and
calculate and issue six bills during the ﬁrst year of the pilot. While CWC staff supported UGVCL throughout, this proves the feasibility of administering the scheme.
A second pervasive belief in India policy discussions about the impossibility of transitioning back to metering and usage-based billing was thus also found to be incorrect.
3.2. Energy Usage and Rebates
Table 3 and ﬁgure 4 summarize the outcomes of the pilot in terms of aggregate electricity consumption over the six billing periods of the ﬁrst year. Baseline consumption
levels seem to have predicted actual aggregate consumption reasonably well outside of
the monsoon season ( July–October). The unusually abundant monsoon in 2011–12 is
probably responsible for the lower than anticipated consumption levels in July–August,
as a result of which all participating consumers received rebates. There was some increase in consumption immediately following the monsoon in September–October
in comparison to baseline levels. In the summer of 2011 (April–June) and during
the dry winter season of 2012 (December–March), when agriculture is critically dependent on irrigation, we ﬁnd broad similarity between baseline and actual consumption,
and rebates were given to about 50% of the consumers. This is suggestive of an absence
of self-targeting by low electricity users into the program and of a lack of any treatment
effect on electricity usage. In the next subsection, we turn to a formal estimation of the
treatment effect.
As discussed above, the determination of baseline hours in a uniform way on the
basis of aggregate consumption data inevitably leads to inaccuracies. Consumers whose
usage exceeds the average will not be compensated for some of their savings, and those
whose usage falls below the average will receive rebates that are unwarranted by any
actual reductions in usage. Under the assumption that the incentive had no impact
on actual consumption of electricity, these “unwarranted” rebates amounted to an annual level of about $300 per consumer. As mentioned above, we also found that the
variability of the monsoon rainfall can have large impacts on energy consumption. Future implementations of similar programs may do well to either exclude the rainy
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Baseline hours per day
Duration
Number of participating consumers
Total contracted loada
Total baseline loada
Total baseline consumption
Actual consumption
Aggregate difference baseline-consumption
Number of consumers eligible for rebate
Total units rebatable by eligble consumers
Value of baseline consumption at 2.5 Rs/unit
Total ﬂat rate bill (all consumers)
Amount rebatable (without cap)b
Amount rebated (with cap)b
Value of baseline consumption at 2.5 Rs /unit
Total ﬂat rate bill (all consumers)
Amount rebatable (without cap)b
Amount rebated (with cap)b

8
3
83
5,334
5,078
27.3
27.5
–.2
35
1.6
68.2
10.8
4.1
2.7
1.46
.23
.09
.06

1
Apr–Jun
4.4
2
83
5,334
5,078
10.2
2.6
7.6
83
7.6
25.6
7.2
19.1
7.2
.55
.15
.41
.15

2
Jul–Aug
2.3
2
83
5,334
5,078
5.3
10.2
–4.9
3
.1
13.3
7.2
.1
.1
.28
.15
0
0

3
Sep–Oct
6.6
2
83
5,334
5,078
15.2
18.1
–2.9
12
.2
37.9
7.2
.5
.5
.81
.15
.01
.01

4
Nov–Dec
8
2
83
5,334
5,078
18.2
17.7
.4
48
1.5
45.5
7.2
3.7
2.4
.97
.15
.08
.05

5
Jan–Feb

Billing Cycle and Time Period

8
1
83
5,334
5,078
9.1
9.1
–.1
41
.7
22.7
3.6
1.7
1
.49
.08
.04
.02

6
Mar

11.7
213.1
43
29.3
13.9
4.56
.92
.63
.3

12
83
5,334
5,078
85.2
85.2
0

Annual

a
Contracted load refers to the registered power of each consumer’s pump. Baseline load refers to the pump capacity, as measured by UGVCL prior to the start of the
experiment for the purpose of calculating baseline consumption. UGVCL did not want to change the contracted load of participating consumers but determined the baseline
load as the minimum between contracted and measured load, which is why it turned out lower than contracted load.
b
Amount rebatable refers to the difference between actual and baseline consumption for those consumers who consumed below baseline levels. The amount actually rebated
may be lower because of the cap imposed by UGVCL’s decision to compensate consumers by reducing their ﬂat rate bills. Once that bill was reduced to nil, additional reductions
in consumption below baseline were therefore not rebated.

100,000 KWh
100,000 Rs
100,000 Rs
100,000 Rs
100,000 Rs
1,000$ /consumer
1,000$ /consumer
1,000$ /consumer
1,000$ /consumer

Horsepower
Horsepower
100,000 KWh
100,000 KWh
100,000 KWh

Months

Unit

Table 3. Pilot Outcomes—Energy Usage and Rebates
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Figure 4. Program outcomes. The program was implemented in six billing cycles. Solid (leftmost) gray bars indicate the average baseline consumption
benchmark, in units of 1,000 Rs. per month. Patterned (middle) bars indicate actual consumption observed in each billing cycle. Solid white bars (rightmost)
indicate the amount actually rebated to consumers whose usage fell below the benchmark. The dotted line indicates the proportion of consumers who were
eligible for these rebates.
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season from the program, or to unify it into a single billing cycle with a lower baseline
level of at most 2 hours per day. Doing this would have reduced the amount of unwarranted (inframarginal) transfers to $160 per consumer per year.
3.2.1. Empirical Strategy

Since metering electricity consumption is part of the treatment, a major challenge to
estimating the impacts of the pilot was the absence of metering of nonparticipants.
To overcome this challenge, we employed two different estimation strategies.
Feeder Level Analysis. Even though UGVCL does not normally meter individual consumers who pay ﬂat rate bills, UGVCL does monitor electricity “sent out” to different
feeders on a monthly, feeder-wise basis and these data are available to us for all 28 feeders (four treatment and 24 control) from April 2009, 2 years prior to the beginning of
the pilot implementation, until April 2013, 2 years after the beginning of the pilot. Actual electricity consumption by consumers is lower than “sent out” electricity, mainly
because of transmission and distribution losses, but these losses are not expected to differ
much across feeders. Our primary empirical strategy is based on a difference-in-difference
analysis of feeder-level power use data. We estimate a regression:
log Cf ,y,m 5 Tf ,y,m 1 af 1 by,m 1 εf ,y,m ,

(1)

where Cf,y,m is power consumption at feeder f at year y in month m; T is the treatment
indicator (taking the value 1 for the four treatment feeders starting in April 2011, when
the pilot began, and 0 otherwise); af are feeder ﬁxed effects; and by,m are ﬁxed effects for
each month- year combination in the sample that control, for example, for changing annual and monthly weather conditions and the crop cycle.
We chose a logarithmic model in C because one can decompose Cf ,y,m 5 Lf × Hf ,y,m
where L represent load and H represent the total number of hours of electricity usage per
month. The load of each feeder is hard to change, because of UGVCL regulations, so it
can be safely assumed to be constant over the course of the study and, being time independent, can be absorbed by feeder ﬁxed effects in the logarithmic model. Any changes in
consumption over time, including any responses to the program should mostly occur
along the H dimension. In the absence of treatment, one should therefore expect parallel
changes in percentage terms, rather than in levels, making the logarithmic model more
appropriate.
Individual Hours of Usage. Nontreated consumers were not inclined to have meters installed and read on their pumps, due to the prevailing suspicions of UGVCL’s intentions. An innovative approach to overcoming this limitation involved the use of hourmeters, devices that keep track of cumulative hours of usage of the pump, rather than
measuring electricity units. To form a control group, we randomly sampled 260 consumers in the 30 control feeders and surveyed them prior to the pilot. CWC then installed a total 100 hour-meters among randomly selected consumers in the treatment
and control samples and read them on a monthly basis during the ﬁrst year of the pilot.
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Two of these devices malfunctioned during the pilot. Among the 98 functioning devices, 51 were in treated wells and 47 were in control wells. We refer to this sample
as the HM1 sample. Of the 98 consumers who had functional hour-meters, 75 reside
in villages that are served by the four treatment feeders (feeder lines are independent of
village boundaries, so that consumers in the same villages are often served by different
feeders and vice versa). We refer to this subsample as the HM2 sample.
The hour-meter readings provide us with individual level data on the duration of
pump usage, which is equivalent to power consumption under the plausible assumption
that pumps’ load remained stable during the pilot. We use these data for an additional
estimation of the pilot’s impacts. However, evaluating the impact by the use of these
data is potentially biased for two reasons: ﬁrst, because the selection of the intentto-treat (four feeders) group was not random; and second, because only treated (participating) consumers installed hour-meters in the intent-to-treat sample (the four
treatment feeders). The resulting “treatment effect on the treated” is biased upward
if we assume that consenting consumers were ex ante more likely to respond to the program by reducing usage, that is, it overestimates the extent of the response to the program through reductions in electricity usage.
3.2.2. Summary Statistics and Balance Tests

Table 4 reports summary statistics and tests of balance. The average consumer (in the
entire sample, reported in col. 1) has a 570 feet deep well, equipped with a 60 HP
pump. Twenty percent of the consumers are single owners, and the rest are informal
cooperatives (“water companies”) consisting, on average, of 13 shareholders. Forty percent of the consumers sell water to an average of about six water buyers (who do not
own shares in the well). The average consumer well has about 50 bighas (about 12 hectares) of land in its command owned by the shareholders. Out of this potential, about
70% is irrigated in the winter season, and 40% in the hotter summer season, reﬂecting
binding water scarcity in these areas. The values of these variables are very similar in the
subsample of consumers for which hour-meters were installed (the HM sample, col. 2).
Columns 3–5 report estimated differences between the control and treatment
groups’ means for the above variables. Column 3 reports estimates that use the entire
sample. Consumers in the treatment feeders have wells that are about 44 feet deeper,
and those of them that are owned by cooperative water companies have about four
additional shareholders. Other differences are not statistically signiﬁcant. Our primary estimation strategy utilizes feeder level power consumption data in a differencein-difference regression that controls for feeder ﬁxed effects and, therefore, for all such
differences between feeders.
Column 4 reports estimates that use a restricted subsample of consumers for which
hour-meters were installed (our secondary estimation strategy utilizes consumer-level
data from hour-meters from this sample). Column 5 further restricts the comparison to
consumers residing in the same villages as the treated consumers. While none of the
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Table 4. Balance Tests: Comparison of Consumer Attributes between the Treatment and
Control Groups
Diff: Control-Treatment
Sample: All Mean: HM
(1)
(2)
Depth to water (feet)

570.5

581.6

71.0

69.4

.2

.3

13.0

11.3

.4

.5

6.3

6.4

Land in command of well (bigha)

51.1

48.4

Land irrigated in winter (bigha)

35.3

34.2

Land irrigated in summer (bigha)

17.1

17.2

Pump load (HP)
Single owner
Number of shareholders
Sells water
Number of water buyers

N

All
(3)

HM1
(4)

HM2
(5)

–43.68*** –31.76 –19.78
(10.40)
(26.27) (29.27)
7.39
9.10
7.16
(7.30)
(6.77)
(7.49)
.00
–.03
–.05
(.06)
(.09)
(.12)
4.14**
2.11
4.42
(1.68)
(1.94)
(2.64)
.09
.20
.13
(.14)
(.15)
(.17)
.86
.72
.72
(.74)
(1.18)
(1.45)
8.52
7.07
12.98
(5.85)
(6.56)
(7.58)
7.36
3.68
7.70
(5.88)
(8.33)
(8.98)
1.48
–.33
–.13
(3.67)
(5.02)
(5.55)
387
98
75

Note. Columns 1 and 2 reports means in the entire sample (all consumers surveyed in the treatment and
control feeders) and the HM sample (consumers for whom hour-meters were installed). Column 3 reports
differences between the entire treatment and control groups. Column 4 reports differences between the control and treatment consumers for whom hour-meters were installed (the HM1 sample). Column 5 reports
the same differences except that control consumers are limited to those residing in the same villages as treatment consumers (the HM2 sample). Standard errors, clustered at the feeder level, in parentheses.
* p < .05.
** p < .01.
*** p < .001.

differences are statistically signiﬁcant, we note differences of considerable magnitude in
the depth of the wells, the power of the pump, the number of shareholders and the
probability of selling water. We control for these variables in the regressions that follow.
3.2.3. Estimated Impacts from Feeder-Level Data

Our primary empirical strategy is based on a difference-in-difference estimation of
feeder-level data. Figure 5 plots the average monthly consumption of electricity (in
KwH) in the treatment and control feeders during the sample period (starting from
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Figure 5. Control versus treatment feeders. Average monthly feeder consumption in KwH in
the control (solid line) and treatment (dotted line) feeders from April 2009 to March 2013. The
vertical line indicates the start of the treatment period.

April 2009, 2 years prior to the start of the program, and ending in April 2013). The
seasonal oscillation of electricity consumption is clearly visible in the plot, with consumption dropping substantially during the rainy season (approximately June–
September) in which irrigation is used much less. The plot is also highly suggestive
of parallel pretreatment trends between control and treatment feeders and an absence
of any treatment effects.
A formal event study is also displayed in ﬁgure 6. To derive this plot, we estimated a
regression
log Cf ,y,m 5

ky,m Iy,m × Tf 1 af 1 by,m 1 ef ,y,m ,
o
y,m

(2)

where Iy,m is a dummy indicator for the time period corresponding to year y and month
m, Tf is a feeder-level indicator of whether the feeder was treated or not, af are feeder
ﬁxed effects and by,m are year-month ﬁxed effects. We then plotted the point estimates
and conﬁdence intervals of κy,m over time. The point estimates are imprecise, but none
are signiﬁcantly different from zero and they do not display a trend or a break after
treatment begins.
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Figure 6. Control versus treatment feeders. A plot of coefﬁcients from regression (2) which
estimate the difference between (Log) average consumption in the treatment and control feeders
in each month of the sample period. Shaded areas represent 95% conﬁdence intervals. The dotted line indicates the start of the treatment period.

Formal difference-in-difference estimates of the program’s impacts are reported in
table 5. The ﬁrst year of the pilot concluded in April 2012, and CWC then withdrew
its support for the administration of the program because of a loss of interest by the
government to expand the program. Even though the pilot was planned to last for
3 years, the implementation in the following year may therefore not have proceeded
in the same manner. We therefore estimate regressions that include (cols. 1, 3) and
do not include (cols. 2, 4) the second year in the sample. We also estimate two variants
of the model, one that controls for month and year ﬁxed effects (cols. 1 and 2) and one
that controls for interacted month-year ﬁxed effects (cols. 3 and 4). For each model, we
report 95% conﬁdence intervals calculated in two ways. The ﬁrst uses ordinary least
squares (OLS). The second clusters errors at the feeder level in order to deal with biases
potentially resulting from serial correlation in errors, as suggested by Bertrand et al.
(2004). Finally, in column 5, we follow an alternative procedure suggested by Bertrand
et al. (2004) in which the sample is collapsed by time into two time periods consisting of
pre- and posttreatment (consumption is ﬁrst regressed on month and year indicators
and residuals are then collapsed). This procedure leaves us with a smaller sample of
54 observations.
Reductions in electricity usage in response to the incentive program would be reﬂected by negative treatment coefﬁcients. As table 5 shows, all point estimates are small
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Table 5. Treatment Effects on Aggregate Feeder Power Consumption
Year 1
(1)

Years 112
(2)

Year 1
(3)

Years 112
(4)

Year 1
(5)

Treatment

Feeder FE
Year FE
Month FE
Year × Month FE
N

.02
[–.14,.18]
[–.13,.18]

.06
[–.07,.19]
[–.12,.24]

.03
[–.07,.13]
[–.13,.18]

.06
[–.02,.15]
[–.12,.24]

.02
[–.31,.35]

Yes
Yes
Yes
No
927

Yes
Yes
Yes
No
1251

Yes
Yes
Yes
Yes
927

Yes
Yes
Yes
Yes
1251

Yes

54

Note. Dependent variable: the logarithm of monthly consumption. The sample consists of monthly observations during 2009–13 for 28 feeders, of which four feeders consist of the treatment group. Columns 1
and 3 include year 2 of the pilot in the sample, and columns 2 and 4 omit it. 95% conﬁdence intervals (CI)
are reported in brackets. The top CI estimates are based on OLS standard errors. The bottom CI estimates
are based on clustering at the feeder level. Column 5 reports estimates from a sample in which observations
were collapsed over time into two “periods” consisting of pre- and posttreatment (see text for details). FE 5
ﬁxed effects.
* p < .05.
** p < .01.
*** p < .001.

(and positive) and statistically insigniﬁcant. In our preferred speciﬁcation (cols. 3 and 4),
when standard errors are estimated by OLS, we are able to reject a treatment effect
greater than about a 7% reduction in electricity usage (i.e., a coefﬁcient that is lower
than –0.07), about a third of the upper 20% cap on savings imposed by UGVCL.
When errors are clustered by feeder, we can reject an effect greater than a 13% reduction in consumption, an effect still lower than the anticipated impact. When we collapse the sample over time, the sample becomes very small, and conﬁdence intervals become quite large, enabling us to only reject an effect greater than a 31% reduction in
usage. We believe that the sum of the evidence is highly suggestive of a lack of any substantial treatment effects.
3.2.4. Estimated Impacts from Hour-Meter Data

Table 6 reports results from regressions of data measured by hour-meters (average daily
hours of usage between December and June of the ﬁrst year of the pilot) on a treatment
indicator. Hour-meter readings were not available prior to November. We report usage
starting in December because by that time we are conﬁdent that consumers were well
aware and conﬁdent of the incentive program, having received rebates for the rainy season in November. The regression is limited to the subsample of consumers for whom
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75
N
N
N

.45
[–.09,.99]

98

.38
[–.05,.82]

66
Y
N
N

.16
[–.41,.73]
.54**
[.20,.87]

89

.12
[–.25,.48]
.59***
[.35,.83]

(2)

(4)

(5)

88

.20
[–.35,.75]
.57***
[.31,.82]
–.44
[–1.18,.31]

Panel 1. All HM Users (HM1 Sample)

65
Y
Y
N

.09
[–.50,.68]
.50**
[.14,.86]

75
N
N
Y

.18
[–.43,.80]

65
Y
Y
N

.17
[–.61,.96]
.50**
[.15,.86]
–.29
[–1.27,.69]

Panel 2. HM Users in Same Villages (HM2 Sample)

88

.07
[–.31,.45]
.57***
[.30,.84]

(3)

65
Y
Y
N

–.44
[–1.63,.75]

.29
[–.64,1.22]
.50**
[.16,.84]

88

–.44
[–1.36,.47]

.29
[–.32,.89]
.57***
[.32,.81]

(6)

–1.07
[–3.95,1.82]
65
Y
Y
N

.86
[–1.48,3.20]
.51**
[.15,.87]

–.42
[–2.43,1.59]
88

.37
[–1.22,1.96]
.58***
[.30,.86]

(7)

Note. Dependent variable: Mean daily hours of power use, December–June 2011, as measured by hour-meters. Panel I reports estimates of regressions that use the entire
sample of hour-meters users. Panel 2 reports estimates of parallel regressions that use only the sample of hour-meters users that reside in the same villages as the treatment group.
Col. 1 reports estimates of the basic model. Col. 2 controls for the average daily hours of usage in November (before treatment started). Col. 3 adds controls for whether the well
is single owned, whether it sells water, and for the share of land that is irrigated in the dry season (estimates not reported). Col. 4 includes village ﬁxed effects (panel 2 only).
Cols. 5–7 include interactions between treatment and these three characteristics. Standard errors are clustered within feeders. 95% conﬁdence intervals in square brackets.
* p < .05.
** p < .01.
*** p < .001.

Observations
Pretreatment daily hours
Other controls
Village ﬁxed effects

Treatment × Share irrigated land

Treatment × Sells water

Treatment × Single owner

Daily hours used, November

Treatment

Observations

Treatment × Share irrigated land

Treatment × Sells water

Treatment × Single owner

Daily hours used, November

Treatment

(1)

Table 6. Treatment Effects on Daily Hours Use
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hour-meters were installed. As noted above, hour-meters were only installed for participating consumers among the treatment group, so the regressions estimate the effect of
treatment on the treated. If participation in the pilot was more likely for consumers who
were ex ante more prone to respond to the incentive program, the results overestimate
the actual program effect. Nevertheless, we also estimate Lee bounds (Lee 2009) below.
We estimate regressions that use either the entire sample of hour-meter users (top
panel), or a subsample that only includes those control consumers who reside in the
same villages as the treated consumers (bottom panel). In each sample, we estimate several models. Column 1 reports estimates of the simplest model. Column 2 adds controls
for the average daily hours of usage in November. This model is motivated by the possibility that November usage is likely to be little affected by the program, given that it
was only then that rebates were starting to be made, and could therefore provide us
with a measure of pretreatment usage. Column 3 adds controls for whether the well
is single-owned, whether it sells water, and for the share of land that is irrigated in
the Rabi season (estimates of these control variables are all insigniﬁcant and are not reported). Column 4 includes village ﬁxed effects (bottom panel only). Standard errors
are clustered within feeders.
Reductions in hours of electricity usage in response to the incentive would be reﬂected by a negative treatment effect. Point estimates of the treatment effect, reported
in table 6, are all statistically insigniﬁcant and are of small, positive magnitude. The
table also reports 95% conﬁdence intervals. In all models, we are able to reject a treatment effect greater than 0.5 hours. This is about half the upper cap on savings imposed
by UGVCL.
As noted above, even though we believe selection into the program is likely to result
in underestimates of the treatment effect, we also calculate Lee bounds (Lee 2009) of
the possible range of the intent-to-treat effect, and ﬁnd effects ranging from –0.42 to
1.14. The 95% conﬁdence interval of this range of effects (Imbens and Manski 2004;
Lee 2009) is between –1.04 and 1.43. This lower bound is lower, naturally, than the
lower limit of the 95% CI of our unadjusted point estimate but still provides a useful
lower bound on the impact of the program.
To test for the possibility of heterogeneous effects, we report, in columns 5–7, estimates of interactions between treatment and three characteristics that could be hypothesized to be affecting response to the program: consumers who are single owners are hypothesized to have more ﬂexibility to respond to the incentive for various reasons,
including the possibility of adjusting irrigation schedules and easily distributing savings
among the well co-owners; consumers who sell water to other farmers (other than the
well co-owners) may be more likely to respond to the incentives by reducing sales; consumers who irrigate a greater fraction of their land during the dry season may be more
likely to have “excess” water. All point estimates of these interactions are negative, consistent with the hypothesis of a stronger “response” to the incentive. However, limitations of
statistical power render our estimates to be quite imprecise and statistically insigniﬁcant.
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3.3. Self-Reported Water Saving
In addition to actual usage measurements, CWC also surveyed consumers in the treatment and control groups about their efforts to reduce energy and water usage. The results provide an illustration of the pitfalls of relying on self-reported behavior in evaluating an incentive program. Respondents were asked to indicate whether they made
any effort to reduce water and energy usage, and if yes, how. The responses to the second question were then separated into two categories: a speciﬁc method or technology
of irrigation, or a broad indication of a reduction in the duration of electricity usage.
The former response indicates an observable and veriﬁable effort to save water, whereas
the latter is much harder to observe externally.
Table 7 reports regressions of these responses on a treatment indicator among the
hour-meter sample. The ﬁrst row reports regression estimates of the probability (OLS)
of indicating effort to save water. In the second row, the dependent variable is the probability of indicating effort through a speciﬁc and observable irrigation technology. In
the third row, the dependent variable is the probability of indicating effort through
a general reduction in hours of usage in some unspeciﬁed way. Column 1 uses the entire
HM1 sample, column 2 limits the sample to those consumers residing in the same villages as the treated consumers (the HM2 sample), and column 3 reports estimates that
include village ﬁxed effects.

Table 7. Treatment Effects on Self-Reported Effort to Save Energy and Water
(1)

(2)

(3)

(4)

Saving water

.20

Efﬁcient irrigation

.11

Reducing hours of use

.11

.17**
(.07)
.01
(.05)
.22***
(.01)
97

.19**
(.08)
.03
(.06)
.22***
(.01)
75

.33***
(.08)
.06
(.07)
.20***
(.06)
75

N

Note. Each row reports regressions of a binary indicator of self-reported saving effort
on treatment status. First row: general indication of an attempt to save water. Second
row: indication of saving water through some speciﬁc observable irrigation practice.
Third row: indication of saving water through some general unspeciﬁed way of reducing
the hours of usage. The sample consists of consumers who had hour-meters installed
(HM1 sample). Column 1 reports the sample mean. Column 2 uses the entire HM1
sample. Column 3 limits the sample to consumers residing in the same villages as treated
consumers (the HM2 sample). Column 4 reports estimates that include village ﬁxed effects. Standard errors, clustered within feeders, in parentheses.
* p < .05.
** p < .01.
*** p < .001.
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The results show that treated consumers were more likely, in a statistically signiﬁcant manner, to report making an effort to save water (top row), indicating either strategic responses or genuine but failed efforts. As shown in the middle and bottom rows,
this result is entirely driven by declarations of saving water in some unspeciﬁed and
hard to verify manner, through a general reduction in the hours of usage. There was
no effect on the probability of indicating a use of a speciﬁc irrigation technology (bottom row), which would be more easily observable and veriﬁable in the ﬁeld by CWC or
UGVCL staff.
As explained above, almost all consumers in the treatment area received compensation from UGVCL during the rainy season, despite having made no observed effort to
reduce usage: the “savings” were a result of abundant rains that reduced the need for
irrigation. Consumers were therefore aware of the program’s beneﬁts and openly expressed their satisfaction with it. Treated consumers may therefore have suspected that
failing to report efforts to save water to CWC staff could lead to a withdrawal of the
rebates or of the program itself and may therefore be strategically reporting saving effort. The fact that consumers only reported increases in unobservable ways of trying to
save water, rather than through observable and veriﬁable speciﬁc practices is consistent
with this interpretation of the results. A reliance on self-reported effort would have led
us to erroneously conclude that the program had a substantial impact on water and
energy usage.
4. DISC USS I ON

The preceding sections describe consistent evidence for the lack of consumer response
to the incentive program. Why have consumers not responded, and what lessons can
we learn from this lack of response?
The conventional wisdom in discussions of the Indian groundwater crisis is that ﬂat
rate agricultural energy pricing is responsible for inefﬁcient use of water and that marginal pricing would lead to substantial reductions in demand. As far as we are aware,
our study provides some of the ﬁrst, if indirect, empirical tests of this claim. To what
extent do our results point against it? Do they suggest that voluntary approaches are
unlikely to be effective?
To ﬁx ideas, let b be the (unobserved) marginal loss associated with reductions in
energy use for pumping, and let p be a marginal price on energy use to which consumers
are exposed. The conventional notion is that b is smaller than any “reasonable” level of
p, and as a result, that universal compulsory pricing of agricultural energy would lead to
reductions in usage.
One way to interpret our results is that in fact, b is substantially higher than is usually thought. If true, this would suggest that even full pricing at the rate b would fail to
reduce demand for power. However, it is important to acknowledge that there are a
number of alternative explanations of our results that we are unable to rule out. Some
of these have to do with the design and voluntary nature of the program we tested and
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the ways in which it differs from actual pricing, some have to do with speciﬁc features of
the design of the pilot, and yet others have to do with unique features of the study area.
We begin by discussing these alternative explanations.
One possibility we can rule out is that consumers did not understand or trust the
mechanism. As described above, the monsoon rainfall that occurred early on during
the pilot was unusually abundant and led to reductions in pumping for the simple reason that irrigation water was unneeded. Almost all treated consumers received rebates
(in the form of substantially discounted bills) from UGVCL by November, which ensured their awareness of and conﬁdence in the program. This was also reﬂected in their
communications with UGVCL ﬁeld staff.
It is much harder to rule out that the design of the program itself may have distorted
consumer response. The mechanism differs from compulsory pricing in several important dimensions. As we have noted, baseline entitlements are likely to be inaccurate,
leading to unwarranted transfers. In addition, behavioral factors may render the marginal utility loss from reductions in water use to be unequal to the marginal gains from
increases in water use. Moreover, even though we ﬁnd no strong evidence for it, the
design of the program could have resulted in self-selection that may drive the results
(note, however, that selection by those more prone to beneﬁt should bias the results
upward). In particular, the scope for “effortless” ﬁnancial rewards with no accompanying behavior change may have discouraged participating consumers from reducing usage even though full pricing may have led them to do so.
There are also several circumstances that are speciﬁc to the study area which may
have played a role in inhibiting consumers’ response and which inﬂuence the external
validity of our results. As mentioned above, the study area is located in a severely
groundwater-depleted part of India. Water tables reach extraordinary depths of up
to 1,000 feet. Since more energy is required to draw a unit of water from deeper
depths, the marginal beneﬁt of energy for agriculture is therefore lower in such an
area in comparison to a similar area with a shallower water table. From this perspective, the study area should exhibit a stronger response to an incentive set at a ﬁxed rate
per unit of energy than other parts of India with shallower water tables.
The prevalence of cooperatively owned wells in the area, itself a likely result of
deep water tables and the high costs of drilling wells, may also constrain individual
well co-owners’ ability to change their water usage patterns. First, as discussed in
the section on program design, the cooperative structure of wells may make it hard
for individual shareholders to receive rebates for individual water usage reductions.
We did not observe the extent to which rebates were shared among the group members and so cannot rule out capture by the formal owner of the well. However, the
cooperatives maintain sophisticated joint accounts and routinely distribute costs
and proﬁts among their members, which leads us to consider this possibility to be
unlikely. On the other hand, shareholders distribute irrigation water from their well
through a sophisticated but rigid scheduling of irrigations (Dubash 2000) that well
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co-owners often claim makes it difﬁcult for any one co-owner to modify his or her
irrigation practices in an attempt to reduce usage. On the basis of discussions with
local farmers, we believe that this technical issue may have played a more powerful
role in inhibiting response by cooperative consumers. Unfortunately, power limitations prevent us from addressing the question empirically. In the results reported
above, we found a negative, but small and insigniﬁcant estimate of an interaction between treatment and single well ownership.
While we are unable to rule any of these alternative explanations out and to conclude that b > p, we believe it is worth considering this possibility given the paucity
of empirical evidence on the matter and its great importance for policy.9 Note that p,
the rate of compensation, was set at a lower level than that advocated by CWC, below
the marginal costs of supply to the utility and much below the domestic and industrial
power tariffs. And yet, it would seem that at the rate of 2.5 Rs. per unit, p should be
high enough to trigger a response, for two reasons.
It is often assumed that there are numerous low-cost ways to increase water use efﬁciency over the predominant open channel ﬂooding, with little effect on agricultural
productivity. However, during the course of the study it had become clear that while
on paper such technologies exist, in practice, it is hard to come by solutions that are
practically suited to local farmers’ cultivation systems and would enable consumers
to respond to the incentive. In the course of the pilot, farmers would often complain
to CWC staff that they would like to beneﬁt from the pilot by saving water but are
unfamiliar with the required technologies and practices and would require instruction
and training to do so. High-cost technologies, like drip and sprinkler irrigation systems,
are well known water-saving technologies, and while they are rapidly diffusing in Gujarat in recent years (Fishman and Li 2014), they require heavy up-front investments
(even with government subsidies) for which the incentives offered in the pilot are probably insufﬁcient in the short term. At least in our study area, the government extension
system does not seem to be familiarizing farmers with attractive low-cost water-saving
practices. One possible lesson from this study is the need to emphasize the extension of
such technologies, independently or alongside a pricing instrument, as part of a policy
to address the groundwater-energy crisis.
The other reason that it may seem surprising that p was not high enough to generate
a response is that its level exceeded the water rate in local informal water markets, in
which farmers who do not own their own wells purchase water from well cooperatives.
The distribution of these rates, on a per unit electricity basis, as reported in our surveys,
is displayed in ﬁgure 7. Most well owners sell water at rates that are lower than the

9. Unfortunately, we do not have experimental evidence on the marginal beneﬁt of electricity
in agriculture. Kumar (2005) uses observational data to estimate rather low marginal beneﬁts
and concludes that marginal pricing should have substantial impacts on usage.
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Figure 7. Histogram of water selling rates (Rs. per KwH) in local informal water markets.
Dotted reference lines mark the cost of supply of electricity, the rate of compensation, and the
rate at which electricity is sold to nonagricultural consumers.

2.5 Rs./KwH offered by UGVCL in the program. The incentive program therefore
seems to at least present an opportunity for water-selling consumers to proﬁt by reducing sales to water buyers and winning rebates from UGVCL instead. Indeed, this
is a concern raised by Mukherji et al. (2009) on the potentially negative welfare impact that electricity pricing can have on water buying farmers in West Bengal. Why then
did farmers not seem to utilize this opportunity?
We believe, on the basis of discussions with farmers’ focus groups, that the answer
may have to do with social norms that govern local water markets. Water rates in these
markets do not seem to be determined by supply and demand for water, but by a social
contract that determines the “fair” price of water. In fact, the rate at which water is sold
is usually equal to the internal rate at which informal water cooperatives sometime
charge their own members as a means to recover their collective expenses (power bill
and maintenance costs). This sort of a social contract is also observed by Banerji,
Meenakshi, and Khanna (2012) in another part of India. Many well owners also reported a social obligation to provide their neighboring water buyers with an adequate
supply of water in order to maintain a long-standing relationship. Disturbing these social ties for what farmers may have perceived as a potentially short-term incentive program may have seemed unattractive, and results might have been different if farmers
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were certain of a long-term time line. In other words, well owners are constrained from
altering the price or the quantity of water sales, and we believe these norms to play
at least a part in explaining the observed behavior.
5. CONC L U SION

Increasing water scarcity will require substantial improvements in the efﬁciency of the
allocation and use of water, particularly in agriculture. A commonly held view is that
the introduction of accurate volumetric pricing of water, or of the energy required to
pump it, will realign incentives and result in improved efﬁciency. However, political constraints commonly inhibit the implementation of price-based policies in water sectors.
The Indian groundwater-electricity crisis offers a striking example of this tension
on a scale and urgency that are probably unparalleled elsewhere. The Indian Electricity Act of 2003 mandates the metering of all consumers in India, but political capacity
to implement the act, let alone to achieve accurate billing of electricity in the agricultural
sector, is lacking in most Indian states.10 In lieu of metering and volumetric billing, policy makers in India have few policy tools with which to address the groundwaterenergy crisis. Most utilities and state governments resort to the rationing of power
supply in agriculture in order to control their budgets, but this approach has failed to
effectively control subsidy expenditures or water withdrawals in the face of political pressure or to create accountability and transparency in the electricity sector.
The pilot implemented by CWC, the GoG, and UGVCL in 2011–12 offers scarce
ﬁeld evidence on the potential of alternative, voluntary approaches to address the Indian groundwater and energy crisis. A program of the kind evaluated in this study will
suffer from inherent weaknesses—inaccurate baselines and self-targeting—that can
carry social costs. Whether these costs exceed the potential beneﬁts that may result
from resulting reductions in energy and water use is a matter for empirical investigation.
The results of this study indicate otherwise. Not only did the costs turn out to be substantial, but there was no evidence of any offsetting impacts on energy usage. However,
we believe that the high take-up we observed, which is not to be taken for granted in the
Indian context, calls for additional, more ambitiously designed experiments of similar
programs in a variety of locations in India with diverse hydrological and agricultural
circumstances. The pilot discussed here, while a ﬁrst of its kind, was limited in several
important ways. Future experiments should achieve better causal inference by using
randomized control trials and larger samples, and they should vary the rate of compensation to be at least as high as the cost of electricity supply and preferably higher. We
believe the results of the single pilot discussed here to be insufﬁcient to deem this approach ineffective. Nevertheless, they point to two potential important lessons on the
limitations of price instruments to improve the efﬁciency of agricultural water usage.
10. West Bengal is the primary exception, but it is not groundwater scarce and water tables
are shallow (Mukherji et al. 2009)
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First, social norms often play a large role in determining water prices and allocations.
Second, without access to affordable technologies and to the relevant extension and
training, farmers may not be able to respond to pure incentives in the way policy makers
envision.
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