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Abstract

Political corruption can affect the extraction and allocation of natural resources,

with potentially large consequences for efficiency. Increasing regulatory account-

ability by introducing centralized independent regulation can be a useful lever to

check such corruption. However, in this paper, we show that centralized regula-

tory measures may not necessarily lead to efficient allocations since the regulator

itself can be captured. We propose a model in which politicians with high stakes

career concerns can sway the regulator to generate resource allocations that fa-

vor their own constituencies. We test this theory in the context of groundwater

in India, where extraction relies on electricity to run irrigation pumps. We use

nationally representative data on groundwater from India, and an increase in cen-

tralized regulation induced by the electricity sector reforms in 2003-04 to test our

model. Consistent with our theory, we find that the reforms result in relatively

less extraction of groundwater in jurisdictions that elect legislators who have lower

stakes career concerns. This leads to a stark disparity in groundwater depletion

across constituencies.
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1 Introduction

Political incentives and corruption can affect resource allocation and cause it to be inef-

ficient. Increased regulation to curb such corruption can potentially correct these distor-

tions and align the allocation of resources with the places and times of most productive

use. On the other hand, highly motivated politicians may be able to sway newly em-

powered regulators for even larger favors, leading to regulatory capture. We examine the

potential for increased regulation to mitigate or exacerbate politically driven corruption

in the context of groundwater in India.

In many developing countries, including India, China, Pakistan, and countries of

North Africa, groundwater is depleting due to over-extraction. Extraction rates in the

current period have an immediate effect on water availability in subsequent periods.

Hence, inter-temporal externalities of water depletion within jurisdictions are an impor-

tant cause of public policy concern.1

In particular, India is the largest extractor of groundwater in the world. With over 20

million wells, it extracts close to 250 cubic billion meters of water a year, almost twice as

much as the U.S. and China. 2. Moreover, the contribution of nonrenewable groundwater

extraction to irrigation is largest in India ( around 68 km3 per year compared to 30

km3 per year in USA and 20 km3 per year in China) and within India, 20 percent

of the gross irrigation water demand is met with nonrenewable groundwater (Wada et

al, 2012).3 Groundwater use is particularly concentrated on farmers, as groundwater

irrigation constitutes around 92 percent of the total use of groundwater (Jha and Sinha,

2009). The future availability of groundwater is critical to incomes for a large share of

the population: Close to 55 percent of India’s population is employed by agriculture, of

which around 60 percent is supported by groundwater.

1Unlike surface water, where inter-jurisdictional externalities are very prominent due to rapid flow
of water from one point to another, groundwater externalities are much more spatially localized at least
in short time spans (Brozovic et al, 2006). Depending upon the medium, the lateral velocity of the
groundwater can be as much as 1 cm a year (Todd, 1980).

2As per the AQUASTAT data maintained by FAO, India extracted 230.4 billion cubic meters (BCM)
in 2004, compared to 101.4 BCM in China and 108.3 BCM in US in 2005. India’s extraction in 2010
was 251 BCM.

3“Renewable” groundwater refers to sources that are replenished over time by precipitation. “Non-
renewable” groundwater refers to sources that do not benefit from this re-charge over time.
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In India, there have been persistent concerns that politicians manipulate the alloca-

tion of electricity in order to please a variety of constituents, including farmers, who need

electricity to run the irrigation pumps used to extract groundwater. Historically, state

electricity boards in India generated, transmitted, and distributed electricity. Peak load

shedding and frequency and duration of electricity down time were determined at a very

local level. Electricity theft and diversion to consumer groups was the hallmark of this

institutional arrangement.4 In 1998, a national legislative act established the Central

Electricity Regulation Commission (CERC) and encouraged State Electricity Regula-

tion Commissions (SERCs) to try to turn around the ailing electricity sector, but these

were not very powerful agencies. In 2003, with the intention of revamping the electricity

sector, the Government of India passed the Electricity Act of 2003, subsequently amend-

ing it in in 2004. This Act strengthened the SERCs across India, empowering them to

set tariffs and subsidy rates for consumer groups, and govern allocation across areas.

The distribution agencies (called load dispatch units) became autonomous from state

electricity boards and received powers to increase punishments for the undermining of

their chosen power allocations by utilities (through diversion of electricity from the grid)

and consumers (through theft). In this paper, we examine the effects of this reform’s

increase in regulatory authority on groundwater levels.

Examining this issue is a challenge because (A) we need to posit an important po-

litical dimension along which regulation or regulatory capture can alter the allocation

of resources; and (B) we need to understand whether the pre-reform allocation of re-

sources was more or less “distorted” than the post-reform allocation. We approach these

issues by developing a model of electoral competition in which politicians who have high

stakes career concerns promise to spend their resources to obtain more water for their

constituents, where the amount they need to spend depends on the degree of regulation.

We develop testable implications that we test with a rich source of data on groundwater

levels. The model provides a framework that allows us to evaluate the success of the

reforms.

4Golding and Min (2011) conjecture that theft constitutes 50 percent of transmission losses in many
parts of India.
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Career concerns are an important feature of Indian politics that could potentially

determine key outcomes. Since the seminal work of Downs(1957), politicians have been

assumed to care about re-election in a representative democracy. But as Diermeier et

al (2005) point out, being re-elected is a means to an end, be it pecuniary income, non-

pecuniary returns to powerful public office, or desire to implement policies.5 Corruption

is endemic in politics in low income countries (Pande, 2007), and Bhavnani (2012) and

Fisman et al (2012) use private asset growth data of Indian politicians in closely con-

tested elections to show that there is a strikingly higher asset growth (13 to 16 percent

higher) for politicians who are in the council of ministers. While the simplest view of

political corruption would suggest that politicians with higher stakes career concerns

should always “outbid” those with lower stakes career concerns and thereby always win

election, it is clear that political candidates’ policy preferences also influence voter choice

(Myerson, 2003; Banerjee and Pande, 2007). The intensity of citizens’ policy preferences

and the mismatch with those of the candidate – and not just the resource transfer that

a candidate can promise – can influence who wins.

With these considerations in mind, our model focuses on national parties – parties

that contest elections in more than four states – and regional parties – parties that

contest elections in fewer than four states (typically just one). The national parliament

in India is dominated by national parties. There is neither a term limit on the number

of times one can run for office, nor a mandated age of retirement. Moreover, and most

importantly, the politicians of national parties are much more likely to be elected to the

national level council of ministers. Therefore, national candidates have very high stake

career concerns relative to regional candidates. 6 At the same time, regional parties

are local and their policy preferences tend to be more aligned with majority population

groups- for example, regional parties often associate with ethnic identity and relevant

policy platforms (Chandra, 2004).

These two arguments make a compelling case to compare the behavior of politicians in

5Diermeir et al (2005) estimate the returns to a political career using US data.
6Almost 30 percent of the members from the winning party are represented in the council of ministers

in some capacity. In general, a majority of the council of ministers (COM) is from national parties -
in the current COM in India, only 3 out of 33 cabinet officials, 0 out of 12 Ministers of States with
Independent Charge, and 3 out of 36 Ministers of State are from regional parties.

4



national and regional parties, and understand the implication of such behavior differences

for allocation of groundwater before and after regulatory reform. We use groundwater

depth data from 1996 to 2006 and plot the differences in the depth to groundwater by

national and regional winners in Figure 1. This figure clearly indicates that, after the

reform in 2003, the depth is diverging in constituencies with national and regional party

winners.

We propose a theoretical model to explain this divergence. The main prediction of

the model is that the imposition of the electricity regulator will lead to less groundwater

extraction in constituencies with regional party MPs, as compared to constituencies

with national party MPs. We test this prediction in two ways. In the first, we hold

constant the regime type (national or regional) across the 2004 elections and compare

constituencies that stayed national to those that stayed regional before and after the

reform. This helps us to address the endogeneity concerns emerging from the fact that the

groundwater situation may influence which type of candidate - national or regional - wins.

The identifying assumption is that in absence of these reforms, the trends in groundwater

in the regional constituencies would be no different than those in the constituencies with

national party legislators. In a variety of difference-in-difference specifications, including

specifications in which we control for pre- reforms trends in groundwater depth, we find

support for the main prediction of the model. In order to mitigate concerns over selection

on time varying unobservables into different regime types, we also estimate a generalized

differences-in-differences estimator with matching on pre-period characteristics. We find

the estimates to be quite robust and very similar across these approaches.

To rule out that differential demand for groundwater across national “regimes” and

regional “regimes” drives our results, we also test the main prediction of the model using

close elections. In close elections, the depth to groundwater is similar in constituencies

won by regional and national candidates before the reform. However, after the reform

in 2004, we see a large wedge emerging between the two types of constituencies in close

elections. We show evidence that this difference is not driven by a composition effect

wherein the constituencies that are closely contested change over time.

A second prediction of our model is that in areas where groundwater is valued more,
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the national candidates will have higher propensity to pay bribes to the new regulator

and the post reform party differential in decline of groundwater should be stronger. We

test this by evaluating if the effects are differentially higher in the areas that are more

suitable for growing rice. In the data, we find consistent evidence that the difference

in decline of groundwater depth becomes more pronounced across national and regional

constituencies in areas suitable for growing rice.

A third prediction is that the effects of the reform on the national-regional differential

would be muted in areas where delivering a unit of water is more costly for the candidates.

We test this prediction using the pre-baseline depth to groundwater. In places with

greater groundwater depth, the amount of electricity required to extract a unit of water

is higher and hence the candidate would have to pay a higher bribe per unit of water

extracted. In a triple interaction with pre-baseline groundwater depth, we find that the

effect dampens with depth.

The model relies on the notion that politicians deliver groundwater by delivering

electricity. Therefore, if the model is correct, we should see that the allocation and use of

electricity changes differentially across national and regional constituencies after the 2003

reform. While data on constituency-level electricity allocations is not available, we use

constituency-level data on average luminosity (“night lights”) and household-level survey

data on electricity usage to examine this mechanism. In an analysis of close elections, we

find a decline in the average luminosity in closely won regional constituencies after the

reform.7 Moreover, in a sub-sample of constituencies where we can match households

from our survey data, we see that electricity usage also changes differentially across

regional versus national constituencies after the reform.

Finally, we explore alternative explanations for our results. We conduct a placebo test

using data from a period prior to the reforms that shows that the differential effect of the

reform across party type is not driven by electoral cycles, and that no differential effect

emerges until after the reforms. We do not find evidence of coalitions of local and central

politicians co-opting the bureaucrats together: Results are not sensitive to whether the

7Since this can be indicative of an income effect, we interpret this as only suggestive evidence that
politicians are able to co-opt the regulator.
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chief minister of the state is from the same party as the constituency winner’s party or

not. We find no evidence that national candidates switch constituencies more often than

regional candidates. This rules out the possibility that the national candidates discount

the future benefits of water availability more heavily than regional candidates due to

ease of mobility.

Our paper contributes to three strands of literature. The political economy and

environment literature establishes the connection between incentives of politicians and

implications for the environment. Private incentives of local politicians have been shown

to increase deforestation in Indonesia (Brugess et al 2012). Lipscomb and Mobarak

(2011) demonstrate that politicians strategically manipulate the location where rivers

are polluted to minimize the impact on their own constituents. Our paper contributes

to this literature. We show that the private incentives of politicians can have social

consequences, causing the scarce resource of water to be allocated according to politician

characteristics and overused. More notably, we demonstrate that regulatory reforms

targeted to reduce corruption may actually lead to more distorted allocations when

politicians have very high private returns at stake.

The theory of career concerns in organizational behavior dates back to the seminal

work of Holmström (1999). More recently, it has has been used by economists both

theoretically and empirically to examine the functioning of the government (Dewatripont

et al 1999; Alesina and Tabellini 2007, Besley and Case 1995). Jia 2012 shows that career

concerns among politicians can be detrimental for the environment. We contribute to this

literature and show that career concerns can adversely affect natural resource allocation.

When wide-scale corruption characterizes the public sector, such concerns can undermine

regulation and lead to allocations of resources that differ in ways that do not depend on

the marginal social product of those resources.

Finally, we find evidence of regulatory capture. Banerjee (1997) develops a model to

show that regulation can lead to more corruption and red tape even if the government

is welfare-minded due to distortions introduced by public officials. Bertrand et al (2007)

provide evidence of the misuse of regulation by corrupt public officials. We add to this

literature by showing that the co-opting of politicians by corrupt public officials can

7



exacerbate the mis-allocation of resources. Our results are consistent with the argument

presented in Acemoglu, Johnson, and Torvik (2013), where the authors show that voters

may prefer not to have a large series of checks and balances if this leads to greater

rent extraction. In a closely related paper to ours, Ferraz (2007) examines the role

of political cycles on regulatory capture and examines how coalitions of central and

local politicians work synergistically to co-opt local bureaucrats. In contrast, our paper

focuses on competition among politicians with differential career concerns in the co-

opting of regulators. The rest of the paper is organized as follows. Section 2 provides

background on elections in India, electricity diversion, and corruption among legislators.

Section 3 develops the theoretical model and derives comparative statics. We discuss

the data used in the analysis in Section 4, and present the empirical strategy used to

test the model in Section 5. Section 6 reports the results for groundwater. Section 7

provides additional evidence on the model’s mechanisms by examining electricity usage

and voting patterns. Section 8 covers alternative explanations for the results we see.

Section 9 briefly discusses the implications of our results for efficiency, and Section 10

offers concluding remarks.

2 Background

In this section, we first provide some context on national parliamentary elections in

India, with special focus on the 1999 and 2004 elections that we will utilize in this

paper. Next, we discuss evidence of corruption among politicians and differences in

career concerns across different types of parties in India. In the third sub-section, we

highlight the role of groundwater (and electricity) in Indian agriculture. After that, we

discuss the intersection of politics and groundwater, noting how politicians historically

have influenced the usage (and over-usage) of groundwater. Finally, we describe how the

Electricity Act of 2003 tried to address distortions induced by corruption and theft by

instituting more centralized regulation.
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2.1 Parliamentary Elections

National parliamentary elections in India are held every 5 years. These elections are

contested by many parties. The candidates can be affiliated with regional or national

parties, or can be independent. Officially, regional parties are parties that context elec-

tions in fewer than 4 states. However, the regional parties are state-centric and contest

elections primarily in just one state. In contrast, national parties contest elections more

broadly in various constituencies across the country.

In the period between 1998 and 2004, there were 4 general elections. No single party

won a majority of seats in the 1996 elections. Two successive elections were held in

India in 1998 and 1999 due to withdrawal of coalition partners from the government over

political issues.8 The parliament elected in 1999 completed its 5 year term and general

elections were held in 2004.

In 1999, a national party (Bhartiya Janta Party, popularly called BJP) and its coali-

tion partners formed a government. The electoral turnout was comparable with previous

elections at 60 percent. The alliance won 270 seats out of 543,9, with the BJP winning in

182 constituencies. It was also supported by some other parties who did not participate

in the government. Among the opposition parties, the leading national party, the Indian

National Congress (INC) won in 114 constituencies. In the 1999 elections, 369 seats were

won by national parties and 162 by regional parties, meaning that regional parties won

about 30 percent of the seats.

In the 2004 elections, the winning coalition switched. The leading national party

heading the central government, the INC, won 145 seats, and the leading national party

in the opposition won 138 seats. The voter turnout was around 60 percent in these

elections as well. Regional parties won 31 percent of the seats, a percentage quite similar

to the 1999 elections: national parties won 364 and regional parties 169 seats. Therefore,

there was no sweeping shift towards regional or national parties from 1999 to 2004.

8 In 1996, the Indian National Congress (INC) withdrew its support from the United Front due to
the implication of one of the member parties in the assassination of Rajiv Gandhi, a former leader of
INC. The 1998 government was dissolved as a member party withdrew its support over a political row
involving a state government and accusations of corruption implicating the leader of the withdrawing
party.

9 A seat corresponds to a constituency.
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2.2 Corruption and Returns to Political Office

Political corruption is endemic in India. Office bearers often extract rents from busi-

nesses, citizens and bureaucrats. Coalitions of bureaucrats and politicians accepting

bribes for public favors are also salient (Wade 1982,1985). Since March 2003, candidates

have been required to declare detailed information on their family assets, own liabilities,

educational background and criminal records. 10 Two recent studies use these detailed

asset declaration data and shed light on the extent of corruption and returns to political

office in India. Bhavnani(2012) shows that politicians from parliamentary majorities and

the national cabinet are more likely to be highly corrupt. Fisman et al (2012) also use

these data to show that there is a moderate private gain to being a member of state

legislative bodies in India. However, members of state-level councils of ministers have

very high returns.

These considerations have different implications for the career concerns of national

party politicians versus regional party politicians. Both in 1999 and 2004, national

parties headed the government and formed the national council of ministers. In the

current cabinet, there are 32 cabinet ministers, 12 ministers of state with independent

charge and 36 ministers of state. Out of the cabinet-ranked ministers, 5 are from various

regional parties, while 30 are affiliated with the INC. None of the ministers of state with

independent charge are from regional parties and only 6 out of 36 ministers of state

are from regional parties. Nineteen percent of the members of parliament from national

parties held a ministerial post in the council. Thirty three percent of the members of

parliament (MPs) of the INC were represented in the council. On the other hand, only

6 percent of MPs from regional parties were in the council.

Given that national party candidates have a higher likelihood to be in the council of

ministers, they may be motivated by higher stakes career concerns. Winning the seat

10Candidates file this information as a part of their nomination. These are submitted to the Election
Commission, which then places hard copies of the papers on notice boards and scanned copies on
their website. Compliance with the requirement that candidates file affidavits has been perfect, since
candidates are barred from running for office unless all required papers are filed. Penalties for the
incorrect disclosure of information are severe; a candidate can be prosecuted for furnishing a false
affidavit under election law, and for providing false information under the criminal code. The penalty
includes a fine, imprisonment or both.
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could imply being a member of the council of ministers, which – based on the evidence

from Fisman, et al 2012 – may lead to a sharp rise in the private returns to political

office and result in very high asset accumulation growth. On the other hand, regional

party candidates are less likely to be members of the council of ministers and therefore

have lower stakes career concerns. Many instances of ministers from national parties

making supernormal returns have surfaced in the recent past. Regional candidates are

also accused in scandals, but the scale is nowhere near as massive. By way of an example,

the largest political corruption case in Indian history- the 2G spectrum financial scandal

in 2010- was under the INCs telecommunications and IT minister A. Raja. This scam

resulted in a 200,000 million rupee (40 billion dollars)loss to the government of India.

A. Raja was accused of corruption and was forced to resign.

2.3 Agriculture, Groundwater Irrigation, and Electricity

Groundwater is crucial to rural livelihoods in India. Around sixty percent of India’s

agriculture is sustained by groundwater irrigation, and 80 percent of the rural popula-

tion meets its drinking water needs using groundwater. The use of water for agriculture

dominates other uses (Gandhi and Namboodiri, 2009). Access to groundwater increases

agricultural production (Sekhri, 2011) and decreases reliance on rainfall for irrigation,

hence helping to reduce vulnerability to weather shocks. Indeed, the Indian Council of

Agricultural Research conjectures that groundwater irrigation has helped prevent large

scale famines in the country. Not surprisingly, then, as poverty has fallen, private invest-

ment in wells has been increasing in the country (Government of India and the World

Bank, 1998). There are more than 20 million private wells in the country (International

Water Management Institute, 2002).

While India uses more groundwater than any other country in the world, the resource

is being over extracted and the country’s aquifers are declining. The World Bank esti-

mates that around 15 percent of India’s food is produced by mining or over-extraction

of groundwater. Current trends in groundwater depletion can cause a significant reduc-

tion in food grain production. Seckler et al (1998) estimate that food production may

consequently fall by around 25 percent by 2025.
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The extraction of groundwater is aided in many ways by government initiatives such

as loans for wells. Government assistance also comes in the form of powering the pumps

that are needed to extract water from wells. Farmers use either electricity from the grid

or – when that is unavailable – diesel generators to power their pumps. According to a

Planning Commission estimate, around 14 million wells were energized using electricity

as of 2007.

2.4 Influence of MPs on Groundwater Extraction

Politicians are sensitive to the need of farmers for groundwater and electricity provision

as this is an important voting bloc. MPs do not have formal authority over ground-

water provision to the farm sector or electricity provision, but they can facilitate this

in a number of ways by influencing policies. First, for example, there are a number of

local schemes that finance well construction and boring. Since well construction is very

expensive, these schemes like the Free Boring Scheme and the Million Wells Scheme can

absorb the fixed cost of wells, and lead to more well construction and groundwater ex-

traction. Public banks also offer loans for financing wells construction (Minor Irrigation

Census,1993).11

Second, and more importantly, the pricing, number of hours of electricity provision,

duration, frequency, sector priorities, and seasonal provision can be influenced by local

political regimes. Electricity supply has historically been managed by the publicly owned

and run electricity boards (Kodwani, 2005).12 Tariffs are determined at the state level.

In many regions of the country, electricity provision for the agricultural sector is supplied

for free or is flatly tariffed based on the horse power of the pump used for water extraction

(Shah et al , 2004; Kodwani, 2005). This subsidy reduces the marginal cost of extraction

and in many instances farmers face a zero marginal cost. Annual losses to Indian State

Electricity Boards (SEBs) on account of power subsidies to agriculture are estimated to

be around USD 5.65 billion (Shah et al, 2004).

11Public banks have been demonstrated to be influenced by the local legislators in disbursement of
loans (Cole, 2009).

12 Power is in the concurrent list and both central and state governments are empowered by the
constitution to generate and supply power.
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Since pricing is an item decided at the state level, MPs may more easily influence

electricity duration, frequency, and timeliness. Local distribution of electricity to various

sectors is done by local public officials. These decisions include sector priorities (allo-

cation across farm, industrial, and domestic consumers), peak load shedding, frequency

and duration of power cuts, and area diversions. If politicians can co-opt these public

officials through monetary or non-monetary inducements, or through other means, then

they may be able to secure greater electricity access for their constituencies.

Recent work makes clear the link between politics and electricity provision. Golden

and Min (2012) use data from Uttar Pradesh in India to show that electricity theft

increases over the elections cycle, indicating that politicians have some sway over bu-

reaucrats that are responsible for distribution of electrcity. Numerous media outlets

accuse politicians of bankrupting local state electricity boards. 13 Min (2010) presents

a case study of the state of Uttar Pradesh to show that politicians influence electricity

diversion. He documents various instances where politicians ensure uninterrupted elec-

tricity to their constituencies. Engineers responsible for load shedding and distributing

power locally (including unannounced cuts) routinely get requests for favors from the

politicians. On occasion, they even receive threats to meet the politician’s demands.

A Supreme Court-appointed committee articulated that there was a culture of political

interference in the day-to-day operations of the state electricity board.

2.5 The Electricity Act, 2003

Given financial problems in the electricity sector, partly due to politically driven mis-

allocation and mis-pricing, there has been persistent interest in reforming the sector. The

Electricity Act of 2003 was passed and put into effect in June 2003. The act was amended

subsequently based on various recommendations and the reforms were enforced from

January 2004.14 The objective was to introduce and promote competition in generation,

transmission, and distribution, and to make subsidy policies more transparent. The key

13See for example “Powerless” in The Economist (July 31st , 2012)
14It was proposed in 2001 and replaced the three existing pieces of electricity legislation: Indian

Electricity Act, 1910, the Electricity (Supply) Act, 1948 and the Electricity Regulatory Commissions
Act, 1998. The Act can be found at the Ministry of Power’s website.

13



features were delicensing of generation, provision for private licensees in transmission, and

entry in distribution through an independent network. Private trading with fixed ceilings

on margins was allowed and metering of all electricity supply was made mandatory.

While the act’s encouragement of private entry has taken longer than expected to

truly materialize, the act also led to an immediate and significant increase in centralized

regulation. The State Electricity Regulatory Commissions (SERCs), that now became

mandatory rather than just encouraged, were given greater power. First, the state-wide

tariff was determined by the SERCs.15 Second, budgets and farm subsidies had to be

approved by the commission. Third, sector priorities were to be determined by the reg-

ulatory commission. Fourth, this commission also served as an appellate authority for

redressing consumer grievances. Fifth, the SERCs were given the authority to enforce

the directives of the newly autonomous state load dispatch centers (SLDCs) and resolve

any disputes arising from the conduct of the SLDCs. According to Section 33(1), SLDCs

were made responsible for ensuring the integrated grid operations and for achieving the

maximum economy and efficiency in the operation of power system.16 As per Section

33(2), every licensee, generating company, generating station, sub-station and any other

person connected with the operation of the power system had to comply with the direc-

tion issued by the SLDC, under threat of fines on violators.

Despite these changes, there are reasons to believe that the regulators and local

utilities are still co-opted by politicians. For instance, according to a survey of corrup-

tion in the electricity sector conducted by Transparency International, 37 percent of the

respondents claimed to have bribed utility linesmen, and 24 percent claimed to have

bribed utility officials. In a more publicized example, in July 2012, India experienced

the largest blackout in its history affecting around 9 percent (620 million people) of the

world’s population. Spokesperson for Power Grid Corporation of India Limited (PG-

CIL) and the Northern Regional Load Dispatch Centre (NRLDC) stated certain states

15No tariff fixation by the regulatory commission was needed if the tariff was determined through
competitive bidding or if consumers entered into a competitive agreement with generators or traders.
Under the act the tariffs were not allowed to be amended more frequently than once in a financial year.
The government could provide a subsidy in advance through the state budget for specified target groups
if it required the tariff to be lower than that determined by the SERC.

16In addition, they were put in charge of maintaining transmission accounts.
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(Uttar Pradesh, Punjab and Haryana) were the states responsible for the overdraw that

collapsed the grid. Surendra Rao, India’s former top electricity regulator on NPR’s ‘All

things Considered’ commented :

“Blackout was the result of powerful states guzzling more than their budgeted share of

electricity while regulators looked the other way...The Load Despatch Centers must have

known on their screens who was consuming too much. They could have disconnected

the customer, they could have disconnected the whole state and protect the grid. They

didn’t do it. Why doesn’t he do it? Because his bosses told him not to do it. Who

is his boss? The politician and the bureaucrat. This is all politics. Everything here is

political.”

With an objective to enhance transparency, one of the states in India provides data

on daily planned allocation and actual withdrawal of electricity by distribution blocks

on the SLDCs website since late 2010. In Appendix Figure A1, we show the deviations

from the planned allocations for the blocks for a few randomly chosen days. We choose

two June days from different years and two January days from different years to deal

with the potential for seasonality in a well-functioning electricity system. While it is not

surprising that, in a complex electrical grid, the deviations from the planned allocations

are not zero, a few facts stand out from these figures: 1) There is massive variation

in the surplus withdrawal across time, even when holding the month fixed; 2) There

is significant variation across blocks, and some blocks are able to withdraw much more

than their planned allocation from the grid, as compared with other blocks.

3 Theoretical Model

In this section, we set out a model to clearly delineate the potential mechanisms linking

party affiliation of legislators to groundwater levels in their constituencies, and how the

links should change after the electricity reform’s imposition of a regulator. The goals of

the model are to: (1) elucidate which constituencies select into having MPs from national

versus regional parties; (2) examine how regional regimes should respond differently from
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national regimes to the reforms; (3) examine how water usage should differ in closely

contested elections versus elections with high win margins before and after the reform;

and (4) create a framework to understand whether the new regulation led to an efficient

allocation of water.

Importantly, we do not model the choices of the new regulator directly. Instead, we

examine how groundwater extraction would respond in a case with increasing regulation

(hence, lower corruption) versus a case of decreasing regulation (hence, increased cor-

ruption, with the regulator being co-opted) and then we test the predictions empirically

to distinguish between these two cases.

First we provide an overview of the model, including the key tradeoff, the actors

in the model, their choices, and the timing of these choices. Second, we describe the

objective functions and constraints of each actor in the model. Finally, we describe the

solution under a particular set of conditions and the consequent comparative statics.

3.1 Overview

The key tradeoff that we try to capture is that a candidate can increase the probability

of winning an upcoming election by promising more water to her constituency, but this

comes at a cost of foregone political rents if the seat is won. The model is based on the

standard probabilistic voting model, though there is a citizen-candidate model element.

We assume that there is commitment to campaign promises, as in the standard proba-

bilistic voting set-up. A more complete model could endogenously produce commitment

by incorporating the fact that the repetition of the election and policy game can allow

voters to punish deviations from campaign promises; we do not pursue this complication

here.17

The model consists of three sets of actors: an electric utility monitored by a regulator,

a continuum of citizens who vote, and two party candidates from this continuum. The

model has three stages. In Stage 1, the candidates propose an amount of water for the

constituency. In Stage 2, voters elect a candidate by plurality rule based on the policies

17MPs spend many continuous terms in a particular constituency. In section 7.6, we discuss this in
detail.
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each candidate has committed to. In Stage 3, a party candidate who becomes an elected

member of Parliament (MP) follows through on chosen policy positions by interacting

with the electricity provider.

3.2 Actors’ Objectives and Constraints

3.2.1 Electric Utilities

There is one utility per constituency, and each utility chooses how much electricity Zi

to supply to constituency i, taking as given the legally mandated level Z̄i, the MP’s per

unit bribe Xi, the utility’s legal salary S, an index of other offers the utility has for its

electricity b from outside the constituency, and the probability that the utility will be

caught inappropriately diverting electricity and penalized q. The utility’s optimization

problem is:

maxZ (1− q)
[
S + (X − b)(Z − Z̄)

]
− q(Z − Z̄)2

where (Z − Z̄)2 shows the level of the fine if the utility is caught.

Prior to reform, the probability of the utility getting caught and reprimanded by the

regulator is q0. Post-reform, the regulator chooses to pursue either a lower ql – equivalent

to a more permissive regime in which utilities can more freely deviate from the legally

prescribed allocation – or a higher, legally mandated level qh. We assume qh > q0 > ql.
18

A negotiation process between the regulator and the utility that leads to a certain level

of q is conceivable, but we do not model the choice of the regulator explicitly.

3.2.2 Voters

There is a continuum of voters who differ on their ideology/identity, but share the same

preferences for water. A candidate from party k in constituency i gives voter j the

following utility:

vijk = βiWi + (1− βi)M − γi(∆k − δij)2

18Note that it is possible that the legally mandated level of electricity, Z̄i also changes after the reform.
In particular, a regulator could engage in corruption by changing this legally mandated level rather than
the auditing probability. Using our data, we cannot distinguish whether corruption occurs in this way
or in the way assumed in the model.
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where the parameter βi indexes how important water Wi is to people in the constituency,

M is income not reliant on water and common to all voters, γi gives the relative im-

portance of ideology/identity to voters in constituency i, ∆k is the ideology/identity

position of party k, and δij is the ideology/identity of voter j. As noted above, δij is

heterogeneous across voters within a constituency, and is distributed uniformly over the

interval [−ψ, ψ].

The final element of the probabilistic voting model is to identify a parameter that

is uncertain to the parties prior to the election; depending on the realization of this

parameter, one party may win one election and another party may win the next. We

assume γi is stochastic and unknown to the parties in advance of each election. In

particular, we assume γi = γ0+eε where γ0 > 0 and ε has a standard logistic distribution.

3.2.3 Candidates

Only candidates nominated by a political party can run for office, and each party selects

a voter to run as its candidate. There are two parties, one regional (R) and one national

(N). Each party k has associated with it an ideology/identity platform ∆k. Parties

select candidates who share their ideology/identity platforms. Since, as explained below,

all candidates have identical preferences and constraints, parties are indifferent between

potential candidates beyond the choice of ideology/identity. The probability of obtaining

a high-level position after election is given by λk for a candidate of party k. We assume

that if a candidate obtains a high-level position, she secures political rents Ih; otherwise,

she secures rents Il, where Il < Ih.

Each candidate maximizes the same utility function as above, except her income can

be augmented by political rents. We can state the maximization problem of citizen-

candidate j from party k in constituency i as:

maxWi,Xi,∆i
βiWi − (∆i − δij)2 + (1− βi)M + [Pj(WiN ,WiR)EIk −XiZi(Xi)]

with the constraint that Wi = A+ Z(Xi,Yi)
Li

, where A is rainfall, Zi(.) indicates the amount

of electricity obtained from the utility as a function of Xi, Li is the depth to groundwater,
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and Pj(WiN ,WiR) is j’s probability of winning the election as a function of the water

promises. Here, EIk = λkIh + (1 − λk)Il is the expected political rent of the candidate

from party k. A higher promise of water in the campaign increases the probability of

winning the election and securing the resulting rents, but comes at the cost of giving up

some of those rents if elected.

3.3 Solution and Comparative Statics

We lay out the assumptions and definitions for various parameters in the Theory Ap-

pendix. We can state the solution to the model in the following proposition:

Proposition 1: Assume Assumptions A1-A6 from the appendix hold. Then the

water promises satisfy the following equations:

0 = β +

[
EIN

∂PN(W ∗
N ,W

∗
R)

∂WN

− ∂CN(W ∗
N , q)

∂WN

]
0 = β +

[
EIR

∂PR(W ∗
N ,W

∗
R)

∂WR

− ∂CR(W ∗
R, q)

∂WR

]

where

C(W, q) =
2q

1− q
L2(W − A)2 +

(
b− 2q

1− q
Z̄

)
L(W − A)

and

PR =
(∆2

N −∆2
R)eγ0

βi(WN −WR) + (∆2
N + ∆2

R)eγ0

PN =
βi(WN −WR)

βi(WN −WR) + (∆2
N + ∆2

R)eγ0

The proof is in the Theory Appendix.

We use the model to develop several testable predictions. First, we examine the ef-
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fects of the regulatory reform. Both candidates share the same auditing probability q

and we can examine the effect of an increase or decrease in q using the implicit function

theorem and the candidates’ first-order conditions. This gives us the following proposi-

tion:

Proposition 2: Assume A1-A6 hold. Then ∂WN

∂q
< 0 and ∂(WN−WR)

∂q
< 0.

Proof is in the Theory Appendix.

This proposition shows that as the auditing probability decreases, the national can-

didate’s water promise necessarily increases. Note that the regional candidate’s water

promise may not increase: the marginal cost of water falls after the regulator is co-

opted, but the national candidate’s increasing water promise makes it less likely that

the regional candidate can win the election. However, importantly, the gap between the

national candidate’s promise and the regional candidate’s promise necessarily increases.

The next proposition shows how the latter effect varies along two key dimensions:

Proposition 3: Assume A1-A6 hold. Then:

(A) ∂(WN−WR)
∂L

< 0 and ∂2(WN−WR)
∂L∂q

> 0.

(B) ∂(WN−WR)
∂β

> 0 if and only if PR >
1
2

in equilibrium, and ∂2(WN−WR)
∂β∂q

< 0 always.

Proof is in the Theory Appendix.

This proposition describes two important types of heterogeneous responses. First, as

the depth of groundwater increases, the gap between national and regional candidates

falls; this is because a higher depth to groundwater makes providing a given amount

of water more costly for everyone, and this has a larger effect on the candidate who is

operating at higher marginal cost to begin with (the national candidate). More impor-

tantly, the sign of the cross-partial suggests that if the auditing probability falls after

the reform, the increase in the gap between national and regional candidates should be

smaller for places with a higher depth to groundwater.

Second, as the marginal product of water β increases, the gap between national and

regional candidates may either increase or decrease. If the regional candidate has a
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higher likelihood of winning to begin with, the increase in the marginal product of water

causes the gap to increase; intuitively, the regional candidate does not need to match

increases in water promises as aggressively. More importantly, the sign of the cross-

partial suggests that if the auditing probability falls after the reform, the increase in the

gap between national and regional candidates will be larger in places where the marginal

product of water is larger.

Next, we examine which types of constituencies will tend to see the greatest level

of water exploitation (or the greatest depth to groundwater). Specifically, we can use

the implicit function theorem to obtain ∂WR

∂γ0
and ∂WN

∂γ0
. This gives us the following

implication:

Proposition 4: Assume A1-A6 hold. If the probability of the regional candidate

winning the election is greater than 1
2

in equilibrium, then ∂WN

∂γ0
< ∂WR

∂γ0
< 0. If the

probability of the regional candidate winning the election is lower than 1
2

in equilibrium,

then ∂WN

∂γ0
> ∂WR

∂γ0
> 0.

Proof is in the Theory Appendix.

This proposition examines the effect of a change in the importance of ideology/identity

on water extraction, holding β constant. In elections where the regional candidate is

more likely to win to begin with, increasing the importance of ideology/identity simply

makes the election less competitive, and the candidates settle on a lower level of water

extraction. In elections where the regional candidate is less likely to win to begin with,

increasing the importance of ideology/identity makes the election more competitive, and

water promises increase with the higher stakes. In both cases, the magnitudes of the

effects are larger for national candidates because the rents at stake are higher.

4 Data

We have used three main sources of data to test the predictions of our model. The ground-

water data is from the 16,000 monitoring wells monitored by the Central Groundwater

Board of India. Groundwater data is maintained in a restricted access database and has
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been provided by the Central Groundwater Board of India. These wells are fairly evenly

spread across India (This excludes the hilly regions in the North and North East). The

data provide groundwater levels in 4 different months (pre and post-harvest) along with

the spatial co-ordinates of the monitoring wells for the years 1996-2006.

We matched the groundwater data spatially to the election jurisdictions (constituen-

cies) of India.19 There were 4 elections in this period in the years 1995, 1998, 1999, and

2004.20 Comprehensive constituency-level data on the winning political representatives

including their party affiliation, gender, caste, margins of winning, and total votes cast

are publicly available for each of the 4 elections in this period from the Election Commis-

sion of India. The elections data is maintained in the “Statistical Report on the General

Election to the Lok Sabha.”

According to the Election Commission of India, a political party is considered to be

a national party if it is recognized by the Election Commission in more than 4 states

in the country. 21 If it is recognized in 4 or less, it is considered a state or a regional

party. Appendix Table A1 provides a list of various parties that contested the 1998,

1999, and 2004 elections, along with their classification as national and state/regional

parties. More regional parties contested elections than national parties in each of these

elections.

In analyzing the electricity reforms, we focus on the 2004 election. The first wave of

the electricity reforms was put into effect in June of 2003. However, various provisions of

the act were being reviewed by the implementing agencies for making recommendations

so that the act could be amended adequately. The amended act’s provisions were put

into effect in January 2004 which was an election year, and the elections were held in

April and May. 22

In the differences-in-differences analysis, the data are restricted to parliamentary

constituencies with national incumbent and national winner candidates in 2004 elections

19A krigging algorithm was used to obtain constituency level data from the monitoring wells data.
20The constituency boundaries were redrawn in 2008 before the 2009 election year. Hence, we restrict

the analysis to elections before 2009.
21 The criterion for recognition can be found at http://eci.gov.in/eci main/faq/RegisterationPoliticalParties.asp
22The new regime’s budgetary provisions would be effective in the next financial year cycle. Hence,

if these reforms have any effect, it is likely to be detected in 2005 or beyond.
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(N-N type), and regional incumbent and regional winners in 2004 elections (R-R). This

helps us to hold constant the incentives of the parties and look at how they interplay

with the regulatory regime before and after the reform. By not using constituencies that

swtich from regional to national representation or vice versa, we focus the DID analysis

on seats where the party type of the winner is less likely to be influenced by the electricity

reform or by movements in groundwater over time. Hereafter, we call this sample the

DID sample.

In a second approach, we examine close elections. The sample used for this analysis

is not conditioned on the type of incumbent in the 2004 elections. We restrict this

sample to elections where the share of votes of a regional party candidate is between 45

percentage points and 55 percentage points. The hope is that as the winning or losing

margin of regional party candidates gets closer and closer to zero, the outcome of the

election is driven mostly by chance, rather than other factors that affect water usage.

We refer to this sample as the RD sample.

We use Global Agro-ecological Assessment for Agriculture in the 21st Century spatial

raster data to determine the suitability indices for water intensive crops for India. This

data set is jointly produced by the Food and Agriculture Organization and the Interna-

tional Institute for Applied Systems Analysis.23 The geo-spatial data provides suitability

indices for cultivation in geographical locations for various crops based on climate, soil

and terrain conditions. These indices are available for 2.2 million grid cells spanning

the entire globe, and we extracted the grids for India using spatial data for constituency

boundaries. Each grid-cell is 0.5 degree by 0.5 degree (approximately 34.8 miles by 34.8

miles), and we assigned an index for several crops, which takes integral values between

1 and 9. An index of one implies the grid is most suitable and an index of 8 implies

it is least suitable for producing a specific crop given the climatic and other condition.

Water bodies are assigned an index of 9. We extracted the suitability indices for rice

and sugarcane as these are the major water intensive crops of India. Subsequently, we

generate several measures of central tendencies (average and mode) for the indices of

these two crops at the level of parliamentary constituencies using spatial tools. We use

23The data can be found at http://www.iiasa.ac.at/Research/LUC/SAEZ/index.html
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these data to evaluate if the results vary by suitability index for these crops.

Our analysis uses basic controls for weather. Constituency-level average annual rain-

fall and temperature values are interpolated from the University of Delaware 0.5 degree

resolution data for India.24

The annual data for visible lights that emanate from Earth at night, called “night

lights,” are available through the National Geophysical Data Centre (NGDC). U.S. Air

Force weather satellites capture daily images of every location on Earth between 20:30

and 22:00 hours local time. An average yearly composite of these images per satellite,

excluding those that might be compromised due to forest fires, gaslights, cloud coverage

and other disturbances, forms the satellite-year average stable lights data set. A data

point measures the intensity of the night lights in a grid of length 30 arc seconds (ap-

proximately 0.86 square kilometres at the equator); this intensity is reported by a digital

number between 0 and 63, with the former detecting no light and the latter capturing

the greatest intensity. We use the average stable night lights from India between the

years 1996 to 2006. During this period three different satellites acquired the images of

nighttime lights. Since variation in luminosity could arise when switching to a newer

satellite due to aging, technological improvements and so forth, the data is calibrated

according to the specification in Elvidge et al (2009). The data was then re-projected

to equal area to remove the distortion due to the curvature of the earth. The average

luminosity was then aggregated over the parliamentary constituencies by year to get the

annual mean luminosity per year per constituency.

Finally, for household data on electricity usage, we use two waves of the India Human

Development Survey conducted by the National Council for Applied Economic Research

(NCAER). The first wave was conducted in 1993-94 and was called the Human Devel-

opment Profile of India (HDPI). The second wave was in 2005 (called the India Human

Development Survey (IHDS)). A subset of the 1993-94 districts were revisited in 2005.

Tables 1 through 4 provide summary statistics. Table 1 shows the annual mean and

standard deviation for depth to groundwater from 1996 to 2006. We see an uptick in

the depth over time. It was 6.4 mbgl in 1996 and increased to 7.5 in 2006, meaning that

24Available at http://climate.geog.udel.edu/c̃limate/html pages/archive.html
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groundwater become more scarce over time. Naturally, this masks regional heterogeneity

in the decline. Table 2 provides summary statistics by regime types of constituencies.

Out of a total of 389 constituencies in the DID sample, 295 constituencies had national

regimes pre and post 2004 elections and 94 had regional regimes. The geographical

characteristics like rainfall and temperature were very similar across these types. The

constituencies with national incumbents and winners (N-N) were larger in area on the

average relative to R-R constituencies, but they had the same proportions of male winner

candidates. Total votes cast were marginally higher in R-R type constituencies. The

average groundwater level in R-R type was 5.31 meters below ground level (mbgl) in

2000 and 5.74 in 2006. On the other hand, in the N-N type, groundwater level went

from 7.67 mbgl to 8.71 mbgl.

Table 3 shows a break up of various types of constituencies across the election year

2004. There were 295 constituencies that had a national party incumbent and a national

party winner in 2004. Note that this still allows for changes in party identity. For

example, if a constituency switched from having a candidate from BJP to INC, it is

counted in this group. There were 94 constituencies that stayed regional (R-R type).

The remaining constituencies switched from N to R (71) or from R to N (64). Again,

we exclude these from the DID sample but include these in the RD sample.

Figure 2 plots the raw depth to groundwater data by N-N and R-R constituency

type for the years 2000 to 2006. The notable features are that: (1) there is a clear level

difference - depth to groundwater is higher in N-N type constituencies; and (2) Prior to

2003-2004, the depths are changing in similar ways across regime types, but post- 2004

depths in N-N type constituencies are increasing at a higher rate than in R-R types.

5 Empirical Analysis

In this section, we describe our empirical tests of each implication of the model. Each

sub-section below is associated with one implication.
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5.1 Testing Proposition 2

Proposition 2 of the model predicts that if all else is held equal, then post-reform, we

should observe a relatively smaller increase in groundwater levels in regional regimes as

compared to national regimes. We test this implication using a basic DID approach, a

generalized DID approach, and a RD approach, laid out in separate sub-sections below.

5.1.1 DID Approach

Here, we compare trends in the depth to groundwater in the constituencies that had re-

gional regimes in the elections before the Electricity Act of 2003(i.e in the 1999 elections)

and stayed regional in 2004 elections (R-R), to those that were under national regimes

in the same time period (N-N). There is an important advantage to using only national

regimes and regional regimes, and exclusing constituencies that switched representation

from national to regional or vice versa. Constituencies that switched representation may

have experienced large unobservable shifts in parameters related to water usage, or may

have switched representation due to the reform itself. Either possibility makes the effects

associated with switching from regional to national or vice versa hard to interpret. Of

course, one way of addressing this is to look at extremely close elections, where the iden-

tify of the winner is likely to be effectively random. We pursue this alternative estimation

strategy in the following sub-section, to complement our DID analysis here.

To operationalize this comparison, we estimate a year-by-year differences-in-differences

model for a sample restricted to years 2000 to 2006. This model is specified as:

Yit = α0 + α1 RRi + κt +
2006∑
l=2001

(RRi. dl) δl + α2 Xit + εit (1)

where Yit is the depth to groundwater in constituency i and year t, RRi is an indicator

that is equal to 1 if the constituency is a R-R regime, vector Xit includes time-varying

constituency level controls, and εit is an error term.25. Finally, dl are the year indicators,

κt are year fixed effects, and the coefficients δl give the differential year-by-year changes

of the R-R regime relative to N-N regimes. We exclude year 2000 and its interactions as

25In estimation, we cluster the errors at the constituency level
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the reference year.

Our theoretical model can help us interpret this descriptive DID regression and un-

derstand potential issues in interpretation. Proposition 2 carries implications for the gap

in water promises between regional candidates and national candidates. The empirical

challenge is that we do not observe the promises of candidates who lose. Therefore, the

DID regression effectively uses winning candidates from another constituency (but the

same party type) as a control for the losing candidate. The model makes clear that a

losing regional candidate, for example, may be running in a constituency with very dif-

ferent characteristics from a winning regional candidate (e.g., different β and different γ,

which index the marginal product of water in the constituency and the ideology/identity

preferences of the constituency, respectively).

Our basic DID regression deals with this challenge by controlling for a range of

constituency characteristics in Xit. From the model, it is clear that any unobserved

factors that affect groundwater depth may also affect the probability of a R-R regime

emerging. Such unobserved factors could include β or γ from the model. However, as

long as these factors are fixed over time, they will be captured in the R-R main effect

and not in the R-R/Year interaction terms. Nevertheless, a remaining concern about

the validity of this approach might be that the depth to groundwater could be evolving

differently in the constituencies under national versus regional regimes, and these trends

across the reform period drive the results. Based on the model, one such possibility is

the realization of the uncertain γ at the time of election. For instance, perhaps some

constituencies remained R-R regimes (instead of transitioning to R-N, or instead of being

N-N) and reduced water consumption because β was on a long downward trend over time.

We explore this possibility and show that trends in groundwater levels in the pre-periods

are no different across these regime types.

The results from estimation of (1) are reported in Figure 3 and Appendix Table A2.

After the reform, the groundwater level in regional regimes relative to national regimes

is closer to the surface, implying it groundwater declines less in regional regimes. Time-

varying characteristics of the constituencies could be potential confounders (e.g., larger

constituencies could be evolving differently than smaller ones). Therefore, we control for
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geographical variables such as annual average rainfall and temperature, as well as other

controls including area, total votes cast, and gender of the winning candidate interacted

with year indicators. We report the estimates in column (ii). In column (iii), we also

control for winning party fixed effects to confirm that the results are not driven by specific

party identities (e.g. INC versus BJP).

As note above, the identifying assumption in the differences-in-differences estimates

is that in the absence of the reform, the trends in water levels in constituencies with

regional candidates would be similar to those constituencies with national candidates.

Figure 1 shows the trends in water levels before and after elections following the electricity

reforms. These look very similar prior to the post-reform election. To address this more

formally, we control for changes in groundwater levels in the pre-periods, and report the

results in column (iv).

All these specifications indicate that prior to the reforms, the depth to groundwater

was similar in both type of regimes. By 2005, depth to groundwater in the regional

constituencies is closer to the surface than in national ones. This difference becomes

more pronounced and statistically significant at the 1 percent significance level in 2006.

This indicates a 1 meter difference in decline which is about 1/7th of a standard deviation.

We represent these coefficients and the confidence intervals graphically in Figure 2.

5.1.2 Generalized DID with Matching

Following Heckman et al (1998b), as an alternative approach to the basic DID we use a

generalized DID matching estimator that combines matching methods and fixed effects

approaches in panel data. This estimator conditions on the fixed-effects, and hence,

identifies the parameter of interest without ruling out selection into treatment on the

basis of time-invariant unobservables.

That is, we match constituencies on pre-reform characteristics and then carry out a

DID estimation on this sample. The first concern addressed by this approach is that there

might be no comparable regional constituencies in terms of pre-reform characteristics to

national ones, and vice versa. Using a common support in the distribution of observables

will address this concern. The second concern might be that there are differences in the
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distributions of X across the two groups. Re-weighting the national regime observations

within the common support can address this concern.

Specifically, first we estimate propensity scores using a probit model to predict the

probability that a constituency with a regional incumbent stays regional in the 2004

elections as a function of pre election characteristics. Unfortunately, most of India’s

demographic and economic data is only available for districts, not constituencies.26 Thus

our approach uses the data we have for constituencies - namely, area, total voters in

the constituency, average rainfall and temperature in 1999 and 2000, and change in

groundwater level between 1999 and 2000, to predict the propensity scores. Then we

restrict the sample to the common support of the propensity scores. We exclude all

constituencies whose propensity scores are less than the maximum of the first percentile

of the propensity score distributions PS(x) of regional and national constituencies, and

also exclude all constituencies whose propensity score is greater than the minimum of

the 99th percentile of these distributions. The difference-in-differences is estimated on

the constituencies that lie on this common support.

A kernel density weighting procedure is used to estimate the generalized DID match-

ing estimator.27 Restricting to the common support, the counterfactual outcome for

regional constituency i using the kernel matching estimator is given by a weighted av-

erage of the entire national regime sample with C observations. The weight for each

national constituency is given by:

W (i, NN) =
K(PS(x)i − PS(x)NN)∑C

NN=1 K(PS(x)i − PS(x)NN)
(2)

where K(.) is the gaussian kernel function. For any t ≥ s, the before and after

difference in groundwater level is given by:

Y1,i,t −
S−1∑
j=1

W (i, NN)Y0,i,j (3)

Thus, the difference-in-difference estimator with the national constituencies as com-

26Constituencies are not fully contained in the districts and cannot be necessarily overlaid on district
boundaries.

27 Heckman et al (1997) provide the details.
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parison group ĩ is :

∏
it

= [Y1,i,t −
S−1∑
j=1

W (i, NN)Y0,i,j]− [Y1,̃i,t −
S−1∑
j=1

W (̃i, NN)Y0,̃i,j] (4)

where Y0,̃i is the counterfactual outcome given the kernel matching weighting procedure.

This transformation makes the national regime group conformable with the regional

regimes (at least on observables). The last step is to estimate the average treatment

effect as the sample average of
∏

it over all regional constituencies. We bootstrap the

standard errors.

The results of the generalized differences-in-differences estimation described in equa-

tion (4) are reported in Table 5. The coefficient is -0.8, and is statistically significant at 1

percent. Column (i) reports the results without the covariates and we include covariates

in column (ii). Across both these specifications, we see smaller decline across the reform

period in the R-R regimes. The coefficient is negative and statistically significant at 5

percent in both these specifications. These coefficients are around 1/7th of a standard

deviation. The results are consistent with the basic DID approach.

5.1.3 RD Approach

To alleviate remaining concerns that our results might be driven by time-varying differ-

ences across N-N and R-R constituencies (such as water demand), we examine changes

in depth to groundwater in elections that are barely won and lost. Following the litera-

ture, we examine close elections using a regression discontinuity design. Since we cannot

observe the same constituency in a close election under both regional and national candi-

date, we compare the constituencies where a regional candidate wins by a narrow margin

(defeating a national candidate) to places where a national candidate wins by the same

margin (defeating a regional candidate).

We carry out the RD analysis for every year between 1996 to 2006. Figures 4 and 5

show the results graphically. These figures plot the local means of depth to groundwater

in narrow intervals of winning margins. Figure 4 shows the panels from 1996 to 2001,

while Figure 5 shows local means from 2002 to 2006. The 95% confidence intervals appear
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in these figures as well. In these figures, we discern no difference in depth at the cutoff

of 0 from 1996 to 2003 prior to the reform. But in 2004, we observe a clear difference

emerging in the depth to groundwater due to an upward shift in the constituencies with

national winners.

We show the magnitudes and standard errors for this exercise from a non-parametric

analysis in Table 8. We use a triangular kernel and an optimal bandwidth proposed by

Imbens and Kalyanaraman (2009).28 Column (i) reports the results without covariates

and we include the covariates in column (ii). We see the same pattern in both these

specifications. The RD estimate is close to 0 before 2004. There is a very sharp change

in 2004. In column (i), we observe a shift of 2.6 m significant at 10 percent. In column

(ii), the magnitude is very similar at 2.75 m but is more precisely estimated as we

control for co-variates. The estimate is now significant at 5 percent. We observe similar

magnitudes in 2005 but less precisely estimated. When we control for covariates, the

effect is significant at 10 percent.

To better understand the size of this estimated effect, we can examine the range of

annual groundwater declines in India. The Central Groundwater Board of India issues

annual maps of changes in depth to groundwater. A fairly significant part of the country

experienced declines of 2 m or more as per the 2011 report.29 Hence, a decline in depth

of 2.75 m in one year (2004) is plausible. This is equivalent to around 0.4 of a standard

deviation and is economically significant.

One concern with this close elections analysis might be that some other covariate has

a sharp change in the close elections, and that drives the results. We test whether the

covariates that we observe are smooth around the 0 margin of win. Appendix Figure

A3 plots the regression functions from a local polynomial regression of the gender of

the candidate, area, total votes, rainfall and temperature on the winning margin. Panel

A shows these for 2002 (pre reforms) and Panel B shows these for 2006 (post reforms).

These are well balanced. These remain smooth for all the years in the sample. The other

28The triangular kernel has better boundary properties. The IK bandwidth minimizes the root mean
square.

29These maps are available at: http://cgwb.gov.in/documents/Ground%20Water%20Year%20Book%20-
%202011-12.pdf
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figures are available on request but are not shown in the interest of brevity.

A serious concern with this empirical strategy is that there is a change in the type

of constituencies that end up in close elections. For example, post-2003 changes in the

depth could emerge for two reasons. One is that groundwater depletes less in regional

constituencies. This is the effect we are most interested in isolating. Second, there could

be a change in closely contested constituencies with national winners such that more

constituencies with higher depth to groundwater become closely contested relative to

pre-reform years. We refer to this latter effect as a “composition effect”.

Accordingly, we examine whether there are compositional shifts by evaluating the

difference in depth to groundwater for 2002 (pre-reform year) for constituencies that are

closely contested in 2004. If this result is driven by a compositional shift such that very

high depth constituencies have become close elections in 2004, we should see a similarly

large gap for these specific constituencies in 2002 groundwater depth as well. We examine

this in Figures 6 and 7. These figures show the 2002 differences in depth to groundwater

for constituencies that are closely contested in 2004. Figure 6 shows a difference in means

and Figure 7 uses a second order polynomial fit for evaluating the regression function on

either side. The confidence intervals are also mapped. These figures clearly show that

the depth in 2002 for these constituencies is very similar and there is no large negative

pre-existing difference.

5.2 Testing Proposition 3

In this sub-section, we examine the heterogeneity of the DID estimates from above along

two dimensions described in the model. We begin by testing Proposition 3A and then

test Proposition 3B.

5.2.1 Proposition 3A

Proposition 3A states that, post reform, we should observe a smaller increase in the gap

of water promises between national and regional candidates in places where the marginal

cost of water provision to the candidates is higher. As described above, the water promise
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of the losing candidate is not observable, but changes in other constituencies with winning

candidates of the same party type may serve as a valid counterfactual to test the model.

If this is the case, then after the reform we should see a smaller change in the gap in

groundwater depth between N-N and R-R constituencies when groundwater is at greater

depth.

To test this implication, we interact the main effect with the 2000 groundwater depth.

The results from a fully interacted model are reported in Table 7. In column (i), we report

the results from a simple triple interaction model. Column (ii) controls for geography

and other controls, column (iii) controls for winning party fixed effects and winning mar-

gin. Column (iv) shows a specification controlling for pre-baseline changes in depth to

groundwater. The main effect is negative and statistically insignificant until 2004. In

2004, it increases three-fold and becomes highly statistically significant at 1 percent level.

The effect remains negative and significant for 2005 and 2006. The interaction of this

main effect with 2000 depth to groundwater is positive, small and statistically insignif-

icant until 2004. In 2004, this doubles in magnitude to 0.3 and is highly statistically

significant at 1 percent. This continues to be the case in 2005.

Therefore, the main negative effect is muted at higher depths, and only in the post-

reform years. These findings are remarkably consistent with our prediction.

5.2.2 Proposition 3B

Proposition 3B indicates that, post reform, we should observe a larger increase in the gap

of water promises between national and regional candidates in places where the marginal

product of water β is higher. The marginal product of water will be higher in areas that

are suitable for growing water-intensive crops, conditional on precipitation.30 Subject to

the same caveat from above, this implies that after the reform, we should see a larger

change in the gap in groundwater depth between N-N and R-R constituencies where rice

and sugarcane (the two most water-intensive crops common in India) are most likely to

be grown.

30If we were not controlling for precipitation, then this statement would not be true. In this case, the
places growing water-intensive crops may be places that obtain high levels of precipitation and conse-
quently do not need much groundwater irrigation (i.e., have low β, or marginal product of groundwater).
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In order to evaluate this, we extract the suitability index for each point on the grid

in India for rice as described in the Data Section. Appendix Figure A2 shows the spatial

variation in the distribution of this index over India. We find the mode of the indexes

associated with the grid points within each constituency. This gives us a measure of

the overall area that is suitable within a constituency for cultivating rice or sugarcane.

The index value 1 indicates most suitable and 8 indicates least suitable. Since a one

unit change in this index does not have a clear meaning – unlike a one meter change

in groundwater depth, as in the previous sub-section – we create a dummy variable

breaking up constituencies into suitable versus unsuitable. Specifically, we categorize

the constituencies for which the mode takes values 1, 2, 3 and 4 as suitable, and the ones

for which mode takes value 5, 6, 7, and 8 as unsuitable.

We report the results of the differences-in-differences model for these categories in

Table 6. Panel A reports the results for constituencies with larger areas suitable for

growing rice, and Panel B shows the results for constituencies with larger areas unsuitable

for growing rice. Results are similar for sugarcane and have not been shown here for

the sake of brevity. We find that the results in Panel A are twice as large as those in

Panel B. The larger the area suitable for growing water-intensive crops, the larger is the

resulting water saving in R-R regimes relative to N-N regimes after the reform.

5.3 Testing Proposition 4

Proposition 4 predicts that both parties will promise more water in close elections. The

intuition is that when the regional parties have a high chance of winning because of

ideology, the national candidates are not likely to compete aggressively in such seats.

Consequently, their water promises will be lower, and hence regional parties’ promises

will be lower too. Similarly, in constituencies where ideology is not important relative

to water, regional candidates will leave national candidates to win the seats unhindered.

However, in constituencies with no clear advantage for either type of party, such as ones

with close elections, water promises will be high.

To examine this prediction, we turn again to Figures 4 and 5, which show the ground-

water depth by year plotted against the margin of victory (or loss) of the regional can-
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didate. A notable feature of these panels is that the depth to groundwater in the tails is

flat and comparable in either side, whereas close elections on either side of the disconti-

nuity correspond to deeper groundwater depth. In other words, we observe an inverted-U

shape in these panels irrespective of the period. This is remarkably consistent with what

our model predicts.

6 Additional Evidence on Mechanisms

In this section, we present evidence on several aspects of the mechanisms highlighted in

the model.

6.1 Night Lights

In the model, one key factor that underlies the differences in the depth to groundwater

that emerge in 2004 is differential electricity provision by national and regional candi-

dates. If this is the case, then we should expect to see similar patterns for electricity

transmission. Unfortunately, we do not have data on the amount of electricity transmit-

ted to each constituency. In the absence of such data, we use average luminosity (night

lights) data as a very crude proxy for electricity diversion.

We conduct the same non-parametric RD analysis as Table 8, but now for average

luminosity in the constituency. The results are reported in Table 9. Before 2004, the

RD estimate is small and positive. It switches sign in 2004 with a five-fold increase

in magnitude when we include co-variates as controls. The coefficients are statistically

significant at 5 percent. These patterns are remarkably consistent with the depth to

groundwater patterns in Table 8.

Although we cannot rule out the possibility of an income effect (from increased

groundwater availability) generating these patterns, the timing of the electricity response

– emerging immediately after the reform – suggests that at least part of this variation

reflects electricity diversion.31

31We also perform this RD exercise using a log specification. For values of average luminosity less
than or equal to 0 (less than 0.5 percent observations), we add 1 to the measure before we transform
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6.2 Household Electricity Use

The problem with the night lights analysis is that average luminosity indicates the use

of light for residential and industrial purposes. While this is a sound proxy for economic

growth in urban and peri-urban areas, it may be less informative about the availability

of electricity for irrigation in rural areas. Given this challenge, we turn to household

survey data from the India Human Development Survey.

One challenge we face is that household data at the level of constituencies is not avail-

able. Thus, we use district-level household data to examine the provision of electricity

to households. Parliamentary constituencies are not fully nested in districts, and con-

stituency and district boundaries do not overlap. We restrict our sample to the districts

such that either constituencies overlap with districts or two or more constituencies are

completely nested in districts and all of them have the same type of party in power (ei-

ther all are regional or national). We drop districts that split over time. We matched the

election outcomes from the 1991 and 2004 elections to these districts to create a panel.

This leaves us with 109 districts out of 583 districts in India. Given this limitation, our

household-level evidence should be construed as suggestive, but not conclusive.

Both waves of the household data asked households about whether or not they have

electricity connections. We construct a binary indicator that takes value 1 if the house-

hold has a connection and 0 otherwise. This captures the extensive margin of electricity.

The intensive margin is more difficult to capture. Wave I asked the households a categor-

ical question on regularity of supply with three categories- regular, power cuts 2-3 times

a week, and power cuts more than 3 times a week. However, wave II asks the number

of hours the household gets electricity. To homogenize these variables, we followed the

following procedure. We constructed a binary variable which took value 1 if the supply

was regular and 0 otherwise for wave I. We aggregated this to the district using district

means. We then generated a binary variable- regular- which took value 1 if the district

mean was higher than the median in the distribution. In wave II, our binary variable

for regular electricity takes value 1 if the average number of hours electricity supplied in

the data. Qualitatively, the results are very similar and are actually more precisely estimated. Results
are available on request.
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the district is higher than the median in the distribution.

We show evidence on both the extensive margin and the intensive margin in Appendix

Tables 7 and 8. Appendix Table 7 reports the DID estimates of having a regional

winner in the post year on having an electricity connection. In column (i), we report

the DID estimate. In column (ii), we control for total number of households, fraction

of scheduled caste population, and fraction of working population from the Population

Census of India interacted with the post indicator. We control for whether the district

has any constituencies reserved for scheduled castes in column (iii) and we also control for

aggregation of constituencies in districts in column (iv). We get very robust results across

these specifications. The coefficient on the interaction term is -0.18 and is significant at

the 5 percent level. This implies that many fewer households (18 percentage points)

in the congruencies won by regional party candidates post reform have an electricity

connection, relative to the national party congruencies.

We also evaluate the effect on regularity of power supply in Appendix Table 8. We

follow the same specifications as for the extensive margin. The results indicate that

many fewer households (32 percentage points) have regular power supply post elections

in congruencies won by regional candidates, relative to national candidates. However,

this effect is marginally significant, at only the 10 percent significance level.

6.3 Voting Behavior

Voting decisions are an important part of the model, and we present evidence on voting

here. According to the model, the reform made it easier for national candidates to make

large water promises and thereby outbid regional candidats. All else equal, this would

allow national candidates to win more seats in 2004 than in 1999. If the model is correct,

some other factor such as ideology/identity preferences must have changed to ensure that

a stable 30-31 percent of seats are won by regional candidates in both pre- and post-

reform elections. This is difficult to test directly. However, if winning a seat that is

reserved for Scheduled Castes is more likely for a party with an ideological/identity

advantage, we can present indirect evidence on this point. In 1999, of 81 total seats

reserved for SCs, 55% were won by regional party candidates. This is notably higher
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than regional party candidates’ win percentage in non-reserved seats. In 2004, of 81

total reserved seats, 70% were won by regional candidates. This is consistent with an

increased ideology advantage.32

The model also suggests that citizens who rely more on water will tend to vote

more frequently for national candidates. Using the National Election Survey (NES), we

can examine voting patterns to investigate whether people engaged in agriculture are

voting for a particular type of candidate. The NES data provides the occupation of

the respondent and who he or she voted for. There are a total of 27,189 respondents

in the survey. Of these, 18,774 are employed. The occupation categorization has fine

details. 33 Among those who work, we use the details in the occupation categories to

construct an indicator which takes value 1 if the individual is employed in agriculture

and 0 otherwise. We also construct an indicator which takes value 1 if the individual

is a cultivator (tenant or owner) and 0 otherwise. In all, 52.17 percent of the sample is

employed in agriculture and 31.33 percent of those employed cultivate land.

We focus on the 2004 elections and report the voting patterns by occupation. Specif-

ically, we examine whether an individual votes for the national candidate and whether

the winner in the respondent’s constituency is a national candidate in Tables 10 and 11,

respectively. We control for the total electors in a constituency in every regression. In

column (i) of Table 10, the negative coefficient of -0.015 shows that in the full sample,

people employed in agriculture are less likely to vote for the national candidate. How-

ever, column (ii) indicates that those cultivating land are more likely to vote for national

candidates. Both the coefficients are significant at 5 percent.

Next, we restrict the sample to closely contested elections and control for the margin

of victory in columns (iii) and (iv). In this case, we find no difference in the likelihood of

those employed in agriculture to vote for national candidates. The coefficient in column

(iii) is 0.007 and insignificant. But the cultivators are still more likely to have voted

for the national candidates. The coefficient for cultivators is now 2.75 times larger in

magnitude and significant at 1 percent.

32If we examine the 55 constituencies that were reserved in both 1999 and 2004, the changes are less
stark: the regional win percentage increased from 68% to 71% in these seats from 1999 to 2004.

33The data classify occupations into 96 categories.
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We get the same patterns if we change the dependent variable to whether a national

candidate won or not. The results are reported in Table 11.

These results are consistent with our theory. The fact that in close elections we do

not find any difference in voting patterns of those employed in agriculture versus those

who are not, but systematic differences in the voting patterns of cultivators indicates

that voters in agriculture who value groundwater are being catered to by the national

candidates. Foster and Sekhri (2008) and Anderson (2011) show that cultivators can

directly and indirectly benefit from groundwater provision. Large land owners are more

likely to invest in wells and smaller land owners are more likely to buy ground water

to irrigate. It is striking that the cultivators are more likely to vote for the national

candidates, who we assume can deliver higher volumes of water. Given that 92 percent

of the groundwater extracted is used for irrigation (Jha and Sinha, 2009), these voting

patterns support our previous findings and our theory.

7 Alternative Explanations

In this section, we explore several alternative explanations for our results. We provide

evidence that these explanations are not likely to hold true.

7.1 Differential Demand

One alternate hypothesis might be that the N-N type of constituencies have higher

and more inelastic demand for groundwater, and the regulation makes electricity more

expensive. This can result in the DID results we observe. Given the assumption that

national party candidates have a greater incentive to make high water promises, and

given the voting results above, it is clearly possible that national regimes are places with

high and inelastic demand. This interpretation of the regulatory reform would suggest

that the regulator was in fact successful.

Nevertheless, this hypothesis will not be able to explain the patterns we observe

in close elections. We detect an RD effect both in groundwater depth and in average

luminosity emerging in 2004, and within close elections, demand should be more similar
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across constituencies. In addition, the inverted U-shaped patterns in groundwater depth

around the threshold for winning an election support our model, but are not explained

by this alternate explanation.

7.2 Electoral Cycles

One major concern is that the reform occurred near an election year, suggesting that

perhaps the effects we see are due to the election, rather than the reform. In order to

ensure that the results are driven by the reform and not the electoral cycle, we re-estimate

(1), but now on a sample with years 1997 to 1999. Prior to 1999, there were 2 elections,

one in 1996 and the other in 1998. We compare the constituencies with regional regimes

pre and post the 1998 elections to those that had national regimes. Since the electricity

sector reforms took place in 2003 and 2004, we should not expect an effect of the regional

regimes after the 1998 elections.

The results are reported in Appendix Table A3. Column (i) reports the simple

differences-in-differences estimate. We control for co-variates in column (ii), and winning

party fixed effects in column (iii). The coefficients are statistically insignificant across all

these specifications. We do not find an effect of the regional regime post 1998 elections.

In addition, in Figures 3 and 4, we observe no changes in depth to groundwater in years

leading up to elections prior to the reform. However, we observe the change in depth

only in the post-reform elections, indicating that election cycles are not driving these

results. This suggests that our results are not driven by electoral cycles.

7.3 Political Affiliation of State Governments

Another concern might be that the state government may facilitate MPs’ effort to acquire

more electricity. The state government may be able to influence bureaucrats by various

means, such as threats of transfers or withholding promotions, in order to collude with

the MP. If the MP is of the same party as the state government, this may be more likely.

In this case, it is possible that the national party-regional party distinction is picking

up differences in party control of state governments, rather than differences in career
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concerns. Indeed, many state governments are led by national parties.

We test this hypothesis using state assembly election outcomes data from 2002 (prior

to the reforms) and 2005 (post reforms). While national elections are held in the country

at almost the same time, the timing of the state assembly elections vary. Therefore, we

constructed which party formed the government in each of the states in 2002 and 2005.

Then we conducted two types of tests.

In our first test, we restricted the sample to the constituencies where either the party

of the MP who won the 2004 national assembly election was in the state government

in both years, or neither year. We excluded the switches. We then checked if being an

MP of the party that is in the state government provided an advantage. The results are

reported in columns (i) through (iii) of the Appendix Table A4. Column (i) shows the

DID coefficients. We sequentially add geographical and other controls described before

in columns(ii) and column (iii). The interaction is statistically insignificantly different

from zero in all the specifications.

In our second test, we hold constant the constituency characteristics and examine

within-constituency changes in whether the party of the MP forms the government or

not using constituency fixed effects. We do not impose any restrictions; we use a full

sample. The switches may be endogenous with respect to water depths. But our concern

is whether MPs whose party forms the state government after the reform benefit from

this, holding constant the characteristics of the constituency. The results are reported

in Column (iv). We do not see any evidence of such benefits from the state governments

of an MP’s own party. The coefficient is negative but statistically indistinguishable from

0.

7.4 Differences Among National Parties

Importantly, the BJP formed the majority coalition at the national level until 2004, and

the INC formed the majority coalition afterwards. One concern might be that the INC

typically extracts relatively more water compared to the BJP, and the change in the

fraction of national party politicians who are from the INC is accounting for the DID

effects (rather than the reform).
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We have already accounted for party identities in the analysis conducted so far by

including party fixed effects. To address any persisting concern that switches from one

national to another national party might make a difference, we re-estimate a DID model

in which we interact every change in party within the N-N constituencies with the post

indicator, instead of the R-R indicator. The excluded group is the R-R constituencies.

The results are reported in Appendix Table A5. All of these interactions are positive

and significant irrespective of the specification used, and there is no clear difference in

the magnitude of estimates for the INC versus the BJP.

7.5 Higher Discounting by National Candidates due to Ease of

Mobility

One possible alternative explanation of our results might be that regional party candi-

dates are restricted to contesting elections from a region, whereas national party candi-

dates are more mobile and can contest elections from different states and constituencies

therein. Consequently, regional party candidates have stronger incentives to internalize

inter-temporal externalities, and thus they tend to conserve groundwater.

Two facts indicate that this is not the case. First, in Figures 4 and 5, we saw that

before the reforms, the depth to groundwater in closely contested constituencies with

regional and national winners was similar, but a wedge emerged after the reform. This

finding cannot be explained by this alternate hypothesis. Second, a very small fraction of

national and regional candidates actually contest elections from different constituencies

over time, and the proportion is no different for regional and national candidates. Using

the history of the winners in elections since 1996, in Appendix Table A6, we examine

how many national and regional candidates change constituencies. Only 4.52 percent of

national winners and 5.45 percent of regional winners change constituencies over time

(columns (iv) and (v)). Thus, if anything, regional candidates are more likely to change

constituencies, though this difference is not statistically significant.

The number of times that elections have been contested by the candidate does affect

the likelihood of changing constituencies. Among those who have contested elections 2
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times, national candidates are more likely to change constituencies, but this difference

is small and not statistically significant. However, among those who have contested

elections 4 times, regional candidates are more likely to switch constituencies. The

difference is statistically significant at 10 percent. This pattern goes in the opposite

direction and contradicts this alternate hypothesis.

Moreover, in columns (vii) and (viii), we show that the likelihood to switch con-

stituencies across states is near 0 for both types of candidates and does not change with

the number of elections contested. Given this evidence, we find this alternate explanation

unpersuasive.

8 Efficiency

Understanding whether an allocation of natural resources is efficient is difficult in many

contexts. Any given allocation could be justified as efficient by assuming a particular

profile of marginal productivities of the resource across space (e.g. TFP or cost differences

across constituencies) and time (e.g, through choices of discount rates), where some

component of these marginal productivities are unobservable and not controlled for.

For similar reasons, without estimating a structural model, it is difficult to determine

whether one allocation yields greater social welfare than another.

While we cannot use our results to say whether the imposition of regulation through

the Electricity Act of 2003 increased social welfare, our results do suggest that the

regulator did not produce an efficient allocation. Consistent with our theoretical model

of elections and groundwater extraction, we find that the reforms result in groundwater

conservation in jurisdictions that elect legislators who have lower stakes career concerns.

In an efficient allocation, subject to some conditions, the party identity of the legislative

representative should not matter for the extraction of groundwater. Therefore, our results

suggest the resulting allocation was not efficient.

However, we should be careful to specify the key conditions underlying this line

of reasoning. First, it must be the case that national candidates do not bring inputs

to the constituency that are complementary with water. If they do, then it may be
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efficient for national party constituencies to receive greater electricity and greater water.

Second, it must be the case that the constituencies electing national party candidates do

not have greater preference for water than constituencies electing regional candidates.

Unfortunately, our model explicitly suggests that constituencies where national parties

win will have greater preferences for water on average.

Fortunately, though, our RD results can help. In close elections, the identity of the

winning party is driven in large part by chance. Two situations can hold when comparing

constituencies in which a regional party barely wins to constituencies where a national

party barely wins: Either the regional winner on one side of the cutoff has a large ideology

advantage that is balanced off with a large need for water on the national winner’s side

of the cutoff; or both constituencies are similar on both ideology and need for water. If

the first situation holds, then it may be efficient for the regulator to distort the allocation

of electricity so that national party MPs end up with more electricity and water. If the

second situation holds, then this is not efficient.

Figures 4 and 5 suggest that the first situation does not hold: Prior to the reform,

there is no discernible difference in water levels – and therefore, presumably, in water

demand – between narrow regional winners and narrow national winners. However, after

the reform, a gap does emerge. This suggests that the regulator is producing differential

allocations across the national/regional dimension in constituencies that are generally

alike. Moreover, given the lack of a national/regional difference prior to the reform, it

does not seem that national parties persistently bring inputs that are complementary to

electricity and water to their constituencies.

For these reasons, the evidence strongly suggests that the Electricity Act of 2003 did

not lead to an efficient allocation. And, if our model is persuasive, the act may have

actually exacerbated the distortions involved in politically-driven allocations.

9 Conclusion

In this paper, we examine a regulatory reform designed to improve an electricity sector

that was commonly regarded as distorted by politically-motivated diversions of electric-
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ity. We propose a model of elections and groundwater extraction to understand the

impact of this reform on groundwater extraction. Our empirical analysis of a rich data

set on 16,000 monitoring wells in India confirms key predictions of this model. Most sig-

nificantly, in response to a significant reform, constituencies with elected representatives

who have high-stakes career concerns appear to be less affected in terms of groundwater

extraction than those with low-stakes career concerns. Our model suggests that this

was the consequence of capture of the centralized regulator. The model further suggests

that the gap in water allocations between national party and regional party candidates

grew as a result of the reform, rather than fell. Since this implies that water allocations

to a constituency would be dependent on whether a national party or regional party

politician happened to be elected, this in turn implies that the regulatory reform may

have exacerbated existing distortions rather than removed them.
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Appendices

In this appendix, we provide some details on the model. First, we make some definitions

and list our assumptions. Then we present the proofs of Propositions 1-4 from the main

text.

We make the following definitions. Define the maximum level of water that is feasibly

promised by a candidate to be the positive root of the following equation for k = N,R:

Ik =
2ql

1− ql
[
(Wmax

k − A)L− Z̄
]2

+

[
2ql

1− ql
Z̄ + b

] [
(Wmax

k − A)L− Z̄
]

+ bZ̄

The minimum level of water that can be promised – corresponding to zero bribes by

the candidate – is defined as Wmin
k = A+ 1

L
(Z̄ − 1−q

2q
b).

The solutions to the candidates’ first-order conditions as a function of the other

candidate’s choice and the auditing probability are defined as W ∗
k (W−k, q), k = N,R.

These will be written as W ∗
k for brevity.

We make the following assumptions:

A1. −1 < ∆N < 0, 1 > ∆R > 0, and ∆R + ∆N < 0.

This ensures that the regional party has a ideology/identity platform that appeals to a

larger share of voters than the ideology/identity platform of the national party.

A2. λN > λR.

This means that the probability of securing a high-level position is higher for national

party candidates.

A3. EIN and EIR are large enough to ensure that βWmax
R < βW ∗

N+(PN(W ∗
N ,W

max
R )EIN−

CN(W ∗
N) and βWmax

N < βW ∗
R + (PN(Wmax

N ,W ∗
R)EIR − CR(W ∗

R).

This ensures that the national candidate and regional candidate prefer to contest the

election by choosing a non-zero level of bribe X, rather than simply conceding.
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A4. EIR <
2q

1−q
L2

β2 e
2γ0(∆2

N −∆2
R)2.

This bounds the political rents that the regional candidate receives to ensure that the

marginal gain to increasing the candidate’s water promise is decreasing in the level of

the promise.

A5. 2q
1−q Z̄L − bL. This ensures that marginal cost is always positive for every possi-

ble level of water.

Given these assumptions, Propositions 1-4 of the main text follow in a straightforward

way. We present the proofs of each proposition next.

Proof of Proposition 1: We begin in the last stage, with the utility. The utility

takes X and q as given and chooses the amount of electricity to provide Z. The utility’s

strictly dominant strategy is given by the solution to the first-order condition:

(1− q)(X − b)− 2q(Z − Z̄) = 0

Therefore, the utility provides the following amount of electricity:

Z(X, q) = Z̄ +
1− q

2q
(X − b)

The elected MP needs to choose X to ensure that the campaign promise W is satis-

fied, knowing that:

W = A+
Z̄ + 1−q

2q
(X − b)
L

We can then solve for X and Z as a function of W , and construct the payment to the

utility XZ. The required payment as a function of the promise W and the auditing

probability q is therefore C(W, q) above. Prior to the reform, the cost of securing W

is C(W, q0). After the reform, the cost should legally increase at any level of W to

C(W, qh), but the cost function could actually decrease to C(W, ql) if the imposition of

the regulator actually facilitates corruption.

Continuing to work backwards, we can now consider voters’ decisions. Conditional

on the promises of water, voter j in constituency i chooses the regional candidate if:
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βiWR + (1− βi)M − γi(∆R − δij)2 > βiWN + (1− βi)M − γi(∆N − δij)2

The share of voters who vote for the regional candidate conditional on γi is therefore:

SR =
1

2
− β(WN −WR)

4γψ(∆R −∆N)
− ∆R + ∆N

4ψ

The probability that the regional candidate wins PR is the probability that this share is

greater than 1
2
, and the probability that the national candidate wins is just 1−PR. This

leads to the expressions above.

Moving one stage backwards, the candidates must make their choices of water for the

constituency. Using the cost of water function derived above and noting that δij = ∆k

for a candidate j from party k, the candidate’s maximization problem above becomes

the following:

maxWik,∆i,q βiWik − |∆i −∆k|+ (1− βi) [M + Pk(WiN ,WiR)EIk − C(Wik, q)]

The candidate chooses ∆i = ∆k regardless of the choice of water and regardless of the

choice of the other candidates.

The choice of water will arise as a Nash equilibrium between the two candidates.

Taking the regional candidate’s water promise WR as given, the national candidate must

choose WN > WR to have a non-zero probability of being elected. The national candi-

date’s marginal benefit from his water promise is flat for WN < WR and increasing and

concave for WN > WR. His marginal cost is increasing and convex throughout. The

national candidate must decide between a corner solution of the minimum level of wa-

ter and the interior solution W ∗
N . Given Assumption A3, the national candidate’s best

response is always to choose the interior solution.

The regional candidate faces a more nuanced problem because his marginal benefit

and marginal cost are both convex. The regional candidate must choose between three

options that could yield optima, depending on the size of WN relative to the cost curve.

These three options are: the minimum level of water Wmin
R ; the interior solution the first-

order condition W ∗
R; and simply matching the national candidate’s promise WN . Given
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Assumption A4, however, the regional candidate’s best response is always to choose the

interior solution.

Therefore, both candidates choose an interior solution and the Nash Equilibrium can

be found by simultaneously solving the candidates’ first-order conditions.

Proof of Proposition 2: Applying the implicit function theorem to the first-order

conditions gives

∂Wk

∂q
= 1

K4

[
ρINK3R − ρIRK3N + 4q

1−qL
2K3k

]
, where:

K4 =
4q

1− q
L2

[
4q

1− q
L2 + p2(IN − IR)

]
K3k =

−1

(1− q)2

[
4L2(Wk − A)− 2Z̄L

]
ρ =

2β2eγ0(∆2
N −∆2

R

β(WN −WR) + eγ0(∆2
N −∆2

R)

From this we can see that:

∂WN

∂q
− ∂WR

∂q
= − 4L2(WN −WR)

(1− q)2
[

4q
1−qL

2 + ρ(IN − IR)
]

This shows that ∂(WN−WR)
∂q

< 0. Moreover, the numerator of ∂WN

∂q
can be written as:

ρINK3R +K3N

[
4q

1− q
L2 − ρIR

]
The expression in brackets is necessarily positive, by Assumption A4.

Proof of Proposition 3:

For β, we can apply the implicit function theorem to get the first derivative:

∂(WN −WR)

∂β
=

(IN − IR)eγ0(∆2
N −∆2

R) [eγ0(∆2
N −∆2

R)− β(WN −WR)][
4q

1−qL
2 + ρ(IN − IR)

]
[β(WN −WR) + eγ0(∆2

N −∆2
R)]

3
(5)

This expression depends on the sign of the numerator term in brackets, which is positive
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if and only if PR > 1
2
. To get the cross-partial, it is easiest to take the expression for

the derivative with respect to q (derived above) and differentiate this with respect to β.

The sign of this term depends on the sign of the numerator, which is:

4L2

(1− q)2

[
(WN −WR)(IN − IR)

∂ρ

∂β
− (

4q

1− q
L2 + ρ(IN − IR))

∂(WN −WR)

∂β
)

]
(6)

One can show that this term is positive if and only if 2PR − 6P 2
R − 1 is positive. Since

this is never the case, it follows that the cross-partial is always negative.

Again applying the implicit function theorem to the first-order conditions, we get:

∂(WN −WR)

∂L
=
− 8q

1−qL(WN −WR)
4q

1−qL
2 + ρ(IN − IR)

(7)

where ρ is defined as above. This is clearly negative. We can then take the derivative of

this expression with respect to q to get the cross-partial. The sign of the cross-partial

will be the sign of the numerator. The numerator, after some algebra, is:

8q

1− q
L(WN−WR)

[
(IN − IR)

∂ρ

∂(WN −WR)

∂(WN −WR)

∂q

]
+

8

(1− q)2
L(WN−WR)

[
q

1− q
4L2 − ρ(IN − IR)

]
(8)

From the second-order condition for the national candidate’s problem, this expression is

always positive.

Proof of Proposition 4: Applying the implicit function theorem to the first-order

conditions reveals that for each party k, ∂Wk

∂γ0
= K1

K2
Ik, where

K1 =
β2eγ0(∆2

N −∆2
R)(WN −WR)− βe2γ0(∆2

N −∆2
R)2

[β(WN −WR) + eγ0(∆2
N −∆2

R)]
3

K2 =
4q

1− q
L2 + (IN − IR)

2β2eγ0(∆2
N −∆2

R)

[β(WN −WR) + eγ0(∆2
N −∆2

R)]
3

Since K2 is always positive, the sign of the derivatives depends only on the sign of K1.
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Because the denominator of K1 is always positive, the sign will only depend on the nu-

merator of K1. The numerator will only be positive if β(WN −WR) > eγ0(∆2
N − ∆2

R),

which is true if and only if PR <
1
2

in equilibrium.
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             Figure 1: This figure plots the trends in Depth to Groundwater separately for National and Regional Constituencies 
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             Figure 2: This figure plots the trends in Depth to Groundwater separately for National and Regional Constituencies 
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Figure 3: This figure plots the differences-in-differences coefficients of the effect of regional party legislator on groundwater levels 
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                Figure 4: Regression Discontinuity Comparisons for Years 1996 to 2001  
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Figure 5: Regression Discontinuity Comparisons for Years 2002 to 2006  
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Table 1: Summary Statistics for Average Depth to Groundwater (in meters) 

Mean SD Min Max Obs

1996 6.557 5.571 1.188 67.160 519

1997 6.367 4.858 1.584 47.695 519

1998 5.933 4.768 1.401 46.575 520

1999 6.204 4.873 1.322 47.284 518

2000 6.544 5.535 1.360 57.172 517

2001 6.881 5.538 1.474 51.926 519

2002 7.362 5.961 1.288 58.157 519

2003 7.509 6.061 1.430 56.178 518

2004 7.518 5.669 1.290 49.166 518

2005 7.682 6.076 1.400 52.155 477

2006 7.491 6.822 1.228 68.467 523



Sample

No. of Constituencies

Variable Mean S.D. # Obs Mean S.D. # Obs Mean S.D. # Obs

Depth to Groundwater in 2000 7.11 6.24 2618 5.31 2.16 623 7.67 6.95 1995

Depth to Groundwater in 2006 8.01 7.67 2639 5.74 3.16 623 8.71 8.47 2016

Average Rain 99.98 64.93 2688 101.45 60.08 658 99.50 66.43 2030

Average Temperature 25.67 3.02 2688 25.87 3.75 658 25.60 2.74 2030

Total Votes Cast 694923.20 179004.80 2723 698581.20 171447.50 658 693757.60 181371.70 2065

Area 6245.28 6675.96 2566 4276.98 2708.12 605 6852.53 7382.46 1961

Winning Candidate is Male 0.91 0.28 2723 0.93 0.26 658 0.91 0.29 2065

Table 2: Summary Statistics by Regime Type between 2000 and 2006

All Constituencies

Constituencies with Regional   
incumbent and winner in 2004 

Elections

Constituencies with National   
incumbent and winner in 2004 

Elections

Note: Data used from 'Lok Sabha' ( directly elected lower house of the parliament of India) elections for the years 1999 and 2004. A political party is 
called a `National' party if it is a recognized by the Election Commision of India  in four or more states. If a party is recognized in less than four states it 
is called a `State' party (regional in our notation). The data is restricted to Parliamentary Constituencies with a National or Regional  incumbent and 
winner in 2004 elections and the years 2000 to 2006. 

389 94 295



Sample

No. of Constituencies

Variable Mean S.D. # Obs Mean S.D. # Obs Mean S.D. # Obs

Depth to Groundwater in 1997 6.67 5.07 1179 6.12 2.79 225 6.80 5.47 954

Depth to Groundwater in 1999 6.57 5.10 1176 5.78 2.10 225 6.75 5.56 951

Average Rain 103.79 61.89 1203 109.33 68.34 225 102.51 60.28 978

Average Temperature 25.67 2.80 1203 26.37 2.95 225 25.51 2.74 978

Total Votes Cast 673666.30 169206.70 1221 704156.20 138066.10 231 666552.00 174978.10 990

Area 5870.61 5971.48 1179 3885.90 2487.44 225 6338.70 6440.02 954

Winning Candidate is Male 0.92 0.27 1221 0.97 0.17 231 0.91 0.29 990

Note: Data used from 'Lok Sabha' ( directly elected lower house of the parliament of India) elections for the years 1996 and 1998. A political party is 
called a `National' party if it is a recognized by the Election commision of India  in four or more states. If a party is recognized in less than four states it is 
called a `State' party (regional in our notation). The data is restricted to Parliamentary Constituencies with a National or Regional  incumbent and winner 
in 1998 elections and the years 1997 to 1999. 

Table 3: Summary Statistics by Regime Type between 1997 and 1999

All Constituencies

Constituencies with Regional   
incumbent and winner in 1998 

Elections

Constituencies with National   
incumbent and winner in 1998 

Elections

407 77 330



Incumbent party: National & Winning Party: National (N-N) 295

Incumbent party: National & Winning Party: Regional (N-R) 71

Table 4: Regime Changes in Parliamentary Constituency Elections in India

Incumbent party: National & Winning Party: Regional (N R) 71

Incumbent party: Regional & Winning Party: National (R-N) 64

Incumbent party: Regional & Winning Party: Regional (R-R) 94

Total 524

Note: Data used from 'Lok Sabha' (lower house of the parliament of India) elections for the years 1999 and 
2004. A political party is called a `National' party if it is a recognized by the Election Commision of India  in 
four or more states. If a party is recognized in less than four states it is called a `State' party (regional in our 
notation).



                   Table 5: Generalized Differences-in-Differences With Matching

RR X Post -0.786** -0.67**
(0.32) (0.31)

Controls No Yes

The sample is restricted to years 2000 and 2006. Each regression sample is restricted to the common 
support of the propensity scores for regional and national regime constituencies. The propensity score 

is modeled as a function of area, total voters, average rainfall and tempereature and change in 
groundwater levels in 2000. A kernel based matching algorithm is used to construct counterfactuals . 

The standard errors in the estimation of propensity scores are robust and clustered at constituency 
level. Bootstarp standard errors are reported. All regressions include RR indicator and post indicator.

                 Dependent variable: Depth to Groundwater from the Surface
(in meters below ground level)



(i) (ii) (iii)

R-R × Year 2001 0.065 0.013 0.065
(0.44) (0.46) (0.44)

R-R × Year 2002 -0.39 -0.47 -0.39
(0.49) (0.49) (0.49)

R-R × Year 2003 -0.0073 -0.028 -0.0073
(0.44) (0.45) (0.44)

R-R × Year 2004 0.56 0.43 0.56
(0.52) (0.53) (0.52)

R-R × Year 2005 -0.38 -0.63 -0.38
(0.66) (0.68) (0.66)

R-R × Year 2006 -1.89** -2.14** -1.89**
(0.82) (0.86) (0.82)

Observations 662 662 662
R-Sqaured 0.18 0.25 0.53

R-R × Year 2001 -0.091 -0.071 -0.091
(0.17) (0.19) (0.17)

R-R × Year 2002 -0.16 -0.15 -0.16
(0.18) (0.18) (0.18)

R-R × Year 2003 0.16 0.15 0.16
(0.22) (0.23) (0.22)

R-R × Year 2004 0.11 0.093 0.11
(0.31) (0.32) (0.31)

R-R × Year 2005 -0.58 -0.57* -0.58
(0.37) (0.34) (0.37)

R-R × Year 2006 -0.49 -0.49 -0.49
(0.40) (0.35) (0.40)

Observations 1852 1852 1852
R-Sqaured 0.27 0.30 0.75
Winning party Fixed Effects No Yes No
Change in Water levels in No No Yes
Pre-years
Winning Margin No Yes No

Table 6: Impact by Suitability for  Cultivating Water Intensive Crops 
Dependent variable: Depth to Groundwater from the Surface    ( in meters below ground level)               

Panel A: Constituencies Suitable for Rice Cultivation

Panel B: Constituencies Not Suitable for Rice Cultivation

Notes:  The sample is restricted to years 2000 to 2006. Each regression controls for geographic controls 
including annual average rain and temperature at the level of constituency;  and other controls including total 
vote cast, gender of the winning candidate and area of the constituency interacted with year indicators. Errors 

are robust and clustered at the level of Parliamentary constituencies. *** indicates significance at 1 %, ** at 5% 
and * at 10 %. Panel A shows the results for constituencies where the mode value of the index for suitability for 

rice cultivation takes values 1-4. Panel B shows results for constituencies where the mode of the index takes 
value takes values 5-8. The index value 1 indicates most suitable and value 8 denotes least suitable.



(i) (ii) (iii) (iv)

R-R × Year 2001 ‐0.91** ‐0.55 ‐0.5 ‐0.55
(0.38) (0.35) (0.37) (0.35)

R-R × Year 2002 ‐0.94* ‐0.62 ‐0.57 ‐0.62
(0.48) (0.47) (0.45) (0.47)

R-R × Year 2003 ‐0.66 ‐0.32 ‐0.26 ‐0.32
(0.43) (0.42) (0.38) (0.42)

R-R × Year 2004 ‐1.55*** ‐1.45*** ‐1.45*** ‐1.45***

(0.57) (0.56) (0.53) (0.56)

R-R × Year 2005 ‐2.62*** ‐2.43*** ‐2.36*** ‐2.43***

(0.76) (0.72) (0.72) (0.72)

R-R × Year 2006 ‐1.14* ‐1.20* ‐1.13* ‐1.20*

(0.65) (0.66) (0.68) (0.66)

R-R × Year 2001 X Depth 2000 0.15**  0.092 0.081 0.092

(0.7) (0.7) (0.7) (0.7)

R-R × Year 2002 X Depth 2000 0.14 0.092 0.081 0.092

(0.9) (0.9) (0.9) (0.9)

R-R × Year 2003 X Depth 2000 0.19** 0.13 0.11 0.13

(0.9) (0.9) (0.8) (0.9)

R-R × Year 2004 X Depth 2000 0.32*** 0.30*** 0.30*** 0.30***

(0.11) (0.10) (0.10) (0.10)

R-R × Year 2005 X Depth 2000 0.41*** 0.4*** 0.4*** 0.4***

(0.14) (0.4) (0.4) (0.4)

R-R × Year 2006 X Depth 2000 0.17 0.15 0.15 0.15

(0.14) (0.14) (0.14) (0.14)

Geography & other controls No Yes Yes Yes

Winning party Fixed Effects No No Yes No

Change in Water levels in pre-years No No No Yes

Winning Margin No No Yes No

Observations 2587 2536 2536 2536

Table 7: Impact by Baseline Depth to Groundwater 

Notes:  The sample is restricted to years 2000 to 2006. Geographic controls include annual average 
rain and temperature at the level of constituency. Other controls include total vote cast, gender of 

the winning candidate and area of the constituency interacted with year indicators. Errors are 
robust and clustered at the level of Parliamentary constituencies. *** indicates significance at 1 %, 

** at 5% and * at 10 %.



                                       Depth to Groundwater from the Surface
                                          ( in meters below ground level)

Table 8 : Non-Parametric Regression Discontinuity Estimates 

(i) (ii)

R-R × Year 2001 -0.412 -0.024
(0.864) (0.841)

R-R × Year 2002 -0.481 -0.051
(0.9) (0.824)

R-R × Year 2003 0.184 0.373
(1.034) (0.937)

R-R × Year 2004 -2.599* -2.75**
(1.51) (1.36)

R-R × Year 2005 -2.567 -2.603*
(1.65) (1.6)

R-R × Year 2006 -1.358 -1.682
(1 5) (1 6)(1.5) (1.6)

Covariates No Yes

Notes: Covariates include total votes gender of the winning candidate area of aNotes: Covariates include total votes, gender of the winning candidate, area of a 
constituency, and average annual rain and temperature. Triangular Kernel and optimal 

bandwidth proposed by Imbens and Kalyanaraman (2009) has been used.  *** indicates 
significancne at 1 percent, ** at 5 percent and * at 1 percent level.



                                       Average Luminosity (Night Lights)

(i) (ii)

R-R × Year 2001 1.402 0.261
(1.3) (1.18)

R-R × Year 2002 1.272 0.242
(1.18) (1.06)

R-R × Year 2003 1.794 0.595
(1.31) (1.15)

R-R × Year 2004 -2.92** -3.07**
(1.417) (1.22)

R-R × Year 2005 -3.944*** -3.695**
(1.53) (1.478)

R-R × Year 2006 -2.551** -3.374**
(1.326) (1.436)

Table 9 : Non-Parametric Regression Discontinuity Estimates 

Covariates No Yes

Notes: Covariates include total votes, gender of the winning candidate, area of a constituency, and average 
annual rain and temperature. Triangular Kernel and optimal bandwidth proposed by Imbens and 

Kalyanaraman (2009) has been used.  *** denotes significance at 1 percent, ** at 5 percent and * at 10 
percent



                Table 10:  Voting Patterns by Occupation Conditional on being Employed

Dependent variable: Voted for National Candidate

(i) (ii) (iii) (iv)

Employed in Agriculture ‐0.015** 0.007

(0.007) (0.014)

Cultivating Land 0.016** 0.044***

(0.007) (0.014)

Close elections
(winning margin < 5 percent) No No Yes Yes

Observations 18,774 18,774 4,744 4,744

Note: Each regression controls for the total electors in the constituency. Columns (iii) and (iv) also
control for the margin of victory. Robust standand errors are reported in parentheses. 
*** indicates significant at 1 percent, ** at 5 percent and * at 10 percent.

                Table 11:  Occupational Distribution in National Constitutencies

Dependent variable: Winner is a National Candidate

(i) (ii) (iii) (iv)

Employed in Agriculture ‐0.018** 0.005

(0.0068) (0.013)

Cultivating Land 0.016** 0.06***

(0.007) (0.013)

Close elections
(winning margin < 5 percent) No No Yes Yes

Observations 18,774 18,774 4,744 4,744

Note: Each regression controls for the total electors in the constituency. Columns (iii) and (iv) also
control for the margin of victory. Robust standand errors are reported in parentheses. 
*** indicates significant at 1 percent, ** at 5 percent and * at 10 percent.
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Appendix Figure A1:  Examples of Block Wise Deviations in Withdrawal from the Planned Allocation 
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Party Abbreviation 1998 1999 2004

Indian National Congress INC National National National
Communist Party Of India CPI National National National
Bharatiya Janata Party BJP National National National
Communist Party Of India (Marxist) CPM National National National
Bahujan Samaj Party BSP National National National
Janata Dal JD National × ×
Samata Party SAP National × ×
Janata Dal (United) JD(U) × National State
Janata Dal (Secular) JD(S) × National State
Nationalist Congress Party NCP × State National
Shivsena SHS State State State
Revolutionary Socialist Party RSP State State State
Manipur People's Party MPP State State State
Samajwadi Party SP State State State
Dravida Munnetra Kazhagam DMK State State State
Pattali Makkal Katchi PMK State State State
Asom Gana Parishad AGP State State State
All India Anna Dravida Munnetra Kazhagam ADMK State State State
Sikkim Democratic Front SDF State State State
United Goans Democratic Party UGDP State State State
Kerala Congress (M) KEC(M) State State State
Muslim League Kerala State Committee MUL State State State
Shiromani Akali Dal SAD State State State
Telugu Desam Party TDP State State State
Jharkhand Mukti Morcha JMM State State State
Jammu & Kashmir National Conference JKN State State State
Arunachal Congress AC State State State
Kerala Congress KEC State State State
Janata Party JP State State ×
Tamil Maanila Congress (Moopanar) TMC(M) State State ×
Ntr Telugu Desam Party (Lakshmi Parvathi) NTRTDP(LP) State State ×
Haryana Vikas Party HVP State State ×
All India Forward Bloc FBL State State ×
United Democratic Party UDP State State ×
Hill State People's Democratic Party HPDP State State ×
Republican Party Of India RPI State State ×
Maharashtrawadi Gomantak MAG State × State
Mizo National Front MNF State × State
Autonomous State Demand Committee ASDC State × ×
All India Indira Congress (Secular) AIIC(S) State × ×
Federal Party Of Manipur FPM × State State

Table A1: Recognition of Political Parties in India by Election Years



Table A1 Continued

Party Abbreviation 1998 1999 2004

Marumalarchi Dravida Munnetra Kazhagam MDMK × State State
Rashtriya Janata Dal RJD × State State
All India Trinamool Congress AITC × State State
Indian National Lok Dal INLD × State State
Biju Janata Dal BJD × State State
Sikkim Sangram Parishad SSP × State ×
Himachal Vikas Congress HVC × State ×
Samajwadi Janata Party (Rashtriya) SJP(R) × State ×
Lok Shakti LS × State ×
United Minorities Front, Assam UMFA × State ×
Manipur State Congress Party MSCP × State ×
People's Democratic Movement PDM × State ×
Uttarakhand Kranti Dal UKKD × × State
Jammu & Kashmir National Panthers Party JKNPP × × State
Rashtriya Lok Dal RLD × × State
Jammu & Kashmir Peoples Democratic Party JKPDP × × State
Shiromani Akali Dal (Simranjit Singh Mann) SAD(M) × × State
All India Forward Bloc AIFB × × State
Communist Party Of India (Marxist-Leninist) (Liberation) CPI(ML)(L) × × State
Nagaland Peoples Front NPF × × State
Note: Data used from Election Commission of India. × implies the party did not contest election. A political party is called 
a `National' party if it is a recognized by the Election party in four or more states. If a party is recognized in less than four 
states it is called a `Regional' party.



(i) (ii) (iii) (iv)

R-R × Year 2001 -0.091 -0.086 -0.073 -0.086
(0.16) (0.20) (0.21) (0.20)

R-R × Year 2002 -0.29 -0.24 -0.24 -0.24
(0.19) (0.20) (0.20) (0.20)

R-R × Year 2003 0.22 0.042 0.030 0.042
(0.21) (0.21) (0.22) (0.21)

R-R × Year 2004 0.30 0.25 0.27 0.25
(0.25) (0.28) (0.29) (0.28)

R-R × Year 2005 -0.43 -0.57* -0.51 -0.57*
(0.31) (0.34) (0.32) (0.34)

R-R × Year 2006 -0.61* -1.08*** -1.03*** -1.08***

(0.32) (0.41) (0.39) (0.41)

Geography & other controls No Yes Yes Yes

Winning party Fixed Effects No No Yes No

Change in Water levels in No No No Yes
Pre-years

Winning Margin No No Yes No

Observations 2596 2542 2542 2542

R-Sqaured 0.028 0.21 0.24 0.67

Notes:  The sample is restricted to years 2000 to 2006. Geographic controls include annual average 
rain and temperature at the level of constituency. Other controls include total vote cast, gender of 
the winning candidate and area of the constituency interacted with year indicators. Errors are 
robust and clustered at the level of Parliamentary constituencies. *** indicates significance at 1 %, 
** at 5% and * at 10 %.

Table A2: Time Varying Differences-in-Differences Estimate of Regional Regime on 
Groundwater

                       Dependent variable: Depth to Groundwater from the Surface
                   ( in meters below ground level)



 Placebo Test

(i) (ii) (iii) (iv)

R-R × Post -0.17 -0.30 -0.23 0.22
(0.17) (0.23) (0.23) (.44)

Geography & other controls No Yes Yes Yes

Winning party Fixed Effects No No Yes No

Change in Water levels in No No No Yes
Pre-years

Winning Margin No No Yes No

Observations 1179 1164 1164 1164

R-Squared 0.0045 0.21 0.23 0.7

Table A3:  Differences-in-Differences Estimates of Regional Regime on Groundwater 

Sample 1997-1999

Dependent variable: Depth to Groundwater  from the Surface
(in meters below ground level)

Notes:  The sample is restricted to years 1997 to 1999. Geographic controls include annual average 
rain and temperature at the level of constituency. Other controls include total vote cast, gender of the 
winning candidate and area of the constituency interacted with year indicators. Errors are robust and 
clustered at the level of Parliamentary constituencies. *** indicates significance at 1 %, ** at 5% and 
* at 10 %.



Table A4: Effect of MP's Party Affiliation with the Party forming State Government

                         Dependent variable: Depth to Groundwater from the Surface
                                               ( in meters below ground level)

(i) (ii) (iii) (iv)

MP From State Government  Party X Post ‐0.51 ‐0.72 ‐0.82* ‐0.6
(0.44) (0.44) (0.45) (0.58)

MP from State Government Party 1.54* 1.22* 0.57 0.23

(0.83) (0.74) (0.7) (0.34)

 
Geographical Controls No Yes Yes Yes

Other Controls No No Yes Yes

Constituency Fixed Effects No No No  Yes

Sample  Restricted Restricted Restricted Full

N 586 585 585 989

R‐Sqaured 0.01 0.13 0.21 0.95

Notes:  The sample is restricted to years 2002 to 2006. Geographic controls include annual average rain and 
temperature at the level of constituency. Other controls include total vote cast, gender of the winning candidate 

and area of the constituency interacted with year indicators. Errors are robust and clustered at the level of 
Parliamentary constituencies. *** indicates significance at 1 %, ** at 5% and * at 10 %. Column (i) through (iii) 
restrict the sample to constituencies where the party of the MP was in state government in both 2002 and 2005 

and constituencies where it was in power in neither year. Column (iv) is based on a full sample.



(i) (ii) (iii) (iv)

NN (INC to INC) X post 1.09*** 1.03*** 0.94*** 1.03***
(0.34) (0.38) (0.36) (0.38)

NN (BJP to BJP) X post 0.88*** 0.8** 0.72* 0.8**
(0.33) (0.4) (0.38) (0.4)

NN (INC to BJP) X post 0.82** 1.76*** 1.75*** 1.76***
(0.38) (0.6) (0.6) (0.6)

NN (BJP to INC) X post 0.92** 0.77*** 0.71** 0.77***
(0.28) (0.3) (0.28) (0.3)

NN (Others to others) X post 0.53** 0.62** (0.8)*** 0.61**
(0.23) (0.24) (0.28) (0.25)

Geography & other controls No Yes Yes Yes

Winning party Fixed Effects No No Yes No

Change in Water levels in No No No Yes
Pre-years

Winning Margin No No Yes No

Observations 1472 1430 1430 1430

R-Sqaured 0.028 0.21 0.24 0.67

Table A5: National to National Party Changes

                       Dependent variable: Depth to Groundwater from the Surface
                   ( in meters below ground level)

Notes:  The omitted group is RR.  Geographic controls include annual average rain and temperature at the level 
of constituency. Other controls include total vote cast, gender of the winning candidate and area of the 

constituency interacted with year indicators. Errors are robust and clustered at the level of Parliamentary 
constituencies. *** indicates significance at 1 %, ** at 5% and * at 10 %.
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Table A6:Percentage of Winning Candidates Changing Constituency by Number of Elections Contested and Party Affiliation 

No. of Elections 
Contested 

  
Total Number of 

Winning Candidates   
Percentage of Winning Candidates 

Changing Constituency   
Percentage of Winning Candidates 

Changing State 

 
National Regional 

 
National Regional Difference 

 
National Regional Difference 

            All  354 110 
 

4.52 5.45 0.93 
 

0.01 0.01 0.00 
   

         2 
 

210 66 
 

5.24 3.03 -2.21 
 

0.01 0.00 -0.01 

            3 
 

92 28 
 

5.43 7.14 1.71 
 

0.01 0.03 0.02 

            4   52 15 
 

0.00 6.67 6.67* 
 

0.00 0.00 0.00 
Notes: I restrict the sample to the candidates who contested two or more elections either under the banner of a national or regional party. 
The data is also restricted to 1996, 1998, 1999, and 2004 elections. 

 



Appendix Table 7: Post- Reform Estimates of  Regional MPs on Electrification  in Dsitricts

Dependent Variable:  Fraction of Households Electrified

Regional X Post -0.18** -0.18** -0.185** -0.184**
(0.09) (0.09) (0.09) (0.09)

Controls No No No yes

Reserved Constituencies No Yes Yes Yes

Aggregation within Districts No No Yes Yes

Observations 218 218 218 218

Districts 109 109 109 109

Notes: Post is an indicator that takes value 1 for 2004 and 0 for 1991. Controls include 
total number of households, percentage of scheduled caste population, fraction of working
population interacted with post indicator. Reserved Constituencies is an indicator that takes
value 1 if any constituency included in the district is reserved for SCs. Aggregation within
districts is an indicator that takes value 1 if district has multiple contituencies. Robust 
Standard errors are reported in parenthesis. 



 Appendix Table 8: Post- Reform Estimates of  Regional MPs on  Regularity of Electricity Supply 

Dependent Variable:  Regular Supply of Electricity

Regional X Post -0.36* -0.35* -0.36** -0.35*
(0.19) (0.19) (0.18) (0.19)

Controls No No No yes

Reserved Constituencies No Yes Yes Yes

Aggregation within Districts No No Yes Yes

Observations 218 218 218 218

Districts 109 109 109 109

Notes: Post is an indicator that takes value 1 for 2004 and 0 for 1991. Controls include 
total number of households, percentage of scheduled caste population, fraction of working
population interacted with post indicator. Reserved Constituencies is an indicator that takes
value 1 if any constituency included in the district is reserved for SCs. Aggregation within
districts is an indicator that takes value 1 if district has multiple contituencies. Robust 
Standard errors are reported in parenthesis. 
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