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Abstract

This paper estimates the returns to household income due to improved access to
electricity in rural India. We examine the effect of connecting a household to the grid
and the quality of electricity, defined as hours of daily supply. The analysis is based
on two rounds of a representative panel of more than 10,000 households. We use
the district-level density of transmission cables as instrument for the electrification
status of the household. We find that a grid connection increases non-agricultural
incomes of rural households by about 9 percent during the study period (1994-
2005). However, a grid connection and a higher quality of electricity (in terms of
fewer outages and more hours per day) increases non-agricultural incomes by about
28.6 percent in the same period.

JEL classification: 012, O18, Q48
Keywords: Electricity Supply, Quality, India, Energy and Development, Infrastructure

TWe are grateful to Molly Lipscomb and the participants of the Conference on Identification of Causal Effects
in Environmental and Energy Economics 2013 for helpful comments and suggestions (University of Tennessee).
We would like to thank Kelsey Jack, Jeanne Tschopp and Erich Muehlegger for valuable comments and seminar
participants at the University of Alberta, the University of Rennes, the University of Paris-Orléans, Harvard
University, the University of Sherbrooke, the University of Savoie and participant at the 8" Annual Conference
on Economic Growth and Development (New Delhi), the RES PhD Presentation Meeting 2013 (London), the
2"d Canadian PhD and Early Career Workshop in Environmental Economics and Policy (Ottawa), the Canadian
Economic Association Meeting 2013 (Montreal), the AERE Summer Conference 2013 (Banff) and the European
Economic Association Meeting 2013 (Gothenborg). We thank Ian McKay and Bevan Laing of the Alberta De-
partment of Energy for insightful discussions about the technical aspects of transmission networks, and Larry
Laliberte for his guidance in the use of ArcGIS.

iDepartment of Economics, Tufts University, 114A Braker Hall, 8 Upper Campus Rd., Medford, MA 02155-
6722, USA. Email: Ujjayant.Chakravorty@tufts.edu

§Department of Economics, Université de Sherbrooke, K1-4097, Sherbrooke, QC, J1IK 2R1, Canada. Email:
Martino.PelliQusherbrooke.ca

qTDepartment of Economics, University of Alberta, Tory 7-12, Edmonton, AB, T6G 2H4, Canada. Email:
Beyza.Ural@ualberta.ca



1 Introduction

In 2009, 288 million people, corresponding to about a fourth of India’s population, had
no access to electricity (World Energy Outlook 2011). In 2005, 364 million people did
not have access, while another 300 million received intermittent supply (Balachandra,
2011). The massive grid failure of July 2012 affected 670 million individuals, almost 10
percent of the world’s population and made world headlines (New York Times, 2012).
According to the World Bank, unreliable electricity supply has been a major obstacle
to Indian economic development, limiting its comparative advantage in labor-intensive
products (World Bank, 2010; Rud, 2012). Connecting all households to the grid and
providing them assured electricity is likely to have a major impact on the Indian economy.

The aim of this paper is to estimate the economic returns to rural households from a
grid connection as well as from the quality of electricity supply.! We study the effect on
rural household income - we include all income from wages and business income, except
income from agricultural assets for which we have insufficient data.?

Rural electrification may affect incomes of households in several ways (Oda and Tsu-
jita, 2011; Modi, 2005). It may free members of the household from domestic chores,
or let them perform these tasks in the evening. The resulting increase in the labor sup-
ply may drive down wages, especially for females. Electrification may also increase the
productivity of some activities. The productivity of agricultural labor may improve due
to technologies such as sprinkler or drip irrigation, which is likely to have an upward
effect on wages. Assured supply of electricity creates opportunities for entrepreneurial
activities which can take place within the household, such as rice-milling and production
of o0il from oilseeds. Other ancillary industries, such as the repair and welding of agricul-
ture implements such as ploughs and tractors, may now be possible. These activities are
likely to increase farm incomes, which may result in a general increase in labor supply
and wages. Finally, electrification could also affect labor supply by children. The need to
collect different kinds of fuels, including animal and agricultural waste and fuelwood may
diminish and therefore their labor supply to market activities may increase, or they may
allocate their time to other pursuits such as education (Modi, 2005; Oda and Tsujita,
2011).

There are many studies that qualitatively describe the Indian electricity sector (Bal-
achandra, 2011; Khandker et al., 2010; Bhide and Monroy, 2011). Most papers identi-
fying the effect of rural electrification using econometric techniques such as propensity
score matching, difference-in-difference or instrumental variables usually deal with coun-
tries other than India. Bensch et al. (2010) focus on the case of Rwanda, while Khandker

!The “quality” is defined in terms of the average hours of daily electricity received by the household.
270 percent of India’s population lives in rural areas, the focus of our analysis.



et al. (2009a and 2009b) study Bangladesh and Vietnam, specifically rural electrifica-
tion initiatives undertaken by the World Bank. T'wo recent papers focus on the impact
of connecting a household to the electricity grid. Dinkelman (2011) studied the labor
market effects of an electrification project in South Africa using an instrumental variable
approach. Lipscomb et al. (2013) examine the case of Brazil and, using instrumental
variables, find a positive impact of electrification on various development indicators. The
main contribution of our paper is the focus on the quality of electricity, which has not
been done previously.

A variety of factors may lie behind the electrification of certain areas and the non-
electrification of others. Governments usually aim infrastructure investment to already
growing areas. Other economic trends may affect the investment decision. For instance,
a rich village is probably more likely to be electrified than a poor village. The likelihood
of being connected to the grid may also depend on the proximity to a big city, or on
the population density of the region. For all these reasons, disentangling the impact
of infrastructure investments such as electricity on development outcomes has been dis-
cussed extensively in the literature (Duflo and Pande, 2007; Roller and Waverman, 2001;
Aschauer, 1989; Garcia-Mila and McGuire, 1992; Holtz-Eakin, 1993).

We tackle this endogeneity issue regarding electrification by using an instrumental
variable approach. We construct an instrument which measures the difference in the
density of transmission cables in each district from the national average. The argument
is straightforward. If a household is located in a district served by a higher density of
transmission cables the probability of being connected to the network, and of receiving
a better quality power supply, is higher than when it is located in a district with a lower
cable density (Brown and Sedano, 2004). We then interact the variation of this measure
with the initial state of electrification in order to capture the possible heterogeneity in
the impact of an improvement of the transmission network within a district. The data
on the transmission network is constructed by measuring the length of the transmission
cables within each district using ArcGIS.

Decisions regarding investments on the Indian transmission network lie with the fed-
eral government, while state governments are charged with their implementation (Modi,
2005; Balachandra, 2011). Transmission lines are a major infrastructure investment and
require a high voltage pole at their destination. The primary purpose of establishing
transmission lines is to electrify urban and industrial areas (Brown and Sedano, 2004).
Once the federal government decides to build a transmission line between two points,
the planner’s problem is to find the shortest and the least costly route between these
two points, and the objective of bringing electricity to remote villages is not considered

during this stage.®> For this reason, the objective of rural electrification in India may

3The per mile cost of setting up a new transmission network may range from several hundred thousand



have played a small role on how the transmission lines were installed and located. Modi
states that federal legislation in India did not explicitly mention rural electrification un-
til 2003 (Modi, 2005).* However, state-level elected officials have a large incentive to
improve rural electrification, but they only control investment in distribution networks,
not in transmission (Balachandra, 2011). While distribution networks are much less
costly, they can only be installed if there is a transmission line within a feasible radius.
For these reasons, this paper uses the transmission network, rather than the distribution
network, as an instrument for the probability of electrification in rural areas.

Our results suggest that the 16% increase in grid connections between 1994 and 2005
increased non-agricultural incomes of rural households by about 9 percent. However,
higher quality of electricity (a 32% increase, where quality is measured in terms of
fewer outages and more hours per day) increased non-agricultural incomes by about
28.6 percent. This improvement in electrification rates translates to Rupees 574 per
person, while the improvements in the quality of power supply translates to Rupees 1,852
per person in a household that experienced an average improvement in electrification
probability and power quality, respectively. The results regarding a new grid connection
are comparable in magnitude to those of Dinkelman (2011) and Lipscomb et al. (2013).
The former finds an impact of electrification of roughly 16% on male earnings and no
impact on female earning, while the latter finds that an increase in the electrification
rate of 10% increases income by 9%.

The remainder of the paper is organized as follows. Section 2 discusses electrification
policy in India. Section 3 describes the data used in our analysis and presents some
stylized facts. Section 4 outlines the methodology used and presents results. Section 5

discusses potential channels and section 6 concludes the paper.

2 Background

Electricity supply in India is inefficient at all stages of production, transmission and
distribution (Modi, 2005). At subsidized prices, supply lags demand, especially during
peak periods, leading to frequent outages and voltage fluctuations. In 2007, average per
capita consumption was 543 kWh, lower than Sub-Saharan Africa (578 kWh) while the
average for OECD countries was about 8,500 kWh. Average per capita consumption
in India is about a fourth of Chinese consumption (2,346 kWh).> These low figures are
partly because India is home to a third of the world’s population that is not connected to

an electric grid. Cost recovery is low and has actually declined over time (69 percent in

dollars to several million (Brown and Sedano, 2004).

“In the federal planning budget, only about 10 percent of the electricity outlay is spent on distribution,
the rest goes towards power generation and transmission.

®International Energy Agency, 2009.



2001-02). These low rates are mainly due to losses during transmission and distribution,
which rose from 25% in 1997-98 (Modi, 2005) to about 39% in 2000-01 (Oda and Tsujita,
2011), while the average for neighboring countries is about 10%. Estimates suggest
that only 55% of the power supplied is billed and only 41% is paid for (Modi, 2005).
Infrastructure theft has led to further declines in coverage (Balachandra, 2011).

Figure A.1 and Figure A.2 plot the transmission network with the rail and road
networks, respectively. Note that both rail and road networks have a national coverage
while the electricity transmission network is quite unevenly distributed, with higher cov-
erage in the northern industrial states. Large parts of the country have no transmission
lines hence no electricity. Regions with poor transmission network connectivity include
eastern Karnataka, western Andhra Pradesh, Jammu & Kashmir, Arunachal Pradesh,
Assam, Aizawl, Imphal, Nagaland, Gujarat (outside of the Ahmedabad metro region),
western Rajasthan and eastern Madhya Pradesh. However, there has been significant
improvement in average consumption and production of electricity. The generation ca-
pacity grew from 1,362 MW in 1947 to nearly 74,699 MW in 1991. Over the same
period, per capita consumption increased from 15.55 kWh to 252.7 kWh (Modi, 2005).
Currently, capacity exceeds 170 GW.

According to Brown and Sedano (2004), the cost of setting up a transmission net-
work ranges from several hundred thousand dollars if there are no geographical obstacles
such as hills or mountains, to over a million dollars per km. Figure 1 shows the main
components of an electricity network. The transmission network carries electricity from
production sites to high demand locations. This network is characterized by a high volt-
age (High-Voltage Direct-Current of 765, 500, 345 and 230 kV), as this reduces transport
losses. Because of the high voltage, it is not possible to directly connect a house or a
firm to the line, and a step-down transformer must be installed to decrease the voltage
and then channel power through a subtransmission network, which is characterized by
lower voltage, usually 69, 115 or 138 kV. At the end of the sub-transmission network
there is another electrical substation which moves electricity into the distribution net-
work. This last section of the grid is characterized by lower voltages (less than 50 kV)
and travels very short distances, between 50 and 100 km. The electricity transported by
the distribution network is at a voltage that can be consumed by the retail consumer.

Setting up new segments of the transmission network is costly and differs from the
investment in the distribution network. The cost depends on its length, but also on
other factors related to the landscape it must traverse. For example, installing cables
over rolling hills is costlier than over flat land because the line will need a higher num-
ber of supporting structures. If the line has to bypass a mountain, the cost is likely
to increase, as more structures are needed. Because of the high cost of setting up a

transmission network, and because it is mainly used to transfer electricity to high de-



Figure 1: Schematic of the Power Grid
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Source: United States Department of Energy.

mand centers, its route is not designed to serve retail customers between the two points
(Brown and Sedano, 2004). The engineer’s problem at this stage is to find the route
that is shortest and the most cost effective. Once the transmission cables are installed,
the state government can withdraw power through a step down transformer and build
a new distribution network. In our data sample, over 80% of the households live in vil-
lages with populations less than 5,000 and out of these, about a quarter live in villages
with less than 1,000 inhabitants. These small villages are likely to have only a marginal
impact on the location of transmission lines, an observation critical to our identification
strategy.

We differentiate between connecting to the power grid and the quality of power
supply (a measure of outages and average daily hours of supply which are generally
correlated).® The density of transmission lines thus determines the quality of power
supply, as well as the probability of being connected to a grid. A household situated
in a district characterized by a high density of transmission cables is more likely to be
connected to the grid, and conditional on being connected, it is more likely to receive

higher quality power.

5We use the term “quality” of power rather than “reliability” which in the engineering literature has
a precise meaning relating to interruptions in power supply.



3 Data and Stylized Facts

The panel data contains two survey waves conducted in 1994 and 2005. The first wave
is part of the Human Development Profile of India (HDPI) and covers 33,230 rural
households. A share of these households was then re-interviewed for the India Human
Development Survey (IHDS) in 2005, which covered 41,554 rural and urban households.
The households to be re-visited in 2005 were chosen by first randomly ranking villages,
and then fulfilling a variety of conditions needed for the survey to be representative by
starting in the first village and then moving down the list of villages. The survey is thus
representative at the country level, but not necessarily at smaller geographical units
such as a district. The final data consists of a representative panel comprising 9,791
rural households which were interviewed both in 1994 and 2005. Households are asked
whether or not they receive electricity, and if they do, information is obtained regarding
the quality of the electricity supply. While the definition of power quality varies across
rounds, we carry out various robustness tests to ensure that the impact of power quality
is correctly identified. The panel also contains a wide variety of information at the
individual, household and village level.

Our main variables are constructed as follows. House is a dummy variable which
takes a value of 1 if the household owns the house in which the family is currently
living. Children, Teen and Adult represent the percentage composition of the household
in terms of children (between 0 and 14 years old), teens (between 15 and 21 years old)
and adults (older than 22 years old), respectively. Size represents the total number of
individuals in the household. Livestock is a dummy variable which takes the value 1 if
the household owns farm animals. Hindu is a dummy variable taking a value of 1 if it is
a Hindu household and 0 if it belongs to another religious denomination.

Finally, household income is measured as non-agricultural income in per-adult equiv-
alent terms. It is computed by using the OECD definition of equivalence scale, which
is given by 14 0.7(Naguits — 1) + 0.5Ncpitdgren (OECD, 1982). This expression gives us
the number of adult equivalent members of the household. Unfortunately, there is some
discrepancy in variable definitions between the two surveys. For example, the question-
naire used in 2005 was much more detailed on agricultural income than the one used
in 1994. The latter questionnaire also contains questions about losses, while in the for-
mer, agricultural income was not allowed to be negative. Therefore, for the sake of our
analysis, data on agricultural income could not be included in household total income.
This being said, all of our results should be considered as lower bounds of the actual
effect. One of the main effects of electrification is on agriculture through the installation
of irrigation pumps.

Table 1 presents the household characteristics considered in this paper. Per adult



Table 1: Household Characteristics

1994 2005
Variable Mean Std. Dev. Mean Std. Dewv. logA Obs.
Income per Adult Equivalent  6,472.4 7,639.8 8,722.5 10,895.0 0.130 9791
Household Size 6.577 3.322 5.546 2.759 -0.074 9791
Share of Children 0.341 0.21 0.3 0.222 -0.056 9791
Share of Teenager 0.146 0.166 0.136 0.173 -0.031 9791
Share of Adults 0.513 0.187 0.564 0.216 0.041 9791
Hindu 0.854 0.353 0.848 0.359 -0.003 9791
Home Ownership 0.968 0.175 0.98 0.139 0.005 9791
Livestock Ownership 0.704 0.456 0.845 0.361 0.079 9791

Notes: The table reports descriptive statistics of the household controls used in the estimation.
The average of the indicator variables Hindu, Home and Livestock. Child, Teen and Adult repre-
sent percentages. The column A shows the change between 1994 and 2005.

equivalent income increased significantly over the period studied, and so did its volatility.
On average, there were 6.6 individuals per household, while this number declined to 5.5
by 2004. About one third of the individuals within households were children, 14 percent
were teenagers and slightly more than half of the household population were adults. The
share of adults has increased over time, and the share of children as well as teenagers
has decreased. Approximately 85 percent of the households in the sample are Hindus.
With respect to asset ownership, almost the entire sample owned the dwelling they were
living in. In 1994, 70 percent of the sample owned livestock while this number increased
to 85 percent in 2005.

3.1 Household Electrification

Table 2 reports household grid connection rates for the 18 states surveyed in this study.
The electrification rate at the national level increased during the study period from 53
percent to 69 percent. All states surveyed exhibit an increase in connection rates. States
with relatively high income levels, such as Andhra Pradesh, Tamil Nadu and Kerala have
done better in terms of grid connections. Poorer states, such as Bihar, Orissa and Uttar
Pradesh have under-performed.”

We next present the 1994 district-level electrification rates in Figure 2. The districts
that are not in our sample are presented in white, and the variation in electrification
rates across surveyed districts are presented with different shades. As can be seen from
the map, the higher rural electrification rates are observed around Delhi and Gujarat,
as well as the southern regions of India such as Andhra Pradesh and Tamil Nadu. While

the survey used in this paper focuses on rural areas and isolated small villages, the

"This relationship between income and electrification rates is sharper at the state level. Figure A.3
shows that there is a strong and positive correlation between state-level income and electrification rates
in 2005. The same relationship holds for 1994, not presented here for brevity.



higher electrification in the relatively industrialized areas indicates that village electrifi-
cation benefits from industrial activities, most likely due to better infrastructure. The
electrification rates in 2005, presented in 3 also show a similar structure.

In Figure 4 we present changes in the electrification rate between 1994 and 2005 that
is used in the empirical strategy. Surprisingly, a few districts experienced reductions in
electrification rates. This may be due to theft or deterioration of infrastructure, which
is quite common in India (Balachandra, 2011). The increase in electrification rates
mainly occurred in the Eastern states such as Jharkhand, rather than the industrial
states that had high initial electrification rates. While controlling for all district-level
factors through a fixed effects specification in a first difference model, we also run a
series of robustness checks to ensure that the exclusion restrictions are not violated by

the differential changes in electrification rates across regions.

Table 2: Household Electrification Rate by State

(%)

Electrification Quality of Supply

1994 2005 A 1994 2005 A

Andhra Pradesh 54 86 32 31 78 47
Bihar 10 21 11 7 27 20
Chhattisgarh 36 68 32 27 57 30
Gujarat 71 87 16 44 80 36
Haryana 82 90 8 45 60 15
Himachal Pradesh 91 97 6 69 99 30
Jharkhand 20 64 44 17 71 54
Kerala 76 89 13 44 96 52
Maharashtra 67 78 11 40 80 40
Madhya Pradesh 62 71 9 41 45 4
Orissa 17 34 17 21 94 73
Punjab 77 95 18 45 64 19
Rajasthan 49 54 5 36 49 13
Tamil Nadu 66 88 22 50 98 48
Uttar Pradesh 19 39 20 19 50 31
Uttarakhand 33 66 33 19 61 42
West Bengal 13 36 23 15 86 71
India 53 69 16 39 71 32

Notes: The table reports the percentage of households that re-
ported a grid connection in 1994 and 2005. Assam is not reported
due to low number observations in this state. Only three household
were surveyed in this state.

The quality of power supply at the household level is constructed as follows. The
1994 wave asked if household power supply was continuous, if the household experienced
on average one or two or more than two power outages per week. The electricity supply

is characterized as high quality if the household reported no power outages. We assume



the threshold for high quality to be 18 hours per day.® The 2005 wave asked how many
hours of electricity per day does the household receive on average. The quality of the
power supply variable is then defined as a variable that takes the value of zero when
the household is not connected to the grid, 0.5 when it is connected but receives a low
quality power supply, and 1 when it is connected and receives high quality power supply.

The second panel (Table 2) shows the average quality index across states. At the na-
tional level, the quality index increased by 32 percentage points between 1994 and 2005,
which is approximately an 80% increase. There is a correlation between the increase in
grid connection rates and the quality index, with a correlation coefficient of 0.48. For
example, in Orissa, the grid connection rate doubles while the quality index increased
by 73 percentage points. In Madhya Pradesh, grid connection rate increased only by 9
percentage points and the quality index by 4 points.

Figure 2: Electrification rate in the survey districts in 1994.
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Notes: The information on electrification rates is obtained from the Human Development Profile of India. Districts
left white are not part of the survey sample. Source: ESRI ArcGIS World Package and Geocommons.

8The model is re-estimated with threshold values of 16, 17, 19 and 20 hours. The main results hold
with slight changes in the magnitudes of the effects. 18 hours is preferred in the paper as it reflects the
productive hours of an agricultural household.
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Figure 3: Electrification rate in the survey districts in 2005.
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Notes: The information on electrification rates is obtained from the India Human Development Survey. Districts
left white are not part of the survey sample. Source: ESRI ArcGIS World Package and Geocommons.

3.2 The Transmission Network

In order to construct the variable for the length of the transmission cables within each
district, maps of the Indian transmission network published by the Indian Ministry of
Power are used. These maps are then superimposed on the map of Indian districts from
Census 2001 using ArcGIS (Government of India, 2001). Next, transmission cables are
split along the borders of the districts in order to measure their exact length within each
district. The density of the transmission network is then computed by taking the total
length of all the line segments within each district, and dividing it by the district surface
area. The deviation of this measure from the national average is then defined as the
normalized transmission cable density.

Figure 5 presents the map of this normalized cable density measure for 1994, where
the darker shades represent higher cable density. The districts marked white are not
part of the transmission network (they have no transmission cables). If a household is
located in a district characterized by a positive density, then the probability that the

household is connected to the grid and receives high quality electricity is higher, while
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Figure 4: Variation in electrification rate in the survey districts between 1994 and 2005.
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Notes: The information on electrification rates is obtained from the Human Development profile for 1994 and India
Human Development Survey for 2005. The figure shows the change in the electrification rate in each district.
Districts left white are not part of the survey sample. Source: ESRI ArcGIS World Package and Geocommons.

the opposite is true for negative values (Brown and Sedano, 2004).? Similarly, Figure 6
shows the normalized cable density for 2005.

In order to understand how the new infrastructure was distributed across the country
during the 11 years of the study period, the difference in the normalized cable density
measures is presented in Figure 7. Note that this does not reflect the increase in the
overall increase cable density as it is normalized for both years. The negative values
indicate that the gap between the district and the national average of transmission cable
density has increased, therefore the district did not receive a equiproportionate share
of transmission investment given its area. The positive values indicate that the district
received more than its equiproportionate share of infrastructure investment. The figure
shows that the positive values are clustered in the eastern region, areas close to Delhi
and in the state of Gujarat. This implies that political connections may be an important

factor in attracting infrastructure investment, which we discuss later in the paper.

9The distribution of cables prior to normalization and the cable network are presented in Figure A.4.
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Table 3 summarizes information on the density of transmission cables by state. Dur-
ing the study period, the transmission network expanded by about 23% (more than 7,000
km). However, there is considerable heterogeneity across states. For example, West Ben-
gal saw a decline of 3.3% while the network size in Gujarat increased by 96.7%. The
states which saw their network size increase (Gujarat, Maharashtra, Punjab, Rajasthan
and Uttar Pradesh) also experienced large gains in mean household income. In order to
compare the infrastructure with other countries, the total cable length as well as total
length divided by area are presented for China and the U.S. in the last two lines. Com-
pared to India, the total length is approximately 4 times higher in China and 6.4 times
higher in the U.S. When we take the total area of the countries into account, India has
12 km of transmission cable per 1000 km?2, while this number is 16 km in China and 26
km in the United States.

Figure 5: Normalized density of transmission cables per km? by district, 1994
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Notes: Data obtained from the Indian Ministry of Power. Cable length within districts is measured using ESRI
ArcGIS World Package and Geocommons. The figure represents the cable length divided by the area of the district,
normalized with respect to the national mean.
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Figure 6: Normalized density of transmission cables per km? by district, 2005
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Notes: Data is obtained from the Indian Ministry of Power. Cable length within districts is measured using ESRI
ArcGIS World Package and Geocommons. The figure represents the cable length divided by the area of the district,
normalized with respect to the national mean.

3.3 Description of data

In order to provide a descriptive background for the impact of electrification on house-
hold income, we take advantage of the panel aspect of the survey and compare households
that changed their electrification status from 1994 to 2005. In particular, we compare
households that change their status from “not connected” to “connected” and house-
holds for which the status remained the same. Further, those with electricity connection
are divided between low and high quality electricity, where quality is measured by the
number of hours per day as described above. By following households through changes
in electrification status, we test whether or not the change in their real income was
significant. The results presented in Table 4 show that among 4,613 households in our
sample in 1994 who were not connected to the grid, 2,447 remained unconnected, 1,118

were connected but received low quality electricity supply and 978 were connected but
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Figure 7: Difference in the normalized density of transmission cables per km? between
1994 and 2005.
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Notes: Data is obtained from the Indian Ministry of Power. Cable length within districts is measured using ESRI
ArcGIS World Package and Geocommons. The figure represents the cable length divided by the area of the district
and normalized with respect to the national mean. Districts left white are not part of the survey sample.

received a high quality supply.'® While the real incomes of the households who remained
unconnected significantly increased by 1.9%, this increase was higher at 2.8% for house-
holds that received low quality electricity, and even higher at 3.4% for households that
received high quality electricity.!! This suggest that the incomes of connected house-
holds increased more than the unconnected households, without establishing a causal
relationship or ruling out other factors that can affect household income.

The households that were connected, but received a low quality supply in 1994 also
experience a differential change. Those that continued to receive lower quality electricity
had a 2.1% increase, and those who experienced improvements in electrification and
moved to a high quality electricity supply had a higher increase in their income, at
3.6%. Households that had a high quality supply in 1994 and continued to receive

10 Approximately three quarters of the households report data on the hours of electricity they received.

The full sample is used in the analysis wherever possible.
HThese differences are statistically significant.
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Table 4: Household Electrification and Quality of Supply

Not Connected Connected Connected Total
Low Quality Supply  High Quality Supply
(2005) (2005) (2005)

Not Connected (1994)
Number of Households 2,447 1,188 978 4,613
Change in Income (%) 1.9%** 2.8%** 3.4
Connected, Low Quality Supply (1994)
Number of Households 532 1,762 1,848 4,142
Change in Income (%) 0.09 2.1%** 3.6%**
Connected, High Quality Supply (1994)
Number of Households 83 299 653 1,035
Change in Income (%) 2.3 2.1%* 4.6***
Total 3,062 3,249 3,479 9,790

Notes: The table reports the absolute number of households moving from one state to the other between 1994 and
2005 and the variation in the household total income, not including income from agriculture. Asterisks report statis-
tics for a test of two means between 1994 income and 2005 income. *** p<0.01, ** p<0.05, * p<0.1. High Quality
Supply is defined as more than 18 hours of electricity per day on average in 2005; in 1994, households were asked
about the number of outages experienced per week.

a high quality supply in 2005 had the highest increase in their real incomes at 4.6%.
However, only 653 out of 9,790 households are in this group, representing 6.6% of the
sample.

The data also show that some households experienced deterioration in their electricity
connection. Some 532 households with low quality electricity and 83 households with
high quality electricity in 1994 lost their electricity connection. These households did
not experience a significant increase in their income. The reduction in electrification
coverage in some states were shown in Figure 4. Finally, 299 households switched from
high quality to low quality electricity. While their incomes increase over the time period,

it was much lower than for households that continued to receive high quality supplies.

4 Empirical Approach and Results

Let Y denote the logarithm of household income and X be a vector of household-level
controls. Define T to be the treatment variable, which represents the quality of power

supply received by the household. Our specification in levels takes the following form:

Yiaek = o+ 0;+ 0+ 0ar + BLiar + v Xiar + €iar (1)
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where subscripts 4, t and d denote household, time and district, respectively. Thus, &;, d;
and d4 represent household, time and district-time fixed effects. €;4; is the error term.
The coefficient of interest is 5. In order to eliminate the household fixed effect term and

other time invariant factors, we difference over time to get
AYigr = A+ Adar + BATiar + YA Xiar + Aiar (2)
Our panel is composed only of two waves, thus we can re-write equation (2) as
AYiw = a+dq+ BATa +vAXiar + Aciar (3)

The quality of power supply could be improving in districts that tend to grow faster
than other districts. In this case Aeg;q is correlated with AT;4 and an OLS estimation
of equation (3) does not identify the causal effect of an increase in the quality of power
supply. We deal with this endogeneity issue by using an instrumental variable approach,
following the seminal work of Angrist and Imbens.'? The quality of power supply is
instrumented with the increase of the density of transmission cables within the district
relative to the national average, multiplied by the initial level of quality.

Proximity to the transmission network implies a higher probability of being connected
to it and also be closer to generation points and therefore a higher probability of receiving
better power supply. Given the inability to locate our households within the district for
confidentiality reasons, multiplying the improvement of the transmission network by
the initial quality of power supply of a household accounts for the heterogeneity in the
distribution of households within a district. The construction of this instrument follows
the methodology developed by Bartik (1991), and employed by Blanchard and Katz
(1992), Bound and Holzer (2000) and Autor and Dugger (2003). The intuition behind
the instrument is that, an upgrade of the transmission grid is more likely to affect a
household already connected to the grid, yet with a low quality of power supply, than a
household which was not connected at all. The instrument AZ is therefore constructed

in the following way:

AZ;gy = Tigo * AG gy (4)

where G denotes the district level normalized density of transmission cables. The system

123ee, for example, Angrist (1990), Angrist and Imbens (1994) and Angrist (1998).
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of equations to be estimated is therefore:

AYiqp = a+0q+ BAT g + AXaqry + Acigy (5)
ATy = @+ 04 +nAZgr + AXiqy + Augy (6)

where standard errors in all regressions are clustered at the district level in order to
account for within-region heterogeneity.'® The same methodology is then applied to the
the probability of electrification, where T indicates the connection to the grid.™

The expansion in transmission network is expected to increase the probability of elec-
trification for households that are within a feasible radius of the infrastructure. However,
the impact on quality of electricity is less straightforward as there are two potential ef-
fects. First, an expansion in the transmission and distribution network could increase
the demand for electricity. If this is not complemented by an increase in generation
capacity, the quality and reliability of electricity for households could decrease. On the
other hand, if the electricity generation capacity is proportionally expanded, then we
would observe an increase in the quality. While we are not able to obtain data on the
location and capacity of power plants in India, the sign on the first stage would show
which of these effects dominate.

The results for the first stage describing the relationship between household electri-
fication and transmission cable density are presented in Table 5. The model described
in Equation 6 is first estimated with no controls, then district fixed effects, household
demographic controls and household asset controls are included in the model. The re-
sults suggest that cable density has a positive and robust impact on electrification. The
results in column (1) imply that a one unit increase in the density of transmission lines
increases the probability of electrification by approximately 5 percentage points. The
impact increases to approximately 10 percentage points with the inclusion of district
fixed effects and household controls.

On the right panel, the estimates for the impact on the quality of electricity are

shown. They show that a one unit increase in the transmission cable density increases

13The results hold when we cluster the errors at the state or region level.

4The condition which needs to be satisfied in order for this identification to be consistent is that
E[Tiaq0 * AGas x Aeiar] = 0. We can easily verify this by taking the limit over districts and individuals
limp, 700 ﬁ >oa i (Tiao * AGay % Agiqr) = 0. Since Gg¢ does not depend on the individual, we can
extract it from the sum and re-write it as limp, ;1o ﬁ > AGa Y, (Tiao * Agigr) = 0. In order for
this to be verified we only need to argue that lim;_ o % ZZ (Tia0 * Aeigr) = 0, or equivalently that
E[T;q0 * Aeiqt] = 0. This means that income shocks occurring between 1994 and 2005 need not to
be correlated with the quality of power supply in 1994. While income shocks may be related to the
improvement in the quality of power supply or the income trend may be related to the initial quality
of power supply, it is difficult to argue why the initial quality should be correlated to shocks, especially
over a period of 11 years. Therefore, we are confident in claiming that this condition is indeed satisfied.
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the quality index by 15 percentage points.'® This implies that the increase in electricity
demand due to additional transmission cables was not associated with a reduction in
quality, and that the increase in demand induced by the expansion in the transmission
cables was adequately compensated through increased production. The coefficients on
the control variables show that an increase in the household size was associated with a
larger probability of electricity connection and a higher quality. On the other hand, an
increase in the number of children was associated with lower electricity outcomes while

religion and asset ownership did not have a significant impact.

4.1 Electricity and Household Income

We now focus on the the impact of the quality of electricity supply on household income
as specified in Equation 5. The results for OLS and IV estimations are reported in
Table 6, the latter using the density of transmission cables multiplied by the initial
state of electrification as instrument for the quality index. The OLS results with no
controls, presented in column (1) indicate that higher electricity quality is associated
with a 9 percent increase in household income. Inclusion of the district fixed effects and
instrumenting the change in quality with the transmission cable instrument in column
(4) increases the coefficient to 87 percent. From Table 2, we see that the quality of supply
improved by 32 percentage points on average over the whole country between 1994 and
2005. These numbers imply that household incomes increased by roughly 28 percent
over this 11-year period as a result of an increase in the quality of power supply.'®

We then include the demographic controls, asset controls, individually and together in
columns (5) — (10). The results show that both the OLS and the IV coefficients are robust
across specifications, with OLS estimates between 7.6% and 8.6%, while the IV estimates
range between 87.3% and 89.4%. All the results consistently show that the impact of
electricity quality on income is higher after instrumentation. A potential explanation
relates to the type of infrastructure reflected in the coefficients. The IV estimates reflect
the impact of the transmission network, while the OLS estimates incorporate the effect
of both distribution and transmission networks. The smaller OLS estimates may thus
be associated with the efforts of state governments to provide power to poorer areas.
The transmission network, on the other hand, substantially improves the household’s
probability of receiving electricity, but it does not reflect the potential downward bias

arising from state policies.!”

5Note that the number of observations declines in a panel due to missing information on power quality.

16This number is obtained by multiplying the coefficient 0.887 by the improvement in the quality index
of power supply, 0.32.

"In order to assess whether or not the results are robust to the choice of the 18 hour threshold, the
main model is estimated with 16, 17, 19 and 20 hours as thresholds for high quality power supply. These
results shown in Table A.1 suggest that our estimates are not very sensitive to this choice.

20



The coefficients on the other control variables have the expected signs. Per-adult
equivalent household income is negatively associated with household size, with each
additional individual reducing income by roughly 3 percent. The same is true for the
proportion of children which also has a negative impact on income. The coefficient on
livestock ownership is negative, indicating that the household is less likely to receive
income from non-agricultural activities if it owns livestock assets. Home ownership
has an insignificant effect as almost the entire sample are home owners, and the real
estate rental market is likely to be very small or nonexistent in these small villages in a
developing country.

These results imply that the impact of electrification on households cannot be con-
sidered independently of the quality of electricity. While the initial connection may be
important in the sense that it can induce reallocation of labor and capital within the
household, this impact will increase with quality. This highlights the importance of
providing a high quality supply of power, as the potential benefits of electricity are not
completely realized by just providing a grid connection and low quality power.

We now estimate the same model to investigate the impact of a connection to the
grid on household income. The results are presented in Table 7. OLS results predict
an impact of a connection to the grid of 6.7%, while IV results predict an impact of
55.4%. As before, instrumentation increases the impact several fold, implying that
receiving electricity augments non-agricultural household income by more than 50%,
and the estimate is largely robust to the inclusion of various household controls. Given
that electrification rates increased by 16 percentage points between 1994 and 2005, these
results imply that non-agricultural household incomes increased by 8.9% over this 11-
year period as a result of increased access to electricity. The estimates are generally
robust to the inclusion of household controls for demographic characteristics and asset

ownership.

4.2 Further Robustness Checks

The robustness of the results are tested by using an alternative measure for the instru-
ment, and by accounting for various factors that may violate the exclusion restriction.
These results are presented in Tables 8 through 11 for the baseline specification with
demographic controls, asset controls and district fixed effects. All standard errors are
clustered at the district level. In each table, the first two columns represent the results of
the baseline specification in columns (8) and (9) of Table 6 for the effect on electrification
quality, and Table 7 for the effect of grid connection on household income.

The previous specification defines the transmission cable density as the total length

of transmission lines in a district divided by the area of the district. It may be the
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case that larger districts have unpopulated areas with no cables, which can make our
density measure smaller, but the populated areas may be well electrified. We thus alter-
natively define the transmission variable as the total length of cables per person instead
of per square mile. The actual population of the district is used for the computation.
These results are presented in columns (3) and (4) of Tables 8 and 9 for the effect of
electrification quality and grid connection, respectively. The magnitude of the estimates
is largely robust to this change, while the first stage F-statistics are estimated to be
considerably larger. This indicates that cable length per person is a stronger instrument
for the quality and grid connection, while the estimated impact on household income
was not affected by this change.

Because we are focusing on a relatively long time period between 1994 and 2005,
the results may be contaminated by other reforms that took place over these eleven
years with differential impacts on some households. Specifically, the long run effects
of trade liberalization that took place in 1991 would be fully reflected in the markets
by 1994, and continue through the period of this study. The reduction in prices due
to tariff cuts may have specifically affected agricultural households that live in coastal
states.!® These states also tend to be more industrial and thus have a higher density
of transmission cables, which can be seen from the Figure A.4. As a robustness check,
we present results by excluding the coastal states of Gujarat, Maharashtra, Karnataka,
Tamil Nadu, Andhra Pradesh, Orissa and West Bengal in order to make sure we are not
picking up this effect. These results are presented in columns (5) and (6) of Tables 8
and 9. The magnitude of the coefficient for electricity quality increased to 0.985, while
the magnitude for grid connection increased to 0.853 when compared to the baseline
specification. The larger estimates imply that the effect is higher for inland states, and
that the previous estimates may represent a lower bound for the impacts.

The political connections of the local government may bias our results if they actively
lobby for higher investments in the transmission network. The regions with stronger
political connections to the federal government may be more likely to receive electricity,
and also grow faster due to better access to other resources as well. In order to check
whether this is driving our results, we have excluded the states whose prime minister
in 1994 belonged to the same party as the Indian prime minister at the federal level.
The prime ministers of Andhra Pradesh, Assam, Haryana, Himachal Pradesh, Kerala,
Maharashtra, Madhya Pradesh and Punjab belonged to the Indian National Congress
party in 1994, that was in power in the federal government. We thus repeated the
estimation by excluding these states. The results shown in columns (7) and (8) of
Tables 8 and 9 suggest that the estimates are higher in the states that did not have the

same party in power as the federal government. We can therefore conclude that political

18Ural Marchand, 2012.
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alliance between the state and the federal government does not play a role in the decision
to locate transmission lines.

In India, there are large disparities across states in terms of income levels and rates
of economic growth. If high growth states experienced a relatively smaller improvement
in electrification rates, then the estimates could be biased. We next excluded the three
states where income per capita has increased the most between 1994 and 2005 according
to the HDPI-IHDS surveys, i.e. Haryana, Himachal Pradesh and Kerala. The results
are presented in columns (9) and (10). In addition, we excluded the five states with the
highest growth rates, i.e. Haryana, Himachal Pradesh, Kerala, Punjab and Uttarakhand.
These results are shown in columns (11) and (12). Both set of estimates are higher when
high-growth states are excluded, implying that the marginal impact of grid connection
and quality is higher in slower-growing areas.

The model is also estimated by excluding households that live in districts that are
relatively urbanized. The incomes in these districts may be growing faster than others
for reasons that are not related to electricity. The quality of power supply may be higher
in these areas due to a higher number of power plants or higher investments in power
transmission. We test for this by excluding the districts that include the 10 largest cities.
In addition, we hand-select the districts that are neighbors of these districts and also
exclude them in order to capture the full extent of their area of influence. The 10 biggest
cities in India in decreasing order of size, are: Mumbai, Delhi, Bangalore, Hyderabad,
Ahmedabad, Chennai, Kolkata, Surat, Pune, and Jaipur.'® This test captures parts of
the transmission network that is likely not impacted by demand for urban and industrial
centers. They are likely to represent the most cost effective route between a production
site and a high demand pole or between two high demand poles. Thus the outcomes we
observe should come from the transmission network only through electrification.

The results are presented in columns (3) and (4) of Table 11 for quality of electricity
and in Table 11 for grid connection. Excluding the largest cities increases the impact
of grid connection as well as electricity quality. The urbanized areas already have high
grid connection rates and good quality electricity in the initial period. The increased
coefficients after excluding urban areas imply that the marginal returns to additional
improvements are smaller at high levels of electrification. The same exercise is repeated
by excluding only the districts with the 10 largest cities, presented in Columns (5)
and (6). Columns (7) and (8) exclude districts with the 15 largest cities, which also

19This results in elimination of the following districts from the sample: Maharashtra: the districts
of Dhule, Pune, Ahmednagar, Solapur and Satara; Haryana: the districts of Sonipat, Gurgaon and
Faridabad; Karnataka: the district of Bangalore rural, Tumkuru and Kolar; Tamil Nadu: the districts
of Dharmapuri and Kancheepuram; Andhra Pradesh: the district of Medak; Gujarat: the districts of
Ahmedabad, Kheda, Gandhinagar, Bharuch, Mahesana and Surendernagar; Rajasthan: the districts of
Sikar, Alwar, and Sawai Madhopur; and finally West Bengal, the districts of South 24 Parganas and
North 24 Parganas.
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includes Lucknow, Kanpur, Nagpur, Indore and Thane. Similarly, columns (9) and (10)
exclude districts with 20 largest, which also includes Bhopal, Visakhapatnam, Pimpri-
Chinchwad, Patna and Vadodara. The magnitude of these coefficients are similar to the

baseline estimation.

5 Concluding Remarks

The provision of reliable electricity is key to economic growth in the developing world.
Previous studies of the effect of electrification have focused on new connections to the
grid. In this paper we examine the effect of a grid connection as well as the quality of
power supply on household incomes in rural India. These estimates can help determine
spending priorities, for example between improving existing infrastructure or extending
the grid to cover new areas.

Capturing the impact of electrification on income is difficult because of reverse causal-
ity and other endogeneity concerns. We use the variation in infrastructure, i.e. trans-
mission lines, in order to isolate the causal relationship going from electricity provision
to economic outcomes. We use a nationally representative dataset to show that the
impact of electrification on households cannot be considered independently of the qual-
ity of the electricity supply. A grid connection increases non-agricultural incomes of
rural households by about 9 percent during the study period (1994-2005). However,
higher quality of electricity (in terms of fewer outages and more hours per day) increases
non-agricultural incomes by about 29 percent during the same period. This highlights
the importance of providing a high quality supply of power, as the potential benefits of
electricity are not completely realized by only connecting households to the grid.

Our results suggest that policies that aim to provide reliable electricity to households
may bring about significant economic benefits. These estimates can be used to perform
cost-benefit analysis on infrastructure improvements,which can guide scarce capital as-
sets into sector that yields the highest returns.

Although several recent studies have examined the impact of grid connections, this is
the first paper providing an estimate of the effect of the quality of electricity supply on
household incomes. However, significant work is still needed in order to fully understand
the impact of electrification on welfare. Because of data limitations we were not able
to precisely disentangle the various channels through which electrification may operate.
For example, it will be useful to see how households change their labor allocation when
they get reliable electricity and understand the spillover effects when the whole village

gets connected to the grid.
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A Appendix Figures

Figure A.1: Transmission and rail networks

——— Transmission network

Rail network

Source: ESRI ArcGIS World package and geocommons.
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Figure A.2: Transmission and road networks
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Source: ESRI ArcGIS World package and geocommons.
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Figure A.3: Household Electrification Rate vs Mean Income by State, 2005
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Notes: We show the state-wise correlation between electricity outcomes and average household income in 2005.

linear fit for the scatter diagram is provided.
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Figure A.4: Density of transmission cables per km? by district, 2005

Notes: Data on electrification rates is obtained from the India Human Development Survey (2005). The
figure shows the change in the electrification rate in each district. Districts left white are not part of the
survey sample. Source: ESRI ArcGIS World Package and Geocommons.
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