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Abstract

We study the impacts of 1,500 large-scale irrigation projects that have affected more than
250,000 villages in India. To identify treatment effects, we use high-resolution spatial data,
and exploit discontinuities in program inclusion arising at project boundaries. Irrigation in-
creases agricultural output and population density in rural villages. However, in and near
towns, it causes a decline in indicators of development including population density, night-
light density, built-up area, and firm employment, reallocating factors of production away
from non-agricultural activities. The results are consistent with a model in which permanent
agricultural productivity gains slow the process of structural transformation.
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1 Introduction

Policy makers in developing countries have long emphasized improvements in agricultural pro-
ductivity as a central strategy for promoting rural development. Ultimately, however, economic
development hinges upon firm creation and shifting employment from the agricultural to the
manufacturing and service sectors, a process often linked to urbanization and migration (John-
ston and Mellor, 1961; Lewis, 1954; Gollin et al., 2002; Rostow, 1960; Kuznets, 1961; Studwell,
2013). It is, therefore, crucial to understand how gains in agricultural productivity impact non-
agricultural development.

This paper studies the effects of permanent agricultural productivity shocks on local eco-
nomic development in India. Since 1950, the Indian government has extended irrigation to close
to 250,000 villages through the construction of large-scale dams and networks of canals that dis-
tribute river water to downstream villages. We provide evidence that these irrigation projects had
a positive impact on the agricultural productivity of rural villages by allowing them to expand
crop production to seasons when it had previously been nonviable. However, we also show that
the process of urbanization and the reallocation of labor to non-agricultural firm employment
has slowed down within project areas.

Since the seminal work of Duflo and Pande (2007), a handful of papers have studied the im-
pacts of surface irrigation projects on downstream areas, generally relying on exogenous vari-
ation in the geographical determinants of dam location for causal identification. These studies
have documented important effects of irrigation on agricultural output, income volatility, and
poverty rates (Hansen et al., 2011; Strobl and Strobl, 2011; Blanc and Strobl, 2014; Olmstead and
Sigman, 2015; Jones et al., 2019; Zaveri et al., 2020)." However, less is known about the effects
of irrigation on non-agricultural economic activity, which is the primary focus of our paper (see
Dillon and Fishman, 2019 for a review).

Our analysis uses fine spatial data on more than 1,500 major surface irrigation projects in In-

! Additional papers, including Hornbeck and Keskin (2014, 2015); Sekhri (2014); Fishman et al. (2013); Blakeslee
et al. (2020); Ryan and Sudarshan (2020), have studied the impacts of decentralized groundwater irrigation on similar
outcomes.



dia, which we merge with administrative village-level agricultural, demographic, and economic
data, as well as remotely sensed land-use data. The boundaries of the areas served by these irri-
gation projects (also called “command areas”) are primarily determined by engineering consider-
ations related to topography (see Section 4 for details). We exploit the discontinuity in program
inclusion arising at the boundary of command areas, comparing villages proximate to one another
but on opposite sides of the boundary, while controlling for geographic features and imposing
sampling restrictions to ensure comparability. This approach differs from much of the existing
literature, which generally compares larger areas downstream from a dam to areas that are not.

The high resolution of our data allows us to provide novel insights on the impacts of irriga-
tion on the spatial patterns of economic activity. In India, village population density and non-
agricultural economic activity decline rapidly with distance from rural towns. Our analysis shows
that the impacts of irrigation display remarkable variation across this distance gradient. Far from
towns, where nearly all labor is engaged in farming, we find no significant effect of irrigation
on village labor force composition and a modest increase in small firm employment. In stark
contrast, in towns and nearby villages, irrigation causes a substantial increase in the share of
agricultural workers and a large decrease in employment in firms, especially large ones. Sim-
ilarly, most villages experience an increase in population density, built-up area, and nightlight
density while towns experience a decrease. Proxy measures of per-capita wealth are also higher
in irrigated villages, while in towns there is generally no improvement.

To guide the interpretation of our empirical results, we formulate a parsimonious spatial econ-
omy model in which non-agricultural activities are subject to dynamic external economies of
scale, as in Matsuyama (1992). In our model, a positive agricultural productivity shock on ur-
banizing regions tends to slow this process, reducing non-agricultural employment, productivity
growth, and the inflow of workers. In more remote agricultural villages, the same shock further
deepens a region’s specialization in agriculture and reduces the outflow of workers.

Our paper joins a growing literature on the causal impact of different forms of agricultural

productivity gains on structural transformation. McArthur and McCord (2017) and Gollin et al.



(2018) utilize exogenous cross-country variation in the accessibility of key inputs to show that
agricultural productivity gains accelerate structural transformation. Other papers use within-
country variation to study the impacts of increases in agricultural productivity. Bustos et al.
(2016, 2020), for example, find that Brazilian municipalities with better agro-climatic conditions
for the adoption of labor-augmenting technical change experienced higher rates of local struc-
tural transformation. Hornbeck and Keskin (2015) show that U.S. counties more likely to gain
access to irrigation after World War II experienced long-run improvements in agricultural output,
but did not experience long-term increases in non-agricultural activity. Foster and Rosenzweig
(2004) show that high rates of crop yield growth in India were correlated with lower industrial
growth across a nationally representative sample of villages. Relatedly, several papers study how
climatic variation affects urbanization and labor allocation in Sub-Saharan Africa and India, pre-
sumably through its effect on agricultural productivity (Henderson et al., 2017; Emerick, 2018;
Krishnaswamy, 2019; Colmer, 2021).2

We contribute to this literature by estimating the impact of permanent gains in agricultural
productivity on long-term, local indicators of economic development in a major developing coun-
try. Our data allow us to examine the spatial patterns of these impacts at a finer resolution than
previous papers, which tend to study outcomes at higher levels of administrative aggregation
that generally include both urban locations and their rural hinterlands. Such analyses have pro-
vided extremely important insights about more aggregate effects, but do not determine how these
effects are distributed spatially, or how this depends on baseline levels of urbanization. As demon-
strated in this paper, agricultural productivity gains have substantial impacts on the patterns of
labor allocation and firm activity across proximate rural and urban areas. It is important to note,
however, that our methodology is less suited to identify the aggregate impacts of increases in agri-
cultural productivity. We return to this question in the conclusion, and use back-of-the-envelope
calculations to estimate aggregate effects. We also note concurrent and independent work by

Asher et al. (2021) conducts a similar analysis and finds consistent results.’

2See Barrett et al. (2017) for a review of studies in Africa.
3The two groups have been developing their research independently and have become aware of each other’s work



This paper also speaks to research on economic geography. Several papers have studied differ-
ent drivers of the spatial distribution of economic activity in individual countries (e.g., Michaels
et al., 2012; Bleakley and Lin, 2012; Allen and Donaldson, 2018; Davis and Weinstein, 2002). Most
of this research has focused on developed countries. We contribute to this literature by providing
evidence on the impact of local agricultural productivity shocks on the location of production in
India. In addition, by showing reduced-form evidence on how agricultural productivity shocks
interact with the spatial distribution of economic activity, we complement recent papers study-
ing interactions between structural transformation and economic geography, such as Gollin and
Rogerson (2014), Nagy (2020), Eckert et al. (2018), Fajgelbaum and Redding (2018), and Henderson
et al. (2018).

Lastly, our results relate to a rich literature studying the effects of agricultural productivity
gains on various outcomes, including several papers on the “green revolution” (Christiaensen and
Martin, 2018; Gollin et al., 2018; Bharadwaj et al., 2020; von der Goltz et al., 2020) and studies on

irrigation (Hornbeck and Keskin, 2014; Dar, 2019; Blakeslee et al., 2020).

2 A Simple Spatial Economy Model with Structural Trans-
formation

This section develops a parsimonious spatial economy model, in which productivity in urban
activities are subject to dynamic external economies of scale as in Matsuyama (1992). Our model
predicts theoretically ambiguous effects of an agricultural productivity shock on non-agricultural
activities, depending on the distance of affected regions to population hubs. We briefly explain

the model here, relegating details to Appendix Al.

Setup. Consider a small open economy with two regions, called Town (7) and Village (1), and

two sectors, agriculture (A) and manufacturing (). The economy operates over discrete time.

in March 2021. Asher et al. (2021) also implement a regression discontinuity design but using elevation relative to a
canal as the running variable.



Relative to Village, Town is situated in a privileged geographic area, near a major trade route
or a river, such that trade between Village and the rest of the world (ROW) has to pass through
Town. To take goods from Village to Town, there is an iceberg trade cost of 7. This economy has
a population N that can move between regions and sectors. Each region has a land endowment
of L. Markets are perfectly competitive.*

Technologies are given by

Qikt = Aiks (Likt)ak (Nikt)liak

where i indexes a region, k a sector, and t a time. A;; is the productivity, L;x; the employment
of land, N, the total labor employment, and o the cost share of land. Agriculture is land-
intensive (a4 > ayy). Agricultural productivity is fixed (4;4; = A;4). As in Matsuyama (1992),

manufacturing productivity is subject to knowledge accumulation:

Aivierr = Ainie + Yninn

where v > 0 is an externality parameter and 7,5, is the share of workers in manufacturing
(ninse = Niare /Ny, where N, is the total population in 7). We assume Argq = Ay 4 and Appo >
Ay mo, where t = 0 is the initial period.

In every region, land consists of a continuum of plots and landowners assign plots to sectors.
Each plot requires a conversion cost of € to be employed in sector k, incurred by the landowner.
Similar to Sotelo (2020), this conversion cost is heterogeneous across plots and drawn from a
Fréechet distribution, F (¢) = 1 — exp(—e~?), where 6 controls the variance of conversion costs.
With this formulation, as they maximize profits, landowners assign a share A\, = 9./ >, r%,

of plots to sector k, where r; is the rent of converted land.”

*For simplicity, workers are perfectly mobile. We could introduce migration costs in the model, consistent with
the literature on migration in India (Munshi and Rosenzweig, 2016), but that would not change the essence of our
results.

>Land heterogeneity avoids non-degenerate equilibria in which a region fully specializes in one of the sectors.
We notice that, in contrast to Sotelo (2020), who model plots of land as heterogeneous in terms of their productivity,



Lastly, consumers have Cobb-Douglas preferences. The expenditure share of agriculture and

manufacturing are, respectively, 14 and py;.

Dynamics and the Spatial Distribution of the Economy. The evolution of prices in Town
is exogenous, tracking prices in the ROW.® In Village, prices are determined by non-arbitrage
conditions across space. Because Town is closer to the ROW, it tends to attract workers and
have a larger population density. As such, land to wage ratios in Town are higher, inducing
specialization of Town in manufacturing and specialization of Village in agriculture. In any given
period, both population density and the share of manufacturing workers are larger in Town.
Over time, productivity growth in Town is larger than in Village because of knowledge ac-
cumulation in manufacturing. As a result, Town increasingly attracts workers and specializes in
manufacturing. In Village, population density falls over time, and the region increasingly spe-

cializes in agriculture.

Agricultural Productivity Shocks. Consider now a shock at ¢ = 0 that increases agricul-
tural productivity permanently, either in Town or in Village. In both regions, this shock reduces
permanently the share of workers and land in manufacturing relative to a scenario without the
shock. In Town, this reduction slows down the productivity growth in manufacturing, reducing
the inflow of workers over time. In Village, this shock also reduces the productivity growth in
manufacturing, but it tends to prevent the outflow of workers by making the agricultural sec-
tor more attractive, increasing population in Village relative to a scenario without the shock.
(Appendix Figure A1 illustrates these effects using numerical simulations of the model.)

In summary, an agricultural productivity shock increases the share of workers in agriculture,
both in Village and in Town, which is consistent with empirical findings in Foster and Rosen-
zweig (2004). Importantly, our model also generates ambiguous predictions about the impact of

a productivity shock on population growth, depending on the spatial distribution of economic

we assume that plots of land, once converted to a sector, are homogeneous. Our approach simplifies the solution of
the model while retaining our goal of avoiding full sectoral specialization.
® Appendix A1 characterizes prices in the ROW.



activity, which we inspect empirically in Section 5.

3 Data

We make use of a variety of data sources available at high spatial resolution. The key outcome
variables come from: (a) demographic and economic censuses, available at the village and town
level; and (b) remotely sensed data on cropping patterns, land use, and nighttime lights. The latter
are merged to georeferenced villages and towns, along with GIS data on canal command areas

and key geographic factors. Additional detail is provided in Appendix A2.

Demographic and economic census. The demographic census of India is conducted every
ten years. It includes data on demographics, economic activity, educational attainment, land use
patterns, and household amenities and assets for the entire country, aggregated at the village
and town level. We make use of the following outcomes from the 2011 census: irrigated area,
canal-irrigated area, population density (per sq km), labor force participation, employment in
agriculture (both own-farm cultivators and agricultural laborers), and ownership of assets and
household amenities. We also use data from the sixth edition (2012-13) of the economic census,
which provides firm-level data on employment for all enterprises in the country, including both
the sector and number of workers within each firm. It is important to note that, while the demo-
graphic census reports the numbers of workers and farmers residing in the village, the economic
census reports the number of employees of firms which are located in the village/town, whether

they reside in it or not.

Remotely Sensed Data. We use three sources of satellite data with information on agricultural
outcomes. First, we utilize data on dry season cropping from MODIS Enhanced Vegetation Index
(EVI) to measure cropped area at small-scale farming environment (Jain et al., 2017). The data are
available at a 1 x 1 sq. km resolution, and aggregated using village and town polygons. Second, we

use land use and land cover classification (250K) data from Bhuvan, the Indian Space Research Or-



ganisation’s (ISRO) online portal.” The data are made available by the Natural Resources Census
programme at National Remote Sensing Centre (NRSC), which uses remote sensing to estimate
land use in different categories, including: season-wise cropping, double or triple-cropping, fal-
low area, built-up area, forest area, wasteland, and water bodies. These data are used to estimate
net sown area in the country, as they have a high accuracy (Agency, 2007). Third, as a proxy
for economic growth and urbanization, we use nighttime lights data from NOAA’s National Geo-

physical Data Center’s Defense Meteorological Satellite Program (Henderson et al., 2012).

Spatially Linked Data. Using village and towns polygons, we combine the data sets described
above to construct a high resolution spatial data set on economic activity in the country. We also
merge GIS data on canals, command areas, aquifers, and rivers from the India Water Resources
Information System (WRIS).® Attribute data on canals is completed using Central Water Com-
missions” Management Information System of Water Resources Projects and India WRIS Wiki.’
Finally, we calculate distances from village centroids to command area boundaries, and com-
plement the data with detailed information on geographical features including climate, altitude,
slope and a land ruggedness index formulated by Riley et al. (1999), and used by Nunn and Puga

(2012) and Michaels and Rauch (2017).

Summary Statistics. Appendix Table A2 gives key details on the sample size and descriptive
statistics. The sample cover approximately 1,500 irrigation projects; and includes approximately
74,000 villages and 900 towns within program areas, and similar numbers in nearby control areas.
To put these numbers in perspective, there are approximately 650,000 villages and 7,700 towns
in India. Therefore, our sample of treated villages and towns accounts for approximately 11-12

percent of all villages and towns in India."

"http://bhuvan.nrsc.gov.in/gis/thematic/index.php

8Data downloaded from http://59.179.19.250/ during Nov 2019-Apr 2020. The link, however, is now inaccessible.

*https://indiawris.gov.in/wiki/doku.php

190ut of the 567,125 villages for which data is available, 16 percent do not get any irrigation. Overall, the average
percentage of cultivated land in Indian villages that is irrigated from any source is 52 percent and the average cul-
tivated area irrigated by canals is 12 percent. After tubewells, canal irrigation is the second most popular means of
irrigation and close to 144,000 villages (24 percent of all villages in the country) report receiving water from canals.


http://bhuvan.nrsc.gov.in/gis/thematic/index.php
http://59.179.19.250/
https://indiawris.gov.in/wiki/doku.php

Descriptive statistics for villages are given in column (1), and columns (2)—(4) report the dif-
ferences between towns and villages, with column (3) including command area fixed effects, and
column (4) additionally restricting the sample to towns smaller than 30 sq kms. As is apparent,
towns are systematically different than villages, having larger populations, smaller agricultural
sectors, more large firms (per capita), and greater household asset holdings. These significant dif-
ferences across villages and towns also motivate the spatial analysis and the empirical strategy

we describe next.

4 Empirical Strategy

Our empirical strategy exploits the discontinuity in program inclusion arising at the boundary
of command areas, comparing villages (towns) proximate to one another on opposite sides of the
boundary. Command areas are defined as the total areas to which an irrigation project can deliver
water through a network of canals. The extent of the command area is determined by the volume
of water in storage (mostly in a dammed reservoir, but occasionally through direct diversion of an
un-dammed river) and the topography of the terrain. Since water is distributed through gravity,
elevation plays a key role in determining the boundary. In one of the most common engineering
designs, the main canals begin at the dam and follow a roughly constant elevation contour, from
which secondary canals deliver water to lower elevations. The command area boundary is thus
formed by these main canals. In another common design, the main canals follow ridge lines and
secondary canals distribute water to both sides of the ridge. The boundary of the command area
is then defined by lowest elevation lines on both sides of the ridge and the terminus of the main
canals. Using elevation data, we confirm that the the command area boundaries are essentially

flat, with average slopes on the order of a 20 cm decline per 100 meters distance.
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Figure 1: Illustration of a Canal Command Area (Hirakud Major Irrigation Project)
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Notes: The empirical strategy compares villages on either side of the command area border (shaded light grey) in a 10 km buffer (denoted by
the dotted black line). In order to compare nearby villages, 5 km boundary segment fixed effects are used, which are calculated by splitting the
border into smaller parts. (Boundary segments not shown for the sake of simplicity.) Furthermore, the estimating sample is restricted to parts
of the border which have a slope less than 1.5 degrees on the outside of the border. (This sample restriction gives us a balanced sample on key
geographic variables. See Figure 2.) This map also illustrates the two types of estimation samples that are used in the study: the main results use
the entire canal command area boundary, with the caveats mentioned above. A second estimation sample, used in robustness checks, relies only
on the part of the command area boundary that is contiguous with the canal. In this example, only villages on either side of the command area

border (black solid line) which overlaps with the canal (red solid line) will be used.

Our analysis encompasses approximately 1,500 irrigation projects (command areas), for which
we have high resolution data on the precise boundaries of command areas, as well as canals and all
relevant geographic features. To improve the comparability of the control and treatment groups,

we restrict the sample to villages and towns whose centroids are no farther than 10 kms from
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the boundary (see Figure 1), but our results are not affected by the choice of a narrower or wider
bandwidth.'" To sharpen the comparison even further, we partition the boundaries of command
areas into 5 km segments (of which there are, on average, 16 per command area), and compare
only villages on opposite sides of the same boundary segment.

Formally, our main estimation takes the form:

Yipdp = o + BC; + XqI' + vg + piy + €5, (1)

Agricultural and non-agricultural outcomes are denoted by ¥;,4, Where 7 is an index for location
(village or town) in a 10 km buffer around irrigation project p in district d and b is an index
for 5 km command area boundary segments. The key explanatory variable of interest, (), is a
binary variable indicating whether the centroid of the location lies within a command area or not,
and the coefficient of interest is # which is the impact of irrigation on agricultural productivity
and local economic development. Our preferred specification includes district fixed effects, v,
and p, which are the 5 km boundary segment fixed effects, assigned according to the boundary
segment to which a centroid of a given location is closest.'”” We also control for a vector of village
geographic characteristics, X;, which includes altitude, ruggedness, distance to major river, type
of groundwater aquifer underlying the village, and the (log) area of the village. We discuss these
in detail below. To account for spatial correlation, error terms are clustered at the command area
level.

We estimate treatment effects for villages and towns separately because of their starkly dif-
ferent economic characteristics (see Appendix Table A2 and Appendix Figure A2). Identical spec-
ifications with the same 10 km bandwidth are used for both to facilitate comparability. It is im-

portant to note that, while the possibility of endogenous town formation in response to irrigation

"1Given that there is no well accepted method to select bandwidth in a multi-dimensional regression discontinuity
(Dell and Olken, 2020), our chosen bandwidth is one of the most conservative in the literature in comparable contexts.
Prior border design studies set in a developing country typically have a bandwidth between 25 km and 200 km (such
as, Dell, 2010; Michalopoulos and Papaioannou, 2013; Dell and Querubin, 2018).

12In the Appendix, we include additional analysis which replaces the boundary segment fixed effects with project
fixed effects while maintaining district fixed effects.
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could confound the estimation for villages and towns, we find no evidence that the existence of
towns is impacted by the command area (Appendix Table A1).

We subject our results to several robustness tests. First, we consider alternative choices of
bandwidths and document that the results in both villages and towns are robust to varying the
bandwidth between 2 km and 30 km. Second, we control for (a linear spline in) the distance from
the village to the command area boundary (omitting villages that are partially inside the com-
mand area), as is customary in spatial discontinuity designs carried out over larger spatial scales.
It is important to note that the narrow extent of the spatial sample we use for our estimation
makes such controls less crucial, while the possibility of spillovers undermines one of the key
requirements of this research design. Third, we use Conley standard errors that account for spa-
tial correlation across villages at distances of up to 300 kms. Fourth, we winsorize the outcome
variables at the 5th and 95th percentiles.

Our approach is similar in spirit to spatial regression discontinuity designs that have been
employed in a number of papers (Dell, 2010; Sukhtankar, 2016; Dell and Querubin, 2018; Dell
and Olken, 2020; Ahlfeldt et al., 2015; Egger and Lassmann, 2015; Gonzalez, 2021; Smith, 2019).
The identifying assumption in such designs is that other than the treatment, all factors that can
potentially affect the outcomes of interest vary smoothly at the boundary. In our case, this as-
sumption is motivated by the plausible argument that prior to the construction of an irrigation
project, there would be little reason to expect the command area boundary, determined as it is
through a highly specific function of topography and the volume of the reservoir, to coincide
with substantial breaks in other geographical or socio-economic variables. A similar argument
is made by Jones et al. (2019) and Blakeslee et al. (2019), who evaluate specific surface irrigation
projects in Rwanda and India, respectively.

We consider two principal threats to the identifying assumption. The first relates to poten-
tial differences in geography across the command area boundary, which may arise if engineering
considerations result in command area boundaries that coincide with breaks in certain geograph-

ical features of the terrain. For example, it may be deemed optimal to place the boundary along

13



the base of a hill or the border of a forested area.

Figure 2: Geographic Features
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a village lies on top of an alluvium/water-deposited aquifer.

Figure 2 displays plots (black lines) of key geographic variables (altitude, type of aquifer,
ruggedness, and distance to river) against the distance between a village and the nearest command
area boundary. The plots do not indicate discontinuous jumps, but do suggest trend breaks in

elevation and ruggedness. However, when we limit the sample to villages lying in the vicinity

14



of boundary segments for which the average slope on both sides is very moderate (less than 1.5
degrees), no such trend breaks are visible (blue lines in Figure 2). We therefore use this sampling
restriction in our analysis.”” Appendix Figure A3 displays the geographic coverage of the trimmed
sample.

Because the geographic variables generally trend monotonically with elevation, and because
the latter is one of the key determinants of inclusion in the program area, small differences in
geographic characteristics will necessarily be present across the boundary even under our con-
servative sampling restriction. For this reason, we control for all of these variables in our regres-
sions. In practice, however, the magnitude of the differences is small and of negligible agricultural
significance (Appendix Table A3)."*

The second threat to identification is posed by the possibility that non-engineering consid-
erations may influence the boundaries of the irrigation project, such as the desire to include
politically favored villages in the command areas. If differences in outcomes across the bound-
ary were driven by unobservable factors associated with such favored villages, one would expect
treatment effects to be particularly large at the boundary, and to decline at greater distances. As
we show below, we find no evidence for such patterns in plots of outcomes against distance to
the boundary, nor do we find materially different treatment effects when omitting villages just
inside the command area from our regressions.

Several additional tests of the identification assumption are reported in the results section.
This includes a placebo analysis using only those projects that have been initiated after the year
1991, and testing whether treatment effects are apparent for 1991 outcomes (using the same re-
gression specification). In addition, we conduct an analysis limiting the sample to only those
boundary segments that are demarcated by irrigation canals. Because such canals follow ap-

proximately fixed elevation contours, and the command area consists exactly of the area on their

3Canal boundaries where the canal is within 500m of a river are also excluded.

“For example, there is a 5 meter elevation difference between control and treatment villages (10 km bands), in
comparison to a control mean of 200 meter, amounting to 0.01 standard deviations. Ruggedness differs by only 2
points on the Riley index, compared to a control mean of 39, where any value of this index between 0 and 80 is
considered level terrain.

15



downbhill side, treatment status for villages along these segments is determined by transparent

and fundamental engineering considerations.

5 Results

Agricultural Outcomes. In our first set of results, we present the impact of being included
in the command area on several agricultural outcomes, including: the percentage of agriculture
land that is irrigated; the share of land that is used for multiple-season cropping; and the extent
of dry season cultivation (EVI).

We illustrate the results graphically in Figure 3.1-3.3, which plots these outcomes (or rather,
residuals from regressions of these outcomes on all control variables in specification 1) against
distance bins from the boundary, labelling distance as negative within the command area and
positive outside of it."” Results for regressions without controls are depicted in Appendix Figure
A5.1-A5.3. All three outcomes display clear discontinuities at the boundary.

We report regression estimates using several alternative agricultural outcomes in Appendix
Tables A4 and A5. Within command areas, the share of agricultural land that is irrigated by
canals increases by around 8.4 percentage-points (p.p.), representing a more than 150% increase
over the control mean (5.1 p.p.)."° These effects are large in proportional terms but modest in
magnitude, consistent with the generally poor assessment voiced by observers of the success of
these projects in increasing irrigated area. Canals are one of several potential sources of irrigation
raising the possibility that substitution to other sources may attenuate the net effect on irrigation.
However, the overall share of irrigated agricultural area increases by 5.6 p.p., representing a 13%
increase over the mean value outside the command area. We also estimate a 7.0 p.p. increase in
the remotely sensed share of cultivated village area, a 7.3 p.p. increase in the share of land with
multi-season cropping, and an increase in dry season vegetation indices (EVI) (Appendix Table

A5).

15The plot excludes villages which overlap the boundary and for which treatment status is poorly measured. These
villages are typically located within 2-3 kms of the boundary.
18Census data on irrigated and cultivated areas are only reported for villages.
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Figure 3: Agriculture and Development
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The effects in towns are somewhat larger, except for vegetation indices, which are smaller
and imprecise. Though we lack data on agricultural yields at the required spatial resolution, the
clear discontinuities in these outcomes at the boundary and the increase in the number of crops

grown in a single year suggest a substantial increase in annual agricultural output per acre.

Urbanization and Development. We next turn to impacts on urbanization and development,
which we measure through the distribution of population, built-up area, and nightlight density.
Similar to the illustration for agriculture outcomes, we present our results for urbanization and
development for villages graphically in Figure 3.4-3.6. Results for regressions without controls
are depicted in Appendix Figure A5.4-A5.6. All three outcomes display clear discontinuities at
the boundary.

In Figure 4.1 and Appendix Table A6 we report estimates of the impact of canal irrigation on
these outcomes (measured in logs) for villages and towns separately. For villages, we estimate a
6.1% increase in village population density, a 6.5% increase in light density, and a 3.5% increase
in the built-up area. For towns, however, we observe opposite effects, with a 30.8% decline in
population density, a 26.1% decline in light density'’, and a 26.8% decline in built-up area. These
opposing effects for villages and towns are consistent with the ambiguous impact of agricultural
productivity shocks highlighted in our model. To appreciate the magnitude of these effects, it is
worth bench-marking them against the modest (13%) effect on irrigated area, implying irrigation

elasticities for these outcomes of substantial magnitudes.

Labor Force Composition. In Figure 4.2 and Appendix Table A7, we document the impact of
canal irrigation on labor force participation and composition using demographic census data. We
do not find significant effects in villages; but, in towns, we estimate an increase of 3.3 p.p. (24%)
in the share of workers engaged in farming, driven by increases in both land-owning cultivators

and landless agricultural laborers.

This effect is statistically insignificant when we include district fixed effects instead of 5-km boundary fixed
effects.
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Figure 4: Labor Force Participation, Firm Activity and Assets
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Notes: The above figure plots 5 from equation 1 for key non-agricultural outcomes in villages and towns. Figure 4.2 depicts the impact on labor
force participation (Census of India 2011): employed refers to workers as % of population; farmers refers to sum of cultivators and agricultural
laborers as a % of all workers; cultivators refers to those directly involved in farming or supervision of farming, and unlike agricultural labors
they work on their own farm. Figure 4.3 depicts In(employment) in firms by sector and firm size (Economic Census 2012-13). All refers to sum
of workers employed in manufacturing, agriculture and services enterprises. Sectors are classified using Ministry of Statistics and Programme
Implementation’s National Industrial Classification. Firm size is measured using number of workers: employees, > 100, 50-99, 10-49 and < 10
refers to firms with more than 100 workers, between 50 and 99 workers, between 10-49 workers and less than 10 workers respectively. Figure 4.4

depicts assets and amenities as % of households in villages/towns (Census of India 2011). Variables are self-explanatory.

Firm Activity. We also examine impacts on firm activity, which we measure through the (log)
employment in firms which are located in a given village or town, by sector and size. Results
are depicted in Figure 4.3 and reported in Appendix Table A8 in greater detail. Employment in

firms increases by 5.8% in villages, with effects evident for manufacturing (4.6%) and service firms
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(7.2%). The effects are mostly driven by small firms (less than 10 workers). For towns, in contrast,
we find large, negative effects, with firm employment being 58.3% lower in command areas, which
is driven by declines in both manufacturing (73.3%) and services (47.5%). Importantly, there are

particularly large declines in all sizes of firms, where employment is more than 50% lower.

Assets. Figure 4.4 and Appendix Table A9 report estimated impacts of canal irrigation on var-
ious measures of asset holding and home amenities. In villages, we see substantial increases in
the fraction of households owning most types of assets and the quality of housing facilities. In

contrast, we find no evidence for corresponding effects on asset holdings in towns.

Additional Identification Tests and Robustness. We perform several additional estimations
that provide indirect tests of our empirical approach. First, in Appendix Table A10 and Appendix
Figure A4 we repeat the village estimation for key outcomes while restricting the sample to com-
mand area boundaries which are formed by irrigation canals. The results remain similar.

Second, in Appendix Table A11, we conduct a placebo analysis which limits the sample to
villages for which the nearest command area was initiated after 1991, and outcomes are mea-
sured through the 1991 demographic census, 1993 light density, and 1990 economic census firm
employment. We find no statistically significant impacts on any of the key outcome variables,
and the point estimates are an order of magnitude smaller than in our main analysis, providing
added confidence in our approach.

Third, we estimate our main results by controlling for (a linear spline in) the distance from the
village to the command area boundary (omitting villages that are partially inside the command
area). Appendix Table A12, Panel A presents estimates for villages while Panel B reports estimates
for towns. A comparison of these results with those from equation 1 show that adding distance
to boundary controls are less crucial as both the point estimates and statistical significance are
very similar to the main results.

Fourth, while we present our results using the 10-km bandwidths, in Appendix Figures A6 we

also use alternative bandwidths ranging from 2km-30km. We show that the results are robust.
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Fifth, we examine the possibility that the results are driven by the deliberate manipulation of
the command area boundary to include certain favored villages. For this, we re-estimate impacts
on key outcomes while removing the treated villages that are closest to the boundary (within
2 km). These are the villages which are the ones most likely to be driving manipulation of the
boundary. Were the treatment effects in fact being driven by unobservable attributes of these
influential villages, then we would expect the treatment effects to decline with the exclusion of
these villages. Reassuringly, the results are essentially unchanged both in magnitude and signif-
icance (Appendix Table A13).

Lastly, we estimate our main results while removing villages which intersect the boundaries
(Appendix Table A14, Panel A); with winsorized outcome variables at the 5th and 95th percentiles
(Appendix Table A14, Panel B); and with Conley standard errors that account for potential spatial
correlation in errors across villages that are up to 300 km apart (Appendix Table A14, Panel C).

The results are not materially affected.

Heterogeneous Treatment Effects by Proximity to Towns. To better understand the inter-
action between agricultural productivity shocks and the spatial distribution of economic activity,
we next explore whether treatment effects for villages vary by distance to towns. This analysis is
motivated by Appendix Figure A2, which depicts a strong relationship between distance to the
nearest town and a variety of demographic and economic variables (with distance set at 0 for
towns themselves).

Appendix Table A18 reports similar regressions for household assets and home amenities.
Results indicate that villages close to towns are somewhat worse off on a per-capita basis in
command areas.

Figure 5 plots the magnitude of treatment effects for villages at various distances from the
nearest town. The effects of irrigation on village population and built-up areas are positive further
from towns, but in their vicinity become negative: villages within 2 kms of a town experience

an approximately 10% decline in population density (Figure 5.1) and built-up land (Figure 5.2).
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Figure 5: Treatment Effect by Distance to Town
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Notes: The above figure plots the coefficient on the interaction of the treatment dummy in villages with distance to towns for urbanization,
agricultural and non-agricultural outcomes. Figure 5.1, Figure 5.2, 5.3 and Figure 5.4 depict heterogeneous effects for population, built-up area,
farmers and employment in manufacturing firms. Definitions same as before.

We also find that increases in the share of farmers in the workforce documented for towns also
occurs for villages in the vicinity of towns (Figures 5.3; and that the same is true of employment in
manufacturing firms 5.4). Appendix Tables A15, A16, and A17 present corresponding estimates
and robustness tests, using a (treatment-interacted) binary indicator for town-proximity which

takes a value of 1 for villages within 4 kms of the nearest town.

6 Conclusion

Over much of the 20th century, the construction of large-scale surface irrigation infrastructure
was one of the most capital-intensive investments by governments wishing to boost agricultural

economies in low and middle income countries. This paper evaluates the impacts of such irriga-
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tion projects in India, one of the countries which has pursued this strategy most vigorously since
its independence.

Surface irrigation projects have long been criticized for their inefficient performance. While
confirming the relatively modest local impact of these projects on irrigation, we nonetheless
find important impacts on broader patterns of economic development. We show that gains in
agricultural productivity cause increases in rural populations and overall rural development, but
simultaneously cause declines in urban population, light density, and firm activity. Two mech-
anisms are likely driving this result. First, increases in agricultural productivity may impede
rural-to-urban migration by increasing incomes from agriculture. Second, the higher returns to
agriculture may increase the cost of land, thereby lowering the profits of non-agricultural firms
and reducing firm activity.

We also find that the impacts of irrigation are sharply mediated by the proximity of villages to
rural towns. In more distant villages, irrigation increases population density, night light density,
and built-area, while also modestly increasing per-capita wealth. However, for villages closer to
towns, these effects generally have the opposite sign, and in fact more closely resemble the treat-
ment effects for towns. In towns themselves, population, nightlight density, and firm activity
are lower than in non-irrigated areas, and greater shares of the labor force are retained in agri-
culture. These effects are consistent with a simple spatial economy model in which permanent
agricultural productivity gains slow the process of structural transformation.

The ability to simultaneously conduct our analysis at a fine (village-level) spatial resolution
and on a country-level scale allows us to estimate local impacts of surface irrigation that are both
well-identified and externally valid. It also provides us with a unique opportunity to examine
how the impact of these projects on local structural transformation interact with the spatial dis-
tribution of economic activity. However, our research design is less well suited for estimating
aggregate effects at larger regional scales, which is useful for (partially) accounting for general
equilibrium effects. As an alternative, we conduct a back-of-the-envelope analysis using the es-

timated parameters and mean levels of the relevant variables (including village and town popu-
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lations) in control areas. We find that there is: no net change in population; a 4.3% increase in
agricultural workers; a 25% decline workers in employment in manufacturing firms; a 31% decline
in employment at large firms (>50 workers); and a 3% increase in light density.

Overall, we find that local agricultural productivity gains arising from irrigation expansion
can bring substantial benefits to rural farmers, but that they can also hinder local structural trans-
formation in urbanized areas. Further investigation into the welfare impacts of permanent gains

in agricultural productivity is left for future work.
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A1 Appendix: Theoretical Framework

This section characterizes the equilibrium of the model presented in the main body in detail. We
start by solving the problem of landowners. We then show the evolution of prices in the rest of the
world. Lastly, we present the equations that define the equilibrium in the domestic economy. To

save on notation, we drop index of region and time in what follows, unless otherwise indicated.

Landowners. In each region, total land consists of a continuum of plots ¢ € L, where L is the
total area of the region. There is a landowner in each region who chooses how to assign plots
between agriculture and manufacturing. To be assigned to sector k, landowners have to incur a
conversion cost of ey, (¢), proportional to land rents. The maximization problem of the landowner
is thus

MAX T (0).

We assume that conversion costs are drawn from a Fréchet, F' (¢) = 1 — exp(—¢~?). We can

derive the share of land employed in activity % as follows

Ak :/ P (ryep > ri_ex_ exp( )Qeke Ldes,
0

)
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Market Equilibrium in the Foreign Economy. Since workers are freely mobile, marginal

productivity must equalize between sectors

pada(l—aa) (La)™ (Na) ™ = Apr (1 — ang) (Lar)™ (Nag) ™M

Rearranging the equation gives

. AM (1 — OéM) (LM/NM)QM
T A T aw) La/N)™

Let us now obtain Lj;, L4, N4, and Ny, as a function of the parameters. First, labor market
clearing gives

Ny = Np.
For land employment, first use the following expressions coming from the FOC of firms

Nk . 1—0[ka

Ly ap W

The maximization problem of landowners gives

AL (ﬁ)g (A1)

M Ly

Combining the three expressions above, after some tedious algebra, we get

0
L 1— 1+0
M (,UM ap Oy ) (A2)

Ly \pa ax l-ay

which together with L = L4 + L), characterizes the optimal allocation of land as an explicit

function of parameters. Optimal labor and land allocation are therefore constant over time. Let

% Ly, N, Nji; be the equilibrium values in Foreign. The price of agricultural produce at time
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t in the rest of the world, indexed by F', is

Apare (1= ang) (L /Ni)™
Apar (1 —aa) (Liy/Np)*

Prat =

Let n},, be the optimal share of workers in manufacturing, the evolution of Apys; is then

Armvis1 — Arave = (n}M)W'

Market Equilibrium in the Domestic Economy. We now turn to the domestic economy.
Sectoral prices in Town are the same as in the ROW. In Village, to define sectoral prices, we
need to define its trade patterns. Given autarky price pi* A Village is an exporter of agricultural
goods if péAtT < pPray in which case we have pya; = Tpra and pyay = %, an importer of
agricultural goods if ppa 7 < pé Ags ID which case we have ppa; = %pv At and in autarky if
1/7 < p{as/Pras < T, in which case we have pyas = pyy 4 -

Given sectoral prices, we now define the equations that characterize the equilibrium in terms
of the price of factors of production (rents and wages) and the of workers and land between

sectors and regions. First, marginal productivity of labor and land gives

Ni 1—ay
Tik = Pk Airg ( ) (A3)
L,
L\ **
= (1 ) (1) (a9

Second, first order conditions of firms give

(1 — o) rire L,

Ny = (A5)
(673 W;
Third, the optimal allocation of landowners gives
0
L= —k 1, (A6)
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Fourth, workers are fully employed

N=>"3 Ny (A7)
i k

Fifth, workers are indifferent between Village and Town

wy _ wr (A8)
bv pr 7

where p; = p!{pl’{] is the consumer price index. Using equations (A3) to (A8), we can solve for

the endogenous variables of the model.

Numerical Example. Figure A1l shows a numerical example of the model developed above for
parameter values {0, v, aa, ans, pg, 73= {2, 0.1, 0.5, 0.2, 0.5, 1.05}, agricultural productivities
Apa, = Ara, = Ay a = 1, initial conditions for manufacturing productivities App0 = Ao =
1 and Aypyo = 0.8, land endowment Ly = Ly = 0.5, population Ny = Np = 1. These
parameters ensure full specialization of Village in any period of time. We illustrate the impact of
an agricultural productivity shock by increasing A;4 by 10%.

Appendix Figure A1.1 shows that the agricultural productivity shock has a permanent neg-
ative effect on the population in Town. With the agricultural productivity shock, the manufac-
turing sector shrinks, and the region gains comparative advantage in agriculture, which has no
productivity growth over time. That puts Town in a path of permanent lower economic growth
and smaller incentives for the inflow of workers. In Village, on the other hand, the opposite hap-
pens. The agricultural productivity shock holds the outflow of workers and puts the economy on
a path with larger population. This happens, in part, because of the general equilibrium effects
in Town: with more workers in Village, there are fewer workers in Town, the price of land in
Town drops, which makes Town specialize in agriculture and enter in a path of lower economic

growth.
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Figure Al: Numerical Examples of the Impact of an Agricultural Productivity Shock in a Town
versus a Village
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Notes: These figures show a numerical example of the impact of an agricultural productivity shock in a village versus a town using our stylized
spatial economy model. In black dashed line we have the path for villages (for an agricultural productivity shock in villages) and in red line
the path for towns (for an agricultural productivity shock in towns). It shows that the shock has a positive effect on population in village, but a
negative in town. In addition, the figure shows that the shock, in both cases, has a positive effect on the share of labor and land in agriculture,

but the effect tends to be larger in towns.

Figure A1.2 and Figure A1.3 show the effect on agricultural employment and land. In Town,
the productivity shock generates a permanent effect on the share of workers and land in agricul-
ture. This gap widens over time. In Village, on the other hand, the productivity shock generates
an initial expansion, but the effect of the initial shock is attenuated over time since the region

becomes fully specialized in agriculture both in the couterfactual and the factual scenario. In the
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case of Village, the productivity shock basically anticipates the specialization of the region in
agriculture. These numerical examples suggest that the impact on the share of employment in
agriculture should be smaller in Village (relative to Town), which is indeed something that we
observe in the data.

As expected, the impact of the agricultural productivity depends on initial conditions. If, for
example, Appo = Armo = Avmo = 1 and Apy, = Ara, = Aya = 1, then all regions have
the same comparative advantage. Since there are no incentives for trade in this case, all regions
have the same relative price of agricultural goods and keep a constant share of workers in man-
ufacturing and total population in the absence of the shock. Here, an agricultural productivity
shock has a negative effect on total population both in Village and in Town. Interestingly, if
Arnvo = Armo = Avio = 1and Apg = Ara = 1 and Ay g = 0.9, then Town and Village
have a larger share of workers in manufacturing in the initial period relative to the rest of the
world (ny a0 > 1y, and nppo > ny,)- Relative to the ROW, Town specializes in manufactur-
ing because of its larger population density and Village specializes in manufacturing because of
its relative productivities. In that case, a positive productivity shock in agriculture generates a

negative effect on the evolution of total population both in Town and in Village.

A2 Appendix: Data and Background

Census of India. The Census of India is a population-wide enumeration exercise conducted in
the country every ten years. It publishes data on demographics, economic activity, educational
attainment, migration, fertility and household amenities and assets for the entire country, aggre-
gated at the village and town level. We use three ‘series’ of the census in this paper: (i) A-Series:
General Population; (ii) B-Series: Economic Tables; (iii) H-Series: Houses, Household Amenities
and Assets Tables.

From the A-Series, we extract data on total population in a village/town, population of Sched-

uled Castes (SCs) and population of Scheduled Tribes (STs).'® From the B-Series, we use data to

18SCs and STs are the most marginalized communities in the country.
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classify workers as those engaged in agricultural or non-agricultural practices. The census dis-
tinguishes between workers according to: (a) whether workers worked more than half of the
months in a year viz. ‘main’ (> 6 months) and ‘marginal’ (< 6 months) workers; (b) type of work
which is categorized in 4 ways viz cultivators, agricultural laborers, household industry workers
and others; and (c) sector of employment which is categorized in 9 ways viz. agricultural and
allied activities, mining and quarrying, manufacturing, electricity, gas and water supply, con-
struction, wholesale, retail trade and repair work, hotel and restaurants, transport, storage and
communications, financial intermediation, real estate, business activities, and other services.

In 2011, there were 481.7 million workers in the country, out of which 118.7 million were
cultivators, 144.3 million agricultural laborers, 18.3 million household industry workers and 200.4
million other types of workers. Cultivators are defined as those who are directly engaged in
farming or involved in the supervision of farm activities.!” Agricultural laborers are those who
worked someone else’s land in exchange for wages either in cash or kind. Household industry
workers refer to those who are involved in the production, processing, servicing, repairing or
making and selling of goods, as long as the ‘industry’ involved members of household and run
on a small scale and not that of a factory.

Overall, there are 362 million ‘main’ workers and 119 million ‘marginal’ according to the

Census of India 2011.

Economic Census. The economic census is a complete enumeration of non-agricultural en-
terprises in India. While recent economic censuses have expanded the scope to cover estab-
lishments engaged in various agricultural activities, the strength of the economic census lies in
providing firm-level information on employment for non-agricultural establishment.’ In 2012-
13 there were approx. 45 million non-agricultural enterprises, employing 108 million workers in
the country. An advantage of the economic census is that it allows us to explore heterogeneous

impacts on firms by their size and disaggregate the specific sub-sectors which is not possible in

YFarming is defined as ploughing, sowing and harvesting cereals, millets, pulses or fibre crops. The cultivation of
fruits, vegetables, growing orchards/groves or working on plantations is not included as farm activities.
20pyblic administration, defence and social security activities are excluded
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the Census of India.

Irrigation. Dams, especially embankment dams, are an an important source of irrigation in
India. The mean (median) number of dams in an Indian district has increased from 2.05 (0) to
7.84 (1) in the period 1970 to 1999. Although there has been a significant rise in the number of
dams over the years, their distribution is not uniform across states. Instead, the new dams have
been primarily concentrated in the western region, especially Maharashtra and Gujrat (Duflo and
Pande, 2007).

Embankment dams are built using an artificial wall dividing the area into catchment and com-
mand areas. Catchment area refers to upstream part of the dam from which the water flows in,
whereas command areas refers to the downstream part from where the water is then channelled
for irrigation through a network of canals. By design, the benefits of these dams for irrigation
purposes are limited to those who live in the command area.

In India, constructing a dam requires approval both by state and national governments, and
is thus subject to a proper cost benefit analysis (Asmal et al., 2000). Although the benefit is
often measured in terms of agricultural output and the value of power to be generated, the costs
are much more complicated to evaluate (Duflo and Pande, 2007). Geography is an important
determinant of the cost: for example, a river that flows at a moderate incline makes it easier and
cheaper to construct a dam. Additional hidden costs includes dam’s impact on land productivity
due to water-logging and water salinity, and the concomitant impacts on the health of those living
in nearby areas, and displacement of the people to name a few.

This form of irrigation using canals connected to dams is the most important form of irrigation
in India because it is cheaper than other alternatives. Ground water and small dykes are two
potential alternatives. In contrast to dams, these alternative are less effective, especially in areas

like India with high seasonal rainfall (Biswas and Tortajada, 2001).

Towns. An important element of our analysis is the differential effects of being in a command

area on villages and towns. It is therefore important to clearly articulate the administrative,
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demographic, and economic characteristics that distinguish towns from villages.

Administratively, towns differ from villages due to their being governed by municipal cor-
porations, and municipality and city councils. In contrast, most village-level administration is
undertaken by larger administrative units, such as sub-district and district authorities, though
some functions are reserved to village governing bodies (i.e., panchayats). This administrative
distinction has one notable exception, however: specifically, the “census towns,” which are clas-
sified by the Registrar General of India as being towns due to their population size, density, and
labor force composition,?! but which have not yet been granted official statutory township status
by the government (Pradhan, 2017). Despite lacking urban governing institutions, census towns
display similar levels of prosperity and economic diversification as statutory towns, and differ
markedly from the typical village. We, therefore, refer to all the non-village sites as “towns.”

Demographically, towns have far larger populations than villages, and a far higher population
density. Economically, towns differ from villages by the share of agricultural in local employment
and production. Though towns may include significant agricultural activities, and to employ a
substantial share of the land within their boundaries to agriculture, the scale of these activities is
vastly smaller. In addition, towns feature a far larger number of firms engaged in manufacturing
and other non-agricultural activities, which are more likely to be formalized, and operate on a far
larger scale. Towns also feature substantial retail, wholesale, and transport sectors: indeed, one
of the major drivers of the recent growth of towns in rural areas has been their role as markets
and distribution centers for nearby villages.

Appendix Table A2 depicts some of the key differences between villages and towns. In column
(1) of Panel B are given the mean characteristics of villages in the study area. In column (2) we
present the difference between towns and villages; in column (3) we include project-area fixed
effects; and in column (4) we restrict the sample of towns to those occupying less than 30 square
kilometers. This table highlights the starkly different character of towns and villages, with the

latter having more built-up area and less agricultural, more light density, higher population and

1Census towns must meet three criteria: (1) a population greater than 5000; (2) a population density above 400
individuals per square kilometer; and (3) a male labor force which is less than 25% engaged in agriculture.
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population density, and greater asset holdings and household amenities. Towns also feature less
agricultural employment, and more employment in service and manufacturing firms, of which a
larger share is in large firms with more than 10 or 100 workers.

In Appendix Figure A2 we show the relationship between distance to nearest town and the
structure of the economy (with towns taking a distance value of 0), again illustrating both the
differences between villages and towns, and the somewhat more “urban” economic structure of

those villages located in the immediate vicinity of towns.

Town Formation. One potential concern with our analysis is that whether a village graduates
to the status of being a town is itself endogenous. This could lead to the result that a village
experiencing a large increase in population could be reclassified as a town with a small population.
In Appendix Table A1 we test for endogenous town formation.

According to the Census of India, a ‘census town’ is defined as one where the population
exceeds 5,000, population density is more than 400 persons per sq km, and more than 75 percent
of main male working population is employed outside the agricultural sector. We therefore define
a ‘marginal sample’ as villages and towns that were close to meeting the criterion i.e. a population
between 4000 and 6000 people, a population density of more than 350 persons per km sq, and male
labor force greater than 70 percent that is engaged in non-agricultural production.

In Appendix Table A1, column (1), we restrict the sample to villages and towns that were
close to meeting the criterion for township formation (the ‘marginal sample’) and estimate the
impact of being in the program areas on attaining township status. In columns (2) and (3), we
restrict the sample to all towns, and take as the outcome variable an indicator for whether the
town already had township status in 1951 and 1971, respectively. In columns (4)—-(5), we take as
the outcome the log area within towns, where land within villages take a value of 0, and towns
take the natural log of their areas.

We find no impact on whether villages are graduated to township status, nor on how early

existing towns were formed. In addition, we find no impact on the total area of the command
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area that is within a township (column 4), or on the size of towns (column 5). Essentially, this
means that the 6.3% increase in village population in treatment areas (coupled with changes in the
labor share in agriculture) was insufficiently large to graduate villages to township status. This
is intuitive, given the dramatically larger populations of towns, and their far smaller agricultural
labor shares. The area covered by towns was no different in control and treatment areas: towns

were simply less populated and built-up in the latter.

Table A1l: Town Formation

Existing Town Log Town
Town 1951 1971 Area
(1) (2) ®) (4) ()

Treatment -0.019 0.016 -0.006 -0.015 -0.024

(0.054) (0.030)  (0.032) (0.010)  (0.060)
R-squared 0.339 0.456 0.382 0.104 0.507
N 430 1546 1546 147885 1546
Town Sample Yes Yes Yes Yes Yes
Village Sample Yes Yes

Marginal Sample Yes

Note: In column (1), the outcome variable is an indicator for township status; and the sample is restricted to villages
and towns that have a population between 4000-6000, a male labor force share <0.30 in agriculture, and a population
density greater than 350 per square km. In columns (2) and (3), the outcome variable is an indicator for having been a
township in 1951 and 1971, respectively. Columns (4) and (5) take as the outcome the log area of towns, which takes a

value of 0 for villages.

41



A3 Appendix: Additional Figures and Tables

Figure A2: Spatial Distribution of Economic Activity
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Notes: The above figure plots the spatial distribution of economic activity of villages relative to towns. Distance from village centroid to the
nearest town (in km) is on the x-axis. Figure A2.1 depicts the population density per 1,000 square km (Census of India 2011) on the left y-axis and
percentage of built-up area on the right y-axis. Figure A2.2 depicts percent of workers in agriculture (Census of India 2011), manufacturing and

service sectors (Economic Census 2012-13). Figure A2.3 depicts employment by firm size (Economic Census 2012-13).
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Figure A4: Agriculture by Boundary Type
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Notes: The above figure compares key agricultural outcomes in villages inside the command area (to the left of 0) with those just outside (to the
right of 0). Distance from village centroid to the command area (in km) is on the x-axis. The solid line represents results from a regression of
outcomes on canal command area treatment dummy, binned distances, controls and 5 km boundary segment fixed effects. Standard errors are
clustered at the project code level. The dotted lines represent 95% confidence intervals. The black lines refers to the sample which only had a
contiguous canal and command area boundary, while the blue lines refers to the non-canal boundary (see definitions in text). Figure A4.1 depicts
area under irrigation in percent of cultivable land (Census of India 2011), Figure A4.2 depicts land area that is cropped twice or thrice in percent of

agricultural area (NRSC/ISRO 2011-12), and Figure A4.3 depicts dry season vegetation indices in percent of total village area (MODIS EVI 20013).
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EVI (2013)

Notes: The above figure compares key agricultural and development outcomes in villages inside the command area (to the left of 0) with those just
outside (to the right of 0). Distance to the command area (in km) is on the x-axis. The solid line represents results from a regression of outcomes
on canal command area treatment dummy, binned distances, controls and 5 km boundary segment fixed effects. Standard errors are clustered at
the project code level. The dotted lines represent 95% confidence intervals. Figure A5.1 depicts area under irrigation as percent of cultivable land;
Figure A5.2 depicts land area that is cropped twice or thrice as percentage of agricultural area; and Figure A5.3 depicts dry season vegetation

indices as percentage of total village area. Figure A5.4 depicts log population density; Figure A5.5 depicts mean nighttime lights per sq km; Figure
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A5.6 depicts number of employees in firms across manufacturing, agri(é:féture and services enterprises.



Figure A6: Robustness to varying bandwidths
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Notes: The figures plot the impact on key agricultural and non-agricultural outcomes for villages and towns using alternative bandwidths (2 km,

5 km, 10 km, 15 km, 20 km, 25 km and 30 km). Capped spike intervals report the 90 percent while the longer intervals report the 95 percent

confidence intervals. Agricultural outcomes are derived from satellite data. Cultivated area refers to percentage of area cultivated; multi-season

cropping refers to area cropped twice or thrice in a year; and dry-season vegetation refer to MODIS EVI 2013. The non-agricultural outcomes are:
population density; night light density; and built-up area.
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Table A2: Summary Statistics

Num Command Areas 1,533
Median Year Completion 1977
Num Villages inside Command Area 245,131
Num Towns inside Command Area 2,879
Num Villages inside Command Area (in Study Sample) 73,817
Num Towns inside Command Area (in Study Sample) 886
Village Town - Village
Mean Mean
@ @ [€) @
Total Area (km2) 4.077 9.388™* 8.298™* 3.577*
(1.037) (0.884) (0.279)
Share Area Built-Up 0.050 0.193*** 0.179*** 0.191***
(0.009) (0.008) (0.008)
Share Area Agriculture 0.625 -0.243*** -0.176*** -0.191***
(0.020) (0.021) (0.025)
Light Density 6.075 19.437*** 16.393"** 16.098™**
(1.077) (0.962) (1.049)
Tot Population (1,000s) 1.618 39.805"** 39.509*** 24.654"**
(3.025) (3.006) (1.294)
Population Density (1,000s/km2) 0.712 3.326*** 3.422"* 3.543***
(0.181) (0.163) (0.172)
Pct Male Workers Ag 0.757 -0.589™** -0.513*** -0.510***
(0.009) (0.010) (0.011)
Employees in Firms (100s) 1.365 66.561"*" 64.874™ 41.305"*
(5.484) (5.336) (2.858)
Employees in Manu Firms (100s) 0.291 18.429*** 17.938*** 11.864™*
(1.907) (1.909) (1.100)
Share Employees in Firms >10 Workers 0.060 0.114*** 0.083*** 0.078***
(0.008) (0.007) (0.008)
Share Employees in Firms >100 Workers 0.007 0.044*** 0.036*** 0.033***
(0.004) (0.003) (0.003)
Pct HHs w/TV 0.282 0.367*** 0.218*** 0.215***
(0.015) (0.011) (0.011)
Pct HHs w/Telephone 0.522 0.204*** 0.157*** 0.157***
(0.013) (0.008) (0.008)
Pct HHs w/Scooter 0.143 0.135"* 0.088™** 0.085™**
(0.013) (0.006) (0.006)
Pct HHs w/Brick Wall 0.473 0.268"** 0.204™* 0.207***
(0.014) (0.017) (0.018)
Pct HHs w/Water Source on Premises 0.321 0.260"** 0.228"** 0.224™**
(0.024) (0.013) (0.014)
Project Area F.E.s Yes Yes

Area <30 km2

Yes

Note: This table reports descriptive statistics for the estimating sample. The first panel reports basic information on the
coverage of the irrigation projects. The second panel reports the mean of various outcome variables by treatment status.
Column (1) reports the mean for villages and columns (2)-(4) report the mean difference between towns and villages. Column
(2) reports the unconditional mean, column (3) adds project fixed effects and column (4) restricts the sample to towns with

areas smaller than 30 sq km.
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Table A3: Balance, Geographic Features

Difference
Control Full Trimmed Sample
Mean Sample RD

m @ 0 4)

Altitude 202.468  -21.209"*  -5.706™"" -0.915%

(1.591) (0.599)  (0.544)
[-0.056] [-0.015] [-0.002]

Ruggedness Index 38.796  -13.029"**  -2.148"*  0.255

(0.974) (0.234)  (0.242)
[-0.109] [-0.018]  [0.002]

Distance Major River ~ 30.887 -0.063 0.444  0.423*

(0.211) (0.277)  (0.166)
[-0.001] [0.009]  [0.009]

Alluvial Aquifer 0.556 0.047*** 0.023***  0.015*
(0.007) (0.006)  (0.008)
[0.094] [0.046]  [0.030]

Notes: Table reports results from equation: y;q, = o+ SC; +vq+ pp +€5qp Where, y;qp is
an outcome of interest in village 4 in district d in a 10 km buffer around boundary segments
b; C; is an indicator variable indicating whether the centroid of a village is located inside
command area or not; vy are district fixed effects; and p;, are 5 km boundary segment
fixed effects. The outcomes are altitude (in meters), terrain ruggedness index derived from
USGS digital elevation models, distance to river (in kms), and whether a village lies on
top of an alluvium/water-deposited aquifer. Standardized z-scores for the outcomes are in
square brackets. Column 1 reports the mean of the outcome outside the command area;
Column 2 reports the difference between villages inside and outside the command area in
the full sample; Column 3 and Column 4 refer to the trimmed sample. (In the trimmed
sample, the sample is restricted to villages for which the average slope on both sides is less
than 1.5 degrees; boundaries where the canal is within 500m of a river are also excluded.)
Column 3 uses the baseline specification mentioned above; Column 4 additionally includes
treatment-interacted control for distance to the command area boundary. Standard errors
are clustered by command area (irrigation project) to conservatively account for potential
spatial correlation. * p<0.10, ** p<0.05, *** p<0.01.

48



Table A4: Agriculture (Census)

Villages Towns

6] () €) “4)

Panel A: Pct Ag Area Irrigated Canal (Census 2011)

Treatment 0.107"** 0.084™*
(0.009) (0.008) NA
Control Mean 0.051
R-squared 0.249 0.376
N 145475 142951
Panel B: Pct Ag Area Irrigated (Census 2011)
Treatment 0.070*** 0.056***
(0.008) (0.007) NA
Control Mean 0.417
R-squared 0.576 0.680
N 145581 143059
Project FE Yes
Boundary Segment FE Yes
District FE Yes Yes

Notes: Table reports results from two estimating equations: y;pqp = o + BC; + XGI' +vg +np + &5
(column 1) and y;pap = o+ BC; + X I'+vg + pp 4 €4 (column 2) where, y;,,4p is an outcome of interest
in location ¢ (village or town) in a 10 km buffer around irrigation project p in district d along boundary
segment b; C; is an indicator variable for whether the centroid of a location lies inside a command area of
project p or not; X; is a vector of geographic characteristics like altitude, ruggedness, distance to major
river, type of groundwater aquifer underlying the location, the (log) area of the location; v are district fixed
effects; 1, are project fixed effects; and 1, are 5 km boundary segment fixed effects. Estimating sample is
restricted to locations for which the average slope on both sides of the boundary is less than 1.5 degrees
and to locations with area less than 30 sq. km; boundaries where the canal is within 500m of a river are also
excluded. Agricultural outcomes are derived from Census of India 2011. Data is available only for villages
and not for towns. Panel A reports area irrigated using canals (as percentage of cultivable area); and panel
B reports total area irrigated by all sources, surface- or ground-water (as percentage of cultivable area).
Standard errors are clustered by command area (irrigation project) to conservatively account for potential
spatial correlation. * p<0.10, ** p<0.05, *** p<0.01.
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Table A5: Agriculture (Remotely-sensed)

Villages

(1) @)

Panel A: Pct Area Cultivated (2011-12)

Treatment 0.080™** 0.070*** 0.120*** 0.168***
(0.006) (0.005) (0.039)  (0.049)
Control Mean 0.591 0.333
R-Squared 0.506 0.649 0.633 0.728
N 145609 143087 1513 791
Panel B: Pct Area Multi-Season Cropping (2011-12)
Treatment 0.089*** 0.073*** 0.093*** 0.117**
(0.008) (0.007) (0.031)  (0.046)
Control Mean 0.286 0.168
R-squared 0.571 0.720 0.601 0.710
N 144240 141742 1479 775
Panel C: EVI (2013)
Treatment 2.792** 2.839** 1.132 1.889*
(0.530) (0.543) (0.842)  (1.017)
Control Mean 15.896 7.293
R-Squared 0.734 0.830 0.764 0.814
N 125028 122485 1439 748
Project FE Yes Yes
Boundary Segment FE Yes Yes
District FE Yes Yes Yes Yes

Notes: Table reports results from two estimating equations: y;,q, = o + BC; + X; I +vg +
Np + €4 (columns 1 and 3) and y;pqp = o+ BC; +X; I'+vg + py, +€; (columns 2 and 4) where,
Yipdp is an outcome of interest in location ¢ (village or town) in a 10 km buffer around irrigation
project p in district d along boundary segment b; C} is an indicator variable for whether the
centroid of a location lies inside a command area of project p or not; X is a vector of geographic
characteristics like altitude, ruggedness, distance to major river, type of groundwater aquifer
underlying the location, the (log) area of the location; 4 are district fixed effects; 1, are project
fixed effects; and up, are 5 km boundary segment fixed effects. Estimating sample is restricted to
locations for which the average slope on both sides of the boundary is less than 1.5 degrees and
to locations with area less than 30 sq. km; boundaries where the canal is within 500m of a river
are also excluded. Agricultural outcomes are derived from satellite data: panel A reports area
cultivated from NRSC/ISRO 2011-12; panel B reports area cropped twice or thrice in a year, also
from NRSC/ISRO 2011-12; and panel C reports dry-season vegetation from MODIS EVI 2013. All
remotely sensed data are measured as percentage of total area. Standard errors are clustered by
command area (irrigation project) to conservatively account for potential spatial correlation. *
p<0.10, ** p<0.05, *** p<0.01.
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Table A6: Urbanization

Villages Towns

@) @) ®) (4)

Panel A: Log Population Density
Treatment 0.070"** 0.061***  -0.200"* -0.308"**
(0.014)  (0.016)  (0.080)  (0.098)

Control Mean 5.715 7.766
R-squared 0.421 0.488 0.513 0.606
N 136879 134305 1467 781
Panel B: Log Light Density
Treatment 0.086™** 0.065*** -0.137  -0.261***
(0.024) (0.022)  (0.088)  (0.088)
Control Mean 1.378 3.117
R-squared 0.535 0.743 0.605 0.831
N 133030 130487 1440 759
Panel C: Log Built Up Area
Treatment 0.032**  0.035** -0.153"  -0.268"
(0.014) (0.016)  (0.086)  (0.152)
Control Mean 6.777 9.304
R-squared 0.299 0.387 0.663 0.765
N 109185 106386 1411 759
Project FE Yes Yes
Boundary Segment FE Yes Yes
District FE Yes Yes Yes Yes

Notes: Table reports results from two estimating equations: y;pqp = a+BC; +X; I'+vg+np+e;
(columns 1 and 3) and y;pap = o + BC; + X I + vq + py, + €; (columns 2 and 4) where, Y;pap
is an outcome of interest in location ¢ (village or town) in a 10 km buffer around irrigation project
p in district d along boundary segment b; C; is an indicator variable for whether the centroid of a
location lies inside a command area of project p or not; X is a vector of geographic characteris-
tics like altitude, ruggedness, distance to major river, type of groundwater aquifer underlying the
location, the (log) area of the location; v4 are district fixed effects; 7, are project fixed effects; and
wp are 5 km boundary segment fixed effects. Estimating sample is restricted to locations for which
the average slope on both sides of the boundary is less than 1.5 degrees and to locations with area
less than 30 sq. km; boundaries where the canal is within 500m of a river are also excluded. The
outcomes are derived from census and satellite data: panel A reports In(population density) from
Census of India 2011; panel B reports In(mean nighttime luminosity score per sq km) from NOAA
2013; and panel C reports In(built up area) from NRSC/ISRO 2011-12. Standard errors are clustered
by command area (irrigation project) to conservatively account for potential spatial correlation. *
p<0.10, ** p<0.05, *** p<0.01.

51



Table A7: Workers

Villages Towns
(1) (2) (3) (4)
Panel A: Pct Popln Employed
Treatment 0.000 0.000 0.003 -0.013*
(0.001) (0.001)  (0.005) (0.008)
Control Mean 0.447 0.421
R—squared 0.447 0.525 0.606 0.696
N 136879 134305 1387 757
Panel B: Pct Workers Farmers
Treatment 0.007 0.004 0.032** 0.033**
(0.004) (0.004)  (0.013) (0.014)
Control Mean 0.767 0.135
R-Squared 0.324 0.463 0.601 0.716
N 136883 134309 1387 757
Panel C: Pct Workers Own-Farm
Treatment -0.002 0.000 0.010*** 0.007**
(0.003) (0.003)  (0.003) (0.004)
Control Mean 0.349 0.040
R-squared 0.332 0.430 0.576 0.634
N 136883 134309 1387 757
Panel D: Pct Workers Ag Labor
Treatment 0.009***  0.004 0.022**  0.026**
(0.003) (0.003)  (0.010) (0.012)
Control Mean 0.418 0.096
R—Squared 0.340 0.433 0.601 0.722
N 136883 134309 1387 757
Project FE Yes Yes
Boundary Segment FE Yes Yes
District FE Yes Yes Yes Yes

Notes: Table reports results from two estimating equations: y;pqp = a + BC; + Xy I +
vq + Mp + € (columns 1 and 3) and y;pap = @ + BC; + X' + vg + pp + €; (columns 2
and 4) where, y;p,qp is an outcome of interest in location ¢ (village or town) in a 10 km buffer
around irrigation project p in district d along boundary segment b; C; is an indicator variable
for whether the centroid of a location lies inside a command area of project p or not; X; is a
vector of geographic characteristics like altitude, ruggedness, distance to major river, type of
groundwater aquifer underlying the location, the (log) area of the location; v are district fixed
effects; 7, are project fixed effects; and i, are 5 km boundary segment fixed effects. Estimating
sample is restricted to locations for which the average slope on both sides of the boundary is
less than 1.5 degrees and to locations with area less than 30 sq. km; boundaries where the canal
is within 500m of a river are also excluded. The outcomes are derived from Census of India 2011:
panel A reports total employment (as percent of population); panel B reports farmers (as percent
of workers); panel C reports own-farm workers/cultivators (as percent of workers); and panel D
reports agricultural laborers (as percent of workers). Farmers = own-farm workers/cultivators +
ag laborers. Standard errors are clustered by command area (irrigation project) to conservatively
account for potential spatial correlation. * p<0.10, ** p<0.05, *** p<0.01.
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Table AS8: Firms

Villages Towns
(@) @) ®) ()
Panel A: Log Employees
Treatment 0.066™** 0.058"** -0.263™*  -0.583***
(0.021) (0.020) (0.133)  (0.142)
Control Mean 3.760 7.577
R-squared 0.465 0.544 0.506 0.626
N 128402 125796 1467 781
Panel B: Log Manu Employees
Treatment 0.060™* 0.046™* -0.322*  -0.733"**
(0.026) (0.022) (0.172)  (0.195)
Control Mean 1.664 6.045
R-squared 0.310 0.418 0.516 0.653
N 128402 125796 1467 781
Panel C: Log Ag Employees
Treatment 0.028 0.018 -0.086 -0.288
(0.024) (0.020) (0.133)  (0.223)
Control Mean 1.635 3.671
R-squared 0.594 0.675 0.623 0.727
N 128402 125796 1467 781
Panel D: Log Service Employees
Treatment 0.074™* 0.072*** -0.231**  -0.475™**
(0.017) (0.019) (0.110)  (0.155)
Control Mean 3.170 7.029
R-squared 0.359 0.446 0.517 0.610
N 128402 125796 1467 781
Panel E: Log Employees >100 Workers
Treatment -0.010 -0.007 -0.604™**  -0.590"
(0.007) (0.007) (0.230)  (0.337)
Control Mean 0.081 1.850
R-squared 0.067 0.200 0.366 0.502
N 128402 125796 1467 781
Panel F: Log Employees 50-99 Workers
Treatment -0.002 -0.002 -0.563***  -0.576"
(0.005) (0.006) (0.162)  (0.341)
Control Mean 0.096 2.139
R-squared 0.134 0.254 0.410 0.529
N 128402 125796 1467 781
Panel G: Log Employees 10-49 Workers
Treatment 0.035*** 0.027 -0.328 -0.758*
(0.013) (0.018) (0.210)  (0.296)
Control Mean 0.661 4.700
R-squared 0.232 0.331 0.464 0.546
N 128402 125796 1467 781
Panel H: Log Employees <10 Workers
Treatment 0.065"** 0.061™** -0.208*  -0.545"*"
(0.022) (0.019) (0.125)  (0.142)
Control Mean 3.673 7.350

Continued on next page
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Table A8 — Continued from previous page

R-squared 0.471 0.550 0.525 0.636
N 128402 125796 1467 781
Project FE Yes Yes

Boundary Segment FE Yes Yes
District FE Yes Yes Yes Yes

Notes: Table reports results from two estimating equations: y;pap = o + BC; + Xyl + vg + np + &5
(columns 1 and 3) and y;pqp = o + BC; + X' + vg + pp + €; (columns 2 and 4) where, y;,qp is an
outcome of interest in location 7 (village or town) in a 10 km buffer around irrigation project p in district
d along boundary segment b; C; is an indicator variable for whether the centroid of a location lies inside
a command area of project p or not; X is a vector of geographic characteristics like altitude, ruggedness,
distance to major river, type of groundwater aquifer underlying the location, the (log) area of the location;
vq are district fixed effects; 7, are project fixed effects; and p, are 5 km boundary segment fixed effects.
Estimating sample is restricted to locations for which the average slope on both sides of the boundary is less
than 1.5 degrees and to locations with area less than 30 sq. km; boundaries where the canal is within 500m
of a river are also excluded. The outcomes are derived from Economic Census 2012-13: panel A reports
In(total employment) in all enterprises/firms. Total employment = agriculture + manufacturing + services.
Panel B reports In(manufacturing sector employment); panel C reports In(agricultural sector employment);
panel D reports In(service sector employment). While panel B to panel D report sectoral impacts, panel E
to panel H report impacts by firm size: panel E, F, G and H report In(employment) for firms with greater
than 100 workers, between 50-99 workers, 10-49 workers and less than 10 workers respectively. Standard
errors are clustered by command area (irrigation project) to conservatively account for potential spatial

correlation. * p<0.10, ** p<0.05, *** p<0.01.
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Table A9:

Assets and Housing

Villages Towns
1) (2) (3) 4)
Panel A: Pct w/TV
Treatment 0.010***  0.009***  -0.014 -0.026
(0.003)  (0.003)  (0.013) (0.024)
Control Mean 0.268 0.632
R-squared 0.697 0.758 0.745 0.840
N 136273 133720 1467 781
Panel B: Pct w/Radio
Treatment -0.003 -0.002 -0.005 -0.013
(0.002)  (0.002)  (0.007) (0.019)
Control Mean 0.159 0.209
R—Squared 0.266 0.337 0.712  0.748
N 136273 133720 1467 781
Panel C: Pct w/Scooter
Treatment 0.006***  0.005*** -0.000 0.011
(0.001)  (0.001)  (0.012) (0.021)
Control Mean 0.137 0.262
R—squared 0.550 0.625 0.698 0.832
N 136273 133720 1467 781
Panel D: Pct w/Telephone
Treatment 0.009***  0.008"**  -0.006 0.002
(0.003)  (0.003)  (0.010) (0.019)
Control Mean 0.504 0.712
R—squared 0.476 0.545 0.674 0.798
N 136273 133720 1467 781
Panel E: Pct w/Car
Treatment 0.001***  0.001** 0.003 0.006
(0.000)  (0.000)  (0.004) (0.010)
Control Mean 0.016 0.047
R-Squared 0.215 0.291 0.552 0.711
N 136273 133720 1467 781
Panel F: Pct w/Bicycle
Treatment 0.009***  0.005*  0.003 -0.000
(0.003)  (0.002)  (0.011) (0.018)
Control Mean 0.495 0.509
R—Squared 0.591 0.663 0.707  0.825
N 136273 133720 1467 781
Panel G: Pct w/Banking
Treatment 0.005 0.005  -0.008 -0.017
(0.003)  (0.003)  (0.011) (0.022)
Control Mean 0.529 0.596
R-squared 0.375 0.472 0.536  0.654
N 136273 133720 1467 781
Panel H: Pct w/Brick Wall
Treatment 0.014***  0.014™* -0.019 -0.024
(0.005)  (0.005)  (0.013) (0.025)
Control Mean 0.446 0.737
R-squared 0.608 0.691 0.709  0.736
N 136273 133720 1467 781

Continued on next page

55



Table A9 — Continued from previous page

Panel I: Pct w/Inside Water

Treatment 0.020***  0.013*** 0.006 -0.018
(0.004)  (0.004)  (0.014) (0.028)
Control Mean 0.281 0.539
R—Squared 0.541 0.629 0.743  0.825
N 136273 133720 1467 781
Panel J: Pct w/Condition Good
Treatment 0.011***  0.010***
(0.003)  (0.003)
Control Mean 0.427 NA
R-squared 0.222 0.305
N 136273 133720
Panel K: Number Rooms
Treatment 0.040***  0.036™**
(0.007)  (0.007)
Control Mean 2.874 NA
R-squared 0.516 0.592
N 136273 133720
Project FE Yes Yes
Boundary Segment FE Yes Yes
District FE Yes Yes Yes

Notes: Table reports results from two estimating equations: y;pqp = o + BC; + X;I' +
vq + np + €; (columns 1 and 3) and y;pap = @ + BC; + X' + vg + py, + €; (columns 2
and 4) where, y;,qp is an outcome of interest in location 4 (village or town) in a 10 km buffer
around irrigation project p in district d along boundary segment b; C; is an indicator variable
for whether the centroid of a location lies inside a command area of project p or not; X is a
vector of geographic characteristics like altitude, ruggedness, distance to major river, type of
groundwater aquifer underlying the location, the (log) area of the location; v are district fixed
effects; 7, are project fixed effects; and p1, are 5 km boundary segment fixed effects. Estimating
sample is restricted to locations for which the average slope on both sides of the boundary is
less than 1.5 degrees and to locations with area less than 30 sq. km; boundaries where the canal
is within 500m of a river are also excluded. The outcomes are derived from Census of India 2011
and are reported as percentage of households. Definitions for outcomes in panel A to panel I,
and panel K are self explanatory. Panel J reports percentage of households who report that their

house is in a ‘good’ condition (as opposed to ‘livable’ or ‘dilapidated’).

56



100>d .., ‘50°0>d ,, ‘01°0>d , uorje[aIIOD [eTyRds [erjuajod 10J JUNOIIE
A[PA1IRAIaSUO0D 0] (309(01d UOTIBSLLIT) BaTR PUBWIWOD Aq PAIAISN[D dIB SIOLID PIepuer)S 'A[9ATIOadsaI [em YOLIq B 9ARY 10 A, B UMO OYym Sp[oyasnoy jo d3ejusadrad
110da1 6 UWN[O) PUE § UWN[OD) PUE ‘CT-Z[0Z SNSUID) OTWOU0IF WO sISLIINUD [[e ur (s19310m pako[dwa [ejo1)u] £ uwnjo)) (A1suap 1ySI)uy 9 uwn[o) ‘110 BIPUJ Jo
snsua)) woij (Aysuap uoneindodyu ¢ uwnjo) (£10Z IAT SITOW WOIJ) UoTe}da8aA uoseas AIp § uwnjo) (OYSI/DYSN WOoIJ) Tedk B ur 9011y} 10 991m] paddod eare ¢
uwno)) ‘(eare pajeAn no jo agejuadrad se) 901nos Aue Jursn pajeSIiar eaIe g uwnjo)) ‘(eare pajeAnyno jo aFejuadrad se) sreued Jursn pajediur eare syrodar T uwimjo))
‘[eUED © 1M SIPIOUI0d ATEPUNO( BITR PUBUTUOD }S3ILAU 3] YIIym I0J sade[[ia jo AJuo sastiduroo spdures Surjewn)sa o) (papn[oxa OS[e I8 IIALI B JO WIS UTYIIM
ST [eUBD JT[} 2IYM SILIepunoq ‘uny ‘bs gg uey) sso] Bare YjIm SUOIILIO] 0} PUE $I2IF9p G°T URY) SSI ST ATepunoq ay) Jo saprs yjoq uo adofs aSeraAe oy} yorym I0j
SUOT)BD0[) SUOTOLIISAI d[dures [ensn Jy} 0} UONIPPe U] ‘SIS paxy Jusawdas Arepunoq unyf ¢ are 477 pue $)09J9 paxy 10LYSIp a6 P fuonedo] ayj Jo eare (So) oyl
‘uonjeoo] 9y} Surrapun 19jinbe 1ajempunoid Jo adA] IaALI 1ofewr 01 douR)SIp ‘SsauUPaZINI ‘Opnin[e ANI] SITISLINORIRYD d1yde13oas Jo 103994 € ST Y ‘jou Io d 199(oxd
JO ®BaIR PUBLULIOD © SPISUT SI] UOIIBIO] B JO PIOIIUD 3] I9Y19YMm I0] d[qeLIeA I0JedIpur Ue s %) q juswdas Arepunoq Suore p 1o1usip ut d 199(oxd uorjedrin punore
19gnq uny O © ur (umo} 10 a5e[[IA) 2 UOTJEIO] UI JS2I)UI JO dwodino ue st P oroym *a + Ul + Pa + X + D¢ + 0 = P94 woxy synsar sjroda aqe], :s9J0N

ci61z 2161z 61602 82122 $961¢ 66812 €19¢2 8€2€7 022¢2 N
€%9°0 G9L°0 909°0 6LL°0 L9%0 058°0 7.0 90L°0 8%9°0 parenbs-y
(600°0)  (800°0) (150°0) (1500)  (1%0°0) (sv€'1) (810°0) (610°0) (220°0)
w200 ,9T0°0 2€0°0 810°0 0170 wenPLTF 90T°0 xx0800  L.EET°0 jusUIRaI],
uorjeoyroadg (Y Arepunog [eue) :q [oued
454 TAN 14 414 S0€Le 50882 6%58¢ 9L¥8¢ S0%0¢ $000¢ 08662 N
1%9°0 G9L°0 1190 6LL°0 65%°0 $¥8°0 SEL0 €69°0 0190 parenbs-y
(9000)  (500°0) (££0°0) (2ze0'0)  (S20°0) (9€8°0) (€10°0) (210°0) (£10°0)
L0100  ,600°0 95070 9000  .xx¥600 wiP0EF  0kT60°0 6900 00170 JusUIeaI],
AIepunog [eue)) :y [Pueq
(6) (8) (L) ©) (©) ¥ ©) (@) 49)
mem g AL juwowhordwry Apsuag  Aysue(g (€102) Surddory  poyediiy [eued
M/SHH 1d WL JySr1  uonemdog IAd  uoseag-nmy eIy 8y a1y Sy
o7 BoIY

1d

saLrepunog [eue)) Je s}oafy Judwieal], (01 d[qeL

57



100>d ., ‘50°0>d ., ‘01°0>d , uonje[aII0D Terjeds [erjuajod 103 JUNOIIE A[9ATIRATISUOD 0} (309foxd
UOBSLLIT) BaIe PUBULIOD A PIIIISN]D dI€ SIOLId PIBPURIS "[661 10J d[qe[leat J0U a1e [AT SITO PUe OYSI/OMSN Wwoij ejep Suisuas
9]0UIDI 9SNBII] UMOYS dIB SIUWOINO PAIIWI] A[UQ T66T SNSUSD ITWOUOIF WO ST £ UWN[0) ‘€661 VVON WOIJ ST § uwnjo)) 1661 BIpU]
JO SNSU?)) WOIJ SAUWI0D 9-§ UWN[OD) PUEB ¢-] UWN[OD) WOIJ ele(] SIsTIdIaIus e ur (s1oxIom pako[dwa [ejo1)uf sI / UwWnjo) pue ‘s1910qe|
3e + SI0JRATI[NO/SISNIOM ULIRJ-UMO = SISUWLIR] SIaUMm (SIayI0m Jo 9Fejuadiad e se) s1owirej st 9 uwnjo) ‘(uorendod Jo agejuadrad se)
juswAordwa [e103 G UwN[o)) ‘(A11suap Y31 ueaur)u] § Uwnjo)) ‘(A11susp uonendod)uy ¢ N[O ‘(BIIR PJRANND JO 23eIUd1ad SB) 901N0S
Aure Sutsn pajeSLLII Bare g uwnjo)) ‘(eaIe pajeAl}[no jo adejuadiad se) sfeued gursn pajesLill eare s3rodal T uwn[o)) ‘1661 193Je palIe)s et
s109(oxd uonediii/seare puenod Jo Auo sastduwod sjdures unewriss 9y} oy} (Papn[oxa OS[e dIe ISALL B JO WG UIYIIM S [eUrd 9]
a1aym satrepunoq ‘uny bs gg ueyy) ssa] BATE YIIM SUOIILIO] 0] puE $39139p G URY] SSI] ST A1RpUNO( 31} JO SIPIS Yjoq uo ado[s IFeiaae
3] YOIym 10] SUOIBIO[) SUONILIISaI o[dures [ensn ay] 0] UONIPPe U] 'S]09JJo Paxy Juawgas Arepunoq unf ¢ a1e 977 pue {s109]Jo paxy
1oL1STp aIe Pr1 ‘U0TIRO0] 313 JO IR (S0]) oY) ‘Uoredo] oy} SurA[repun 1ojmbe 1a1empunoid Jo ad4) ToALI 1ofewn 0] soue)SIp ‘SsaUpadSny
‘apnjnjre NI] sonstldeIeyd d1yderdoad jo 103004 ® ST YY ou 10 d 199(o1d Jo eare pUBWIMIOD B IPISUT SI| UOIBIO] B JO PIOIIUID Y]}
I9Y19YMm I0J 9[qBLIBA TOJRIIPUI U ST %) {q Juawidas Arepunoq Suofe p 1oLs1p ut d 399(o1d uonedLur punore 1ayng uny 01 © Ul ¢ U0Ied0|
Ul 1661 T894 Y} UI JS9I23UT JO dww0dIn0 Ue st WP dxoym 3 + U1 + Pa+ P + g + 0 = P9f qwoxy synsax sprodar d[qe], :3j0N

88111 VLLZT LLLTT 87821  SILZI L¥HET A% N
€750 LEV0 ZLS0 €0L'0 €970 €9L°0 695°0 parenbs-y
9697 098°0 I1%°0 88L°0 SS90 002°0 G100  UBdN [0IUO)
(¥50°0) (S00°0) (£00°0) (2€00)  (820°0) (600°0) (200°0)

61070 600°0 100°0 ¥10°0-  L000- ¥10°0 200°0- juauIIeaI],

(L) ©) (©) () (€) (@) (1)
s9aKo1dwryg 3y SIONION\  ANSud(q Ajsua( Auy [eueD
8o INI0M 194 194 sy dog parediiI pueT 8y 194
o7

1661 ‘SUOISSaI39Y 0qade[d 1TV d[qeL

58



‘10°0>d ,,, ‘50°0>d ,, ‘01°0>d , uonE[R1I00 [enRds TerIUL]0d 10J JUNOIJE A[9ATIRAISSUOD 0] (103(01d UOILSLLIT) BaTe PUBIIIOD A( PII2ISN[D ATE SIOLId PIEPURS “I[JE[IBAR JOU ST BIEP Jey[} S9J0Uap
JVN. ‘A[9A1100dsaI [[em YOLIq B 9ABY 10 A ], B UMO OUm Sp[oyasnoy] Jo agejuadrad 110dar ¢ uwmjo) pue g uwnjo)) ‘¢I-z10g SNSUL)) dIouod woj sastdIojua e urt (s1ox1om pakordurs rejol)uy £
uwn[o) ‘€10z VYON wolj (uny bs 1ad a100s Aj1sourtuny swmySru uesw)uy 9 wwnjo) ‘110¢ eIpUJ Jo snsua) woij (Aisusap uonendod)uy ¢ uwnjo) (€102 IAT SITOW Wo1j) uone1adoa uoseas AIp
sj10da1 § uwmjo) (OYSI/OYSN WoIj) 1eak & ur 2911y} 10 301m] paddod are ¢ uwn[o) ‘(Bare pajean[nod jo agejusorad se) 201nos Aue Jursn pajeSLill eare g uwnjo)) ‘(Bare pajean[nd jo adejuaorad
se) sfeued gursn pajegLLIT eaTe s110dal | UWN[0D) "PINIO OS[e T8 BIIB PUBLIWIOD 3y} pIsul A[rerired d1e jey) s9Se[[Ia pue {PIPN[IXS OS[e AIB IDALI B JO WOOS UIYIIM ST [BUBD 3Y) dI19YM SILIBPUNOq
‘{uny{ "bs o¢ ueY) SS9 IR YJIM SUOIIRIO] O] pUB $93139p G'T UBY) SSI[ ST ATrepunoq ayj Jo sapIs y30q uo 3do[s 95eIaA® 3] YOIy 10J SUOIILIO] 0] PaJoLIIsal s1 a[dures Surjewr}sy 'sj09)Ja Paxy Juawdas
Arepunoq uny{ g are 97/ pue (s199]J0 Paxy OLYSIP 18 P1 (A1RPUNO( 0] OUBISIP PUE SNJBIS JUIUNEBII) UOTIIRIAUI 3Y) ST 20ungsy(] X %) ‘ATepunoq eare pueurwiod 9y} 0} URISIp ST *20un3se (]
‘U0178I0] 31} Jo Baxe (S0]) 9y} ‘Uoned0] oY) SurA[1opun 1ajmbe 191empunois Jo 9dA) ToALI Toleur 0) SoUe)SIp ‘SSAUPIFINIT ‘Opnne I sonsLIAjoereyd oryderdoas Jo 101094 € st ¥y ou 1o d 103fo1d jo
BIIR PUBTITUOD B SPISUT SIT] UOTJBIO] B JO PIOIJUSD Y] I9YIAYM I0] S[eLIBA I0JBIIPUI U ST %) ‘q Juawidas Arepunoq Suore p 1o1sip ur d 103(oxd uorjeSLiar punore Iayng wf 0T © Ul (g [oued Ul SUMO]
10 7 [oued ur saSe[[Ia) ¢ UOIJEIO] U }S2I)UT JO aw0dIN0 Ue sT PIi aroym 3 + 911 + Pa + (ooumisyq X ¥D)p + *oouvisyqy + J¥X + D¢ + © = P4 woxy synsax syrodar a[qe], :s9j0N

¥9S 96 ¥9G 8¥S 96 yes 6qq N
GeL0 6580 €190 LGS0 919°0 16L°0 LTLO porenbs-y
(8€0°0) (¢%0°0) (L12°0) (I11°0) (¢2z0) (1€5°1) (6%0°0) VN
++L80°0- 6€0°0- «xxC8L°0- +#x£G€°0- «0€¥7°0- 8%0°0- +xx0€T°0 jusawjeal],
sumoy, :q [oueg
160801 160801 ¢OTTO0T YLYY01 92¥801 17166 6VeLIT GE8SIT IVLSTT N
G690 ¥SL°0 €€s0 L0 88¥°0 9€8°0 €eL 0 L89°0 8LE0 porenbs-y
(200°0) (#00°0) (1€0°0) (¥£0°0) (€20°0) (L080) (600°0) (600°0) (110°0)
+710°0 ++300°0 +160°0 +%x060°0 #£x690°0 +xxG8L°C »x9L0°0 #£x550°0 +£x060°0 Juouulead],
SaGe[[IA VY [oued
(6) (8) () ) (©) () (€) (@) (1
TeM 1Ig AL juowhodwry  Aysuag Apsua(g (€102) Suiddoi) paresLi] [eue)
M/SHH 194 WLIT] Y3y uonjerndog AT uoseag-Iny eIy 3y eAIy 3y
o7 BOIY

d

S[0I3U02 doue)SIp ATepunoq SuIsn s3s9) ssaulsnqoy :Z1V d[qeL

59



‘10°0>d ,,, ‘60°0>d ,, ‘01°0>d , uorje[a1I0D TerjRds [erjUAl0d 10J JUNOJJE A[9ATJRATISUOD 0] (303fo1d
UOTJeSIIIT) IR PUBUIIOD Aq PIIISN[O JIB SIOLId pIepuel§ ‘A[9A1}0adsal [[em YOLIQ B 9ABY IO AT, B UMO OUm SpP[OYasnoy Jo agejuadrad j10dar ¢ uwmjo) pue g
uwnjo) ‘g1-z10g SNSUa) JIWOU0IF Woly sasLIdIus [[e ur (s1ax10m pakodwa [ej03)uf £ uwn[o) ‘(A31susp 1YSI)uy 9 uwnjo)) ‘F10¢ LIPU] JO SNSUIY) woj (A1suap
uorjerndod)uy ¢ uwnjo) (€102 IAT SITOW WoIj) uorie1adas uoseas A1p syrodal y uwn[o) (OYSI/DYSN WoIJ) 183k e ut 9011 10 901M] paddord are ¢ uwnjo)) (eare
pareannod jo 98ejuadrad se) 201nos Aue Jursn pajeSLn eare g uwnjo)) ‘(eare pajeannd jo adejuadrad se) syeued Jursn pajedrur eare syrodal T UWN(0)) I19pIoq eI
PUBILIOD 9Y) WO} 90UB)SIP UK g B UIYIIM dIe Yd1rym 103[o1d uoneSrir oy aprsur sadeqqia sdoxp ajdures Surjewr)sa oy {(PIPNIOXa OSE I8 IIALL B JO WG UTYIIM
ST [eUed 9} 2I9YMm Satrepunoq ‘uny ‘bs gg uey) sS3] BITR YIIM SUOIILIO] 0] PUR SI3IFIP G'T Uey[} SSI[ ST ATRpUNO( I} JO SIPIS Y10q U0 ado[s aFeIaA. oY) YOTYM I0J
SUOI)BOO0[) SUOTILIISaI o[dures [ensn ay) 0} UONIPPE U] "S193JJ PIXY juaurdas Arepunoq uny G are 97/ pue $109J9 paxy JoLNsIp are Pa ‘uorjedof ay Jo eare (3of)
a1y} ‘uorjeoo] a3 Surkprapun ojmbe 1ajempunois Jo adA} I9ALX To(ewr 03 90UR)SIP ‘SSAUPIFINI ‘OpniIire NI sonsLIAoeIeyd d1yderdoad Jo 103094 ® ST Y ‘jou 10 d
199(01d jo BaIE pUBWILIOD B SPISUL SIT UOTJEIO] B JO PIOIJUD I} JOYYM 10] S[RLIBA I0JBIIPUL U ST %)) ‘q Juswrdas Arepunoq Juore p 101nsip ur d 103(o1d uoryedri
punoIe IaPng Wy ([ € UI ¢ UOIJEJO] UI JSAIJUT JO dwodino ue st P oroym 3 + U + Pa + J'x + D¢ + 0 = P4 :woag symsar syrodar [qe], :S9j0N

IEPITT  ISHITT
L69°0 19L°0
(800°0)  (¥00°0)
8100  ,.6000

808701
%60

(820°0)
x090°0

668801
yLo

(¥£0°0)
6%0°0

C68IT1
96¥°0

(€20°0)
£50°0

LF9E0T £6£021 ¢8/8TT  G898IT
2€8°0 §2L°0 689°0 89¢°0
(008°0) (010°0) (6000)  (110°0)
wnllEE ennl60°0  wx€L0°0  .xCIT0

N
parenbs-y

Jjuswajeal],

(6) (8)

(L)

(9)

(9)

(%) (€) (2) (1)

emPug AL

M/SHH d

juowkoidwry Aysuag  ANsud(qg

W

LElY!

uorjerndog

o7

(¢10z)  Surddory  peojeSuuy  [eUR)

IAd uosedg-TnN a1y 3y a1y 3y
BAIY

Pd

Arepunog apIsuf sun| g> saSe[[IA SUIPN[IXd $]09YF JUdUIIeal] €TV d[qeL,

60



‘100>d ,,, ‘50°0>d ,, ‘01°0>d , UOTIR[21100
Terreds rejuajod 10§ JUNOOOE A[OATIEAIISUOD 0] (309(01d worjeSLLIT) BaTe pUBMUUIOD A PAI9ISN[O I8 SIOLId pIepue)s ‘A[9A1)0adsar [[em YOLIq B JARY 0 AT, B UMO OUym
sproyasnot Jo adejuaoiad 310dar ¢ U0 pue § UWN|OY) ‘CT-ZT0Z SNSUI) IIWOUWOI WO sISLIAISUD [ UT (sI9xIom pako[dua [ejoy)uy £ uwnjo)) ‘(Aysuap 1ysi)uf
9 uwn[o) ‘110Z eIpy] Jo snsua) woij (Aisusp uornerndod)uy ¢ uwnio) (€102 IAL SITOW WoI)) uore1adoa uoseas A1p syrodar § uwnjo) (OYSI/OUSN WoIy) 1eak
B UT 9011} J0 901m) paddord are ¢ uwn[o) ‘(Bare pajean nd jo adejusoiad se) 901nos Aue Suisn pajeSLLI BAIR g UWN[O)) ‘(BaIR PajeAn)[nd Jo aejuaoiad se) seued
Sursn pajegLun eare s310dax T UwN[o) ‘(SNIpeI unf 00g) 1011 prepuels pajsnlpe Aoquo) ayy syrodax O [oued {[2A9] %66 PUB %G dY) T8 SAUI0INO dY) SIZLIOSUIM g
1pued ¢paddoip are 19pI1oq BaIe pueUIIOd 3] YIim sde[1oa0 ATepunoq soym saSe[[IA pue Iay}Inj pajoLrisal st ojdures Jurjew}sa o) ‘y [dUeJ U] "PIPN[OXa OS[e I8
I9ALI ® JO WS UIYIIM ST [BUERD 9Y] 19U SILIepunoq ‘uny ‘bs o¢ uety) sso] eare yirm suonedo] 0} pue saa1dap ¢'1 uey) ss9f s ATepunoq ayj Jo sapis y1oq uo adoys
93eI9A® 9] UYOTYM I0J SUOIILIO] 0] PajdLIsal st ojdwres Surjewm)sy 's109Y9 paxy juswdas Arepunoq ury| ¢ are 477 pue s109JJd paxy JOLISIP a1 P ‘Uoredo] 9y} Jo
eare (Soy) a1} ‘woryedo] Ay} SurA[repun 1ajmbe 1ejempunord jo ad4A) IaALr 1ofewr 0] 2duUE)SIp ‘ssouUPaZIna ‘Opnirire I sonsiIajdeIeyd oryderSoad Jo 103004 B ST Y)Y
ou 10 d 193(01d Jo BaIR PUBWILIOD © SPISUT SII] UOIIRIO] B JO PIOIJUID Y]} IAIdYM 10 J[qBLIBA I0JRIIPUI U ST %) {q Juawdas Arepunoq Suore p 1omsip ut d 109foxd
UONESILIT PUNOIe ISPNq UB| O € UI ¢ UOTJEIO] UT JS2I)UI JO WI03N0 ue sT P4 oraym 3 + Ul + Pa+ P + D¢ + 0 = P9 :woy synsax sjrodax ajqe], :s9j0N

¥699¢T  ¥699€1 216821 F091ET  GIELET SH89ZT €089F T 692S¥T  €91GHT N
S00°0 900°0 €81°0 600°0 €50°0 6200 690°0 6100 L10°0 parenbs-y

(5000)  (£000) (120°0) (¢zo0)  (210°0) (ST8°0) (110°0) (010°0)  (600°0)
wxx610°0 4, 11070 wxxCL0'0  4xxL80°0  4x8L0°0 wxsV8EE  4xx280°0 2259900 44,1600 JUSWRAIL
s1o1rg AS[uo) :) [Pued
0ZLEET  0TLEST 961521 L8VOET  SOSHET G9ZHZT 08EHFT 9¢L2¥1  829ZH1 N
269°0 ¥SL0 6£5°0 0vL0 $€5°0 1€8°0 02L°0 6L9°0 2150 pa1enbs-y

(500°0) (€00°0) (0z00) (120°0) (¥10°0) (L¥S0) (£00°0) (£00'0)  (L00°0)
wxxG10°0 4446000 wxsLS0°0  4xxTLO0 4448500 wxsVES T 4xxEL00 255950°0 4446400 JUSWRAL],
PRZLIOSUIM :d [oue]
IS080T  TS080T 2011071 VLPPOT  9Z¥S0T 17166 6VELTT GESSTT  TPLSIT N
6690 ¥SL°0 €€6°0 I¥L0 88%°0 GE80 €2L0 £89°0 LLEO paxenbs-y

(8000)  (¥000) (1€0°0) (¥€0'0)  (¥20°0) (098°0) (110°0) (0100)  (110°0)
w5100 44, TT00 050°0 9800  4,T90°0 «x08T'S 4449800 wxxL90°0  44,80T°0  JUSWIIELAI],
sage[iA Arepunog Surddoi( :y [pued

(6) (8) () (9) () (¥) (€) (2) (1)
rem Yorrg AL juowhordwry Apsuag  Aysue(g (€102) Surddory  poyedmy Teue)
M/SHH 3194 WLIT] ysry uonerndog IAd  Uuoseas-pNN BAIY 3y BAIY SV
So7 BaIY
1d

1S9, ssaujsnqoy FIV d[qel

61



Table A15: Urbanization in Villages (by Proximity to Town)

Log
Population Built-up Light
Density Area Density

(1) (2) (3)

Treatment 0.067*** 0.056*** 0.071***
(0.015) (0.016) (0.021)
Prox Town 0.159*** 0.355*** 0.623***
(0.017) (0.027) (0.029)
Treat x Prox Town -0.050** -0.147*** -0.068
(0.023) (0.034) (0.044)
R-squared 0.489 0.390 0.760
N 134305 106386 130487

Notes: Table reports results from: y;pqp = a+BC;+X; '+ Prox Town+rk(C; x Proxz Town;)+va+ps+e;
where, y;pqp is an outcome of interest in location ¢ in a 10 km buffer around irrigation project p in district d along
boundary segment b; C; is an indicator variable for whether the centroid of a location lies inside a command area of
project p or not; Prox Town; is a binary variable taking a value of 1 if village 7 is within 4 kms distance to a town,
C; x Prox Town; is the interaction of the two indicator variables; X; is a vector of geographic characteristics
like altitude, ruggedness, distance to major river, type of groundwater aquifer underlying the location, the (log) area
of the location; v are district fixed effects; and p, are 5 km boundary segment fixed effects. Estimating sample
is restricted to locations for which the average slope on both sides of the boundary is less than 1.5 degrees and to
locations with area less than 30 sq. km; boundaries where the canal is within 500m of a river are also excluded.
The outcomes are derived from census and satellite data: column (1) reports In(population density) from Census of
India 2011; column (2) reports In(built up area) from NRSC/ISRO 2011-12; and column (3) reports In(mean nighttime
luminosity score per sq. km) from NOAA 2013. Standard errors are clustered by command area (irrigation project)
to conservatively account for potential spatial correlation. * p<0.10, ** p<0.05, *** p<0.01.
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Table A16: Labor Force in Villages (by Proximity to Town)

Pct Log
Population Farmers All Farmers Non-Ag
Workers Workers Workers

(1) (2) 3) (4) (5)

Treatment -0.001 0.002 0.065***  0.073***  0.068***
(0.001) (0.003) (0.015) (0.014) (0.025)
Prox Town -0.017*** -0.093*** 0.121%**  -0.080***  0.459***
(0.002) (0.006) (0.018) (0.020) (0.029)
Treat X Prox Town 0.007*** 0.021*** -0.038 0.034 -0.085**
(0.002) (0.007) (0.024) (0.026) (0.035)
R-squared 0.525 0.471 0.532 0.555 0.476
N 134305 134309 134309 133936 131189

Notes: Table reports results from: y;pqp = o + 8C; + X;I" 4 6 Prox Town + x(C; X Prox Town;) + vgq + pp + €; where,
Yipdp is an outcome of interest in location ¢ in a 10 km buffer around irrigation project p in district d along boundary segment b; C;
is an indicator variable for whether the centroid of a location lies inside a command area of project p or not; Prox T'own; is a binary
variable taking a value of 1 if village ¢ is within 4 kms distance to a town, C; X Proxz Town; is the interaction of the two indicator
variables; X; is a vector of geographic characteristics like altitude, ruggedness, distance to major river, type of groundwater aquifer
underlying the location, the (log) area of the location; v, are district fixed effects; and pp, are 5 km boundary segment fixed effects.
Estimating sample is restricted to locations for which the average slope on both sides of the boundary is less than 1.5 degrees and to
locations with area less than 30 sq. km; boundaries where the canal is within 500m of a river are also excluded. The outcomes come
from the Census of India 2011. Column (1) reports workers who are employed (as percent of population); column (2) reports farmers
(as percent of total workers). Farmers = cultivators + agricultural laborers. Column (3) reports In(total number of workers); column
(4) refers to In(farmers); and column (5) reports In(non-agricultural workers). All workers = farmers + non-agricultural workers.
Standard errors are clustered by command area (irrigation project) to conservatively account for potential spatial correlation. *
p<0.10, ** p<0.05, *** p<0.01.
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Table A17: Firms in Villages (by Proximity to Town)

Log Employment
Sector Size
Number Workers
All Manu Ag  Service > 100  50-99 10-49 <10
(1) (2) ®3) (4) (5) (6) (7) 8)

Treatment 0.065*** 0.058™** 0.015 0.081*** -0.007  -0.001  0.029* 0.068***

(0.019)  (0.020) (0.020) (0.018)  (0.006) (0.006) (0.017) (0.019)

Prox Town 0.227*** 0.265™** 0.019 0.243"*  0.053"** 0.070"** 0.194™** 0.192***

(0.026)  (0.033) (0.025) (0.025)  (0.016) (0.017) (0.030) (0.024)

Treat X Prox Town -0.059* -0.095"* 0.021 -0.073™* -0.001  -0.014  -0.020 -0.058"

(0.035)  (0.043) (0.031) (0.032)  (0.021) (0.022) (0.037) (0.032)

R-squared 0.545 0.420  0.675 0.447 0.200 0.254 0.332 0.550

N

125796 125796 125796 125796 125796 125796 125796 125796

Notes: Table reports results from: y;pqp = a + SC; + X;I' + §Prox Town + k(C; X Prox Town;) + vgq + pp + €; where,
Yipdp is an outcome of interest in location 4 in a 10 km buffer around irrigation project p in district d along boundary segment b;
C}; is an indicator variable for whether the centroid of a location lies inside a command area of project p or not; Prox Town;
is a binary variable taking a value of 1 if village ¢ is within 4 kms distance to a town, C; X Proxz Town; is the interaction of
the two indicator variables; X; is a vector of geographic characteristics like altitude, ruggedness, distance to major river, type of
groundwater aquifer underlying the location, the (log) area of the location; vy are district fixed effects; and p, are 5 km boundary
segment fixed effects. Estimating sample is restricted to locations for which the average slope on both sides of the boundary is less than
1.5 degrees and to locations with area less than 30 sq. km; boundaries where the canal is within 500m of a river are also excluded. The
outcomes are from Economic Census 2012-13. Columns (1)-(4) report impacts by sector. Column (1) reports In(employment) across
all enterprises/firms. All refers to sum of workers employed in manufacturing, agriculture and services enterprises. Column (2), (3)
and (4) report In(employment) in manufacturing, agriculture and service sector respectively. Sectors are classified using Ministry of
Statistics and Programme Implementation’s National Industrial Classification. Columns (5)-(8) report impacts by firm size: greater
than 100 workers (column 5), between 50-99 workers (column 6), between 10-49 workers (column 7) and less than 10 workers (column
8). Standard errors are clustered by command area (irrigation project) to conservatively account for potential spatial correlation. *
p<0.10, ** p<0.05, *** p<0.01.
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