
The Long-run Development Impacts of Agricultural
Productivity Gains

Evidence from Irrigation Canals in India

Sam Asher Ali Campion
Johns Hopkins SAIS Development Data Lab

Doug Gollin Paul Novosad
University of Oxford Dartmouth College

STEG Workshop 3/4 - September 16, 2021

1 / 58



Overview

When do improvements in agricultural productivity translate into
structural transformation?
Empirical literature gains traction with within country-variation, often
looking at short- to medium-run effects
But in the long run, labor mobility is much higher, especially in country
We study the long-run effects of India’s irrigation canals, which generated
large sustained differences in ag productivity across otherwise similar
locations

22% of Indian municipalities are within command areas
Most canals constructed at least 40 years ago, many under British Raj and
early decades of Independence
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This paper

Municipality-level (N=600k) data on irrigation, agricultural activity,
population, nonfarm firms, living standards, human capital, and
urbanization

Three identification strategies estimate different LATEs to characterize
long run equilibrium

Main specification: exploit gravity-driven nature of surface irrigation in
elevation-based RDD
DiD: exploit timing of canal construction to estimate effects on regional
urbanization
Distant municipalities: estimate local spillovers to contextualize RDD
estimates
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Preview of major results

More access to canal irrigation leads to...
Agriculture: increased land under cultivation, irrigation, agricultural
productivity
Beyond ag: increased population density, education, town growth

But...
No significant overall impacts on the rural nonfarm sector or living
standards

Interpret results through a model closely related to the existing literature,
but with labor mobility

Takeaway: in the long run, wages are equilibrated by labor flows across space
and structural transformation occurs through growth in urban areas rather than
sectoral reallocation in rural areas
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History of canals in India

High variance of rainfall makes irrigation critical for agricultural
productivity in India
British India invested heavily in canal infrastructure during the 19th century
Dominant irrigation source until rise of groundwater
52% of rural Indians live within 10 km of a major or medium canal
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Existing evidence on ag productivity and structural transformation

Johnston-Mellor (1961): linkages with non-agricultural sectors
Matsuyama (1992): effects of agricultural change in closed vs. open
economies:

Crowd in: if economy closed, frees up labor for other activities (can be
extended to capital, demand)
Crowd out: if economy open, specialization in agriculture

Gollin, Hansen, & Wingender (2019): increased agricultural productivity
1960–2000 led to increased national GDP
Bustos et al. (2018): impacts depend on factor intensity: labor saving
(GM soy) vs labor intensive (second maize growing season)
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Theoretical framework

Detailed conceptual framework in the paper, model is imminent. Big idea:

Labor flows across space are small in the short run and high in the long run
In the short run, ag shocks get equilibrated through labor movement
across sectors
In the long run, equilibration is through labor movement across space
In the paper: ag shocks produce structural transformation from increased
demand, but transport costs and agglomeration effects in urban areas
make it possible that they grow instead of rural manufacturing
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Data (municipality level)

Use SHRUG data platform as backbone
Agriculture

Productivity: NDVI (satellite, by growing season), Cost of Cultivation
Major crops (Pop Census)
Ownership of tractors, irrigation equipment (SECC)
Potential productivity (FAO GAEZ)

Irrigation
GIS: distance to nearest canal, command area
Pop census: whether municipality is on canal, acres irrigated by canal
Minor Irrigation Census (3 rounds)
Dates of construction from Water Resource Information System (WRIS)

Living standards
2012 SECC: assets, earnings used to generate predicted consumption using
small area estimation (Elbers et al, 2003)

Economic activity: Economic Census (all firms, 2013)
GIS data

Village and town polygons
WRIS: canal lines, command area polygons
Elevation (SRTM, 30m resolution)
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Strategy 1: Relative elevation

Canals are gravity driven: municipalities below the canal can access water
while municipalities above cannot
Municipalities above/below canal are otherwise similar
Regression discontinuity design (RDD) with running variable defined as:

municipality elevation – elevation of nearest point on nearest canal

Define municipality elevation as the 5th percentile of its distribution
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Estimation strategy

Consider two similar villages
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Estimation strategy

Canal construction gives the lower village access to surface irrigation
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Estimation strategy

Improved irrigation leads to greater agricultural productivity
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Estimation strategy

Focus of this paper: do gains to ag translate into structural transformation and
other non-farm economic outcomes?
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Robustness: Command area boundaries

A command area is the collection of municipalities served by a canal
Municipalities outside a command area cannot access canal water

Municipalities just inside and outside a command area boundary are
geographically similar
RDD with distance between municipality centroid and command area
boundary as running variable
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Analysis Sample

Analysis sample:
Municipalities <10km (dist), ±50m (elev) from nearest canal for relative
elevation
Municipalities <25km (dist) from the command area boundary

Keep only municipalities from subdistricts where average
treatment/control ruggedness is balanced (within 25%)
Drop municipalities in subdistricts (the fixed effect groups) with 0
municipalities on either side of the boundary
Drop municipalities with risk of treatment contamination

Some municipalities will have area above and below the canal
We drop municipalities within 2.5m of the boundary
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Balance

Panel A. Geophysical parameters
Ruggedness Annual rainfall Distance to coast

avg. 2010-2014 (mm) (km)
Below canal -0.044 -3.226* 0.065

(0.055) (1.709) (0.366)
Control group mean 4.733 1166.497 366.643
Observations 98,553 98,553 98,553
R2 0.570 0.990 1.000

Panel B. Crop suitability
Sugarcane Wetland rice Wheat Maize

Below canal -0.034 0.008 0.003 -0.028
(0.021) (0.015) (0.005) (0.021)

Control group mean 3.425 2.277 0.768 3.312
Observations 98,553 98,553 98,553 98,553
R2 0.880 0.880 0.970 0.890

∗p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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Strategy 1: RD specification

yi = β1Ti + β2Elevbelow
i + β3Elev above

i + β4Geogi + αsubdistrict + εi

y : outcome of interest
T : 1 is municipality below the elevation of the canal
Elevbelow : difference in elevation between canal and municipality x T
Elev above : difference in elevation between canal and municipality x (1-T )
Geog : measure of geographic fundamentals (ruggedness and rainfall)
αsubdistrict : command area-subdistrict group fixed effect
Weight by land area, cluster SEs at subdistrict level
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Measuring municipality elevation

Each line uses a different moment of the distribution of elevation in a
municipality polygon to define the relative elevation to the nearest canal
Share of land irrigated by canals is plotted on the y-axis
We select the 5th percentile to define relative elevation
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Regression discontinuity result: Irrigation (canal)
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Results: Irrigation outcomes

Municipalities with access to canals have:

More irrigated land
Increase in irrigation driven by
canals
No changes in other methods of
irrigation

Binscatters Regression table
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Results: Agricultural outcomes

Municipalities with access to canals have:

More agricultural land
Greater Rabi agricultural
productiviy
More likely to have
water-intensive crop cultivation.

Binscatters Regression table
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Results: Nonfarm outcomes

Municipalities with access to canals have:

Higher population density
No significant effect on
employment of any type

Binscatters Regression table
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Results: Education

Municipalities with access to canals have:

Higher rates of primary, middle,
and secondary school education
Higher literacy rate

Binscatters Regression table
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Effects by land holdings

Theory tells us that returns to fixed factor (land) should increase, while
returns to mobile factor (labor) should not
Test for differential impacts by household landholding

Regression table
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Land ownership

Consumption gains are limited to land owners
Top 40% (in national distribution) of land owners benefit the most
Education gains concentrated among land owners
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Command area strategy: all results (robustness)

Results
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Spillovers

Possible that spillovers between treatment and proximate control
municipalities generate different LATE than impacts relative to areas not
in vicinity of canals
We test this hypothesis by comparing RDD treatment and control
municipalities to more distant areas more than 15km from canals
Control for geophysical characteristics to ensure we are comparing
otherwise similar villages
Find no significant overall population, consumption or non-ag spillovers
Lack of major differences between control and distant villages provides
support for our main identification strategy
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Town growth through time

Our main identification strategy identifies very local effects of canal
infrastructure
It does not identify growth in nearby villages, towns, or surrounding areas
To study regional urbanization:

Use data on town population in every decadal census since 1891
Sample: towns that existed in 2011

The first decade of population indicates the first appearance of the town
Link to canal construction dates with some distance of the town
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Diff-in-diff: effects of canals on regional urban growth

yi,t = β1Ti + ηi + ηt + εsubdistrict

yi,t : town population or binary indicator of town appearance
T : dummy for any command area in the town catchment area or share of
the town catchment area covered by command area
i : town
t: decade
Same results with Goodman-Bacon (2021)

Town catchment area: 30km radius circle surrounding the town
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Town population (log) against date relative to canal construction
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Difference in difference results
Town Existence Town Existence Population

(pop. 5,000) (pop. 10,000) (log)
1 2 3 4 5 6

Any command area in town catchment area 0.014* 0.022** 0.026**
(0.007) (0.009) (0.011)

Share of town catchment area in command area 0.066*** 0.159*** 0.193***
(0.023) (0.032) (0.037)

Lagged Population (log) 0.587*** 0.585***
(0.008) (0.008)

Constant 0.338*** 0.332*** 0.224*** 0.204*** 3.563*** 3.550***
(0.003) (0.004) (0.003) (0.006) (0.062) (0.063)

N 88,632 88,632 88,632 88,632 81,246 81,246
R2 0.70 0.70 0.64 0.64 0.88 0.88
∗p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
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Robustness of Difference-in-Difference Estimates
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Conclusion

Canals generate sustained differences in agricultural productivity, offering
good setting for testing long run impacts on structural transformation
In the long run, the productivity effects of canals were equilibrated by
labor flows across space rather than across sectors
Structural change occurred, but through nearby urban growth rather than
directly in canal areas
Key difference with the literature is from analysis of long run

But context of early–mid 20th c. India may be important as well

Limited changes in rural areas, consistent with other work on rural
infrastructure
If structural change occurs primarily through urbanization, need improved
understanding of barriers to urban growth
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End

Thank you!
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Appendix

APPENDIX
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Spillover Effects

Control municipalities could experience spillover effects from canals
Groundwater recharge
Market linkages

We create an alternative control sample of distant municipalities
“Distant” municipalities ≥ 15km from the nearest canal

We compare both treatment and control municipalities from our RDD sample
to these “distant” municipalities:

yi = βT + βC + Vi + αsubdistrict + εi

T : 1 for municipalities in the RDD treatment sample
C : 1 for municipalities in the RDD control sample
Vi : municipality-level geophysical controls

rainfall, distance to the nearest river, sugarcane suitability (GAEZ),
elevation, ruggedness

Find limited evidence of spillovers Figures
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Agricultural Spillover Effects

Focus on Column 3:
comparing control to
distant municipalities to
test for spillovers from
treated to proximate
untreated locations
Control municipalities not
significantly different from
distant areas in many
outcomes
Control municipalities are
fairly similar to distant
municipalities in
agriculture and irrigation
outcomes

Results
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Economic Spillover Effects

Control villages have
higher landowner
consumption and
education
But slightly lower landless
consumptoin and no
singificant effects on
population or nonfarm
employment
Implication:

Results
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Extensification

Back Regression table
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Irrigation (any)

Back Regression table
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Irrigation (tubewell)

Back Regression table
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Crop choice

Back Regression table
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Agricultural productivity (Kharif)

Back Regression table
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Agricultural productivity (Rabi)

Back Regression table
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Mechanization

Back Regression table
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Population density

Back Regression table
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Consumption

Back Regression table
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Nonfarm employment (total)

Back Regression table
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Nonfarm employment (services)

Back Regression table
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Nonfarm employment (manufacturing)

Back Regression table
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Education (primary)

Back Regression table
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Education (middle)

Back Regression table
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Education (secondary)

Back Regression table
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Literacy

Back Regression table
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Relative elevation results
Panel A. Irrigation outcomes

Total irrigated area Canal irrigated area Tubewell irrigated area Other irrigated area
(share of ag. land) (share of ag. land) (share of ag. land) (share of ag. land)

Below canal 0.069*** 0.092*** -0.006 -0.006
(0.008) (0.006) (0.006) (0.005)

Control group mean 0.436 0.031 0.213 0.198
Observations 89,628 89,467 89,539 88,757
R2 0.610 0.380 0.480 0.640

Panel B. Agriculture outcomes

Agricultural land Kharif (monsoon) Rabi (winter) Water intensive Mechanized farm equip.
(share of village area) ag. prod (log) ag. prod (log) crops (any) (share of households)

Below canal 0.028*** 0.014 0.074*** 0.027*** 0.004*
(0.005) (0.009) (0.012) (0.009) (0.002)

Control group mean 0.602 7.689 7.210 0.561 0.056
Observations 96,403 97,089 96,792 75,349 92,357
R2 0.610 0.820 0.700 0.720 0.310

Panel C. Economic outcomes

Population Total emp. Services emp. Manuf. emp Consumption
density (log) (share of adult pop.) (share of adult pop.) (share of adult pop.) per capita (log)

Below canal 0.131*** -0.005 -0.004 -0.003* 0.005
(0.017) (0.007) (0.005) (0.002) (0.005)

Control group mean 5.354 0.082 0.057 0.020 9.737
Observations 90,223 90,695 91,022 91,126 92,327
R2 0.460 0.010 0.010 0.040 0.530

Panel D. Education outcomes

At least primary At least middle At least secondary Literacy
(share of adult pop.) (share of adult pop.) (share of adult pop.) (share of pop.)

Below canal 0.012*** 0.012*** 0.009*** 0.010***
(0.003) (0.003) (0.002) (0.002)

Control group mean 0.481 0.316 0.200 0.572
Observations 92,268 92,268 92,268 97,879
R2 0.570 0.560 0.530 0.590

∗p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01

Back: Irrigation Back: Agricultural Back: Economic Back: Education
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Command area results
Panel A. Irrigation outcomes

Total irrigated area Canal irrigated area Tubewell irrigated area Tank or lake irrigated Other irrigated area
(share of ag. land) (share of ag. land) (share of ag. land) (share of ag. land) (share of ag. land)

Below canal 0.117*** 0.166*** -0.010 irrs haret lc ommc oef -0.028***
(0.012) (0.013) (0.012) (irrs haret lc omms e) (0.009)

Control group mean 0.476 0.048 0.288 irrs haret lc ommmean 0.149
Observations 43,361 43,286 43,330 irrs haret lc omms amp 42,868
R2 0.690 0.430 0.520 irrs haret lc ommr 2 0.470

Panel B. Agriculture outcomes

Agricultural land Kharif (monsoon) Rabi (winter) Water intensive Mechanized farm equip.
(share of village area) ag. prod (log) ag. prod (log) crops (any) (share of households)

Below canal 0.033*** 0.129*** 0.028 0.013 0.003
(0.008) (0.019) (0.025) (0.015) (0.003)

Control group mean 0.656 7.568 7.335 0.661 0.050
Observations 48,341 48,826 48,714 41,822 46,158
R2 0.660 0.770 0.750 0.730 0.340

Panel C. Economic outcomes

Population Total emp. Services emp. Manuf. emp Consumption
density (log) (share of adult pop.) (share of adult pop.) (share of adult pop.) per capita (log)

Below canal 0.150*** 0.011 0.010 0.003 0.012*
(0.028) (0.009) (0.009) (0.002) (0.007)

Control group mean 5.818 0.080 0.057 0.021 9.702
Observations 42,428 44,926 45,036 45,102 46,138
R2 0.620 0.020 0.010 0.040 0.550

Panel D. Education outcomes

At least primary At least middle At least secondary Literacy
(share of adult pop.) (share of adult pop.) (share of adult pop.) (share of pop.)

Below canal 0.024*** 0.020*** 0.016*** 0.014***
(0.006) (0.005) (0.004) (0.004)

Control group mean 0.452 0.304 0.185 0.554
Observations 46,115 46,115 46,115 49,010
R2 0.650 0.620 0.580 0.660

∗p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01

Back
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Results by land ownership
Panel A. Land ownership overview

Land owners Avg. size of land holdings Avg. size of land holdings Consumption (log)
(share of households) (log hectares, all households) (log hectares, land owners) Land owners Landless

Below canal -0.022*** -0.042** 0.002 0.019*** 0.000
(0.005) (0.018) (0.013) (0.005) (0.006)

Control group mean 0.538 0.751 1.499 9.814 9.608
Observations 92,359 89,752 89,718 90,094 89,921
R2 0.460 0.470 0.510 0.560 0.470

Panel B. Consumption distribution

Consumption (log) Consumption (log) Consumption (log) Consumption (log) Consumption (log)
1st quintile 2nd quintile 3rd quintile 4th quintile 5th quintile
land holders land holders land holders land holders land holders

Below canal 0.000 0.014** 0.013* 0.021*** 0.028***
(0.005) (0.006) (0.007) (0.007) (0.007)

Control group mean 9.630 9.769 9.808 9.848 9.935
Observations 91,762 81,749 77,301 79,475 74,063
R2 0.500 0.460 0.410 0.420 0.390

Panel C. Education attainment

At least Primary At least Middle At least Secondary
(share of adult pop.) (share of adult pop.) (share of adult pop.)

Land owners Landless Land owners Landless Land owners Landless
Below canal 0.019*** 0.009*** 0.020*** 0.009*** 0.017*** 0.005**

(0.004) (0.004) (0.004) (0.003) (0.003) 0.002
Control group mean 0.521 0.435 0.356 0.271 0.235 0.002
Observations 90,042 89,715 90,042 89,715 90,042 89,715
R2 0.600 0.480 0.580 0.470 0.550 0.420

∗p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
Back
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Spillover Effects: Distant Municipalities
Panel A. Irrigation outcomes

Irrigated Canal irrigated Tubewell irrigated Other irrigated
area (share) area (share) area (share) area (share)

Treat Control Treat Control Treat Control Treat Control
Group 0.064*** -0.002 0.083*** -0.003 0.003 0.004 -0.012 -0.003

(0.027) (0.020) (0.044) (0.026) (0.022) (0.021) (0.020) (0.015)
Control group mean 0.418 0.045 0.209 0.170
Observations 252,262 251,772 252,040 250,394
R2 0.660 0.350 0.520 0.560

Panel B. Agriculture outcomes

Agricultural Kharif ag. prod Rabi ag. prod
land (share) EVI-based (log) EVI-based (log)

Treat Control Treat Control Treat Control
Group 0.030*** 0.004 -0.013 0.002 0.017 -0.031*

(0.022) (0.022) (0.025) (0.020) (0.035) (0.028)
Control group mean 0.595 7.738 7.244
Observations 266,134 279,352 278,800
R2 0.560 0.710 0.620

Panel C. Economic outcomes

Population Total emp. Services emp. Manuf. emp
density (log) (share) (share) (share)

Treat Control Treat Control Treat Control Treat Control
Group 0.111*** 0.025 -0.006 -0.003 -0.005 -0.002 0.001 0.002

(0.020) (0.019) (0.043) (0.028) (0.053) (0.032) (0.030) (0.024)
Control group mean 5.616 0.077 0.053 0.018
Observations 247,406 246,945 248,411 248,743
R2 0.420 0.010 0.000 0.020

Panel D. Living Standards outcomes

Consumption (log) Consumption (log) Consumption (log) Literacy
total land holders landless (share)

Treat Control Treat Control Treat Control Treat Control
Group 0.020*** 0.006 0.040*** 0.014** 0.000 -0.002 0.020*** 0.010***

(0.020) (0.020) (0.019) (0.019) (0.018) (0.018) (0.020) (0.021)
Control group mean 9.679 9.752 9.557 0.561
Observations 258,638 248,156 245,790 271,985
R2 0.480 0.490 0.390 0.540

∗p < 0.10,∗∗ p < 0.05,∗∗∗ p < 0.01
Back
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