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Solving groundwater depletion in India while achieving food security

Redistribution of income, water, and energy use from changing PDS

A key concern with any proposed shift in the PDS is how the distribution of income
may change since many of the farmers originally changed their crops because of the
incentives offered by the government—a minimum guaranteed price to procure the
crops that were above the average cost of production in the district. Electricity subsi-
dies for groundwater pumping are typically provided by the state governments and can
account for a significant budgetary outlay (e.g., Punjab spent INR 65 billion in 2019—
202022). Water management is also a state responsibility in India. Consequently, the
implications of the PDS change on farmer income, water, and energy are important to
consider at the state level.

The distribution of net gain in farm income under both irrigation scenarios is shown
in Fig. 4. For each district, we compute the net change in revenue for the scenarios
relative to the current cropping pattern. In Fig. 4, we also present the groundwater
and energy saved (under the “Irrigation Zero” scenario) and used (under the “Irriga-
tion Capped” scenario) in each district. The state-level aggregates of the same are
shown in the supplemental information Fig. S4. We observe the spatial distribution of
the net gain in income (first panel in Fig. 4 shows net gain in income in trillion INR in
three categories—negative (-0.03 to —0.01), neutral (-0.01 to 0.01), and positive (0.01
to 0.03)—that for most of the country, under both scenarios, the income gains are in
the neutral category. The neutral category is approximately 6% of the change in net
income at the national level (the current national agricultural income is 2.9 trillion INR
and the income from rainfed scenario is 3.06 trillion INR, a net gain of 0.16 trillion INR).
The water and energy saved maps reveal that under the “Irrigation Zero” case, there
is a significant saving in water and energy in the currently stressed regions of Punjab,
Rajasthan, Uttar Pradesh, Andhra Pradesh/Telangana, and Karnataka. These are also
the major regions that have a significant opportunity cost when we compared the sav-
ings in energy to current residential electricity price of 7 INR/kWh.

The state-level aggregates (presented in Fig. S4) are also worth discussing. For
example, take the case of Punjab, which experiences significant groundwater deple-
tion linked to rice cultivation for the PDS in the Kharif season. Under both scenarios,
the nationally optimal crop allocation would translate into a net loss of farm income in
Punjab of 86 and 79 billion INR, respectively. However, 38 (34) billion cubic meters of
irrigation water and 4366 (3923) GWh of energy are saved annually relative to the cur-
rent cropping pattern under the new “Irrigation Zero” (“Irrigation Capped”) scenarios.
The value of the energy savings alone is 31 (27) Billion INR at the current residential
electricity price of 7 INR/kWh. Thus, while one can categorize most districts in Punjab
in the neutral category of income change, even accounting for the value of the energy
savings, one can see that Punjab would face a financial shortfall. The value of sustain-
ing the groundwater resource in the state and reversing the 1—-2 m/year rate of deple-
tion would need to offset this financial challenge.

The growing recognition of the problem is motivating the state government to ac-
tively consider crop diversification, creation of a water authority, and experiments to
pay farmers to conserve electricity. Past experiments to introduce private sector con-
tract farming in the State have met with limited success as market prices for tomatoes
and other perishables procured by the companies fluctuated, prompting reneging con-
tracts by farmers and companies23,24,25. Consequently, farmers prefer the assured
PDS scheme. Therefore, one would need to find a way to introduce a crop pricing and
procurement system that would be politically and economically favorable to farmers
to stimulate a transition towards growing alternate crops. Developing a robust supply
chain for higher-value fruits, vegetables, and dairy with price guarantees and preser-
vation would make sense for a state like Punjab to overcome the financial challenge it
faces currently. It would contribute to India’s nutrition and agricultural exports.

There are also winners. Under the “Irrigation Zero” (“Irrigation Capped”) scenario, 12
(19) out of the 32 states increase net revenue. Significant net gains in net farm income
under the “Irrigation Capped” scenario are seen in Andhra Pradesh (99 billion INR),
Chhattisgarh (90 billion INR), Gujarat (141 billion INR), Madhya Pradesh (239 billion
INR), Orrisa (136 billion INR), and Uttar Pradesh (281 billion INR). Only four states
have a sizable loss compared to their current revenue. These include Maharashtra
(111 billion INR), Punjab (79 billion INR), Karnataka (75 billion INR), and Haryana (21
billion INR). Groundwater depletion is a significant issue in Andhra Pradesh, Gujarat,
Punjab, Karnataka, and Haryana. Targeting these states for a new agricultural supply
chain development that is water sensitive and yields higher net income beyond the
choice of crops considered here would then be indicated as a goal for a state or nation-
ally sponsored scheme like PDS.

Fruits, nuts, and vegetables are expensive in India and would potentially use less
water if efficiently irrigated. However, they experience significant price fluctuations, and
no robust supply chains that promise guaranteed revenues to farmers for these perish-
able commodities have emerged at a large scale. These suites of crops may provide
an opportunity for the four states that do not benefit financially from PDS restructuring
but have evolved to substantially higher agricultural productivity relative to the states
that look favorable for PDS development for the existing crops procured.

Continued from 4th issue

India’s PDS can be seen as a version of contract farming, in which a farm producer
and a buyer agree on terms for the quality, quantity, and price for what is to be grown.
The Indian Government has demonstrated that this is a powerful tool for shaping crop
choices and integrating technology, financing, appropriate inputs, and insurance in-
struments to support rural economic development while meeting the food security and
nutritional needs of 1.3 billion people. It is an extraordinary success story for a country
plagued by famine when its population was 300 million. Over time, the intensification
and concentration of agriculture to support the PDS goals have led to poignant envi-
ronmental and water resource sustainability concerns.

Areas with a high concentration of PDS procurement have no doubt benefited
through economic development but also face problems, with concerns about the fi-
nancial viability of state governments who seem to be trapped in providing increasing
subsidies for electricity and groundwater pumping, and of the long-term viability of ag-
riculture as natural resources get depleted. In contrast to the general analyses of wa-
ter, energy, and food in India, in this paper, we focused deliberately on the role of the
PDS and the opportunity for its reform to address this situation. It is remarkable that a
single lever at the command of a government can be tweaked to achieve a significant
change in a nation’s water, food, and energy outcomes. Its effectiveness with the ob-
jective of achieving self-sufficiency in grains has been well demonstrated. Its potential
for addressing water and energy sustainability while addressing the original objectives
and accounting for the economics of transition is seen to be promising from our analy-
sis. The politics and economics of rural development and agriculture are complex.
Consequently, an analysis of the type presented here is important in shaping some at-
tributes of that discussion. We have anticipated some of the factors that could emerge
and have discussed them. Feedback on our results will stimulate modifications of the
analysis that may provide more insights. We expect that a multi-objective formulation
that considers equity across states relative to water and production risks in addition to
net farm revenue could be useful. Additional instruments for financial risk management
and solar-powered shallow groundwater irrigation development could be considered in
this case. The analysis of shadow prices of the constraints (presented in Fig. S5 in the
supplemental material) could serve as the basis for such economic discussions.

At the level of impact, our discussions with farmers in Punjab and Gujarat indicate
that they would welcome returning to traditional (or other) crops grown in those areas,
with government procurement at a cost-plus margin (the current PDS model). There
is an expectation that the government would also support these measures through
research, agricultural extension, technology, and financial measures to increase the
productivity and reliability of production of the alternate crops. Thus, a refocusing of
the PDS could indeed allow India’s Government to facilitate a transition to a sustain-
able water-energy-food future. In our analysis, we accounted for the historical climate
variations. Climate change projections for the 21st century continue to be somewhat
uncertain. Consequently, an adaptive strategy that considers 5-year plans and associ-
ated climate change scenarios would provide a robust strategy for moving toward a
sustainable future. Our future research endeavors will continue to address these.

Methods Data
Climate and groundwater data

Rainfall data at the daily time scale from 1901 to 2009 (109 years), and at a spa-
tial resolution of 10 by 10 are available from the Indian Meteorological Department
(IMD)19. Temperature data at the daily time scale from 1969 to 2005, and at the same
spatial resolution of 10 by 10 are also available from IMD20. We used simulated data
from daily climatology (mean and standard deviation of daily temperature) as a proxy
for the 1901-1968 and 2006—2009 spans to augment the temperature data and match
the time period of the rainfall data. From the daily minimum, mean and maximum tem-
perature, and the latitude and extra-terrestrial solar radiation, we computed the daily
reference crop evapotranspiration (ETO) for each of the 10 by 10 grid using the Har-
greaves method26. The Hargreaves method for estimating ETO is typically employed
in regions where data availability is limited to air temperature21. The 10 by 10 climate
grids are spatially interpolated to 586 districts in India based on a 2001 district bound-
ary layer to create a district level, 109-year daily time series data of rainfall and ETO.
We then use this district-level rainfall and ETO data to estimate crop-specific water
deficit.

India’s Central Ground Water Board (CGWB) estimates groundwater extraction us-
ing a number of wells and a uniform assumption on the extraction of each type of the
well27,28. The average depth to groundwater level for each district is computed from
this data. State-wide percentage coverage of irrigated area for major crops is available
from the Directorate of Economics and Statistics, Ministry of Agriculture, India—DAC-
NETS5. The district-level average annual rainfall, its inter-annual coefficient of variation,
the average depth to groundwater level estimated based on the CGWB data, and the
state-wide percentage total irrigation area coverage under all the crops are shown in
Fig. S1 of the supplemental material.
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