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economy is emerging as a key concern. Water
resources are becoming increasingly scarce due to
growing demands from households for drinking
and sanitation; from the farm sector for irrigation

With increasing demand for ground water from farm
and non-farm sectors, enhancing irrigation efficiency is
critical for sustainable agriculture. This article computes
the area-weighted cost of irrigation, estimates technical
efficiency of irrigation and identifies factors influencing
technical efficiency for 19 agriculturally important States
in India. The study finds a declining trend in the areaweighted cost of irrigation partly reflecting the subsidised
power supply and lower irrigation efficiency in most of
these states. Cost and availability of energy to the farm
sector along with the depth of ground water level appear
to influence the irrigation efficiency. There is a need for
redesigning irrigation policy including promotion of
improved technological interventions to correct the interstate irrigation imbalances.

times the combined population of the other 16

Introduction

in the emerging and developing economies even as

Globally, availability of adequate water and
its balanced distribution to various sectors of the

the rate of ground water replenishment remains low

purposes; and from the non-farm sectors, including
the energy sector1. To illustrate, nearly a quarter of
the world’s population living in 17 countries face
‘extremely high’ water stress (as per World Resources
Institute’s Aqueduct Water Risk Atlas). India ranked
13th in this list with a population more than three
nations (GoI, 2019).
The supply of clean and usable water has not
kept pace with the demand from various sectors
making the balanced allocation among these sectors
a policy challenge. Agriculture sector absorbs the
largest share of water in most economies, particularly

(Chart 1). The share of the sector in overall demand

Chart 1: Demand for Irrigation Water and Rate of Ground Water Replenishment (2018)

Source: Aquastat, Food and Agriculture Organisation
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authors are grateful to Sitikantha Pattanaik, Executive Director and D. Suganthi, Manager for their support. The views expressed in the article are those of
the authors and do not represent the views of the Reserve Bank of India.
1

Recognising the seriousness of the problem, the United Nations has set the theme for the World Water Development Report:2022 as “Groundwater:
Making the Invisible Visible” on the eve of World Water Day (March 22).
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for water is one of the highest in India as well, while
the per capita groundwater replenishment rate is
very low.

Chart 2: Projected Water Demand in India
(By different uses)

In India, even as the share of the agriculture and
allied sector in total gross value added (GVA) in the
economy has been declining since independence, the
sector continues to absorb a major share of water for
irrigation purposes. The share of irrigation in overall
water demand is predicted to moderate from 85 per
cent in 2010 to around 74 per cent by 2050; however,
the quantity of water demanded in absolute terms is
expected to increase by 1.6 times (GoI, 2019) (Chart 2).
To meet the growing demand for water from
the agriculture sector, irrigation infrastructure has
expanded at a considerable pace, making India a
food sufficient nation by reducing its dependence
on monsoons. However, the expansion of irrigation
infrastructure driven by increase in the area irrigated
through canals, tanks and wells in the 1950s has shifted
to a rise in the area under tube wells since the 1960s,
which in turn has led to fast depletion of ground water
(Chart 3). While the adoption of newer technology

Source: Standing Sub-committee of the Ministry of Water Resources.

such as automated irrigation, water harvesting, micro
irrigation, intensive cultivation techniques and the
gradual shift away from water intensive crops such
as paddy and sugarcane have come up as potential
solutions to this problem, their impact remains less
than desirable.

Chart 3: Status of Groundwater Level in India
(Depth of water table below ground level in meter)
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Chart 4a. Trend in Irrigation Coverage

Source: Ministry of Agriculture and Farmers Welfare.

With the ground water level depleting fast, issues
related to the cost of irrigation and the efficiency of
water use has gained importance in recent years to
address the conflicting objectives of ensuring food
security and raising farmers’ income on the one hand,
and maintaining environmental sustainability, on the
other.
While issues related to the cost of irrigation and
water use efficiency have been analysed in the extant
literature, most of them pertain to specific years and
time periods. Projections of future water demand
assume that the irrigation efficiency will increase
from current levels of 35-40 per cent to around 60
per cent (GoI, 2019). This provides the context for
studying the dynamics of irrigation efficiency with a
forward-looking perspective. Amidst dynamic changes
in water consumption, cropping pattern and irrigation
technologies, there is a need to analyse the trends in
cost and efficiency of irrigation services and identify
factors to improve efficiency.
In this backdrop, the article examines three
major issues. First, it computes an area-weighted
cost of irrigation for 19 States. Second, it estimates

RBI Bulletin May 2022

Chart 4b. Crop Productivity vs Share of Irrigation
(2017)

Notes: 1. Size of bubbles shows the proportion of agriculture in overall GDP.
2. Top 20 agriculture producer countries have been shown here.
Source: Food and Agriculture Organisation.

state-wise irrigation efficiency using the Data
Envelopment Analysis (DEA). Finally, it identifies
the determinants of irrigation efficiency based on a
random panel Tobit regression. The study uses the
Comprehensive Cost of Cultivation data published
by the Ministry of Agriculture and Farmers’ Welfare
for 19 States for the period from 2002-03 to 2017-18.
Although it has few limitations, this is a rich dataset
in terms of information (GoI, 2008; Nawn, 2013).
The remainder of the paper is structured as
follows. Section II presents some stylised facts on the
progress of irrigation and agricultural productivity in
India. The computation of state-wise area-weighted
average costs of irrigation has been taken up in Section
III. Irrigation efficiency is estimated in section IV
followed by identification of some of its determinants
in Section V. The last section concludes the article
with some policy suggestions.
II. Stylised Facts
India has made considerable progress in
strengthening the access to irrigation over the years.
Irrigation area coverage increased from around
17 per cent of net sown area (NSA) at the time of
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Chart 5a. Trends in Shares of Various
Irrigation Sources

Source: Ministry of Agriculture and Farmers’ Welfare.

independence to around 50 per cent in 2017-18 (as
per latest available data) (Chart 4a). Similarly, the
irrigation intensity (ratio of gross irrigated area to
net irrigated area) recorded an increase from 110 per
cent in 1950-51 to around 144 per cent in 2017-18.
Consequent to the progress in irrigation and adoption
of high yielding varieties, agricultural productivity has
increased. In terms of the irrigation and productivity
relationship, India needs to increase the productivity
via irrigation, as has been the case in some other
countries (Chart 4b).
The development of irrigation infrastructure,
however, appears to be biased towards certain sources
of irrigation, states and crops. First, the dominance of
tube wells in the overall irrigation infrastructure has
continuously increased since the 1960s and currently
it occupies almost half of the total net irrigated area
(Chart 5a). This has resulted in rising pressure on
ground water reserve and higher energy demand to
extract the ground water. Simultaneously, many of
the efficient and sustainable structures used earlier
such as tanks and ponds are losing their importance.
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Chart 5b. Stage of Ground Water Extraction vs. Food
Grain Productivity

Notes: Size of bubbles indicate micro irrigation coverage in the gross
irrigated area
Source: Ministry of Agriculture and Farmers’ Welfare and Ministry of Jalshakti.

In addition, modern technologies like micro irrigation
are yet to be adopted by the farm sector in India on a
large scale.
Second, there is also a wide variation among the
states in terms of affordable irrigation accessibility
depending on the ground water availability and
extent of subsidy provided by the state governments
in the electricity tariffs for agricultural purposes
(Gulati et al., 2019). While the tariff rates on power
supply for agriculture are almost nil in the states like
Andhra Pradesh, Karnataka, Punjab, Tamil Nadu and
Telangana, the rates charged varied across other states
(GoI, 2019a). There are also wide variations across the
states in terms of quality of electricity supply, depth
of water table and relative proportions of tube wells
run by cheaper electricity and costlier diesel pumps.
In particular, ground water extraction is more than
the replenishable levels in Punjab, Haryana and
Rajasthan (Chart 5b). Further, these states, which are
on the verge of groundwater extinction, have minimal
coverage under micro irrigation.
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Chart 6a. Trends in Crop wise Irrigation Coverage

Chart 6b: Crop wise Average Water Requirement

Source: Ministry of Agriculture and Farmers Welfare

Thirdly, though the share of irrigated area
under crops that require relatively lesser amount of
water per crop cycle such as wheat, oilseeds, fruits
and vegetables have increased over time (Chart 6a),
substantial volume of irrigated water continues to be
consumed by water intensive crops like sugarcane,
rice and cotton (Chart 6b). Crops like pulses, fruits
and vegetables which have relatively higher water
productivity are still not preferred by the farmers in
irrigated tracts.
III. Cost of Irrigation
Irrigation is one of the factors raises agricultural
productivity. Substantial portions of agricultural
production in India comes from the irrigated areas
on account of higher productivity as compared to
the rainfed areas. Further, productivity varies widely
across different sources of irrigation. Evidence
suggests that tube well irrigated areas have been
found to have higher crop productivity as compared
to other sources (Dhawan, 1987).
Cost of irrigation depends on various factors
including frequency of irrigation supply, depth of
ground water, ownership of the sources (community
RBI Bulletin May 2022

Source: Singh (2010)

or individual) and type of water markets (primary or
secondary). The distribution of these factors varies
widely across states resulting in differences in the
cost of irrigation. Most of the studies on cost of
irrigation are based on primary survey in the selected
tracts for specific years (Sankarnaryanan et al., 2011;
Narayanamoorthy and Jothi, 2019).
The Comprehensive Scheme on the Cost of
Cultivation by the Directorate of Economics and
Statistics gives the crop wise data on various costs and
returns, including the cost of irrigation (termed as
irrigation charges2) for the states. Using this dataset,
we compute the state wise area-weighted average
irrigation charges in 19 states from 2002-03 to 201718 based on data availability. The area weighted cost
of irrigation has been computed using the following
formula:
Where, IC = Area weighted cost of irrigation; ci=
irrigation charge for the ith crop; GIAi= Gross irrigated
2

The irrigation charge is evaluated based on operational cost incurred
in case of own irrigation and the actual amount paid in case of hired
irrigation services (GoI, 2008).
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area under the ith crop; and i= number of crops (1, 2,
3, …, n)
Cross-sectional data for 2017-18 shows that Kerala,
Assam and Odisha had the lowest area-weighted
irrigation charges while Uttar Pradesh had the highest
charges followed by Maharashtra, Bihar and Madhya
Pradesh (Chart 7). The relatively lower cost of irrigation
in states like Punjab, Tamil Nadu, Andhra Pradesh and
Karnataka could be partly explained by the 100 per
cent subsidised electricity for agricultural purposes
(GoI, 2019).
The trend shows that there appears to be a gradual
decline in the area-weighted average cost of irrigation
over the years in most of the states, except in Bihar,
Madhya Pradesh, Himachal Pradesh, Jharkhand and
Uttar Pradesh (Chart A3, Annex I). The incremental
cost of irrigation with declining water table, however,
is not incurred by the farmers due to subsidised power
supply (Gulati et al., 2019).
The rising cost of irrigation in Bihar, Madhya
Pradesh, Himachal Pradesh, Jharkhand and Uttar
Pradesh may be due to various factors. First, many
farmers may not have irrigation facility of their own
and may end up generally purchasing from other
Chart 7: State wise Area Weighted Cost of
Irrigation (2017-18)
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farmers at higher rates (secondary irrigation markets).
Second, the declining water table in these states
could have increased the cost of energy for drawing
water. Third, farmers are often compelled to use
diesel run pumps for irrigation due to lack of access
to uninterrupted power supply leading to higher
expenditure.
IV. Irrigation Efficiency
Irrigation efficiency is estimated using the Data
Envelopment Analysis (DEA) methodology (Charnes,
Cooper and Rhodes, 1978; and Banker, Charnes
and Cooper, 1984). DEA is a non-parametric linear
programming approach for evaluating the performance
of a set of peer entities called decision-making units
(here, the States). It calibrates the technical efficiency
based on the estimated best-practice or efficient
frontier, or envelopment surface made up by a set
of Pareto-efficient states (efficiency score= 1). The
efficiency of the states has been calculated in relation
to this and gets the score range between 0 and 1.
The study utilises two input variables, namely
area weighted cost of irrigation3 and area coverage
under irrigation and one output variable, that is ‘value
of output’ for estimating technical efficiency. We
have estimated output oriented technical efficiency
of irrigation (IE) under the assumption of constant
returns to scale.
The estimation results reveal that Kerala and
Assam lead with maximum technical efficiency
(Table 1). The results are on expected lines as the
irrigation coverage (20.3 per cent and 11.9 per cent,
respectively) as well as irrigation charges (`9.8/ha and
`70.5/ha, respectively) are comparatively lower than
other states. The value of output is on the higher
side due to significant presence of horticulture and
plantation crops [54 per cent of total area under
3

Source: Authors’ calculations based on Cost of Cultivation data published by
MoAFW.
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The primary survey-based studies like Gautam et al. (2020) have
taken various cost components (like labour, pipe, energy, repair, and
maintenance) separately. However, due to paucity of secondary statistics
on such granular data, we have considered single variable on cost of
irrigation which would encompass all these components.
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Table 1. State wise Status of Major Irrigation Related Variables (for Triennium Ending 2018)
States

Irrigation
Efficiency

Area
under
water
guzzlers5
(%)

Ground
water (m)

Share in all
India public
procurement
of rice (%)

Share of
tubewells
(%)

Share
Energy
Area
Micro
of other
consumpweighted irrigation
irrigation
tion by
cost of
Coverage
sources non-agri sec- irrigation
(%)
(%)
tor (%)
(`/ha)

Energy
availability
for
agriculture
sector (KWh/
capita)

Andhra Pradesh

0.4

62.3

8.6

6.1

42.3

13.0

72.2

771.3

19.5

167.36

Assam

1.0

78.8

4.4

0.1

10.9

61.4

99.4

258.1

0.2

1.88

Bihar

0.2

44.5

5.6

2.0

62.6

6.3

97.6

2496.1

0.3

11.61

Chhattisgarh

0.3

76.5

8.7

6.6

33.7

8.5

77.6

634.9

4.6

34.29

Gujarat

0.4

11.1

16.4

0.0

26.5

55.3

80.4

1765.7

11.5

249.34

Haryana

0.4

25.6

16.3

16.9

63.0

0.0

71.9

2246.1

0.5

237.58

Himachal Pradesh

0.5

24.1

7.0

0.0

21.8

75.0

99.3

194.2

3.3

3.15

Jharkhand

0.5

20.9

8.1

0.2

12.4

85.6

99.4

706.3

8.6

1.81
157.99

Karnataka

0.3

33.7

8.9

0.0

44.8

25.2

62.8

895.2

21.7

Kerala

1.0

27.1

7.7

0.5

10.8

69.4

98.4

47.6

0.5

5.69

Madhya Pradesh

0.2

9.0

10.8

8.8

12.3

70.1

62.1

1746.9

2.0

83.28

Maharashtra

0.6

27.3

9.2

0.5

66.7

0.0

76.7

3208.1

10.6

107.27

Odisha

0.3

94.4

5.9

5.9

13.7

4.5

98.1

104.1

2.0

4.59

Punjab

0.5

41.0

17.4

35.5

72.0

0.0

72.3

1050.3

0.1

234.05

Rajasthan

0.3

1.3

25.2

1.2

47.6

28.2

58.1

2413.4

2.3

74.04

Tamil Nadu

0.4

57.7

10.6

0.2

19.8

57.8

86.0

1792.2

15.2

143.11

Uttar Pradesh

0.3

36.1

8.3

5.2

74.9

10.0

80.7

4108.8

0.7

28.08

Uttarakhand

1.0

51.4

13.9

1.2

56.8

20.9

98.7

1189.0

3.1

42.38

West Bengal

0.3

43.9

7.4

3.1

0.0

100.0

96.7

1596.6

0.2

8.84

coconut, rubber, and tapioca (Jhonson, 2018)] in Kerala
which consume less water but fetch higher market
value for the products as compared to other crops.
As regards Assam, the high irrigation efficiency can
be attributed to minimal cost of irrigation resulting
from higher water table levels as compared to other
States. The irrigation efficiency for the remaining
states lies in the range of 20 per cent to 60 per cent
for the Triennium Ending4 (TE) 2018. States like
Chhattisgarh, Karnataka, Madhya Pradesh and Odisha
have low irrigation efficiency on an average.
The trend analysis shows that states like Andhra
Pradesh, Bihar, Gujarat, Punjab, Rajasthan, Tamil
Nadu, Uttar Pradesh and West Bengal have recorded
4

Three years average (2015-16 to 2017-18).

5

Rice and sugarcane.
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declining trends in irrigation efficiency, especially
during the recent years (Chart A4, Annex I). On the
other hand, Jharkhand and Maharashtra have recorded
increasing trends.
V. Factors influencing Irrigation Efficiency
Based on the the efficiency scores obtained in
the previous section using the DEA methodology, an
attempt is made to find out the potential factors that
determine efficiency of states using a random panel
Tobit regression (Luoma et al., 1996; Chilingerian
1995; Kirjavainen and Loikkanen 1998; Romagnoli
et al., 2021) [Annex III]. Four models with different
determinants, namely area under water guzzling
crops, share of different sources of irrigation, public
procurement policy, energy availability to farm sector
and depth of ground water level, were fitted. Two
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leading to excessive use of ground water
aided by cheap availability of electricity has
led to sharp decline in water table. Cheaper
access to unlimited groundwater increases
inefficiency by depleting the water table and
thus, increasing the energy requirement for
irrigation.

variables, namely energy availability to farm sector
and depth of ground water level were observed to
have a significant impact on irrigation efficiency across
all the models. The marginal effects also corroborate
the negative impact of these variables on irrigation
efficiency. The higher rate of energy consumption by
the farm sector reveals the excessive water usage for
irrigation leading to inefficiency. Deeper ground water
levels pull down the water pumping efficiency of the
motors resulting in increased irrigation inefficiency.

One of the solutions to tackle this energyirrigation nexus is the introduction of water
saving technologies like micro irrigation on
a larger scale in these states (Palanisami et
al., 2011). However, except for Karnataka,
Andhra Pradesh and Tamil Nadu, micro
irrigation coverage in the gross irrigated
area in States is very low. Apart from micro
irrigation, other available policy options are
two feeder power supply6 (separate feeders
for agriculture at subsidised rates and for
domestic consumption at non-subsidised
rates); and hybrid tariff policies (location
specific mix of flat and metered tariff) (Sidhu
et al., 2020). The use of solar irrigation
pumps with buyback scheme of surplus
power has also been experimented and are
being promoted by the government7 to curb
the excess groundwater usage.

Although the irrigation efficiency values generally
show similar trends across most of the states, the wide
variations in socio-economic and geological conditions
indicate that a “one-size-fits-all” policy may not work
for development of efficient irrigation practices in
India (Table 1). Some of the major factors affecting the
efficiency of irrigation are discussed below.
1.

2.
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Area under water guzzling crops: States like
Odisha, Assam, Chhattisgarh, West Bengal,
Punjab, Bihar and Andhra Pradesh have
very high share of acreage under the water
guzzlers like rice and sugarcane. There is a
need for shifting the cropping pattern as per
the location-specific water availability (Jain et
al., 2019; Dangar et al., 2021; Fishman et al.,
2015). Technologies like the System of Rice
Intensification (SRI) need to be expanded
and incentivised among the farmers which
not only has the potential to improve land
productivity by 46 per cent in the rice-based
cropping system but also reduce the water
requirement by 40 per cent (Naryanamoorthy
and Jothi, 2019).
Over-exploitation
of
groundwater:
The water table is at alarming levels in
Rajasthan, Punjab, Haryana, Chhattisgarh,
Gujarat, Uttarakhand, Madhya Pradesh
and Tamil Nadu. The continuing practice
of traditional flood irrigation techniques

3.

6

Share of tube well irrigation: The depletion
of ground water has been significantly
associated with the increase in tube well
coverage in the irrigated area. Especially in
states like Rajasthan, Punjab, Uttar Pradesh
and Haryana where the share of tube wells
has increased at an unprecedented rate, there
is a need to revive the traditional sources

Deendayal Upadhyay Gram Jyoti Yojana

7

Launched in 2018-19, Pradhan Mantri Kisan Urja Suraksha evam
Utthan Mahabhiyan (PM KUSUM) is the umbrella scheme for promoting
solar irrigation pumps. In the scheme, inter alia, one of the components
is buyback of surplus solar power. It allows the farmers to make money by
selling excess power, which would provide them an economic incentive to
irrigate their crops efficiently, thus helping to conserve groundwater and
energy use.
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of irrigation, including tanks, farm ponds,
diggis8 and other water harvesting cum
irrigation structures, on a larger scale. These
structures can furnish irrigation supply much
higher than the demand and would also help
in rainwater harvesting and ground water
recharge (Chinnasamy and Srivastava, 2021).
On the other hand, in states like Uttar Pradesh
and Bihar, with the higher cost of irrigation,
there is a need to decrease the dependency of
diesel run tube wells and enhance access to
power supply through adequate electricity in
the grid connected farms and promoting solar
irrigation pumps in the remaining farms.

8

4.

Food grain procurement policies: States
like Punjab and Haryana (and recently also
Andhra Pradesh) have relatively higher share
in rice procurement at the assured minimum
support prices (MSPs). This encourages the
farmers to go for rice cultivation in large areas
using ground water making the irrigation
supply inefficient and unsustainable. Studies
have often argued for increase in MSPs of
pulses as they incur less social cost in terms
of water usage (GoI, 2016).

5.

Crop Diversification towards horticulture
crops: As seen in Kerala, the higher irrigation
efficiency appears to be driven by low
cost of irrigation as well as higher value of
output realised per hectare. Horticulture
crops consume relatively less quantity of
water per hectare of cultivation, although
quality in terms of water supply schedule
is an important determinant of production.
Moreover, these crops are more remunerative
than food grains. Thus, shifting towards
region specific horticulture crops would not

article

only increase the irrigation efficiency but
also would be more environmentally and
economically sustainable. The government
has initiated Crop Diversification Programme
in Punjab, Haryana, and Western Uttar
Pradesh; however, the progress has remained
insignificant (Mukherjee, 2022).
Based on the stage of development of irrigation
infrastructure, the composition of irrigation sources
and the cropping pattern, we have identifed the
state wise issues and related policy suggestions
(Table 2). States like Kerala, Assam, Himachal Pradesh,
Jharkhand and Odisha need to increase the area
under irrigation. The states, where outreach of power
supply is inadequate, can explore solar irrigation
pumps which can help overcome the requirement
of grid connection of the farms, whereas micro
irrigation needs to be taken up on a large scale in
Punjab, Rajasthan, Haryana, Gujarat and others. The
irrigation costs need to be brought down in Bihar and
Uttar Pradesh by reducing the dependence on diesel
run pumps and expanding the access of quality power
supply for irrigation. In Maharashtra, the cost has
remained on the higher side due to hard rock aquifers
leading to frequent events of discontinued discharge
from the wells and well failures (Gulati et al.,2019).
Though this problem was also reported in Karnataka
and Tamil Nadu, which is reflected in the low irrigation
efficiency values, its impact on cost has been masked
due to higher subsidies. In such areas there is also
a need to ensure artificial recharge of the aquifers.
Further, the pricing policy needs to be inclusive of
the social cost of groundwater extraction to guide
the crop diversification. In addition to these policy
measures there is also a need to expand various other
technological innovations including SRI cultivation,
use of drought tolerant and less water consuming crop
cultivars, and in situ and ex situ water conservation
technologies.

Small pond like structures.
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Table 2. State-wise Issues and Policy Priorities for Irrigation Development
State

Issues

Policy priority

Andhra Pradesh

High rice procurement; decline in share of tanks

Reducing the share of paddy in the cropping system and
revitalising tanks.

Assam

High area under water guzzlers and low share of tube wells

Expansion of area under irrigation

Bihar

Higher cost of irrigation

Need to improve power infrastructure

Chhattisgarh

High area under water guzzlers

Crop diversification away from water guzzlers.

Gujarat

Low water table

Expansion of area under micro irrigation

Haryana

Low water table, high share in rice procurement, low share of
minor irrigation sources

Shifting away from rice-based cropping system. Expansion of
area under micro-irrigation

Himachal Pradesh

Lower irrigation coverage

Expansion of area under irrigation

Jharkhand

Low irrigation coverage

Expansion of area under irrigation

Karnataka

Low water table (though not at alarming stage), Hard surface
aquifers.

Expansion of area under micro-irrigation; Artificial groundwater
recharge structures

Kerala

Lower irrigation coverage

Expansion of area under irrigation

Madhya Pradesh

Low water table (though not at alarming stage)

Expansion of area under micro-irrigation

Maharashtra

Low water table (though not at alarming stage), Hard surface
aquifers, Low irrigation coverage, low share of minor irrigation
sources.

Expansion of area under micro-irrigation; Artificial groundwater
recharge structures

Odisha

Large area under water guzzlers, low irrigation coverage

Shifting away from rice-based cropping system; Expansion of
area under irrigation

Punjab

Low water table, High paddy procurement, low share of minor
irrigation sources

Shifting away from rice-based cropping system; Expansion of
area under micro-irrigation

Rajasthan

Low water table, high cost of irrigation

Expansion of area under micro-irrigation; Replacing costly diesel
pumps with solar irrigation pumps.

Tamil Nadu

Low water table (though not at alarming stage), Hard surface
aquifers.

Expansion of area under micro-irrigation; Artificial groundwater
recharge structures

Uttar Pradesh

Increase in the minor irrigation sources, High cost of irrigation

Promoting the minor irrigation infrastructure and power supply

Uttarakhand

Low water table

Expansion of area under micro-irrigation

VI. Conclusion and Way Forward
Agricultural production process continues to be
highly water intensive in India. The depleting ground
water and increasing demand from the non-farm
sectors pose challenges for sustainable agriculture and
food security. In this light, using the State-wise and
crop-wise data, this article computes and examines
the trends in State-wise area-weighted average cost
of irrigation; estimates and analyses the trends in
State-wise technical efficiency of irrigation using the
methodology of Data Envelopment Analysis; and
identifies determinants of IE based on random panel
Tobit regression.
Findings suggest that the State-wise area weighted
average cost of irrigation generally showed a declining
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trend over the years perhaps reflecting the impact of
increased access to subsidised power. However, the
costs are still high in some states. Estimated technical
efficiency of irrigation shows that majority of the
agriculturally important Indian states lie far away
from the efficiency frontier and have also recorded
declining efficiency over time. The random panel Tobit
regression models suggest that energy availability to
the farm sector and ground water accessibility are the
significant determinants of efficiency.
If the current low efficiency water management
practices continue alongside the expanding rural
electrification and low electricity tariffs for agriculture,
it could further amplify imbalances in agriculture.
There is a need for concentrated policy focus on
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efficient irrigation technologies like micro irrigation
and cropping pattern diversification away from water
guzzling crops, particularly in states where efficiency
is declining.
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Annex I
Chart A1: State wise trends in irrigation coverage (2002-03 to 2017-18)
(Net irrigated area as per cent of net sown area)
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Source: Authors’ calculation based on data from Ministry of Agriculture and Farmers Welfare
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Chart A2: State wise trends in average value of crop output (2002-03 to 2017-18)
(`/ha at 2011-12 prices)

Value of output per ha
Andhra Pradesh

Assam

Bihar

Chhattisgarh

Gujarat

Haryana

Himachal Pradesh

Jharkhand

Karnataka

Kerala

Madhya Pradesh

Maharashtra

Odisha

Punjab

Rajasthan

Tamil Nadu

Uttar Pradesh

Uttarakhand

West Bengal

Source: Authors’ calculation based on Cost of Cultivation data from Ministry of Agriculture and Farmers’ Welfare.
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Chart A3: State wise trends in cost of irrigation (2002-03 to 2017-18)
(`/ha at 2011-12 prices)
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Source: Authors’ calculation based on Cost of Cultivation data from Ministry of Agriculture and Farmers’ Welfare.
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Chart A4: State wise trends in estimated technical efficiency of irrigation
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Annexe II
Table A1: Review of Other Studies which employ the DEA Methodology
Study

Objective(s)

Data and
Methodology

Major Findings

Chilingerian
(1995)

To check the clinical
efficiency of physicians
in a hospital and to
identify the factors
associated with the high
performance

DEA and Multifactor
Tobit analysis

Found out 24 inefficient physicians from the
sample and the tobit analysis revealed two broad
categories of technically efficient physicians.
Moreover, the study brought out the fact that
blending of DEA with censored regression c
would produce better results.es.

Luoma et al.
(1996)

To check the efficiency
of Finnish health centres
and the determining
factors.

DEA and Tobit
model

More generous resources tend to increase
inefficiency while a high share of doctors and low
share of supporting staffs promote efficiency.
In addition to this low elderly population long
distance to the nearest hospital are positively
connected to the efficiency.

Kirjavainen
and Loikkanen
(1998)

Efficiency difference
estimation among
Finnish senior secondary
schools

DEA and Tobit
model

Average efficiency ranged between 82-84 per
cent. Small classes, heterogeneous student
bodies negatively affecting efficiency whereas
well educated parents enhancing the efficiencies
of school. Private schools found to be more
inefficient as compared to public schools.

Wang et al.
(2019)

Estimation of water
use efficiency and its
influencing factors in
China

DEA and Tobit
model

Overall water use efficiency in the Chinese
provinces estimated as 0.582 and eastern china
occupies maximum number of provinces with
higher water efficiencies. The positive influencing
factors identified as export dependence, technical
progress and educational value. Industrial
structure identified as negatively influencing
factor while government intervention had little
influence on water efficiency.

Gautam et al.
(2020)

Irrigation water use
efficiency of soybean in
Louisiana, USA.

DEA supplemented
with Russell
measure

Producers are overusing irrigation water by 37%.
The study suggests the need of appropriate
management practices including rescheduling,
input management and other best irrigation
management practices.
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Study

Objective(s)

Data and
Methodology

Major Findings

Badiani and
Jessoe (2013)

Tried to find out the
relationship between
electricity subsidy,
ground water extraction
and agricultural
productivity in Indian
scenario.

Agricultural
production model
by taking relevant
variables for the
study.

The dead weight loss of the electricity subsidies
is quite low and results positive agricultural
implications both in terms value and crop
composition as it is shifting more towards
the water intensive crops. The study suggests
that a 10% reduction in agricultural subsidies
produce a 6.7 % reduction in ground water
extraction. Additionally, the study indicates the
environmental cost and plausible sustainability
issues due to the over extraction of ground water.

Fishman et al.
(2015)

Attempted to answer,
‘Can improved
agricultural water use
efficiency save India's
groundwater’?

Scenario analysis
(naive and realistic
scenarios with
appropriate
technological mix)

The results revealed that micro irrigation
techniques like drip and sprinkler irrigation have
the capacity to reduce the ground water extraction
by two-third. More than technical intervention in
the farm the farmer’s water use decisions impact
the water table depletion. Moreover, the study
adds the importance of conservation incentives
along with the technological interventions.

Jain et al.
(2019)

Bird’s eye view of the
irrigation status in India
along with challenges
and potential options

Blend of both metaanalysis as well
as descriptive and
tabular analysis.

The paper indicated that due to outrageous
dependency on groundwater resulted in
depletion of water table in 64% of the districts
in the country between TE 2002 to 2016.
Additionally, the paper points out the importance
of micro irrigation over surface irrigation in the
country to improve the water use efficiency. Two
preconditions identified as important factors
determining the adoption of water efficient
technologies.

Sidhu et al.
(2020)

Effect of power tariffs
(flat tariffs and metered
tariffs) on ground water
extraction in India
and its environmental,
economic and equity
trade-offs.

Tabular, graphical,
and descriptive
analysis.

Though flat tariffs have low administrative costs
and equitable distributional outcomes, but it
doesn’t provide any incentive to the farmers for
water conservation. On the other hand, metered
tariff promotes judicious consumption but it’s
disadvantageous to the low-income farmers
since their over dependency on big ground
water owners. By considering the heterogeneity
of agricultural practices and ground water
availability in the country the paper suggests
adoption of location specific tariff policies in a
flexible manner.
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Study

Objective(s)

Data and
Methodology

Major Findings

Dangar and
Mishra (2021)

To identify the natural
and man-made factors
responsible for ground
water depletion in Ganga
river basin

Hydrological
Simulation model

Results identified as non-renewable ground water
abstraction (80%) is the significant contributor
of ground water depletion in the basin. Severe
and frequent droughts in the area intensified
the withdrawal and slowed down the recharge.
The study suggested appropriate changes in the
cropping pattern, metering of ground water level
and enhanced water use efficiency are crucial
factors responsible for sustainable ground water
usage in the area.

Romagnoli et al.
(2021)

Estimation of Italian
diversified farms
efficiency and the major
drivers.

Two step DEA-Tobit
analysis

There is much scope for improving the
Incidence of diversifies firms. Also, regression
results indicate that incidence of output from
other gainful activities increases efficiency
significantly. However, rising intermediate costs
have a negative impact on efficiency parameters.
Geographical and managerial factors found to
be influencing the efficiency scores in multiple
ways.

Watto and
Mugera (2014)

Estimation of technical
efficiency and irrigation
water use efficiency of
groundwater irrigated
cotton farms in Punjab,
Pakistan

Stochastic frontier
model

The study results proposed that both tubewell owners and water buyers can increase the
production by 19% and 28% respectively.
Irrigation water use inefficiencies are more
severe than the technical inefficiencies.

Oulmane et.al.
(2019)

Estimation of water
use efficiency and its
determinants in small
horticultural farmers in
Algeria.

DEA and Tobit
analysis

Average technical efficiency scores obtained
are 68% and 79% respectively for CRS and VRS
assumptions. Water use efficiency is determined
by variables such as level of education and
technical know-how, total number of cultivated
house and water resources, credit access, green
houses etc.

Wang (2010)

Irrigation water use
efficiency and its
determinants in
Northwest China

DEA and Tobit
regression

Average technical efficiency estimated as 0.62.
The study suggested the scope of 38.49% of
further expansion of wheat production by
efficient use of inputs. Farmer’s age, farm size,
education and income affect the irrigation water
efficiency positively.
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Annexe III
Factors determining irrigation efficiency

Panel Tobit Regression
The efficiency scores obtained from first step have
been considered as the dependent variable in the
subsequent stage. Since the dependent variable
irrigation efficiency parameter varies between 0 to
1, the ordinary least square (OLS) method would
produce biased and inconsistent estimates (Greene,
2003). Moreover, the DEA values are relative efficiency
values which can result in correlation between
indices thereby rendering OLS regression ineffective
(Atkinson and Wilson, 1995). Thus, we estimated
the parameters by using the maximum likelihood
estimation procedure. To produce consistent and
nonbiased parameter estimates the DEA scores
are corrected using a smoothing homogeneous
bootstrapping procedure (Simar and Wilson,1998,
2000). It is basically a resampling technique which
can address the inherent dependency problem of
efficiency scores (Xue and Harker,1999)

The general form of the random effect9 Tobit
model is:

The marginal effect on yit is

Six relevant variables10 were selected which included
share of tube wells, energy availability for agriculture
sector, ground water level, share of canals, area under
water guzzling crops and procurement of food grains;
and four different models estimated by panel Tobit
analysis. Descriptive statistics of the selected panel

Table A2: Descriptive statistics of panel variables
(n=304)
Variable

Description

Mean

Std.
Dev.

Min

Max

Expected
Sign

Technical Efficiency

-

0.58

0.26

0.15

1.00

NA

Share of tube wells

Per cent of gross irrigated area in
gross sown area

34.20

23.88

0.00

74.92

-

Energy availability for the
agriculture sector

KWh/capita

115.09

116.87

0.51

416.71

-

Ground water level

Dummy variable=1 if >/=
nation average11; =0 otherwise

0.47

0.50

0.00

1.00

-

Share of Canals

Per cent

28.02

18.45

0.00

82.74

+/-

Area under water guzzling crops

Per cent

40.82

24.12

0.58

94.43

-

Food grain Procurement

Per cent share in all India

5.19

9.12

0.00

50.65

-

9

We have adopted random effects rather than fixed effects models because later are technically unavailable in non-linear models such as Tobit (Greene,
2004).

10

The panel unit root tests (independent across the cross sections) for the variables were tested significant thus rejecting the null hypothesis (existence
of unit root in the time series).

11

Median
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variables are listed in Table A2 depicts the efficiency
parameter calculated from DEA ranges from 0.142 to
1 and the kernel density plot (Chart A5) shows the
bimodal nature of the distribution.

The results of the panel Tobit random effect model are
given in Table A3 which explains the various factors
impacting the irrigation efficiency of 19 Indian states
for a period of 16 years (2002-2017).

Table A3: Second stage panel Tobit regression result
Model 1
Variable
Constant
Share of canals
Energy availability for the agriculture sector
Share of tube wells
Ground water level

Constant
Share of canals
Energy availability for the agriculture sector
Food grain procurement
Ground water level

SE

Z Value

P>Z

Marginal Effect

0.809
-0.001
-0.001
-0.002
-0.062

0.148
0.003
0.000
0.003
0.031

5.450
-0.360
-2.760
-0.820
-1.990

0.000
0.721
0.006
0.411
0.046

-0.001
-0.001
-0.002
-0.055

Log likelihood=67.1

Wald chi sq.=11.3

Estimate

SE

Z Value

P>Z

Marginal Effect

0.699
-0.001
-0.001
0.008
-0.061

0.089
0.002
0.000
0.006
0.034

7.890
-0.380
-2.830
1.420
-1.800

0.000
0.707
0.005
0.156
0.072

-0.001
-0.001
0.007
-0.056

Log likelihood=65.2 Wald chi sq.=14.5

Model 3
Variable
Constant
Share of tube wells
Energy availability for the agriculture sector
Area under water guzzling crops
Ground water level

Estimate

SE

Z Value

P>Z

Marginal Effect

0.772
-0.002
-0.001
0.000
-0.060

0.135
0.002
0.000
0.001
0.028

5.730
-1.060
-3.030
0.000
-2.170

0.000
0.288
0.002
0.997
0.030

-0.002
-0.001
0.000
-0.053

Log likelihood=68.2 Wald chi sq.=16.6

Model 4
Variable
Constant
Share of tube wells
Energy availability for the agriculture sector
Area under water guzzling crops
Ground water level
Share of canals
Food grain procurement
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Wald chi sq.=11.7

Estimate

Model 2
Variable

Log likelihood=65.4

Estimate

SE

Z Value

P>Z

Marginal Effect

0.760
-0.002
-0.001
0.000
-0.059
-0.001
0.009

0.146
0.002
0.000
0.002
0.035
0.003
0.006

5.200
-1.160
-2.990
0.210
-1.690
-0.420
1.380

0.000
0.244
0.003
0.833
0.090
0.678
0.169

-0.002
-0.001
0.000
-0.054
-0.001
0.008
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Chart A5: Efficiency Distribution
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