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Abstract

Groundwater has become the most critical source of irrigation in India, particularly in semi-arid and dry
regions where rainfall is uncertain and canal irrigation is inadequate. In the Northern Dry Zone of
Karnataka, dependence on groundwater has led to the emergence of informal groundwater markets,
where well-owners sell water to other farmers through local arrangements. This study aimed at
assessing the economic impact of groundwater marketing, the factors influencing farmers’
participation, and its role in ensuring irrigation access and profitability. Primary data were collected
from 120 farmers across 12 villages in Belagavi, Bagalkot, and Vijayapura districts of Northern
Karnataka. The results revealed that self-users constituted 46.66 percent of the sample, while 27.50
percent were sellers and 25.84 percent buyers. Groundwater markets were found to provide substantial
economic gains, with the highest gross benefits recorded in perennial crops (31,37,364/ha), followed by
kharif, summer, and rabi crops. Non-participation was mainly due to insecurity regarding groundwater
availability (82.14%), lack of surplus water (75%), and increased area under high water-intensive crops
(62.50%). Sellers were motivated primarily by strong demand from neighbours (84.61%), surplus water
availability (77.28%), and the opportunity for additional income (68.12%). The study concludes that
groundwater markets improve irrigation access, enhance farm incomes, and support crop
diversification, but they also contribute to rising pressure on depleting aquifers. For long-term
sustainability, measures such as groundwater recharge, regulation of borewell drilling, and promotion
of water-saving irrigation technologies are essential. These findings underscore the dual role of
groundwater markets as both an opportunity for agricultural growth and a challenge for sustainable
resource management in Karnataka’s dry zones.

Keywords: Groundwater markets, irrigation, economic impact, northern dry zone of Karnataka,
sustainability

Introduction

Irrigation plays a critical role in Indian agriculture, where rainfall is often insufficient to meet
crop water requirements. Out of the 139.42 million hectares of agricultural land in India,
about 49.23 percent is irrigated, while the remaining 50.77 percent continues to depend on
rainfall (Anonymous, 2020) ™. Groundwater has emerged as the single largest source of
irrigation, replacing canals that once dominated during the early years after independence.
Today, India is regarded as the world’s largest groundwater-based economy, largely because
groundwater irrigation offers farmers greater flexibility, reliability, and year-round
availability compared to canal systems.

The expansion of groundwater irrigation significantly contributed to the Green Revolution
during the 1970s, enabling multiple cropping and boosting food security (Kulkarni, 2015) [,
However, this rapid growth has also raised concerns of overexploitation. Nearly 60 percent
of districts in the country now show signs of groundwater depletion or contamination, or
both (Kulkarni, 2015) [, In many regions, extraction has far exceeded natural recharge,
leading to declining water tables, rising pumping costs, and widespread well failures. This
problem is particularly severe in southern and western India, where rainfall variability further
exacerbates groundwater scarcity. Several policy and socio-economic factors have
encouraged indiscriminate extraction. Free or subsidized electricity for agriculture, coupled
with water-intensive cropping patterns, have become major demand-side drivers of aquifer
depletion (Srivastava, 2017) 2l On the supply side, lack of regulation, absence of
community-based groundwater management, and increasing density of borewells have
worsened the crisis (Patel, 2020) ),
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While private ownership of extraction machinery has
allowed many farmers to secure water, it has also excluded
small and marginal farmers who lack investment capacity
(Ananda and Aheeyar, 2020) Bl This has led to widening
inequalities in access to irrigation and incomes.

In this context, groundwater markets have emerged as an
informal but vital institution. These markets allow farmers
who own wells to sell water to others through local
arrangements. Payments are made in cash, kind, or crop-
sharing contracts. Although informal and unregulated,
groundwater markets promote equity and efficiency by
providing access to irrigation for farmers who cannot afford
their own wells (Saleth, 2014; Acharyya, 2016) 1> 1l In
South Asia, such markets have contributed to food security
and poverty reduction, with studies reporting that around 88
percent of pump owners in Bangladesh, 60 percent in Nepal,
and 60 percent in West Bengal sell water to fellow farmers.
In India, informal groundwater markets are widespread in
states like Andhra Pradesh, Tamil Nadu, Gujarat, Uttar
Pradesh, Punjab, and West Bengal. While these markets
bring several advantages, including better utilization of
pumping capacity and improved cropping intensity, they
also carry risks. In the absence of effective institutional
regulation, they may accelerate aquifer depletion, encourage
monopoly rents for rich farmers, and create inequities
between buyers and sellers (Varughese and Prasad, 2012;
Mukherji, 2007) [1381,

The Northern Dry Zone of Karnataka is highly dependent on
groundwater for irrigation. With annual rainfall ranging
from 464.5 mm to 785.7 mm, and 23.8 percent of taluks
being over-exploiting the groundwater, the sustainability of
groundwater use has become a pressing concern. In this
context, the present study aims to analyze the economic
impact of groundwater marketing, examine the factors
influencing farmers’ participation, and evaluate its overall
contribution to irrigation access and profitability in the
region.

Methodology

The study was conducted in the Northern Dry Zone of
Karnataka, covering three districts namely, Belagavi,
Bagalkot, and Vijayapura - which had the highest area under
groundwater irrigation in the zone. From each district, two
taluks were purposively selected based on high groundwater
use and low rainfall. In total, 12 villages (2 from each taluk)
were chosen, and 120 farmers were randomly selected from
each village. Primary data were collected using a structured
and pre-tested interview schedule through personal
interviews. For analysis, descriptive statistics, percentage
and ratio analysis were used. Gross benefits, additional
income to buyers, and economic rents to sellers were
calculated to measure the economic impact of groundwater
markets. Distribution of socio-economic parameters was
studied using box plot and outliers.

Results and Discussion

1. Participants of Groundwater Marketing

The structure of groundwater markets (Table 1) shows that
out of 120 sample farmers, the self-users group was found to
be the largest (46.66%), followed by sellers (27.50%) and
buyers (25.84%). It indicates that almost half of the farmers
depend only on their own groundwater resources for
irrigation. These self-users were generally better-off farmers
with larger landholdings and higher area under irrigation.
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Since their own requirements were high, they did not have
surplus water to sell. The sellers group constituted the
farmers who had functioning wells with adequate discharge
(27.50%). They use part of the water for their own crops and
sell the remaining water to other needy farmers. Selling
water fetched them with an additional income and also
ensured that their wells were used efficiently. Buyers group
was of small and marginal farmers who did not own wells or
whose wells had failed or did not have sufficient water from
their own source. By purchasing water, they could grow
irrigated crops instead of depending only on rainfed
cultivation. Buyers group highlights the importance of
groundwater markets in providing access to irrigation for
resource-poor farmers. Similar patterns were also observed
by Kannan et al. (2018) ), who reported that smallholders
are more likely to be buyers, but even larger farmers
sometimes participate as buyers when facing shortages.
Thus, the composition of participants reflects the dual role
of groundwater markets-providing additional income to
well-owners and ensuring irrigation access to those without
wells. The proportion of different market participants
namely, self-users, sellers, buyers in the sample is shown in
figure 1.

Table 1: Details of participants of groundwater marketing,
(Number of farmers)

. Bagalkot Belagavi |Vijayapural
Particulars (5" | Gistrier | distriet | OVerall
Self-users | 16 (40.00) | 25 (62.50) |15 (37.50) | 56 (46.66)
Sellers 13 (32.50) 7(17.50) [13(32.50)| 33 (27.50)
Buyers 11 (27.50) 8 (20.00) |12 (30.00) | 31 (25.84)
Total 40 (100) 40 (100) 40 (100) 120 (100)

Note: Figures in parentheses indicate percentages to Total

Market participants

m Self users
m Sellers

Buyers

Fig 1: Details of participants of groundwater marketing

2. Socio-economic profile of respondents

The socio-economic profile of respondents (Table 2) shows
that younger farmers (30%) were more often buyers,
indicating their risk loving nature (ready to carryout farming
even with weaker asset base and own irrigation water).
Education levels were moderate, with most farmers having
completed secondary schooling or matriculation (47.50%),
and only around 11 percent attaining graduation and above;
sellers were relatively better educated compared to buyers.
Landholding distribution showed that small farmers
(44.17%) and semi-medium farmers (35.83%) accounted for
the majority, while medium (16.67%) and large farmers
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(3.33%) formed a small share. Among groups, buyers were
mostly smallholders (58.06%), while sellers were
concentrated in the semi-medium category (51.52%)),
reflecting that land size influences participation in
groundwater markets. Resource disparities can be clearly
seen from sellers having more working wells (2.39) and
higher well yields (2.83 inches) compared to buyers, who

https://www.agriculturaljournals.com

had only 1.06 wells on average with low yield 1.72 inches.
Similarly, sellers owned larger landholdings (3.35 ha) than
buyers (2.28 ha). These results show that sellers are
relatively better-off farmers with more assets and reliable
wells, while buyers are resource-poor smallholders
dependent on water markets to access irrigation.

Table 2: Socio-economic profile of respondents

Particulars Seller Self-user Buyer Total
<=35 9 (27.27) 16 (28.57) 11 (35.48) 36 (30.00)
35-60 20 (60.61) 36 (64.29) 18 (58.06) 74 (61.67)
Age (years) =60 4(12.12) 4(7.14) 2 (6.45) 10 (8.33)
Total 33 (100) 56 (100) 31 (100) 120 (100)
Primary 8 (24.24) 12 (21.43) 8 (25.81) 28 (23.33)
Secondary (up to 10 13 (39.39) 30 (53.57) 14 (45.16) 57 (47.50)
Education Pre-University (12) 6 (18.18) 9 (16.07) 6 (19.35) 21 (17.50)
Graduation and above 6 (18.18) 5(8.93) 3 (9.68) 14 (11.67)
Total 33 (100) 56 (100) 31 (100) 120 (100)
Small 8 (24.24) 27 (48.21) 18 (58.06) 53 (44.17)
Semi medium 17 (51.52) 15 (26.79) 11 (35.48) 43 (35.83)
Land holding size (numbers) Medium 7 (21.21) 13 (23.21) 0 (0.00) 20 (16.67)
Large 1(3.03) 1 (1.79) 2 (6.45) 4(3.33)
Total 33 (100) 56 (100) 31 (100) 120 (100)
Average working wells (numbers) 2.39 2.02 1.06 1.83
Average yield of well (inches) 2.83 3.17 1.72 2.58
Average land holding (ha) 3.35 2.96 2.28 2.86
Average family size (number) 5.09 4.86 4.68 4.88
Note: figure in parenthesis represents percentage to respective total

The box plots shown (Figure 2 to 6) depicts the distribution
of socio-economic parameters of the sample respondents
across different categories of market participants namely,
buyer, seller, and self-user. From the figure it can be seen
that buyer were relatively younger compared to others,

seller had greater family size, sellers had greater number of
working wells, and self-users had higher yield of wells when
we consider distribution concentration rather than absolute

maximum or minimum.
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Fig 2: Distribution of age of the sample respondents across market participant categories
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Fig 3: Distribution of family size of the sample respondents across market participant categories
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Fig 4: Distribution of number of working well of the sample respondents across market participant categories
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Fig 5: Distribution of yield of working well of the sample respondents across market participant categories
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Fig 6: Distribution of land holding of the sample respondents across market participant categories

3. Direct Gross Benefits from Groundwater Marketing

The economic importance of groundwater markets is
depicted in Table 3. The gross benefits were calculated as
the sum of returns to sellers from water sales and additional
returns to buyers from irrigated farming compared to rainfed
farming. The results clearly show that perennial crops
generated the highest gross benefit per hectare (31,37,364),
followed by kharif crops (%329,324), summer crops
(R27,515), and rabi crops (326,838). For sellers, the income
came from either hourly water charges or crop-sharing
arrangements. For buyers, the benefit was the increase in
returns due to access to irrigation. Without water purchases,
their cultivation would have been limited to rainfed crops,
which fetched much lower returns. For example, in kharif

season, average gross returns under rainfed farming were
14,853 per hectare, whereas irrigated farming through
purchased water gave much higher additional revenue.
Bruno and Sexton (2020) ! also concluded that both buyers
and sellers benefit overall from trade, even in situations of
market power. These findings prove that groundwater
markets not only provide monetary gains to sellers but also
substantially raise the profitability of buyers. In fact, the
availability of purchased water made it possible to cultivate
summer and perennial crops, which otherwise would not be
possible under rainfed conditions. Thus, groundwater
markets play a direct role in increasing cropping intensity,
crop diversification, and rural incomes.

Table 3: Direct gross benefits from groundwater marketing by sample respondents, (Rs/ha)

Average gross returns | Additional gross returns to the buyer due to Average gross Direct gross benefit to
Particulars | |to the seller due to sale| ‘irrigated farming’ (through purchase of returns under farmers due to water
of water water) over ‘rainfed farming’ ‘rainfed framing’ marketing
K 5,945 20,345 15,250 26,290
Belagavi |R] 5,545 17,650 15,030 23,195
district  |S 6,734 16,322 - 23,056
P 39,845 89,655 - 1,29,500
K 6,542 23,453 14,750 29,995
Vijayapura [R] 6,452 21,654 13670 28,106
district  |S 3,894 24,362 - 28,256
P 43,120 1,03,620 - 1,46,740
K 6,324 25,365 14,560 31,689
Bagalkot R 5,645 23,568 12,750 29,213
district  |S 6,253 24,980 - 31,233
P 40,232 95,620 - 1,35,852
K] 6,270 23,054 14,853 29,324
Overall R 5,880 20,957 13,816 26,838
S 5,627 21,888 - 27,515
P 41,065 96,298 - 1,37,364

Note: C-columns; K=Kharif; R=Rabi; S=Summer; P=Perennial.

4. Reasons for Non-Participation in Water Market

The reasons given by self-users for not participating in
groundwater markets are shown in Table 4. The most
important factor was insecurity with respect to groundwater
resources (82.14%). Farmers feared that if they sold water,
they might not have enough for their own crops in future
seasons, especially with falling water tables. The second

major reason was no surplus water to sell (75%). Many
farmers reported that their wells only met their own farm
requirements, leaving nothing extra to sell. A large share of
farmers (62.5%) also reported that increasing area under
high water-intensive (HWI) crops such as sugarcane
reduced the possibility of surplus water for sale. Other
reasons included depletion of the water table (57.14%),
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failure of wells (37.5%), and inadequate power supply
(14.28%). A few farmers (12.5%) also mentioned lack of
buyers in their area, though this was the least important
factor. These findings also match with Acharyya (2019) 21,
who argued that water markets are a better option for
reallocating scarce water, but their sustainability depends on

https://www.agriculturaljournals.com

local aquifer conditions. These responses show that water
scarcity and uncertainty are the primary barriers to
participation in water markets. Farmers prioritize their own
irrigation needs, and only when surplus water is available,
they consider selling.

Table 4: Reasons for non-participation of self-users in groundwater market, (Number of farmers)

. Belagavi district Vijayapura district Bagalkot district Overall
Particulars n=25 n=15 n=16 n=>56
Depletion of water table 13 (52.00) 9 (60.00) 10 (62.50) 32 (57.14)
No surplus water to sell 16 (64.00) 12 (80.00) 14 (87.50) 42 (75.00)
Insecurity with respect to groundwater resource 22 (88.00) 11 (73.33) 13 (81.25) 46 (82.14)
Inadequate power supply 4 (16.00) 1 (6.66) 3 (18.75) 8 (14.28)
Increase in area under HWI crops on own farm 10 (40.00) 13 (86.66) 12 (75.00) 35 (62.50)
Increase in failure of wells 9 (36.00) 4 (26.66) 8 (50.00) 21 (37.50)
No buyers of water from his source 4 (16.00) 1 (6.66) 2 (12.50) 7 (12.50)

Note: Figures in parentheses indicate percentages to the respective sample size; ‘n’ indicates non participants in water market.

HWI: High water intensive crops

5. Reasons for Participation of Sellers in Water Market

The motivations of sellers to participate in groundwater
markets are presented in Table 5. The strongest factor was
demand for water by neighbours (84.61%). This shows that
water sales are often initiated when surrounding farmers
approach well-owners for irrigation. The second important
reason was surplus water availability (77.28%), indicating
that some sellers had discharge in their wells beyond their
own requirement. Additional income source (68.12%) was
another key motivation, as selling water provided extra
earnings without much additional investment. A moderate
share of sellers (57.50%) cited security with respect to

groundwater, meaning that selling ensured efficient use of
their pumping capacity and prevented wastage. Social
commitment (32.23%) was also reported, where farmers
sold water to maintain good relations with their neighbors,
sometimes even at concessional rates. Singh et al. (2007) [!!]
also reported that surplus water and the location of buyers’
fields near wells influenced water sales. These findings
indicate that groundwater markets in the region are largely
demand-driven, where buyers’ needs prompt sellers to
participate. At the same time, the financial benefits and
social obligations also encourage water sales.

Table 5: Reasons for participation of sellers (or selling of water) in groundwater market, (in percent)

Particulars Belagavi district Vijayapura district Bagalkot district Overall
n=7 n =12 n =12 n=33
Surplus water to sell 6 (85.70) 9 (76.92) 8 (69.23) 26 (77.28)
Additional income source 3 (42.85) 10 (84.61) 9 (76.92) 22 (68.12)
Security with respect to groundwater 4 (57.14) 7 (61.53) 6 (53.84) 19 (57.50)
Demand for water by neighbours 7 (100.00) 8(69.23) 10 (84.61) 28 (84.61)
Social commitment 3(42.85) 5(38.46) 2 (15.38) 11 (32.23)

Note: Figures in parentheses indicate percentages to the respective sample size; ‘n’ indicates sellers.

Conclusion

Groundwater markets have emerged as an informal but
useful institution in Northern dry zone of Karnataka, giving
access to irrigation for farmers who do not own wells and
providing additional income to those who sell water. The
gross benefits from water marketing were highest in
perennial crops, followed by kharif, rabi, and summer crops,
proving that irrigation access significantly increases farm
profitability and enables crop diversification. However, they
also put more pressure on already depleting aquifers. To
make them sustainable, there is a need for effective
management of groundwater through recharge structures,
adoption of water-saving irrigation methods and regulation
of borewell drilling. Community participation and
awareness are equally important to ensure equitable sharing
of groundwater. Thus, groundwater markets in the Northern
Dry Zone of Karnataka represent both an opportunity and a
challenge - an opportunity for enhancing agricultural
production and profitability, and a challenge for long-term
sustainability. Proper policies and collective efforts are
essential to ensure that this vital resource continues to
support farming communities in the future.
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