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Abstract
An important input for sustainable agricultural development in hard rock areas is access to
groundwater irrigation. In hard rock areas, due to cumulative well interference, the life of
irrigation wells and their groundwater yield is gradually declining and creating several
externalities. As a result, the dividends of groundwater irrigation are declining. This study is an
attempt to assess the impact of declining groundwater on benefits of irrigation in the central dry
zone of Southern peninsular India. The study clearly suggests the need for supply and demand
side interventions. Therefore, the objective of public policy should be to minimise adverse
ecological effects with minimum damage to the interests of the poor in the areas under stress.

Introduction
Groundwater is one of the lead inputs for agricultural development in arid and semi-arid regions of
India. i With rapidly declining public investment in irrigation and the associated environmental problems,
groundwater irrigation has emerged as an important input for secured agricultural development in
recent years. Institutional changes and technological progress have made it possible to meet the
increasing demand for secure irrigation systems through innovative techniques to drill deeper wells and
subsidised rural development programmes. The advent and spread of energised pumping technology
enabled rapid groundwater development and the emergence of socio-economic systems that depend on
its reliability (Shah 1993; Dhawan 1995; Burke and Moench 2000).ii
Ever since groundwater was recognised as an alternative source of irrigation, the face of
Indian agriculture shifted more to the water-intensive cropping system (Dhawan 1988; Shah 1993;
Janakarajan 1993; Nagaraj 1994). This prompted development of well and bore-well irrigation in many
drought -prone regions. As a result , there was an increase in the net irrigated area. This ultimately led to
over-exploitation of groundwater (Janakarajan 1993; Nagaraj et al 1994; Vaidyanathan 1996;
Chandrakanth and Arun 1997; Shivakumaraswamy and Chandrakanth 1997; Nagaraj 1994; Reddy 2003;
Janakarajan and Moench 2006; Anantha and Raju 2008; Palanisami et al 2008). Currently, in India,
about 60 per cent of the cultivated area is irrigated by groundwater (Shah 2007). Groundwater
development helped farmers use more intensive production techniques that required higher inputs and
associated capital investments (Moench 2003). The demand for groundwater irrigation has led to an
increase in the number of wells. Since the same aquifer was shared by many users, the extraction rate
exceeded its natural recharge rate. Thus, development was inconsistent with investment, resulted n
i
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competitive extraction and a concomitant secular lowering of the groundwater table. This indicates that
as groundwater over-exploitation became severe, agricultural production declined and the over all
economic future of regions became uncertain.
Further, the lack of knowledge among farmers about the overwhelming effects of groundwater
over-exploitation influenced a strong socio-economic and environmental predicament . A major portion
of India’s irrigation wells is located in the hard rock areas where both recharge and discharge potential
presently face severe stress (Nagaraj and Chandrakanth 1995). The hard rock areas have hard nonporous, igneous and metamorphic rocks, expected to store not more than 10 per cent of the annual
rainfall (Radhakrishna 1971). The benefits of irrigation have been highlighted in numerous studies but
the negative impact of declining groundwater on agricultural development has not been adequately
analysed. This paper is an attempt to understand the effects of declining groundwater in the Central Dry
Zone of Karnataka. In this study, downward dividends of groundwater irrigation refer to the adverse
impact of depletion of groundwater on its access and utilisation. This affects the welfare of communities
depending on groundwater. In this context, the downward dividends may include unequal access to
groundwater, reduction in the well yield, increasing well depth, increasing cost per unit of water,
declining water use efficiency and debt burden.
The paper is organised as follows: It begins with the introductory section. The analytical
approach, including methodology, is presented in Section 2. Section 3 comprises the results and
discussion on access to groundwater, cost and returns from groundwater irrigation, negative externality
cost, water use efficiency and financial implications of groundwater over-exploitation. Section 4
summarises the broad findings of the study.

Analytical approach
The central dry zone is one of the hard rock areas that lies in the central part of the state. The zone
consists of 17 taluks covering a total geographical area of 20,112.81 sq. kms. The rainfall ranges
between 455.5 to 717.4 mm in the zone. Agriculture is the major occupation with about 60 per cent of
the working population cultivating land. Using the index of cumulative well interference (ICWI), two
taluks were selected for a detailed analysis based on the magnitude of the problem of cumulative well
interference.iii The selected taluks are in the low well interference area (LWIA) and high well
interference area (HWIA ).
Using the Participatory Rural Appraisal (PRA) method, the number of wells (both functional and
non-functional), the depth of the wells, approximate distance between the wells, the size of the farms
and farmers names were mapped in each village. The PRA method was helpful in locating irrigation
wells in relation to cumulative well interference. Using the PRA map a sample of 225 farmers who had
irrigation wells that were densely placed was drawn from ten villages in two taluks. According to data
obtained from Department of Mines and Geology (DMG) and Central Ground Water Board (CGWB), the
LWIA is less affected by the problem of cumulative well interference. Therefore, we considered LWIA
for comparison with HWIA.iv The information gathered includes the socio-economic profile, details of
irrigation wells, access to groundwater irrigation, details about agricultural inputs and outputs and so
on. Outputs are based on harvest figures reported in kilograms or quintals by farmers and converted to
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weight measures, based on the nearest market setting. The estimation methods and relevant concepts
are explained below.

Annual cost of irrigation
The annual cost of irrigation was estimated by amortising the capital cost on well investment. The
annual irrigation cost was arrived at by adding the amortised cost of irrigation wells, amortised cost of
conveyance structures, annual repairs and maintenance costs on the farm.
The amortised cost of irrigation is the sum of amortised investment on all wells on the farm,
pumpsets and accessories, conveyance structures, overground storage structure and annual repairs and
maintenance cost of all wells. In this study, as in other studies, a discount rate of 2 per cent was used
in amortisation reflecting long-term sustainable rate (Chandrakanth et al 1998a, 1998b, 1998c, 2004).
The capital cost of the well was amortised over its entire life span. An interest rate of 2 per cent
represented the rate of inflation in the cost of well components like labour, pumpsets and other
accessories.
The amort ised investment on each well was estimated with the help of following formula:
Amortised Investment on Well = [(CI)*(1+i) AL*i]/[(1+i) AL -1]

(1)

CI = (II)* (1+i) (dc-di)

(2)

II = initial investment on well
dc = year of data collection (2007)
di = year of drilling irrigation well
AL = average life of wells
i = interest rate
CI – compounded investment
Amort ised cost of borewell = [(Compounded cost of borewell)*(1+i) AL * i)] /[(1+i) AL -1]

(3)

Compounded cost of borewell = (BW cost)*(1+i) (2007-year of drilling)

(4)

Amort ised cost of pump set and accessories =
{[(Compounded cost of pump set + Compounded cost of pump house)*(1+i) AL*i]/[(1+i) AL-1]} (5)
Amort ised cost of conveyance =
{[Compounded cost of conveyance pipe used)*(1+i) AL*i)/(1+i) AL-1]}

(6)

Average life of well
n

n

i =1

i=1

Average life of well = ∑ ( fi )( xi ) ÷ ∑ ( fi ) over i

(7)

Where,
f = frequency of wells worked
x = age of well (1,2,3,4….n)
i = ranges from zero to n, where n refers to the longest age of well in the group.
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Access to groundwater
Access to groundwater was measured in terms of physical and economic access. Physical access to
groundwater was related to resource yield, which depends on the depth of the wells and availability of
water. Economic access to groundwater is related to its cost of extraction. Physical access to
groundwater can be measured in terms of the number of wells, depth and yield levels whereas
economic access is determined by cost per acre-inch of water extraction and area irrigated
(Chandrakanth et al 2004).

Physical access: Physical access was analysed by regressed groundwater used per acre of gross
irrigated area as a function of average well depth, well yield and amort ised cost per acre -inch of
groundwater. It was hypothesised that physical access to groundwater varied directly with well depth,
well yield and inversely with amortised cost of groundwater per acre -inch in the log-linear relation:
ln w u = ln α + β 1 ln w d + β 2 ln wy + β 3 lncw

(8)

Where,
w u = Water used per acre of gross area irrigated
w d = Well depth (ft)
wy = Water yield (gallons per hour)
cw = Cost of water (Rupees per acre-inch of water)

Economic access: The economic access to groundwater was measured by amort ised cost of
groundwater per acre-inch and hypothesised to vary inversely with well depth, water yield from the well
and gross irrigated area. The economic access to groundwater was regressed on well depth (ft), water
yield for the well (in gallons per hour) and gross irrigated area (in acres). The estimated function in loglinear form is:

lncw= lnα + β 1 lnwd + β 2 lnwy+ β 3 ln gia

(9)

Where,
cw = Amortised Cost of Groundwater (Rs per acre-inch)
w d = Well Depth (ft)
wy = Groundwater Yield from the Well (gallons per hour)
gia = Gross Irrigated Area (in acres)

Negative Externality
The annual negative externality cost of irrigation wells was estimated as the difference between the
amortised cost per well and the amort ised cost per functioning well. This can be written as:
NEC = ACPW – ACFW

(10)

Where,
NEC = Negative Externality Cost
ACPW = Amort ised cost per well
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ACFW = Amort ised cost per functioning well
The difference between ACPW and ACFW was considered as the externality cost due to the following
reasons:
(i)

in hard rock areas, due to rapidly declining groundwater levels, the average age and life of
wells both are falling

(ii) if all wells on the farm are functioning, then there will be no externality
(iii) if the failure rate of wells is high, then the difference between the amort ised cost per well and
that of working well would also be high as the cost of well failure due to interference would be
apparent and hence the externality cost. Thus, the amortised cost per well minus amortised
cost per functioning well gives the negative externality or the social cost per well faced by
farmer.

Water use efficiency
In order to estimate the efficiency in the usage of water on the farm, the volume of water used per
farm was estimated. Since there was no measuring equipment like water meter or electricity to use
measuring equipments like energy meters, samples of 15 borewells were chosen covering all the
villages for discharge measurement. The measurement of discharge was carried out by volumetric
method - the number of seconds taken to fill a water container of 15 litres for each selected well was
used to compute irrigation water used within the boundary of their classification like horsepower. This
data was extrapolated to obtain the groundwater yield in gallons per hour (GPH). A n extensive
discussion was held with hydrologists and water resource engineers of the region to confirm the result.
The efficiency in the use of the groundwater on the farms was estimated by comparing the
economic optimum use with the actual groundw ater used by the farmers. The economic optimum use of
groundwater was measured by estimating a production function with gross returns per farm per annum
realised from the groundwater-irrigated crops as the dependent variable and the total volume of
groundw ater used per farm per annum as the independent variable. The estimated Cobb Douglas
production function is given below:
Y = AXα

(11)

The form of Cobb Douglas model is Y = AXα with gross returns (Y) depending on the volume of
groundwater used (X) for irrigation in acre-inch. The optimum volume of irrigation water was estimated
under the current pricing regime. The optimum dose of irrigation water X* was obtained by equating
the marginal returns from groundwater with the price of groundwater as:
X* = (α × Y ) ÷ P x

( 12)

Here P x = Annual amortised cost of well irrigation per acre-inch of groundwater used in rupees.
To sum up, this study used the above analytical framework for the estimation purpose. The
concept of amort ised cost is an appropriate w ay of discounting groundwater cost because groundwater
is considered as a social good. The physical and economic access to groundwater describes the
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feasibility of groundwater irrigation in view of increasing drawdown. Similarly, the concept of efficiency
in use of water describes the level of groundwater use d efficiently on the farm.

Results and Discussion
Access to land and water resources
Availability and access to land and water resource is critical for livelihood in agrarian economies.
Equitable access to these resources provides the foundation for an asset pyramid that would not have
been possible with landlessness and rain-fed agriculture. It enables access to higher yields while
reducing the risk of loss. Adequate availability of land and water resource is the prerequisite for
achieving sustainable development. In the hard rock areas, access to land and water resources provided
opportunities for thousands of small farmers to deal with their poverty. Due to their unfavorable
location, there was limit ed access to land and water resources.
The average farm size was higher in LWIA (10.7 acres) than in HWIA (6.1 acres). However,
the proportion of area under irrigation was about 47 per cent in LWIA compared to 51 per cent in
HWIA. The average farm size varied positively with land holding size in both the areas (Table 1). The
physical access to groundwater resource clearly indicates that small farmers were facing the worst of
the resource scarcity problem while large farmers were comparatively better off. The gross area
irrigated per functioning well for small, marginal and medium farmers was slightly higher in HWIA than
in LWIA. However, gross area irrigated per functioning well for large farmers was 2.12 hectares in LWIA
and 2 hectares in HWIA. This indicates inequality in the pattern of resource utilisation between small
and large farmers. This is largely attributed to land ownership and access to credit facility because it
would enhance access and utilisation of the resource on a larger scale.
Table 1: Access to Land and Irrigation equipments in the Sample Areas
Size class
LWIA [102]

Total land
owned
(acres)
1076.3

Total operated
land (acres)^
1087.6[10.7]

Total
irrigated
land (acres)
511.4

No. of
borewells
owned
232

Average area
irrigated per
well (acres)$

Marginal[N=10]

20.5

22.1[ 2.2]

13.8 (2.7)

11 (81.8)

0.62

Small [N=37]

186.6

227.8[ 6.1]

108.9 (21.3)

55 (70.9)

1.13

Medium [N=26]

252.4

265.7[ 10.2]

126.5 (24.7)

62 (58.1)

1.42

Large [N=29]

616.8

572.2[ 19.7]

262.2 (51.3)

104 (48.1)

2.12

HWIA [123]

804

751.1[ 6.1]

383.1

398

Marginal [N=15]

26.7

26.05[ 1.7]

17.3 (3.4)

46 (23.9)

0.64

Small [N=73]

342.3

357.5[ 4.9]

181.5 (47.4)

245 (21.2)

1.41

Medium [N=22]

212.0

207.3[ 9.4]

90.3 (23.6)

69 (34.8)

1.52

Large [N=13]

223.0

160.3[ 12.3]

94.0 (24.5)

38 (50.0)

2.00

Notes:

(1) $ Average extent of irrigated area is calculated for functioning wells only and this includes area
irrigated through water markets as well.
(2) Figures in parentheses indicate percentage of functional wells and area irrigated.
(3) ^ Total operated land is greater than the total land owned and this is due to land leased in for
cultivation purposes.
(4) Figures in square brackets indicate the respective average farm size.
Source: Primary survey.
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The distribution of irrigation equipment (borewells) seems to be less equitable in HWIA than in
LWIA where large farmers owned more wells (Table 1). This was due to the high rate of well failure.
Farmer invested in additional wells or deepened existing wells. But the resource-poor small and
marginal farmers could not do so due to their poor capital base. This situation aggravated the inequity
in resource extraction between resource rich and resource-poor farmers. However, the proportion of
functioning borewells in LWIA was in favour of marginal and small farmers due to the variation in the
occurrence of groundwater.

Access to groundwater
The physical access to groundwater revealed that the large farmers were better off compared to small
farmers because they could invest in additional wells and deepen existing wells. The proportion of
functioning wells in the study area followed a positive association with the size of the landholding (Table
2). As the size of landholding increased the proportion of functioning wells also increased indicating that
access to resource was determined by the land-ownership. Besides, water extracted per functioning well
also proportionate to size of landholding. In the hard rock areas due to the rapidly depleting
groundwater resource, the proportion of functioning wells also declining constantly. This also explains
the density of wells. It is important to note that the wells per farm were high in the case of small and
marginal farmers compared to medium and large farmers in both the areas (Table 2). It implies that the
small and marginal farmers were new to the resource extraction activity. Thus, the number of wells
owned by them was high but the functioning wells were low because of resource scarcity. Large farmers
could deepen the wells so they had a higher number of functioning well compared to the small farmers.
This was obvious given the resource capability of these farmers. The larger number of wells per farm in
HWIA reflected the intensity of competitiveness among different farmers as a result of resource scarcity.
It motivated even small farmers to sink more wells. More often than not, a majority of these wells failed
while the remaining wells yielded less water. Thus, to sustain crops and to continue with agriculture the
farmers either deepened existing wells or sunk new wells.
The results indicate that the annual irrigation cost per acre was higher for marginal (Rs. 3,527
and Rs. 11,357) and small farmers (Rs. 2,300 and Rs. 6,074) than the medium (Rs. 1,189 and Rs.
4,796) and large farmers (Rs. 1,648 and Rs. 4,530) in LWIA and HWIA respectively (Table 2).
Importantly, the operation and maintenance cost was the major component in the annual irrigation cost
of irrigation wells. The irregular supply of power and deeper aquifers resulted in frequent burning of
motors and pumps. More often, small and marginal farmers, due to financial crisis, purchased low
quality accessories that were vulnerable to irregular power supply. Therefore, the repair and
maintenance cost was huge for small and marginal farmers.
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Table 2: Access to Groundwater Resource by Farmers in the study area
LWIA

Particulars

HWIA

MF

SF

MDF

LF

MF

SF

MDF

LF

Proportion of functional wells

49.5

75.0

62.1

81.8

40.7

30.4

49.0

67.9

Wells per farm

1.97

1.17

1.13

0.93

3.86

2.31

1.34

0.73

Functional wells per farm

0.46

0.88

0.70

0.85

0.49

0.70

0.65

0.57

Annual irrigation cost per acre (Rs)

3527

2300

1189

1648

11357

6074

4796

4530

Water extracted per functional well

16.0

77.5

50.7

67.6

57.4

82.5

48.8

110.8

1.0

0.3

0.6

0.2

1.5

2.3

1.0

0.5

(acre-inch)
Number of failed wells per
functioning well
Note:

MF: Marginal Farmers; SF: Small Farmers; MDF: Medium Farmers; LF: Large Farmers

The water yield and the area irrigated by these wells varied between villages that were
affected by severe well interference problem and those that were not. For instance, in LWIA, nearly 37
per cent of the wells were irrigating a gross area of more than 10 acres compared to 25.4 per cent of
the wells irrigating the same area in HWIA. Similarly, less than 15 per cent of the wells were irrigating
more than 5 acres of net irrigated area in both LWIA and HWIA. This implies that the gross irrigated
area (GIA) and net irrigated area (NIA) of LWIA was high due to low well interference and the cropping
pattern. However, in HWIA, the area irrigated per well (both GIA and NIA) was low due to low yield of
wells and fragmented landholdings.
There was a positive relation between water extracted per functioning well and functional wells
per farm in both areas. It indicates that higher the functioning well per farm, higher the water
extraction. Since medium and large farmers owned more functional wells and had large land holdings,
the water extraction per well was higher compared to marginal and small farmers. Similarly, the wells
owned by small and marginal farmers did not get sustainable yield they were shallow and located in
areas where cumulative well interference was a severe problem. This had a critical link with the rural
livelihood systems because a majority of the people directly or indirectly depended on groundwater for
subsistence. Any change in the supply of this critical resource had an overwhelming effect on the
society.
Table 3: Physical Access to Groundwater Resource in the Study Area
Dependent variable = Groundwater used per acre of gross irrigated area (acre-inches)
Variables
Intercept
Well depth (ft)
Well yield (gallon per hour)
Cost per acre-inch (Rs.)
R2 = 0.39
Note:

* significant at 1 per cent level.
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Coefficients

t-statistics

2.41

0.87

0.787*

4.64

1.07*

3.37

-0.356*

-8.21

From the regression analysis, it has been found that well yield had a positive influence on
volume of groundwater used while cost of groundwater exerted a negative influence. The results show
that for one per cent increase in groundwater yield per well, the groundwater used per acre increased
by 1.07 per cent . For one per cent increase in cost of groundwater, the groundwater used declined by
0.35 per cent and for one per cent increase in the well depth, the groundwater used increased by 0.78
per cent. The significant positive sign of the well depth indicates that the groundwater used was
increasing. This indicates that there is an economic rationale for deepening of wells. But, not all farmers
could afford it due to resource constraints. However, caution needs to be exercised while interpreting
the results. The result indicated may not be a feasible solution for physical access to groundwater in the
study area where aquifers are fast depleting leading to resource exhaustion. In such case, deeper wells
may lead to well failure and deterioration in the economic condition of the household.
This has a negative impact on household income , which is directly related to groundwater used
on the farm to stabilise productivity. Therefore, it is predicted that resource replenishment would
enhance the physical access to groundwater, which in turn would enhance the household living
condition by allowing the peasant community to stabilise productivity.
Table 4: Economic access to groundwater
Dependent variable: Cost of groundwater (Rs/acre-inch)
Variable
Intercept

Coefficient

t-statistics

5.91*

4.29

Depth (Feet)

0.74*

3.19

Yield (Gallons per hour)

-1.76*

-4.12

Gross Irrigated Area (Acre)

-0.71

-9.24

R2 = 0.496
Note:

* significant at 1 per cent level.
Dependent variable = Natural logarithm of (1/cost per acre-inch of water)

Although the physical access to groundwater is determined by the depth of the well, its yield
and the cost of groundwater, the economic access to groundwater is the major focal point in resource
extraction and utilisation in agriculture development. Economic access provides an opportunity to
enhance farm productivity by minimising the cost of extraction.
Economic access to groundwater decreased with the yield of the well and gross irrigated area
but increased with depth of the well. This indicates that one per cent increase in the depth of the well
increased economic access to groundwater by 0.74 per cent. However, as expected, the one per cent
increase in yield and gross irrigated area decreased economic access to groundwater by 1.76 per cent
and 0.71 per cent respectively (Table 4). This suggests that the increasing the depth of wells has a
direct relation with increasing the cost of groundwater. This will have a devastating effect on the
sustainability of the resource and farmers’ welfare in this region.
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Cost and returns from groundwater irrigation
A comparison of the annual cost and returns from groundwater irrigation indicates that irrigation cost
contributes to the major difference in the cost of cultivation, which is higher, by 54 per cent , in HWIA
than LWIA (Table 5). The rise in the annual irrigation cost is a partial indicator of scarcity of
groundwater in HWIA. As indicated elsewhere the major portion of irrigation cost is that incurred on
rising repair and maintenance works. During our field visit, it was learnt that many farmers complained
about frequent burning of motors due to low voltage and fluctuation in power supply. This results in
higher annual repair and maintenance costs on the farm. Due to rising irrigation cost, the net income is
negative in both the areas, but LWIA is marginally better off compared to HWIA. Although gross income
per well and per acre in HWIA and LWIA are comparable, considerable differences exist in terms of net
income.
Table 5: Annual cost and returns from well irrigation per farm
LWIA

Particulars

Per well
3

Volume of water extracted from well (M )

HWIA
Per acre

5992

Volume of water extracted from well (AI)

1919

Per well
7039

Per acre
2231

58.3

18.7

68.5

21.7

Human+bullock labour (Rs.)

6691 (23)

2143

8150 (20)

2584

fertiliser cost (Rs.)

7028 (24)

2251

7462 (18)

2365

521 (2)

167

2699 (7)

855

1282 (4)

410

1648 (4)

522

Other variable cost (Rs)
Opportunity cost of capital @ 9 per cent$
Irrigation cost (Rs.)
Total cost (Rs.)

13851 (47)

901

21410 (52)

1784

29373 (100)

5872

41369 (100)

8110

29331

9394

33037

10474

-42

3522

-8332

2364

Gross income (Rs.)
Net income (Rs.)
Note:

1.

$

Interest rate during the fourth quarter of 2007 was considered to indicate the realistic opportunity

cost of capital as field work was carried out during this time.
2.

Figures in parentheses indicate percentage to the total cost.

3.

One acre-inch (AI)= 102.79M3.

The disaggregate picture demonstrates that the volume of water per acre was 16 per cent
higher in HWIA. Similarly, all other costs (labour costs, fertiliser costs and other costs) were higher in
HWIA. This clearly indicates that the irrigated agriculture in HWIA suffered from severe overdraft
compared to LWIA. The cultivation of perennial crops, like coconut, in LWIA was a coping mechanism
contributing to reasonable use of inputs such as groundwater resource. Therefore, the ideal solution
would be to augment supply of groundwater and diversify the cropping pattern into low water intensive
crops. Hence, improvement in the resource base support s the increasing demand for groundwater.

Statistical significance of Groundwater benefits
The statistical significance of the benefits of groundwater irrigation has been estimated by comparing
the means with regard to major indicators between small and large farmers in LWIA and HWIA. The
results indicate that there was considerable difference in the total quantity of groundwater used on the
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farm in the two areas (Table 6). In LWIA, the groundwater used on the farm by marginal and small
farmers together was 68.53 acre-inches and 93.44 acre -inches by large farmers. Similar difference was
observed in HWIA. A comparison of the total groundwater used in both areas shows that HWIA used
more than LWIA. It was obvious because HWIA was dominated by short -term food crops that are
hydrophilic. In terms of net returns per farm as well as per acre of GIA, small and large farmers were in
a comfortable position in HWIA when compared to their counterparts in LWIA. For instance, the net
return per farm as well as per acre of GIA was negative (Rs. -6212 per farm and Rs. -1120 per acre of
GIA) in the case of small and marginal farmers in LWIA. However, the same category of farmers
operated in the comfort zone because they earned Rs. 1300 and Rs. 792 per farm as well as per acre of
GIA, respectively. The cost of groundwater per acre-inch corresponded with the water used in both the
areas. The average cost per acre-inch of water was nearly one-and-a-half times higher for small farmers
in LWIA whereas in HWIA, this amount was in the reverse order. This implies that the large farmers had
higher gross irrigated area as demonstrated earlier which consumed more water, hence high cost per
acre-inch of water. The results are statistically significant except for net return per farm and per acre of
GIA signifying that there was a need for improving efficiency in the use of the resource in irrigated
agriculture.
Table 6: Statistical significance of groundwater benefits
Mean
Particulars

Standard Deviation

Marginal

Large

Marginal

Large

and Small

Farmers

and Small

Farmers

Farmers

t-value

Farmers
LWIA

Total water used on the farm (acre-inch)

68.53

93.44

90.95

78.50

9.74*

Net return per farm (Rs.)

-6212

941.2

14481

30703

-0.846

Net return per acre of GIA (Rs.)

-1120

519.9

783.9

5349.6

-0.359

Net return per acre-inch of water (Rs.)

69.10

83.7

455.7

355.9

1.930***

644

461.84

686

765.99

7.50*

74.36

99.22

72.49

103.31

9.45*

Net return per farm (Rs.)

1300.97

2380.48

32330

25279

0.587

Net return per acre of GIA (Rs.)

792.92

2141.26

12950

12569

1.01

Net return per acre-inch of water (Rs.)

167.78

273.08

784.85

1153.52

2.43**

Cost per acre-inch of water (Rs.)

939.37

1197.86

1448.66

2569.10

5.243*

Cost per acre-inch of water (Rs.)

HWIA
Total water used on the farm (acre-inch)

Note:

*, ** and *** significant at 1, 5 and 10 per cent level.

Negative Externality Cost
The negative externality cost was increasing due to the rapidly declining average age and life of wells in
the hard rock areas. Thus, the increasing rate of well failure resulted in investment in coping
mechanisms to secure a sustainable yield. The rising negative externality cost due to overexploitation
indicated that the physical scarcity of groundwater in terms of decreased water yield from the wells and
economic scarcity in terms of rising irrigation cost per acre -inch was evident in HWIA.
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The negative externality in terms of failed wells in hard rock areas increased over time
(Chandrakanth and Arun 1997; Shivakumaraswamy and Chandrakanth 1997; Nagaraj et al 2003). In
LWIA, the proportion of failed wells increased with landholding size (Table 7). In the case of HWIA, the
proportion of failed wells showed a mixed pattern. Since the proportion of failed wells was increasing,
the capital investment on these wells was net loss to the farmers. Thus, the total amount of negative
externality in these two areas was increasing. However, the total negative externality cost in HWIA was
more than three times higher than in LWIA. The large gap in terms of negative externality cost of
groundwater over-exploitation between LWIA and HWIA was due to physical as well as economic
scarcity of groundwater resources. The total negative externality cost for the sample farmers was
colossal, Rs. 8,35,260 in HWIA and Rs. 2,97,943 in LWIA (Table 7). The negative externality cost per
farm was as high as Rs. 6,791 in HWIA and Rs. 2,921 in LWIA. These results were supported by the
findings of Chandrakanth and Arun (1997) and Nagaraj et al (2003).
Table 7: Negative externality cost of well irrigation in the study area
Particulars

Marginal

Small

Medium

Large

farmers

farmers

farmers

farmers

Total

Marginal

Small

Medium

Large

farmers

farmers

farmers

farmers

2
(18.2)

16

26

55

99

193

(42.7)

36
(78.3)

(29.1)

(41.9)

(52.9)

(78.8)

45
(65.2)

19
(50.0)

293
(73.6)

536.9

49,452

88,816

1,59,407

2,97,943

1,86,029

3,67,287

1,08,001

1,73,942

8,35,260

2,644

3,167

6,113

7,667

5,780

23,177

17,802

13,352

10,206

17,306

60

1,268

2,612

3,321

2,292

16,912

7,346

4,696

9,663

8,189

27

1,337

3,416

5,497

2,921

12,402

5,031

4,909

13,380

6,791

96

1,122

1,736

1,502

1,440

26,614

5,072

2,956

4,571

5,424

LWIA
Total number
of failed wells
Total negative
externality
cost (Rs)
Negative
externality
cost per well
(Rs)
Negative
externality
cost
per
functioning
well (Rs)
Negative
externality
cost per farm
(Rs)
Negative
externality
cost
per
hectare
of
GIA (Rs)

Total

HWIA

The total negative externality cost for farmers varied from Rs. 536.9 for marginal farmers to
Rs. 1,59,407 for large farmers in LWIA while the amount was higher with variations in HWIA (Table 7).
Similarly, the negative externality per acre of gross irrigated area was also similar in LWIA. Small
farmers were suffering the most in HWIA. This paradoxical situation was clearly explained by the
comparatively higher yield of borewells in LWIA, which reduced the negative externality cost. The
increasing negative externality cost in the study area was due to scarcity caused by the problem of
cumulative well interference. The farmers failed to include negative externality as a cost while taking
the decision on the proportion of groundwater to be used for irrigation and the investment on well
improvement or on new wells because they tend to be myopic.

Water use efficiency
The efficiency in the use of groundwater per farm was estimated by comparing the economic optimum
use of groundwater with actual use. The results indicated that the water extracted per farm was lowest
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(58.46 acre -inch) for HWIA compared to LWIA (76.02 acre -inch). This was a pointer towards higher
inadequacy of groundwater for farmers in HWIA. The actual water used by small farmers in LWIA was
higher by 21 per cent over the same category farmers in HWIA. On the other hand, the water used by
large farmers in LWIA was higher by 10 per cent over large farmers in HWIA (Table 8). This confirmed
that groundwater scarcity was a severe problem in HWIA.
The gross return per farm was highest for farmers in LWIA (Rs. 38,245) compared to HWIA
(Rs. 28,203). The gross return per farm for different size classes indicate that it was 25 per cent higher
for large farmers in LWIA and higher by 4 per cent for small farmers in LWIA compared to HWIA. On
the other hand, the cost per acre-inch of water extracted (marginal cost) was maximum for HWIA (Rs.
230) and the lowest for LWIA (Rs. 137). The ratio of gross income per acre-inch to cost per acre -inch
was the highest for LWIA (1.1) followed by HWIA (0.5). Though, there was much scope to reach
economic optimum by increasing groundwater use, the scarcity of the resource became a hindrance.
Table 8: Water Use efficiency per farm
LWIA [N=102]
Particulars

Unit

HWIA [N=123]

Small

Large

Total

Small

Large

Total

[N=47]

[N=55]

[N=102]

[N=88]

[N=35]

[N=123]

Elasticity (b)

Per cent

0.44

0.52

0.50

0.36

0.39

0.43

Gross returns (Y)

Rs.

24682

49836

38245

23575

39837

28203

Actual water use (WU) (X)

Acre-inch

59.76

89.91

76.02

49.24

81.63

58.46

Average gross returns (Y/X)

Rs. Per

413

554

502

479

488

482

206

144

35

88

121

acre-inch
Marginal return of water (MR)

Rs.

147

Marginal cost of water (MC)

Rs.

181

99

137

190

311

230

0.8

2.1

1.1

0.2

0.3

0.5

60

262

137

45

50

53

MR/MC ratio
Optimum water use (X*)

Acre-inch

Gross returns at optimum

Rs.

24781

145093

68817

21386

24380

25437

Rs.

23950

22127

22640

26319

23798

25244

Rs.

24060

64486

34522

24029

14599

20238

Rs.

110

42359

11882

-2290

-9199

-5006

water use (X*)
Gross return per ha at actual
water use (X)
Gross returns per ha at
optimum WU (X*)
Increase in gross returns
per ha

The optimal use of groundwater was high in LWIA than the actual water use. However, the
optimal use of groundwater was lower than the actual water use in HWIA (Table 8). This implies that
the groundwater extraction in this area was beyond the replenishment capacity of the aquifers. Thus,
the unit cost of water extraction was higher and the yield of the well lower. This poses serious threat to
development of agriculture based on groundwater as it has a very close link with food production and
rural development. Similarly, sustainability of groundwater was a major issue because the resource base
was weakening due to heavy demand.
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The elasticity of returns with respect to use of water was highest in LWIA (0.50), which shows
that the efficiency in use was relatively better than in HWIA. In LWIA, the elasticity of returns ranged
from 0.44 per cent for small farmers to 0.52 per cent for large farmers. The overall elasticity was 0.50
per cent, indicating that the farmers were operating in the second zone of production function. The
actual use of water fell short by 45 per cent compared with the corresponding economic optimum use
of water. However, in HWIA, the actual use of water was 10 per cent higher over economic optimum.
Thus, in view of sustainability of groundwater resources, it can be suggested that farmers should take
the initiative to adopt water-saving technologies to optimise the use of water.

Financial implications of groundwater scarcity
In order to understand the vulnerability and the pressure on households due to groundwater overdraft,
the magnitude of burden of household debt was examined. This burden was assessed with the help of
debt -asset ratios.v Households reporting outstanding debt s ranged between 38.2 per cent in LWIA to
nearly 49 per cent in HWIA (Table 9). The average debt per household was highest in HWIA (Rs.
60,475), in LWIA it was Rs. 44,974. The average debt per household was 34 per cent higher in HWIA
over LWIA. Among the different landholding groups, marginal and small farmers were worst affected as
far as the debt ratio was concerned in both areas. But the magnitude was high in HWIA where
groundwater resource had reached a critical level. As a result, investment in restoring resource
endowments increased. One reason for the high incidence of debt was problem of cumulative well
interference resulting in well failure and non-availability of institutional loans. However, during our
survey, it was learnt that the crop loans obtained through primary agricultural co-operatives was
invested in deepening of wells, buying pump sets and building storage tanks. In view of the rapidly
declining water table, this investment became redundant as the rate of well failure multiplied. As a
result, the capacity to repay the principal loan amount was considerably reduced and the entire loan
accumulated gradually.
Table 9: Extent of Household’s Indebtedness across Size Class in the Study Area
Size class

Percentage

Loan outstanding

Loan-

Total asset

Debt-Asset

of indebted

(Rs/household)

Repayment

value (Rs/

Ratio (DAR)

Ratio (LAR)

household)

households
LWIA [N=102]

38.2

44,974

0.50

137,439

0.32

Small

32.4

23,500

0.60

100,229

0.23

Large

41.4

78,750

0.30

197,448

0.39

HWIA [N=123]

48.8

60,475

0.60

154,613

0.39

Small

50.7

61,040

0.50

130,637

0.47

Large

30.8

24,000

0.80

306,153

0.08

The debt -asset ratio indicates the ability of the household to solve the debt problem. That is,
higher the debt -asset ratio, lower the repayment capacity and vice versa. Given the high rate of
interest, (ranges between 24 per cent and 36 per cent per annum) for informal borrowing, an inverse
relationship exists between debt -asset ratio and creditworthiness. High debt -asset ratio indicates low
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creditworthiness because it diverts the household income to interest payment s keeping the capital debt
unchanged. The high debt -asset ratio limits the productive investment of the household that would help
repay the loans. This only encourages repayment of interest rate rather than the loaning amount. As a
result, the household gets into the debt trap, which makes households vulnerable to the increasing debt
ratio.
The debt -asset ratio varied greatly among the size classes in two areas. This clearly reflected
the disadvantages of the problem of resource scarcity. Though farmers in LWIA also reported a high
incidence of debts, their position was more comfortable than that of HWIA, which was reeling under the
problem of cumulative well interference. In HWIA, the debt -asset ratio was inversely related to farm
size indicating that debt burden was heavier on smaller farmers compared to medium and large
farmers. This explains the financial needs of the households to restore resource endowments to
maintain inter-generational equity. Thus, to avoid long-term consequences of increasing debt burden on
the farming community, steps must be taken to ensure suitable pricing incentives for agricultural
products and to strengthen the resource base to augment the supply of groundwater. This will help
farmers to increase production and strike a balance between demand for loan and repayment .

Conclusion
The current situation has occurred mostly due to the problem of cumulative well interference, which
induces rapid decline in the water table in view of heavy drawdown in hard rock areas. The comparison
of ‘high’ and ‘low ’ well interference areas confirms the fact that the cost of irrigation cost to the major
difference in the cost of cultivation which is higher by 54 per cent in HWIA compared to LWIA. The rise
in the annual cost of irrigation is a partial indicator of scarcity of groundwater in HWIA. Since watershed
programmes have reduced the cost while augmenting supply through recharge (Chandrakanth et al
2004), efforts should be made towards effective implementation of such programmes.
The econometric effects on physical and economic access to groundwater present a conflicting
picture. The results indicate that the depth of the well enhances the physical access to groundwater
while that of economic access suffers. Therefore, the feasible solution would be to augment supply by
taking recharge measures, which would enhance the resource base and balance demand and supply of
groundwater. The negative externality cost of groundwater depletion and water use efficiency suggests
that the low water-intensive crops and micro-irrigation systems would be better coping mechanisms to
enhance efficiency and reduce negative externality costs. Since these mechanisms augment supply of
groundwater, the pressure on this resource can be reduced to some extent. Therefore, farmers need to
be educated on water conservation strategies to overcome the negative externalities of groundwater
depletion.
The estimated water use efficiency clearly suggests the need for sustainable resource
management. In LWIA , the actual water use falls short by 45 per cent compared with the corresponding
economic optimum water use. Besides, in HWIA, the actual water use was 10 per cent higher over
economic optimum. In fact, the cropping pattern followed in LWIA itself was a coping mechanism to
reduce the stress on groundwater. Thus, keeping sustainability of groundwater resources, it can be
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suggested that farmers should take initiatives to adopt water saving technologies. In order to optimise
the water use, farmers need to diversify the cropping pattern with water efficient crops.
The Economic implication of groundwater scarcity is severe as debt burden is taking its toll in
both LWIA and HWIA . The outstanding loan amount on securing groundwater was 34 per cent higher in
HWIA than LWIA. This is a partial indicator of the problem of resource scarcity. Therefore, the short term policy focus should be more on farmers’ welfare. This could be achieved by providing pricing
incentives for their products, marketing facilities, infrastructure support such as better roads, transport,
storage etc. This would strengthen the rural household economy to withstand such economic shocks.
The analysis clearly indicates the need for supply and demand side interventions. In hard rock
areas, the low rainfall and limited supply of surface water sources are the major causes for the current
level of groundwater exploitation. The fact is that in India livelihood and natural resources are intricately
connected for a vast majority of the population. Therefore, the objective of the public policy should be
to maximise equity in access to the resource where it is plentiful and to minimise adverse ecological
effects in area under stress with minimum damage to the interests of the resource-poor.
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End Notes
i

Globally, agricultural groundwater use of around 900 cubic kilometers a year supports annual
output valued at $ 210 - $ 230 billion, yielding a gross productivity of about $ 0.23 - $ 0.26 per
cubic meter of water abstracted. However, much of this use is concentrated in Bangladesh, China,
India, Iran, Pakistan and the United States, which account for well over 80 per cent of global
groundwater use (CAWMA 2007:396).

ii

Several motives exist for this seemingly suboptimal choice – First, groundwater can be obtained
individually and has the resilience of aquifers to dry periods. Second, its positive effect on the social
and economic transition of many farmers and the protection groundwater provides against drought
have allowed poor farmers to gradually progress into middle class status (Llamas and Santos 2005).

iii

Cumulative well interference refers to the sum total effect of over-pumping of groundwater from
several wells resulting in reduction in the yield and water level in the surrounding wells
(Shivakumaraswamy and Chandrakanth 1997:1).

iv

According to Groundwater Estimation Methodology – 1997, in safe areas, the stage of groundwater
development is less than 70 per cent and there is no significant long-term decline of pre monsoon
or post monsoon water level trend. In semi-critical areas, the stage of development is 70-90 per
cent and water table during either pre or post monsoon shows a significant long term declining
trend. In critical areas, stage of groundwater development is more than 90 per cent and long-term
water level trend of either pre-monsoon or post monsoon shows a falling trend. Overexploited
areas where groundwater development is more than 100 per cent and long term water table trend
during both pre -monsoon and post-monsoon show significant declining trend (GoK 2005).

v

Debt -asset ratio is defined as the ratio between total debt outstanding of a household and the fixed
and durable assets the households own.

18

Recent Working Papers
163

Spatial Dimensions of Literacy and Index
of Development in Karnataka
C M Lakshmana

181

Efficiency and Bureaucracy
Anitha V

164

Rent-Seeking and Gender in Local
Governance
V Vijayalakshmi

182

Reproductive and Child Health
Programmes in the Urban Slums of
Bangalore City: A Study on Unmet Needs
fro Family Welfare Services
C S Veeramatha

165

Electronic Governance and Service
Delivery in India: Theory and Practice
S N Sangita and Bikash Chandra Dash

183

Demographic Change and Gender
Inequality: A Comparative Study of
Madhya Pradesh and Karnataka
C M Lakshmana

166

Affirmative Action and Political
Participation: Elected Representatives in
the Panchayats of Orissa
Pratyusna Patnaik

184

Increasing Ground Water Dependency
and Declinin Water Quality in Urban
Water Supply: A Comparative Analysis of
Four South Indian Cities
K V Raju, N Latha and S Manasi

185

Financing Rural Drinking Water Supply: A
Case Study of Karnataka
Veerashekharappa, K V Raju and S Manasi

Impact of Land Use Regulations on
Suburbanisation: Evidence from India’s
Cities
Kala Seetharam Sridhar

186

169

Employment Security of the Unorganised
Sector Workers in Karnataka
D Rajasekhar and J Y Suchitra

Socio-Economic Determinants of Women
Leadeship at the Grass - Roots
K C Smitha

187

170

Non-Agricultural Employment for Young
Women in India: Status, Opportunity and
Ways Forward
D Rajasekhar

Groundwater for Agriculural Use in India:
An Institutional Perspective
Sarbani Mukherjee

188

Comparative Study of Traditional Vs.
Scientific Shrimp Farming in West Bengal:
A Technical Efficiency Analysis
Poulomi Bhattacharya

189

Urban and Service Delivery in Bangalore:
Public-Private Partnership
Smitha K C and Sangita S N

190

Social Capital in Forest Governance
Regimes
Sangita S N

191

Agriculture in Karnataka: A Historical
View After the Fall of Serirangapatana
R S Deshpande and Malini Tantri

192

Personality Traits and Administrators
Anitha V

193

Sustainability of Indian Agriculture:
Towards an Assessment
V M Rao

194

Emerging Development Issues of Greater
Bangalore
G S Sastry

195

Rural Infrastructure Development Fund:
Need for a Track Change
Meenakshi Rajeev

196

Emerging Ground Water Crisis in Urban
Areas — A Case Study of Ward No. 39,
Bangalore City
K V Raju, S Manasi and N Latha

197

In Pursuit of India’s Export earning
advantage: An Assessment of IT-Enabled
Services Industry
Meenakshi Rajeev

198

A Patriarchal Link to HIV/AIDS in India
Skylab Sahu

167

168

171

Significance of Income Generating
Activities under Micro-Finance: A Study
of Micro-Finance Groups in Wayanad
District, Kerala
Emil Mathew

Community Contribution for
Enviornmental Sanitation: Myth or
Reality?
Veerashekharappa

172

Does Repayment Indicate the Success of
Micro-Finance Programme?
Emil Mathew

173

Community Participation in Rural Water
Supply: An Analysis Using Household
Data from North Kerala
Nisha K R

174

Urbanisation in a Forward Looking Statpe
of India: Patterns Issues and Policy
G S Sastry

175

Contract Labour Act in India: A Pragmatic
View
Meenakshi Rajeev

176

Issues of Unaccounted for Water in the
Urban Water Sector
G S Sastry

177

Liberalisation and Efficiency of Indian
Commercial Banks: A Stochastic Frontier
Analysis
H P Mahesh

178

Power Sharing in the Panchayats of
Orissa
Pratyusna Patnaik

179

Can Career-Minded Young Women
Reverse Gender Discrimination?
Alice W Clark and T V Sekher

180

People’s Participation in Environmental
Protection: A Case Study of Patancheru
Geetanjoy Sahu

199

Collective Action and Property Rights:
Some Critical Issues in the Context of
Karnataka
K G Gayathri Devi

213

Spatio-Temporal Analysis of Forests
Under Different Management Regimes
Using Landsat and IRS Images
Sunil Nautiyal

200

State, Society and Inclusive Governance:
Community Forests in Andhra Pradesh,
Karnataka and Orissa
S N Sangita

214

Traditional Knowledge System
(Medicine): A Case Study of Arakalgud
Taluk, Karnataka, India
B K Harish, K Lenin Babu

201

Urban Poverty and Links with the
Environment: An Exploration
K G Gayathri Devi

215

Tribal Movement in Orissa: A Struggle
Against Modernisation?
Patibandla Srikant

202

Groundwater Over-exploitation, Costs
and Adoption Measures in the Central Dry
Zone of Karnataka
Anantha K H and K V Raju

216

203

Changing Child Population: Growth,
Trends and Levels in Karnataka
C M Lakshmana

Technological Progress, Scale Effect and
Total Factor Productivity Growth in
Indian Cement Industry: Panel
Estimation of Stochastic Production
Frontier
Sabuj Kumar Mandal and S Madheswaran

217

204

Awareness About HIV/AIDS Among
Karnataka Woment: An Analysis of RCH
2002-04 Data
K S Umamani

Fisheries and Livelihoods in Tungabhadra
Basin, India: Current Status and Future
Possibilities
Manasi S, Latha N and K V Raju

218

205

The Microfinance Promise in Financial
Inclusion and Welfare of the Poor:
Evidence from Karnataka, India
Naveen K Shetty

Economics of Shrimp Farming: A
Comparative Study of Traditional Vs.
Scientific Shrimp Farming in West Bengal
Poulomi Bhattacharya

219

206

Structure of Central Himalayan Forests
Under Different Management Regimes:
An Empirical Study
Sunil Nautiyal

Output and Input Efficiency of
Manufacturing Firms in India: A Case of
the Indian Pharmaceutical Sector
Mainak Mazumdar, Meenakshi Rajeev
and Subhash C Ray

207

Poverty and Natural Resources:
Measuring the Links (Some Issues in the
Context of Karnataka)
K G Gayathri Devi

220

Panchayats, Hariyali Guidelines and
Watershed Development: Lessons from
Karnataka
N Sivanna

208

Federalism and Decentralisation in India:
Andhra Pradesh and Tamil Nadu
V Anil Kumar

221

209

Capital, ‘Development’ and Canal
Irrigation in Colonial India
Patric McGinn

Gender Differential in Disease Burden: It’s
Role to Explain Gender Differential in
Mortality
Biplab Dhak and Mutharayappa R

222

210

Gender, Ecology and Development in
Karnataka: Situation and Tasks Ahead
K G Gayathri Devi

Sanitation Strategies in Karnataka: A
Review
Veerashekharappa and Shashanka Bhide

223

211

Greenhouse Gases Emission and Potential
Corbon Sequestration: A Case Study of
Semi-Arid Area in South India
Lenin Babu and K V Raju

A Comparative Analysis of Efficiency and
productivity of the Indian Pharmaceutical
Firms: A Malmquist-Meta-Frontier
Approach
Mainak Mazumdar and Meenakshi Rajeev

224

Local Governance, Patronage and
Accountability in Karnataka and Kerala

212

Emerging Trends in Managing Drinking
Water – Case Studies of Coastal Villages
in Karnataka
Manasi S, Latha N and K V Raju

Price: Rs. 30.00

Anand Inbanathan

ISBN 81-7791-181-3

INSTITUTE FOR SOCIAL AND ECONOMIC CHANGE
Dr V K R V Rao Road, Nagarabhavi P.O., Bangalore - 560 072, India
Phone: 0091-80-23215468, 23215519, 23215592; Fax: 0091-80-23217008
E-mail: lekha@isec.ac.in; Web: www.isec.ac.in

