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Returns to Irrigation, Natural Resource Management, Research and Extension 

 
Lack of awareness about optimal groundwater extraction and utilisation among 

farmers, policies pertinent to rural electrification, weak institutions and governance in 
relation to groundwater, increasing rate of initial and premature failure/s of borewells 
exacerbated the magnitude of reciprocal negative externality are the factors 
responsible for increasing farmer investments on new irrigation borewell/s striking 
groundwater at deeper depths. Studies at University of Agricultural Sciences, 
Bangalore have indicated a conservative estimate, groundwater irrigation costs 
around Rs. 500 per acre inch (or hectare centimeter) on volumetric basis and Rs. 
10,000 per acre for less water intensive crop (vegetables/flowers) to Rs. 20,000 per 
acre for high water intensive crops (banana/paddy) on area basis. However, in the 
CACP/farm management surveys of the State Departments of Agriculture, irrigation 
cost is devoid of water cost in general and cost of groundwater irrigation in particular. 
The water rate charged for canal irrigation is also a poor reflector of the true cost of 
canal water (Nagaraj et al., 2003).Thus, even though there is physical/economic 
scarcity of groundwater signaled through costs/prices, they are not reflected in MSP 
as well as market price. Hence output/input prices are distorted which 
correspondingly result in distorted crop pattern and net returns for farmers.   

The resulting deterioration of groundwater resource has seriously impacted the 
over exploited hard rock areas (like Kolar district) and is continuing to damage other 
areas.  This calls for rational water policy towards sustainable use of groundwater and 
land resources for shaping the economy of marginal and small farmers who bear the 
brunt of weak institutions, markets and policies. This paper deals with resource 
economic costing of irrigation for different crops demonstrating estimation of costs 
and returns groundwater irrigation and natural resource management with 
implications on research, extension and policy. 
 
Costing Groundwater for Irrigation  
 

Paradoxically, even with innumerable number of organisations on water – such as 
Central Water Commission, Ministry of Water Resources, Central Groundwater 
Board, National water development authority, State Water Resource Departments, 
State Departments of Mines and Geology, urban and rural water supply development 
boards, efforts towards volumetric measurement of water applied are still crude and 
approximate. Thus, irrigation water cost is not properly accounted in any of the 
costing procedures including the Commission on Agricultural Costs and Prices 
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(CACP) which have no adequate information on water use in the RT forms.1 
Therefore there are no compelling reasons to accept that the costs of cultivation and 
the MSP are properly estimated, and they are grossly underestimated. The CACP 
methodology at best computes depreciation of irrigation structure over number of 
years which is subjective and left to the discretion of field assistant who obtains data 
from farmers. This study provides details of costing groundwater resource for 
irrigation considering the hard rock areas of Karnataka.  
 
Limitations of the CACP Methodology on Costing Irrigation Water 
 
To cost account irrigation water, the current methodology followed by CACP 
computes depreciation over number of years (which is subjective as it is not 
mentioned in the RT forms). For example, if an irrigation borewell is drilled in 2005 
and is still yielding water, and if the data are collected in 2012, then the age at present 
will be 7 years. The remaining life of the irrigation borewell has to be estimated, for 
which no basis has been given. For instance in one of the RT forms, life of the well is 
recorded as 20 years and the remaining life is 20 – 7 years = 13 years. If the 
investment made on the borewell is Rs. 40000, the junk value is taken as 10 per cent 
of the investment as = Rs.4000. Thus, the value of borewell is taken as Rs. 40000 – 
Rs 4000 = Rs. 36000.The annual depreciation is calculated as 36000/20 = Rs.1800. 
The value of borewell at present (in 2012) is recorded as Rs. 1800 *13 years of 
remaining life = Rs. 23400.  In the similar way, the value of IP set/s is worked out. 
Keeping apart the poor basis of computation of depreciation, the methodology 
ignores the ground reality of increasing cost of groundwater irrigation in hard rock 
areas due to increasing negative externalities exacerbated due to mushrooming of 
irrigation borewells in violation of the isolation distance. 
 
Sampling 
 

The sample farmers from Chitradurga and Kolar districts representing central dry 
zone and eastern dry zone, respectively were selected. Field data from 30 sample 
farmers each, representing supply side groundwater intervention (i.e. farms with on-
farm or point borewell recharge) and groundwater institution (farms with shared 
irrigation borewell/s among heirs) were selected. To represent demand side 
interventions such as micro irrigation, 30 sample farms with drip irrigation for broad 
spaced crops and 30 sample farms with drip irrigation for narrow spaced crops were 
selected. Field data on cropping pattern, land holdings, source of irrigation, 
investment on irrigation borewell, investment on micro-irrigation structure, 
investment on recharge structure, cost and returns of various crop and livestock 
enterprises for the agricultural year 2012-13, considered as normal rainfall year was 
elicited. 
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Why and How to Cost Account Groundwater Irrigation 
 

After 1990, increasing probability of initial and premature failure of 
borewells/tubewells have made it indispensible to treat investment on drilling and 
casing of irrigation wells as variable cost which was hitherto considered as fixed cost. 
Thus, total cost of groundwater irrigation can be divided into variable cost and fixed 
cost component. Though, farmers are not charged for electricity to pump groundwater 
for irrigation, they still incur the component of variable cost due to increased drilling 
of borewells on the farm due to high rate failures. The variable cost of groundwater 
represents the cost of drilling and casing since farmers are forced to invest on new 
borewells due to high probability of initial and premature failures. However, as the 
farmers use the irrigation pumpsets and accessories, conveyance structure, drip 
irrigation, borewell recharge, water storage structure, and electrical installation, 
investment on these are considered for depreciation for around ten years, irrespective 
of failure of irrigation wells. The variable cost and fixed cost is divided across 
volume of groundwater used for irrigation. The labour cost of irrigation is considered 
along with labour costs of other cultural operations. The annual cost of irrigation 
thus, pertains to amortised variable cost of all irrigation borewells on farm. This total 
cost of irrigation is then apportioned for each crop according to the volume of 
groundwater used in each crop. Thus, cost of irrigation per acre-inch or ha cm = 
[Total annual cost of irrigation]/ [volume of water used for the crop in acre inches of 
groundwater used]. 
 
Life of Well 
 

Initial failure of borewell refers to a borewell which failed to yield any 
groundwater at the time of drilling and thereafter. Subsistence life of borewell refers 
to the number of years a borewell yielded groundwater for the Pay Back Period 
(PBP). The payback period is obtained by dividing the sum of the total investment on 
drilling, casing, IP set, conveyance structure, storage structure, drip/sprinkler 
structure, recharge structure, electrification charges of borewell by the annual returns 
per farm. The hypothesis is that an irrigation borewell is considered to have served its 
purpose. This implies that PBP indicates the period in which a borewell recovered the 
investment made. Premature failure refers to the borewell which served below the 
subsistence life or the PBP. Economic life/age of borewell refers to the number of 
years a borewell yielded groundwater beyond the PBP.  
 
Amortised Cost of Borewell 
 

The annual share of groundwater irrigation cost was obtained by amortization. 
The investment made on borewell exploration equal to the cost of drilling and casing 
renders as a variable cost and investment on IP sets and accessories and other costs of 
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electrification as a fixed cost. This variable cost or investment is amortized over the 
average life/economic life of the well whichever is pertinent. Thus, the amortized cost 
varies with amount of capital investment, age of the borewell, discount rate and year 
of construction/drilling of borewell. The amortisation methodology suggested by 
Palanisami employed by Diwakara and Chandrakanth (2007) is used in this study.  
 
Compounding Investment on Borewells 
 

Since, farmers invest on irrigation well/s during different time periods, their wells 
have different vintages. In the study, it was found that the investment on borewells is 
increasing at the compound growth rate of 2 per cent by comparing the investment 
made on the first well and the last well on farms. Thus, in order to bring all historical 
costs on borewells on par, investments made by different farmers in different years, 
were compounded to the present (2013) at a discount rate of two per cent. The 
compounded investment is later divided into the fixed cost component (= irrigation 
pumpsets plus conveyance structure, drip irrigation structure and so on) amortizing 
over ten years, plus the variable cost of drilling and casing the borewell, amortized 
over the actual life of borewell, since farmers lose drilling cost and casing cost once 
the well fails. Hence, these two costs are separately amortized to obtain the yearly 
variable cost and fixed cost of irrigation borewell.   

The amortized cost of borewell was worked out as under: 
Amortized cost of irrigation   = (Amortized cost of Borewell + Amortized cost of 
pump set + Amortized cost of conveyance + Amortized cost of over ground structure 
+ annual Repairs and maintenance cost of pump set and accessories) given by 
 

Amortized	cost	of	BW = (Compounded	cost	of	BW) 	× (ଵା୧)ఽై×୧
(ଵା୧)ఽైିଵ]

    ….(1) 
 
where, 
AL= Average Age or life of borewell, i = 2 per cent 
 

Compounded	cost	of	B
= (Historical	investmenton	BW) 	× (1 + i)(ଶ଴ଵଷି୷ୣୟ୰	୭୤	ୢ୰୧୪୪୧୬୥) 

 
Amortized	cost	of	Pumpsets	and	Accessories =
(Compounded	cost	of	P	and	A) 	× (ଵା୧)భబ×୧

(ଵା୧)భబିଵ]
     ….(2) 

 
The working life of Pumpsets (P) and Accessories (A) is considered to be ten 

years since farmers used them for at least 10 years. 
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Compounded	cost	of	Pumpset	and	Accessories
= (Historical	cost	of	P	and	A) 	
× (1 + i	)(ଶ଴ଵଷି୷ୣୟ୰	୭୤	୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬	୭୤	୔	ୟ୬ୢ	୅) 

 
Amortized	cost	of	conveyance	structure	(CS) 

= (Compounded	cost	of	CS) 	× (ଵା୧)భబ×୧
(ଵା୧)భబିଵ]

                  ….(3) 
 

The working life of conveyance structure (CS) is considered as 10 years. The 
usual mode of conveyance of groundwater is through PVC pipe 

 
Compounded	cost	of	CS

= (Historical	cost	of	CS) 	× (1 + i)(ଶ଴ଵଷି୷ୣୟ୰	୭୤	୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬୭୤	ୌ) 
 
Amortized	cost	of		micro	irrigation	structure 

= (Compounded	cost	of	MIS) 	× (ଵା୧)భబ×୧
(ଵା୧)భబିଵ]

  ….(4) 
 

The working life of micro (drip) irrigation structure (MIS) is considered to be 10 
years since farmers usually replace them after 10 years. Here  

Compounded	cost	of
= (Historical	cost	of	MIS) 	
× (1 + i)(ଶ଴ଵଷି୷ୣୟ୰	୭୤	୧୬ୱ୲ୟ୪୪ୟ୲୧୭୬	୭୤	୑୍ୗ) 

 
As a coping mechanism to endure with the persistent problems imposed by 

variations in supply of voltage in electricity to run irrigation pumps and supply of 
electricity during off- peak load hours and low yields of borewell, farmers have built 
over ground storage structures. The amortized cost of over ground storage structure is 
estimated as under 

 
Amortized	cost	of	overground	storage	structure 

= (Compounded	cost	of	OSS) 	× (ଵା୧)భబ×୧
(ଵା୧)భబିଵ]

  ….(5) 
 
Compounded	cost	of	OSS

= (Historical	cost	of	OSS) 	
× (1 + i)(ଶ଴ଵଷି୷ୣୟ୰	୭୤	ୡ୭୬ୱ୲୰୳ୡ୲୧୭୬	୭୤	୓ୗୗ) 

 
Amortized	cost	of	borewell	recharge	structure	 

= (Compounded	cost	of	BRS) 	× (ଵା୧)ఽై×୧
(ଵା୧)ఽైିଵ]

     ….(6) 
 
Here, AL= Average life/ age of borewell  
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Compounded	cost	of	Borewell	recharge	structure	BRS
= (Historical	cost	of	BRS) 	
× (1 + i)(ଶ଴ଵଷି୷ୣୟ୰	୭୤	ୡ୭୬ୱ୲୰୳ୡ୲୧୭୬	୭୤	୆ୖୗ) 

 
Yield of Irrigation Borewell 
 

The groundwater yield of borewells was calculated by recording the number of 
seconds taken to fill a bucket or over ground storage structure of known volume. 
Before recording, the borewell was put on for ten minutes so that the initial pump 
yield bias is avoided. This was linearly extrapolated to obtain the groundwater yield 
in gallons per hour.  
 
Groundwater Use in Conventional Irrigation System 
 

The acre-inches (or ha cms) of groundwater used for each crop in each season 
(summer, kharif, rabi) in conventional system of irrigation is estimated as = [(area 
irrigated in each crop) * (frequency or number of irrigations per month) * (number of 
months of crop) * (number of hours for one irrigation for the cropped area in 
question) * (Average yield of borewell in Gallons Per Hour)] /22611= groundwater 
use for each crop in acre inches.  
 
Groundwater Use in Drip and Sprinkler Irrigation System 
 

The groundwater used for irrigation in each crop (acre inches) in Drip irrigation = 
{Number of drips or emitters for the cropped area X groundwater discharged per 
emitter per hour (liters per hour) X No. of hours to drip irrigate the cropped area for 
one irrigation X frequency of irrigations per month (in number) X Duration of crop 
irrigated in months /4.54/22611}. 

The groundwater used for irrigation in each crop (acre inches) in sprinkler 
irrigation = {Number of sprinklers for the cropped area X No. of hours to irrigate the 
cropped area for one irrigation X groundwater discharged per sprinkler (in liters per 
hour) X frequency of irrigation per month (in number) X Duration of crop irrigated in 
months  /4.54/22611}. 

One acre inch is equivalent to 22611 gallons or 3630 cubic feet and one cubic feet 
is equivalent to 28.32 litres. Total groundwater use per farm is total acre inches of 
groundwater used in all seasons across all crops including perennial crops. 
 
Annual Cost of Irrigation 
 

In Karnataka, farmers using irrigation pumpsets (below 10 hp capacities) for 
groundwater are not charged for electrical power. Government of Karnataka however, 
imposed a flat charge of Rs. 300 per hp per year up to 10 hp pump set since April 
1997. However, the KPTCL/Government of Karnataka have been soft towards 
seeking electricity dues from farmers for the reasons of political economy. Hence, 
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there are no explicit payments towards electricity for pumping groundwater, other 
than annual operation and maintenance charges of the irrigation pump set and 
borewell up to 10 hp. 

The electricity tariff for Irrigation Pumpsets: Instead of tariff, there is subsidy. 
The amount of subsidy to be paid by the Government towards free supply of 
electricity to 21.06 lakhs Irrigation Pumpsets below 10 hp, and 22.90 lakh 
Bhagyajyothi / Kuritjyothi households is increased to Rs.5381 crores for 2013-14 
from Rs.4722 crores paid for 2012-13. The bulk of this increase is on account of the 
increase in the consumption of Irrigation Pumpsets users which are going up from 
15318 million units estimated for 2012-13 to 16679 million units in 2013-14.2   

However, the implicit cost of irrigation is relevant for farmers in hard rock areas 
due to high probability of initial and premature borewell failure, which forces farmers 
to invest in additional borewell(s) to at least remain on the original production 
possibility curve. The investment on failed borewells is increasing due to violation of 
isolation distance between irrigation borewells, over extraction or mining of 
groundwater, lack of efforts to recharge groundwater, and reciprocal negative 
externality. The resulting transaction costs are due to forced investment on drilling 
and casing of additional borewells, since borewells drilled failed initially or 
prematurely to yield groundwater. 
 
Returns to Groundwater Irrigation 
 

The cost of cultivation is obtained as the sum of cost of human labour, bullock 
labour, machine hours, seeds and fertilisers, application of manure, plant protection 
measures, bagging, and transporting, cost of irrigation for each crop, interest on 
working capital @ seven per cent, risk premium @ two per cent and management 
cost @ five per cent on variable cost. Gross return for each crop is the value of the 
output and the by product at the prices realised by farmers. 

Net returns from borewell irrigation are the gross returns from gross irrigated area 
minus the cost of production of all crops. The cost of cultivation of all crops in this 
study accordingly includes the cost of irrigation explicitly since volumetric 
measurements of groundwater applied are made for all crops. 
 

RESULTS 
 

The average size of land holding was the highest among farmers who have 
artificially recharged irrigation well/s on the farm (15 acres) in Central Dry Zone 
followed by farms with drip irrigation connected to narrow spaced crops in Eastern 
Dry Zone. Accordingly, the gross irrigated area and net irrigated area was also the 
highest among borewell recharge farms compared with all other categories of sample 
farmers. The volume of groundwater extracted per farm was the highest among 
borewell recharge farms (140 acre inches) followed by shared well farms (88.75 acre 
inches).  
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The variable cost of groundwater per acre inch was the highest for farms 
connected to narrow spaced crops in Eastern Dry Zone (Rs. 2089 per acre inch) 
forming 71 per cent of the total water cost, while fixed cost component forms (Rs. 
865 per acre inch) the remaining 29 per cent. The next in the hierarchy was the farms 
connected with drip serving broad spaced crops in Central Dry Zone, where the 
variable cost component formed 69 per cent and fixed cost component formed 
remaining 31 per cent. The total cost of water on borewell recharge farm was Rs. 586 
per acre inch. Out of the total water cost, variable cost formed 43 per cent; the lowest 
among all the sample category and fixed cost formed remaining 57 per cent. The total 
cost of groundwater was lowest among shared well farmers which were to the tune of 
Rs. 358 per acre inch with variable and fixed cost forming 56 and 44 per cent, 
respectively.  

 
Economics of Groundwater Irrigation 
 
     The cost of groundwater irrigation formed 11 to 22 per cent of the total cost of 
cultivation of broad spaced crops with drip irrigation (Table 1). In absolute terms the 
cost of groundwater irrigation varied from Rs. 7269 per acre of coconut to Rs. 23601 
per acre in papaya. The cost of groundwater irrigation formed 13 to 36 percent of the 
total cost of cultivation considering drip irrigation for narrow spaced crops (Table 2). 
In absolute terms, the cost of groundwater irrigation ranged from Rs. 7321 per acre of 
cauliflower to Rs. 25944 per acre of beans. What is crucial to note is that the cost of 
groundwater forms substantially lower proportion of total cost in all crops on farms 
with on farm borewell recharge. For instance, the groundwater cost ranged from 4 to 
9 per cent of the total cost of cultivation. In absolute terms, the groundwater cost 
ranged from Rs. 1416 per acre of onion to Rs. 9458 per acre of papaya (Table 3). The 
groundwater cost formed the lower proportion of the total cost in all the crops on 
farms sharing irrigation well water among siblings. The ground water cost ranged 
from 1 to 16 per cent of the total cost of cultivation. In absolute term, the 
groundwater cost ranged from Rs. 1175 per acre of maize to Rs. 10642 per acre of 
arecanut (Table 4).  

The net returns per acre inch of groundwater used was the highest among those 
sample farmers with drip irrigation for narrow spaced crops (Rs. 7610) followed by 
farmers with drip irrigation for  broad spaced crops (Rs. 7398). The net returns per 
acre inch were Rs.3674 on borewell recharge farms. The economic efficiency 
reflected in terms of net returns per rupee of irrigation water cost was the highest 
among farmers who shared their groundwater among their relatives (Rs. 10.83) 
followed by farms with on-farm borewell recharge technology (Rs. 8.17), whereas 
the net returns per rupee of groundwater cost was Rs. 5.08 for farms with drip 
irrigation for broad spaced crops (Rs. 5.08) and Rs. 2.57 for farms with drip irrigation 
for narrow spaced crops (Table 5). 
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CONCLUSION 
 

The groundwater irrigation cost ranges from 11 per cent to 36 per cent of the total 
cost across different crops cultivated. At present, since the groundwater irrigation 
cost is not computed while working out the cost of cultivation; the net returns are 
over estimated to the extent of the cost of groundwater. Hence, in hard rock areas, as 
groundwater is a vital source of irrigation, groundwater cost needs to be computed at 
least for food crops, in order that their MSP properly accounts for the cost of the 
natural resource and is accordingly paid for. It is crucial to revise the methodology 
followed by CACP, NABARD, Commercial Banks, Cooperatives and State 
Departments by properly accounting for cost of groundwater as suggested in this 
study. Further this calls for capacity building programmes for policy makers, farmers 
and  stake holders  regarding the  costing  methodology of  groundwater as well as the 
need for wise use/sustainable use of groundwater in order that the cost of 
groundwater is well contained as in the case of borewell irrigation with recharge. 
This needs the support of agricultural extension/irrigation extension through creation 
of Irrigation Management Service (on lines of Arizona groundwater management) 
which can educate farmers and stake holders regarding all aspects of groundwater 
resource, extraction, sustainable use, irrigation as well as the recharge and the 
economics of irrigation. The band of agricultural engineering graduates from SAUs 
needs to be utilised for educating farmers in this regard. 

 
NOTES 

 
1. The RT 440 of CACP, has the information pertaining to type of well, number of wells, HP of pump, 

command area irrigated, percentage owned, year of drilling, age at present, remaining life, amount invested, value at 
present, salvage value. However there is no information on expected age or life of wells which is subjective and is 
assumed to be 10 or 20 years as left to the discretion / imagination of Field Assistant who collects the data. RT 441 
deals with change in well, and indicates when the well destroyed (or failed), when new well was constructed. There is 
no information on volume of groundwater yield of well/s extracted by farmer. 

2.   https://www.karnataka.gov.in/kerc/court-orders/court-orders-2013/tariff_order_13-14/press_note/press_note 
_english.pdf browsed on 18th July 2014. 
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