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GLOSSARY OF THE TERMS USED IN THE STUDY

Al: refers to the volume of groundwater spread over an area of one acre, one inch deep.

AL: Average life of an irrigation well which is the average number of years a well served (in
Years) as on 1997

BW: is a borewell drilled from surface with a diameter of 6” and is provided with casing up to the
required depth. The groundwater is lifted from submersible pump to the surface.

Cubic meter or M° refers to the volume of irrigation water applied in M

DCF: Discounted Cash Flow measures namely internal Rate of Return (IRRIGATION ) |
Discounted Benefit Cost Ratio (DCBR) and Net Present Value (NPV), used to evaluate long
term investments where in cash inflows and cash outflows are made over time. These
measures incorporate the time value of money.

DW: is dug well or open well constructed with or without lining having circular/ rectanguiar/
square or trapezoidal shapes. The groundwater is lifted by centrifugal pump placed inside the
well at some height.

STZ: Southern Transitional Zone.

GIA: is the gross area irrigated, refers to the total area by bore wells throughout the year. GIA
and GAl are used synonymously to mean gross irrigated area or gross area irrigated. Since
majority of the farmers in Channagiri grow arecanut which is a perennial crop, the area under
arecanut is counted only once. The area under other crops which are irrigated are also
considered here along with the arecanut area.

GPH: Gallons Per Hour.

HWIV: refers to a village with the largest number of wells per million cubic metre of groundwater.
LWIV: refers to a village wiht iowest number of wells per million cubic metre of groundwater.
MC: The marginal cost (MC) of an additional unit of an input applied. The MC of groundwater

is equal to the total irrigation cost on the farm divided by the total water used on the farm.

MR: Marginal returns from an additional unit of an input in acre inch of groundwater for
groundwater as input and in Re. of amortized cost when irrigation cost is used as an input.

NR: Net Retums: The profits obtained net of production, irrigation and apportunity costs of
dryland and negative externality costs.

QUARTER: Each consists of 25 percent of the farmers. The 25 percent of the farmers are
grouped , after arranging the farmers according to the descending order of magnitude of
groundwater use per farm. Thus , there are four quarters, totaliing to 100 percent . Since the
classification is based on groundwater use per farm, the quarters subsume the scale effect on
the use of groundwater for irrigation.

SF : Small farmers are those whose GIA is less than 5 acres.
LF: Large farmers are those whose GIA is more than or equal to 5 acres.
Drip irrigation farms: Farms irrigating their arecanut crop through drip irrigation.

Flow irrigation farms: Farms irrigating their arecanut crop through flow irrigation.
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CHAPTER

INTRODUCTION

Accessibility to investments in irrigation gets polarized due to the prohibitive
costs involved in extraction, irrespective of the groundwater irrigation potential.

Considering an investment of at least half a lakh rupees for an irrigation well ceteris

paribus the availability of desirable volume of the right quality groundwater for a
reasonable number of years, small farmers who form 70 percent of the farming
community, find it difficult to mobilize funds towards the endeavor. Thus, inequity
in access to groundwater irrigation exists by default. Further, access to groundwater
greatly depends upon the degree of recharge which is influenced by the proximity of
irrigation well(s) to surface water bodies like irrigation tanks (katte, kola, halla,
Jari, done, sone, suranga, kalyani, kunte, and so on). Thus, inequity in access to
groundwater gets exacerbated if the surface water bodies do not influence the
groundwater recharge which is influenced by other hydrogeological factors. The
synergistic relationship between groundwater occurrence in irrigation wells and
surface water occurrence in surface water bodies is both through recharge and
supplies to surface flows from groundwater aquifers. It is estimated that one third of
the river flow is from groundwater aquifers and this is the most stable component of
the surface water flow!. The synergy between surface water and groundwater

resources becomes even more vital in areas dominated by hard rock geological

! (FAO, Food Production: The critical role of water, Technical background document, World
Food Summit, 1996, FAO, Rome, Italy (downloaded from
http:/ /www.fao.org/wfs/final/e/volume2/t07a1-e.htm).


http://www.fao.Org/wfs/final/e/volume2/t07al-eMm

formations which receive low and erratic rainfall and where perennial sources of

surface water like rivers do not exist. According to the FAO document=,

“In arid and semi-arid areas, where aquifers are not always or are simply
connected to the river network and where surface water is rare and unevenly
distributed, groundwater may provide a source of water. Groundwater generally
serves as a buffer against seasonal shortfalls in rainfall. It is in this role, for example
that groundwater helps to insulate the agricultural economy of the North (South)
Indian subcontinent from fluctuations in the monsoon climate. However, some of the
most important food producing regions are currently overpumping groundwater
and depleting aquifers. The current trend shows that this is the case in most arid
areas (e.g. Asia, Mexico, the Near East, North Africa and the Western United-
States)”.

Hence for areas which are largely distant to perennial river fiow, and
dominated by poor groundwater recharge due to hard rock geological formations,
the synergy between surface water bodies and groundwater contributes for
economic security of the farmers. In such areas, the inequity and negative
externality (negexternality) endured by different classes of farmers are of prime
concern for resource economics of sustainable development. Tt is in such areas that
farmers having benefited from groundwater irrigation wish to sustain by being
resilient to the increasing economic scarcity of groundwater through mechanisms to
cope with scarcity. Several coping mechanisms facilitate sustenance of groundwater
irrigation in hard rock areas. The prevailing crop pattern supporting the food and

economic security systems of the farmers and the level of groundwater scarcity

conjointly determine the profiles of coping mechanisms adopted by farmers.

¢ Op.cit, 1996



SCARCITY AND MARKET FORCES

Farmers operate between economic scarcity of groundwater and the market
forces for crops reflected by the product prices. To be explicit, their decision making
is a function of how close their marginal product of groundwater is to the ratio of
price of groundwater to product price (= relative price of input to output). Further,
this depends upon the technological development in water use in different types of
crops. In areas dominated by narrow spaced seasonal crops, even if the efficient
groundwater use structure like drip irrigation is available, it cannot be used
effectively, since drip irrigation technology developed (at least in India) is not suited

for narrow spaced seasonal crops.

Karnataka has a tradition of preserving two perennial crops considered to be
providing good omen - the coconut and the arecanut. Coconut (garden) - the
Kalpavriksha is maintained since (i) offering coconut to deities dates back to the vedas;
(ii) coconut is used by people of all classes fairly regularly in their menu and (iii) all
parts of the tree serve specific purposes with definite economic values. Similarly,
arecanut-betelevine system provides arecanut and betel leaves, both of which are
auspicious, and served with coconut to the deities and guests with reverence. Thus, both
the crops have religious, traditional, commercial and economic importance to farmers
cultivating them. Thus, the fact that arecanut crop is to be preserved at any cost is an
institutional factor and farmers in general admit that in the long run they have stood to

gain economically and instances of fotal loss are seldom reported?. While coping

3 However, there was one farmer in this study who had cut down all the areca trees on one acre of
land from one fragment owing to acute scarcity of groundwater for irrigation due to foailure of
irrigation well. However, the farmer continued to raise arecanut in another patch as he could
provide protective irrigation to the crop.
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mechanisms are a function of the relative prices, institutional and historical factors
linked with the cultivation of crops like arecanut play a crucial role in deciding the
water used. Despite increasing interference among irrigation wells, investment by
farmers on additional well(s), drip irrigation and water delivery to cope with the

scarcity bear a testimony to sustenance the cultivation of arecanut.

Earlier studies initiated by the ford foundation in the Department of Agricultural
Economics dealing with groundwater scarcity as determined by the degree of well
interference and groundwater exploitation, concentrated on the dry agro climatic zones
of Karnataka in the taluks (and villages) where the number of irrigation wells per unit

volume of groundwater are the highest (and compared with the lowest).

A major hypothesis of this study is that the magnitude of investment on coping
strategies (inter alia investments on water transfers, drip irrigation, water storage
tanks, water conveyance pipes and on additional wells, by farmers reflects the degree of

economic scarcity of groundwater,

In Channagiri taluk of Shimoga district, groundwater extraction through
borewells began since the early seventies, after the efforts to tap the resource from the
existing dug wells by deepening and / or inboring failed to bear results (in villages
Goppenahalli and Bussenahalli where the number of wells per MCM of groundwater is
large). Basically, the groundwater irrigated agriculture in Channagiri - in these villages
is targeted at sustaining arecanut - betelvine farming. Mere economics alone does not

answer the factors for sustaining areca gardens at costs colossal to farmers.

In Channagiri, farmers considered owning arecanut orchard as a prestige. All the

investments made by farmers to sustain areca gardens by way of frequent investments



in groundwater and associated irrigation structures (systems) can be considered as

farmers' efforts to be economically resilient.
Uniqueness of the Resource

The uncertainties in groundwater availability is mainly due to the
hydrogeological factors like rock type, aquifer, topography of the area, surface water
bodies, streams, rivers which are location specific. Surface water bodies, streams,
rivers have a pervasive influence on groundwater availability and recharge which is
taken as proxy to determine the availability of groundwater in the region. With all
the advantages associated with surface water, there are certain inherent limitations
in its use arising from inter alia disputes over surface water between states,
countries; huge investments involved in major irrigation projects; inequities in

access have made groundwater a vital resource.
CROPPING PATTERN

Channagiri taluk in Shimoga district (from 75°-45' to 76°-54' latitude to 13°49' to
14°10' longitude, elevation 450-800 meters), has an area of 1210 sq kms with a
population of 2.57 lakhs. Red sandy loamy soils form the major soil type. The taluk is
in Krishna basin and receives a low rainfall of 808 mm. Out of the net sown area of
73,014 hectares in Channagiri, 11 percent is irrigated by minor irrigation sources.
The gross irrigated area is 9856 hectares of which 60 percent is irrigated by 1942
groundwater wells. The irrigation wells in Channagiri form 33 percent of the total
number of wells (5907) in Shimoga district. Even though the district has the largest
area (57,479 hectares) under irrigation tanks in the State (2,69,023 hectares), forming

21 percent, Channagiri has a few (133) irrigation tanks irrigating 40 percent of the
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irrigated area in the taluk. There are no anicuts, pickups or lift irrigation schemes

operating in the taluk. The area under arecanut in Channagiri taluk is 1800 hectares.

Virtually with no support from rainfall and surface irrigation sources,
farmers ventured on to cultivation of arecanut-betelvine centuries ago, largely
depending upon groundwater irrigation wells. With a meager rainfall of 800 mm, the
major source of recharge of groundwater is through irrigation tanks. There has been
large scale encroachment of irrigation tanks and coupled with erratic distribution of
rainfall, the tanks rarely fill up, which reduces the groundwater recharge. Farmers
however fully recognize that their wells are recharged largely by irrigation tanks
and hence application of tank silt as a tradition has continued in the area. However
this also has not augmented recharge, since water flow to irrigation tanks has been
affected due to series of encroachments. The erratic rainfall has exacerbated the

predicament.

Arecanut a perennial commercial crop, occupies 1800 hectares. Arecanut
cultivation has been lucrative and stable since many decades and the '‘Bette' arecanut
from Channagiri commands a good price due to its unique quality. While growers
realize a net profit of around Rs. 40000 per acre, the processing of arecanut, largely
attended to by women, have also been benefited as the wages are paid in kind
(arecanuts) in the groundwater irrigated area of Channagiri. Here, dependence on
monsoonal rainfall during the rainy season alone does not guarantee sustainability
of the crop, especially during summer. Considering the crops which use large
volumes of water (paddy and sugarcane), the total area under paddy has reduced
marginally from 3852 hectares in 1984 to 3665 hectares in 1994, while that under
sugarcane declined from 136 hectares in 1984 to 72 hectares in 1994. This shows that

the total volume of water in Channagiri taluk may not have reduced significantly,
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due to the receipt of 800 mm rainfall in the southern transitional belt. In addition,
the presence of the largest irrigation tank in the world (Shantisagara) enables

farmers to maintain areas under water intensive crops such as paddy.

Even though the water availability on the basis of the entire taluk is not at
stake, the groundwater scarcity is apparent in certain pockets where this study is
concentrated. Even though Channagiri is classified as a white area (i.e. where less
than 85 percent of the groundwater recharge is used), there are dark (Goppenahalli,

Pandomatti and Devarahalli) and grey patches.

Use of groundwater for irrigation in Channagiri taluk is closely linked with
the Arecanut - Betelvine cropping system. Cultivation of Arecanut has been a
symbol of status since age old days. Favorable prices for arecanut and its

commercial importance have increased its importance.

The major objective of this study is to examine the resource economics of
groundwater use for irrigation where interactive effects of irrigation wells induce

the farmers to cope with the economic scarcity of groundwater.

The specific objectives of the study are:

1. To identify and analyze the coping strategies followed by farmers in

response to decline in groundwater

2. ‘Feanalyzeamd appraise the economic feasibility of investment on the

coping mechanisms

3. To examine the economic implications of groundwater scarcity on cropping

pattern, employment and income.



HYPOTHESES OF THE STUDY
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Objective

Hypotheses

1. To identify and analyze the
coping strategies followed by
farmers in response to decline

in groundwater

1. Magnitude of investment on coping strategies

(investments on water transfers, drip irrigation,
water storage tanks, water conveyance pipes and
on additional wells, Shifts in cropping pattern)
reflects the degree of economic scarcity of

groundwater.

. Farmers who have invested in water transfer from

fairly long distances and/or in drip irrigation, are

facing acute economic scarcity of groundwater.

2. To analyze and appraise the
economic feasibility of
investment on the coping

mechanisms

. The investment on coping mechanisms is

economically viable even after considering the
negative externality costs of cuamulative well

interference.

. Economic scarcity of groundwater has lead to shift

in cropping pattern towards low water use crops.

3. To examine the economic
implications of groundwater
scarcity on cropping pattern,

employment and income.

. Economic scarcity of groundwater due to

cumulative well interference is dampened by the
influence of recharge through surface water bodies

in proximity.

. Cumulative well interference and lack of efforts

towards groundwater recharge have both lead to

economic scarcity of groundwater.

3. The income and employment are largely affected

by the degree of economic scarcity of groundwater.

4. The magnitude of investment to cope with the

economic scarcity reflects the capacity to be

resilient.
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CHAPTER 11

REVIEW OF LITERATURE

The research studies relating to coping mechanisms adopted by farmers in

response to economic scarcity of groundwater are presented.

Study by Thamodaran, Bhide and Heady (1982) in southern parts of
TamilNadu (Udangundi block in Tirunelveli district), shows that farmers have
devised two methods to increase the water holding capacity of light textured soil and
have succeeded in raising three crops of paddy a year in the place of a single crop of
banana. The two improved water management systems involved are i. concrete
system and ii. silt system. The concrete system involves laying a concrete layer two
feet beneath the top soil and raising a four feet high, five inch thick masonry wall
around the field. The silt system involves_ raising a 4 feet high, 5 inch thick maéonry
wall around the field followed by addition and mixing of fine silt to the existing
sandy soil. The results indicated that both concrete and silt system are economically
feasible in agro-climatic situation analyzed. Silt system was found to be more

profitable.

\ Sivanappan and Kottiswaran (1985) reported 63 per cent savings in water in
drip irrigation when compared to conventional surface irrigation for young coconut
trees in India. Yield increased by 60 to 70 per cent within a year of installation of the

drip system.
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Cevik et al (1988) tested two irrigation methods in 1983 and 1984. Water use

efficiency was greater with drip irrigation and the system saved 50 per cent water

for banana crop.

Omar (1989) examined theory, history, economics, evaluation and applications
of the conjunctive use of surface and groundwater. Feasibility and institutional
implications of irrigated agriculture are illustrated by case histories from USA,
Pakistan, China and other countries. Particular attention is paid to the concept of
externality- costs borne by society or by persons other than those whose actions
occasioned them. Various remedies like institutional arrangements , management
methods, investments in irrigation and drainage as well as plans for pricing taxation

and regulation are discussed.

Caswell et al (1990) conducted a study on the effects of pricing policies on water
conservation and drainage in western San Joaquin Valley in California emphasizing
on the relative importance of conservation. Adoption of water conserving irrigation
technologies is often cited as a key to dealing with growing pressure on water
supplies in Western Unifed States. Increase in water use efficiency can be simulated
through increased water prices, adoption of water conserving irrigation
technologies and imposition of pollution taxes. The author concludes that
environmental consideration may become a major incentive for adoption of water-

conserving irrigation technologies such as drip and sprinkler irrigation methods.

Dixon and Iloyd (1990) examined groundwater extraction in Kern county of
California. A detailed model of the aquifer agricultural water demand functions in
Kern county is used to estimate the difference between the myopijc angd socially

optimal solutions. In terms of discounted present value, the difference is found to be
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small. The study found that choice of irrigation technology is quite sensitive to
water price. Cropping pattern is also influenced by water price but to a lesser
degree. Water demand is found to be relatively insensitive to water price in the
observed range of prices. Farmer attitudes toward groundwater were also examined.
Farmers do not attribute a significant user cost to groundwater and seem to behave
as though they were myopic. A primary reason is that the farmers feel their

groundwater pumping has no impact on the drilling depth.

Singh (1992) discusses the policy implications for agricultural development
strategy. The analysis has shown that inadequate rainfall and extension of area
under paddy have been two principal reasons for decline in groundwater tables in
Punjab. Changing the cropping patterns, particularly rice, for less water demanding
crops, is necessary for Punjab (Singh, 1989). In this context, extension of ‘sugarcane’
an annual crop in place of paddy-wheat combine may be economical to the farmers
and water saving as well. Two thirds of the irrigated agriculture in Punjab depends
on groundwater irrigation alone. The large dip in groundwater table coupled with
diminished water discharge from tubewell and increased use for non agricultural
uses, rural demand and inérease in gross and net area irrigated have caused

depletion in groundwater.

A study conducted by K.M. Mane (1992) in Marathwada region of Maharastra
on the economic analysis of different methods of irrigation in grapes has shown that
the total investment on drip irrigation structure amounted to Rs. 38,387 per hectare.
The net benefits obtained from vineyards under drip irrigation amounted to Rs.
1,18,503 per hectare. Under traditional method the net benefits obtained amounted to

Rs. 1,02,540 per hectare. The study also indicated under drip irrigation method, there
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is Iabor saving of about 60 per cent in the costs incurred for weeding as compared to

the traditional irrigation method,

A detailed study was conducted by Rao (1993) in two small watersheds in
Malur taluk of Kolar district and Davanagere taluk of Chitradurga district to
understand the serious implications of water level decline in hard rock areas of
Karnataka state. Farmers tackled the problem of declining water levels hy
constructing hore wells, which actually hastened the decline of water levels hecause
these structures, by virtue of their depth, are capable of withdrawing more water
than the conventional dugwells. As a consequence, many dugwells hecame dryv and
investment in them and in pumpsets became unproductive, Thus, large numbers of
farmers who had reliahle dugwell irrigation a few years back are now deprived of
irrigation because they did not have resources to attempt boring after the dugwell
hecame dry ar because the hore well drilling they attempted did not prove
successful. Such farmers have now switched over to dry land farming and the poorer
among them are supplementing their meager and uncertain farm income throngh
agriculture labor. The over-exploitation of groundwater resource in many taluks of
Rangalore, Kolar and Tumkur districts has forced abnormal dron in water levels.
This has resulted in failure of dugwells and tubewells, scarcity of drinking water an
increase in electricity consumption, dropping efficiency of pumps, increase in the

unit cost of wells, and negative impacts on small and marginal farmers.
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Study by Kumar and Patel (1993) in Mehsana District in northern Gujarat
which relies on groundwater to the extent of 96 percent indicates that, water table
here has receded resulting in high investments to deepen the wells threatening the
stustainability of agriculture. Field studies conducted in five villages on the impact of
groundwater depletion indicate that (i) crop selection decisions were based on crop

water requirement as well as profit potential and

(ii) conveyance pipes were attractive to farmers as a way to reduce water loss

and expensive pumping time.

The study conducted in Vaigai basin of TamilNadu. In a survey conducted by
Janakarajan (1993) reports that there is a tremendous increase in the original well
depth. Out of 345 sample wells, whose original depth was less than 30 feet farmers
have moved on to a higher depth range at the time of survey; 23 per cent of sample
wells whose original depth was 30 feet have moved 5 feet down and about 10 per cent

of the sample wells whose original depth was 50 feet were deepened upto 75 feet .

Groundwater has been heavily overdrawn in arid and semi arid regions in the
northern part of China. This has led to the emergence of serious problems in the
water environment such as land subsidence, intrusion of seawater, and pollution of
groundwater. Sheng and Xuefeng (1993) focused on conservation in water use:
control of canal seepage, adoption of low pressure pipes for water transport, leveling
of agricadtural land, introduction of small border irrigation, combination of water
saving irrigation with inter-cropping of cotton and wheat, growing of cover crop
with PVC film, using straw cover on farmland, storage of irrigation water to raise

the ratio of water reuse.
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Ananda (1994) conducted a study on the performance of guava under drip
irrigation. The results of the study indicated that drip irrigation requires only 54 per
cent of total water required under flood irrigation and this increased water use
efficiency by 2.6 times as compared to flood irrigation. Drip irrigation generated a
positive NPV (Rs.5,80,007) and BCR of above one (4.82) and IRR of 142 per cent at 15

per cent discount rate.

Arun (1994), observed that farmers responded to well failure by drilling
additional well(s), reducing area under high water intensive crops, shifting to the
Jow water intensive crops like mulberry or by investing on water saving
technologies like drip or sprinkler irrigation systems. The marginal willingness to

pay far and additional well was Rs.48,370.

Nagaraj (1994), observed that around 71 percent of the farmers constructed
earthen overground tanks to store the pumped water, to circumvent both irregular
supply of power and lower discharge from the well. On an average, farmers were

found to invest Rs.23000 on additional well to combat the well failure.

Nagaraj and Chandrakanth (1995) in their study on the low yielding irrigation
wells of peninsular India. indicated that the adoption of an intelligent mix of water
intensive (vegetables) and light water crops (mulberry) in the cropping pattern
contributed to the viability of low yielding borewells. With an average holding size
of 10 acres, net irrigated area of 3.6 acres and gross irrigated area of 8.64 acres, the
gross and net returns per farm amounted to Rs.75,116 and Rs.31,805 respectively. In
1991 ,prices) the investment per borewell was Rs.75,756. The cost of production per
well per acre of gross irrigated area including the amortized cost of irrigation and
the opportunity cost of returns from dry land was Rs.6699 with a net return of Rs.

1995.
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About 43 percent of the farmers preferred to pay electricity on pro-rata basis at a

rate of 18 paise per KWH if the electricity supply was uniform.

The study conducted to analyse the impact of drip irrigation on coconut
plantations by Lokesha (1996) in Bangalore district indicated that the water use
efficiency (in Rs. per cubic meter) defined as the ratio of net income (in Rs. per
hectare) to total water used (cubic meter per hectare) for drip irrigation was Rs.30
per cubic meter under drip irrigation system compared to Rs. 13 per cubic meter
under flood irrigation. The net returns under drip irrigation system was Rs. 49,461

per hectare compared to Rs. 31,755 per hectare under flood irrigation system.

Shyamasundar (1997) in his study on the interplay of markets, externalities,
institutions and equity in groundwater development- in Athani taluk has shown that
farmers coped with well failure by adjusting their crop pattern in favor of less water
intensive crops. The costs of deepening the original dug well ranged from Rs. 11,438
to 14,352. A logit model was used to find out the probability that the farmers will
make an additional investment in well irrigation. The probability that farmers

would make additional investment in well irrigation was 0.47.

A study conducted by Satisha (1997) in Madhugiri in Central dry zone of
Karnataka on the coping mechanisms adopted by farmers indicated that ground
water markets as was one of the coping mechanisms adopted by farmers of
Channagiri. A few farmers bought groundwater to grow paddy, ragi and arecanut at
a price of Rs. eight per hour for paddy, while on other hand farmers paid one third of
the paddy output as crop share. The farmers irrigation wells they suffered due to

cumulative interference.
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Prasad (1997) lists the following coping strategies in the wake of well failure:
1. Reduction in cropped area,

2. Water sharing by farmers,

3. Fodder cultivation,

4. Shift to less water intensive crops i.e. from paddy to silk cotton,

5. Shift to crops having short gestation period namely beans, ladies finger,

coriander,
6. Transfer of water through cement pipes,
7. Irrigation just to keep the soil wet,
8. Shift to tree crops such as coconut, guava, mango,
9. Deepening of wells,
10. Risk aversion through crop diversification,

11. Save half, leave half - Irrigate standing crop to the extent possible and allow

the remaining crop to die,
12. Drip irrigation and

13. Secondary occupation overtakes primary occupation (eg. Dairy)
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The mechanisms used to cope with scarcity of groundwater, documented by
Lokanathan (1997) are:
1. Deepening of wells,
2. Instaliation of borewells in dugwells,
3. Decline in paddy area and increase in area under commercial crops.
4. Cropping intensity reduced from triple cropping to single cropping.
5. Decrease in number of farmers growing water intensive crops.

6. Shift in choice of paddy variety from long duration to short duration

variety.
7. Increasing depth of all types of wells.

8. Recharge efforts such as desiltation of tanks, tank modernization, deepening

of tanks, construction and modernization of percolation ponds.

9. Adoption of drip and sprinkler systems.
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CHAPTER II1

METHODOLOGY

Sampling framework, analytical methods followed in data analyses,
the factors/variables in estimation of costs of resilience, externalities and costs
associated with groundwater scarcity are described here. A brief glossary of
the terms used in this study is available in the first chapter. A major objecttve
of this study is to study the economics of irrigation especially when interactive
effects of well interference are present and how the farmers cope with this

predicament.

3.1 SAMPLING FRAMEWORK:

This study forms a part of the major research endeavor! to analyse the
equity issues and coping strategies in groundwater development in covering
the major groundwater scarce areas of Karnataka. The eastern, northern,
central, and southern dry zones have been covered in separate studies. These
studies dealing with groundwater scarcity determined by the degree of well
interference and groundwater exploitation, concentrated on the dry agro
climatic zones of Karnataka in the taluks (and villages) where the number of

irrigation wells per unit volume of groundwater are the highest (and were

1. Ford Foundation which has sponsored this study, has also sponsored studies in the
dry zones of Karnataka covering Athani, Devanahalli, Chamarajanagar,
Channagiri, and Madhugiri taluks.
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compared with the lowest)2. A major hypothesis of this study is that the
magnitude of investment on coping strategies (inter alia investments on water
transfers, drip irrigation, water storage tanks, water conveyance pipes and on
additional wells, by farmers reflects the degree of economic scarcity of
groundwater. Among these coping strategies, information on concentration of
drip irrigation sets, water transfers by farmers was available from the
discussions with prime drip irrigation firms, while information on other
coping strategies were not available from any source. In the next layer of
analysis, it is hypothesized that those who have invested in drip irrigation
and/or transferring water from fairly long distances, are facing severe
economic scarcity of groundwater. With these two hypotheses, Channagiri
taluk of Shimoga District in the Southern Transitional Zone was chosen for
detailed analysis. Channgiri has the largest number (56) of irrigation wells per
million cubic meter of groundwater, next to Hassan (60) in the Southern

Transitional Zone.

2. a. Shivakumaraswamy, B., 1995, Economic implications of unsustainable use of

groundwater in_hard rock areas of Karnataka , M.Sc. thesis (unpublished),
University of Agricultural Sciences, Bangalore.

b.. Satisha,K,M., 1997, Resource Economics Study of Valuation of well interference
externalities_in central dry zone of Karngtaka, M.Sc. thesis (Unpublished)
University of . Agricultural Sciences, Bangalore.

c. Adya, Sushma, 1998, v jrrigati ! 7
mechanisms, M.Sc. thesis (Unpublished) University of Agrtcultural Sciences,
Bangalore.




3.1.1 SELECTION OF VILLAGES 20

Villages with the largest number of wells per million cubic meter of
groundwater are hypothesized? to bear the greatest interactive effects of wells.
Accordingly the villages were ranked in the descending order of magnitude of
the number of wells per MCM of groundwater. From among those villages with
large number of wells per million cubic meter of groundwater (Goppenahalli
215), Bussenahalli (64) are chosen to represent High Well Interference Village

(HW1IV) (Table 3.1).

From among the villages with smaller number of wells per MCM of
groundwater, Kagathur (24) and Chikganguru (27) are chosen to represent Low
Well Interference Village (LWIV) (Fig 1). Kaggathur has irrigation well(s) close

to the largest irrigation tank (Shanthisagara).

3 For the selection of villages in Channagiri, the villagewise availability of
grounduwater for irrigation was computed by using the ratio
(Village Net soun areq)

X (Utilizable groundwater for irrigation for Channagiri taluk)
(Taluk Net sown area)

The data on net sown area for the village and the taluk pertain to 1991 census. The
villagewise number of wells per MCM of utilizable groundwater was then computed
(Appendix). Villages are ranked in the descending order of the number of wells per MCM of
utilizable groundwater for irrigation. For the purpose of choosing the sample farmers, the top
two villages Goppenahalli and Bussenahalli which had the large(st) number of wells per MCM
of utilizable groundwater for irrigation were chosen to sample forty farmers representing High-
Well-Interference-Village (HWIV). Among these two villages the village (Bussenahalli) with
influence of irrigation tank for groundwater recharge and the village (Goppenahalli) with out
the influence of tank recharge were chosen. The bottom two villages one having influence of
tank and other as not having influence of tank were chosen to sample thirty eight farmers from
the Low Well Interference Village (LWIV) (akin to control) - Kagathur and Chickgangoor. This
contrast meant that this study is to test whether the effect of grounduwater recharge through
irrigation tanks will subdue the problem of well interference. Hence for contrast the villages
(Kagathur and Chickgangoor) which had lowest number of wells per MCM of groundwater
and one village (Kagathur) which had influence of irrigation tank recharge and another
village with no influence of irrigation tank recharge (Chickgangoor) were chosen. In order to
confirm, whether the villages so chosen did reflect the problems of well interference, a
reconnaissance survey of each of the villages was made and farmers were contacted to confirm
the prevalence of well interference phenomenon.



Table 3.1: Distribution of sample farmers in High well interference villages and low

well interference villages.

Number of Number of
Name of the village farmers Name of the village~ farmers
HWIV 42 LWIV 38
Bussenahalli 22 Kagathur 20

Goppenahalli 20 Chikganguru 18




Figure 3.1. Sample villages in Channagiri taluk



INn Channagiri, groundwater extraction through boraewnells tegan since
the early seventies, after the efforts to tap the resource fromthe existing dug
wells by deepening and / or inboring failed to bear results (in the HVW\s of
(Goppenahalli and Bussenahalli). Basically, the irrigated agriculture in
Channagiri - in the HWV was targeted at sustaining arecanut-betelvine

farming.

Participatory Rural Appraisal approach was used to nep the density
ofwells by recording type of well(s), nuner of wells, depth, intennell distance
and nane ofwell owrer. This mep is used to locate farmers who are affected by
cunulative well interference. Usually this is a discemible patch mthe viulage

and farmrers located in this patch are selected for detailed studly.

3.2 FEATURES OF STUDY AREA

The Southem transitional Zore (ST2) has ageographical area of 166
lakh hectares, with a net cultivated area of 675 lakh hectares with agross
cropped area of 7.88lakh hectares. STZ has an irrigated area of two lakh
hectares forming 25 percert of the net cropped area. Channagiri taluk is 2970
feet above nmean sea level with ageographical area of 63165 hectares. The taluk
receives a rainfall of 83 nmofwhich nore than S0per certt is in the nonsoon
and pre nonsoon season. Nearly two thirds of the district is covered by
Dhannar schist, the Shinoga band forming a prominent belt fromW\&st to East
and occupying a larger area. This belt is mede of various types of Schist’s,
chiefly chlorites and in places micaceous or hormblendic, associated with
volcanic rocks of different types. Also, sore highly altered sedunentary rocks
such as quartzite, conglomrerates, limestone, shells and banded ironstone are

foud.
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Relative humidity during the nomings through out the year generally
exceeds 75 per cent. Driest part of the year is the period fromJanuary to Varch
when the relative humidity in the aftermoons is below 35 per cent. The cold
season is from Decenoer to February and the hot season is from Varch to Vay.
The South-\W\est nronsoon is fromJune to Septenber and post nonsoon is from
Cctober to Novenrber when nonsoon retreats. Geographical area is 1,299/6
hectares of which the total cultivated area is 71,914 hectares. The barren land is
2,077 hectares and 6431 hectares are left fallow. The total Irrigated area is 23276
hectares of which the area irrigated by canals is 13070 hectares (56 per carb),
the area irrigated by tank is 2572 hectares (11 per cert), area irrigated by
dugwel s is 356 hectares, a nmodest proportion of 1.8 per certt and while that of

borewells 6483 hectares (27 per cent).

Ceterisparibus conditions

It is in order to note that the cunulative well interference needs to e
studied under ceteris paribus conditions. Accordingly the data are collected
for the year 198697 when the rainfall was good, which inplies that if the
problem of cunulative interference is gpparent, even the year of good rainfall
will not dissipate the negative extermalities of cunulative interference. After
choaosing the villages, primary data were collected for the year 199697 the

latest year which received good rainfald (Questionnaire is in Appendix).

3.2.1 DESCRIPTION OF HWMV

Bussenahalli, the high~well-interference-village (HWV) is three
kilometers from Channagiri. Here the prablem of interference is danpened

due to influence of groundwater recharge. Farmrers indicated that the
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irrigation tank in Malahal village five ks awnay is helping in groundwater
recharge. Here the cropping pattem is dominated by arecanut. Honever, the
usual inter cropping of arecanut with betelvine is not practiced. How

irrigation to arecanut garden is the conmon practice.

Goppenahalli, another high~well interference village (HVWV) haes the
Goppenahalli tank, at presert in abad condition due to encroachnent. Though
the tank has been deslUted due to application of silt as manure to areca garden,
the inmpact of desUtation is not apparent as the tank bed is encroached for
cultivation of arecanut. Most of the groundwater farmrers in Goppenahalli have
areca garders. There are at least @D borewells in this village. Large scale
initial failures ofwells experienced here is an indication of the acute problem
ofwell interference. Inter cropping betel-vine in areca gardens is a conTron
practice. Coconut is grown as a border crop. Apart fromarecanut, other

conTronly cultivated dry land crops are maize and jowar.

FEATURES OFLWIV

Kag; athur village is orne of the lowwell interference village (LWVMV).
The irrigation wells in this village have benefited fromgroundwater recharge
fromShantisagara. Kag athur is surrounded by the Shantisagara waters on
the north west and north esst. Basappanakere (tank) is to the south of the
village. A fewfarmrers on the western side of the village however experienced
large scale (15 initial and natural) failures. This waes reflected in the PRA
nmepping and during the oral history irnterviews. Shantisagara, the largest
irrigation tank (in India) lies to the North-\\&st of Channagiri. This tank

known as 'Sulekere' till recently, was built during 11th century by Shantawa



Shartisagara tank now receives water perennially frommBhadra right bank

caral (Pic. of Shartisagara).

Kagathur has a geographical area of 20 hectares with 371 hectares (B
hectares irrigated, 331 hectares dry land) under cultivation. Anong the 232
farrers in the vUlage 110 are small farmrers (owning less than five acres of
oross irrigated area) and P are large famrers (ovwniing greater than or equal to
five acres of gross irrigated area). All the openwells in the village have failed
The farmrers in the sanple have arecanut garden under well irrigation ad

grow naize on rainfed lands.

Chickganguru, another lowwell interference VUlage is located D ks
fromChannagiri. The well failures here are loner conpared with Kagathur.
Also, the cropping pattem here differs. Shallow borewels are conmron.
Farmrers have used local rigs (in Kannada - “mudde" bore) to drill irrigation
welk closer to irrigation tanks. These wells are st working and are providing
goad source of groundwater at aloner depth. Groundnut, naize, ocotton,
sunfloner and onion are the ngjor crops grovwn here. However, in recent
years, famrers are shifting to arecanut due to its profitability and low cost of
nmeintenance after establishment. The geographical area of the village is 672
hectares ofwhich 517 hectares are cultivated. Of the Z53 cultivators, SBare

large, Sare nediumand 75 are siall fanmrs.

3.3 ANALYTICAL FRAMEWORK

Estinmation of the age of wells is crucial for estimating the cost of
irrigation which includes the cost of extermalities. The age of irrigation wel s

influences the costing of irrigation well, economic losses due to the failure of
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wells before their average life in that particular area, negative externality cost

due to cunulative well interference problens and the economics of coping
mechanisns adopted. A nmgjor objective of this study is to study the economics
of irrigation especially as the farmrers cope with the predicanent of interactive
effects (interference) ofwells. As the cost of irrigation varies directly with the
number of years of functioning of wall(s), the estimation of age ofwells isa

vital part of the costing exercise.

3.3.1 WELL AGE AND WELL LIFE

Age of irrigation well refers towells that were functioning at the tine
of collection of field data (July - August 1997). The age of the well is estimated
as year 1997 minus the year of well construction or sinking or drilling. The
average age of the well includes age of all those wells which are functioning at
the tinme of obtaining field data. The average age ofthe well is estimated using

the 'life tables' as uder:

Age of the well =[(fi Xi), (i), where

T =number (frequency) ofwells yielding irrigation water in each age

group,

X=age group ofwell (0,1,2 .3.. inyears). WAlIs corstructed during 1997
and functioning are assunred to have zero age, as the effect of interference an

age of these wells is difficult to be predicted or simulated.

Life of irrigation wells refers to the nuner of years awell already
functioned. Accordingly well life is a concept applicable to the totally failed

and abandoned wells. The well life is estimated as year of falure minus year of
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construction / sinking / drilling. All those wells which suffered from initial

failure obviously have zero life. By hypotheses of this study, initial failure or
failure after serving sone years, are both attributed to the cunulative well

interference.

Average life of the well is estinated as = J(fiX4),Sf) where, f=
frequency ofwells yielding irrigation water in each life group, x =life group of
well (Q123. inyears) arnd i ranges from1to n, where n refers to the last year
ofworking ofthe well. Inthis study average age or average life ofwells
includes the age of both failed and functioning wells. Thus, the average age of
the well is used as a conprehensive indicator of the Nnuer of years awell

provides irrigation service.

3.3.2 COSTING IRRIGATION DUG WELL

Groundwater is extracted fromthree types of irrigation wells inboth
HWMYVand LWV, nanrely Dugwells (DW), dug-cumborewnells (OCBW) and
Borewells (BW). Considering the total frequency of wells, borewells are the

dominating type in Channagiri.

In costing dug well (D), DW(cost is taken as the historical cost
(including cost of divining, drilling / digging/ lining at the tine of
construction. The historical cost is conmpounded fromthe year of construction
till 1997 irrespective of whether the well isworking or not. This is dore to
estimate the total investment mede by farmrers inirrigation in 1997 prices. An
interest rate of i =two percent represented the rate of inflation in the cost of
well compornents like labor, punpset, accessories and so on. Rates higher than

tWwo percent gave unrealistic results and hence were not considered.



3.3.3 AMORTIZED COST OF DUG WELL 20

Anortized cost of dugwell is the annual fixed cost conponent of
irrigation including the cost ofwell interference. As investiment in
groundwater irrigation is considered as a fixed cost, the neoclassical
economics prescribes the rationale of treating the groundwater investment
beyond the purview of decision making. Honever, inthe village(s) considered
in the study, though fixity of investment in irrigation is uncertain, due to
declining age of irrigation well(s) and highly fluctuating yield inwell(s)
considering the low recharge, the oost of irrigation cannot treat the investment
inwells as fixed. Thus, the anrortized cost varies with the econorric factors
such as inter alia type of weU, status ofwell i.e. -falled orworking, year of

construction, average age / life of well, interest rate, degree of interference,

crop pattem.

Anortized cost of irrigation dugwell = [Anortized cost of dugwell +
anortized cost of punpset and accessories +anortized cost of corveyance +
anortized cost of overground storage structure +annual repairs and

nmaintenance cost of punpset and accessories])

1 Anortized cost of due well= [Garpouded cost of dugndl] X [(H)A' X

ili(1+i)AL.i]
Here, AL =Average life of well.
Q]Tm,l’wd cost ofng\/\eu = DW oost X(I+i)(1997 year of construction)

Anortized cost of punpset and accessories = {JSumofocanrpainded oost of

pupset, punphouees, overgrourd storage struoture] X [A+HY° Xi], [(+H)° - 1T



The working life of punpset, pont house, corveyance pipe is assunred to
e ten years and that of overground storage structure is assunred to be five
years. The interest rate is taken as two percert to represent the rate of

inflation on these itars.

Anortized cost of corveyance = [(Conpounded cost of corveyance pipe

wsed) X [(+H)'o Xi], [(+H)io-1)]

2 . Arnrorrtized cost of Due-cumborewell = (Anrortized cost of DCBW +
Anortized cost of punset +Arnortized cost of conveyance + repairs and
maintenance cost of well + repair and maintenance cost of punpset and

accessories.

Anortized cost of DCBW = [Estinmated cost of DCBWatt currernt prices] X

[A+H)ALX], [A+H)AL-D]

Anortized cost of punpset = [Sumof Conmpounded cost of punpset,
punphouse, at current prices] X [(1-H)™ Xi], [A+H)™ -1]

The life of punset, punphouse are considered to be ten years, as above.

Anortized cost of cornveyance = [Conpounded cost of corveyance at

current prices] X [(1+1)“Xi], [(-+H)i° -1]

The usual node of cornveyance of water is through PVC pipes.

3 Anortized cost of borewell = (Anortized cost of BW+ Anrorrtized oost
of punpset + Anortized cost of cornveyance + repairs and naintenance cost of

repair and maintenance cost of punpset and accessories)



Conmpounded cost of borewell = historical cost of borewell X [ )i yrar
i -

Anortized cost of B~ [Garpounced oost of Borendl] X (+H> XL [(-H>YN-D)]

where AL= Average life of borenel;

Anortized cost of punpset = [(Sumof Gonmpounded cost of punoset,,
puphouee, at currernt prices] X [(+H)™Xi], [(+H)™ -1]

As nmentioned earlier, the life of punset, punphouse are considered to

be ten years.

Anortized cost of conveyance = [Gopounced aost of conveyanoe at aunrernt

prices] X [(+H)*Xi], [(+H)* -1]
The usual node of corveyance of water is through PVC pipes.

Inthe above cases, average life, for cornveyance and for punset is
assuned 10 years and interest rate is assumed to be two percent to represent
the inflation rate in these itens. Discount rate of two percent has been usedto
anortize the irrigation oost, since sore of the (dug) wells served for at least 25
years onan average and any higher rate of discount was foud to distort the

conpounded cost of historical investment estinates, as nentioned earlier.

3.3.4 YIELD OF IRRIGATION WELLS

Bore weUwas the predominant structure yielding irrigationwater in
the HWVMV and LWV villages as all the dugwells and dug-cumtborewells hed
falled. Feld nmeasurenents of the groundwater yield on a sanple of 7 bore

wells were taken in the kharif season (June - Aug 1997) by recording the
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nunrer of seconds to fill a bucket of water of known volune. This wes linearly

extrapolated to obtain the groundwater yield in gallons per hour.(Table 32).

In order to estimate the yield of dugwell, the dugwel farmrers were asked
to indicate the height ofwater colunm the well would regain after 24 hours of
punping. Since nost dugwels are rectangular (or square) shape, the volunme of

water collected per day wes estimnated as1 xb xh

where | =length; b =breadth and h =height ofwater colunmn the dugwell

regained after 24 hours of punping

The resultant volune was cornverted into gallons per hour (GPH) using the
conversion, 1 cubic foot =62283gallons. Finally (M3176.2288)/24 gave the yield of
well in GPH froma rectangular (or square) shaped dugwell. The yield of the well is
only an estimate using the volune of water inpounded in the well after 24 hours of
punping. This estimate however haes severe lacuna since the informmation on
volune of water inpounded in the wel is sought fromthe famrer at the tine of
data collection (August 1997). The volune of water inpounded in the well after 24

hours of punping varies from season to season depending on rainfall, recharge etc.
3.3.5 ANNUAL COST OF IRRIGATION

Till recently, in Karmataka (ad in nost of the States in INdia), fanmrers
using irrigation punpsets (below 10 HP capacity) were not charged for the
electricity used to lift irrigation water. Thus, there were no explicit costs of
irrigation as there were no operational costs of paynents tonards use of electricity.
Accordingly, as novariable costs were incurred by famrers in lifting groundwater
other than repairs and maintenance to the irrigation punpset, there would be o

charges towards the cost of irrigation.



Fable :3.2 Measurements on yields of borewells of seven sample farmers
( Gallons Per Hour)

Name of the farmer Yield as reported by Yield according to
the farmer field measurement
[a] [bl
Srikantachar 2000 1586
Thippeswamy 2000 1586
Nanjappa 1000 1721
Panchaksharaiah 1500 1322
Chandrashekhar 1500 1133
Basavarajappa 2000, 1057
Nanjappa 1000 721
Average 1714 1148
Standard deviation 364 352
Co-Variance 0.20 0.36
Correction Factor » ~ 0.66

NOTE:
[a] =is is the yield of borewell as indicated by the farmer according to his perception and /or
information.
[b] =This is the yield of the borewell measured by the researcher during August 1997. After
a few of minutes of putting on the pump, the time taken (is recorded) to fill a 15 litre
bucket was recorded and this was linearly extrapolated to obtain the field

measurement.



Thus, the annual cost of irrigation = Arrortized cost of irrigation well +
anortized cost of corveyance +anortized cost of punoset and electrical installation
+annual cost of repairs and maintenance. The labor cost of irrigation is merged witl
the cost of labor for other cultural operations. The labor cost involved in irrigation is
thus Not considered in the cost of irrigation. The annual cost of irrigation pertains to
each irrigation well onthe farmand this is added across all wells onthe farm The
farmrers on an average possessed 5.57 irrigation borewells in HWV of which 20D
wells were working and possessed 2.15 irrigation borewnells in LMYV ofwhich 1.6
were working. After obtaining the total anortized cost of irrigation across all the
wells ad irrigation structures, this cost is apportioned for each crop, using the
proportion of the irrigation water punped for the crop to the total water punped for

all the crops onthe famrs.
3.4 ECONOMICS OF IRRIGATION

The cost of cultivation is the summation of (cost of hunman labor, bullock
labor, seeds, fertilizers, plant protection nmeasures, application of silt / manure,
transportation and bagging, the anortized cost of irrigation, and the opportinmity cos

ofworking capital. The opportunity cost of working capital is taken as 10 percert.

Cost of production is cost of cultivation + opportunity cost of dr= land
agriculture. The opportunity cost of dry land agriculture is the net retum ootainable
fromthat parcel ofland devoted to irrigation, if that parcel of land wes to ke

cultivated on rainfed beasis.
3.5 ESTIMATION OF EXTERNALITY

The positive extermality ingroundwater irrigation is manifested
through the average age of the irrigation well(s), investmernts ondrip irrigation,

water cornveyance, water storage and other structures. If positive



extermalities are present, the cost per acre inch of groundwater will be loner,
the proportion ofwell failure WU be loner and the average life of well(s) will
ke higher. If negative extermality is present these conponents Wi be cornverse

of positive extermalities.

3.5.1 AMORTIZED COST MEASURE OF NEGATIVE EXTERNALITY IN

DUG WELL.

The anortized cost nmeasure of negative extermality is estimated as

uncer:

Negative Externality cost in dugweU=pw cost = [AO WX (AL - (Yearrdii -

Yearaaeh))] X iy(1997-vearotiail

where, ACdw= Arnrorrtized cost of Dugwell

ACAw=(Dw cost) X[(HALX )] . [A+H)AL. 1]

AL= Average life of dugneU estimated through life tables
Yearraii = Year of failure of dugwell

Yearaa st = Year of construction of dugwell

3.5.2 AMORTIZED COST MEASURE OF NEGATIVE EXTERNALITY IN

DUG-CUM-BOREWELL.

The anortized cost measure of negative extermality for dug-cum

boreweU is estimated as uder:

Negative externality in DCBW=[AC: ... XAL-(Yearfau-

Yearinp)AH)S T f >
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where, ACixbw=Anortized cost of DCBW
Yeaxrinp = Year of inprovenrent of DCBW, which is year of first in boring.

The anortized cost of DCBW s for the nunber of years the DCBWdid
not function. This is then conpounded up to 1997 fromthe year of

inprovenrent to obtain estimate of the negative externality cost in 1997 prices.

3.5.3 AMORTIZED COST OF MEASURE OF NEGATIVE EXTERNALITY

IN BOREWELL
Negative Externality cost in borewell =
Neg Ext BNost = [AAVWX (AL - (Yearrail - Yearaas)] X (H)VAGadEiue)
where, ACbw=Anrortized cost of borewell
A= [Nt X HALXD]. [HAN-1]
B/ost = Borewell cost = (historical cost of borewell) X (i-+)%7 yearcf
codidiao)
AlL= Average life of borewell estimated through life tables
Yearrail =Year of failure of borewell
Yearoo et = Year of construction of borewell
3.6 COST OF COPING MECHANISMS

Conceptually two mejor types of coping with the economic scarcity of

groundwater can be discermed:



() mechanisirs that enphasise on efficient use of precious groundwater
resource Wwithout najor change in the existing cropping pattem. Eg; adopting

drip/ sprinkler irrigation

(i) mechanisns that enphasise on changing the cropping patter to suit
the depleting groundwater resources. Bg; change tonards perennial crops

which conme under reduced watter supplies.

Coping mechanisirs are the investiments by farmrers to cope with the
predicament of cunulative well interference. The coping response can be in
terms of drilling / deegpening additional well(s), over ground storage
structures, buying groundwater, shifts in cropping pattens, drip/sprinkler
systernrs, water transfer or inextrene cases a total shift to rainfed fanming. As
sore of the neasures to cope wWith scarcity of groundwater are in unison, these
investments could be considered as orne lunpsum investnment. The respornse to
econormic scarcity of grouncwater across different size classes of fanmrers hes
been estimated to illustrate the inequity / equity faced by famrers. Inorder to
analyze the extent of inequity inwater use, quarter analysis is attenpted. The
farrers have been arranged in the descending order of megnitude of total
water punped. They are then divided into four quarters each containing 25 per
cert of the farmrers, the tap 25 per cent to the bottom 25 per cent, with regard to

water used

The anrortized cost of (edditional) well(s) (as a coping cost) is already
explained. Other coping costs such as the investirent on over ground storage
structures is anortized for five years, that on drip irrigation is anortized for
ten years, that on corveyance pipes for water transfer is anortized for ten

years, that on irrigation punp set anortized for ten years. About 35 percert of
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the Q0) farmrers (=7) in Goppenahalli, resorted to drilling irrigation well to

transfer water by laying PVC pipes over distances ranging fromthree tofive
kilometers, as the irrigation borewells on their farm had totally failed. The
investment on such borewells and water transfers is also considered as a
coping cost.

3.6.1 ECONOMIC FEASIBILITY OF INVESTMENT IN COPING

MECHANISM

Partial budgeting and the discounted cash flow measures have been
used to analyze the economic feasibility of investment in coping mechaniss.
The use of drip irrigation is a nmgjor coping mechanism in the water scarce
areas of Channagiri to support the arecanut crop. IVost of the drip fams have
also resorted to transferring groundwater over distances ranging from3to5
kilometers from Maravanji village to Gopperahalli. Inaddition, drip irrigation
is the last resort, due to large scale failure of wells insitu which has
necessitated famrers to venture drilling of borewells at long distances of 3to 5
kUonreters fromtheir farmwhere they could site groundwater and transfer the
water. Hence the anortized cost of irrigation includes all the inplicit costs of
irrigation reflecting the negative exterralities and the explicit costs of the

functional wells and drip irrigation and other coping mechanisns

The assunptions in using partial budgeting are

1 Average arecanut farmirrigated by drip irrigation is of the size =5

acres

2. Savings inwater cost =value of the difference between water used (in

acre inch) under flow irrigation and that under drip irrigation.



3 Increase in retums; is the difference in the gross retums per acre ona

farmirrigated by drip farmand that under flow irrigation.

3.6.2 INTERNAL RATE OF RETURN (IRR)

The IRR s a discounted cash flow technique used in the evaluation of
long term projects. The IRR s that rate of retum earmed by the farnrer by using
groundwater for irrigation. For instance if the rate of retum is 10 percent, then
the farmer would earm a net returm of Rs. 10for every Rupees hundred
invested. This rate equates the discounted benefits with the discounted costs. It
represents the average eaming capacity of an investment during its economic

life.

IRR is estimated using the folloning equation;

IRR=5(Bn -On)/(+d)"" =0

Bnh=Annual berefits or gross retuns;

h=Annual costs incurred (production costs and cost of groundwater));

N =Economic life of investment; d =discount rate.

The folloning assunptions were meck in the estimation of IR

1. The econoric life (of a arecanut garden) is assunred to be ore
gereration cycle of Dyears. As the average life of boranelUwas two
years in the sanple, famrer is forced to drill a newwell once inevery
two years. Honever, the investment on irrigation punp, corveyance,
pipes, are anortized for tenyears. Thus, ifthe secondwell is drillgfj ip

the third year, the investment on punp set and othpr agopssorips



inthe 11 thyear, since the punpset and other accessories of the first

well will e used in the second wall.

2 The investment macke in the first six years, that is, till the arecanut

cones to economic bearing, is considered as establishment cost.
DISCOUNTED BENEFIT COST RATIO (DCBR)

The DBCR is the ratio of the present worth of cash inflons to the
present worth of cash outflons, earmed and incurred during the econarric life
of the arecanut garden. It gives the benefits accrued for every rupee invested in
the project, in present prices. An investment must be taken uyp only if the
DBCR is greater than unity. A DCBR equal to unity indicates that every rupee
of investment on the prgject yields a rupee of retum with nosurplus. A DBCR
greater than ore indicates that every rupee of investment nade on the prgject

yields a retum greater than one rupee.

DBCR can be expressed as:

DBCR = £IBn / (I+d)n1
S[Cn/(l1+d)n]

where,

Bh=Benefits' or gross returms fromgroundwater irrigated arecanut
garden ineach year;

(h =Costs™ incurred on arecanut garden including grouncwater
irrigation in each year;

N = EBconomic life of investment on arecanut (0years)

r =Rate of discount (contuted at 17 per cernt)

4Heiurns include gross returnsfrom arecanut, helelv'me and cocuniit

5 The costs include investments on drilling wells, conveyance, pumpsels. drip irrigation,
storage structure and electrificationin the initial years of well cycle. For subsequent years
other”~production costs (seeds, labour etc) are included.



NET PRESENT VALUE(NPV) 10

The NPV of a project is the difference between the present worth of
benefits (gross returmns fromarecanut garden) and the present worth of total
costs incurred (investments on arecanut garden). Incalculating the NPV, the

cash inflons and cash outflons were discourtted at 17 per cent discount rate.

NPV is estinated as ;
NPV = (Bn -Cn)/(1+d)"
where:
B =Benefits or gross retunms fromareca garden irrigated by

groundwater in each year;
(nh=Costs of production and groundwater irrigation in each year;

N =Econommic life of arecanut garden irrigated by groundwater (taken as

Dyears)
d =discount (17 per cert)

A prgject / investiment is considered economically and frmancially

viable ifthe NPV is positive.
3.7 QUARTER ANALYSIS

Quarters are constructed to analyze the inequity / equit> with regard
to resource use arnd ret returms. The analysis is conducted separately for HVWV
and LMMV. The quarters provide informration on the proportion of farmrers
realizing different proportions of gross returms, net returms, cost of irrigation

and so on. For dividing into quarters the entire sanple was sorted in the



the descending order of nmegnitude of water used per farm Accordingly five
topwater users formthe first quarter and five lonest water users formthe last
(fourth) quarter in WMV drip fams and HWV flow famrs. The crop pattem,
net retums, anortized investment, Nnunber ofwells dug, proportion of
successful wells, gross irrigated area and cropping patterms, elasticity of
production, marginal costs and marginal returms towater are conpared across
the quarters. Conmparison is also mede between quarters. Inthe case of LMYV,

quarters have been nmede for the ertire sanple of Bfarmrers.

3.8 MARGINAL PRODUCTIVITY OF GROUNDWATER

The marginal productivity of groundwater for HMMV drip irrigation
farmrers and flow irrigation famrers is estimated using a gross retum function of

the Cobb-Douglas formm

log Y =log A +BilogXi +Rlogx2

where Y =gross retum fromthe farmin rupees
X =Groundwater used in acre inches on the farm per annuMm
>0=Annual cost of groundwater irrigation in Rupees per farm

NVarginal productivity of groundwater is estimated by using the expression;
MPx =Bi * Y/(X) estimated at arittrretic®nrean level of gross retum ad
groundwater used
Price of anortized cost of irrigation = one rupee

The ratio of marginal returm to marginal cost of groundwater gives an

indication of the extent of divulgence of marginal retum fromthe marginal cost.

The originalform ofgross returnfunction isy 1la x, b,, which is of>u.ih Douglasform, linearization
ofthis function by apiilication of logarithms on both siilcs is Jone to obtain the BI.HT. estimate of the
constants 'a ‘and Once 'a'and 'b, are estimated, we can substitute any value ofx to obtain the
estimated value of v. ihts logic is useil to estimate the marginal return at the arithmetic mean value ofx,.
The marginal return is obtained by the expression MR (b, A")J fxj. One ofthe values oj can be
obtained at the arithmetic mean value oj x,. Statistically, there is no restriction that only geoiiieiru mean
value of X andy, should be used to estimate the marginal return This is only a convention. In this siiuly,
the use ofthe artithmetic mean value ofx,at whichy, vitjv estimated, provided a realistic value ofmarginal
return, than that obuuned by using the geometric mean value of x ./ thiuik Prof (liirumiirthy.
Professoriallead. Dept.ofstatistics. ""K\K.Hangaiore for providing these ideas



Table 3 .:

Taluks with the highest and the lowest number of wells per million

cubic meter of groundwater in different agro-climatic zones of Karnataka

Agro-climatic zone

1 Eastern Drv
2. Southern Drv

3. Northern Drv

4. Central Drv
5. North Eastern Drv
6. Southern

Transition

7. Northern
Transition

8. North Eastern
Transition

9. Coastal

10. Hilly

Source: Central Groundwater Board. Southern Region, Bangalore, 1990

Highest Number of wells per

million cubic meter of

groundwater

Number of

Taluk wells/mecm
Devanahalli 322
1 Kollegal 155
2.Chamrajnagar 116
1 Nargund 298
2. Athani 14
Madhugiri 156
Afzalpur 70
Hassan 16
Hukkeri 251
Humnabad 122
Sulya 0
Sirsi 71

Lowest Number of wells per

million cubic meter of

groundwater
Number of
Taluk wells/mem
Magadi 67
KR nagar 14
Sindhanur 17
Kadur 39
Jeevargi 10
Bhadravathi 7
Kundagol 14
Chincholi A
Karwar 12
Supa 2



RESULTS



CHAPTER 1V

RESULTS

Once farmers realized the benefits from well irrigation, and get adjusted to
relatively higher standard(s) of living, it is difficult for them to adjust to a situation
where there is no irrigation facility. Hence farmers who benefited from groundwater
irrigation, bring about changes which may or may not involve further investments
to remain at least on their original ISO-revenue curve. These measures are referred
to as coping mechanisms-- the main foci of this study, where a modest attempt is
made to study the economics of coping mechanisms adopted by farmers in

Channagiri taluk.

Upon post stratification of HWIV sample farmers, it was found that all the (22
farmers) of Bussenahalli used groundwater through flow irrigation to grow
arecanut. In the other HWI village of Goppenahalli all the farmers used groundwater
through drip irrigation fo grow arecanut. Hence, the farmers in HWIV were
classified as drip irrigation farms and flow irrigation farms. But in LWI villages,
this type of contrast was not available for comparison. The farmers in LWIV are
classified into small farmers (< 5 acres) and large farmers (> 5 acres). Here HWIV

and LWIV can not be strictly compared for lack of comparable classification.

4.1 DISTRIBUTION OF IRRIGATION WELLS

Considering the total 362 irrigation wells spread in HWI and LWI villages (263

wells in HWI and 99 wells in LWI), 151 wells (41 percent) were functioning in 1997, of
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which 9B percert were borewells. The overall failure rate is 57 percent. Considering the
types ofwells onned by farnmrers, of the total 332 sanple wells, 329 (D per cent) are bore

wells and 3B (10 per cent) are dugwells.

Anong the 237 bore wells in HW villages of Bussernahalli ad
Goppenahalli, only 88 borewells (37 percent) are functioning yielding grouncwater-.
Of these 88 working borewells, 21 farmrers who have drip irrigation have 44working
borewells and 21 farmrers using flow irrigation have remaining 44working

borewells, evenly distributed (Table 4.7).

Considering the 15 borawnells (working and nonworking), in HVWV
Goppenahalli drip farms, only 44 (238 percart) are working, as Bwells (@2 percent)
were initial failures and 15wells (10 percent) were natural failures. The high initial
faillure rate of & percent on drip farms is because of low recharge rate from

irrigation tank.

In KWV Busserahalli, due to groundwater recharge, the level of economic
scarcity did not induce famrers to have drip irrigation. Anmong the & borewnells
here, 35 bore wells (43 percent) are initial fallures and 4wells (54 percent) are

working, while 3wells (@ percent) are natural failures.

Considering the rate of initial failures inwells, of the total (B3 wells in
HM villages of Gopperahalli and Bussenahalli, there were 131 (BOperoert) initial
failures. In VMV Goppenahalli, all the (2D farmrers adopted drip irrigation. They
had 171 wells of all types with 127 (74 percent) failvures. Of the 171 wells, 155wells (Al
percent) were borewells. Of these 15 borewells, S6borewells (@2 percent) were

initial failures.
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Table 4.1: Distribution of different types of wells in sample farms in Channagiri

taluk, Karnataka 1997

HIGH WELL INTERFERENCE VILLAGE

Type of well Farmers using drip Farmers using flow
irrigation irrigation
No of farmers=21 No of Farmers=21

Dug Cum Bore Well

Initial Failure 0(0) 2(20)
Natural Failure 16 (100) 7(70)
Working 0(0) 1(10)
Total 16 (100) 10 (100)
Bore Well

Initial Failure 96 (62) 35 (42)
Natural Failure 15 (10) 3(4)
Working 44 (28) 44 (54)
Total 155 (100) 82 (100)
Grand Total 171 92

(- Figures in parantheses indicate percentages to tlie column totals

3

/s u dv~ruelli h”va f ho u2m Lv>c

Total

131 (55)

18(8)

88 (37)

237 (100)

263
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The initial failures on Nnon-drip farms is 3 of 8 borewells (43 percent). This

low initial failure is due to the groundwater recharge fromBussenahalli and
Melahal tanks. In M villages, anong the 26 dug wells, 16 dugwells falled ondrip

farms (@2 per carnt) while nine dugwells (38 per cantt) failed on non-drip-fanrs.

In L\ villages, there were Dwells (2 borewells + 7 dug wells) of which 34
wells (34 percent) falled. Considering the total of 2borewells, 63borewells (68
percent) were functioning and 29wel s (R percent) failed. Considering the total bore

wells, 26 bore wells (28 percart) were initial failures.

INn LWV, srmall farmrers had 36 borewells (3 percert) with 6 initial failures
(17 peroent). Large farmrers had 56 bore wells (6L percent) of which 2Dwere initial
failures (36 percent) (Table: 4.2). Small farmrers had 28working wells (78 percent) out
of B borewnells. Large famrers had 56 borewells of which 3 wells (63 percent) were
working. Thus, both small and large farmrers had a large proportion ofworking
wells. The proportion of natural failures in LVMV for small and large farms are two
and orne out of 36 and 56 borawells respectively. The total nunber of dugwells in L\
villages are seven, ofwhich five are onned by small farmrs and two by large farmrs.

BExcept tvwo dug wells, allatheitliugwel™ad failed here.

In HWV on drip fanrs, the average nunber of wells per famis 7.8 ~7
with GIA of 6 acres, as against 390 —4wells with a GIA of 4.37 acres onflow
irrigation. In LW, on small fanms, the average number of wells per farmis 1.57 with
aGIlA of 3acres ard that on large fams is 38 wells per farmwith a GIA of 954
acres. The average nunber of functional wells in FVMYV per farmis 20 2with a

GIA of6 acres ondrip farms. 196 —2wells ona GIA of 4.37 acres onflow irrigation



Table 4.2 : Distribution of different types of wells in sample farms (LWI1V) in

Type of Well
Dug Cum Bore Well
Initial Failure
Natural Failure
Working

Total

Bore Well
Initial Failure
Natural Failure
Working

Total

Grand Total

Figures in parantheses indicate percentages to the column totals

Channagiri taluk, Karnataka 1997

LOW WELL INTERFERENCE VILLAGES

Large Farmers Small Farmers TOTAL

0(0) 0(0)
3 (60) 2 (100)
2(40) 0(0)

5 (100) 2 (100)
6(17) 20 (36)
2(5) 1(2)

28 (78) 35 (62)
36 (100) 56 (100)
4 58

63 (68)
92 (100)

99
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farms. In_LW viUages it was 107 ~1 (3acres) on smaU farms and 2.91-3 (@544acres)

on larRe farms.

The average life of irrigation wells mHM and L\ villages is estimated for
dug, dug-cumbore and borewell. The dug wells had served for 20to 23years. The life
of dug cumborewell ranged from9to 11 years. Hownever, since mgjority of dugwells
and dug-cumtbore wells are not working in these villages, the extraction technology
is nowv shifted to borewell. The life of borewell ranged from 183 years to 345 years.

(Table: 4.3

Examining the construction and failure of different types of wells between
190and 1997, in HW villages, the proportion of failures ofwells were virtually zero
up to 19/ Thiis is because dug wells dominated. However fromearly 19805, the due
to the advent of bore well rigs, the nunber of borewells nmushroomed (Table 44).
Correspondingly, with the drilling of borewells, the failures have also increased as
indicated by &b percent of failures during 128019890 and 71 percert failures during
19001997 in HWV. In Lowwell interference villages, similarly the proportion ofwell

failure ranges from 18 percert to 40 percent during 1980- 1997.
4.2 DEPTH AND YIELD OF WELLS

In HW villages, the famrers are applying groundwater through drip and
flow irrigation. The depth of irrigation wells has progressively increased fromthe
first well on to the last well in both HW and L\ villages. There seemtobe no
apparent relationship between the depth of the well and their groundwater yield.
Yield of groundwater is certainly not increasing, with the depth. The depth of the
wells in B drip farms ranges from 2 feet to 333fect, (Table 4.5) while the yield

correspondingly ranges from 1750 GPH to 138 GPH. On flow farnrs, the depth ranges



Table 4.3 : Average life of irrigation wells in Channagiri, Karnataka state as

Dug well

Dug cum bore well

Bore well

on 1997 (Years)

High well Low welt

Interference villages intertference villages

20,29 23
9.04 114
188 3.45



Table 4.4 :

Year

1940

1950

1960

1970

1980

1990

1997

oJ

Number of Wells sunk and failures on Sample farms in Channagiri
taluk, Karnataka State, 1997

HIGH WELL INTERFERENCE LOW WELL INTERFERENCE
VILLAGES VILLAGES

Number ofwells Number of Number of wells Number of

Sunk Failures Sunk Failures
8 0 0 0
2 0 1 0
7 0 1 0
4 2 2 0
7 8 3 2
58 38 22 4
175 125 69 28



Table 4.5: Depth and yield of sample wells over the years in High well interference
villages of Channagiri taluk, Karnataka 1997

Order of Farmers using Drip irrigation Farmers using flow irrigation

well Depth (Ft) Initial Yield (GPH) Depth (Ft) Initial Yield (GPH)

First 204 1750(4) 193 2182(11)

Second 241 1300(10) 219 2229(12)

Third 282 1643(7) 207 1500(3)

Fourth 277 1778(9) 233 1563(8)

Fifth 311 1500(3) 266 1625(6)

Sixth 376 1458(6) 298 2167(3)

Seventh 377 1688(8) 365

Eighth 406 1393(7)

Ninth 383 2000(1)

Note: Figures in Parentheses indicate the number of working wells used to
find the average yield of wells in gallons per hour (GPH); Depth (in ft)
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from 1B feet to 366 feet and the yields are comparatively higher than ondrip
famrers. In L\ villages, the depth of the first wel ranged from 164 feet and that of

the last well 286 feet, with afalling yield from2000GPH to 100D GPH (Table :46)

4.3 CROPPING PATTERN IN HWIV

The cropping patterm in W and L\ villages wes largely conmon as
farmrers grew arecanut on a large proportion of land. The exceptionwas in L\ M
villages seasoral crops like groundnut, cotton, maize and sunfloner dormrinated.
Betelvire is the conmonly cultivated intercrop along with arecanut. Goconut wes

also gronn along the borders of the arecanut garden.

The area under arecanut for HW drip farrers was 125 acres (100 percent)
while 86 acres (%4 percent) was devoted to arecanut by flowfarmrers (Table4 ). A
nodest proportion of 2 percent was put to coconut by flow famrers. Mhize, ragi,
Jjowar were the conmonly cultivated rainfed crops in HVWV. The famrers in
(Busserahalli and Gopperahalli) did not devote thetr irrigated land for the

cultivation of seasonal crops as arecanut was highly renunerative.

4.3.1 CROPPING PATTERN UNDER LWIV

MEin crops cultivated in L\ villages are arecanut, cotton, groundnut,
maize, onion, chillies, sunfloner and to a small extent of paddy and toreto largely
for horme consunption. 1IN LW VUIages Chikganguru, seasonal crops domrinated,
while arecanut dominated in Kagj athur. Considering the gross irrigated area of 12
acres in LV, 1Dacres (B2 percent) was put to arecanut and P acres (48 percert)

were under seasonal crops.
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Table 4.6 : Depth and Yield of sample wells over the years in Low well
interference villages of Channagiri taluk, Karnataka 1997

Order of the well Depth(Ft) Initial yield(GPH)
First 164 2090 (30)
Second 224 2068 (11)
Third 237 1843 (8)
Fourth 246 1250 (5)
Fifth 286 1100(10)

Note: Figures in parentheses indicate the number of working wells used
to find the average yield of wells in gallons per hour (GPH); Depth
of the well (in ft).
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Inlowwell interference villap'>>on small farms, the area under arecanut
was 3 acres (44 percent), coconut 11 acres (14 percent) and 31 acres (42 percart)
was put to seasonal crops out of 77 acres. On large farms, the area under arecanut
wes 66 acres (83 percent); that under coconut wes 12 acres (10 perocent), and 37 acres

under seasonal crops (R percart).

In LWV, Anong the annual crops, onsirall fam s, the irrigated area under
groundnut was 12 acres (35 percent) out of R acres of irrigated area. Large famers
devoted 13 acres to nmaize crop (36 percant) out of 3.5 acres of gross cropped area
under annual crops. The other najor annual crops in LW villages are 525 acres (16
percent) of cotton, 6 acres (18 percent) under maize, 483 acres (14 percent) under
chillies and 275 (8 percent) for paddy on simall famrs. A ngjor proportion of 13 acres
(35 percent) was under maize whille sunfloner constituted to the extertt of 10acres (27
percent) for large fanrers. The area under groundnut wes 8 acres (21 percent) while
that of tomato was a nodest of 1.5 acres (4 percant) out of 365 acres on large fans.

INn LW also around 8D percent of the area was under arecanut.
4.4 COPING MECHANISMS

The anortized investment on drip irrigation system in HW drip fams
(Goppenahall) is Rs. A3l per acre of arecanut and Rs. 5550 per farmfor an average
farmsize of 6 acres. The anrortized cost of coping nechanismis Rs. 15,792 per acre
(Rs. 24,183 per fan). The anortized cost of storage structure (With polythene sheets
1o reduce evaporation lasses) is Rs. 371 per acre (Rs. 3,577 per fanm) (Table 48). At
present, fanrers are not using the storage tanks in HYWV since they cannot use
themfor punping water as drip irrigation is used. The anortized cost of PV/C pipe

per acre is Rs. 847 per acre and Rs. 3064 per fam
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Table 4.8 : Amortized costs on coping mechanisms in Channagiri taluk 1997

Farmers Farmers LW-SF LW-LF

using drip using flow

irrigation inrgation
Number 21 21 26 12
Per farm A,188 621 3513 26845
Per acre 15792 6,110 1,183 2813
Max 264330 10954 17,552 1,11,139
Min 25410 0 0 0

Note: Cost of coping mechanism ; Includes the annual cost of the initial
investment on groundwater irrigation well (s ), deepening, casing, pumps,
pumphouse, pvc pipes, storage structures, drip irrigation (if adopted) and
soon
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Considering farmrers who are using flow irrigation, investment on additional

wells as coping mechanisns includes investiment an all the borewells excluding that
on the first borewell. The anortized investment on additional wells in HW drip
fams is Rs. 8,3 per farmand Rs. 13643 per acre of arecanut; The anortized
investment on additional wells in HW flowfanms is Rs. 25910 per farmand Rs. 5246
jper acre of arecanut. In BT flow farms, the anortized cost of storage tank was Rs.
13 per acre (Rs. 615 per fanm). Here storage tanks are used since farmrers are
applying groundwater by flow irrigation. The anortized cost of PV/C pipe per acre is

Rs. 130ad that per fammis Rs. a0 (Table 4.9).

In L\ viUages, there were only four farrers using drip irrigation (out of
the sanple of B) as relatively they had better groundwater regine due to lowwell
interference and tank recharge (in Kagathur). Anmong the smalJ farmrers, one farmrer
invested on storage tank. The anortized investment on storage tank per acre wes Rs.
186 on large famrers, and that per farmmwes Rs. 106846 The investiment on PVVC pipes
by small famrers is Rs. 225 per acre and that per farmis Rs. 666. For large farmrers,

the anortized cost on PV/C pipes is Rs. 14 per acre and Rs. 1,855 per fam

4.5 INVESTMENT ON IRRIGATION WELLS

INn HW flow farmrers (Bussenahalli), the anortized investment per farman
irmigation wells is Rs. 47,332 and that per acre is Rs. 1080 The anortized cost per
well is Rs. 10811 and that per functional well is Rs. 2283 The low anrortized ocost
per functional well is due to a lowfailure rate of 48 percert (anong borewells) ard is
inturm due to groundwater recharge fromthe Bussenahalli irrigation tank. On drip

fams, the anortized investment anirrigation wells is Rs. 1,105 per farmand Rs.



53

e 1o
£e8 8c8 n o} = " oo Bwl
(6]
8o 8 3 o . o o L8 oo§ 00 0o Lol 2/AC,
0o @0 o
S8 Sa S 7% alooo Bws
8
888 B A3 o L : 4 . 8 ool sp2 50 09 WD
§ - eb — @ S S@IS 5u"_ @ ~ n\w Sumoa
~ollle o i SO o8 g, O o O Co zg N S BoRw NP
oot S.n o oy O B, , 00T o )
|\ . Do NS0, sWBoo 5 wBoxy owBa Lo W fo orLIWswe, 8 3.6,



)
18528 per acre. The anortized cost per working well is Rs. 13571 and that per

functional well is Rs. 52740, (Table 410

In LW villages, for small (large) famrers, the anortized investment per fam
onall thewells is Rs. 1356 (Rs. 323B) and that per acre is Rs. 4530 (Rs. 363). The
anortized cost per well for small (large) famers is Rs. 8&2L (Rs. 7,289, that per
functional well is Rs. 12624 (Rs. 120/0). Thus, farmers In W flowfams incur
investment on driJling a functional wel as incurred by LW farmrers. The area irrigated

per functional well is 327 acres on large fanms and 2.7 acres on siall fams.

4.6 IRRIGATION COST

The anortized irrigation cost per farmin HW drip fams is Rs. 1,335834ard
Rs. 22,397 per acre of arecanut. The high anortized cost of irrigation per farm is due
to possession of 7.38wells per farm ofwhich only 2Mwelss are functional, enduring
large scale failure. The anortized cost per well is Rs. 16406 and that per functional
weURs. 63756 The anortized irrigation cost inflowfams is Rs. 040l and Rs. 11,563
per acre. The anortized cost perwell is Rs. 11,906 and Rs. 24,055 per functional well
(Table: 4.11). Considering the anortized cost per acre of arecanut, the HHW/ drip
farms are incurring twice the cost on irrigation conpared with that incurred by

HWMV flowfams.

SmaU (large) fanmrers of LW villages incurred an anortized irrigation cost
of Rs. 17,116 (Rs. 4654 per famand Rs. 5,766 (Rs. 4,878) per acre (Table; 4.12). The
anortized cost of irrigation per well on L\ villages for small (large) famrers Is
Rs. 10854 (9630 and per functional well the anortized cost is Rs. 158Band Rs. 15988

for small and large famrers respectively.
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Table 4.10: Amortized costs on irrigation wells in 1997 prices in Channagiri taluk

Farmers usinc Farmers usint LWI-SF LWI-LF
drip irrigation flow irrigation

Per farm 1,10,504 47,362 13,595 35,203
Per acre 18,528 10,870 4,580 3,689
Per well 13571 10,811 8,621 7,283
Per functional 52,740 22,604 12,624 12,070
well

Area irrigated 2.84 2.07 2.75 3.27
per functional

well



Table 4.11 : Amortized cost of irrigation and number of irrigation wells in HWI
villages of Channagiri taluk 1997 (in Rupees)

High well interference villages
Farmers using Farmers using

Number of Farmers 21 21
Gross area irrigated 125.25 91,5
Sample total 28,05,266 10,58,428
Amortized cost per farm 1,33,584 50,401
Maximum amortized investment 3,60,765 1,24,103
Minimum amortized investment 19,648 2,386
Amortized cost of irrigation per acre 22,397 11,568
ofGAl

Number of Failed Wells 127 45
Number of Functional Wells 44 44
Number of wells per farm 8.14 438
Total Number of Wells 171 92
Amortized cost of irrigation per well 16,405 11,505
Amortized cost of irrigation per 63,756 24,055

functional Well

Number of bore wells per farm 7.38 4.23

Note: GAI= Gross Area Irrigated



Table 4.12 : Amortized cost of irrigation in LW!I villages of Channagiri taluk,

Number of farms

Gross Area Irrigated (GIA) in

acres

Total for sample

Amortized cost per farm
Maximun amortized investment
Minimum amortized investment

Amortized investment per acre

of GAI

Number of failed Wells
Number of functional Wells
Total number of all Wells

Amortized cost of irrigation per

Well

Amortized cost of irrigation per

functional Well

Number of borewells per farm

Note: GAl= Gross Area lIrrigated

Karnataka, 1997

SMALL FARMER

26

77.18

4,45,014

17,116

55,054

7,737

5,766

13

28

41

10,854

15,893

1.07

(inRupees)
LARGE FARMER

12

114.5

5,58,528
46,544
1,46,217
10,776

4,878

23

58

9,630

15,958

2.92
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INn HW drip fanrers, the average number ofwells (GIA) per farmis 7.33(6

acres), as against 376 (4.37 acres) on HW flowfams. In LW, onsall fans, the
average nuber ofwells (GIA) per fammis 138 @Bacres) and that onlarge fams is
383 (@54 acres). The average nurber offunctional wells (GIA) per farmis 2 (6
acres) in H\ drip. 195 (4.37 acres) in HW flow farms on LW villages itwas 107 3

acres) on small farms and 2.91 (954 acres) on large farmrs.

4.7 NON-IRRIGATION COST OF PRODUCTION

The nonHirrigation cost of production in arecanut includes variable costs
incurred on farnmyard manure cost, hunman and bullock labor involved inweeding,
inter-culture, harvest and post harvest practices in arecanut cultivation. In HAM
drip famrs, the per farm (per acre) nonrirrigation cost of production was Rs. 8099
. 10214 and that in HW flowfamrs itwes Rs. 26332 (Rs.6606); LW sall farmrers
incurred Rs. 183162 (Rs. 6§04 and large farmrs incurred Rs. 55494 (Rs. 5,817)

(Table; 413

4.8 QUARTER AMORTIZED COSTS AND RETURNS FROM IRRIGATION

In HW drip fams (Goppenahalli), the bottom 25 percent of the farmrers are
using only 6 percent of the total water, on 9 percent of the gross area irrigated,
incurring percert of irrigation caost, realizing aloss of 7 percent. The proportion of
working wells is 13 percent. The net retum per finctional well is - Rs. 200,

(Table ;414)
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Table 4.13 : Production costs for arecanut in HWI and LWI1 villages in

Channagiri, Karnataka, 1997 (Rs.)

Avg.size of holding (Acres)
Total for the Sample
Average

Per acre

Avg. Size of holding (Acres)
Total for the sample
Average

Per acre

Farmers using drip
irrigation in high well

inerference village
5.97
12,79,333
60,977
10,214

Small farmers in Low

well interference village
3

4,67,227

17,970

6054

Farmes using flow
irrigation in high well

interference village
4.35
5,54,950
26,426
6065

Large farmers in Low

well interference village
9.54

6,66,053

55,504

5817

Note: Production cost includes cost incunred on farni yard manure, human and
bullock labour costs, harvest and post han/est costs of arecanut
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In B flowfams, the top 25 percent of the famrers are using 43 percent of

the groundwater on 22 percent of the gross areairrigated, incurring 29 percert of the
irrigation cost, realizing net return of 17 percent from3L percent of the functional
wells. The net retum per functional well is Rs. 41,881.25 percent loner than their
counterparts in HW drip famrs. In the last quarter of HM flow fams, the bottom 25
percent of the farmrers use 13 percent of the remaining water on 33 percent of the
areca area, incurring 2 percent of the irrigation cost realizing 45 percent of the net
retums and possessing 25 percent of the functional wels. The net retum per
functional welU is Rs. 1,25,971. Bven though, HWM flow famrers are irrigating through

flow irrigation, their proportion of use of groundwater is a nodest 13 peroent.

In the LV quarters, the net retums per acre inch of water varies fromRs.
7683to0 Rs. 122 In addition, there is equiity With respect to proportion area irrigated as
it varies from 14 percent to 42 percent. However, there is inequity with respect to
groundwater use, as the bottomquarters use only 14 percent of groundwater, the
rest 86 percent used by farmrers inthe top two gquartUes. Thus, the cause of loner net
retums in L\MM villages is the low accessibility to groundwater even though famrers
have incurred higher irrigation cost per acre in relation to the watter available. For
instance the farrers are incurring around Rs.800 per acre inch of water conpared to

farmrers in the top quartile who are incurring REIGDto Rs. 4D per acre inch

4.9 MARGINAL PRODUCTIVITY OF GROUNDWATER

The marginal productivity of groundwater is derived by regressing the
grass retums (RS) fromgroundwater on the anortized cost of irrigation (Rs) and the
volunre of grouncwater used (acre inches). Data fromfarmrers in HWV and LVMV

were used to estimate the gross returms function. But the coefficient of nultiple



determination and the estinmated coefllcients for groundwater were not statistically

significant. Since this was not a pragmatic finding, for the purpose of estimating the
marginal productivity of groundwater, the farmrers in HW and L\MM were regrouped
into those famrers using drip irrigation (24) and those farmrers using flow irrigation

5. The Cobb-Douglas form provided a reasonable fit for the data

The estimated gross retum function for drip farnrers hes statistically
significant  and regression coefficients. The estimated water use and anortized
oost of irrigation is close to the actual water and anortized cost of irrigation. The
elasticity of gross returms to grouncwater is Q55 whiUe that to the cost of irrigation
is Q43 (Table 4.15). There is no nrulticollinearity between the volume of groundwater
used and the anortized ocost of irrigation. For every 1 percent increased in the use of
groundwater, the gross returms increase by Q56 percent, while a 1 percent increase

inthe cost of irrigation, result in Q43 percert iNcrease iNgross returs.

The estimated gross retum function for farmrers using water through flow
irrigation also has statistically significant  and coefficients. The elasticity of grass
retunms wWith respect to groundwater use is Q63 percert, and that in respect of
irrigation cost is 052 These elasticities are conparable with those obotained for
farmrers using groundwater through drip irrigation. However the marginal retum to
the 108th acre inch of groundwater is Rs. 753 whiile the marginal factor cost of an
acre inch of groundwater is Rs. Zyielding an MR/ ratio of 224 (Table: 4.16).
This indicates that for famrers using flow irrigation, it still pays for themto invest

in New sources of grouncwnater resource.



Table 4.15 : Co-efficients of Gross Returns function on fanners using drip
irrigation and flow irrigation in Channagiri taluk, 1997

Farmers using drip Farmers usingFlow
irrigation Irrigation

Ln of groundwater used 0.5538 0.6296
(4.53) (4.2556)

Ln of Irrigation Cost 0.4273 0.5175
(2.68) (3.2060)

Ln of intercept 5.2739 3.5294
(3.35) (2.4475)

0.79 0.49

Note: (I) The Sample Size on HWIV drip farms is 24 and on non-drip
farms is 55; (ii) The Cobb-douglas form of gross returns function is
estimated. (Hi) Figures in parentheses are the t-values.
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Table 4.17 ; Net Returns to groundwater irrigation over coping mechanisms in
Channagiri, Karnataka, 1997 (Rs.)

Farmers using Drip  Farmers using flow

irrigation Irrigation

Total No of farmers 21 21
Net Returns over costs of all 40,87,557 43,66,564
Coping Mechanisms

Net Returns per farm 1,94,646 2,07,932
Maximum Net Returns 7,30,591 8,50,466
Minimum Net Returns -2425 13,973
Net returns per acre 32,635 48,256

Note. Cost of coping mechanism includes the annual cost of the initial
investment on groundwater irrigation well (s), deepening, casing, pumps,
pumphouse, pvc pipes, storage structure, drip irrigation (if adopted) and
SO on.
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4.10 COPING MECHANISMS AND RESILIENCE

The investment in coping mechanisns includes anortized cost of additional
well(s) beyond the first well, drip irrigation, storage structure, \water cornveyance
pipes within the farm, watter transfer through P\/C pipes fromgroundwater source
to the farm The net retum per acre over these investments on coping mechanisirs
on farms using drip irrigation and flow irrigation is Rs. .65 ad Rs. 4826
respectively (Table :4.17). The net retum per acre of gross area irrigated over the
anortized cost of irrigation is Rs. 15816 on farmrs using drip irrigation in MYV
while that onflowfams is Rs. 35734 (Table :4.18). The net retum per acre of gross
area irrigated over the anortized cost of irrigation is Rs. §634whUe that on large

famsitisRs. 17,147C ' A

The Intermal Rate of Retum (IRR), Discounted Benefit-Cost Ratio (DBCOR)
and Net Present VValue (NPV) of investment onwell irrigation (including investrment
on coping mechanisirs like drilling additional wells, drip systerm, groundwater
storage structure, conveyance and water transfer) were estimated to study the
econommic feasibility of the investent in irrigation in arecanut.

4.11 DISCOUNTED CASH FLOW MEASURES

The discournted cash flow neasures indicate that the intermal rate of retum'’

on HWV farmrs was 20 per cent and that on LMV farmrs was 27 per cent. The IRRon

LWV farmrs is 27 percent which is also renmunerative and financially attractive. The

discounted benrefit cost ratio on HVWMV fams is 1.5 and that on LWV fams is235



Table 4.18: Net returns obtained by farmers in HWFVusing drip and
flow irrigation in Channagiri taluk, Karnataka, 1997 (in Rupees)

Farmers using Farmers using
Drip irigation  Flow irrigation

Number of farms 21 21
Total net returns for the sample 19,80,901 33,61,122
Net Returns per farm 94,329 1,60,053
Maximum Net Returns 6,10,437 7,15,997
Minimum Net Returns -59,439 -25,647
Net Returns Per acre of GAl 15,816 36,734
Net Returns Per Well 11,584 36,534
Net Returns Per Functional Well 45,020 76,389

Note; (i) Arecanut occupies 100 percent of the GIA in drip farms and 94 percent on
flow irrigation farnns. (li) Water used per acre of GIA is 9 and 27 acre inches on drip
and flow farms respectively.



Table 4.19 : Net Returns obtained by small and large farmers in LWI villages of
Channagiri taluk, Karnataka, 1997

SMALL FARMER LARGE FARMER

Number of farms 26 12
Sample total Net Returns 5,12,035 19,63,369
Net Returns per farm 19,694 1,63,614
Net Returns per acre of GAl 6,634 17,147
Maximum Net Returns per farm 1,25, 711 3,93,661
Minimum Net Returns per farm -24845 -21,780
Net Returns per Well 12,489 33,851
Net Returns per functional Weill 18,287 56,096

Note: (1) All the functional well are borewells

(i) 78 percent of all borewells were functional on small farms and 63 percent on large farms.
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(Table 420). The et present value of the investment is Rs. 516478 The pay back

period groundwater irrigation an HWV (LWMV) farms was 4.16 (2.78) years'.
4.12 ECONOMIC FEASIBILITY OF INVESTMENT IN COPING MECHANISM

Partial budgeting is used to analyze the economic feasibility of investment
in coping mechanisns. The partial budgetny is attenpted considering the
corresponding differences in iNcrease iN costs, decrease iN retums, savings in costs
and increase in returms between drip irrigation farms and where flow irrigation
farmrs (Table 4.21). The partial budgeting indicates that the returns to investiment on
resilience mede by the farmrers indrip irrigation as beneficial since the difference

between the contribution of drip irrigation and the flow irrigation is Rs. 33256

4.13 IMPACT OF GROUNDWATER SCARCITY ON EMPLOYMENT

Arecanut crop is gronn on 8 percent of the gross area irrigated in WV
and on BDpercent of the gross area irrigated in LVMV. BEven though the economic
scarcity of groundwater has set in, farmrers have still foud it renmunerative to
continue with arecanut crop on a major portion of the well conmand, since the
relative cost of groundwater to arecanut price is cortinuing to be favorable. Thus,
nmejor changes in crop pattem are not observed and obviously in enploynent.
However, the groning scarcity of grouncwater has necessitated nost of the famrers
in HVWV to drlJ irrigation well/s about 3to 5 kiloneters gpart in the distant
Naravanji, Gollarahatti and transfer the groundwater through PVC pipes to

Thepay backperiod is computed by using thefollowingformula:

Sum ofthe discounted costs incurred during establishment stage of 6years
The discounted net return obtained in the sixth year.



Table: 4.20 Kstimated Discounted (‘ash Flow Measures for farmers using ground
water in ( liannagiri taluk, Karnataka state, 1997

High well Low well
interference interference
villages villages
Net Present Worth (Rs) 1,39,090 2,58,531
Benefit Cost Ratio 117 1.72
Internal Rate of Return (%) 20 27
Pay Back Period (Years) 4.90 3.26

Note'. 1 IRR is estimated for 30 years of areca garden which is taken as one
generation cysie 2. As the average life of the well is 1.8 years, the farmer will
have to invest in drilling and casing of an irrigation well once in two years. 3.
Pump set and accessories used in irrigation are assumed to work for 10 years 4.
Morre than 80 percent of the farmers in HWIV and more than 60 percent of the

farmers in LWIV are growing arecanut.



Table 4.21: Partial budgeting to determine economics of coping strategies in

arecanut garden, Channagiri taluk, Karnataka, 1997

Costs Returns
B
Increase in costs Savinas (decrease) in costs

1 Amortized cost of irrigation per 1 Savings in labor @ 0.4 man day X Rs.
acre on drip irrrigation farms minus 40 perday for 300 days = Rs, 4800 on
Ammort cost of irrg on flow irrigation  drip irrigation farms

farms = (Rs. 22,397 - Rs. 11,568) =

10,831

2. Other production costs per acre 2. Savings in water cost = (27-9 = 18
in drip irrigation farms minus prod acre inches X Rs. 418 per acre inch of
costs in flow irrigation farms = (Rs.  water in flow irrg = Rs. 7524 = Savings in

10214 - Rs. 6065) = Rs. 4149 water due to drip irrigation
Decrease in returns: =0 Increase in returns =
A =Total = Rs. 14,980 (Rs. 54,366 - Rs. 18,454) = Rs. 35,912

B =Total = Rs. 48,236
B-A=48,236-14,980= Rs. 33,256 "

Note. The assumptions are;
1. Average arecanut farm irrigated by drip irrigation is of the size = 5 acres

2. Savings in water cost = value of the difference between water used (in acre inch) under
flow irrigation and that under drip irrigation.

3. Increase in returns: is the difference in the gross returns per acre on a farm irrigated by
drip farm and that under flow irrigation.

Amortized cost of irrigation per acre on drip farm = Amort.cost of investment on additional wells,
drip irrigation, conveyance, storage structure, pump sets, etc.

Amortized cost of irrigation per acre on flow farm = Amort.cost of investment on additional wells,
conveyance, storage structure, pump sets, etc.

Savings in cost means savings due to reduction of labour for weeding and irrigation

Savings in water cost = 27 acre inches per acre on flow farms minus 9 acre inches on drip farms
= 18 acre inches valued as Rs.418/- per acre inch qnlf[ow farm. The water price of Rs.418
is considered as a conservative estimate — —— ° °  t-csr et cai'blpu

Increase in returns = Rs.54,366/- is the gross returns on drip irrigation farms minus gross returns
of Rs.18,454/- in flow irrigation = Rs.35,912

The difference between the figures per acre in drip irrigation and flow irrigation farms indicate
the effect of partial budgeting. All farms have invested in drip irrigation and water transfer
since there is absolute scarcity of groundwater and there is no recharge from irrigation
tank.The increase in returns is the difference in the gross returns per acre between dnp
irrigation farms and flow irrigation farms.



Table 4.22: Cost of bore well in Goppenahalli village of Channagiri taluk,
Karnataka, 1997 (in Rupees)

Divining Cost 500
Depth in Feet 500
Cost of Drilling (Rs) 24000
Casing (feet) 40
Casing Cost (Rs) 3200
HP of Irrigation Pumpset 8
Cost of Pumpset (RS) 25000
Electricity installation (Rs) 5000
Pump placement Cost (Rs) 23000

Total Cost 80,700
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support arecanut crop through drip irrigation. This change has broughtt in savings
in labor requiired for field application of water. The savings in labor =Savings in
labor @ 04 man day X Rs. 40perday for 3D days = Rs. 4310 Next, the savings in
water cost is achieved as the difference between the groundwater used per acre in
drip and flow farmrs given by (27-9=) 18 acre inches valued at the rate of Rs. 418 per

acre inch ofwater (inflow irrigation) provides a saving of Rs. 7524.
4.14 CASE STUDY OF INVESTMENT IN WATER TRANSFER

Surface water transfer is an obvious process due to novernrent of vast
volunres of water over huge distances between the sink and the source. But
transferring relatively low volunes of groundwater to distances ranging fromtwo to
seven kilometers by (@) farmrer(s) for irrigation poses economic puzzles as this
involves huge transaction costs due to managenent of irrigation well, and

corvincing the farmrs to cooperate for inlay of water pipes.

Fromthe sanple data, it was observed that the first water transfer in
Channagiri took place in 1989, while the drip irrigation was introduced during 1980
The situation becarme worse in the early 19905, that water transfer becane
inminent, and in addition entailed investment on drip irrigation. This anounted to
two types of scarcities: (I) locational scarcity of groundwater resulting in tapping of
groundwater and transferring fromlarge distances and as the available
groundwater in situwas too little (2) even the water tapped fromlarge distances is
so insufficient that the farmrers had to use drip irrigation to utilize the available low

volunme ofwater in an efficient manrer.



4.14.1 DRIP IRRIGATION ON FARMS WITH WATER TRANSFER

In Goppenahalli, all the 21 famrers growing arecanut have fixed drip
irrigation systermduring 196, in resporse towater scarcity. The investment in drip

irrigation anourts to around Rs. 12000 per acre.

The farmrers who have shifted to the drip system were earlier irrigating the
arecanut in flowsystemn Inaddition to investment in drip irrigation, around 40
percent of these drip farmrers are lifting water by drilling irrigation wel Xs) at
distances ranging between 2 kirs and 7 ks fromtheir farm Having installed
automatic starters, farmers need not put onor put offthe irrigation punp and thus

achieve saving in their tine and energy.

The problem ofwater transfer is best studied with the help of a case study of
afarmrer in high well interference village. The farmrer installed drip irrigation
systemard is transferring groinowater froma distance of 5 ks fromMaravanji,
Channagiri taluk to irrigate his arecanut crop of eleven acres at Goppenahalli.

Water transfer involved purchase of land at Maravanji mainly for the groundwater
appurtenant with land. The transfer of water involves huge Investrments in the form

of purchasing land, corveyance, maintenance and other transaction costs.

4.14.2 INVESTMENTS IN IRRIGATION

The farmrer (Sri Shankrappa, Goppenahalli in Channagiri taluk) possessed
11 acres of land totally under arecanut, with 6borewells of which one was working.
The working well is 33Dfeet deep drilled in 1956 on the Q5 acre land purchased at a

price of Rs. 150 located 5 ks avnay fromhis farm to exclusively tap groundwater.
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The farmrer hes installed a 6 HP irrigation punp set with 10stages to lift water. The

age of this well is assuned as five years since, the water is used through drip
irrigation, saves the farmrer substantial volumes of water. The yield of the well is
153D gallons per hour. Farmrer has laid the P\/C pipe by investing Rs. 1,.50000for

transfer of water.

With a failure of 5wells on the farm the anortized cost of irrigation (=
anortized cost of working wells, failed wells, drip irrigation system, overground
water storage, PVC pipe) and repairs worked out to Rs. 1,45, 7/ which formred 72
percent of the total cost of production (Rs. 22,0/) (Table 423). The anortized cost
onwater transfer alone was Rs. 168 which accounted for 8percent of the total cost
of production. The anortized cost of investirernt ondrip irrigation was Rs. 2% for
11 acres of arecanut per year which formed 11 percent of the total cost of production.

The non irrigation production costs were Rs. 53900

NET RETURNS

The famrer used 2B gallons per areca palmper year or Q4 acre inch per
plant (With the plarnt population being 8Dtrees per acre). He realized an output of 4
quintals per acre and gross retum of Rs. 587,530 The net returms over the total cost
of production waes Rs. 385421 from 11 acres of arecanut, which inplies anet retum
of Rs. 35033 per acre. The net returns over non irrigation cost was Rs. 533300which

inplies aret returm of Rs. 48500 per acre (Table: 4249)
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Table 4.23: Costs of water transfer in Goppenahalli village, Channagiri taluk,
Karnataka, 1997
(A case study of a water transfer by a farmer)

Costs Proportion
Amortised cost of( working wells +failed 1,45,779 13%
wells+ drip+ storage+ pvc)+ repairs = total
irrg cost
Amortised investment on (working and 88,633 44%
failed) wells
Amortised investment on only working 15,516 8%
wells
Amortised investment on only failed wells 73117 37%
Amortised costs on (working 72,662 36%
well+drip+storage + pvc)+ repairs
Amortised cost of storage structure 3182 2%
Amortised cost of drip investment 22,265 11%
Amortised cost of water transfer (=cost of 16,699 8%
pvc pipes + laying charges)
Annual repair charges of irrigation wells, 15,000 7%
pumpsetss
Non imgation costs of production 53,900 27%
Total cost of production + irrigation + 2,02,079 100%

opportunity cost of dryland agriculture

Note; The data for this table is from a case study of a farmer Sri. Shankarappa from
Goppenahalli village, who has been transferring water from Maravanji (a nearby
village). He has 11 acres under arecanut, has 6 borewells of which 5 borewells have
failed and the only one well is in Marvanji village which is 4 kilometers away from his
fammn.



Table 4.24 : Net returns on water transfers in Goppenahatli village, Channagiri
taluk, Karnataka, 1997
(A case study of a water transfer by a farmer)

fin Rtipees)
Returns
Gross Returns 5,87,500
Net returns over all cost of production 3,85/421
Net returns over non- irrigation costs 5,33,600
Net returns over irrigation costs including 441,721
negative externality costs
Net returns over costs of working and failed 4,98,867
wells
Net returns over costs on (working wells + drip 5,14,838
+ storage + pvc + repairs)
Net returns over production costs and working 4,60,938

well costs and coping mechanisms

Note: The data for this table is from a case study of a farmer Sri. Shankarappa from
Goppenahalli village, who has been transferring water from Maravanji (a nearby
village). He has 11 acres under arecanut, has 6 borewells of which 5 borewells have
failed and the only one well is in Marvaniji village which is 4 kilometers away from his

farm.
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CHAPTER YV

DISCUSSION

As groundwater has been considered as a free-of-cost resource both by the
farmers and the policy makers, for the economics of groundwater irrigation to make
a discernible impact on the cost of cultivation of crops, there is necessity to
appreciate the implicit costs of groundwater, though the explicit costs are in terms of
electricity price payments to the State Electricity Board. This chapter highlights all

the details of the implicit costs involved in groundwater irrigation.
Physical and Economic scarcity of groundwater

Considering the fact that Channagiri taluk is located in Southern
transitional zone, the agroclimatic condition and hydrogeological regimes are more
favorable when compared with other dry agroclimatic zones of Karnataka. Not
withstanding these benefits, the field impression and consultation with major drip
irrigation actors of the state, indicated that, Channagiri is fraught with economic
scarcity of groundwater and thereby forcing farmers to adopt drip irrigation as a
popular mode of irrigation whenever arecanut is dominating. Accordingly,
Channagiri taluk was chosen to study the economic scarcity even though the farmer
here do not deserve the equity focus as much as expected, when compared with
situation in other dry zones. The reason being, peasants in Channagiri are using
groundwater to grow arecantt, and not any food crop or vegetable crop, in which

case the market forces in arecanut may bring windfall gains to farmer and offset the



84
effects physical or economic scarcity of groundcwater so that farmrers can ke

cheerfully resilient. Hence whUe physical scarcity is crucial, inall the areas where
interaction effects of wells are apparent, the areas which suffer fromneconomic
scarcity of groundwater, supporting food and vegetable crops obliterate concernms of

equity.

Thus, it is inorder to Note that the this study focus is to be nore tonards
efficiency rather than equiity for the reason that the resilience effect by the farmrers

are tonards sustenance of conmrercial crops like arecanut rather than food crops.

Earlier studies in the Departrment of Agricultural Economics by Shirish
Kulkami, (1976) considered life of a dug well with lining to be 1years and that
without lining to be Pyears and borewell to be Syears. Inanother study
Jayaraman, (1981) considered the life of dug well to be 0years and that of borewell
1o be Dyears. V\HLE the physical structures of dug wells (lined or unlined) and
borewells may last for the assuned period, whether these wells also yield

groundwatter for their assuned period is a key question.

During the 705, when the above studies were carried out, initial failures as
well as premature failures of irrigation wells were not even thoughtt of as the
evertualities. Thus, with increasing policy support for minor irrigation (through
NABARD refrmance) on the one hand and increased investment by famrers onthe
other, the number of irrigation wells grew exponentially at a conpound gronth rate

often percert in the Eastem Dry Zone and at significant rates in other zones too.

It is in order to conare the rate of drilling / sinking wells with the
Governmental policy support. Since 192, the energy cost of punpHifting

groundwater on pro-rata basis fromirrigation wells was changed to the flat-tariff.
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Farmrers using groundwatter for irrigation using electrical punps needed to pay

according to the number of units of electricity used (pro-rata besis), as against
payrment of a flat fee per year based on the Horse Power of the irrigation punp. A
careful observation of the inpact of the shift frompro rata to flat rate policy
indicates that in Kamataka, the use of electricity for agricultural purposes increased
from3BDmillion kilowatt hours in 1976 to 24034 million kilowatt hours in 1987
(Chandrakanth and Ronm 1990). Inaddition, institutional credit for minor
irrigation increased from26 percent to 50 percent between 1938 and 1988
Specifically, the institutional credit for well irrigation increased by 16 tiJiies from
Rs. 183 million in 1988 to Rs. 317 million in 1987; that for horticulture by 10Dtimes
fromRs. L1283 million to Rs. 121 million. A discermible inpact of this support was seen
in the increase in the percentage of wells drilled with the institutional support from
26 percent to Ppercent. The refinance by NABARD increased by 6tines during the
period. With the tacit support fromthe Rural Electrification Corporation of the
Governiment of India, the investiment on groundwater irrigation swelled. Ifthe rate
of construction / drilling irrigation wells (ten percernt) could be considered as a
proxy for the rate of groundwater extraction, and comparing with the nodest rate of
groundwater recharge of around five percent, the past and present grouncwater
extraction are certainly unsustainable. This can be corsidered as the prina facie

evidence of the physical scarcity of groundwater resource.
Physical scarcity ofgroundwater exacerbated due to interference of wells

In the next level of analysis, the physical scarcity which is alnost a gereral
phenonrenon in the hard rock aress, is exacerbated in pockets where interactive
effects of irrigation wells is gpparent. Interactive effects of wells arise in situations

where the number of wells per unit volume of groundwater is large. Insuch
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situations, the physical scarcity of groundwater can lead to economic scarcity, by

increasing the groundwater scarcity rents, negative externality costs, other
transaction costs, all of which, reduce the resource economic profits from
groundwater irrigation. This may have equity inplications, since small farmrers
with meager resources WU face greater economic prablens due to inaccessibility to
groundwater conpared with large famrers, when both face the sane levels of
econormic scarcity ofgroundwater. However, due to scarcity lead high initial and
premature failure of irrigation wells, the life of irrigation wells has been
corsiderably shorterned. Inextrene cases, as in Channagiri, the average life of
irrigation wells is even belowtwo years ' This paves the way for consideration of
investment inwell irrigation as a variable cost influencing the decision making.
Considering these investments onwells as fixed capital, economic profits will be
overestimated and make further investments attractive, as farnrers fail to appreciate

that they are realizing Ulusionary profits.

In Channagiri, groundwater extraction through borewells began since the
early seventies, after all the efforts to tap the resource fromthe existing dug wells by
deepening and / or in boring, failed to bear results (in the HW\/s of Goppernahalli
and Bussenahalli). Basically, irrigated agriculture in Channagiri -inthe KMV was
targeted at sustaining arecanut-betelvine fanming. Here, farmrers considered onwning
arecanut orchard as a prestige. Thus, all the investments nede by farmrers to sustain
areca gardens by way of frequent investments in groundwater and associated
irrigation structures (systernrs) can corveniently be considered as famers' efforts to

e resilient economically.
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Hence the existence of D percent ofall wells as borewells. ofwhich only 47
percert (148) are functioning, gives a primary indication of the extent of econorric

scarcity inthe study area.

In the High well interference yillages (HWV), of the total (B0 wells, 834
per cent) are owwned by flow irrigation farms and 171 (65 per cent) were onned by
drip famrers. This shows that in situation of high interactiye effects of wells, when
there is No recharge of groundwater, due to scarcity, and suitability ofthe crop for
drip irrigation, fanmrers have conyeniently switched to drip irrigation. Cornversely,
Bussenahalli, due to relatively better endowed groundwater, farmrers are irrigating
their arecanut garden through flow irrigation. This is an apparent contrast where
famrers have responded to cope with scarce groundwater using drip irrigation in
groundwater scarce village, have with flow irrigation in relatively better endoned
groundwater viulage due to influence fromirrigation tank. These two villages are

about 10kilometers apart.
5.1 AGE AND LIFE OF WELLS

In this study, conoepts of well age and well life have been clubbed to dotain
the average nunmber of years of functioning of irrigation wells for the folloning

reasors:

1 For initial failures, (if) the life is taken as zero (ad) the anortization
(formula for) cost of irrigation will be plus infinity. Again, if there are large
nunmber of initial failures, the anortized cost of irrigation will obviously be

too prohibitive and adds large values to the cost of irrigation.
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2 Inasituation where borewells dominate, and for a few farmers who still

have had dugwells which served for nore than years, which is higher
than the average life, the positive extermality realized due to larger ages,
will mesk the negative extermality of the borewells which served far below
average life, since all the negative and/or positive extermalities are clubbed
for each famrer. Also the productivity of dug well and borewell are not

directly conmparable as they tap groundwater fromdifferent levels of

aquiifer.

3 The outlayer famrers are those Wwho had irrigation dug wells which senved
for long periods. Such outlayers have been eliminated by using the rule
Mean = (165 Standard Deviation) to include 9Dpercent of the wells
assuming the normral distribution for the data. Thus, the average age
includes both the age and life of wells as a conprehensive indicator of the
nunber of years borewell / dugwell functioned in a given area. Cbviously,
ifthe nunber of initial failures is large, then this will weigh down the age of
the well. Clubbing the concepts of age and life, the average age ofthe well is
conputed separately for dugwell, dug cumborewell and borewell for HAM

and LW villages.

4. The range of life for boranells in HWV was small (Oto 15); and in LMYV,

the range was Oto 17, the average age was conputed for HMMV and LV V.

The owverall initial failure rate for H/M and L\ villages was 56 percent ard
31 percent out of 234 and & borewells respectively. This apparently shows the

interactive effects ofwells in HW conmpared with LMM. Out of 234wells of all types in
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HM villages, & (56 percant) were working. In LW villages, &3wells (76 percent) out

of 2wells were working.

Thus, each well on WV drip farmrs irrigates 2.87 acres, while onflow
irrigation farmirrigates 224 acres, in L\MM simall farms 28acres and 327 acres in
LW large farmrs. It is to be noted that such conparisons without considering the
nrethod of irrigation and crop patterm are untenable. Eachwell in HW drip farms
irrigates 2.87 acres of arecanut, but the nock is drip irrigation. Inthese aress, there
has been no influence of groundwatter recharge fromthe irrigation tank. Onthe
contrary, eachwell in HWM flow irrigation farnrs, irrigates 2,24 acres, but the noce is
flowirrigation. Inthese areas, there has been influence of groundwater recharge
fromirrigation tanks in proximity. This shows that the productivity ofawell is
greatlv influenced bv groundwater recharge, and using drip irrigation for a
perennial crop like arecanut. will even increase the productivitv bv leaps ard

bounds due to water savings brought out bv drip irrigation.

5.2 CROPPING PATTERN

Considering both HW and LW villages, the area devoted to arecanut is
around 8 percent and B percent respectively, indicates that farmrers are coping
with groundwater scarcity by continuing to maintain a perennial crop like arecanut.
It is in order to note that conpared with seasonal water intensive crops like paddy
and annual crops like sugarcane, perennial crops ingeneral are low users of water.
Such a coping mechanismalso exists in eastern dry zone, where farmrers devoted
around 45 percent of the gross area irrigated to nulberry, grapes and coconuts
(Negargj and Chandrakanth, 1926). Intraditional areca gronng aress, the coping

mechanismis the adopting of drip irrigation. Whereas, in new areas, where areca is
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taking roat, the cultivation of the perennial areca crop itself can be considered as a

coping nechanism

5.3 COPING MECHANISMS OTHER THAN CROP PATTERN SHIFTS

The coping nmechanisis involved are the use of drip irrigation, corveying
water through Poly Vinyl Chloride (PVO) pipes laid two feet below the ground for
sufficiently long distances of two to five kilonmeters fromthe borewell located outside
the farm surface-water tank, covering the water tank with polythene sheets to
reduce percolation losses, and drilling additional wells to neet the acute
groundwater scarcity. Farrers are foroced to invest at least Rs. halfa lakh nerely to
transport grouncwater froma long distance, involving risk and incurring the
transaction costs of cornvincing the neighboring farnrers and other riparian famrers

beneath whose fields the P\/C pipes are laid.

5.4 INVESTMENT ON IRRIGATION WELLS

It is in order to note that, the cost of groundwater irrigation is relevant for
farmrers in hard rock areas due to the high probability of well failure which forces
the farmrers to invest inadditional well(s). This investment by hypothesis is due to
cunmulative interference. The difference in the investments between HWM and LV
can be considered as the cost of negative extermality, which is an inplicit cost. These
negative extermalities are inplicitly incurred through forced investment on (i)
additional well(s) since the well(s) constructed earlier failed to yield water for the
expected nunber of years and / or (i) water use efficient structures (like over-
ground storage structures, corveyance pipes, drip irrigation, sprinkler irrigation

etc) inorder to at least rermain on the original iso-revenue curve.
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Considering drip farms in Goppenahalli, the anortized investment per fam
onirrigation wells (drilling, casing, irrigation pun, Gl pipe, electrical charges,
punp house) is Rs. 1,10804and that per acre is Rs. 18528 (Table :49). The anortized
cost per well is Rs. 13571 and that per functional well is Rs. 52740 This very
econormic scarcity of groundwater has necessitated all these famrers to invest on
drip irrigation, at an investment of around Rs. 12,000 per acre. The high investment

per functional well is due to high failure rate of 71 percent (anong borewnells).

Considering the investiment on irrigation wells and the associated
paraphermalia in HVMV drip and flow irrigation fams, the investment per
functional well is higher by 122 percernt on drip farms conparedwith flow irrigation
farms induced by higher probability ofwell failure (Table :5.1). The savings of
investment per functional well to the tune of 56 percent onflow irrigation fams is

due to loner well failure induced by the recharge of groundwater.

The area irrigated per functional well is 2841acres and 2.3l acres
respectively on drip and flow irrigation fams in the high well interference area and
are conparable. Hownever, the groundwater used per acre by drip farmrers is 9acre
inches per acre as they used drip irrigation, while that by flow irrigation farmrers is
27 acre inches as they used flow irrigation. This clearly denonstrates that in
groundwater scarcity situations, drip irrigation saves groundwater use to the turne
of G5 percert, in abroad spaced perennial crop of arecanut. The marginjU factor cost
per acre inch of groundwater ondrip farmrs is Rs. 25®while that onflowirrigation
fams is Rs. 418, an increase of 33D percent. Further, there can be savings in the cost
ofwater used if drip irrigation is adopted to the tune of 18 (i.e. Z7-9) acre inches XRs.

A8=Rs. /324 per acre inflow irrigation farmrs.
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Table 5.1: Investment on irrigation wells in High Well Interference Village farms
in Channagiri taluk, Karnataka {at 1997prices)

Total number  Total number of Total Investment per
Farm of irrigation functional wells  investments on  functional well
wells all wells per farm per farm
Drip irrigation 171 44 (2) 2,55,004 1,21,706
farms (in=21)
Flow irrigation
farms (n=21) o2 44 (2) 1,15,003 54,901

Figures in parantheses indicate number of wells per farm.
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Thus, the huge differential in the value of groundwater between the floww

irrigation - arecanut (Rs. 418 per acre inch) and that in the drip irrigation - arecanut
(Rs B per acre inch) of 33D percent reflects the true economic scarcity of
groundwater in drip irrigation farnrs. Farmrers using drip irrigation are saving 18
acre inches of water on every acre of arecanut over those who are applying water to
arecanut with the help of flow irrigation. Considering that farmrers in Goppenahalli
would benefit fromdesUtation of tank, their water price would be Rs. 418 per acre
inch similar to the water price in tank-influence village farmrers using flow
irrigation. Thus, the value of groundwater saved would be 18 acre inches per acre at
the rate of Rs. 418 per acre inch (incurred by flow irrigation fams) =Rs. 7,524 per
acre. On aconservative basis, this can be considered as positive extermality,

accruable due to the inpact of tank desiltation and use of drip irrigation.

Inthe flow irrigation farnrs the area under arecanut is 9l acres and that in
drip farms is 125 acres, which results in per farmareca area of 6acres and 43 acres
respectively. Thus, farmrers using flow irrigation can irrigate the difference of 18
acre nthes saved (by adopting drip irrigation and by encashing the benefit from
desilting irrigation tanks) by applying 9acre inches of water per acre on 2acres

(Which is higher than (6acres - 435 acres = 1.6 acres).

Thus, farmrers within highwell interference villages where there is tank
influence can save the use of water to the tune of 8 percent with the adoption of drij
irrigation and realize savings in the value of water used to the tune of (I8 acre inches

XRs 418) = Rs. /5324 per acre.



5.5 ECONOMICS OF IRRIGATION

INn KWV, arecanut is the major crop on all well irrigated farmrs inter-
cropped with betelvine. In LWV also, the crop patterm is dominated by arecantt,
while seasonal crops like cotton, sunfloner, onion, Naize, groundnut are also gronn
in L\VMV. While conputing the cost of production, the establishment cost of
arecanut, betel-vine and coconut have Not been considered, as the ngjor focus of this

study was on the resource econarmics of wel irrigation.

5.6 EXTERNALITY COST

Externality is of two types - positive and negative. Negative externality is
the unreinmbursed cost. The unreimbursed cost in the case of groundwater irrigation
refers to the investment the farmrers have to incur exclusively due to the action of
other famrers. The actions of other farmrers are manifested through cunulative well
interference. Such investments inter alia are intemrs of () additional well(s) since
the well(s) constructed earlier failed to yield water for the exqpected nunoer of years
and/ or (ii) water use efficient structures (like over-ground storage structures,
corveyance pipes, water transfers, drip irrigation, sprinkler irrigation etc) in order
to at least renmain on the original iso-revenue curve. The negative extermality cost
(econamic loss) ofwell failure reflects the forced investment(s) by farmrers inwell
irrigation due to the problerns of cunulative well interference. By hypothesis of this
study, negative extermality is manifested due to the premature failure of wells and

hence they did naot sernve for the average expected life.

Positive extermalities are uncharged berefits. The farmrers whose
groundwater wells, served and / or serving beyond their average age, are exqoected

to have experienced / experiencing positive extermalities. Positive extermalities arise



largely due to (conmunity) ef Tarts to augnment groundwater recharge, niaimenance
of isolation distance keeping the number of wells already drilled/dug into account,
conmrunity efforts tonards reasonable use of irrigation water by adopting crop
patterms and water use efficiernt devices which are not exploitative. VAHUE creation of
positive externality largely is a function of individual and conmmunity effort, anple
opportunities exist for enhancing positive extermality at the individual farmlevel
also. Such gpportunities inter alia are (i) using scientific methods to site the
irrigationwell, (i) drilling ofwell to the right depth and using casing for the right
depthy; (i) use of the rightt capacity standard punpset and placenent of the punp at
the right depth, (iv) adoption of drip irrigation practice (V) adoption of the right
cropping pattern to suit to the groundwater yield, soil, topography and other agro-
climatic factors; and (M) use of the right volune of groundwater through

appropriate node to the crops gronn.

Negative extermality is the transaction cost of cunulative well interference
experienced by the farmrers over tine expressed in 1997 prices. By hypothesis of the
study, the well failure and the associated coping strategies are exclusively due to
cumulative interference. The negative extermality cost is the cost of providing
irrigation after the year of failure of the first well including the first well, if the first
well did not serve for the average nunber of years it was supposed to function. The
anortized cost of negative extermality indrip fams is Rs. 16828 per acre and that for
now fams is Rs. 3915 (Table: 52). This difference of 3D percent is due tothe
influence of groundwater recharge through irrigation tank. Thus, for every Rs. 10D
of negative extermality in the flow irrigation farrs there will be Rs. 430 of negative
extermality inthe drip irrigation farrrs. This reduction in the negative extermality is

despite the increase in the use of groundwater for irrigation (due to flow irrigation



Table 5.2: Amortized Costs of Negative Externality in HW1 villages of
Channagiri taluk, Karnataka, 1997 (Rs)

Fanners using  Farmers using
Drip irrigation  flow irrigation

Total NegativeExternality -21,15,895 -3,61,506
Average Negative Externality -1,00,757 -17,215
Total No of wells per farm 8.14 4.38
Area irrigated per functional Well 2.84 2,07
Negative Externality Pe{:rGai" -16893 -3915
Negative Externality per Well -12,374 -3,929
Negative Externality per Functional -48089 -8216

Well

Note : While estimating the negative externality, the outlayers as decided by
mean plus or minus 1.66 times (standard deviation) are eliminated to
obtain a pragmatic estimate



to arecanuit) to the tune of 200 percent conpared with the drip farms where
groundwater is gpplied through drip irrigation, resulting in frugal use of

groundwnater.

In this study the positive extermality is subsuned to manifest through the
average age of irrigation well(s) influenced inter alia by degree ofwell interference,
the degree of groundwater recharge induced by managenent of irrigation tank, the
crop pattermn, the nrode of application of water and so on If positive extermalities are
apparent, the cost per acre inch of grouncwater which is its scarcity rent, will be
loner, the proportion ofwell failure will be loner and the average life of well(s) will

e higher.

POSITIVEEXTERNALITYAND NEGATIVEEXTERNALITY IN DRIP AND

FLOW IRRIGATION FARMS

The irrigation cost per acre and net retuns per acre onflow irrigation

farms is alnost 30 percent of the irrigation cost per acre on drip irrigation
~

farmrs.(Hg i—b?‘f’e net retums are loner on drip fans largely due to higher
irrigation costs expended as the farrers had to invest on an average on eight
irrigation wells on drip irrigation farmrs, while the flow irrigation farmrs invested
only onfour irrigation wel k. The drip irrigation farrers here are facing two types
of negative externalities: (1) the necessity to invest on larger nunber of (8 wells to
get two working wells and (2) their very location in Goppenahalli village which is
not experiencing the groundwater recharge through the lore irrigation tank, which
is causing the farmrers to locate irrigation wells 2to 5 kilometers anay fromtheir
farmannd to shift the groundwater through PVC pipes adding extra fmancial burden

However, tpositive extermality which drip irrigation famrers could exqerience in



future is the huge savings in groundwater use in arecanut which intum will reduce
the groundwater extraction fromthe borewell(s). Since the drip irrigation farms are
using 9acre iNches per acre of arecanut as against 27 acre inches per acre by flow
irrigation fanrs, then without loss of generality, it can be safely concluded that each
welU on adrip irrigation farmis saving the investment an two working borewells
which is the positive extermality. Conservatively, as the cost of aworking borewell is
Rs. 55000 (on flow irrigation famrs), then the positive externality due to drip
irrigation in termrs of savings achieved in investment ontwo wells is Rs. 1,10000

(Tables53and 5.0).

Thus, if farmrers using flowirrigation in HWYWV who realizing the berefits of
tank recharge, apply water effectively throughwater use efficient technologies (such
as drip), they can use groundwater on a sustainable basis which can loner the
negative extermalities, enhance the life of the irrigation well and loner the cost of

irrigation.

Farmrers in L\ villages experienced a relatively loner level of negative
extermality as conpared with farmers of HWM viUlages. The anortized cost of
negative extermality for small (large) farmrers is Rs. 5724 (Rs. 9449 per farmand Rs.

18 (Rs B0 per acre respectively (Table 54).

This showns that there is great inequiity in sharing the negative extermality
per acre; small farmrers are bearing a negative extermality cost, which is 10D percent

higher than that faced by large farmrers.
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Table 5.3 : Comparative economics of groundwater irrigation in Channagiri
taluk, Karnataka, 1997

Farms
Features using drip

irrigation

1. Irrigation cost per acre (Rs) 22,397

2. Net returns per acre (Rs) 15,816

3. Irrigation cost as percentage

of total cost 68

4. Net returns per acre inch of

groundwater (RS) 1,772

5. Groundwater used per acre

(Acre inches) 9

6. Imgation cost per acre inch 2,509

Farms
using flow

irrigation

11,568

36,734

65

1,328

27

418

LWI-
Small

fanns

5,766

6,634

48

319

18

277

LWI-
Large

farms

4,878

17,147

45

973

20

277
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Table 5.4 : Amortized Costs Of Negative Externality in irrigation in LWI
villages in Channagiri taluk Karnataka, 1997 (Rupees)

Small Farmer  Large Farmer

Total Negative Externality for the sample -1,48,833 -1,13,317
Total No. of wells per farm 157 4.83
Total No. Of acres per well 1.88 1.97
Area irrigated per functional well 2.75 3.27
Negative Externality Per farm -5,724 -9443
Negative Externality Per acre of GAI -1928 -990
Negative Externality Per Well -3630 -1954

Negative Externality Per Functional Well -5315 -3238
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The anortized cost of negative extermalities reflect ore side of the economic

scarcity of groundwater. The other side can be exarmined by analyzing and
conparing the net returms realized per acre of gross irrigated area in HM with L\

famrers.

A conmparison of the irrigation cost per acre of GIA in flow irrigation fams
of high well interference village with the small fams in lowwell interference
village, the formrer incurs Rs. 2for every rupee ore incurred by the later. Similarly
the irrigation cost per acre inch and groundwater used in W is greater than that
in LW small and large farmrs. Thus, the negative externality in temrs of anortized
cost is higher in HW when compared with LV and this anply supports the
hypothesis that well interference increases the cost of negative extermality.
However, when net retums per acre of GIA in HW flow farnrs are conrpared with
that in LW, the HWI-flowfams are realizing Rs. 548 for every one rupee realized by

LW small farmrers.

Thus, even if HWM flow irrigation farmrers are conpared with L\VM large
farmrers, the HA flow irrigation farmrers realize Rs. 2.14 for every orne rupee of net
returm earmed by L\VM large farmrers. A conparison of the HW flow irrigation
famrers with alfarmrers in LW, the formrer realize Rs. 284for every rupee realized
by the later (Hg .). This indicates that the positive extermality due to tank influence
offsets the higher cost of irrigation (Rs. 22,397 per acre in HW-drip farms) due to
high well interference and results in larger net retuns per acre in HW flow

irrigation farmrers when conpared with L\WVM farmrers (Table 55).
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Table 5.5 : Magnitude of Relative Externality faced by farmers in Channagiri taluk,
Karnataka, 1997

Irrg cost per Irrigation cost  Groundwater in

Farmers acre of GIA  per acre inch  acre inches per
(H/L) acre of GIA
1 Flow irrigation farms in 2.00 1.50 133

HW IVI Small farmers in Low

Well Interference Village

2. Flow irrigation farms in High
Well Interference Village /LWI 236 151 157

large farms

3. Flow irrigation farms in High
Well Interference Village /All 217 0.66 1.46
farms in LWIV

Note;  H/L= Irrigation cost per acre of GIA on HWiV farm by Irrigation cost per acre of GIA on LWIV

farm
Each figure in the table is a ratio, for instance, 2.8 = Net returns per acre of GIA on flow

irrigation farm in HWiV by Net returns per acre of GIA on flow irrigation farm in LWIV

Net returns
per acre of
GIA

54,

21

2.8
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5.7 EQUITY ISSUES

The equiity issues in access to groundwater irrigation can be examined by
analysing key economic factors determining the extent of groundwater irrigation
across quarters indrip fams and flow irrigation farms in HW and Sall & large
farms in LW villages. In HW, ondrip irrigation fams, inequity in access to
groundwater is reflected in the first quarter, as the top 25 percent of the famrers have
access to P percent of the groundwater, and to 3D percentt of land under arecanut,
incurring 34 percent of the irrigation cost, realizing a net return of 30 percent and
owning 43 percent of functional wells. The net retum per functional well is Rs. 3223
Here, the net retum per acre inch of groundweter is Rs. 1784. The farmrers inthe st
and second quarter using drip irrigation have realized higher net retums per acre inch
ofwater conpared to flow irrigation fams. BEven though the drip irrigation danpened
the negative extermalities in net retums in the first two quarters. This shows that
though the drip irrigation in HWMVMV plays a crucial role in reducing the negative
extermality, due to relatively higher rate of failure ofwells due to wel interference, the
farmrers have suffered lasses to the turne of Rs.106 per acre inch in third quarter and Rs.
18D per acre inch in the fourth quarter. This is precisely because, the cost per acre
inch ofwater is Rs. 4000to Rs. 33D iIn the third and fourth quarters as conpared to

around Rs. 200in the top two quarters (Tadle;5.6).

Inthe HW flow irrigation fanrs, famrers in the top two quarters are
endoned with greater access to groundwater, and realized 70 per cent reduction in
the net retums per acre inch ofwater when conmpared with the famrers inthe HWWMV
drip irrigation quarters. Inthe second quarter, farmrers are using 27 peroent of

groundwater on 3B percernt of area under arecanut, iNcurring acost of 27 percent.
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Table 5.6 : Comparison of scarcity rent of groundwater and net returns to

groundwater in Karnataica

Area

SOUTHERN TRANSITION ZONE - CHANNAGIRI TALUK*
HIGH WELL INTERFERENCE - NO TANK INFLUENCE
VILLAGE - GOPPENAHALLI (Drip irrigation farmers growing
arecanut)

QUARTER 1
QUARTER 2
QUARTER 3
QUARTER 4

HIGH WELL INTERFERENCE - TANK INFLUENCE VILLAGE
- BUSSENAHALLI (farmers growing arecanut using flow
irrigation)

QUARTER 1

QUARTER 2

QUARTER 3

QUARTER 4

LOW WELL INTERFERENCE VILLAGE - KAGATHUR &
CHIKKAGANGURU (farmers growing arecanut and seasonal
crops using flow irrigation)

QUARTER 1

QUARTER 2

QUARTER 3

QUARTER 4

Cost of

groundwater =

Scarcity rent per

acre inch
Rs.

1737
2429
4024
4971

284
339
502

136

775
889

Net return per
acre inch of
groundwater
Rs.

1784
3601
-105
1767

1030
1370
1541

763
825
179
192
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realizing a net retum of 58 percent and owning 20 percent of the functional wells.
Thus, famrers in the second quarter on an average are relatively water use efficient.

The net retum per functional well is Rs. 1,666

Inthe HW drip famrs, farmrers in the first quarter, used 50 percent of total
groundwater, when conpared with 43 percent by flow irrigation fanrs; similarly the
conmparisons of irrigated area are 3 percent and 22 percent; that of irrigation ocost
are 34 percert and 29 percert, the net retums, 50 percert and 17 percent) and
functional wells, 43 percent and 3L percent). These conparisons reflect that, even
though water use ard irrigation cost are comparable in relative tens, the net
retuns per acre are inequitable in HW-flowfams, since the top quarter farmrers
realized only 17 percent of all the net returms. However, in absolute termrs, the net

retums are conparable (Rs. 20bad Rs. 27,271) (Fig55).

Inthe HW drip farrs, the farmrers in the third and fourth quarters
incurred losses around Rs. B8and Rs. 11,781 per acre respectively, since they shared
arelatively low proportion of area under arecanut (16 percent, 9percent) ad
relatively low proportion of water use (16 perocert, 6 percent), resulting inlarger

irrigation cost per acre (Rs. 37,671, Rs. 33139).

While sanling, there was absolutely no bias tonards choosing farrers
who had folloned drip irrigation or arny other coping nmechanism As S0 percent of all
the farmrers in WV invested ondrip irrigation, this denornstrates that, thereisa
serious secular overdraft of groundwater in HW village of Goppenahalli. Here 3
percent of the fanners have purchase land in Maravanji, Vaddanahal, Gollarahatti
villages which is as far as 5 kilonmeters avway and have drilled welks to transfer this

water through PV/C pipes and to irrigate arecanut prudently through drip irrigation.



It is in order to note that even though these HWI drip farms had an irrigation tank in
Goppenahalli, there was no recharge of groundwater as no surface water reached the
tank. Moreover, this tank was desilted by farmers by applying the silt to their
arecanut garden, surface water was seldom found, since encroachments around the
Goppenahalli tank were apparent. In this village, there are more than 600 borewells,
and a majority of them have failed to yield groundwater at present (1997). In
addition, the farmers also indicated about the receding rainfall in the recent years as
a reason for low water flow to the tank. Farmers opined that, during 1992, the
Goppenahalli tank was overflowed and this recharged their wells for almost three

years.

A comparison of scarcity rent per acre inch (or cost per acre inch) of
groundwater with the net returns per acre inch of groundwater in the first third and
fourth quarters indicate that, for the top 25 percent of groundwater users, the net
return is more than the cost per acre inch of water in both HWIV and LWIV

situations.

In drip irrigation farms of HWIV, the farmers in the fourth quarter, are
incurring cost of Rs.4971 per acre inch of groundwater while realizing a loss of

Rs.1767 per acre inch.

On flow irrigation farms of HWIV, farmers in first, third and fourth quarters,

their net returns per acre inch of water is more than the cost per acre inch.

In LWIV, as flow irrigation is the common mode of irrigation, even though
the well interference is lower, the costs per acre inch are higher than the net returns
per acre inch of water for the third and fourth quarters. These results indicate that

the size of arecanut crop largely determines the magnitude of well being of the
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the size of arecanut crop largely deternmines the megnitude of well being of the
famrers, as the risk of price fall is not appreciable. This is the reason only the area
under arecanut in Channaglri has registered the highest CGR of 11.7 percent and at
present occupies 29 percert of the areca area in Shinopga district inwhich

Thirthahalli taluk wes the leader earlier.

GROWTH OFARECA AREA IN CHANNAGIRI TALUKAND SHIMOGA

DISTRICT

Cuiltivation of arecanut is a matter of tradition in Shinoga district and
Channagiri taluk inthis district is no exception to this tradition. Inthe top two taluks,
Thirthahalli and Channagiri, areca area in Channagiri formed 12 percent and that in
Thirthahalli formed 33 percert of the area in Shinoga district during 1982-83 During
1996, the arecanut area in Channagiri formred 29 percent and that in Thirthahalli
formred 2D percent. Thus, Channagiri taluk has proved to be catching up at an
exponential rate with regard to area under arecanut, a perennial crop. Ifcultivation of
lowwater intensive perennial crop is any indication of farmrers’ ingenuity to cope with
the increasing scarcity of groundwater, then Channagiri famrers testift™ the economic
scarcity of groundwater (Fig 56). However, crossing the thresholds of scarcity results
in increasing costs of irrigation. A conparison of the costs of irrigation between
Channagiri and in the Eastren Dry Zone, incorporating the costs of well interference

indicates that the cost of irrigation in Channagiri is at least 10tines higher.

Considering the period 19828310 199695, in Channagiri taluk, the area
increased from 1,237 (10,232) hectares to 5836 (A28 hectares, with a conpourd
growth rate of 11.7 (RQD) percent over the 14 years. The sinple gronth rate of area in

Channagiri is 27 percent and that in Shinoga is 7 percernt in the sane period. Thus,
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the rate of expansion of area under arecanut iNn Channagiri taluk is l’SAperoe’rt
higher than that in Shinoga district. Consultation with famrers and grass root
people fromChannagiri indicated that the exqansion of arecanut in Channagiri is
taking place with the rapid exploitation of grouncweater fromirrigation borewnells.
Nevertheless, this altermative is better than cultivation of water intensive crops like
paddy and sugarcare. In reiteration, Channagiri with high conmpound growth rate in
areca area of 11.7 percent and contributing the largest proportion of area under
arecanut (29 percent) in Shinoga district, provides an enignratic situation, since the
spurt in arecanut area has largely been with the exploitation of grouncwater in the
region. This bears a testinony to the results of the study which in unanmbiguous
terms measures the economic scarcity of groundwater, which can be linked with the

mushrooming of irrigation wells to support the exqpansion of gjfea under arecanut.
5.8 VALUE OF GROUNDWATER

The value of groundwater is corsidered as its scarcity rent reflecting the
degree of econormic scarcity of grouncwater with the present level of acute
groundwater scarcity, not even in their dream farrers in Channagiri can think of
marketing their groundwater. Instead, the farnrers ventured to invest their sweat

and bread to tap whatever they could, fastest with the mostest’ as enunciated by

Wantrup (1962):

“Resource tenure is not well defined in these cases. Definite property
rights belong only to those who are in possession—that is, who get there
‘fastest with the mostest”. Bvery user tries to protect hinmself aganst others
by acquiring onwnership through capture in the fastest possible way.
Deferred use is always subject to agreat uncertainty.others may capture the

resource inthe neantine. Ifthe allonance for this uncertainty of tenure is
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Larger variations can be expected when conparison is made internrs of net

retums realized per acre inch of groundwater used. INn Channagiri, the net retuns
per acre inch varied fromRs. - 1,767 to Rs. 3691 In Malur, the net retums per acre
inch varied fromRs. ZBto Rs. 3477. This again indicates that the capacities of
farmrers to respond to negative extermalities in groundwater inposed due to
cunulative well interference varies widely and depends upon the crop pattem,
degree of recharge influence fromirrigation tank, and the degree ofwell
interference. Arecanut crop hes facilitated farmrers in Channagiri to drill large
nunber ofwells per farmannd it could be safely assuned that the nunber of wells

per farmis the largest in Channagiri in the entire state of Karmataka.

5.9 MARGINAL PRODUCTIVITY OF GROUNDWATER

Though there is avast negative extermality of Rs. 16828 per acre due to
cunmulative well interference in HYWV, on drip irrigation farmrs, the marginal retum
to the 53rd acre inch of grouncwater (Rs. 2 793) of groundwater is conparable with
the marginal factor cost per acre inch of groundwater (Rs. 2403). Similarly the
marginal retum to ore rupee spert at K. ,255300n irrigation cost is ReQ95,
conparable to the marginal factor cost of irrigation (1 rupee). The ratio of marginal
retum to marginal cost of groundwater was around one and that to anrortized cost of
irrigation was close to are. This shows that the drip irrigation has helped farmrers to
achieve eSiciency in using groundwater. The large degree of negative extermality an
drip irrigation farmis due to hefty investment nede by farmrers to strike
groundwater as a Herculean task to save their precious areca plantation. It istobe
noted that drip irrigation here is by default and not by choice, due to heavy failure of
wells toyield any water (in Goppenahalli). Though there is water saving indrip

rrigation, the negative extermality is due to other investrment onwell irrigation.
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For farmrers using groundwater through flow irrigation, there is a nodest

negative externality of Rs. 22 per acre. This negative extermality for flow
irrigation fanmrers is around 70D percent lower than that experienced by farmrers
using drip irrigation and this is due to the augnmentation of groundwater supplies by
the recharge through the irrigation tank. The potential for using groundwater
through flow irrigation is indicated by the MR/MC ratio of 294with respect to
groundwater used and 241 with respect to irﬁgaticr; Ol\?e;\\/lertlﬁele;s, it isinorder to
recapitulate the groundwater savings to the tune of 65 percert due to drip lrrigation

achieved by these fanrers despite their location in high well interference.

In the Eastern Dry Zore*, as well as in this study where the groundwater scarcity
is acute, the MR/IVIC ratio is above unity for gross returms as a function of
groundwater and irrigation cost. A ngjor bottleneck in using such gross retum
function is that it was not subjected to the constraint of groundcwater availability.
Thus, the estimated gross retum function assunes that groundwater is available
(i.e. groundwater is Not scarce) and that the irrigation cost captures the econorric
scarcity of groundwater and farmrers can afford to pay for it. If the gross retum
function can be subjected to the constraint that grouncwater availability is X1
number of acre iNches per fanm and / or the constraint that fanmrer does not have
capital beyond > Rupees, then the resulting maximization using the Lagrange
nrultiplier technique will be a pragmetic indicator of the meximized retums subject
to the constraint of availability X acre inches of groundwater. This exercise

however, has not been attenpted in this study.

Sushma Adya, 1997, op.cit



5.10 COPING MECHANISMS AND RESILIENCE
I 11

If groundwater can be considered as a conmon poadl fugitive resource
without any properly definable, exclusive, pernmmanent, enforceable and transferable
property rights, thenwith the shallow knowledge base about the availability of
groundwater in hard rock areas, farmrers are regularly and heavily investing in
irrigation wells. A ngjor factor contributing to this is the large intermal rate of
retum fromdifferent contrercial crops. Inaddition, rapid breakthrough in
extraction technology, has led to unsysterratic and rapid developrrent in
groundwater extraction. In response to unsystematic exploitation and groning
demand for arecanut, the investments onwell irrigation can be referred as

Resilience investimentt.

5.11 RESILIENCE

Resilience is defined to nmean the propensity of a systemto retain its
organizational structure follonng perturbation, arising fromweather, physical-
chemical factors, other organisns, or human activities. It is a nmeasure ofthe
stability of structure, process and function rather than the conmponent populations of
an ecological systerm (HoUing 1973). Resilience is a response to the extermality
inposed due to interactive effects of irrigation wells. Farmrers respond to extermality
through investments on the mechanisns to cope with extermality. BEven with high
probability ofwell failure of 40 percert in hard rock areas.(Negaragj ad
Chandrakanth 1966) investiment on drilling wells against all the odds of ground

water scarcity, is the prine-facie case of resilience.

Considering the sizeable net returms realized between Rs. 200Dand Rs.
483030 per acre (Table :4.17) exclusively over the coping costs incurred by fanrers, it

is unlikely that farmers shun irrigation due to high costs of coping nmechanism This
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is precisely the net retum to the negative extermality portion of the resilience

investment. Bven considering the costs of production per acre and adding themto
coping costs, the net retums realized over coping costs and production costs range
between Rs. 2000and Rs. 41,936, This indicates the net returms to full resilience

investment.
5.12 DISCOUNTED CASH FLOW MEASURES

The discounted cash flow nmeasures are conyarable in both HVWMV ad
LWV famrs. This shows that investment in irrigation and associated coping
mechanisns are feasible even with a low average life of 1.83years for a borenell.
The intermal rate of retum™on KWV fams was 20 per cent and that LVMV farmrs
waes 27 per cent. Thus, even considering the negative externality induced investrent
ondrilling new borewells once in every two years, and investment on irrigation
punpset and paraphemalia once in every ten years, for thirty years of arecanut, the
IRR of D percert is highly remunerative. But here too, since uncertainty instriking
groundwater is not included, the IRR of 20 percent Needs to be underplayed. There is
No guarartee that, even though farmrer is financially capable of drilling awell once
inevery two years, he/she would strike groundwater. The IRRon LWV fams is 27

percent which is also remunerative and financially attractive.

The assumptions usedin estimating the internalrate ofreturn are as under:
a. The economic life ofa arecanut garden is assumed to one generation cycle of 30years. As the
average life ofborem Il was tux>years in the sample,fanner isforced to d rill a new well once in
every tuoyears. Houmer, the investment on irrigation pump, conveyance, pipes, are amortizedfor
tenyears. Thus, if the secondwellis drilled in the third year, the investment on pump setand other
accessories arise in the 11thyear, since the pumpset and other accessories of thefirst well wiill be

used in the second uell.

b. The investment made in thefirst six years, that is, till the arecanut comesfo r economic bearing,
is considered as establishment cost.



ijs;
The discourted benefit cost ratio on HVWV farnms is L5 and that on LVMV

fams is 172 The net present value of the investment is Rs.1,38080in KWV fams
while that on LMWV famrs it was Rs 253531 The pay back period groundwater

irrigation on HWMV (LVMV) farmrs was 490 (326) yearsN

5.13 ECONOMIC FEASIBILITY OF INVESTMENT IN COPING MECHANISM

The drilling of irrigation well(s), use of drip irrigation to support the
existing arecanut plartation are the ngjor coping mechanism in the water scarce
areas of Channagiri. About 33 percent of irrigation fams have resorted to
transferring groundwater over distances ranging from3to 5 kiloneters from
Maravanji to Goppenahalli since they totally failed in their attenpts to get a
successful well on their farms in Goppenalalli. Inaddition, the use of drip irrigation
is necessitated as a last resort due to large scale failure of wells in situwhich again
necessitated farmrers to verture drilling of borenels at distances of 3to 5 kiloneters
fromtheir farmand transfer their water. Hence the anortized oost of irrigation here
includes all the inplicit costs of irrigation including historic wel failures reflecting
the negative exterralities, and the explicit costs of the functional weDs and drip
irrigation and other coping nechanisns. The partial budgeting clearly indicates the
retums to resilience investiments nede by the drip irrigation farmrers is beneficial

since they inplicitly indicate a difference of Rs. 33256 per acre.

< Thepay bachperiod is computed by using thefollowingformula:

The discounted net return obtained in the sixth year.



5.14 WATER TRANSFER AND IMPLICATIONS f1a

Due to favorable relative prices of Arecanut in relation to scarcity rent of
waeter, the demand for grouncwater-arecanut fanming Wil continue to rise unabated.
Already there are signs of secular overdraft in Goppenahalli which has forced
famrers to search for groundwater sources outside their vVUlage transferring water
froma distance of two thousand to seven thousand nreters, even with the advent of
drip irrigation technology. This problemwUl exacerbate unless concerted efforts are
macdke to inprove the recharge. The cost of water transfers forms 33 per cent of the
cost of irrigation with the working well. Bven with the existing hydrogeological
literacy of farmrers, they would always prefer to invest in drilling well(s) in their
onwn farm Accordingly, the existence of a large nuner ofwells (11) onthe fams
who have transferred water, is a testinony for the optimismto strike grouncwater.
However, as 40per cent of the (sanple) farmrers in the groundwater scarce area have
resorted to shift their investment far beyond their farm in search of nodest volunmes

of groundwater testifies their risk taking behavior.
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CHAPTER VII

SUMMARY

The decision making by farmrers in the wake of economic scarcity of
groundwater is influenced by the availability of groundwater and the dictated
market foroes for crops reflected by the relative price of groundwater to output
price. Explicitly, their decision making is a function of how daose the marginal cost
of grouncwater is to the marginal retum to groincwater. Farmrers invest in coping
mechanisns in order to reach their MR=MC threshold and with the increasing

interference anong irrigation wells, the MC and MR gap goes onwidening.

Channagiri taluk of Shinoga district is knonn traditionally for the
cultivation of Arecanut in Karmataka. Unlike the westerm ghats and other parts of
Shinoga district where Arecanut is gronn under assured rainfall conditions,
farmrers in Channagiri grow arecanut using groundwater. Located in the Southerm
transitional Zore of Karmataka, Channagiri, according to the rain guage statistics,
ought to receive rainfall ranging f‘fan8DMmto 100N Inaddition, this taluk is

endowed with the largest irrigation tank (Shantisagara).

Recert years have witnessed acute scarcity of groundwater to support
arecanut alowwater intensive perennial crop. Farmrers groning arecanut are
caught in the clutches of arecanut cutter; between the need to sustain the arecanut
garden on the one hand and the increasingly expensive groundwater resource onthe

other. Having caught in the predicanment fanmrers cope with the economic scarcity of



1 )G
groundwater by being resilient to the situation. INthis process, inequity and
negative extermality (negextermality) are endured by different classes of famrers.
These are the prine concem, in the resource economics of sustainable development

and to analyze the costs associated with coping nmechanisns.

The magnitude of investiment on coping strategies (inter dia™ investments
on drilling additional wells, water transfers, drip irrigation, water storage tanks,
and water corveyance pipes, by famrers is hypothesized to reflect the degree of
econarric scarcity of groundwater. The coping strategies and investiments are also
hypothesized to vary with the degree of influence of irrigation tanks in the recharge
of groundwater. Channagiri taluk in the Southern Transitional Zone was selected for
this study as discussionwith drip irrigation fimrs indicated that the problens of
groundwater scarcity here were acute and farrers nmede frantic efforts to be
resUient to retain their arecanut crop. For instance, a few fanmrers were buying up
agricultural lands in places which are 2to 5 kilometers fromtheir fanm in search of
groundwater by drilling irrigation well(s) and were transferring water, to their farm
andwere applying this water through drip irrigation to arecanut. These attenpts

were meck after all their earlier attenpts to tap groundwater on their farmfailed.
The specific objectives of the study are:
1 To identify and analyze the coping strategies folloned by farrers
2 To analyze and appraise the economic feasibility of investment onthe
coping mechanism
3 To examine the economic inplication of groundwater scarcity on cropping

pattern, enployrment and incone.
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For this study, 422 farmrers fromHigh well interference village (FHVWMV)

Bussenahalli and Goppenahalli were selected after a detailed PRA mepping. As a
contrast, Bfamrers fromlowwell interference village LWV Kagathur and

Chikganguru have been studied.

The methodology to analyze the different coping nmechanisns of farmrers due
to groundwater scarcity and the associated costs involved to appraise the econorric
feasibility of investrment on coping mechanisns is provided by estinmating the
follonng:

1 Inplicit cost of groundwater irrigation which includes transactions costs of
well failure and associated negative extermalities is conputed by
considering anortized cost of groundwater irrigation.

2 The negative externality cost incurred resilient on the original iso-revernue

cunve
3 Inequity involved due to groundwater scarcity.
4. Discounted cash flow measures arnd
5. Partial budgeting analysis to study the econoric feasibility of the
investrment inwell irrigation to support arecanut cultivation.

RESULTS AND DISCUSSION

Upon post stratification of farmrs in high well interference villages, itwes
found that in Bussernahalli, all the 21 sanple fanrers were using grouncwater
through flow irrigation to grow arecanut. Inthe other high well interference village
of Goppenahalli, all the 21 sanple fanmrers were using groundwater through drip

irrigation to grow arecanut. Henee, the farmrers in HVMV were classified as flow
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irrigation farms and drip irrigation farms. In Lowwell interference villages, this
type of contrast was not available for conarison. The famrers in L\VM were
classified intosmall farmrers (<5acres of GAl) and large farmrers 5 acres of GAl).
Hence farms in WV and LWV cannot strictly be conpared for lack of conparable
classification paranreters. Crop pattern in HW and LW villages was dominated by
arecanut on & percent and 8D percent of cropped area respectively. Farmrers
possessed 7.38wells on an average farmsize of 6acres in drip fams as against 376
wells on4.37 acres inflow irrigation farmrs. In WM, onsmall fams, the average
nunber ofwells per farmis 1.38with a GIA of 3acres and that on large farms is 383

with a gross irrigated area of 94 acres.

The coping nmechanisns involved largely are drilling additional wel Xs), use
of drip irrigation, conveying water through Poly Vinyl Chloride (PVC) pipes,
construction of water storage tank, covering the storage tank with polythene sheets

to reduce percolation lasses, to nreet the acute grouncwater scarcity and so on

INn Goppenahalli nost of the 20famrers groning arecanut fixed drip
irrigation system during 1965, in respornse towater scarcity. The investment indrip
irrigation anounts to around Rs. 12000 per acre. The anortized investment on drip
irrigation systemis Rs. Q3L per acre of arecanut and Rs. 5550 per farmfor an average

farmsize of 6acres.

Investment on additional wells as coping mechanisns includes investment
onall the borewels excluding the first. The anortized cost on all additional wells in
HWM drip farms is Rs. 8L,.30 per farmor Rs. 13643 per acre ofarecanut. The
anortized investment on additional wells in HWM flowfams is Rs. 25910 per farm

(5. 5996 per acre of arecanut). It was foud that the influence of irrigation tank in
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flow farms drastically reduced the amortized cost of additional wells. The annual net
returns per acre realized exclusively over such coping mechanisms is between Rs.
32,000 and Rs. 48,000. Hence farmers who have benefited from groundwater
irrigation to a large extent will be the most vulnerable if they face lack of access to

groundwater due to cumulative interference.

The negative externality costs incurred by farmers can be considered by the
farmers' efforts to be resilient. Considering the costs of production per acre and
adding the cost of coping with groundwater scarcity, the net returns per acre
realized over coping costs and production costs ranged between Rs. 22,000 and Rs.

41,935 on HWI drip farms and HWIV flow farmers respectively.

The amortized irrigation cost per farm in HWI- drip farms is Rs. 1,33,584 and
Rs. 22,397 per acre of arecanut. The high amortized cost of irrigation on drip farms is
due to the possession of 7.38 wells per farm, of which only 2.09 wells were functional,
experiencing large scale well failure. The amortized cost per well is Rs. 16,405 and
that per functional well Rs. 63,756. The amortized irrigation cost in HWI-flow farms
is Rs. 50,401 and Rs. 11,568 per acre. The amortized cost per well is Rs. 11,505 and Rs.

24,055 per functional well.

Small (large) farmers of LWI villages incurred an amortized irrigation cost
of Rs. 17,116 (Rs. 46,544) per farm and Rs. 5,766 (Rs. 4,878) per acre. The amortized cost
of irrigation in LWI villages on small (large) farmers is Rs.10,854, (9,630) per well and
that per functional well the amortized investment was Rs. 15,345 and Rs. 15,958 for

small and large farms respectively.

The discounted cash flow measures are comparable in both HWI and LWI

farms. Thus, investment in irrigation and associated coping mechanisms are
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economically feasible, even though the average life of well is around 2years. The
intermal rate of return on HW fams was 20 per cent and that on LW farmrs wes 27
per cent. Thus, even considering the negative extermality - induced investrment on
drilling new borewell once in every two years, the investment on irrigation for

arecanut cultivation is renunerative.

The discounted benefit cost ratio on HWYV farms is 1.17 and that on LVMV
farms is 172 The net present value of the investment is Rs. 1,330B0INn HVWV is loner
conpared with LWV fams of Rs. 258531 The pay back period groundwater

irrigation on HMV (LVWMV) farms was 490 (326) years.

The partial budgeting indicates that the retums to investment on resilience
mede by the farmrers in HW-drip fams as beneficial since the difference between

the contribution of drip irrigation and the flow irrigation is Rs. BZXA3

IMPLICATIONS

In high well interference villages, even though the proportion of the cost of
irrigation out of the total cost is around &b percent on both drip irrigation and flow
irrigation famrs, and though the drip fams could save groundwater to the tune of
23D peroent when compared with flow irrigation farmrs, as the cost of irrigation on
drip irrigation farms was S0 percertt higher than that on flow irrigation farms and as
the net returms per acre on drip irrigation fams were lower by 50 percent, conpared
with flow irrigation farmrs, the positive extermalities due to the use of drip irrigation
was nore than offset by the availability of greater volune of groundwater on flow
irrigation famrs attributed to the groundwater recharge in the irrigation tank in the
proximity. Thus, recharge of groundwater through irrigation tank could reduce the

irrigation cost by 30 percernt on per acre basis. WWhen the intgration cost is considered
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on the basis of cost per acre inch of groundwater, the advantages realized by famrers
invillages with the influence of irrigation tank are insummountable: farrers are
saving to the tune of 3D percent in the cost per acre inch ofwater. This savings will

not however be reflected when net returms per acre inch of water are considered.

Considering the farmrers in Low Wl Interference villages, the net retums
per acre realized by large famrers are Rs. 17,147 when conpared to Rs. 6634 realized
by small farmrers, bringing serious equity inplications tothe|ore. BEven though the
volurnre of grouncwater used per acre inacre inches is (1820), cost of irrigation per
acre inch (Rs. 277, Rs. 277) urigation cost per acre (Rs. 5686 and Rs. 4879), the
irrigation cost as a proportion of total cost (43 percent, 45 percent), for small and
large farrers are conparable, the large farmrers are realizing 180 percert higher net
retums comrpared with small famrers. Since all the large famrers are groning

arecanut, While other crops dominate onsnmall fanmrs.

Thus, on flow irrigation farm s the influence of irrigation tank in
groundwater recharge could reduce the irrigation cost per acre by 50 percent and

cost per acre inch ofwater by around 33D percertt, it is desirable to pronrote

() transfer of surface water fromShantisagara irrigation tank to the
neighboring siall irrigation tanks through aqueducts to pronote
groundwater recharge

(i) adoption of drip irrigation in areas where there is no influence of
irrigation tank, and thereby achieve savings in irrigation water to the tune
of 2D percent (Qacre inches per acre of arecanut when drip irrigation is

used, as against 27 acre inches per acre of arecanut, when flow rifrigation is

used).
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DEPARTMENT OF AGRICULTURAL ECONOMICS,
UNIVERSITY OF AGRICULTURAL SCIENCES, BANGALORE

QUESTIONNAIRE FOR EQUITY ISSUES IN GROUNDWATER DEVELOPMENT-AN
INSTITUTIONAL ANALYSIS OF FAILED WELLS IN KARNATAKA’PROJECT
(Data for crop year 1993-94)

(Note: FRA exercise has to be done for mapping all the wells, year of well construction, well
depth, well yield, year of well failure, interwell distances, well interference & so on before
farmer interviews. Group interview should be conducted during PRA itself preferably)

Interviewer: Date of interview /[ /199__ ; Time of interiew AM/PM
I. 1. Zone : NET/ND/CD/ED/SD/NT. 2. Taluk 3. Village

4. P. O.

5. i) Name of the farmer S/o. Education____

Nucleus /Joint family (tick)
ii) Name of the lessee (if land + well water is leased out by farmer)

IL Family particulars:

Family Size : Income from working outside the farm (Salary,
petty business etc.)
Male Female Occupation Monthly income in (Rs.)
1. 1.
No. of Adults
2. 2.
No. of Children
3. 3.
Ill. Land asset: Total Land Acres , Guntas
Type of land Size (in acre + gunta) No. of plots Major soil type

1. Dry land

2. Tank irrigated
3. Canal irrigated
4. Well irrigated

5. Permanent fallow

Soil types: 1 - red soil, 2 - sandy loam, 3 - black soil, 4 - clay loam
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IV. Write a brief sketch of the farm with particular reference to wells
1. Location ofdifferent types ofwell (s), well plot, Conveyancestructure, Ovei-head water storage structures.
2. Movement of water between and among plots and crop lands

3. All other details which are required to get picturesque glimpse of the farm which aid in analysis
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ViI(a). Welhvise Investment particulars for all wells on the farm (used,
unused and failed wells).For more number of wells, attach additional sheets

Well no._ Well no. Well no.

Particulars Magnitude Investment Magnitude Investment Magnitude Investment

(i) Original well type :

1. Type ; Dug / Bore well DW/BW DW/BW DW/BW
2. Year of construction 19 19 19

3. Divining method (specify)
4. Digging/drillingdepth (ft)
5. DugwcU diamcler(fi)

. Dugwell Lining Length(ft)
. Borewell casing(ft)
. Pump HP / Stages ex: 5/ 7

© 0 N o

Pump house cost
10. All Electrical expenses

11. Other extra costs (specify)
12. Pump placement from top-fl

13. Initial Well yield
(mattu per day or GPH)

(ii). Well improvement (if any)

1. Year 9 19 19

2. Reason/s for improvement*

3. Depth (ft) (ghum/garanda)
4. Diameter (ft)

5. Lining (for dug well) (ft)

6. Yield before deepening
(mattu per day or GPH)

7. Yield after deepening
(mattu per day or GPH)

iii Repairs to well (like Year Year Year
removing silt, loose soil etc)
V. BORES INSIDE WELL Yea| Depthl Cost  Yeail Depth Cost  Year Depth! Cost
1
2
3
4

~ Give the numbers assigned for reasons for failure in Table V (see previous page)
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Vi(a). Wellwise Investment particulars for all wells on the farm (used,
unused and failed wells).For more number of wells, attach additional sheets

Particulars

(i) Original well type :
1. Type : Dug / Bore well

2. Year of construction

3. Divining method (specify)
4. Digging/drillingdepth (ft)
5. Dugwell diametcr(ft)

6. Dugwell Lining Lengih(ft)
7. Borewell casing(ft)

8. Pump HP / Stages ex: 5/7
9

. Pump house cost
10. Air Electrical expenses

11. Other extra costs (specify)

12. Pump placement from top-ft

13. Initial Well yield
(mattu per day or GPH)

(ii). Well improvement (if any)
1. Year

2. Reason/s for improvement*

w

. Depth (ft) (ghum/garanda)
. Diameter (ft)

~

o

Lining (for dug well) (ft)

6. Yield before deepening
(mattu per day or GPH)

7. Yield after deepening
(mattu per day or GPH)

ili Repairs to well (like
removing silt, loose soil etc)

iv. BORES INSIDE WELL

1

2

3
4

Well no. Well no. Well no.
Magnitude Investment Magnitude Investment Magnitude Investment

DW/BW DW/BW DW/BW
19 19 19
19 19 19
Year Year Year

Yea| Depthl Cost  Yeaij Depth Cost  Year Depthj Cost

*. Give the numbers assigned for reasons for failure in Table V (see previous page)
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Vi(a). Wellwise Investment particulars for all wells on the farm (used,
unused and failed wells).For more number of wells, attach additional sheets

Well no. Well no. Well no.

Particulars Magnitude Investment Magnitude Investment Magnitude Investment

(i) Original well type :

1. Type : Dug / Bore well DW/BW DW/BW DW/BW
2. Year of construction 19 19 19

3. Divining method (specify)

4. Digging/drillingdepth (ft)

. Dugwell diameter(ft)

(&3]

. Dugwell Lining Lcngth”t)
. Borewell casing(ft)
. Pump HP / Stages ex: 5/7

© 0o N o

Pump house cost
10. AIll Electrical expenses

11. Other extra costs (specify)
12. Pump placement from top-ft

13. Initial Well yield
(mattu per day or GPH)

(ii). Well improvement (if any)

l.Ycar 19 19 19

«

2. Rcason/s for improvement

w

. Depth (ft) (ghum/garanda)
. Diameter (ft)

~

a1

Lining (for dug well) (ft)
6. Yield before deepening
(mattu per day or GPH)
7. Yield after deepening
(mattu per day or GPH)
iii Repairs to well (like Year Year
removing silt, loose soil etc)
iv. BORES INSIDE WELL

Year

Year Depth Cost  Yeaif Depth! Cost YearlPepthl Cost

B ow N e

*. Give the numbers assigned for reasons for ‘lilurc in Table V (see previous page)
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V1 (b) Funds and default position

Well no. Well no. Well no.
Particulars of fund raising
How many Funds Rs. How many Funds Rs. How many Funds Rs.

1. By sale of land (acre)
2. Sale of jewels (grams)
3. Sale of livestock (no)

4. From dairy / poultry

5. Sale of trees (no. of)

s . Sale of perennials

7. Savings from farm
net returns

s . Relatives and friends
9. From Banks / Co-ops.

10. Total outstanding
debts due to well and
IPsets on the farm

VI1I. Repairs
1. Repairs to pump (in 1993-94): ... LRupees for e no. of pumps :
Reasons for Pump repair @ ...

2. Repairs to Motor (in 1993-94):....... LRUPES TOTr no. of motors

Reason/s for motor repair.......... .

3. Repairs to panelboard for 1993-94: Rupees fOr no. of panel boards

Reasons for repair of panel board.......

4. Investment on Conveyance structure on the farm:

a) Pipe type :PVC/GI/HOPE/Other:......... lengtli(ft) .o COSToiiiiieeninne no. of bends.
b) Channel type : Cement lined/kutchal/other............. dlength (ft) . COST it
c) Year of major investment on cONVEYanCe SEtrUCTUIE .o s

5. Over ground storage structure a: Year :.19........

b) Dimension : length X breadth x depth all in ft : ... D QTSN D QTN

€) CoSt (RS) i
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VIII. Area irrigated and well yield during 1993-1994 (acres, guntas)

Well Well Well Well

Particulars No. No. No. No.

1. Wateryild in Mattu per day or in GPH in KHARIF
2. Net area irrigated in KHARIF

3. Water yield in Mattu per day or in GPH in RABI

4. Net area irrig in RABI

5. Wateryield in Mattu per day or in GPH in SUMMER
6. Net area irrigaed in SUMMER

IX. Wellwise, seasonwise crops and area irrigated during 1993- 94

Well No. Well No. Well No. Well No.

Season . L . L
Area irrigated Area irrigated Area irrigated Area irrigated

Kharif Crop : 1

o o A w N

Rabi crop ; 1

2

3

4

5

Summer crop : 1
2

3

4

5

Perennial crop : 1
2

3
4
5
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VIII. Area irrigated and well yield during 1993-1994 (acres, guntas)

. Well Well Well Well
Particulars No. No. No. No.

1, Wateryield in Mattu per day or in GPH in KHARIF
2. Net area irrigated in KHARIF

3. Water yield in Mattu per day or in GPH in RABI

4. Net area irrig in RABI

5, Wateryield in Mattu per day or in GPH in SUMMER
6. Net area irrigaed in SUMMER

IX. Wellvvise, seasonwise crops and area irrigated during; 1993- 94

Well No. Well No. Weil No. Well No.

Season . . . .
Area irrigated Area irrigated Area irrigated Area irrigated

Kharif Crop : 1

D 00 A oW N

Rabi crop : 1

2

3

4

5

Summer crop : |
2

3

4

5

Perennial crop : 1
2

3
4
5
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X. PRE INTERFERENCE - SCENARIO (attach additional sheet for each interfered
well on the farm):

Well No0.1/2/3/4/5/6/7/8/9/10___ :YEAR of interference 19 ; Well type DW/DCBW/BW

Crop Area Production Irrig Method No. of irrigations per
month

Kharif

1

4
5

Perennials

N

oa b~ w
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X. PRE INTERFERENCE - SCENARIO (attach additional sheet for each interfered
well on the farm):

Well No0.1/2/3/4/5/6/7/8/9/10 _ :YEAR of interference 19 ; Well type DW/DCBW/BW

Crop Area Production Irrig Method No. of irrigations per
month

Kharif

4
5
Perennials

1

N

o &~ w
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XI. Details of neighboring wells which are within 800 feet or even beyond, which affect
the yield of the farmer’s well (s):

Interfering Dug  Year Year of Its Distance Yield of Crop Area irri-
well or of inter-  depth  in feet nterfering irrigated gated by
bore sinking ference in feet well by inter- interfering
well fering well well
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Your Notes and observations on interference :
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XII. Coping mechanisms

Coping
Mechanism

1. Crop pattern
changes

2.Pump hours

3.No. of irrigations

4. Drip system

5. Sprinkler system

6. Change to HDPE
OR PVC from Gl

7. Built overground
storage

8.Total shift to dry-

Details of the
mechanism
adopted

from
to

Changed from

__hrs to__hrs

Reduced
from_
1o

No. of drips
etc

No. of sprink-
lers etc

Length of pip-
es etc

Pucca or
kutcha

Present crop

land agriculture pattern____ Net
income

9. Shift to anothe®ccupation__

occupation Net income
per year_____

10. Cooperative Nature of

pumping with
neighbor’s help

11. buying water
for irrigation

cooperation

Water price

Year

19

19.

19

19

19

19

19

19

19

19

19

[nvestn Own Borro- Status

ent

(Rs.)

amo-
unt
(Rs.)

wed Work/
imoun Aban
t(Rs.)

Work/
aban

Work/
aban

Work/
aban

Work/
aban

Work/
aban

Work/
aban

IWork/
aban

O 5

Why did you
adopt the
mechanism * &
Remarks

1 - Cope with
reduced yield

2 -To con-
serve water

3 - Due to
Electricity short

supply

4 - Well
failure

5 - Inadeq well
water

6 - Well
interference

7 - Crops use
less water

8 - To maintain
pre int net
income_

9 - Others
specify
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X111, Wellwise costs and returns from Crop enterprises on the farm for 1993 - 94
Use separate sheets for each well; WELL NO. 1/2/3/4/5/6/7/8/9/ WELL TYPE
3. OVERGROUNDSTORAGE STRUCTURE when water from wells are pooled-used

Season Season Season
(). WATER USE Crop Crop Crop
EFFICIENCY ON THE
EARM area area area

Quantity Value Quantity Value Quantity Value
1. Method of irrigation

2. Frequency of Irrigation
once in every month

3. Hours to irrigate this crop
(I1). COST PARTICULARS

1. Human labor for all opera-
tions (man days)

2. Bullock labor (bp days)
3. Machine hours

4. Seeds/ planting material
5.

Manure (cart loads)

o

. Fertilizer type (kgs)

7. Plant protection chemicals

9. Bagging, transport,
packing, marketing costs

10. Main product
(Kgs/gntls/tonnes/baskets)

11. Price of mainproduct

12. Bye product Kgs/gntls/
tonnes/baskets

Note : I. Method of Irrigation: 1- Flood; 2 - Flow; 3 - Basin; 4 - Drip; 5 - Sprinkler
Il. If the crop is Mulberry/grapes/perennial, get cost for one crop.
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X111, Wellwise costs and returns from Crop enterprises on the farm for 1993 - 94
Use separate sheets for each well; WELL NO. 1/2/3/4/5/6/7/8/9/ WELL TYPE
3. OVERGROUNDSTORAGE STRUCTURE when water from wells are pooled-used

3.

Season
(I). WATER USE Crop
EFFICIENCY ON THE area

FARM
Quantity  Value
Method of irrigation

Frequency of Irrigation
once in every month

Hours to irrigate this crop

(H). COST PARTICULARS

1

o o A w N

Human labor for all opera-
tions (man days)

Bullock labor (bp days)
Machine hours

Seeds/ planting material
Manure (cart loads)

Fertilizer type (kgs)

. Plant protection chemicals

Bagging, transport,
packing, marketing costs

10. Main product

(Kgs/gntls/tonnes/baskets)

11. Price of mainproduct

12. Bye product

Note :

Kgs/gntls/
tonnes/baskets

I. Method of Irrigation: 1 - Flood; 2 - Flow;

Season
Crop

area

Quantity  Value

3 - Basin;

Season
Crop

area

Quantity  Value

4 - Drip; 5 - Sprinkler

Il. If the crop is Mulberry/grapes/perennial, get cost for one crop.
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X111, Wellwise costs and returns from Crop enterprises on the farm for 1993 - 94
Use separate sheets for each well; WELL NO. 1/2/3/4/5/6/7/8/9] WELL TYPE
3. OVERGROUNDSTORAGE STRUCTURE when water from wells are pooled-used

Season Season Season
(). WATER USE Crop Crop Crop
EFFICIENCY ON THE
EARM area area area

Quantity Value Quantity Value Quantity Value
1. Method of irrigation

2. Frequency of Irrigation
once in every month

3. Hours to irrigate this crop
(I1). COST PARTICULARS

1. Human labor for all opera-
tions (man days)

Bullock labor (bp days)
Machine hours

Seeds/ planting material

o k~ w DN

Manure (cart loads)

o

. Fertilizer type (kgs)

7. Plant protection chemicals

9. Bagging, transport,
packing, marketing costs

10. Main product
(Kgs/gntls/tonnes/baskets)

11. Price of mainproduct

12. Bye product Kgs/gntls/
tonnes/baskets

Note : L Method of Irrigation: 1- Flood; 2 - Flow; 3 - Basin; 4 - Drip; 5 - Sprinkler
n. If the crop is Mulberry/grapes/perennial, get cost for one crop.
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X111, Wellwise costs and returns from Crop enterprises on the farm for 1993 - 94
Use separate sheets for each well; WELL NO. 1/2/3/4/5/6/7/8/9/ WELL TYPE
3. OVERGROUNDSTORAGE STRUCTURE when water from wells are pooled-used

Season Season
(). WATER USE Crop Crop
EFFICIENCY ON THE area area

1. Method of irrigation

FARM
Quantity Value Quantity Value

1

2. Frequency of Irrigation
once in every month

3. Hours to irrigate this crop
(11). COST PARTICULARS

1. Human labor for all opera-
tions (man days)

o &~ WD

o

Bullock labor (bp days)
Machine hours
Seeds/planting material
Manure (cart loads)

. Fertilizer type (kgs)

7. Plant protection chemicals

9. Bagging, transport,
packing, marketing costs

10. Main product
(Kgs/qgntls/tonnes/baskets)

11. Price of mainproduct

12. Bye product Kgs/qgntls/
tonnes/baskets

Note :

Season
Crop

area

Quantity Value

I. Method of Irrigation; 1- Flood; 2 - Flow; 3 - Basin; 4 - Drip; 5 - Sprinkler

Il. If the crop is Mulberry/grapes/perennial, get cost for one crop.
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XIV. Economics of Crops on lands other than well irrigated land

Type of crop

Seasonal

N

aa o w

7

8

ii.Peren-
nial

Tamrind
Jack

Euplis
Coconut
Mulberry
Pomegranate
Bare

1
2
3
4

Dry/
Wet/
Garden

Acre

Kharif
Output

Cost

Crop Economics
Rabi Summer
Acre Output Cost Acre Output Cost
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XV (a). Other Assets

I11. Perennials
I. Farm Machinery & equipment 1) Tamarind (No.)
1) Bullock cart (No.) 2) Jack (No.)
2) Sprayer (No.) 3) Mango (No.)
3) Power tiller (No.) 4) Casuarina (No.)
4) Tractor (No.) 5) Eucalyptus (No).
5) Sericulture equipments  value 6) Coconut (No.)
6) Sericulture house Yes / No 7) Others 1.
Il. Livestock Others 2.
1) Bullocks (No.) 3/1V. Other assets
2) Cows (No.) Litre/day 1) Television
3) Buffaloes(No.)_ Litre/day 2) Mixie
4) Sheep_(No.) 3) Telephone
5) Goats_(No.) 4) Two wheeler
6) Poultry_(No.) 5) Four wheeler
7) Other_(No.) 6) Stereo Radio
XV(b). Other income earning activities
Income earning activity Volume of business - Net income per
1993-94 year
1. Land leasing (acres) 1. Leased in acres Rs.
2. Only land Leased out acres Rs.
3. Land + well water leased out acres Rs.
2. Sale of groundwater Price of groundwater: Basis for Charging Crops
(water market) 1 (B Rs. per acre
2. @ Rs. per crop for . crops
3. ® Rs. per hr for hrs
4. @ Rs. per irrigation

3. Money lending Amount lent Rs.

4. Any other (specify)
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XVI. : Vagaries of electricity supply

Well usage Problems faced Problems faced Solutions if any
with respect to wrt to
Season ’\\,I\?éuOf H?rl:rs c;frpduam- electricity pump/motor
> ping p y repairs
Kharif
Rabi
Summer

XVII. General condition of pumps, volves, suction, delivery pipes and other technical de-
tails (open ended questions and answers expected)

(@) HP RATING
1. How did you decide on HP, no. of stages, type of pump

2. Pumps have ISI mark ? Yes/No
(b) Electricity pricing
1. Do you have automatic starter ? Yes/No.

2. Indicate the number of hours you use the pump for irrigation per day if electricity is
supplied regularly :

Tariff rate Pump hrs No. of days Reasons for your choice
per day per year of flatrate or pro rata

Flat tariff @ Rs, 100/HP/year
Flat tariff @ Rs.500/HP/year
Flat tariff @ Rs. 1000/HP/year
Flat tariff @ Rs. 1500/HP/year
Prorate @ 25 paise per unit

a b W0 N p

. Prorate @ 50 paise per unit

o

7. Prorate @ 75 paise per unit
s . Pro Rata @ Rupee 1 per unit
9. Electricity & Water rate
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=,

,C) What crops you wish to grow with your existing well (s) if there is adequate water
and adequate power supply ?

Crop/s Area in acres Reasons for choice of crop and acreage

1 - Higher net returns as compared to other crops

[N

2 2 - Assured remunerative price

3 3 - To avoid labor problem

4 4 - Familiar with this crop

5 5 - Have been cropping since long time

6 s - Crop is less risky

7 7 - Requires less investment

8 s - Requires less care

9 9 - Has better marketing facilities

10 10 - Can get crop within three months or in short time
11 11 - others specify

XVIIl.Groundwater management
1. What lessons did you learn when the first well failed in your village ?

2. When deciding crops to grow, do you consider the water required by the crop(s) ?
Yes/NO. If No, Why
3. Quality of your groundwater? Good/Acceptable/Poor

4. Whom do you enquire regarding irrigation information like: frequency to irrigate, how
much to irrigate, depth of irrigation for different crops in different soil types during
different stages of crop etc)

5. Do you have enough water to sell to other farmer (s)?: Yes /NO

If yes, (a) whom do you want to sell (write name,
relationship, and location of the farm to whom it is sold)

(b) Any preference for selling to a particular buyer ?

(c) What is the price (cash + kind) that you expect for your water

6. If you do not have adequate water, do you want to buy from your neighbor if he/she
has water to sell? Yes/No

If Yes, how much are you willing to pay for your neighbor’s water
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7. If water availability is less in your well in any year:
Do you (a) grow low water crops; (b) plant high water crops on few acres

(c) reduce the frequency of irrigation (d) reduce over all pump hours

(e) change irrigation method (f) None of the above (g) Any other
8. Can you predict the water yield from your well in the next year ? Yes/No

If yes, How

9. Indicate how the following factors influence the water yield in your well ?

How many Mattu or GPH will
Factors

Increase Decrease Your actions for
increase/decrease
a. By pumping of your well a) Reduce area under
irrigation
b. Pumping by nearby farmers/wells b) Shift to less water intensive
crops
c. Monsoon rainfall ¢) Changing method of irrigation
d. Desilting tank d) Reduce irrigation frequency
e. Using tank as only percolation e) Reduce volume of water
tank application
f. Any other factor anv other

10.Do you consider well construction/pumping by your neighbors as a threat to your
ground water yield ? Yes / No . If Yes, how do you know ?

a) Personal observation of pumping or crop pattern ; b) fall in water table

c) failed well ; d) reduced water outflow during pumping ; e) others:

Then: Do you pump more to prevent water from flowing to neighbours’ well (s): Yes / No

11. If neighbor (s) drilled many wells and decrease your water yield, what do you wish
to do ?

(a) Discuss with neighbors and come to a settlement amicably

(b) Want to drill or construct more well(s)

(c) Want to deepen well(s)

(d) Think there is need for a legislation regarding pumping and interwell distance ?
(d) Any other



10.

11.

12.

13.

14.

15.

16.

17.
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12. Do your neighbors request you to reduce your groundwater pumping? Yes / No

If yes, in what way did you respond ?

13. What Do you think will happen to your water yield and depth to water in the coming
year?

14. Reactions on groundwater regulation.

Rules Response Type of Penalty I-r:():/(?r?tiovfe
Interwell distance Yes/No
Open well depth Yes/No__
Borewell depth Yes/No
Fixing electrical meter Yes/No

. Fixing both electrical & water meter Yes/No

Not to grow paddy Yes/No
Not to grow Sugarcane Yes/No
Not to grow Banana Yes/No

Not to grow other water intensive Yes/No
crop CName of crop/s )

(Over) pumping by yourself Yes/No
(Over) pumping by neighbour(s) Yes/No
Drilling (deeper) by yourself Yes/No

Drilling (deeper) by neighbour(s) Yes/No

Using (high) HP IP set Yes/No
Adopt sprinkler/drip irrigation Yes/No
Participation in Desilting irriga- Yes/No___
tion tank

Cooperate with neighbours for Yes/No

proper sharing of water
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16. General information
1. Land rent Rs/acre/year:

Dry land ; Well irrigated land Wet land
2. Wage rate Rs/day :

Man labor (with food / without food)

Women labor. (with food / without food)

Bullock labor (with food / without food)

3. Private Interest rate Rs. .per Rs.I0O0 per month.

4. Bullockcart hire charges/day _

5. Power tiller hire charges/hour

s . Tracter hire charges/hour____

7. Income from perennial crops

Village price information

Income Income

Tree / Orchard crop per tree per acre Crop Price

1. Tamarind . Paddy (Rs. / qtl.)
2. Jack . Sugarcane (Rs. / ton)

. Mulberry (Rs. / basket)
3. Mango

. Tomato (Rs. / Kg)
4. Casuarina (survay)

5. Eucalyptus

(Nilagiri) Onion (Rs. / Kg)

6. Coconut Cauliflower (Rs. / Kg)

Chillies (Rs. / Kg)

1
2
3
4
5. Cabbage (Rs. / Kg)
6
7
7. Pomogranet 8
9

Potato (Rs. / Kg)
8. Bare (elachi hannu)

10. Greens (Specify )
9. Sapota
11. Carrot (Rs. / Kg)
10. Guava 12. Other
11. Flower 13. Other
Signature of the interviewer (Date Time am/pm)

DO WRITE YOUR FIELD OBSERVATIONS & IMPRESSIONS IN THE LAST PAGE ON
THE SAME DAY OF DATA COLLECTION, IN THE EVENING/NIGHT. DO NOT FORGET

TO VISIT THE FARMER’S FIELD FOR MAPPING THE WELLS & FINDING WELL
YIELD.





