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Abstract

Expansion of groundwater based irrigation technplbgs facilitated the emergence of
institutions like groundwater market or water marke some states of India including
Assam which lies in Eastern India with abundanugdwater reserves and heavy monsoon
precipitation ensuring easy replenishment. In vigfanthe fact that small and marginal
farmers dominate the agricultural scenario of ttaeswith limited capability for capital
investment, expansion of groundwater markets iss,thtonsidered as an alternative
institution which can ensure equity in access tigation across farmers. However, due to
the residual nature of the market, the buyers nagubject to inadequate water supply
resulting in differences in the attainment of tachh efficiency of the farmers under
different structures of the market. With this bada] the study has been conducted to
examine the nature, structure and functioning afugdwater markets in the state; to
identify determinants of groundwater markets; tareine the issue of reliability and the
factors affecting reliability of the market; and ¢@amine technical efficiency across the

farmers under different structures of the market.

Both secondary and primary data are used to caryhe study. Secondary data have been
used mainly to examine the status of groundwatsedarigation development in the state.
In order to examine the issues of groundwater nigrkke study has mainly used primary
data collected from 198 respondents from two distriof Assam, viz. Nagaon and
Morigaon which constitutes the Central Brahmap\Malley Zone (CBVZ) of the state. The
nature and structure of the market, characteristiasibewells and underlying production
system of the crop undertaken have been examined) wsmple statistical tools like
percentage, ratio, average, etc. The determindrtisbewell ownership, water buying and
selling decisions of a farmer and the determinafiteeliability of the market have been
examined using the logit regression model. Thel&tsiic Frontier Approach (SFA) is used
to estimate technical efficiency scores on a fatsngot. The variation in the farm specific
technical efficiency is obtained by modeling tedahiinefficiency as a function of some of

the farm-specific characteristics.

Groundwater market in the study area is found tomfsgmal. Groundwater has been treated
as ade-factoopen access resource by the owners of tubeweksaltrnative forms of
market arrangement for groundwater use have besmfdbout 5.88 percent of the sample
tubewell owners have been found possessing tub@nbilifor selling groundwater. Thus,

on the seller’s side, it shows that the marketheped some of the tubewell owners to sell
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water not only in excess of their own use on splrated area but also taking groundwater
pumping as an additional source of income. It alsggests that the market is not residual to
all buyers. The majority of the buyers are found#marginal (56.82 percent) and small
farmers (41.54 percent). About 65.98 percent ofwhter sellers belong to the marginal and
small farmer categories. The size-wise analysisshasvn that when farm size increases,
the number of buyer decreases but the reverse islways true for the sellers. The market
is found to be localised in nature due to limitedikability of conveyance facilities. Though
water transaction has been found to be taking placboth cash and kind, non-cash
transaction is found to be dominant. Water transads bound by personal relationship
(kinship) between buyers and sellers resulting oncession on water charge and
differential treatment by some of the sellers. Taket is found to be exploitative in nature
as some of the buyers are required to render stimee gervices to the sellers against which
they are not paid. The market is also found tonberiocked with the existing land tenancy.
The prevalent water charge is found to be almosionm within a village and across
villages excepting a few, though there are conoassio buyers who are relatives of the
water sellers in a few cases. Though the majofith® tubewells are diesel operated, there
is a gradual shift towards electrical pumpsets Igailue to lower operational cost and
fluctuating prices of diesel. There are differenicesput use, extent of farm mechanisation,

number of groundwater applications and yield ofdiap between the sellers and buyers.

The results of the logit regression analysis hdwawve that own farm size, education and
age of the head of the household, access to famates of credit, availability of off-farm
income sources have significant and positive imfage on the probability of a farmer’s
decision to own tubewells. Land fragmentation ignic to reduce a farmer’s probability of
owning a tubewell. The results of the logit anay&ir water buying decision of a farmer
have shown that own farm size, farmer’s accessgttutional credit, age, education and
better contact with extension agencies reduce pilityaof water buying decision of a
buyer. For a tenant farmer the probability of bgyiwater is higher. Moreover, his
probability of buying water increases as distanevben his plots and the nearest source of
irrigation decreases. The logit estimation of ttkelihood of sample farmers’ decision to
sell groundwater has shown that an owner with aregx capacity of his tubewell and a
relatively deeper tubewell has higher probabilifyselling water. The owner of diesel
operated tubewells is more likely to sell waterntithe owners of electricity operated
tubewells and owners of both electricity and diegpérated tubewells. Availability of

conveyance facilities is found to increase prolighof selling water. The results of the
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regression analysis, thus, imply that water seliind buying are the results of the combined

effect of a number of socio-economic, farm speafid tubewell-specific factors.

Regarding reliability of the groundwater markethés been found that the availability of
water to the owner-cum-sellers is conditional updew limited factors like good condition
of the pumpsets/borings, relative scarcity of gawater due to simultaneous drafting by all
the farmers and the inadequate supply of elegtrietic. On the demand side, as high as 62
percent of the buyers have found the market urdlelisZAmong the reasons cited by the
buyers, inability to buy fuel to operate the punipsad presence of multiple buyers against
a single seller are the two main reasons. The teesfilthe logit model have shown that
guantity of groundwater purchase, tenancy, educatiothe farmer, types of fuel/power

used to operate the tubewells are the significatgrchinants of reliability of the market.

The results of the stochastic translog productunction indicate presence of technical
inefficiency and a difference of up to 55 perceatween the observed and best practice
output. Average technical efficiency score on dmtlyers and sellers’ plots are found to be
similar but there is further scope for increasingpot on buyer’s plot. Similarly, the small
and marginal plots have recorded higher technitfatiency than the semi-medium and
medium plots. The owners of tubewell, who have ip@dted in the market as “self-
users+sellers+buyers”, are found to have attaingideh average technical efficiency score
than only “self-users”. It indicates that the markas induced enhancement of technical
efficiency of the market participants. The availidypiof off-farm income in the farm
household, better contact with the extension sesvaand use of organic manure are the

significant factors determining technical efficigraf the sample farms.

Based on the findings, the study concludes thatrgiwvater market in the study area
resembles most of the characteristics of water atarkserved in other Asian countries with
a few differences. The study identifies the neecklettrification along with regular and

adequate electricity supply and promotion of joawnership of tubewells so that the
marginal and small farmers can tap the benefitgroindwater irrigation. With a view to

promote efficiency in input use, the study argues rieed of training on farming and
expansion of government extension services. Assifiluation of relative scarcity of water
has been noticed, the study argues for some soegoiation for efficient and sustainable

use of groundwater.

*k%k
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CHAPTER ONE

INTRODUCTION

1.1Background of the Study:

Increasing use of groundwater for domestic, indalséind agricultural purposes and the
consequent impending water scarcity and groundwaetamination in many parts of
the world, have beguiled renewed interests on ghaater management at all levels
(local, national and international) of policy deration. The built-in perception that
“abstraction now, management later” has got radit@nges and in almost all cases
management has preceded abstraction (Kemper, 2008)rapid population growth,
expansion of water intensive technologies and cbsing cropping pattern are some of
the factors that have aggravated the problem oémstarcity to a great extent (Saleth,
1994). However, in the face of supply constraings. Gources of usable water on the
earth is finite), it is widely recognised that #@center of the problem partly lies in the
‘resource system’ itself. Groundwater is a CommonlRResourck (CPR) and shares
two key characteristics: substractability i.e. @aeson’s use reduces its availability to
other users and non-excludability which impliesttdae to physical nature of the
resource it is technically not feasible to exclypdéential users from using it (Conroy,
2002; Ostrom, 1990, 2000). The basic CPR problesnaated with groundwater use is
the appropriation externality which implies thatneased withdrawal by one pumper
reduces the amount of water that other pumpersotdain from a given level of
investment in pumping inputs resulting in sub-optinallocation of inputs in the
appropriation process (Ostrom, 2000). Accordindg3taggink (1992), common pool
problems develop, when, (a) the pumping drawdowangt particular well lowers the
water table and adversely affects the pumping ieffes for neighbouring wells, (b)
decisions on current rate of pumping do not incltlte effects on future supply, (c)
incentives are lowered for conservation and rectemaefforts i.e. when no property
rights to un-pumped water are assigned or specifedvidual will not be interested to
spend on conservation of water because conservatidhacre feet in period; tdoes
not guarantee X acre feet of additional water fat tindividual in periodst (d) the
drawdown creates interchange with a surface waterce or another underlying
formation and (e) the drawdown causes ground sabse (which may permanently
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reduce recharge capacity and pumping efficiencyhef aquife? Howe (2002) also
stated that owing to inappropriate legal and adstiaiive settings, groundwater
becomes an open access resources resulting inseseesontemporary and inter-
temporal externalities. The common pool resourceblpm associated with
groundwater use becomes more stringent if propslituions are not designed for

governing it. According to Schmid (1972), instituis concern “...sets of ordered
relationships among people which define their sgletxposure to the rights of others,
privileges and responsibilities”. These rights baky property rights, structure the
incentives and disincentives between and amongvithehls in their decisions
regarding water use (Ciracy and Wantrup, 1969)theny Saleth and Diner (2005) has
defined water institutions “...as the rules that defaction situation, delineate action
sets, provide incentives and determine outcome lotindividual and collective
decisions setting in the context of water developim&location, use and management.
Like all institutions, water institutions are alsobjective, path dependent, hierarchical
and nested both structurally and spatially and eldéeé within the cultural, social,
economic and political context”. The institutionarrangement for allocating
groundwater among several competing independems Uis&rs importance because it

largely affects efficiency, equity and sustainapibf groundwater use.

Thus, in the face of growing water scarcity andioues dimensions of groundwater
management, there is an urgent need for betteitutishal arrangement for
groundwater use (Howe, 2002). In this regard, Kem(@005) has pointed out two
alternative institutional arrangements: (a) formambdd the informal institutional
arrangements in the water sector and (b) the utistital arrangement originating in
other sectors. Formal institutional arrangementa/déter sector, according to Kemper
(2005) are the constitutions, water laws, subsydiegislations and administrative rules
while customs, generally accepted codes of behavidrsocial norms are the examples
of informal institutional arrangements (Ostrom, @R9nstitutional arrangements made
and geared towards other sectors which have bearingater extraction decisions of
users include energy and health policies of a eguwhile these institutions as
pointed out by Kemper (2005) are general in naturstitutions governing water
management may be different from one country taterodepending on the resource
condition, socio-economic condition, climatic camshs, etc. of the country concerned.
For example, Saleth (1996) has identified goverrtaigoolicies (e.g., water pricing
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policies and power tariff policy), economic instians (e.g., rental markets for
irrigation assets, groundwater markets and farnmganisation) and legal institutions
(e.g., irrigation acts and water laws) as soméhefrhajor institutions governing water
resources in India. Saleth (1994) observed thatin“the face of general failure of
state-sponsored initiative the spontaneous emeegamd growth of groundwater
transfers among farmers observed especially irs pliGujarat, Andhra Pradesh, Tamil
Nadu, Uttar Pradesh, Punjab and West Bengal hasedrdope of researchers and
policy makers in their search for an alternativstitntional mechanism for efficient

groundwater utilisation and management.”

However, of these institutions especially in theefaof failure of a centralised
administrative control over water, more widely dissed institution for water resource
management is the market for groundwater or ‘watarket’ or ‘groundwater market’.
The terms water market and groundwater market aezl unterchangeably in the
literature as there is no such market for surfacgew (Saleth, 1996). The basic
argument advocating market mechanism for managewofenater is the belief that
market increases economic efficiency by allocategpurces to their most valuable use
through changes in economic incentives among teesud the resource (Marino and
Kemper, 1999; Mohanty and Gupta, 2002). A furthegument put forward is that
markets are more flexible than administrative atmn mechanism and allow users
autonomy in their decisions. For example, when suseemselves can decide if they
want to buy or sell, those who sell their water stovoluntarily and get a financial
compensation (Marino and Kemper, 1999). Marino &minper (1999) draw the
distinction between a water market and a more adimative approach on three
principal grounds: (i) the need for defined transiide water use rights which are
regarded as proprietary; (ii) institutions intert@lthe market, such as information and
transaction mechanism to facilitate the transféitgof the right and (iii) a mechanism
to negate the effects of third party interestscomitigate impact which might occur
because of the transfer of water use rights.

In the literature, there are two lines of definitiof water markets. The first one refers
to water markets that involve annual or permaneatsfer of the water use rights
between a willing buyer and a willing seller in Baage for compensation determined

by supply and demand, the cost of mobility, theaelity of the supply, and the cost of
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mitigating any environmental and third-party efee¢dimpson, 1994). Secondly, water
markets refer to a localised village level infornaatangements for water transactions
whereby owners of Water Extracting Devices (WEDsY.( pumpsets or tubewells)
sell water or irrigation servicé$o neighbouring farmers at prices mostly deterchiog
the incremental cost of pumping (Shah, 1991, 198&ter under the second form of
market arrangement, may be lifted from open weligubewells, deep or shallow
tubewells or from canals, tanks, rivers, drainsweh other surface sources. Apart from
this, another form of interrelated market assodiatéh water defined in the literature
is the rental market for pumpsets. Rental marKetval farmers to irrigate their farms
by renting pumpsets and other lift irrigation agaments (Saleth and Thangaraj, 1993;
Saleth, 1996). Kolavali and Atheeq (1993) termemligdwater markets as markets for
‘irrigation services’ as groundwater and irrigatiagsets are interrelated. These two
lines of definition of water markets indicate thater markets are of two types: formal
and informal. The distinction between formal antbimal water markets lies in their
legal status. Under the formal water markets, wagdts are clearly and universally
assigned with legal validity for freely negotiatedle of these rights while in case of
informal markets there is neither clear assignnoémights nor legal sanction to trade
(Mohanty and Gupta, 2002). As Easter et al. (1988erve, “...the key difference
between the formal and informal water markets i émforcement of trade. If the
enforcement is by the users with no recourse tal legadministrative system, then the
market is informal”, otherwise the market is formBhster et al. (1998) has further
added that in formal water market the water satebesafor a specified volume of water
or share of water right for a set period of timesate can be for the transfer of
permanent water rights. On the contrary, in infdrmmater markets there is the sale of
unmeasured flows of surface water in a canal feetaperiod of time or from a well
based on the number of hours the water is pumpedt€gE 1999). Formal water
markets are mostly found in the Western UnitedeStaChile, Australia, Peru, Spain,
Mexico, and in some parts of South Africa, Northriéd and Brazil (Bjornlund and
McKay, 1998 & 2002; Bate, 2002), Georgia (Isley aNMiddleton, 2003) while
informal water markets are pervasive in the iregareas of Asian countries: Pakistan,
India, Bangladesh, (Pakistan Water and Power Dpwadmt Authority, 1990; Rinaudo
and Stosser, 1997; Meinzen-Dick, 1998; Shah, 19%9B3; Saleth, 1996, 1998),
Indonesia, Jordan (Meinzen-Dick and Mendoza, 198&) China (Zhang, 2006).

However, Thobani (1997) has pointed out widespreadtence of informal water
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markets in Mexico even before the introductionariral tradable water rights. World
Bank (1999) has pointed to the existence of informvater markets in Mexico,

alongside the more recent formal water mafkets

Regarding the nature of informal market, Thobar®9{) has observed that in a
situation where governments have failed to resgondhpidly changing demands for
water, local (spot) water markets have emergedewrersll water scarce countries or
water scarce regions of many countries. Such maket informal and users contract
for water on their own without recourse to any lggavisions. The mode of operation
in informal market, as Thobani (1997) has obseriadolves selling a specified
volume of farmer’s surplus groundwater or surfacatew for a specified period to
neighbouring farmers, or several farmers colletyigelling some of their water to a
nearby town. Zhang (2006) has defined groundwater market eaiged, village level
arrangements through which owners of tubewellsmethp irrigation services to other
farmers of the village (i.e. they sell water toattfiarmers from their wells for use on
crops). However, Pant (1992) has brought out tHimitlen of informal water markets
and underlying conditions for existence of the meérkn a very precise manner.
According to Pant (1992), water market or groun@watarket is “a market that refers
to sale of water versus hire of private pumpsetsasing”® According to him, water
markets are likely to exist in a situation wher#oiwing four conditions are satisfied:
(a) the buyers perceive irrigation through purchaseground water as the most
agreeable alternative in comparison to other ssus€@rigation; (b) water supplier has
pumping capacity in excess of his own requiremamis he perceives water sales a
profitable proposition; (c) willing buyers are akadile within the command area of the
suppliers’ irrigation equipment in case of the pgetg is fixed (in case of mobile
pumpsets, there is no fixed command and there neaiahgontrol is more important);

and (d) buyers are able physically to gain acae$iset water.

There has been notable growth of informal groundwatarkets in India mainly in
agricultural sector along with the spread of gromatr irrigation triggered by the
green revolutioh Although water trading traced back to the 1920 a systematic
documentation of them began only in the late 196Baeth, 1998). Saleth (1998) also
notes that “.... although water markets in India lacalised, fragmented and vary in
terms of maturity, they are an evolving institutienth substantial efficiency and
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welfare effects”. Narain (1997) in this regardsaspt'... the emergence of groundwater
markets could perhaps best be viewed as a resporibe pattern of development of
ground water in the country, which has largely l#hind a vast chunk of farmers who
are unable to afford water extraction mechanisnddwever, the existence of
groundwater markets is not uniform throughout tbentry. In some states such as
Gujarat, Maharashtra, Haryana, Andhra Pradesh, ITdadu, Western Uttar Pradesh,
Punjab and West Bengal the presence of such maiketsre widespread (Saleth,
1996). Although occurrence of groundwater marketsore widespread in these states,
development of the market is more pronounced inafatij(Narain, 1997; Dubash,
2000, Mohanty and Gupta, 2002). Water markets ija@tihave existed for as long 70
to 80 years (Shah, 1991; Narain, 1997). Howevempaoed to these agriculturally
developed states, in water abundant states in fgalsteia, viz. eastern Uttar Pradesh,
Bihar, Orissa, Assam, etc. the presence of sucketsis very thin (Shah, 1991; Dutta,
2011, 2012). The differences in the occurrencerafigdwater markets are the result of
a number of factors: rainfall, groundwater suppbropping pattern, cost and
availability of electricity and development of twbals under private ownership (Shah,
1993; Saleth, 1994). There is no macro level esénmm the size of groundwater
markets in India. However, based on a number oforstudies on water markets, Shah
(1993) has estimated that more than 50 percenteofjtoss area irrigated by private
modern WEDs is served by groundwater markets. I$&1€198), using a methodology
based on pumpsets rental data put the figure atl@nmhectares or 15 percent of the
total area irrigated by groundwater. Mohanty angt@y2002) assuming a contribution
of irrigated cultivation to total output at $230rgeectare/per year, have estimated the
total value of output due to water sales to be &biBion/per year. Further, there is a
great degree of variation in the size of groundwatarkets among different states. In
northern Gujarat nearly 80 percent of the totabated acreage is served by water
markets (Shah, 1993) while in East and West pdrtdttar Pradesh it is 73 to 79
percent respectively (Pant, 2002). Similarly, 406@ percent of irrigated land is
irrigated through water markets in Allahabad déstaf Uttar Pradesh (Shankar, 1992)
followed by 30 percent in Vaigai Basin in Tamil Ne@@anakarajan, 1993, 1994).

The major issues that have dominated the studieaformal groundwater markets in
South Asian context include: equity, reliability dfe water markets, efficiency in

groundwater use along with the other inputs, impét¢he market in the enhancement
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of income and sustainability of the groundwaterouese. Almost all studies (e.g.,
Shah, 1988, 1991, 1993, 1999; Pant, 1991, 1992%;20inzen-Dick, 1995, 1996,
1998; Palmer Zones, 2002; Singh, 2002; Joshi, 2@0d2ng, 2006; Khanna, 2006;
Dutta, 2011; Khair et al., 2012, etc. ) note theotaable impact of water markets in
terms of extension of opportunity to equitable asct® groundwater irrigation to the
small and marginal farmers and generation of giinshe buyers such as higher and
risk-free income realisation and employment througttease in crop yield, cropping
intensity, changing cropping pattern in favour ajhthvalue crops and use of modern
agricultural technologies which are scale free.c8ithe market is residual in nature
(i.e. the water sellers usually sell water afteretimg their won requirements), buyers
are subject to inadequate water supply when neetlad. indicates unreliability of
adequate provision of water to the buyers (MeinRéerk, 1998). The unreliable nature
of the market may also indicate difference in tkalisation of technical efficiency
between buyers and sellers. Regarding impact of grmundwater markets on
attainment of technical efficiency, Manjunathale(2011a, 2011b) have found that the
farmers who have participated in the market haveeaed higher technical efficiency
(TE) scores on their plots than those who have iredaoutside the market. However,
they have noted the differences in the attainmdnf® score among owners of
tubewells, water buyers and water sellers. Sravaset al. (2009) in their study on
impact of groundwater market on water use efficyeior 100 sample farm households
in the Central Plain Zones of Uttar Pradesh hauadahat both buyers and owners of
WEMs are technically inefficient in water—use, he fctual use of irrigation water is
found to be much higher than the optimum level. €@ (2006) has noted the
difference in TE scores between owner and buyermsrevbuyers’ plots are the least
efficient than the plots owned and operated byaWweer of tubewells. In addition to
this, some studies (Jankarajan, 1993; Shah, 1989ya&i et al., 1997) point out the
presence of monopoly power enjoyed by the watéersetum-big landlords. With the
monopoly power, the sellers charge water ratesehnighan the incremental cost of
pumping (e.g., 2.5 to 3 times the marginal cost &12% to 1.8 times of average total
cost and thereby appropriate sizeable amount ditprchah, 1999)). There is also
non-price discrimination whereby sellers refusestipply waters to the buyers during
crucial periods based on various socio-economitofaavhich are mostly non-market
in nature which, in turn, makes the market unrédéidor the buyers (Meinzen-Dick,
1998).
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Although most of the studies point out that the egah mechanism underpinning
operation of the market is similar, there are digant differences in the mode of
operation and nature and types of contracts withir tlserious implications on
functioning of the market. Based on different comerad and non-commercial aspects
of water markets, Saleth (1998) notes that waterkets in India display a wide
variation in terms of organisational features arghavioural pattefh However,
proponents of groundwater markets have concurrattkiese differences are obvious
as groundwater markets are village level localisstitutions (Pant 1991; Shah 1993;
Joshi 2002, Zhang 2006) and highly dependent ugom@imatic conditions, status of
agricultural development, farming practices or tewhgy, levels of economic
development, socio-economic conditions of the fasnm&here are also differences in
the issues of groundwater markets in water abundambns compared to the water
scarce regions. In the presence of such differemasash (2000) notes that instead of
looking at how the markets work or do not workisitmportant to look at how and why
they work differently in different locations, unddifferent social and hydrological
circumstances and with what effects. In this resgealanisami and Easter (1991) have
observed that even in the presence of monopolytippgn the part of the seller-cum-
well owners, in the water abundant region the Bastegy is to encourage or legalise
trading and increase competition either through roomty or private well
development. Shah (1991) observed that water altindgion (Eastern India in his
example) offers a major opportunity where developimef water markets can
transform the stagnant agriculture to a boomingneot/. The question in abundant
region, as Shah has pointed out, is how to spedtiaidevelopment of water markets
and saturate the available potential. In the saomegt Saleth (1994) also observed
that the issue in groundwater development in Eagiart of India which is marked by
abundant groundwater supply is different from tregew scarce southern region. Major
issue in water abundant region, according to hanthe groundwater promotion rather
than regulation and one has to focus on correctibnnstitutional and technical

bottlenecks for more development of groundwatetterpromotion of agriculture.

Besides these aspects, the unresolved questionlyiogerthe recent debate on
groundwater markets is the apprehension that irdbmater markets may lead to over
exploitation of the groundwater resources with@esiramifications on inter-temporal

externalities in the form of declining water tablésgher pumping costs, lower well

8
TH-1274_06614104



yield or even abandonment of wells especially mhater scare regioh§Chambers et
al., 1989; Moench, 1992; Shah, 1993; Janakaraj@®3;1Saleth, 1994, 1996; Narain,
1997; Meinzen Dick, 1998; Singh, 2002; Mazumdar dvidndal, 2008). Since
individual farmers are more concerned with theivagte gains and costs and may
completely ignore social cost of overexploitatidngooundwater resources, growth of
groundwater markets may aggravate aquifer depf@ti@aleth, 1998). However, one
implication of such deliberation is the propertghtis issue of groundwater in India.
The ownership of groundwater in India is attachethhd and the landowners have the
right to extract groundwater beyond any limit untilis available. Under such a
situation pricing of water failing to reflect scayc value of water may lead to
overexploitation. This ultimately may result in cadative inefficiency, inequity in
resource use and ecological un-sustainability (BalE996; Narain, 1997). Although
the problems may not seem to be so intensive inwtager abundant regions, the
possibility that unregulated groundwater abstractman eventually lead to local

problems of groundwater overexploitation can’t blied out (Moench, 2001).

Thus, it is clear that as a response to developrmokmgfroundwater based irrigation
technology, there is emergence of institutions gkeundwater market or water market
in some states of India. The size and growth of nifaket and its inherent issues
depend on the status of agricultural developme-alimatic conditions and level of
groundwater development. In contrast to other pafrthdia, Assam in Eastern India
has abundant groundwater reserves with heavy mans@eipitation facilitating easy
replenishment. Regarding groundwater availability the state, the Central
Groundwater Board (CGWB) has estimated the netahiy of annual replenishable
groundwater at 24.89 bcm, out of which 22 percemet @drafted for all purposes
(industrial, domestic and agriculture) (Govt. oflim 2006). Of the total development,
as much as 89.15 percent is used for agriculturgdgse and the rest (10.84 percent) is

used for both domestic and industrial purposes.

According to the data available (Govt. of Assaml3), out of the total geographical
area of 78.44 lakh hectares, the Gross Cropped @€R) of Assam is 41.05 lakh
hectares. Against this, the ultimate Gross IrrgatiPotential (annually irrigable area)
has been estimated at 27 lakh hectares, whichitdast65.80 percent of the GCA.
The irrigation development in the state has beatedaken under two broad schemes,
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viz. Major/Medium irrigation and Minor IrrigationBased on technology, irrigation
schemes are also categorised as Surface Flow,c8ukiét (for Major/Medium and
Minor) and Groundwater Lift (for Minor). Out of ¢hGross Cropped Area (GCA) of
41.05 lakh hectares of the state, the State IrogaDepartment created irrigation
potential of 7.97 lakh hectares (19.41 percent)ta®2010-11 of which 2.44 lakh
hectares (30.61 percent) through Major and Mediumgdtion schemes and the rest
5.53 lakh hectares (69.39 percent) under the Minogation schemes. However,
against creation of such irrigation potential untter government schemes by the State
Irrigation Department, as high as 83.71 percerbtl irrigation potential created till
2010-2011 is found to have remained unutilised (Gof Assam, 2012b). One
interesting fact relating to irrigation developmentthe state is the rapid growth of
groundwater based minor irrigation scheme in tie téneties of the previous century.
For example, the Compound Annual Growth rates (C8)G#& total minor irrigation
structures in the state was 11.40 percent duri®$-BY to 1993-94, which increased to
16.08 percent during 1993-94 to 2000-2001 whilestnme for India was 6.99 percent
during 1993-94 to 2000-01 (MoWR, 2001, 2005). Amadng groundwater structures,
Shallow Tubewells (STWSs) have recorded phenomenahify outstripping surface
irrigation schemes (surface flow and surface iiftjhe state. Compared to surface flow
and surface lift, STWs constituted about 68.36 g@erof the groundwater structures in
1986-87 which marginally increased to about 69.é&@nt in 2000-01 and further to
87.29 percent in 2000-2001. Against this, as pea dé the ¥ 2" and 3 Minor
Irrigation Censuses (Govt. of India, 1993, 20010 in 1986-87, almost 8 percent
of the groundwater structures were surface flowleltlined to 5.99 percent in 1993-94,
and further to 2.72 percent in 2000-01. Similanty,1986-87, while 21.37 percent of
the groundwater structures were surface lift, tiaslined to 23.26 percent in 1993-94,
and further to 9.17 percent in 2000-01. Shallowewsdlls, thus, are now the most
important and fastest growing sources of irrigatioAssam.

One of the striking features of shallow tubewellchigology based irrigation
development in the state is that these tubewedlsirestalled under private ownership
and usually owned by a single/individual farmer. geg the Minor Irrigation Census
2000-01 of Government of India, in Assam about 88ent of the total STWs has
been under the individual ownership. Along withe tlgovernment supported
development of STWs, there has been unprecedemteeloppment of STWs at the
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private initiative of the farmers themselves (Dut2811). The expansion of STWs
based irrigation schemes has also facilitated dinendrs especially in the flood prone
low lying districts of the state, to shift towardsltivation ofrabi crops to avoid crop
losses during flood period. For example, as pemBooc Survey, Assam, 2011-12, the
area under summer rice (which predominantly uséd/§Thas increased by 10 percent
during 2006-07 to 2007-2008. STW based irrigattars, attracted huge response from
the farmers motivating them to procure tubewellsgtely. Most of the owners of the
Water Extracting Mechanism (WEM) with excess catyaaf their tubewells engage in
water transaction with the neighbouring farmers wbaot own WEM (on their own)
for market and non-market reasons (Dutta, 2011,2R0This has resulted in the

emergence of groundwater markets in the state.

1.2 Statement of the Problem:

The average size of operational holding in theesisitl.10 hectare only (Agriculture
Census, 2010-11, Govt. of Assam, 2013a). Out ofdted farm households, more than
83 percent are small and marginal farmers withsthe of their operational holding less
than 2 hectares (Govt. of Assam, 2012a). In viéwhe fact that small and marginal
farmers dominate the agricultural scenario of thgeswith limited capability for capital
investment, the emergence of groundwater markeheénstate is considered as an
alternative institution which ensures equity inesto irrigation across farmers. With
the increased access, it is also expected thatritierutilised pumpsets or underutilised
created irrigation potential will be better utilisdacilitating small and marginal
farmers’ access to irrigation irrespective of theme of land holding. This, in turn, will
enhance income of the owner-cum-sellers and thaugérs through enhancement in
production and productivity of the crop undertaketh assured irrigation. However,
due to residual nature of the market, there maxy Isgguation where the sellers may
refuse to supply or sell water to the buyers durngcial periods of crop growth
making groundwater markets highly uncertain andelisiole for the buyers. The
inadequate supply of irrigation might have an ase@empact on yield of the crop
especially on buyers’ plots. Further, in a situatad limited number of sellers, despite
availability of water, the market may be more masiggtic having its adverse effects in
terms of high water charge. This might have inggeftects upon the buyers who are
basically the small and the marginal farmers. Saotieer factors, that have been
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identified in earlier studies on water markets iffedent countries, viz. Bangladesh
(Palmar-Jones, 2002), India (Kajisa, 2005), suchuraertainty and risk involved in
contractual arrangement, types of water contrawtn$ of tenancy, information and
incentives, asymmetric bargaining power and avditglof institutional credit may
also have their impact on the nature and functgroh the market. Circumstances
under which a farmer becomes water buyer or watersmight also be different
depending on different socio-economic conditione thuregional and localised nature
of the market discussed above. Due to unreliabigreaf the market there might have
differences in the attainment of technical effiagnamong different categories of
groundwater users in groundwater markets (Khan@@6;2Manjunatha et al., 2011a,
2011b) Besides, since the issue of property righthiertwined with the appropriate
management of groundwater, while looking at thechmming of the water market, it is
also necessary to examine the present propertyt nigbime over the use of
groundwater in the state. Since, most of the issfiggoundwater markets are region
specific, depending on different agro-climatic dndrological conditions (particularly
in terms of water resources) along with differentig-economic conditions, the
structure and functioning of the groundwater markiet the state may also exhibit
different characteristics. While a number of impattstudies on various dimensions of
agriculture of Assam have become available by retudies on groundwater markets,
except Dutta (2012) is hardly available. The présstudy has been induced by the
necessity to fill this gap. It is in this cortethe present study is undertaken to

examine the nature, structure and various issutseaharket.

1.30bjectives:
The study has been taken up with the following geabjectives.

1. To study the nature, structure and functioning mdvpiling groundwater

markets in Assam.

2. To identify determinants of tubewell ownership, imgyand selling decisions

of a farmer.

3. To examine the issue of reliability of water masketleterminants of

reliability and their relative significance.
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4. To examine the technical efficiency on farmers’tpltoy their status as

groundwater users.

1.4Hypotheses:

The following hypotheses have been pursued inttiays
Hi: Emergence of groundwater market is influenceduwsy farm size of farmers.
H,: Groundwater market ensures reliability of watgoy.

Hs: Groundwater market enhances technical efficieidgrms.

1.5Data and Methodology:

The present study has been based on both primdrgesondary data. Secondary data
pertaining to the status of agriculture in genaral irrigation development in particular
in the state have been collected from the pubbastiof various organisations, viz.
Directorate of Economics and Statistics, GovernmehtAssam; Department of
Agriculture, Department of Irrigation and Departrheaf Panchayat & Rural
Development, Government of Assam;, Central GroundtéWV Board, Ministry of
Water, Government of India; Economic Survey of Gevernment of India and the
Government of Assam; Reports of Center for Monitgrindian Economy, published
documents of the Planning Commission of India, €tice National Bank for
Agriculture and Rural Development (NABARD) has alseen working to create
irrigation potential in the state of Assam, repartshe bank have also been consulted
for the study.

In order to achieve its primary objectives, thedgtinas mainly used primary data
collected from 198 respondents from two distridtéssam, viz. Nagaon and Morigaon
which constitutes the Central Brahmaputra Vallep&Z{CBVZ) of the state. These two
districts have been purposively selected as theepee of groundwater markets is
prevalent in some pockets of the districts esplgcialthe cultivation of summer rice
(summer rice is locally known dmro rice). Sample households who have participated
in the ground water market have been randomly sEe®@ specially structured and
pre-tested questionnaire has been administeredeiriig¢ld in order to collect data on
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various aspects of groundwater markets for thecafyural year 2011-12. The

interview schedule is attached as an appendix (Aqbiged.1).

The data generated from the field survey has bealysed using appropriate statistical
tools. The nature, structure and functioning of ugwater markets, general
characteristics of the tubewells and general clamatics of the underlying production
system of the crop undertaken (sumnm@e) have been discussed using simple
statistical tools like percentage, ratio, averagdc. The determinants of the
groundwater market, more specifically the determigsaf tubewell ownership, water
buying and selling decisions of a farmer have eeamined using the logit regression
model. Similarly, the issue of reliability of theanket and its determinants with their
relative significance has also been identified ax@mined using logit regression
analysis. The technical efficiency scores of threnfar’s plots under different structures
of the market have been estimated applying theh@gi Frontier Approach (SFA). A
single step approach has been followed to obtaa dktimates of the translog
production function (as translog production funetitas been found to be suitable than
the Cobb-Douglas production function) and the icefhcy model. The detailed

methodology has been spelled out in the respechiapters.

1.6 Layout of the dissertation:
The dissertation is comprised of nine chaptersioiolg the present one.

The second chapter is a review of available liteeabn various theoretical issues of
groundwater as common pool resource and groundwegtets. The findings of some
of the empirical works on water markets found ralgvin the context of the present

study, has also been summarised in the chapter.

The third chapter depicts the present status cagineultural economy and the status of

groundwater based irrigation development in Assam.

The fourth chapter deals with the background déifstudy area, sample, broad profile

of the sample and a preliminary analysis of fieldel inputs.
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The core of the dissertation begins with the fidtlapter which deals with the nature,
structure and functioning of the groundwater maktte general characteristics of the

tubewells and the characteristics of underlyingdpation system.

The sixth chapter deals with the determinants obugdwater markets, more
specifically, the determinants of tubewell ownepshiuying and selling decisions of

groundwater of a farmer.

In chapter seven, the issue of reliability of grdwater markets in ensuring adequate

supply of water to the farmers in general and skgdio buyers has been examined.

In chapter eight, technical efficiency scores afimfa under different structures of

groundwater markets have been estimated and exdmine

The concluding chapter of the dissertation presentsecapitulation of the major
findings, conclusions emerging from the study, scdssion of policy implications and

limitations of the study.

Notes

1. Common Pool Resources (CPRs) share two key chasdic® namelyNon-excludability
i.e. it is difficult to physically exclude the paotigal users from using the resources; and
Rivalry or their consumption is subtractable i.e. incrdasensumption by one agent implies
less is available for others (Ostrom and Ostron7,71®strom et al., 1994, Bromely, 1992,
Baland and Plateau, 1992; Conroy, 2002). Howeveset is a great deal of controversy
between the term common property and common pobenWnost of the times, the terms are
used interchangeably, scholars have clearly digighgd common property from common
pool (Ostrom, 2000). The term common property isdug imply a property right regime
where the members of a clearly demarcated group adggal right to exclude nonmembers
of that group from using the resource (Bromley, 1891992b, cited in Ostom, 2000). Thus,
it has no reference to the resource system. Ttardoe common property regime governing
common pool resource (in our case groundwater) avel above private property, state
property and open access regime. According to CiM@ntrup and Bishop (1975) and
Vaidyanathan (1999), groundwater is neither a tpen access resource because ability to
extract groundwater is limited by neither well owstép, nor a common property because it
lacks an identifiable group of users to have caaéqghts. In our study we will use the term

Common Pool Resource (CPR) to refer to the resaystem only.
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2.In similar way, Blomquist (2002) notes, “grounderais literally a common pool. Exclusion
of multiple pumpers is difficult and costly (unlgb® basin is so small that an individual can
control access to it). Consumption is rival. As evatithdrawals from a basin exceed the
amount replenished (due to any combination of npur@pers, greater withdrawals by each
or declining replenishment) pumper visit appropoitexternalities each other. Underground
water levels within the basin decline, lengthenmgnping lifts (the distance water must be
drawn to the surface). Longer pumping lifts impasereased costs on pumpers. If basin
water levels decline far enough, well go dry andgstither be replaced or deepened at even
more costs to the pumpers”. (Blomquist, 2002, 33) 2

3.There was a long debate on the terms water nsaokeharket for irrigation services. Since in
the water market water is not sgb@r sebut farmers sell water from their own Water
Extraction Mechanism (WEM), it is often argued tlitais a market for irrigation service
(Palmer-Jones, 2002). However, as Shah and Ba{te3$0) notes “many researchers have
contested the use of the term “water market” farthswransaction because, in principle, the
water they pump is not their private property artthiwvell owner sell is merely the services
of their pumpsets. It is argued therefore, thatse¢hare best referred to as pump rental
markets. Technically this seems rights. Howeves,tdrm water market persists in scholarly
literature as also in farmers’ usage. One reasteisimplicity of the phrase ‘water market’;
but probably a more correct reason is that the mtay pump is theirs, and others in the
village including buyers do not have any seriougdipn as long as their right to extract
water in future is not encouraged” (Shah and Balld999; p. A-189).

4.Cited in Kemper, K. E. (2005), “Rethinking Growater Management”, in Figueres. C. et al.
(Eds.) Rethinking Water Management: Innovative ApproactesContemporary Issues,
Earthscan Publication Ltd. London

5.Although Matinee have not cited any evidenceaomkers selling water from their collective
source, Moench (1998) observed that in a situawtbere municipality supply of water is
limited or poor, people adjacent to the city ggtbundwater to the city dwellers. In Tamil
Nadu, groundwater in areas adjacent to Madras msppd and sold at a rate of roughly
$1/n?. Further markets for water for domestic needs halse emerged in recent year in
several rural and peri-urban areas of Rajasthaah(SI993; P.45)

6.Adapted from Viswa Ballabh and Tushar Shah (198%pundwater Markets: A Review of

Issues Evidence and Politigsaper presented in the workshop on Efficiency Bgdity in
Ground Water Use and Management, Institute of RMiahagement, Anand, January 30 -

February 1, 1989
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7.“The purchase of water for non irrigation usegehlbaeen reported in some places, e.g., urban
domestic users purchasing water in Tamil Nadu waseiwed by Palanasami (1994) and
Janakarajan (1994)” cited in Mohanty and Gupta 2200

8.Saleth (1998) notes “.......... those in northern Gujagerate almost like agribusiness with
cash-based transactions complete with cash reaiptpurchase records. In contrast, water
markets in parts of Andhra Pradesh, Tamil Nadu, sowthern Gujarat show shades of the
feudal character involving ‘water rent’ and the \pson for unpaid labour services. In
between these two extreme fall those in the redbtiwater abundant Indo-Gangetic and

deltaic regions that display a rather muted formayhmercial character”.

9.Harmful effects of over-exploitation of groundemin different states of the country have
been recorded as follows: water logging and salimit Punjab, Haryana and Western
Rajasthan; fluoride contamination in North Gujasatd Sothern Rajasthan and ingress of
saline sea water in to the aquifers in states@kgarat and Maharashtra (Singh and Singh,
2003).

10.Saleth (1998) notes that “... while the deplepatential of water markets is a forgotten
aspect in most initial studies, a few studies daverevidence that water trading can lead to
groundwater depletion. In northern Gujarat whicls maore intense water marketing, the
groundwater table declined about 1.22 m during 1884 Notably, the Mehsana and
Sabarkantha districts in this region witnessed ad8oline during the same period (Phadtare,
1988). Similarly, in Vaigai basin, Tamil Nadu, & dbserved that, in the aftermath of intense
water marketing, the proportion of wells with a tepf over 30 m has increased from 9 to
29 percent, suggesting a clear link between wedeetand secular decline in water table (see
Janakarajan, 1994).”

11. The fourth Minor Irrigation Census was conddatethe year 2006-07 but the data has not

been officially released.
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CHAPTER TWO

REVIEW OF LITERATURE

Review of literature assumes immense significaraeahy scientific investigation.
Keeping the broad understanding of informal watarkets or groundwater markets in
Asian countries as an evolving institution for grdwater use in view, a review of
related research studies compiled from both pudtisand unpublished sources has
been made in this section. However, before gettingto the investigation into the
issues of water markets, a brisk review of studied have identified common pool
problems of groundwater use, property right issugroundwater use and institutional
approach for better management of the resource,bbas made. Thus, the whole
section of review of literature has been arrangedeutwo broad sections. First section
deals with studies which have identified groundwaas Common Pool Resource
(CPR), common property problem of groundwater ussfitutional response to
groundwater management and emergence of groundmatiets as an institution that
has facilitated access to groundwater across farnmierthe second section, studies
which have examined the nature, structure and iiomog of groundwater markets are
reviewed. Studies that examined determinants ofurgtwvater market, issue of
reliability and water use efficiency of farms inogndwater market are also reviewed

under four sub-sections in section two.

2.1 Groundwater as Common Pool Resources and Common éfverty Problem of
Groundwater use: Property Rights Issue in Groundwa¢r Management

Bruggink (1992) clearly brought out that groundwageffers from common property
problems because it is located under or below nauserindependently owned plots of
private land. A landowner when pumps water, hergetp obtain economic value of
groundwater. Since water is fugitive property reseu more the owner pump the
greater the amount he receives at any time. Thuendhe location, well depth, pipe-
diameter and pumping rates of the wells, productieaision of a well owner affects
hydrological characteristics of the basin and commaperty problems develop when,
(a) the pumping drawdown at any particular well éosvthe water table and adversely

affects the pumping efficiencies for neighbouringlle; (b) decisions on current rate of
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pumping do not include the effects on future suppty incentives are lowered for
conservation and reclamation efforts. When no ptgpéghts to un-pumped water are
assigned or specified, individual will not be irsted to spend on conservation of
water because conservation of X acre feet in petiddes not guarantee x acre feet of
additional water for that individual in period 2i)(the drawdown creates interchange
with a surface water source or another underlyorgnéition and (e) drawdown cause
ground subsidence (which will permanently reducehaege capacity and pumping
efficiency of the aquifer. Bruggink further noteldat the problem with groundwater
supply was a problem mainly arising out of the eatrsystem of incomplete property
rights. He observed that development of water nmessu requires certainty of
ownership and flexibility in their use and statedathat clearly delineate the property
rights associated with groundwater ownership amd Bsuggink also advocated a new
system of well-defined, exclusive and freely tranable property rights under private
property regime that will provide greater incensivdor the water resource
development. Under the privatised system, he badigindividuals or firms holding
water rights would be free to use the annual widev, sell it on the open market or

accumulate it for future transaction whichever sshprofitable to the holder.

Blomquist (2002) notes that groundwater is litgral common pool resource as
exclusion of multiple pumpers is difficult and dgstunless the basin in so small that
an individual can control access to it) and condionpis rival. He explains that as
water withdrawals from a basin exceed the amoypieneshed (due to any combination
of more pumpers, greater withdrawals by each olirdeg replenishment) pumper visit
appropriation externalities each other. As a restthis, longer pumping lifts impose
increased costs on pumpers. In a situation wheim lveater levels decline abruptly,
wells go dry. This requires the wells either belaepd or deepened at even more costs

to the pumpers.

Sengupta (1993 and 2000) in a study on groundwaganagement concluded that
management of water is a common property managepneblem. He pointed out that

common property problem arises because many farnaees to share water distributed
at each outlet including groundwater aquifer whigtshared by many. He suggested

that common property problems can only be avoifled-users come to cooperate.
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Carruthers and Clark (1981) explored that undeegmiated management, where non-
renewing of groundwater is held in common ownershipis utilised by independent

agents. As the individual users’ property righfuture use of the pool is indefinite, as
other pumpers may utilise the water in the meantimsuch instances, the self-interest

of the individual user may lead to sociably noniod pumping regimes.

Young and Haveman (2006) argued that allocatiowaier among different uses is an
economic problem and therefore, policies and usbihs for its management should be
designed to achieve economically efficient and &dple allocation. They concluded
that a system of rights must be well-defined, erddr and transferable and must
confront users with the full cost of their actiofiiey thus, advocated an institutional
arrangement in the form of market for rights thesdily reflect changing demands and

result in better management of the resource.

Smith (1988) observed the role of clear and presiate law in respect of water rights
in the absence of which the depletion may takeepila@n enormous way. According to
him “the state law must define the degree of excitysof water rights, protect those
rights against impairment and specify the termseunghich water rights may be

transferred.”

According to Ruth and Meinzen-Dick (2000) therdegal pluralism in Indian water
rights systems. In the presence of legal pluralidray argued that “...understanding
water rights needs to start from the local perspestof those who use water, their
daily experiences, the meaning through which thayceive of water rights and the
options they have available for acquiring water datending their access to this vital
resources”. According to Ruth and Meinzen-Dick, ohéhe most important directions
for improving allocative efficiency is the recogoit and capacity enhancement of user
self-governance of water as common property regsoukithough around the world,
reforms in irrigation institutions have already e¢aksignificant steps to incorporate
farmers’ participation and devolve management nesibdity to water users, but water

rights need to be more clearly defined and negatiat

Dhawan (1974) observed the likely impact of grouathw overexploitation or aquifer
depletion associated with growth of tubewells egdgcthe private tubewells. He

referred to occurrence of such problems in stateb as Punjab, Gujarat, Western UP
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and Tamil Nadu. In order to arrest groundwater exploitation, he favoured
imposition of certain state intervention in the lexgation of groundwater in terms of

both the number of tubewells and their annual walagl of water.

Narain (1997) noted that identifying property rigstructure for water, examining

alternative institutional structures for decengafion, overcoming institutional

bottlenecks in the development of groundwater, a&te.some of the emerging policy
and institutional challenges in the fields of grdwater management. According to
Narain although the benefits of water markets nmgeof increase in efficiency and
equity are best known, they are little difficultqoantify. But it is also recognised that
in the absence of a well-defined property rightcure in water, the development of

ground water markets could stimulate aquifer degpiet

Saleth (1994) argued that the present water aadise result of failure of our current
water related policies and the instruments andtutisins through which they are
implemented. He argued for the establishment ofemwaght system to correct this
policy failure in managing water. Water right sysfeaccording to him bear
institutional significance in the sense that ibre of those rare policy instruments that
can help achieving three critical goals of sustaleaevelopment: ecological security,
economic efficiency and social equity. Referringhie spontaneous evolution of water
market institutions among the users and growthsafrdbased organisation, he hoped

potentiality of water users to adapt to an insotubased on water right system.

Saleth (1996) observed that groundwater marketchvig still in the process of

evolution as a rural institution, have substargfficacy and equity implications for the
utilisation of both groundwater and energy resaosiras well as irrigation assets like
wells/pumpsets. However, he noted that unregulafg@ad of water markets may
exacerbate groundwater depletion. The depletivectsf of groundwater markets,
according to him occur essentially due to the atser a clearly defined property right
system to specify some upper limit (i.e. water gudor both individual and collective

groundwater withdrawals. Since social costs of watdraction does not enter in to
one’s or users’ extraction decisions leading terikémporal allocative inefficiency, the
solution for the problem lies in the establishmeiivater rights. He advocated for the
establishment of water rights in such a manner tioatonly defines individual and

collective water withdrawals through some sort ddtev quotas but also designs
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suitable organizational forms for enforcement arahitoring of the established rights

systems.

Schmid (1972) favoured a number of institutionst tbancern “...sets of ordered
relationships among people which define their sgletxposure to the rights of others,
privileges and responsibilities”. These rights bally the property rights- structure the
incentives and disincentives between and amongvithehls in their decisions

regarding water use (Ciracy and Wantrup, 1969).

World Bank (1993) advocated for pricing policy as appropriate measure for
groundwater management. The basic principle undeipg pricing policies states that
by raising the user price of water to reflect utetrscarcity or opportunity cost (that is,
the price the marginal user is willing to pay), learities hope to induce users to
conserve water, making it possible to divert siggpto higher value uses.

Glasbergen (1995) emphasised that along with assgjgmproperty rights for

groundwater ownership and use there is also needefmand management. He noted
that despite adoption of state rules in Netherlatiosre is depletion of groundwater
because of inadequate demand management. Accdalimgn, the system also needs
to provide for measures aimed at managing the dérf@rnthe resource and measures
aimed at preservation of the resource. Managemittteodemand for the resource

requires incentives that reduce water use.

Hariprasad and Sengupta (2008) exploring the nadnk causes of extraction and
depletion of groundwater argued for the need fdicpantervention by the states
keeping in view the future value of groundwater. Bigvocated for decentralised

approach as the best alternative compared to titeatized approach.

Asserting that economic prosperity and propertyntsgare inextricably linked,
O’Disrcill and Joskins (2003) emphasised the imgmoece of having well-defined and
strongly protected property right regime. He advedagorivate property right, which
gives individuals the exclusive right to use thresources as they see fit and allows the
property users to take full account of all the bgmend costs resulting in economic

efficiency.
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Vaidyanathan (1999) argued that rights to grountémshould be that of use and not of
ownership. If ownership has to be decided, it stida¢ with the state, but with use
rights going to the community. This community canébvillage or number of villages
situated in a hydrological zone. In addition, tegulatory rights should be transferred
to the community. The state should facilitate timectioning of the community and the
efforts to harness and conserve water resourcgadwding technical and financial

inputs for monitoring groundwater and the status/ater balance.

Meinzen-Dick and Mendoza (1996) reviewed three rdteve water allocation
mechanisms: centralised administrative controlr usanaged allocation and market
allocation drawn from the Indian and internatioe&periences. They concluded that
no single type of allocation is best for all congexThe strategic role of centralised
administrative control is essential particularlycincumstances that involve large scale
investments especially to minimise negative effedsociated with water extraction,
which include: water logging and salinisation, ifedl groundwater tables, destruction of
habitat and downstream pollution due to agricultamaoff, sewage contamination or
industrial effluent. Public water allocation, aadimig to them has advantage over state
control in gathering information about localisediafons in supply and demand and
deems more appropriate where there are relatively flecisions affecting large
numbers of people. However, according to them madéocation has strong
advantages in providing incentives for users tk ¢be highest value application for
scarce water resources. Yet, for effective opematid water markets, well defined,
guantifiable and transferable property rights mexgst which can be established with

state assistance.

Moench (1998) in his paper reviewed the water rgystem in India and observed the
failure of centralised schemes regulating groundwatverexploitation. Because
groundwater is an open access resource in thentuegal system in India, defined by
the system that groundwater extraction rights mttehto land, a land owner considers
groundwater beneath his land as his own property extract as much water as he
wishes. In order to correct the situation he argéed restructuring government
approach that would create a balance of power temse decisions between private
(either individual or groups) right holders and enam rights. In this connection he
also felt need of local user organization in manag® decision especially in
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restructuring groundwater recharge. In order tauensocial legitimacy in these two

systems, he argued for creation of independentrwatets.

Ballabh (2001) analysed the inter-sectoral water emmpetition and the consequent
potential conflicts. He concluded that in the altgenf well-defined property rights
regimes in river or stream flow surface water, guawater resources ade-factoopen
access resource regime and as a result the ripgo@nne does not encourage socially

optimal use of water.

Howe (2002) stated that owing to inappropriate llegad administrative settings,
groundwater becomes an open access resourcesngsuoltexcessive contemporary
and inter-temporal externalities. He argued thatugjin several instruments like limits
in well spacing and capacities, pumping taxes aadable pumping permits had been
used, for sustainable management of the resowatss of economic and demographic

development have to be planed.

Considering over exploitation of ground water beydhe sustainable limit in most
parts of the state of Rajasthan, Rathore (2002)yestgd three complementary options
to deal with the problem: treating water as an eoun good, legal and regulating
provision and as community resource. Rathore pdimgt that pricing as a market
instrument for controlling demand for water in ladias been a failure as this is mostly
used as part of larger agricultural policy insteddconsidering it as part of policy
designed for management of water as an economaunes Groundwater being a
common pool resources, according to Rathore, tee limsue involved in groundwater
management is that of right which requires a ctedimition. The present legal status
that defines ownership over groundwater is chattéand under the Easement Act of
1882, has to be revamped so as to avoid open goa#dem of groundwater use.

Reddy (2003) mentioned five types of externalitessociated with groundwater
overexploitation: vertical, horizontal, stock, costd legislative externalities. He
advocated integrated approach for groundwater dpw&nt in conjunction with
surface water. Further, economic pricing of eleti with monitoring, proper
institutional arrangements, de-linking of water htig from land rights, users’
participation (through village level institutionsich asPani Panchayat) are also

essential to ameliorate this externalities.
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Kumar (2003) argued for proper understanding ofesmvaspects of groundwater
management including the role and likely impactpating of power and electricity
subsidy to agriculture, increasing level of crosbsidisation, differential impact of
power pricing and supply policies on different smt$ of the society, over estimation
of power consumption in agriculture participatorppeoach in order to ensure

efficiency, equity and sustainability.

Kumar et al. (2003) pointed out harmful effectgodundwater over-exploitation which
can be listed as salinity in Punjab, Haryana andsté&/e Rajasthan; fluoride
contamination in North Gujarat and Southern Ra@sthnd ingress of Saline water in
to the aquifers in states like Gujarat and MaharastHe specifically mentioned that
rent seeking motive of the private pumpers indusgdhe provision of free electricity
is the main reason for overexploitation of grounthwaThey advocated initiating a
number of reforms to check such problems. Thesermef include: reduction of
subsidy towards electricity for agricultural purpes crop diversification, educating
farmers for adopting water saving farming practiaed water harvesting technologies,
rationalising irrigation charges to charges on waétric basis and bringing users in to
decisions making and management. Further, he mboutedecay of common property
water institutions like village tanks, ponds, e&s major factor for emergence of

groundwater crises in India.

Joshi (2005) enlisted three serious consequencgoohd water depletion and the rise
in water table which include increase in the cdsirrigation, decline in productivity
and increase in income disparities among the uséexe he felt urgent and concerted
measures for effective management of ground wdikese include: technological
options, policy options institutional arrangememd alegislative measures. Among
these measures Joshi emphasised on collectivenaitioeffective management of
ground water which is to be well designed relatioglecision making arrangements
and patterns of interactions. Joshi also noted doeed for revamping traditional
property rights highly dominated by private progeights.

Shah (2008) advocated for the adoption of both deh@and supply side management
simultaneously for management of ground water aloity participatory arrangement

(e.g., Hivre Bazzar and Ralegaon Siddi, Tarun Bh&anghs, The Andhra Pradesh
Farmer’s). He concluded that since India’s grouradewcrisis is a part and parcel of
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agricultural crisis and state subsidized. The foroamnot be solved without correcting
agricultural crisis, the ground water crisis candhabe resolved. The solution although
lies in removal of power subsidy the same cannotrdaised given the political

economy involved with agriculture. In such situati8hah felt need for legislative

measures for watershed development so as to rechguifers.

Thus, in the face of growing water scarcity andhie wake of centralised failure, the
recognition that groundwater as common pool resoymblem has promoted an
urgent need for better institutional arrangementgfoundwater management. Kemper
(2005) has pointed out two alternative institutioamrangements: (a) formal and the
informal institutional arrangements in the waterctse and (b) the institutional

arrangement originating in other sectors. Formatitutional arrangements in water
sector, according to Kemper (2005) are the coritita, water laws, subsidiary
legislations and administrative rules while custprgsnerally accepted codes of
behavior and social norms are the examples of nmdibrinstitutional arrangements
(Ostrom, 1990). Institutional arrangements made gedred towards other sectors
which have bearing on water extraction decisionsisdrs include energy and health
policies of a country. While these institutions @snted out by Kemper (2005) are
general in nature, institutions governing water ag@ment may be different from one
country to another depending on the resource dongdigocio-economic condition, and
climatic conditions, etc. of the country concernédr example, Saleth (1996) has
identified governmental policies (e.g., water prigipolicies and power tariff policy),

economic institutions (e.g., rental markets forgation assets, groundwater markets
and farmers’ organisation) and legal institutioag( irrigation acts and water laws) as
some of the major institutions governing water tugses in India. However, of these
institutions especially in the face of failure afntralised administrative control over
water, more widely discussed institution governiisg of water at large, is the market

for groundwater or ‘water market’ or ‘groundwateanket’

2.2 Issues of Groundwater Markets:

2.2.1 Nature, Structure and Functioning of the Groundwate Market:

As has been mentioned in the introductory sectiooyundwater markets in agriculture
sector of South Asian countries have evolved gsoataneously-developed institution

for water management and enjoyed significance rmgans of increasing access to and
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use of groundwater for irrigation. Although modewater trading is a long standing
practice in South Asia and traced back to 1920dla, importance of informal water
markets has been recently recognised and empyrieaimined (Meinzen-Dick, 1998;
Saleth, 1998). A great deal of studies have be@® @m water markets, especially in
the later part of 1980’s. Most of the studies diorimal groundwater markets are based
upon field studies conducted in India, Bangladé&skistan, Nepal and recently a few

in China.

All these studies, reviewed in the subsequent paphg, deal with the details of
groundwater markets mainly pertaining to size, ®rof water transaction, water
charges, characteristics of buyers and sellerstheid impact on water transaction,
impact of water markets on production and incontktae issues equity, efficiency and
reliability of water markets.

Pant (1992) in his study to see the pattern and paprivate groundwater development
including the ground water markets within and algsthe commands of the World

Bank assisted public tubewells in two districts. Waizabad and Bahraich of Eastern
UP found widespread occurrences of water tradingrgnthe farmers. He observed
that existence of large quantity of unexploitedugrd water in the region and large
number of small and marginal farmers and landlabsurers inhabiting the region led
to emergence of water markets. In this seminal wdnt defined groundwater market
as “a market that refers to sale of water verstes dfi private pumpsets and or boring”.
According to Pant water markets are likely to exisa situation where following four

conditions are satisfied: (a) the buyers perceisgation through purchase of ground
water as the most agreeable alternative in compatis other sources of irrigation, (b)

water supplier has pumping capacity in excess sf dwn requirements and he
perceives water sales a profitable propositionwiting buyers are available within

the command area of the supplier’s irrigation emqépt in case of the pumpsets is
fixed. In case of mobile pumpsets, there is nodigemmand area and their managerial
control is more important and (d) buyers are ablgsjzally to gain access to the water.
In the study he found as high as 91 percent of csvoEpumps in Faizabad districts
sold water to others whereas in Ghurupur and Maghgsillages all owners of

pumpsets sold water. In Bairah district 76 pergaminp owners sold water to the
others. The variations in sale of water pertaineditferences in landholdings and

28
TH-1274_06614104



types of power used. Regarding water charges Bandfthat charges were mainly in
cash not in kind and were uniform for all categerief farmers. The rate was
determined on hourly basis and there were alsaapamd seasonal payments. In a
situation when a seller was also a buyer in diffetecations, there were some mutual
understanding that resulted in low water ratesirigakll these factors into account, the
owner to electric pumpsets charge® to< 5 per hour from buyers. In case of diesel
pumpsets regardless of the horse power of the petsypbe water rate varied between
< 12 toX 14 per hour. One interesting feature they broughoilight was the fact that
the pumpsets owners with electric pump preferregelbwater to the buyers on fixed
payment basis which was found to be abb®13 per hectare for the whole seasons.
Similar to other studies (Ballabh and Shah, 198@),concluded that groundwater
market is directly proportional to the small siZdamdholdings; smaller the size of land
holdings, higher the number of small and margiraiers higher is the chance of

existence of groundwater market.

Pant in this study also summarised major findingshis earlier studies on water
markets conducted in UP. In his 1981’s study hendbolarger incidence of purchase
and sale of water and observed that in Easternd®r{a district) 14 percent of the

sample farmers owned pumpsets and the remaininge8&ent purchased water. In
central (Barabanki) and western (Meerut) UP abdutp8rcent of farmers owned

pumpsets and 65 percent purchased water. In hi®'s88idy he found sale of large
proportion of water extracted from group tubewelsned and operated by small and
marginal farmers. The groups sold water to outsid@metimes more than the water
sold to the members (particularly in Deoria diste¢ UP and Vaishali districts of

Bihar). In Deoria district, 25 tubewells under gooawnership irrigated a total of 308.8
ha of land (12.4 hectare per tubewell) of whichpétcent consisted of members’ land
the rest 59 percent was non-members’ land who psethwater. Similarly, in Vashali

district 48 percent of the total land was irrigatecbugh the purchase of water from 25
group tubewells. In his 1991 study in eastern Instates of Orissa, West Bengal,
Assam (however, he had not given any informatidatiregy to functioning of the

market) and Bihar found existence of water markets pervasive manner where
mostly rich farmers with own tubewell sold waterstoall and marginal farmers. As an
exception, he noted that small farmers belongin§ taategory (who owned tubewells

from the state) sold water even to the affluentfns. According to him purchase of
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water in these states was on hourly basis. This vatied from state to state and
situation to situation and ranged frar8/- to 25/- per hour for a pumpset with the

average capacity of 5 H. P.

Shah (1991) defined water market as a localisddgél level informal arrangement
through which owners of water extraction mechaniseikirrigation service or water to
other members of the community. Water under suctk@ebarrangement, according to
Shah, may be lifted from open wells or tubewellsem or shallow tubewells or from
canals, tanks, rivers, drains or such other sudaceces. Shah noted down three types
of contract that dominated water transactions endhrly phase of its development in
India. These are: (a) labour contract in which lbnger will provide labour and draft
power to the seller in return of water, (b) cropusiig contract in which the seller
provides only water while the buyer provides laladhour, manure, and other inputs
and both share the crop and (c) crop and inputirghaontract in which the buyers
provide land and labour, the sellers provide watet other inputs. In the second form
of contract the sellers’ share in output rangedf@8 percent to 55 percent and in the
third contract between 50 to 66 percent. Shah fquredence of natural oligopoly in
water markets where the sellers enjoy more coftitanl the buyers and thus can charge
different prices. According to Shah, emergence ohopoly power among the sellers is
inevitable due to capital intensity of modern waéstraction mechanism, spacing
norms in installing the water extraction mechanema incremental cost of pumping
due to energy pricing policy. He suggested for &dopof flat rate power tariff and
quality and timely supply of electricity to amelxe monopoly power. Apart from
these, he suggested for provision of capital sybgdthe poor to install tubewell in
eastern region of India, viz. Orissa, West Bengal Bihar to expedite development of
the water market and thereby increase competithedficiency of the markets. In the
face of depletion of aquifer, he suggested for woctive use of groundwater and

surface water in order to achieve water use eqjiuihin.

Kolavali (1989) observed that markets for grounciwamerged where well owners
had surplus water and there was high demand figairon water. This increased the
return on groundwater investments and induced tmest in mechanisms to reduce
conveyance losses. According to him, private safesater overcame the problem of

indivisibility of groundwater investments and prded non-well owners access to
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groundwater. Although well owners are in a poténti@nopoly position, pricing is

influenced by the fact that water has to be solthéwvicinity of the well. Water charges
are determined by costs, monopoly rents and loadition. Water markets according
to Kolavali, increased agricultural production be buyers enjoyed more control over

irrigation.

Narain (1997) observed that ground water marketadra emerged in response to the
pattern of development of ground water in the coynthich largely left behind a vast
chunk of farmers who were unable to afford wateraetion mechanisms. He noted
down role of groundwater market in India’s groundter economy on three counts:
groundwater markets enable marginal and small fes'teeenjoy the benefits of ground
water lifts and thereby help enhance their inconhedp their owners to improve the
economic viability of their lifts and thereby enlcartheir incomes, help the society by

minimizing investments in ground water lifts.

Raju and Rao (1991) in their study conducted ieghtistricts of North Coastal Andhra
Pradesh, viz. Srikakulam, Visakhapathnam and Easta@uwi; observed that all the
sellers of water were medium farmers while all twyers were small farmers. The
prices were charged based on the number of hoergumpsets was put to use and the
rates varied fror® 4/hour in Visakhapatnam & 7/hour toZ 8/hour in East Godavari
and¥ 5/hour in Srikakkulam. The prices were uniformalhthe markets and there was
no seasonal variation. Although spread of waterketar resulted in employment
generation in all sample villages but employmenhegation was relatively more
pronounced in Srikakulum district. They argued tloe development of water market
under group and common ownership of private tublewshce the farmers deducing

benefits from the water market were the small aadgmal farmers.

Shah (1988) pointed out four beneficial effectsvater markets: (i) higher and more
risk free income flows from farming for non-WEM oens who with a water market
have access to modern farming technologies, (pyexpation of market value of non-
WEM owner’s land, (iii) opportunities offered byater market to small holder WEM
owners to increase WEM utilisation beyond what rtteevn land would permit and
thereby to spread its overhead on a larger commaeal and (iv) improved wages,
more and seasonally balanced employment opporsriibr the landless. Pointing out
the limitation of public control of groundwater cesce, he emphasised on managing
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the same through private irrigation developmentweler, in the face of aquifer
depletion, he argued for rationalising the streetuof private returns in irrigation
which could be based on the following premises) @ rate of increase in the
population of private WEMs in a region can be rated by a licensing policy
supported by an annual license fee, (b) the raprunfping by a cluster of WEMSs in
a region can be regulated by influencing theremental cost of pumping mainly
through the pricing of electric power, (c) a sture of incentives can be created to
influence farmer preferences towards ground gecsmal water, and (d) it might even
be feasible to create a structure of incentitesinduce private pumpers to use
their spare pumping capacity as a pure drainagieaéo pump ground-water into the
canals.” Shah pointed out that the objectives @uleory mechanism should be
different depending on the water profiles of a oegiwhile the underlying objective is
to maximize equity in access to the resource wheseplentiful, the main aim of such
mechanism is to minimise adverse ecological efféntsareas under stress with
minimum damage to the interests of the resource-fgdis one of the commendable
policy suggestions, i.e. the electricity pricingicarding to him would not be more
effective in the water stress region. The most tagleé long-term solution in these
areas, of course, would be to increase aquiferargehrate and surface water resources

through long distance water transport.

Saleth (1991) based on the analysis using data fremFertiliser Demand Survey
conducted by the National Council for Applied Ecomo Research (NCAER) during
1976-77, found that in the Indo-Gangetic statepdeislly Bihar, Haryana, Punjab,
Uttar Pradesh and West Bengal) climatic failuretipalarly the untimely or delayed
rainfall significantly influenced the groundwatenying decision of farmers. Role of
other factors such as farm size, soil fertility gretcentage of farm area under canal
irrigation was relatively less and differed fromeostate to other. He further noted that
groundwater markets had powerful welfare effecteemms of both increasing and
stabilising small farmers’ income through reducimgpbability of crop failure with

access to purchased water.

Asopa and Dholokia (1983) found wide spread opematif water markets in Gujarat
and reported 50-66 percent increase in buyers’ cutput as result of the spread of the

markets.
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Prasad (1991) in his study on water markets fronlage of the Musahari block of the
Muzzafar district of Bihar found that water markeds less beneficial in terms of both
equity in access to irrigation and increase inadfural production especially for the
small and marginal farmers. This was mainly duéhtofact that the market was more
controlled by the large landholdings class andehsere large variations in water
charges depending on the control of the waterrselRrasad argued for uniform water

charges to make water markets work for the smathéas.

Narayana (1991) in a study on irrigation developimerKerala found that there had
been wide spread growth of irrigation under privegetor as a result of government’s
effort to promote groundwater irrigation. He obsehthat the government’s financial
subsidy towards promotion of tubewell irrigatiord I®d concentration of pumpsets in
the hands of farmers with large size of land hadinThis inequality in the distribution
of firms and the destruction of traditional irrigat structure repelled the small farmers

without own pumpsets to purchase water.

Agarwal et al. (1991) studied the structure andrafen of water markets in Dabra
block of Bilaspur district and found that water kets providing assured irrigation
facility resulted in more diversification of crop.Agarwal et al. observed more
participation of small and marginal farmers in tharket who purchased water for

cultivation of summer groundnut at remunerativegsi

Palanisami and Easter (1991) observed that isdueater markets in water abundant
countries are different from that of water markgtssent in water scarce region. They
observed that even in the presence of monopoly poweosition on the part of the
seller-cum-well owner in the water scarce regioa Iest strategy is to encourage or
legalise trading and increase competition eitheough community or private well

development.

In his study, Shanker (1992) observed widespreatemce of water markets in
Bahadurpur Block of Allahabad district of in eastéfP. He found that as large as 57
percent farmers with land holding less than 1 hectaigated their land through
purchased water followed by small farmers (25 pajcesemi-medium and medium
farmers 15 and 3 percent respectively. Farmerfiensize category 4-10 hectares of

landholding were the largest sellers of water. Réigg benefits of the market
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expansion, he noted that water markets resulteslnmost equal benefits to both the
owner and non-owner in terms of yield per hectdréhe major crop such as wheat.
The yield rate of wheat for the tubewell owners \#4s6 quintals/ha while it was 23
quintals/ha for the purchasers. Income from thes sa#l water per tubewell was
estimated af 2, 154 and covered two thirds of the cost of rugninbewell when

operating expenses were considered. Taking intere$ixed capital, depreciation and
imputed value of family labour in to account, itwever, accounted for 31 percent of
the total cost. Regarding sources of finance, hiecdhahat institutional sources of
finance were very less. Sale and mortgage of 1a8dpercent of total finance) were

important sources of finance.

Nandakini (1992) noted down the benefits of watarkats in terms of extension of
more areas under cultivation making agriculture enaable, availability of water to
the small and marginal farmers and creation of esmpknt opportunities in
agriculture. Nandakini felt importance of water keir even in the presence of
monopoly because according to him without the keolge on the poverty and income
level of the farmers before the emergence of watarkets, impact of monopoly in
terms of equity cannot be assessed. The two mareecas (i.e. one how to restrict
private  monopoly over scarce water resources antbnse how to promote
conservation of water) although deems importantfater scarce region, they are not
as serious in water abundant region. Nandakini esiphd more conjunctive use of
water in canal command areas for enhancing effigiemd equity along with the focus
on property rights. Finally, Nandakini discernegngiicance of studying both land and
water market in an integrated manner as formeirdarence functioning of the later to
a greater extent. However, he did not point outissaes that should be considered in

studying this.

Palmer-Jones (1993) inveighed against two domimaopositions of groundwater

markets that (a) there are natural oligopoly inugbwvater markets and (b) the public
policy such as flat electricity charge rate in artemake the market more competitive;
on the grounds that both were not constructed orecotheoretical framework and no
empirical evidence supported it. According to Palmé&ones, study of water market
independent of labour and rural credit marketsxmplete as many transactions in

water markets depend upon the functioning of runfairmal credit and the agricultural
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insurance markets. The terms of transaction in matekets (such as per hour and per
acre payments) itself may beset with incentive [@mois and may not work properly if
there is no established link with the credit ansunance markets. Palmer-Jones also
identified one contestable area of groundwater stashere groundwater is abundant.
In this area, according to him, markets will beatielely more competitive once
technology becomes well known and easily availaid there is good supporting
infrastructurewith developed agricultural output market. Onernes¢ing observation of
Palmer-Jones is the fact that understanding oftfSAsian water markets is incomplete
if spatial characteristics are not considered. Bseahis market can vary greatly both
regionally (defined by hydro-geological, agro-clima and socio-political

characteristics) and locally.

Janakararajan (1993, 1994) based on a field studlga Vaigai Basin of Tamil Nadu
(including Maduari, Quaid E-Millath, Pasupom, Theverhirumagan and
Ramanthpuram districts), observed functioning ofewanarkets even in the situation
of receding groundwater table. However, there vgerae changes in the characteristics
of the water markets which he listed as increasisg of conveyance arrangement in
the form of piped-lines instead of earthen channgmt pumping, increase in
electricity consumption and increase in monopolytlie hands of well-endowed
farmers. He observed large variations in pricesmater within the villages. The water
charges were made in terms of terms of both cadlkiaal. In Vaigai basin water rates
ranged from?% 4/hour (for electric pump) toX12/hour (diesel pumpsets). In
Sirunavalapatu village, the water charge was maderms of produce which was one-
third of the total produce. Janakarajan observedlqual access to resources, poor
bargaining capacity and dependent status of waissthpsers compared to the water
sellers. The water purchasers were also conceweekrider certain services which
include: vigilance in the water sellers’ pump-hqusegating water sellers’ land first,
cleaning and desilting the field channels that eynwater from the well to the water
seller's plots, assisting in lifting the motor apdmp form the well in the event of
repairs to the pumpsets and protecting the selteogis from grazing cattle. He found
the market relatively less beneficial for the snaaltl marginal farmers. He advocated
state interventions to restrict exploitative motokthe water sellers in the form of

“...denying institutional finance to those who dignnevells in a prohibited area or to
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those who do not maintain the spacing between vireljpsed by a state agency or

denying electricity connections to those who vielgbvernment regulations.”

Shah (1993) in his pioneering work on water markéghlighted the potential of water
markets benefiting the resource poor-small and mardgarmers through assured and
reliable irrigation, increase in agricultural pration and income of the farmers. Shah
argued that the equity and efficiency of the depelent of water markets could be
enhanced by shifting to flat rate of electricityndiér flat electricity charges, according
to him, marginal cost of extraction or pumping liese to zero which results in lower
prices for water. This, in turn, reduces monopobyer because Shah believed that
water prices in a region “are explained not bydhaifer conditions but by the degrees
of water seller's monopoly and by incremental cosBhah in the same work also
opined that the pace of growth of water market ddpeupon availability of water

supply.

Fujita and Hossain (1995) studied the role of gdwater markets in irrigation
development and its impact on the rural incomeibigtion in Barind tract in the North
West villages of Bangladesh. They found that theugdwater market was highly
monopolistic in terms of water charges. The wat@arge demanded by the tubewell
owners in the study village was, on an averagdjgts as 2.59 times the variable cost
for TW operation. The average w/ac in the studiagés found in the range between
1.13 to 6.8, which is higher than the w/ac repotbgdother studies in Bangladesh
(where it was found in the range of 1.16 to 2.5R)wever, comparing the rate of profit
(69 percent, measured in terms of Internal RatReaifirn) with the long term rate of
interest in the informal financial markets (38 th percent under thkhaikhalashi
system of land tenancy) they found profits accruimghe TW owners were more or
less economically reasonable. Groundwater markietsed from this argument was
rather efficient and competitive. Further, FujitadaHossain reported that, water sales
took place in three systems of payment; i.e. ciltgrisg system, fixed cash payment
(per acre) system and a mixed system of crop gharma cash payment. The average
payment under the said systems were: under the sttagng buyers paid 33 to 40
percent of the total produce (in monetary terms03@D 3500 Bangladeshi taka per
acre), under the fixed cash payment system theraated from Rs.2100 to 2400 taka
per acre and under the mixed system a portion,llys@80 taka per acre was paid in
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cash in advance and the rest was paid as shane ofdp which was usually 33 percent
of the total produce. Regarding the impact of wabarkets on factor shares in rice
production they observed that the factor shareaofl |decreased substantially from
about 50 percent to 22 percent while the capitaieased from less than 10 percent to
more than 20 percent though labour share did npemence any major shift/change.
They argued that groundwater markets had positimpact on the small farmers
because they also enjoyed the benefits of increasiee capital share which lowered
income disparity. The exploration and interlinkioigthis relation has been identified as

a fertile area for future research.

Strosser and Meinzen-Dick (1994) noted the impadaaf groundwater markets in
Pakistan in increasing access to groundwater resswspecially among the small and
fragmented holdings but found it underdeveloped man@d to India’s groundwater
market. The markets did not spread because tubemslers-cum-sellers gave more
priority to providing groundwater to their own lamstead of selling it to the farmers
adjacent to their land. However, wherever existad, tubewells owners exercised a
greater control over the pumped water. As resdtvitater purchasers were unable to

achieve as much productivity gains as deduced &gehers.

Agarwal (1996) in her study examined the relatigmshetween risk sharing and
functioning of water markets and found timelinessahability of irrigation services in

sharecropping contracts for moisture-sensitive €fogsujarat.

Satyasai et al. (1997) based on a sample study afrigators in Hindpur Taluk of
Anantapur district of Andhra Pradesh observed tdratindwater markets increased
access of small farmers to water. However, theyndopresence of monopoly in the
functioning of the groundwater markets and highewvaharges compared to the cost of
irrigation. They estimated that water were sold Yor7.70/per hour under hourly
arrangement and f& 50/per hour under crop sharing arrangement whiate \ié and
91 times higher than the operation and maintenacmst of I 0.55/per hour

accordingly.

Thobani (1997) observed that recent approachesvéder management, focused on
voluntary mechanisms to conserve and reallocaaenitng competing uses rather, are

of three types: pricing policies, informal waternkets and water markets. He observed
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that in a situation where governments failed tgoesl to rapidly changing demands
for water, local (spot) water markets emerged imess water scarce countries or
regions of many countries. Such markets espedallygd in South Asian agricultural
practices are informal, where users contract faewan their own without recourse to
any legal provisions and involve selling a spedifieolume of farmer's surplus
groundwater or surface water for a specified petoodeighbouring farmers, or several
farmers collectively selling some their water tox@arby town. Thobani pointed out
three serious fallouts of informal water marketsstf wealthier farmers with deep
tubewells may charge neighbouring smaller farmehégh monopoly price for water
resulting in lower output of crop and widening atome inequality (as observed in
south Asia), secondly, since the transactions|kgal, the buyers lack the security to
an enforceable contract and informal markets da¢sprovide any incentives to the
public authority to invest on new infrastructurezel®pment as it does not add anything

to government’s coffers.

Kumar et al. (2004) based on a study in Banaskaaitact of North Gujarat found
that groundwater irrigation strengthened the fim@nbealth of well owners, water
buyers and agri-labourers. According to them, tiowmgpact of groundwater irrigation
on production is positive, depletion of groundwatsds to increase in the cost of

production due to which economic returns from fagnis reduced.

Shah and Ballabh (1997) in his study in the silagiés of Muzaffarpur district of Bihar
(viz. Binpur, Panpur, Morsandi, Barji, Anana Coarid Nariyar) found widespread
prevalence of the water markets with nearly halthe irrigated land served by the
water markets. Despite abundance of groundwatehenstate, the pricing of pump
irrigation service was strongly influenced by thermapoly power enjoyed by the WEM
owners who charged a water price varying betw&e20 -30 per hour. The water
charges exceeded their incremental pumping cos&%yo 3 times and average total
costs by a factor of 1.25 to 1.8 times. They atsanfl strong indication of change in
irrigation costs which increased mainly in respomseincrease in price of diesel.
Relating to the gains accrued by the buyers theynated from a Focus Group
Discussion (FGD) that in Panpur village one Rugaens on purchasing groundwater
had a marginal product as high as 5.5 — 9.1 kgaiten 5.1 — 12.3 kg afabi wheat,

4.3 — 10 kg of paddy and up to 43 kg of potatoc&igroundwater overdraft is not an
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issue in the state, they advocated developmentrofingwater markets (through

subsidy in electricity) as a powerful anti-poveatyd agricultural development strategy.

Meinzen-Dick (1998) in her study on water marketPianjab Province of Pakistatn
observed that groundwater markets helped increapeoductivity and income of the
farmers which resulted from increase in input uiserease in crop yields and switches
to more profitable but water sensitive crops. Stsdcited by Meinzen-Dick, such as
Freeman et al. (1978) and WAPDA (1980) also notex gositive impact of water
markets on purchasers using public canal and pubbewell supplies in Pakistan.
However, they found the gains accrued to the sraalihers were less than the
tubewells owners. Regarding water charges, he fabadthe flat charge per hour of
pumping (ranging from $0.57 to $3.27 per hour) dndyer's fuel arrangement
(whereby, the buyer supplies the diesel and motbfoo the pump and pays an
additional fee ($0.13 to $0.24 per hour to the welher to cover the wear and tear on

the engine) were the two most common ways of wedesaction.

Easter (1999) advocated water markets in the sHradeit can provide appropriate
economic incentives to improve the efficiency oftevause and encourage the
reallocation of water to higher-valued uses with@utcountering the traditional
opposition of existing water users. Drawn form foeith Asian experiences in water
market he concluded that water markets accordingpin® can increase access to
irrigation especially for small farmers who do metn tubewells and can not afford to
invest in a well without a market for their requireater. Spread of water markets has
increased farmers’ income and production. Accordingim that some of the contracts
for water are quite similar to the contracts fandaContracts for water include crop
sharing, crop and input sharing and labour arramegésn He further noted that types of
contract affect buyers’ decisions to go for altérreasellers. According to him when
transaction is a contract in kind, especially oasdal on crop sharing or input sharing,
the buyer is tied to the seller for at least oresea, if not longer. Similarly if buyers
contract to pay for the water with the labour timegy find it difficult to find suppliers

until they have fulfilled the contract.

In an important study Dubash (2002) has made amdpamtive analysis of two
groundwater dependent villages in North Gujarae Titajor finding of his study is that
the water contract between buyers and sellers msplex and governed by social
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process. He has used three indicators to assessathee of exchange, viz. “market
architecture™the density of tubewells, “marketckness”- density of exchange and
terms of payments; and the “terms of exchange” fuchd significant variation in

groundwater exchange. The mode of transaction ¢rwa found to be cash price per
hour or fixed share per acre or output sharing.rd e differential treatment to tenant
buyers and they are mostly required to make payineterms of fixed share per acre.
Dubash has found the market competitive in theesémast the price charge is uniform

across buyers.

Mohanty and Gupta (2002) studied functioning ofevaharkets in different parts of
the world and found that formal and developed waterkets helped in water
conservation and efficient use of water. With formvater markets, according to them,
farmers want to use water saving technologiesaadyoction and produce highly valued
crops that are less water intensive. Though Indiater markets are mainly informal,
localized and primitive; the formal markets havesipee impact on water use. Based
on the study, they advocated the establishmenbiwhdl water markets which will
expand the scope of water trading and make intensd water transfers possible.

Singh (2002) observed that water market in Indi@ansnformal institution as it has not
been legally recognized. The farming community gixlee terms and conditions itself
that is generally followed by all the water uselsyers and sellers). However,
operation rules differ from one place to anotherkimg water markets location-

specific. Singh highlighted some important issuesgroundwater markets which

included: in the water scarce regions water se@jgy a monopsony position and act
in a concerted manner, profit maximization is tbke snotive of water sellers and they
appropriate a large amount of profit when watengeation takes place in terms of kind
such a sharing of output and the existing insbndl set-up both formal and informal
are not adequate to arrest aquifer depletion. Teerace of clear-defined property
rights over common pool resource, according to fenthe major cause of aquifer
depletion.

Singh and Singh (2003) in their study on groundwatarket based on sample of 180
farms from Meerut district of Western Uttar Pradgsimdivided) found a large

proportion of sample farm households (82 percentgreng in water markets either
fully or partly. The small farms household domingtithe agrarian structure and
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uneven distribution of land among different catég®rof farms have resulted the
buyers to have an inverse relationship with thenfaize and sellers to have a direct
relationship with the farm size. Their estimate tbe extent of market shows that
without the market for groundwater over one fowthand would have remained non-
irrigated especially on marginal and small farmbisTindicates that the groundwater
market is beneficial for the small and marginahfars. Small and marginal farms had
been found mostly engaged in buying activities ttl@nselling activities. In terms of

use of input (fertiliser and irrigation) and yietdalised buyers recorded lower score
than the Water Extraction Mechanism (WEM) ownerdiodgh accessibility to

groundwater across the farm sizes almost had bm&mdfsame for all categories of
groundwater users, there was inequity in the ra@bis of gains in winter season crops
among them. Regarding reliability of groundwaterkeg the study concluded that the
groundwater market was less reliable for buyerspaoed to the owner-cum-sellers.
Further, electric operated WEMs had been found rielsgble than the diesel operated
WEMs as the former were subject to higher breakdawn erratic electricity supply.

Though the study emphasised on quality power supplgs to maximize the benefits
of groundwater market, it advocated need for aonaii electricity tariff to discourage

over-exploitation of groundwater.

Jacoby et al. (2004) in their empirical study ortewvanarket in the Punjab Province of
Pakistan have examined the extent of price disoation exercised by the water
sellers. They have found that high investment castscredit constraints in installing a
tubewell and conveyance losses have given some pobnpower to the water sellers.
The link between water market and land tenancybleas identified by them. They also
have found that water sellers favoured tenant suyRased on field evidences, they
strongly argued that there is monopoly in the ojp@maof groundwater market in

Pakistan.

Kajisa and Sakurai (2005) examined the issuesfmiezicy and equity in groundwater
markets with special attention to output sharingitaxt and to the bargaining
relationships between sellers and the buyers usige level data from six villages in
two adjacent districts (viz. Hoshangabad and Naghin) in Madhaya Pradesh, India.
They found that groundwater markets helped the $aaohieving efficiency in terms of
optimal input intensities which was achieved thioedfective monitoring and contract
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adherence mechanisms embedded in long-term andsimée personal relationships
between buyers and sellers. On equity aspect, filngtyd that while output sharing
buyers paid higher water prices, the rate of premwas merely 5 percentage points
higher than the informal interest rate if they wbtiad to carry the same under other
types of groundwater contracts. However, they aaded that if imperfection in credit
and contingent markets is taken in to account,rmé& groundwater markets would
work fairly well in agrarian communities providedete are sufficient numbers of

potential sellers.

The study conducted by Pant (2004) has recordeckibkition of water markets in
eastern and western Uttar Pradesh and found tlese tis gradual shift towards
electricity operated tubewells in the surveyedag# of Tamelgarhi. The demand for
water in the study area has increased the amounve$tment on private ownership of
tubewells among the farmers. Further he noted ldrad fragmentation has been a

major stumbling block in speedy coverage of larehamder tubewell based irrigation.

Pant (2005) pointed out the spread and importaheeater markets in Uttar Pradesh in
making water available to small and marginal fasrard efficient allocation or use of
groundwater. He noted down that in 1981 when 2&eu#r of the households in
western UP and 16 percent households in easterinrig&ed their farm land through
water market or purchased water, in 2002 the sacreased to 79 percent in the west
and 73 percent in the east. Although he did natrcethe importance of water markets
in 1981 survey, he observed the importance of dngesin 1992 survey where he found
small farmers with land holding 0.4 ha as the bsgdpeneficiaries. He recorded that of
the total farmers of this category; more than 6&@et of them irrigated their crop by
water purchased from owners of private Water ExingcDevices (WEDs) while as
low as 7 percent of them irrigated their land frdme public tube wells. Regarding
sources of power, he observed that in the westtab@percent sold water through
electric tubewells, 44 percent through diesel pumpd the remaining 5 percent sold
water through their own bore wells. On the patfrwater charges he recorded spatial
variations and variation relating to sources of powror instance, in the eastern part
bore well was hired & 3.4/per hour while in the western part the averdgege was
Rs. 5.4/hour. Charges for electricity varied fr&h2.1/ per hour in the West ©

13.0/hour in the East. In case of pumpsets usiagetlithe water rates were a bit high,

42
TH-1274_06614104



while the average charges for diesel operated tellewerel 45.1/per hour in the
West, the same was 44.8/per hour. He also found that water marketsltes in
economic and efficient use of electricity irrespextof rates: unit or flat. Kishore and
Verma (2003) also pointed out positive impact ofevanarkets irrespective of rate of

unit or flat.

Hussain et al. (2005) in their study on water miarke Pakistan found prevalence of
informal water markets for canal water and grourtdwadn view of limited availability

of canal water, groundwater trading is found tgb@minent. The survey results reveal
that 6 to 7 percent of the sampled farmers aregatyen water trade at the head and 20
percent sell water at the tail of the distributari€he canal water rate varies form $2 to
$3 per hour mostly to neigbouring farmers. Almdstwbewell owners have found to
selling water at a rate ranging between $1 ande$3hpur. The distance over which
water can be transported has stood as a limitatiowater market sales. They have

found that almost all buyers of water have fourartarket unreliable for them.

Zhang (2006) based on a survey of 24 randomly seanpillages and 50 randomly
sampled tubewells in two provinces (Hebei and HelResvince) in 2001 and a field
survey of 68 randomly sampled villages in 4 proem¢Hebei, Henan, Shanxi, and
Shaanxi) of northern China in 2004, found emergeand rapid development of
groundwater markets in northern China. The marketie informal and localized and
developed in a way similar to water markets foun&outh Asia. Zhang observed price
discrimination by the sellers and transaction waasintg based on cash payment.
Regarding genesis of the market, their econometsults showed that the privatization
of tubewells was one of the most important drivifagtors that encouraged the

development of groundwater markets along with iasieg water and land scarcity.

Singh (2007) in his attempt to understand the djmgrs of groundwater markets in
fragile conditions in the State of Rajasthan and \ahe the losers and gainers in the
game of water markets in the long-run, found thatewmarkets mitigated inequalities
in accessibility to groundwater resource in thershm. But, faster and excessive use
of groundwater may increase inequity among the ifagnscommunity in the long-run.
In water-scarce regions, water markets function thke principles of profit
maximization. The different strategies are adoptecthake groundwater available for
sale. The water markets operate under monopsoniditans. The terms and
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conditions of groundwater markets, i.e. kind orhcasgary differently across the
regions. The study has suggested that water rigiisuld be redefined and
nationalization of groundwater resource is the oaliernative for its sustainable
management. To restrict the overexploitation ofiifegs, water trading should be
allowed in a limited manner. Programmes for recimgr@quifer should be initiated on
a large scale. A community-based action is requitedthe efficient use of water

resources in water-scarce conditions through e¥eastitutional arrangement.

Mondal and Majumdar (2008) recorded beneficial iotpd water markets in terms of
productivity enhancement, increase in croppingnsity and income or value per
output of the participants comparing with the namtigipants in Nadia and Birbhum
districts of West Bengal. Salient findings of thsiudy include: (a) maximum benefits
are derived by the marginal farmers who own theimam amount of surplus water
for sale; (b) existing water market is mainly degemt upon paddy, the main food crop
for the people of WB; (c) water markets has resulte near optimal distribution of
groundwater. Regarding net income from sale ajatron water, they found that in the
developed districts the per hectare earning froensifle of irrigation was the highest
from summer paddyZ(1, 158.92) followed by Wheat 6, 16.12), Mustar®R(410.61),
VegetableI 358.09) anKharif Paddy ¥ 151.95). On the contrary, sellers of irrigation
in the less developed districts earrfe®00 per hectare from vegetable followed by
potato € 405.39), Wheat¥( 398.85), Summer Padd§¥ 800), MustardI 146.18) and
Kharif Paddy ¥ 119.85). Relating to water rate structure they olesk that average
rate per hour for all classes of farmers Wa25 in Kharif season¥ 32.50 in summer
season an®& 30 during perennial orchard. Along with this beoidi impact of

groundwater markets they also noted adverse ingfacin terms of aquifer depletion.

Aideshu (2008) in his study undertaken in the stateAndhra Pradesh and Orissa,
found that the spread of water market was not ssfakin enhancing utilisation rate of
groundwater due to exorbitant price charged byothieers of water extracting devices
besides influence of other factors such as therfiof tanks, decreased potential of
groundwater, untimely and inadequate rainfall, mety power supply, etc. Drawn

from total sample farmers of 240 from each stdtey tobserved that in Srikalashasthi
Mandal of Chittor district of Andhrapradesh on arerage the water sellers charged

16.16/per hour for paddy, while it w& 19.21/per hour in Madgula Mandal of
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Visakhapatnam District. On average water chargé&sainjan and Rayganda districts of
Orissa wer& 29.25 per hour during thiéharif season an& 30.82 per hour during

Rabiseason.

Jha and Sinha (2008) in their study in Patna antiddistricts of Bihar and Giridh and
Pakur districts of Jharkahand observed positiveachpf water markets on the
improvement of yield per hectare of the major crgpsh as wheat, paddy, maize,
masoor and potato in both the states. Howevemdes with WEDs enjoyed higher
gains in productivity enhancement compared to #mmérs without their own WEDSs.
The cost of irrigation for all farmers without OWEWas many times higher than the
cost of irrigation for the farmers with OWEDs. Retjag water charge rate it was
recorded that transaction took place on an houalyisbin both the states. In Bihar,
while on average water was sold ®7.63/hour inKharif season it was sold f&
42.92/hour an& 47.68/hour in summer season. In Jharkhand, orageemwater was
sold aR 45.20/hour for all seasons, kharif season it was sold f&40.95/hour and in
rabi season it was sold &t48.55/hour. They also observed unreliability & tharket

as the market failed to supply water to the bugersng their needs.

Saikia (2008) studied the impact of STWSs in thresridts in Assam (Viz. Sonitpur,
Nagaon and Jorhat) in terms of yield rate, adoptibmew technologies, changes in
cropping pattern especially towards high valuedosraropping intensity comparing
these with the non-tubewells owners. Saikia fourat yield rate of irrigated holding
over un-irrigated holding of the beneficiary farmvas higher than the non-irrigated
land by 15.58 percent, The yield difference betweaemeficiaries and non-beneficiaries
was found to be 27.68 percent and the aggregatd yaiations of paddy in un-
irrigated holdings in beneficiary farms were foudbe higher by 10.98 percent over
the non-beneficiary farms. He noted a marked diffee in cropping intensity. The
overall cropping intensity in the irrigated holdimgs found to be 182 percent against
143 percent in un-irrigated holdings. The studyoaisdicated that with assured
irrigation facility the farmers shifted from tradihal varieties to High Yielding
Varieties (HYV). He also reported sharing of ST\Wgation with the non-owners Field
Management Committee (FMC) member. But no mentiaa made about the term and
conditions under which water was transacted. Irelotd enhance the performance of

STWs-based irrigation schemes, he felt need fotebetater management, timely
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supply of credit and inputs, effective agricultusalpport services, conjunctive use of

water and co-ordination of all the departmentsganaies.

Verma and Bhatia (2008) in an attempt to study tioning of water markets and their
impact on production in Joypur and Jalore districtRajasthan found a wide range of
variations in the functioning of water markets iffetent situations. While in scarce
regions water market was of monopolistic type aetless maximized profits by
charging higher prices from the buyers, in watewraant region water market was
more competitive and sellers tended to maximizditgrdy maximizing the sale of
water at lower prices. Regarding mode of operatibthe market they observed that
water was traded both in cash and the kind (sheop basis) in both the districts.
Similarly, regarding impact of water markets thei dot find any significant
differences between well owners and non-well owmersespect of cropping pattern,
labour use and crop yield. They observed deeperfimgells in the studied districts on
an average by 10 to 12 feets every year. Pointbngnbrmous institutional support in
the form of subsidized inputs and credit which Keslin excessive groundwater
development leading to depletion of the aquifeeytargued for a separate groundwater
policy so as to control such unrestricted extracamd involvement of people in the

conservation program.

Mukherji (2008) in an attempt to estimate the sprebwater markets at a macro-level,
using data from three rounds of National Samplev@uOrganisation (NSSO) (31
48" and 54) for two periods 1976-77 and 1997-98 found that #rea irrigated
through pump irrigation services has increased ftomillion hectares in 1976-1977 to
an estimated 20 million hectares in 1997-98. Inahalysis Mukherji discarded one of
the popular myth in the literature on water matket the market is underdeveloped in
Eastern India. At the same time, the study haddaum evidence in support of the fact
that water market has declined in southern India thudepletion of groundwater.
Mukherji rather has shown that there is no absaletine in the size of water market

in sourhtern region.

In his study, Dutta (2012) found presence of watarket in the studied district of
Nagaon in Assam. Of the total sample farmers of h2lfound 28.92 percent as self-
users and sellers and 7.43 percent self-usergrseahd buyers and 4.95 percent self-
users and buyers and 38.01 percent only buyerssiltly indicated that of the total
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sample as high as 75 percent farmers participatelel water transaction. Majority of
farmers (65.57 percent) purchased water both id kimd cash, 27.87 percent buyers
purchased water in cash and the rest 6.56 peraamhgsed water in kind. One
interesting finding of his study is that transactiof the water markets was based on
area approach. He observed that utilisation rat¢hefShallow Tubewells (STWSs)
based schemes were relatively higher and the emezgeater markets had facilitated
better utilisation of irrigation potential regardée of small size of land holdings.
However, he advocated for some regulations, beda@sgprehended that due to open
access nature of groundwater resource in the atatgrofit maximising motive of the

sellers, water market might result in overexplataof the groundwater.

Manonmani and Malathi (2012) have carried out a\ston water market in the four
villages of Panruti Block of Cuddalore District @amil Nadu. In their study they
found that under output sharing buyers pay highatewprices to sellers than under
other type. Small farmers, being unable to investneir own tube-well, always turned
out to be the buyers of water. The study suggestadif formal credit facilities were
advanced to these small farmers, they could hawestad on installation of pumpsets
which would make groundwater prices more competitivhey viewed that informal
groundwater market would become more effectiveuific@ent number of potential

sellers existed.

Khair et al. (2012) made an analysis on inforgagbundwater marketing in upland
Balochistan, Pakistan using quiet a large numbsample of 328 water sellers and
buyers. The study evaluated the groundwater ingadmechanism and then
empirically examined factors affecting the growater trading using logit
econometric models. The major findings include ftbllowing: (a) groundwater
exchange takes place on temporary basis; (b) Tworan transactions methods were
noted — water in exchange for given crop sha@ep@cent of the total samples) and
cash payment per hour (flat rate per hour); (d¢)e Tharges per hour depend on the
altitude, with an average price of Rs. 100, R3.1And Rs.205 per hour were
reported at low, medium and high altitudespestively; and (d) The results of
empirical models indicates that among other®pping intensity, area under high
value fruits, decline in water table, tubewell abllity, alternate source of irrigation,
and soil quality are important variables ueficing water buying and selling
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decisions. Importantly, personal attributes suclkiaships, age, and education were
also found important factors affecting water buyargl selling decisions. In addition,
the study notes the benefits of water trading & study area in the sense that water
market appears to provide cushions against incrgasiater scarcity by averting
damages to high value horticultural crops and alewing useful in enhancing water
efficiently as it helps overcome the problem ofelo irrigation/misuse of water by
facilitating selling the surplus/extra watemdausing purchased water more sparingly
and efficiently.

Banerji et al. (2012) made an analysis on instingiand informal markets that govern
groundwater allocation in a sugarcane-cultivatiligge in Baghpat district of Western
Uttar Pradesh, India. They found that though tieeeuniform village level water price
which has no bearing on the marginal value prodfietater social contract results in
efficient allocation of water across farmers’ plo&nce inadequate supply of power
has remained as one of the major causes adverfebtirag the production, their
analysis shows that an alternative regime of pgigawer and supplying it reliably can
increase sugarcane output up to 9 percent resuttifigrm products being more than
sufficient to cover the marginal cost of providiwgter. Though devising out a higher
price-reliable supply power policy is desirablegytifelt the necessity of discussion on
public versus private ownership of power supply eggllation as they only empirical
proved that such a policy regime can give more rdwa

2.2.2 Determinants of Groundwater Markets:

It is clear from the previous discussion that a hanof factors which have both market
and non-market dimension, affect functioning of ujrdwater markets. Apart from
farm specific factors, a number of social factofsoalargely affect groundwater
transaction between farmers. A few studies havenaed these factors influencing
water buying and selling decisions in a more syatemmanner. These include Saleth
(1996), Bhandari and Pandey (2006), Singh and S{&§06), Sharma and Sharma
(2006), Khair et al. (2012), etc. Following is ttweef review of these studies.

Bhandari and Pandey (2006) in an attempt to examm@esconomics of groundwater
irrigation and determinants of tubewell ownershigpcidion using farm-level data

collected from 324 households in Nepal, found tBa\W irrigation has made a
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significant positive effect on rice yield, inputgoluctivity and farmer’s incomes. They

reiterated the role of water market (though undesltiged) in spreading these benefits
widely among small holders who finds ownership ofnpsets economically not viable.

Based on probit model they listed out that the farpe, land fragmentation, access to
electricity and access to credit are important rietgants of STW ownership by a

farmer. To make groundwater irrigation more benaffito the poor farmers, they

emphasised on revamping credit policy, investmentgural electrification, land

reforms such as consolidation of land holdings, etc

Singh and Singh (2006) with 180 sample farm houskshivom the Meerut district of

Uttar Pradesh examined the structure, determiremdsefficiency of the groundwater
markets of the state. The study concluded that ttiete is an inverse relationship
between the number of buyers and the farm-size. édewy for the sellers the

relationship is just the opposite. The electric peed WEMs dominate the groundwater
irrigation though buyers have access to both dieperated and electric tubewells.
Among the others, the study has identified thatlthging of groundwater is favoured
by the farmers with small size and fragmented Imgjsli low education attainment and

less probability of joint-ownership of a WEM.

Sharma and Sharma (2006) in their study on watekeh@onducted in the in the arid
and semiarid zones of Rajasthan, India have theeasldd the emerging issues of
exploitation of the buyers of water (i.e. resoupo®r, small farmers), environmental as
well as social concerns for the activities of gsll@he study re-affirmed that the credit
policies and the power pricing policies of the goweent were helping in the
unsustainable and inequitable use of this resoufte study felt the need of a
comprehensive water policy ensuring mandatory neghg of the abandoned wells
mainly for the sellers of water is the need of hfmurthe efficient and sustainable use
groundwater. The analysis of farmers’ decision twrtipipate in water markets
employing logit regression has suggested that énedrs having higher fragmented
landholdings have higher probability of buying gndwater. Since, joint ownership of
wells is negatively associated with the farmergibability of buying groundwater, the
study has conclude that the consolidation of hgislior installing cooperative wells
may economise the irrigation investment and leaeffioient management of resources

of the farmers and sustainable utilisation of water
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Khair et al. (2012) made an analysis on inforrgagbundwater marketing in upland
Balochistan, Pakistan using quiet a large numberample of 328 which include
both water sellers and buyers. The study evaluAtedroundwater trading mechanism
and then empirically examined the factors affecgngundwater transaction using logit
econometric models. The results of the logibdeis indicate that among others,
cropping intensity, area under high value fruidecline in water table, tubewell
reliability, alternate source of irrigation, andils quality are important variables
influencing water buying and selling decisioimsportantly, personal attributes such
as kinships, age, and education were also foundritapt factors affecting water
buying and selling decisions. In addition, the gtudtes the benefits of water trading
in the study area in the sense that water marketap to provide cushions against
increasing water scarcity by averting damagesdb laalue horticultural crops and also
proving useful in enhancing water efficiently. Tsieidy has found that water market
has helped in overcoming the problem of over itigga or misuse of water by
facilitating sale of surplus water and using pusgth water more sparingly and

efficiently.

2.2.3 Reliability of Groundwater Markets:

Above discussion on the structure and functionihgroundwater market reveals that
the market is residual as water sellers usualllyvgater to the buyers after meeting
their own requirements. This, in turn, resultsnadequate supply of water in buyers’
fields making the market unreliable for the buy&sthe same time, the sellers might
also face the problem of availability of sufficiewater for both own use and sale
owing to scarcity of water [in water scarce regatready pointed out by a few studies,
e.g., Saleth (1998)]. The situation of insufficiewgilability of water to the sellers and
inadequate provisioning of water to the buyerdssussed as reliability of groundwater
markets. Thus, studies on water markets have disduse issue of reliability of water
market from both buyers and sellers’ perspectidsost all studies on water market
have highlighted this issue of reliability as anportant dimension of water markets.
However, studies that specifically focus on religdoiof groundwater market in

ensuring adequate supply of water to the buyersvarg limited. Following is the

review of studies which have systematically deathwthe issue of reliability of water

markets.
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The question of reliability though has been raisedimost all studies on groundwater
market (as the issue is intrinsically linked witheoation of the market) Meinzen-Dick
(1998) took up the study of reliability more systdiwally. Meinzen-Dick (1998) in a
study to examine reliability of water markets amd timpact of water markets on
agricultural productivity in Pakistan, found thatvate groundwater market was a less
reliable source groundwater during the period wtien farmers needed it the most.
From sellers’ point of view, groundwater marketsrevanore unreliable during
electricity shortages and peak water demand. B fouyers’ point of view, a host of
factors, combined together, worked in determinieligbility of water markets. Based
on a logistic regression model, Meinzen-Dick fouhdt capacity of the tubewells,
social status of the buyers and age of the buyersignificant factors of reliability of

groundwater markets.

Singh and Singh (2003) in their study on groundwatarket based on a sample of 180
farms from Meerut district of Western Uttar Pradgsimdivided) found a large

proportion of sample farm households (82 percentgreng in water markets either
fully or partly. Regarding reliability of groundweat market, the study concluded that
the groundwater market was less reliable for buysnsipared to the owner-cum-
sellers. Further, electricity operated WEMs hadnbieeind less reliable than the diesel

operated WEMs as the former were subject to higheskdown and erratic electricity

supply.

Hussain et al. (2005) in their study on water mamkeéPakistan found that the market
for groundwater unreliable for the buyers. Accogdino them buyers found the market
unreliable if they bought water from small-capacigfectric powered tubewells. In
order to improve reliability of water they emphasisthe importance of increasing
tubewell density by assisting small and marginainfrs to purchase tubewells. They
were also of the opinion that regular supply ofctleity could help in getting an

access to reliable supply of water.

2.2.4 Efficiency of Groundwater Markets:

As discussed in chapter one, groundwater marketeilwed as an institution which
ensures efficiency in water use. Thus, farmers wvgaoticipate in groundwater
transaction are expected to make efficient use atemwthan those farmers remaining
outside the market. However, due to unreliable neatof the market, there are
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uncertainties and inadequate provisioning of watehe crop field of buyers. This, in

turn, leads to differences in the attainment ohtécal efficiency between buyers and
sellers plots. This issue of water use efficien@s tbeen taken up for empirical
investigation in recent studies on water marketsweéler, studies on the issue of
economic efficiency of water use under a groundivaiarket are also very limited. A

few scientific studies are available in this regimdexample, Manjunatha et al. (2010,
2011a), Srivastava et al. (2009), Chowdhury (2@04,0), Khanna (2006) and Deepak
(2005).

Deepak et al. (2005) based on primary data colefrtam 120 groundwater users in
eastern dry zone of Karnataka, have compared wasterefficiency among different
categories of water users, viz. well owners whmadbsell water, well owners who sell
water either for agricultural or non-agricultutsle and water buyers (both agricultural
and nonagricultural). The study found that the gowater market helped spreading
access to irrigation for those who do not own walhile the water buyers are found to
be achieving higher water use efficiency, wateres®l realised higher marginal
productivity of water than farmers who did not seéiter. Farmers participating in the
groundwater market are more efficient in water useaddition to conserving
groundwater than those who are not participatingou@dwater markets are thus
promoting efficiency in groundwater use and, iniadd, are a conservation strategy
for scarce groundwater in hard rock areas.

Khanna (2006), based on a village level survey ftbenTamelagarhi village in north
Indian state of Uttar Pradesh (UP) estimated teetrefficiency at the plot level by
ownership types of water amongst a cross sectiosugar cane growing farmers.
Employing the stochastic production frontier, maxim likelihood estimates were
obtained and found that estimated technical effiyescores are highest on plots where
water is sourced from a privately owned tubewaelllofved by plots serviced by joint
ownership of tubewells and the lowest on plots wheater is bought. Income gains
from improved efficiency was found to be the latgefX 1, 082 petbigha (one bigha

is equivalent to 0.133 hectare) estimated for siyapbts an® 649 per bigha for plots
with their own tubewell with the average 3867 for all plots. Modeling inefficiency

effects as a function of farm specific explanatmagriables, the study identified
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education, land area, discharge of tubewell andulie of plots from the water source

as the determinants contributing to technical efficy.

Srivastava et al. (2009) conducted a study on immpagroundwater market on water
use efficiency with primary data collected from 1f2®@m households in the Central
Plain Zones of Uttar Pradesh. The estimates of Batelopment Analysis showed that
that both buyers and owners of WEMs were techryji¢a#fficient in water—use, as the
actual use of irrigation water was found much highan the optimum level. However,

‘buyers’ were found comparatively more efficienath‘owners’ in water utilisation.

They concluded that for efficient use of groundwatgoundwater market can emerge
as a better tool for improving the efficiency ofigation water across farm-sizes and

crops.

Manjunatha et al. (2009, 2011a, 2011b) using a kawip90 farms in hard areas of
India, containing water sellers, water buyers amadtrol farmers for the reference year
of 2007-08, studied the effect of groundwater ratudn the efficiency of water use
employing Data Envelopment Analysis (DEA). The st@iound that water buyers use
water more efficiently than the sellers, while selwere found more efficient than the
farmers in the control group (farmers who are mitbuyers nor sellers) efficient.

Using a Kruskal-Wallis test, differences in averagiciency between these groups
are shown to be statistically significant. Basedtleir finding they concluded: (a)

groundwater markets could add to improving efficienf water use; and (b) existence
of groundwater markets offers access to grtaater to resource poor farmers,
the opportunity to benefit from the improvedjricultural productivity generated

by irrigation.

Chowdhury (2010) examined the marginal productieityvater and other inputs in dry
season ricebro rice) production in Bangladesh using a data sdeaed by the
International Rice Research Institute (IRRI) fromadionally representative sample of
farm households in Bangladesh. The main focus@fstudy is to estimate efficiency
of irrigated water used ifboro rice production. Estimating a translog production
function forboro rice in seven hydrological regions of Bangladdsh findings of the
study suggest that irrigation water is quite ir@éintly used in Bangladesh agriculture,

particularly in comparison with other inputs.
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2.3 Summing Up:

From the above discussion it is clear that for fiecéve management of groundwater,
there is a need for designing an appropriate uigiit. Of the institutions, water
markets although have emerged and gained importam@locating water among
numerous farmers, researchers show apprehensiomm i@ absence of a well-defined
property rights unregulated water market may |leaaquifer depletion. As a result this
institution may fail to address sustainable managemof groundwater. But
interestingly studies have failed to establishlthle and viability of defining property
rights (except a few such as Vaidyanathan 1996)h& context where numerous
farmers are engaged in the trade. Thus, it warnarmger understanding of prevalent
formal and informal institutions governing watereus general and groundwater in

particular.

Regarding functioning of the water markets, it isac that most of the studies deal
more with the structure and functioning of the ne#sksuch as size of the market,
characteristics of buyers and sellers, types obem@mansaction, rate of water charges,
nature of the market whether monopolistic or comtiget equity implication of access
to groundwater, reliability of water market and eratise efficiency of farmers, etc.
Studies which have systematically and rigorouslymeixed the issues of reliability and
water use efficiency are very limited in numberrtRar, most of the studies on water
markets are conducted in the water scarce regienaAesult, water scarcity and
resultant effects on the market in delivering watieprices close to average costs drew
more attention. The studies on water markets examithe issues of water market in
water abundant regions are very limited. Moreowetgnsive investigation into the
issues of reliability and efficiency stemming fraancess to water in water abundant
regions are few. Though in all studies reliabiliiythe market is mentioned to be an
important issue, but under what circumstances taeket turns out to be unreliable for
the buyers has not been specifically discussedpéixgea few. Earlier studies had
pointed out that there is an interlinkage of labmarket, credit market and agricultural
insurance market with water market. But the linkwsen rural market and water
market has not been established in most of theestuBirom the review of literature it
is also found that water market is a village ldeehlised institution and therefore, its

functions depend upon the local conditions. Ardasoacern of water markets (such as
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energy pricing) and the policies designed to de#i these, are also different for the
regions depending on availability of water. Forrapée, when regulation of the growth
of the water markets is of immense significancevater scarce region, development of
the same is highly important for transforming stagnagriculture in water abundant
regions. Therefore, an investigation into the openaof groundwater markets and
other important issues relating to the market enilater abundant state of Assam is felt

necessary. Moreover, there is hardly any study atemmarkets of the state.

However, before dealing with the issues of the gitang groundwater markets in the
state, it is imperative to look into the irrigatisgtenario in the state from the
perspectives of groundwater based irrigation dgoraknt which has led to emergence
of water markets in the state. The next chaptewsira general picture of the state of
agricultural economy and development of groundwhasesed irrigation in the state as a

background for detailed analysis of groundwaterketarin the state.
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CHAPTER THREE

DEVELOPMENT OF GROUNDWATER BASED IRRIGATION IN
ASSAM

3.1 Assam: A Background

3.1.1 Location, Physical Features and Demography

Assam is located in North-Eastern part of Indiarisigaits border with seven states -
Arunachal Pradesh, Manipur, Meghalaya, Mizoram, al@gd, Tripura and West
Bengal and two countries - Bhutan and Bangladesh.lbcated between the latitudes
of 24°08" N and 27°09° N and the longitudes of 82° E and 96°10°E. With a
geographical area of 78,438 kmhe state occupies almost 2.4 percent of thd tota
geographical area of the country and supports ab&ut percent of the country’s total
population as per 2011 Census. The state is coedpo$ three broad geographical
divisions, viz. the Brahmaputra Valley, the Barakllgy and the Hills. While the
Brahmaputra Valley comprises about 72 percent efttital geographical area of the
state, the Barak Valley and the Hills comprisegp&fcent and 9 percent respectively.
According to the Population Census of 2011, theupgn of Assam stands at 3, 11,
69, 272 of which 51.18 percent are males and timaireng 48.81 percent are females.
The decadal population growth rate of the staté693 percent during 2001-2011
against 17.64 percent for the country as a whdhe. Sex-ratio of the state is 954. The
density of population of the state is 397 againstid’s density of 382 as per 2011
Census. The literacy rate of the state is 73.8tgmérwith the male literacy rate of

78.81 percent and female literacy rate of 67.2 ¢

3.1.2 Economy of the State:

The economy of Assam is primarily rural and agrara nature. As per Population
Census 2011, the rural population of the state6igp@&rcent of the total population
which is much higher than that for India (69 petrefhe Net State Domestic Product
(NSDP) of the state at current prices (Advancedhizdes) is estimated & 13, 1014

crore in 2012-13. NSDP in the state registered ramua growth of 14.23 percent
compared to 13.26 percent growth in Net Domestadéct (NDP) of the country as
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whole during 2012-13. The Per Capita Income (PC€Assam at Constant Prices (in
2004-05) in 2012-13 was 24, 192 which was about 38 percent less than tHeoPT
39,143 for the country as whole. If we look at eest composition of GSDP of the
state, we find that services sector accountedhtdrgest share of 56 percent in 2011-
12 followed by industrial sector at 22 percent aggiculture and allied sector at 22
percent. In fact, the contribution of services settas been rising and it registered a
rapid growth in recent years. The advanced estsrfatethe year 2012-13 showed that
services sector in constant prices (2004-05) regidta growth of 9.30 percent while
the growth rate of industry and agriculture ancedllservices stood at 3.66 percent and
3.80 percent during 2012-13 (Govt. of Assam, 2013lgyriculture and allied sector
contributed a major share to the Net State Dom&stduct (NSDP) of the state which
was almost 61 percent (at current prices) durin§0i®1. However, the sector’s
contribution to the state’s NSDP has been declisimgrply over the subsequent years.
For instance, it declined from nearly 60 percerit980’s to nearly 50 percent in 1980’s
and to only about 30 percent by the end of 199Df& contribution of this sector to
NSDP of the state was 26.21 percent (at curresegyiand 27.04 percent (at constant
1999-2000 prices) in 2010-11.

Though, the share of services sector in GSDP ofthie has gone up in recent years,
the significance of agriculture and allied sectmniprised of agriculture, forestry and
logging, fishery and mining and quarrying) has metduced much. More than 75
percent of the population are directly or indirgatependent on agriculture and allied
activities as a source of income. According to Pagan Census 2001, nearly 53
percent of the total working force has been engageagriculture. As per the land
utilisation statistics for the year 2010-11, out tbe total 78.44 lakh hectares of
geographical area of the state, the Gross Cropped @&CA) for the year 2009-10, is
41.59 lakh hectares (which is 53.02 percent ofttit@l geographical area and 67.56
percent of the GCA). The Net Sown Area (NSA) islPdakh hectares (which is 35.82
percent of the total geographical area and 71.7depe of the GCA). The percentage
of area sown more than once is estimated at 4&@gept for the year 2010-11 (Govt.
of Assam, 2013a). The cropping intensity of thaestar the year 2009-2010 is 146
percent.
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3.1.3 Land-use Pattern:

There is a preponderance of small and marginaldesnm the state. According to the

Agricultural Census 2010-2011, there were 27.50 laerational holdings in the state
covering an area of 29.99 lakh hectares (Govt. s$afn, 2013a). Out of this total

number of operational holdings, marginal holdingsl¢w 1 hectare) accounted for

63.4 percent followed by small holdings (1 to 2 thees) which account for 21.49

percent of the total land holdings. These two mgjmups also accounted for 21.30
percent and 23.50 percent respectively, of the ¢gerational areas of the state. On the
other hand, the large holding (10 hectares and gboanstituted only 0.18 percent of
the total number of operational holdings and 8.4f:ent of the total cropped area of
the state. The average size of operation holdirngs w15 hectares in 2001-02 which
further declined to 1.10 hectares in 2010-11 (Agdtical Census 2010-11, Govt. of

Assam, 2013a). Another important feature revealkedAgricultural Censuses of the

state is that over the successive Censuses tHeatetaof operational holdings in the

state has been declining. Both the number and @fremall and marginal holdings

have been increasing, for instance, the numberafymal holdings in 2001 Census

increased by 0.69 percent over 1995 Census andréze of operational holdings in

2001 Census increased by 7.50 percent over 1998u€en

3.1.4 Cropping Pattern:

The cropping pattern of the state is mainly donadaby rice. Rice occupied about
90.05 percent of the total net cropped area andta&dio02 percent of the gross cropped
area during the year 2011-12. The share of ricgotal area under foodgrains
production stood at 92.80 percent leaving sharetloér cereals comprising of wheat,
maize, other cereals and millets to be commandeanby 7.20 percent. The rice crop
in Assam is classified into three categories depgndn the season in which the crop
is harvested (Bezbaruah, 1994, Dutta, 2011), wituran rice, winter rice and summer
rice. Among the three, in terms of area, wintee rfthe principakharif crop of the
state) constitutes the highest percentage (abaB0j&rcent) of the total area under
rice (Govt. of Assam, 2013a). Compared to the areter winter rice, the total area
under autumn and summer rice, combined togethenuish smaller. In 2010-11, the
total area under these two crops was 6, 70,00@&iesctvhich is about 26.31 percent of

the total area under rice in the state (Govt. cdahs, 2013a). However, there has been
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a gradual decline in the area under autumn ricélwiinas switched over to the summer
rice. During 2005-06, the area under autumn rice 8v88 lakh hectares which declined
to 3.79 lakh hectares during 2006-07 and 3.13 ledtares during 2010-11. However,
the area under summer rice had increased margioaBy23 lakh hectares during 2007-
08 then to 3.99 hectares during 2011-12. The anekerusummer rice is increasing
because of its high productivity and developmergroindwater based irrigation in the
state. Cultivation of summer rice, locally knownleso rice in the state is an age old
practice, particularly in logged, low lying or madch lands with irrigation during

November to May. The cultivation of summer ricalso spreading even to those non-

traditional areas where irrigation is available.
3.1.5 Farm Mechanisation, Use of HYV, Fertiliser, &.:

The use of modern technology in agriculture is mateworthy in the state. The farm
power availability in 2012-13 is about 1.02 hp pectare in the state as compared to
2.05 hp per hectare at the national level. Thismfpower is generated through more
than 6,143 numbers of tractors and 23,627 numkepswer tillers which are already
distributed to farmers till 2011-12. However, theeuof other machineries such as
power paddy thresher, hand compressor sprayerjretagriculture is still very low
(Govt. of Assam, 2013b). The area coverage undgh Mielding Variety (HYV) rice
was 66.70 percent in the total area under ricendu2011-12. The area under HYV rice
has been showing a gradual increase over the yHagstotal area under HYV of rice
(autumn, winter and summer), which stood at 12#Kh |hectares during 1996-97
increased to 14.29 lakh hectares during 2001-200@214.35 lakh hectares in 2002-03
and 15.13 lakh hectares in 2008-09 and 16.98 l&dtahes in 2011-12. The fertiliser
consumption in the state in terms of nutrient (NKPper hectare is much lower than
the national figure. According to the state Agriaté Department, consumption of
fertiliser in the state was 74.58 kg per hectai@regj the national average consumption
of 117.07 kg per hectare during the year 2011-1@&wvévVer, the trend of per hectare
consumption of fertiliser increased more than 3fcget during the period 2008-09 to
2011-12. In association with chemical fertilisetse use of bio-fertilisers and organic
manure has been increased in the state especialthebDepartment of Agriculture
under the programme “Input support to the agricaltsts having Kisan Credit Card
(KCC)". The total amount of bio-fertiliser and orga manure consumption was
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estimated to be 175 metric ton and 2.80 lakh médne in the year 2010-11 (Govt. of
Assam, 2013b). The irrigation infrastructure in &ssis not satisfactory. In 2010-11,
only in 29.20 percent of the net sown area in théesthe created irrigation potential
was utilised (Govt. of Assam, 2013a). Availablaraates for the year 2000-01 by the
Ministry of Agriculture, Govt. of India show thatbe percentage of Net Irrigated Area
(NIA) to the Net Sown Area (NSA) was 6.22 percagaiast 83.90 percent in Haryana,
84.47 percent in Punjab, etc. The state reporAgmculture Census, 2005-06 states
that the total NIA of the state is 1, 45, 702.20thees of which 11.45 percent is served
by tubewells. The state of development of irrigatin the state is taken up for a

detailed discussion in the next section.
3.1.6: Total Rainfall:

Bulk of the water in the state, both surface armaligdwater is obtained from rainfall.
Assam experiences the predominant influence of singth-west tropical monsoon
which reigns from April to October with occasioméhter showers. The low clouds of
the southwest monsoon after being intercepted @NtiC. Hill range and Naga Patkai
range, cause heavy rainfall in the southern parAsgdam and precipitate in the
Brahmaputra valley, their intensity increasing toadgathe foothills of the Himalayas.
The approach of the monsoon is marked by strongsyiovercast skies and occasional
thunder showers, hailstorm and cyclones during |[Agmd May with heavy showers

from June.

The season-wise normal rainfall pattern of theestat like this: Winter season
(December, January & February) 66.20 mm, Sumneasa (March, April &
May) 648.90 mm, Monsoon season (June, July, Augnugt September) 1702.00 mm,
Post monsoon season (October and November)167.4mmal 2584.50 mm. On an
average the annuadinfall in the State varies from 1780 to 3050 mithwt44 rainy days
(Govt. of Assam, 2013b). Out of the total rechable@amount of groundwater in the state

about 95.01 is contributed by rainfall.

However, the state recorded a decline in annualfaidiresulting in drought like
situation in many districts of the state over tlearg. For example, the total rainfall in
Assam declined from 3, 188.40 mm in 1974 to 2, 367m in 2005 then to 1,951.30
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mm during 2008-2009. The state had experienced/2,92 mm of rainfall during

2010-11 with a normal pattern in the year.

On the whole, it can be concluded that agricultaréssam is mostly underdeveloped
with widespread practice of traditional farming hemues and correspondingly low
usage of modern farm inputs, low levels and loweswgh in productivity and
production in the sector, widespread prevalence sobsistence cultivation,
poor/inadequate agricultural infrastructure anddeguate irrigation development and
so on. In terms of production of various crops, @sds below the national average in
most cases with the exception of horticultural eorf@sovt. of Assam, 2013b).
Considering this, government of India has duly ggesed the need of extending green
revolution to the North East and Assam in particutldowever, the availability of
assured irrigation is the most important pre-retgifr a sustained development in
agriculture. The status of irrigation developmerfittioe state is discussed in the
following section. Irrigation, however, criticallgepend on endowment of water
resources. In the following section, a brisk accamfriotal available water resources in
the state is made.

3.2 Total Water Resources in the State:

Assam has different agro-climatic and hydrologicahditions, especially in terms of
water resources compared to other parts of thetgoufhe state is richly endowed
with water resources. The sources of water reseurc¢he state can be divided into
two types: (i) surface water flow constituted bytmajor rivers, viz. the Brahmaputra
and the Barak along with their numerous tributaaesl streams, and surface water
stock in various ponds and lakes, and (ii) abundgoundwater reserves. In the
following sub-sections, the availability of thesmusces of water in the state has been

assessed.

3.2.1 Surface Water Availability:

The surface water resources of the state as a velielsubstantial. About 8, 251 &km
(10.5 percent) of the total geographical area ef state, is occupied by the surface
water bodies. Out of this, about 6, 503%kis10ccupied by the river systems including

the Brahmaputra and 1748 kisy the natural wetlands. The total surface watethef
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state is estimated about 600 billion metérDraft Water Policy, Govt. of Assam, 2007).
The two river basins of the state (i.e. the Brahmrapand the Barak) account for as high as

32 percent of the country’s total surface wateeptél (Dutta, 2011).

3.2.2 Groundwater Availability

Assam is richly endowed with groundwater reserv@scording to the Central

Groundwater Board (CGWB) (2006), the net availapilof annual replenishable
groundwater in the state stands at 24.89 bcm (wisieébout 6.23 percent of the total
groundwater reserves of the country). After leavaside about 23.70 percent for
domestic and industrial uses, an amount of 19.08 kt6.57 percent of the total
available reserves) is available for irrigation. tQaf the total available annually
replenishable groundwater reserves, about 22 pehesre already been drafted for all
purposes (industrial, domestic and agriculture)is Tigure is, however, very low

compared to about 61 percent for the country ashalev In some states, the total
development has already exceeded its annual repkdnlie level which for example,
170 percent in Delhi, 145 percent in Punjab, 10itex@ in Haryana, etc. The total
replenishable groundwater resources and the legraundwater development in
different states of the country are presented inld'a.1.
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Table 3.1

State-wise Groundwater Resources Availability, Utisation and Stages of Development in India (in bcm)

Annual Replenishable Groundwater Resource Annual Groundwater Draft Projected
Monsoon Season Non-monsoon season Natural demand | Groundwater Stage of
. Discharge | o Annual Domestic for | Avalabilty | & o ungwater
States/union Recharge Recharge during | - o Cdwat d Domestic | for Future | o010 ment
Sl. | Territories Recharge| "~ /=" | Recharge) " ) non- oUW | irrigation | 3% | Total and Irrigation velop
No from other from other Total | monsoon | Availability industrial Industrial
Rainfall SOUrCES Rainfall soudifs season uses uses up to
2025

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
States

1 | Andhra Pradesh 16.04 8.93 4.20 7133 36.50 3.55 .9532 13.88 1.02 14.9 2.67 17.65 ik

2 | Arunachal Pradesh 1.57 0.00009 0[98 0.0002 P.55 .26 |0 2.3 0.0008 0 0.0008 0.009 2.9 0|0

3 | Assam 23.65 1.99 1.0b 0.54 27.23 2134 24.89 4.85 0.59 5.44 0.98 19.06 2P

4 | Bihar 19.45 3.96 3.42 2.36 29.19 177 27.42 9.39 1.37 10.77 2.14 15.89 39

5 | Chhattisgarh 12.08 0.43 1.30 1.43 14194 1.25 813.6 2.31 0.48 2.8( 0.70 10.67 20

6 | Delhi 0.13 0.06 0.02 0.09 0.30 0.02 0428 0.2 0.280.48 0.57 0.0¢ 170

7| Goa 0.22 0.01 0.0L 0.04 0.28 0.02 027 0.04 D.03.07 0.04 0.18 27

8 | Gujarat 10.59 2.08 0.00 3.15 15.82 0[79 15.02 490. 0.99 11.49 1.48 3.06 16

9 | Haryana 3.52 2.15 0.92 2.72 9.31 0]68 8.63 9.1 350. 9.45 0.60 -1.07 109
10 | Himachal Pradesh 0.33 0.01 0,08 0.02 0.44 D.04 .39 |0 0.09 0.02 0.12 0.04 0.25 3C
11 | Jammu and Kashm 0.61 0.7 1,00 0.32 2.70 D.27 2.43 0.10 0.24 0.38 0.42 1.92 14
12 | Jharkhand 4.26 0.14 1.00 0.18 5/58 0.33 5.25 0 0.7 0.38 1.09 0.56 3.99 1
13 | Karnataka 8.17 4.01 1.50 2.25 15]93 0.63 15.3 75 9. 0.97 10.71 1.41 6.48 70
14 | Kerala 3.79 0.01 1.98 1.11 6.84 0/61 6.23 1.82 A1 292 1.40 3.07 4y
15 | Madhya Pradesh 30.59 0.96 0J05 5.59 37.19 1.86 5.333 16.08 1.04 17.1p 1.74 17.51 %
16 | Maharashtra 20.1p 2.51 1.94 8,36 32.96 1.75 131.2 14.24 0.85 15.09 1.5p 16.10 K
17 | Manipur 0.20 0.00% 0.16 0.01 0.88 0/04 0.34 0.00 0.0005| 0.002 0.02 0.311 0.65
18 | Meghalaya 0.79 0.08 0.33 0.005 1/16 0.12 1.04 00 D. 0.002| 0.007 0.10 0.94 0.18
19 | Mizoram 0.03 0.0( 0.0p 0.00 0.05 0.004 0.04 (.00 0.0004| 0.0004 0.0008 0.04 0.¢
20 | Nagaland 0.28 0.00 0.08 0.00 0,36 0.04 0.32 D.00 0.009| 0.009 0.03 0.3D 3
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Table 3.1

State-wise Groundwater Resources Availability, Utisation and Stages of Development in India (in bcm)

Annual Replenishable Groundwater Resource Annual Groundwater Draft Projected
Monsoon Season Non-monsoon season Natural demand | Groundwater Stage of
. Discharge | o Annual Domestic for | Avalabilty | & o ungwater
States/union Recharge Recharge during | - o Cdwat d Domestic | for Future | o010 ment
Sl. | Territories Recharge| "~ /=" | Recharge) " ) non- oUW | irrigation | 3% | Total and Irrigation velop
No fr_om other frpm hthes Total el Availability industrial Industrial
Rainfall SOUrCES Rainfall soudifs season uses uses up to
2025
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
21| Orissa 12.81 3.5p 3.538 3.14 23|09 2,08 21.01 130 084 3.85 1.27 16.78 18
22 | Punjab 5.99 10.91 1.36 5.54 2379 2,33 21.44 3430. 0.83| 31.1§ 1.00 -9.89 145
23 | Rajasthan 8.76 0.62 0.26 1.92 1156 1.18 10.38 1.601 1.39] 12.99 2.72 -3.9 125
24 | Sikkim 0.08 ( 0.08 0.70 0.01 0.01 0}02 .050 16|
25| Tamil Nadu 4.91 11.96 4.53 1.67 23)07 231 20.76 16.77 0.8 17.6% 0.9 3.08 Contc 85
26 | Tripura 1.1 0.0( 0.92 0.17 2.19 0.p2 1197 (.08 .090 0.17 0.20 1.64 )
27 | Uttar Pradesh 38.63 11.95 5.64 20114 76.36 6.17 70.18 45.36) 3.42 48.78 5.30 19.62 7
28 | Uttaranchal 1.37 0.2]7 0.12 0.p1 227 0.17 2.1 34 1. 0.05 1.39 0.0§ 0.6 g6
29 | West Bengal 17.8y 2.19 5.44 4.86 3036 2.9 2.46 10.84 0.81] 11.6% 1.24 15.32 42
Total States 247.88 69.51509 41)84 73.155 432,200 33.73 398.70 212.38 18.04 230.44 29|12 161.92
Union Territories
Andaman &
1 | Nicobar 0.004 0.320 0.000 0.000 0.010 08.0 0.303 4
2 | Chandigarh 0.016 0.001 0.005 0.001 0.023 0/002 0200. 0.000 0.000 0.00D 0.000 0.0R0 (
Dadra & Nagar
3 | Haveli 0.059 0.005 0.064 0.003 0.060 0.001 0.000.009 0.008 0.051 14
4 | Daman & Diu 0.004 0.002 D 0.001 0.0p9 0.0004 ®.00 0.007 0.002 0.009 0.003 -0.002 10
5 | Lakshadweep 0.000 0.0p9 0.004 0.p00 0{002002 63
6 | Pondicherry 0.057 0.06[7 0.007 0.029 0.160 0,016 1440 0.121 0.03(¢ 0.15[L 0.031 -0.008 10
Total UTs 0.138 0.075 0.0112 0.031 026 0.036 ®.,55 0.129 0.051 0.181 0.050 0.365 3!
Grand Total 248.02 69.59009 41.852 73119 433.02 33.77 399.25 212.51 18.09 230.52 29|17 162.29 |

Source: Dynamic Groundwater Resources of Indiaaslarch 2004), Central Groundwater Board, MinisthyWater Resources, 2006.
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It is clear from Table 3.1 that out of the totabgndwater development, as much as
about 89.15 percent is used for agricultural pueparsd the remaining 10.84 percent is
used for both domestic and industrial purposeshi gtate. Since development of
groundwater in Assam is in the safe zone (as nbtigedlocks is either over exploited
or dark) it can be harnessed to a great extentdaerdo enhance irrigation facilities in
the state. The state-wise distribution of blocktegorised as overexploited and dark in

terms of groundwater table is presented in Tal#le 3.

Table 3.2

Number of Blocks/Talukas/Watersheds Categorised a3ver-exploited and Dark in
Different States of India

Sl. Nos. of Blocks/ Over-exploited Dark/Critical
No. States Talukas/Watersheds Nos. % Nos. %
1 | Andhra Pradesh 1157 118| 10.20 79 6.83
2 | Arunachal Pradesh 39 0 0 0 0
3 | Assam 219 0 0 0 0
4 | Bihar 394 6 1.52 14 3.55
5 | Chhattisgarh 145 0 0 0 0
6 | Delhi 6 3 50 d 16.67
7 | Goa 12 0 0 0 0
8 | Gujarat 180 41| 22.78 19 10.56
9 | Haryana 111 30| 27.30 13 11.71
10 | Himachal Pradesh g9 0 0 0 0
11 | Jammu and Kashmir 193 0 0 0 0
12 | Jharkhand 198 0 0 0 0
13 | Karnataka 17% 7 4.00 9 5.14
14 | Kerala 151 3 1.99 6 3.97
15 | Madhya Pradesh 312 2 0.64 1 0.32
16 | Maharashtra 2316 154| 6.65 72 3.11
17 | Manipur 29 0 0 0 0
18 | Meghalaya 39 0 0 0 0
19 | Mizoram 12 0 0.00 0 0.00
20 | Nagaland 52 0 0 0 0
21 | Orissa 314 0 0 0 0
22 | Punjab 138 81| 58.70 12 8.70
23 | Rajasthan 237 86| 36.29 80 33.76
24 | Sikkim 4 0 0 0 0
25 | Tamil Nadu 385 138| 35.84 37 9.61
26 | Tripura 38 0 0 0 0
27 | Uttar Pradesh
58 | Uttaranchal 819 2 0.24 20 2.44
29 | West Bengal 275 0 0 61 22.81
Total 7910 671| 8.48 424 5.36
Note: Unit of assessment: Andhra Pradesh —Basahavhshtra —Water shed (Command and/non-

command wise), Gujarat, Karnataka —Talukas, reiteoStates —Blocks.
Source: Central Groundwater Board, Govt. of India.
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The picture of groundwater potential and developmenthe state will be more
comprehensive if we look at the district-wise disition of them. The district-wise
distribution of rechargeable groundwater avail@piland different stages of its
development in the districts have been present@dle 3.3.

It is evident from Table 3.3 that Sonitpur distias the highest annual replenishable
groundwater reserves followed by Cachar districictvlare estimated at 2.11 bcm and
2.03 bcm respectively. However, despite the highagailability, groundwater
development is the lowest at 2 percent in the Qadis#rict which is due to low level
of use of groundwater for irrigation. Among thetdids which experienced a high
level of groundwater development, the highest drgfbhas taken place in Bongaingaon
district which is estimated at 56 percent. In Mang district too, as high as 52 percent
development of groundwater has taken place. Distircwhich less than 10 percent of
the total annual groundwater development has tpkace include Cachar (2 percent),
Hailakandi (3 percent), Jorhat (3 percent), Kokaajt® percent), Karimganj (4 percent)
and N.C. Hills (6 percent). Regarding use of grouaigr, it is clear from the table that
nearly 90 percent of the total annual groundwateftds used for irrigation except the
districts in the Barak Valley where the use of grbwater for irrigation purpose is
substantially low. About 8 percent of the totalftlia made in Karimgan] district for
irrigation purpose. This clearly indicates a lowdkof groundwater based irrigation
development in the districts.

Above discussion clearly shows that the most ofgbtential of groundwater based
irrigation development has not been tapped in Assamany districts. Intuitively, it

indicates that there is an ample scope of groureiwadsed irrigation development in
the state. The unutilised groundwater can be usediggate an additional area of 14,
86, 461 hectares of land which is about 38 peroérnhe gross cropped area of the
state. The scope for groundwater development ig kaege in the Brahmaputra Valley
(Das, 1984, Dutta, 2011) compared to the otherratoral divisions of the state, viz.
the Barak Valley and the Hilly Regions. In the yitegions, scope for groundwater

irrigation is limited only to the small inter-mowm valleys (Dutta, 2011).

67
TH-1274_06614104



Table 3.3
District-wise Groundwater Resource Availability, Wilisation and Stages of Development in Assam (incin)

Annual Replenishable Groundwater Resource Annual Groundwater Draft Projected
Monsoon Season Non-monsoon season  Totdl Natural demand | Groundwater Stage of
Discharge Net Annual D " for Availability | Groundwater
Districts Recharge Recharge during omestic Domestic | for Future Development
Recharge Recharge h Groundwater . and iyati i
Sl. from from non e Irrigation | . : Total and Irrigation (in percent)
from from Availability industrial ;
No Rainfall other Rainfall other monsoon USes Industrial
ainta sources ainia sources season uses up to
2025
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 | Barpeta 112844 2347R 0 7085 143353 7168 136186 73086 3631| 34498 5959 99360 25
2 | Bongaigaon 77984 16476 0 3625 98085 4904 93181 6045 2015 52471 2884 39841 56
3 | Cachar 203899 22 19990 10 223921 22892 201529 52 1332 3265 5246 19623 o2
4 | Darrang 88222 2197y 11487 5940 127626 12763 114863 43113 3314 46427 5159 66591 40
5 | Dibrugarh 105325 7626 D 1766 114717 11472 103245 6021 2627| 24236 3746 77891 23
6 | Dhemaji 133080 3774 D 842 137696 6885 130811 11515 1258| 12773 2083 117213 10
7 | Dhubri 107889 12 @ 4985 112886 11289 101597 12492 6328 16124 6535 8257 16
g | Golaghat 86906 5868 11557 1295 105626 10563 95064 7956l 2093 20049 313P 73969 P1
g | Goalpara 12311% 726R 0 1608 131985 131199 118787 04222 1819 24023 3265 93318 20
10 | Hailakandi 62796 214 7007 49 70062 3503 66558 634 2021 1836 2067 6385 03
11 | Jorhat 106124 4325 9408 961 120820 12082 108738 16132 2257 15473 3465 920537 14
12 | Kamrup 134245 24319 6076 164640 16464 148176 $861 5754 64369 10516 79045 43
13 | Karbi Anglong 75021 2414 8168 844 86447 8645 77802 624 1804 2428 3194 73984 03
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Table 3.3
District-wise Groundwater Resource Availability, Wilisation and Stages of Development in Assam (incin)

Annual Replenishable Groundwater Resource Annual Groundwater Draft Projected
Monsoon Season Non-monsoon season  Totdl Natural demand | Groundwater Stage of
Discharge Net Annual D " for Availability | Groundwater
Districts Recharge Recharge during omestc Domestic | for Future Development
Recharge Recharge h Groundwater . P and iyati i
Sl. from from non e Irrigation | . : Total and Irrigation (in percent)
from from Availability industrial ;
No Rainfall other Rainfall other monsoon USes Industrial
ainta sources ainta sources season uses up to
2025
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
14 | Kokrajhar 166225 4622 D 686 171583 17153 154380 7115 2055| 13632 3143 139660 D9
15 | Karimganj 64950 75 9552 31 74608 7461 67147 182 8221 2400 3853 63112 04
16 | Lakhimpur 70933 3845% ) 1p 74790 7479 67312 9635 519611600 3214 544638 17
17 | Morigaon 44859 7769 Q 1711 54339 5434 48905 23787 1710 25497 2975 22143 52
18 | Nagaon 118452.00 23713 D 5805 1479Y0 147497 133173 59792 47 5164939 9056 64324 49
19 | N C. Hills 9719 61 127( 1 11051 1105 9946 151 124 575 745 9050 06
20 | Nalbari 75750, 12795.00 0 2823.00 91368 4568 86799 907G 2500 4157( 36083 44126 48
21 | Sibsagar 99314 4767.00 8804 1057(00  113P42 11394 25410 14570 2333 16903 3623 84354 1€
2o | Sonitpur 179643 19395 17569 56Pp3 222210 11111 21110 30308 3715 34028 5998 174794 16
o3 | Tinsukia 1180664 4064 D 907 123087 12304 11033 3240 2580 14985 4257 94072 14
State Total . ] g ; -
24 | (ham) 2365365 198863 104812 53672 2722712 234135 2488580184830 59266 54409p 97725 1906025 22
State Total 23.65 1.99 1.0 054  27.23 2.34 24/89 4.85 059 454 098 19.06 27
25| (bcm)
Source: Dynamic Groundwater Resources of Indiaaslarch 2004), Central Groundwater Board, MinisthyWater Resources, 2006.
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3.3 Development of Irrigation Infrastructure in Assam:

Irrigation is an inevitable input of agriculturadtevity. Availability of assured irrigation
facility is undoubtedly the most important preresit@ for use of modem technology in
agriculture to enhance productivity and production the state (Phukan, 1990,
Bezbaruah, 1994, Saikia, 2008, Dutta, 2011; GoftAssam, 2013b). In Assam,
importance of irrigation was not considered critiar carrying out agricultural
activities till some years back (till 1976) as state used to receive normal to heavy
rainfall during monsoon season (Phukan, 1990; 8ak008). However, in the recent
years, for speedy diffusion of modern agricultutethnology and to deal with the
erratic and changing seasonal rainfall pattern eepeed by the state, irrigation is
considered highly critical. Moreover, the growingnaands for foodgrains due to
burgeoning population pressure also re-emphadmesgdmands for assured irrigation
to facilitate multiple cropping across differentriagltural seasons. Though about 80
percent of rainfall in the state takes place betwiaée June and late September, the
onset of monsoon and its cessation is mostly uaiceaind its year to year fluctuation is
also very unpredictable (Govt. of Assam, 2013b)udlly, from late September the
rainfall becomes scanty and the months of Novembecember, January, February,
and March remain practically dry except a few ommas showers. Under such
circumstances, the production rabi crop at a larger scale and cultivation of summer
rice is very difficult during dry season from Oce&shto May without irrigation. The
Government of Assam is, therefore, putting spabialst on irrigation development by
harnessing the rich water resources of the statthaoagricultural production and

productivity can be heightened to a greater extent.

The programmes for the development of irrigatianlity in Assam have been taken up
under three broad schemes, viz., Major, Mediungdtion and Minor Irrigation. This
classification is based on command area of anynsehd the command area of any
irrigation scheme or project is greater than 10,B66tares, the scheme is labeled as
major schemes. While the command area of any scheess than 2, 000 hectares,
they are called as minor irrigation schemes, amgse with the command area lying
between 2, 000 hectares to 10, 000 hectares is rkradnvmedium irrigation scheme.

Based on the technology, irrigation schemes carclassified under five different
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types: Surface Flow, Surface Lift, Dug well, Deemub& Wells and Shallow
Tubewells/Shallow Tube Wells. While Surface FlowdaBurface Lift irrigation
schemes have been exercised through major, medghrménor irrigation schemes,
wells and tubewells are developed solely under mmnigation schemes.

Three Departments are associated with the develapaofdrrigation infrastructure in
the state. These include the Department of Irgatihe Department of Agriculture
and the Department of Panchayat and Rural Developri@wever, while Department
of Irrigation is involved in the development of #lle schemes, other two are confined
to execution of minor schemes like Wells, Shalloub&wells, Low Lift Points, and
Temporary Minor Irrigation Schemes only. It is wowhile to mention that Assam
State Minor Irrigation Development Corporation (AEM) Ltd., set up in 1980, was
also earlier closely associated with the develogrmoéminor irrigation in the state by
installing Private Shallow Tubewells (STWs) and Lawt Points (LLPs) through
provision of institutional finance from National Ba for Agriculture and Rural
Development (NABARD) up to 1992-93. The ASMIDC Liend has since merged with
the Irrigation Department of the state. The irnigatschemes in the state are being
taken up through loan assistance from the WorldkBander the Assam Rural
Infrastructure and Agricultural Services ProjectRIASP), from the Non-Lapsable
Central Pool (NLCP) of resources with 100 perceemt@l assistance and North
Eastern Council (NEC) for creation of additionaigation potential in the state.

3.3.1 Major and Medium Irrigation Schemes Currently in Operation:

There are 13 completed major and medium irrigapiajects presently available in the
state. These includdamuna Sukla Dekadong Kaldiya, Rupahi, Kulsik Bhumkj
Horguti, Kaliabor, Longa Bordikrai, HawaipurandDikhari Irrigation Project. Another
7 projects under medium and major category is beamgtructed presently and another
7 are already proposed to be constructed in thengpyears which includes 3 major, 3
medium and one inter-state projects. Apart fronseéhdéhere are four ongoing major
and medium projects, vibhansiri, Champamati, BoroliandBuridehingiwhich have
funded under Accelerated Irrigation Benefit Progman(AIBP). Till March 2011,
5,1729 hectares of irrigation potential has beerated from through these ongoing
projects (Govt. of Assam, 2013b). The particulafsm@jor and medium irrigation
(completed, ongoing and proposed) are furnish@&abie 3.4.
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Table 3.4

Particulars of Major and Medium Irrigation Project s in Assam (Completed, Ongoing and Proposed)

TH-1274_ 06614104

SI Name of the Irrigation Present Irrigation Statistics
No. Projects District Classification Types Status GCA | CCA NIA Cl (%)
(ha) | (ha) | (ha)
1 | Jamuna Nagaon Major Flow Completed 33846 27077 25705 132)50
2 | Dekadong Barpeta and Nalbari Major  Flow Completed 5683 4941 4332  139.66
3 | Bordikorai Sonitpur Majo Flow Completed 29150, 17409 16994 150,24
4 | Dhansiri Darrang Major Flow Ongoing 60876 41683 41683 200.p0
5 | Champamati Kokrajhar Majar Flow Ongoing 30000| 17414 15094 165.59
6 | Integrated for Kallong Basin| Nagaon Major Flow Ongoing 29950| 21450 34400 16
Location
Irrigation Project N
Shukla Kamrup Medium Flow Completed 22834 16917 16072 137,00
Kaldiya Barpeta Medium Flow Completed 11398  984( 9716  169.20
10 | Kulsik Darrang Mediur Flow Completed 2000 194( 312%  156.25
11 | Horguti Karbi Anglong Medium Flow Completed 3410 2735 2600  153.00
12 | Rupahi Barpeta Medium Flow Completed 3932 3557 3552  160.90
13 | Hawaipur Karbi Anglong Medium Flow Completed 4259 304( 2430  160.D0
14 | Dikhari Karbi Anglong Medium Flow Completed 3110 2486 2360  152.00
15 | Longa Kokrajhar Medium Flow Completed 4960 - - -
16 | Kaliabor Nagaon Medium Lift Completed 13560 - - -
12



Sl Name of the Irrigation District Classification Types Present GCA Irrigecl:t'i: . Stzliltliit =
No. Projects Status (ha) (ha) (ha) Cl (%)
17 | Bhumki Barpeta Medium Flow Completed 4200 - - -
18 | Borbila Baska of BTAD, Kamrup Medium Flow Ongoing 12712 9717 89071 152.26
19 | Pahumara Barpeta Medium  Flow Ongoing 11574 9259 8333 190.85
20 | Buridihing Dibrugarh Medium Flow Ongoing 5054 3050 5054 165.70
21 | Borlia Nalbari and Kamrum Medium Flow Ongoing 13562 - - -
22 Buridihing Dibrugarh Medium Lift Ongoing 5054 - - -
23 | Garufela Kokrajhar Medium Flow Proposed 11750 9820 5200 180
24 | Burusuit Bongaigaon Medium Flow Proposed 11500 7060 6390 162,90
25 | Krishnai Goalpara Mdeium Flow Proposed 5000, 4200 3500  199.00
26 | Simen Dhemaji Medium Flow Proposed 1000Q 7500 6830 NA
27 | puthimari Nalbari and Kamrup Medium Flow Proposed 20395 14800 13105 110/88
28 | pollah Barpeta Medum Flow Proposed 10537 8180 700D 172
29 | Jiri Cachar and Imphal East Medium Flow Proposed 7570 5750 3740 170

Note: GCA: Gross Command Area

CCA: Culturable Command Area

NIA: Net Irrigable Area

CIA: Cropping Intensity after Irrigation

* Inter-state (Assam and Manipur)

Source: Department of Irrigation, Assam, retriefreth C:\Documents and Settings\User\Local Settifgsip\Minor.mht, accessed ofi May, 2012.
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3.3.2Development of Minor Irrigation Schemes:

3.3.2.1 Development of Minor Irrigation under Govenment Sector:

The Irrigation Department of the state is in thargle of setting up of minor irrigation
schemes under government sector. Up to 2007-08ddpartment set up a total of
1,017 numbers of minor irrigation schemes. Thestude different forms of minor
irrigation schemes namely, surface flow, surfaéeand ground water lift including
Deep Tube Wells (DTW). A total of 1, 180 numbemahor schemes are currently in
various stages of construction. A 627 number ofamirrigation schemes have been
take up to create potential of 26,378 hectaresndu2D06-2013 under the Accelerated
Irrigation Benefit Programme (AIBP) scheme. Up tar®h 2011, 209 number of minor
irrigation schemes under AIBP have already beerstcaocted creating a potential of
10, 3034 hectares (Govt. of Assam, 2013b). Thericlistise break up of minor
irrigation schemes completed in the state and ik&iad-wise number of ongoing
minor irrigation schemes up to the year 2010-1leHasen presented in Table 3.5 and
Table 3.6 respectively.
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Table 3.5
Summary of Completed Minor Irrigation Schemes (201aL1)

Name of No. of Estima’ged Potential Potent_ial Created
Sl. No. Districts Scheme . (in h".") . (in ha})
harif | Rabi | Total |Kharif | Rabi | Total
Plain Area
1 |Barpeta 41 11208 6058 | 17266/ 11008 5858 | 16866
2 |Bongaigaon 39 6282 3065 9347 6282 3065 9347
3 |Cachar 22 2606 1489 409bp 2606 1489 4095
4  |Darrang 46 21963 8444 | 30407| 21963 8444 | 30407
5 |Dhemaji 30 3174 2110 5284 3174 2110 5284
6 |Dhubri 44 5837| 5326/ 11168 5631 5085 10736
7  |Dibrugarh 28 4881 2873 7754 48%6 2858 7714
8 |Goalpara 29 6774 2333 9107 67f4 2333 9107
9 |Golaghat 45 7939 608% 14024 7989 6085 14024
10 |Hailakandi 15 2278  134( 3618 2278 1340 3618
11 |Jorhat 62 6255 5896 121%1 62b5 5886 12141
12  |Kamrup 74 8570 5068 13638 8540 5048 13588
13 |Karimgan;j 13 973 1094 2067 973 1094 2067
14 |Kokrajhar 44 11355 4780 | 16135 113554780 | 16135
15 |Lakhimpur 48 49120 3447 8359 4912 3447 8359
16 |Marigaon 33 9723 6501 16224 9723 6329 16052
17 |Nagaon 46 9217 6124 15341 9217 6124 15341
18 |Nalbari 47 12458 6802 | 19260| 111285852 | 16980
19 |Sivasagar 53 11903 2720 | 14623 119038 2720 | 14623
20 [Sonitpur 49 21854 2419 | 24273 21854 2419 | 24273
21 |Tinsukia 38 4177 1700 587y 4177 1700 5877
Total (Plains Area) 846| 1743885674 | 260013172568 84066|256634
Hill Area
22 |Karbi Anglong 99 15898 5734 | 21632 15898 5734 | 21632
23 NorthCachar | 72 | 6308| 340 | 6648 6308 340 6648
Total (Hills) 171 | 22206 6074 | 28280 22206 6074 | 28280
Grand Total 1017| 19654901748 | 288293194774 90140|284914
Source: Department of Irrigation, Government ofakas
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Table 3.6
Summary of Ongoing Minor Irrigation Schemes (2010-1)

Serial | Name of No. of Estir_nated Potential Pot_ential Created
No. District Schemes .(|n hectqres) .(|n hectares)
Kharif | Rabi| Total | Kharif | Rabi| Total
1 Barpeta 52 4737| 3546| 8283 1209| 484| 1693
2 Bongaigaon 46 8347| 4907| 13254| 1273| 283| 1556
3 Cachar 53 6849| 8031| 14880 985 700| 1685
4 Darrang 8§ 13827| 5841| 19668 1986| 766| 2752
5 Dhemaji 33 3102| 1762| 4864 620 329| 949
6 Dhubri 97| 9547|12539| 22086 1383| 2474| 3857
7 Dibrugarh 36 5351 2759 8110 1920| 1120( 3040
8 Goalpara 101 6807| 5117| 11924| 1661| 1399| 3060
9 Golaghat 40 4979 3777| 8756| 1546| 703| 2249
10 Hailakandi 271 1703 971 2674 180 77 257
11 | Jorhat 49 2600 1951| 4551 215 103| 318
12 | Kamrup 82 7353| 5951| 13304| 2848| 1724| 4572
13 | Karimganj 38 2639 2930 5569 402 423| 825
14 | Kokrajhar 45 2787| 1554| 4341 345 51 396
15 | Lakhimpur 49 3824| 2710| 6534| 1400 860| 2260
16 | Marigaon 29 2168| 2144| 4312 507| 540| 1047
17 | Nagaon 107 4746| 3888 8634 136| 239 375
18 | Nalbari 55 6836| 3635| 10471 850, 530| 1380
19 | Sivasagar 64 5870 2171, 8041 919| 428| 1347
20 | Sonitpur 66 4060| 2353| 6413| 1248 810| 2058
21 | Tinsukia 25 2211| 811 3022 75 30 105
State Total 1180| 110343| 79348| 189691| 21708| 14073| 35781

Source: Department of Irrigation, Government ofakss

3.3.2.2 Development of Minor Irrigation under Private Sector:

Several initiatives have been taken under diffeeg@ncies and departments to set up
minor irrigation schemes in the state under privssetor. The different agencies and
departments of the government associated with is&llation of minor irrigation
schemes in the state are Assam State Minor Irogabevelopment Corporation
(ASMIDC), the State Agricultural Department and Etzayat and Rural Development

Department.

The ASMIDC Ltd. was set up in 1980 with the finalassistance from NABARD to
install shallow tubewells (STW) for utilizing grodwater and low lift points (LLP) for

utilising surface water. Till 1990-91, the ASMID@stalled a total number of 49,800
STWs and LLPs under private sector. But after 1990the Corporation failed to
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install even a single minor scheme due to lacksfitutional finance and since then it

has been merged with the state Irrigation Departmen

The total number of minor schemes (mainly STWSs) wgetby the Department of
Agriculture and Panchayat and Rural Developmentaud994-95 was 27,184 and
9,247 respectively. Since 1995-96 the DepartmenAgriculture has set up minor
irrigation schemes under different schemes: Samiddrishak Yojna (SKY), Assam
Rural Infrastructure and Agricultural Services Rot$ (ARIASP), Rural Infrastructure
Development Fund (RIDF), Assam Agricultural Comipetiness Projects (AACP),
Disaster Management and Technology Mission, Assakastti Yojana (AVY), etc.
These schemes are funded through Non LapsableaCe@uaol of Resources (NLCPR),
National Bank for Agriculture and Rural DevelopmgMABARD), North Eastern
Council (NEC). Under, the ARIASP project which wstarted in 1995-96 by the State
Department of Agriculture, a total of 15,000 numbeBSTWSs were set up during 1999-
2000. During 1997-98 to 2002-2003, 70,450 numbe3 Ds were constructed across
21 districts in the state under ARIASP. The totagation potential created up to the
end of 1999-2000 was 64,500 hectares from theliasta of 32, 250 STWs (Dutta,
2011). The SKY scheme was started since the fiahrygiar 1999-2000 which was
sponsored by NABARD under its programmes RIDF. Unbis scheme, STWs to the
farmers were distributed under group ownership kmoas Field Management
Committee (FMC). In the first year of implementatiof the scheme, a total of 30,000
STWs were set up in different districts of the estdDuring 1999-2000, NABARD
under this scheme installed 90,000 STWs in differdistricts of the state. The
Accelerated Irrigation Benefit Programme (AIBP) viaisially meant for the major and
medium projects only. But subsequently its covenage extended to minor irrigation
schemes also. Under these schemes, combined togathe 38" June 2010, the state
Agriculture Department has set up 2, 10, 756 nundbesTWs and 13, 913 number
LLPs in the state. The district-wise distributidnSTWs set up under these schemes up
to 30" June 2010 is presented in Table 3.7.
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Table 3.7
Scheme-wise Shallow Tubewells (STWs) and Low Liftip (LLP) Installed by Department of Agriculture in the State since Inception till 38 June, 2010

S| o ARIASP | NABARD AACP 2005-10 Disaster Management | Technology Mission Grand Total
No. District 1997-98 to 2002-03 1999-2002 2009-10 (March 2007)
STW STW STW LLP LLP STW LLP STW LLP
1| Kamrup 8841 11000 4576 1149 50 134 37 245p1 1236
2 | Morigaon 2658 4000 1481 118 84 50 16 8189 218
3 | Karbi Anglong 240 0 446 365 18 6 63 69p 451
4 | North Cachar Hills d 0 0 209 5 1 34 1 248
5 | Barpeta 8324 7800 4069 466 32 28 10 20225 508
6 | Nalbari 4258 8900 1565 110 22 49 5 14772 187
7 | Bagsa 0 0 776 38 27 Qg ¢ 776 6p
8 | Nagoan 7276 11550 4555 394 63 101 145 23482 g02
9 | Golaghat 2461 3055 347 788 48 31 24 5894 860
10| Cachar Q 0 0 1147 33 6 69 6 1249
11 | Karimganj 110 0 0 1060 11 30 52 140 1123
12 | Hailakandi 50 0 10 1046 33 0 46 60 1125
13 | Darrang 480( 9000 2328 270 12 65 11 16193 293
14 | Udalguri 0 0 358 100 24 0 ( 358 124
15| Sonitpur 3189 2830 1555 324 12 23 29 7591 365
16 | Lakhimpur 1757 950 873 286 14 49 16 3623 320
17 | Dhemaji 2120 520 133 788 12 44 20 2817 829
18 | Bongaigaon 373 7800 3315 320 43 3B 13 14887 376
19 | Chirang 0 0 1159 37 22 0 ( 1159 59
20 | Goalpara 349 4500 4842 297 33 8D 5 12914 3B5
21 | Kokrajhar 1788 2400 1016 368 50 4y 21 5251 439
22 | Dhubri 8748 15995 4953 1301 38 83 16 297\9 1350
23 | Tinsukia 1373 1070 678 439 32 18 10 3139 481
24 | Dibrugarh 1855 3680 674 274 12 18 1P 6222 298
25| Sibsagar 160 2450 224 327 g 70 20 4344 355
26 | Jorhat 1774 1500 388 325 48 24 o 3691 467
Total 70450 99000 40321 12346 785 985 782 210756 13913
Source: Department of Agriculture, Government of&#s.
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3.4 Status of Irrigation Development:

Usually, the development of irrigation is measuredterms of irrigation potential
created under different schemes. Before drawingdtoeunt of irrigation development
of the state, it is worthwhile to present defimtiof the term “irrigation potential”
which is followed by the State Department of Irtiga. Following the definition given
by the Planning Commission of the Govt. of Indragation potential is defined as the
gross area which can be irrigated from a projeet design year {LJuly to 38" June of
the succeeding year) for the projected croppintepatand assumed water allowances
on its full development (Dutta, 2011). In the felimg sections, irrigation potential

created under different departments has been athlys

As per the available data, out of 41.05 lakh hestaf Gross Cropped Area (GCA) of
the state, 14.77 lakh hectares of Gross Irrigafiotential (GIP) has been created up to
the end of March 2011-12, which is about 35.24 grarof the GCA and 53.59 percent
of the total irrigation potential (27 lakh hectgres$ the state (Govt. of Assam, 2013b).
Out of the GIP, a total of 6.72 lakh hectares (4G®&rcent) has been created by the
State Irrigation Department, 1.49 lakh hectaresO@ @ercent) has been created by the
by ASMIDC, 0.34 lakh hectares has been createdhé@yPepartment of Panchayat and
Rural Development and the rest 5.90 lakh hectalt@% percent) has been created by
the State Agriculture Department. It is clear frdable 3.8 that about 82.42 percent of
GIP has been created in the state under minoatroig schemes, while the rest 17.58
percent has been created under the major and meuliigation schemes solely

undertaken by the government.

It is clear from Table 3.8 that the total potentiedated under ASMIDC up to 1992-93
has been estimated at 1, 49, 205 hectares. Oubheoftatal potential created by
ASMIDC, about 71.51 percent is created through gdeater lift schemes and the rest
28.42 percent through the surface lift points (Buf011). However, the agency has
not created any additional potential since 1992e8@ng to shortage of funds.

Similarly, the Department of Panchayat and Ruraldl@pment created irrigation

facility of 0.34 lakh hectares up to 2001-02.
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Table 3.8

Source-wise Gross Irrigation Potential Created irAssam up to 2012-13 (in hectares)

Gross Irrigation Potential Created

1)

Department/Agency 2 3 4
Major and Minor Total**
Medium Irrigation | Irrigation
Irrigation Department 254343 418655 672998(46.5
Assam State Minor Irrigation Nil 149205 149205 (10.31)
Development Corporation (up to 1992-
93)
Panchayat and Rural Development 34000 34000 (2.35)
Department (up to 2001-02)
Agriculture Department Nil 590917 590917 (40.8
254343 (17.58) 1192777 1447120
Total*
(82.42)

* Figures in parentheses represent percentagesvttotal.

** Figures in parentheses represent percentageltonn total.
Source: Economic Survey, Assam, 2012-13.

The irrigation facility created by the State Agiticwe Department under assured

irrigation programs is presented in Table 3.9.

Table 3.9
Irrigation Potential Created by the State Agriculture Department up to 2012-13
.. Nos. installed Nos. in operation Area

Compongaofgiiga iy Diesel | Electric| Diesel | Electric | (in hectare)
Shallow Tube well (STWS) 288099 92907| 159415 92907 504644
Low Lift Points (LLPSs) 26414 10077 21330 10077 62814
Sprinkler/Drip Irrigation Set 229 2294 2294
Flow Irrigation 5250
Micro Watershed Drainage 15915
Total 590917

Source: Economic Survey, Assam, 2012-13.

It is clear from table 3.9 that the State AgrictdtiDepartment has created irrigation

potential of 5.19 lakh hectares till the end of 2AR. The department has created the

irrigation potential under minor irrigation schentésough Shallow Tubewells (85.40

percent), Low Lift Points (10.62 percent), SprinKDgip Irrigation Set (0.38 percent),

Flow Irrigation (0.88 percent) and Micro Watersh@inage (2.69 percent).

The potential created under government major/medamich minor irrigation schemes by

the Department of Irrigation in the state from 1®d0to 2010-11, is shown in Table 3.10.
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Source-wise Irrigation Potential Created under Govenment

Table 3.10

Schemes Since 1990-91 till 2011-12dain hectareg

Year Major/medium Minor Total
1990-91 153880 272139 426019
1991-92 159440 283588 443028
1992-93 164993 290657 455650
1993-94 172763 293735 466498
1994-95 179273 297738 477011
1995-96 180113 299965 480078
1996-97 180113 300477 480590
1997-98 180113 300986 481099
1998-99 181789 303254 485043

1999-2000 188789 306953 495742
2000-01 195439 308554 503993
2001-02 202289 311052 513341
2002-03 206139 313904 520043
2003-04 210292 316430 526722
2004-05 212067 319123 531190
2005-06 214517 320695 535212
2006-07 219517 321695 541212
2007-08 222168 324291 546459
2008-09 232077 357632 589709
2009-10 239239 387470 626709
2010-11 243665 553131 796796
2011-12 254343 418955 673298

Source: Statistical Handbook, Govt. of Assam(aNmious years.

It is evident from Table 3.10 that up to 1990-91 trrigation potential created under
the minor irrigation schemes was about 63.88 périetne total potential created up to
that year. Similarly, up to 2000-01, as against #fware of 38.78 percent under
major/medium schemes, the share of minor irrigasohemes in the total potential
created was 61.22 percent. The share of minomairag in the total potential created in
2011-12 has also been found to be 69. 08 percemmphasising that the irrigation
potential created through minor irrigation scheroestinued to be the dominant over

that was created through the major or medium itiegaschemes till 2011-12.

If we look at the annual growth rates of the irtiga potential created by the State
Irrigation Department under major/medium and mimnagation schemes it is clear that
annual growth rates of irrigation potential createdler major irrigation schemes have
been higher than that created under minor irrigasichemes from 1985-86 to 2007-08
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after which it declined rapidly compared to minorgation schemes. While the annual
growth rates of the irrigation potential createdotlyh major/medium irrigation

schemes plummeted since 20090-10 till 2011-12s#mee for minor irrigation schemes
increased largely. Similarly, the compound annueivgh rate for the potential created
under major/medium schemes has been found almos ah2.3 percent during 1990-
91 to 2000-01 and from 2000-01 to 2009-10. Butatvapound annual growth rate for
the potential created under minor irrigation sche@enost doubled from 1.35 percent
to 2.56 percent during the same period. It is tfeanderstood that there has been
increased dominance of minor irrigation schemdsentotal irrigation potential created

in the state in the late nineties.

Fig. 3.1: Annual Growth Rates of Irrigtion Potential Created under
Major/Medium and Minor Irrigaton Schmes since 1985-86

Major/Medium Minor

|

1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-2000
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
2006-07
2007-08
2008-09
2009-10
2010-11
2011-12

The growing importance of minor irrigation over mdnedium irrigation is felt for
several reasons. As Dutta (2011) points out majudliom irrigation schemes in the
state failed owing to failure in coordination amorfgree key implementing
departments/agencies, viz. namely mechanical (farntenance of the schemes),
electrical (for power supply: as per report of gevernment presently 126 irrigation
projects are non —functional in the state due to-payment of electricity bill.) and
irrigation department; disappointment among berafes regarding distribution of
water between higher reach and lower reach; comeeykss due to poor conveyance
infrastructure. Saikia (2008) also notes that esinmeties no notable effort has been
made for the development of medium and major itiegasources due to the problem
of water distribution, operation and maintenancéhefsystem. Compared to problems
associated with major and medium irrigation schentes groundwater based minor
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irrigation schemes are not only affordable andlgasicessible for the small farmers

but they are also manageable at the household level

3.5 Salient Features of Minor Irrigation Developmen of the State:

From the preceding discussion it is clear thatithgation development in the state is
mostly undertaken under government sector. Howekierg is an increasing emphasis
on development of minor irrigation over the yeavarng mainly to the failure of the
major and medium irrigation schemes. But it is vengeresting to find that
development of irrigation under minor irrigatiorheees has mostly taken place under
the private or individual ownership mainly througbnstruction of well and tubewells.
However, the available data given by the Statgdtion Department does not provide
enough information regarding pattern of developn@nminor irrigation schemes in
the state. Therefore, following discussion attengptsnderstanding the salient features
of minor irrigation development over the years dragvinsights from the Minor
Irrigation (MI) Censuses conducted by the Ministlfy Water Resources (MoWR),
Government of India in different years. The First Mensus (MoWR 1993) was
conducted in 1986-87, followed by Second, Third Bodrth Census in 1993-94, 2000-
01 and 2006-07 respectively (MoWR 2001, 2005, utiphied). There are five different
types of MI structures that Ml Census enumeratdag-wells, shallow tubewells, deep
tube wells, surface lift systems, and surface flsystems. In all Ml Censuses,
groundwater structures (dug wells, shallow tubesyeind deep tube wells) have
accounted for more than 90 percent of all strustuvghile an attempt is made to see
the development of Ml schemes in the state vissahwilia, a district level analysis is
also made to understand the pattern of groundwadsed irrigation development

across different districts of the state.

3.5.1 Predominance of Groundwater Structures in Mischemes:

One of the important features of minor irrigatioavdlopment is that groundwater
structures dominate the MI schemes. The share afingiwater and surface water

schemes in MI schemes is presented in Table 3.11.

It is evident from Table 3.11 that right from 1988; groundwater structures
constituted more than 90 percent of all Ml schenmeséndia. The same in Assam
constituted more than 70 percent of all Ml schemes.
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Table 3.11
The Share of Groundwater and Surface Water Schemes M| Schemes
(1986-87 to 2000-01)

Groundwater Schemes| Surface water Schemes
(% to Total MI (% to Total MI Total MI Schemes
Year Schemes Schemes
India Assam India Assam India Assam
Till 1986-87 90.30 70.59 9.7 29.41| 6860370 18397
Till 1993-94 92.50 70.74 7.5 29.26| 12466651 39159
Till 2000-01 93.70 88.11 6.3 11.89| 19752198 111213
Till 2006-07 94.10 94.19* 59 5.81] 21004134 110754

Source: Second and Third MI Census (MoWR, 20015200
* Economic Survey, Govt. of Assam, 2011-12.

Table 3.11 also reveals that while in India thepprtion of groundwater structures to
total Ml structures increased marginally betweest fand third Ml Census, the same in
Assam increased marginally from 70.59 percent 86187 to 70.74 percent in 1993-94
and increased sharply to 88.11 percent in 2000r@llta 94.19 percent in 2006-07.
Compared to groundwater structures, the surfaggiron schemes (surface flow and
surface lift) declined marginally from 29.41 percan1986-87 to 29.26 in 1993-94 and
plummeted to 11.89 percent in 2000-01 and 5.81emeria 2006-07. The sudden spurt
in groundwater structures is due to installationmafre STWs by the State Agriculture
Department through different projects such as ARRARRIDF, AACP, Disaster

Management and Technology Mission and AIBP sinc@5196. This clearly indicates

an increasing dominance of groundwater structuves the surface irrigation schemes

in the country and state respectively.

3.5.2 Number and Growth of Groundwater Structures:

Though groundwater structures constituted the msh@are in total Ml schemes, the
number of groundwater structures registered a meaiver the Census periods. The
number of groundwater structures and its growthwbeh 1986-87 and 2010-11 are
presented in Table 3.12.

It is clear from Table 3.12 that while there hasrban overall decline in groundwater
structures in India over the MI Census periods stirae in Assam has increased largely
from 11.40 percent during 1986-87 to 1993-94 t®8&6ercent during 1993-94-2000-
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01. The high growth was caused by a large numbarstdllations of STWSs in the year

1999-2000. However, the growth rate declined t® pdrcent during 1993-94 to 2006-
07 in the state. In the decade 2000-01 to 201GHEL state registered the compound
annual growth rate of 6.60 percent.

Table 3.12
The Number of Groundwater Structures and its Growth (1986-87 to 2010-11)

Number of Compound Annual Growth rates
Year (in percent)
Groundwater schemes -

Assam India

Till 1986-87 18397 - -
Till 1993-94 39159 11.40 9.6
Till 2000-01 111213 16.08 6.9
Till 2006-07 110754 2.48 1.1
Till 2010-11* 210756 6.60 NA

Source: Second and Third Ml Census (MoWR, 2001).
* Department of Agriculture, Govt. of Assam.
** Pertains to Fourth MI Census (MoWR, 2005).

Figure 3.2: Number of Groundwater Structures (1986-87 to 2000-01)
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It is evident from Figure 3.2 that the creatiorgodundwater structures in the state has
not been even across different years during 19837e82000-2001. The highest
number of groundwater structures was created ir9-P8®0 followed by 2000-2001
and 1989-99.

As explained above, there are five types of MIdtres that the Census enumerates —
dug wells, shallow tubewells, deep tube wells, aeflift systems, and surface flow
systems. The share of various types of groundwsitactures in MI schemes in the
state is presented in Table 3.13.

Table 3.13
Composition of Groundwater Structures (1986-87 t@000-01)

Types of groundwater |, 198687/ Up to 1993-94  Up to 2000-d
structures

STW 68.37 69.13 87.29

DW 0.06 0.10 0.15

DTW 216 151 0.67

SF 8.04 5.99 272

SL 21.37 23.26 9.17

Source: Second and Third Census (MoWR, 2001, 2005).

* Department of Agriculture, Govt. of Assam.

** Pertains to Fourth Ml Census (unpublished). Detleen from Mukherji et al.

(2013).
It is evident from Table 3.13 that in all Ml Ceness groundwater structures have
accounted for more than 88 percent of all strustu@ut of the total tubewells, the
STWs constituted the highest proportion accountorgmore than 96 percent of the
total tubewells. While STWSs constituted 96.85 petda the total tubewells in 1986-
87, it marginally increased to 97.72 percent in3t94 then finally to 99.06 percent in
2000-01. Besides, among the groundwater struct@®%/s recorded the phenomenal
growth outpacing surface irrigation schemes (serfémv and surface lift) in the state
over the years. As per data of tHé 2@ and & MI Census (the @ MI Census which
was conducted for the year 2006-07, the data hiabe®n officially released) in 1986-
87, about 8 percent of the groundwater structurere \gurface flow. This declined to
5.99 percent in 1993-94, and further to 2.72 pdroe@000-01. Similarly, in 1986-87,
while 21.37 percent of the groundwater structuresevsurface lift, it declined to 23.26

percent in 1993-94, and further to 9.17 percer2d00-01. Compared to surface flow
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and surface lift, the STWs constituted about 68@8cent of the groundwater
structures in 1986-87 which marginally increased6®13 percent in 1993-94 and
further to 87.29 percent in 2000-2001.

The increasing dominance of groundwater structurdgl schemes in the state also
indicates an uneven trend in minor irrigation depetent across different districts of
the state. Among the three geographical regiomsptbspect of groundwater irrigation
in the hilly region is limited to the small intereuntain valleys and in Barak Valley
region groundwater layer and reserve is generalfuitable for setting up groundwater
based irrigation systems (Dutta, 2011). Thereftine, groundwater based irrigation
development has been found concentrated largetiidnBrahmaputra Valley region.
For example, out of the total wells and tubewells7®,578, about 99.87 percent of
them were constructed in the Brahmaputra valleyoregh 2000-01 (MoWR, 2005).
The same figure stands&t10,756 numbers in 2010, where the Brahmaputhey}Region
shares nearly 99 percent of them (DoA, Govt. ofaiss2010).

Though there has been a speedy expansion of gratedwstructures in Assam, the
pump density is still very low compared to the oaél figure. Since Assam falls in the
groundwater abundant region in Eastern India a eoi®@n is also made with the
Eastern part of India which comprises of statesafxs Bihar, Jharkhand, Odisha and

West Bengal for a better understanding of the saggrowth of groundwater structures.

Table 3.14
The Number of Wells and Tubewells per 100 HectarefdNet Sown Area (NSA)
Region/Year 1986-87 1993-94 2000-01 2006-07
India 8.34 11.4 14.04 14.13
Eastern India 6.94 9.26 11.48 9.06
Assam 0.48 1.02 2.91 3.79

Source: Second, Third and Fourth MI Census (MoWIR12 2005, unpublished)
Net Sown Area is taken from Economic Survey, Assaripus years.

It is apparent from Table 3.14 that the pump dgnsieasured in terms of number of
wells and tubewells per 100 hectares of Net SowsaAINSA) has been increasing
since 1986-87 in both India and Assam though Eagdtetia recorded a decline during
2000-01 to 2006-07. The decline in pump densitfEastern India is due to absolute
decline in groundwater structures in JharkhandaBiénd West Bengal as noted by
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Mukherji et al. (2013). In 2006-07, while per 108ctares of land 14.13 number of
wells and tubewells are available in India, the 8am9.06 in Eastern part and 3.79
number in Assam. If we calculate the same for trehBiaputra Valley region (which

shares about 99 percent of the total groundwatectstes in the state), the numbers of
wells and tubewells per 100 hectares of land is\doto be 3.86 numbers marginally

higher compared to total figures for the state.

Thus, the groundwater structures accounted for ntloa@ 88 percent of total Ml
schemes and STWs accounted for about 99 percehe dbtal groundwater structures
in the state. This trend is visible in groundwatector across the country. For example,
in 1986-87, almost 70 percent of the groundwatercaires were open dug wells. This
declined to 60 percent in 1993-94, and further @opBrecent in 2000-01. Considering
this trend in favour of STWs, in the following aysik different aspects of development

of STW based irrigation has been discussed inldetai

3.5.3 Ownership of Shallow Tubewells:

Regarding ownership of wells and tubewells, if wek at the MI Censuses it is clear
that individual farmers with private land, own thelk of India’s wells and tubewells
(up to 98 percent in 2000-01). A clear trend ofvai@ ownership outstripping
government or public ownership has also been rbieer the years. For example, in
India in 1993-94, where roughly 80 percent of tleem tube wells were privately-
owned, by 2000-01, 90 percent went to private halmddssam too, in 1993-94 nearly
88 percent of the tube wells (STWs) were undergeiimdividual ownership while 9
percent of the tube wells were under governmenteosimp. But over the years, public
ownership has declined rapidly paving a way for enprivate ownership. The®aml
Census shows that more than 98 percent of the wllsewere owned by private
individuals. The share of public ownership of tlegat wells had declined from 9
percent in 1993-94 to 1.31 percent in 2000-01. trdit level analysis also shows that
in majority of the districts (except Dhemaji, Goala, Lakhimpur and Sibsagar) private
ownership outstripped the government ownerships Itlear from Table 3.19 that
though all tubewells in Hailakandi district were red by the government, in six
districts (Barpeta, Bongaigaon, Darramg, Karbiang|darimganj, and Morigaon) by

2000-01 there were no tubewells under governmeneoship. It is also apparent from
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Table 3.15 that all tubewells (100 percent) in Madn and Karbi Anglong districts

came under individual ownership by the Census £680-01.

Table 3.15

District-wise Percentage of Individual and Governmat Ownership of
Shallow Tubewells in 1993-94 and 2000-01

g| o 1993-94 2000-01
NO’_ Name of District | Individual Govt. _ Individual Gowt. _
farmers | ownership| farmers | ownership
1 Barpeta 95.30 4.19 99.98 0.00
2 Bongaigaon 96.71 3.05 99.95 0.00
3 Darrang 78.28 14.88 99.93 0.00
4 Dhemaji 89.54 1.12 96.58 3.25
5 Dhubri 95.10 3.62 99.75 0.04
6 Dibrugarh 81.66 18.14 99.93 0.05
7 Goalpara 87.93 7.87 87.84 11.09
8 Golaghat 91.31 8.08 99.91 0.06
9 Hailakandi 0.0d 100.00 0.00 100.00
10 | Jorhat 71.98 25.84 87.42 12.37
11 | Kamrup 68.25 7.49 95.38 0.04
12 | Karbianglong 66.6Y7 32.10 100.00 0.00
13 | Karimganj 0.00 100.00 75.00 0.00
14 | Kokrajhar 97.1( 0.00 96.94 0.20
15 | Lakhimpur 86.79 13.21 78.22 17.59
16 | Morigaon 87.24 12.76 100.00 0.00
17 | Nagoan 95.58 4.42 98.71 0.05
18 | Nalbari 88.0d 10.44 96.25 3.26
19 | Sibsagar 99.75 0.13 97.79 2.21
20 | Sonitpur 90.62 6.38 98.97 0.07
21 | Tinsukia 94.76 4.74 99.30 0.70
State total* 88.16 9.02 97.87 1.31

Note: * No data available for the remaining 2 dessr:
Source: Second and Third Census (MoWR, 2001, 2005).

3.5.4 Tubewell Ownership and Size of Land Holding:

Regarding tubewell ownership according to the sizkand holding of the owners, the

available MI Censuses bring into light two intemagtfacts: (1) that small and marginal

farmers (owning less than 2 hectares of land) owmagor share of ground water

structures, and (2) this trend of small and mailderaners owning wells and tubewells

has increased over the years. The ownership ofveitseaccording to the size of land

holding of the owners is presented in Table 3.16.
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Table 3.16

Ownership of Shallow Tubewells According to the i of Landholdings
of the Tubewell Owners (in percent)

Year Marginal Small Medium Big
(0-1ha) (1-2ha) | (2-10ha)| (>10ha)
1993-94 2.03 14.71 82.96 0.28
2000-01 37.1d 40.96 20.59 1.36

Source: Second and Third Census (MoWR, 2001, 2005).

Table 3.16 shows that the small and marginal fasrtegether owned 78.06 percent of
STWs in Assam in 2000-01 (66.10 percent for Indmparing this with the data for
the year 1993-94, it has been found that while 993t94 the small and marginal
farmers combined together owned 16.71 percenteofdtal STWs, the same increased
to 78.06 percent in 2000-01. While farmers with medsize of land holdings owned
more that 82.96 percent of STWSs in 1993-94, theesplummeted to 20.59 percent in
2000-01. However, over the same period the sharbigffarmers owning STWs
increased from 0.28 percent in 1993-94 to 1.36 gueérén 2000-01. Thus, the
predominance of small and marginal farmers ownim@/S clearly obviated one of the
popular beliefs that only wealth and large farmeas afford investment on tubewell

ownership.

3.5.5 Financing of Wells and Tubewells:

It is clear from the previous section that the $naald marginal farmers combined
together have owned and operated a lion share @fsSin the state. Therefore, it is
important to know how they have financed ownersifiphe tubewells. Based on the
data furnished by the Second and Third Ml Censubkedjnancing of tubewells by the
farmers, can be understood in a clear manner. dlmeass of funding for the tubewells
have been classified under six types: private fumdjpurely private investment),
government funding (purely public funding), onlybsidy, subsidy and bank loans,
bank loans and savings (combination of private aoblic funding), and others.
Different sources of finance for the constructidriudbewells in the state are presented
in Table 3.17.
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It is clear from Table 3.17 that in the state, sljpgiven by government through its

different departments accounted for the highestribrting source of finance for

tubewells.
Table 3.17
The Sources of Finance for Construction of Tubewedlin Assam (1993-94 and
2000-01)
Number of Groundwater | Number of Groundwater
Source of Finance Structures and % to total | Structures and % to total
in 1993-94 in 2000-01
Farmers’ savings 08.73 (67.83)* 19.99 (73.2)
Government funds 00.40 (7.3) 04.97 (6.7)
Loan and savings 01.71 05.90
Subsidy and bank loans 22.10 08.89
Subsidy only 66.96 57.06
Other sources 00.09 03.20

* Figures in parentheses refer to all India average
Source: Second and Third Census (MoWR, 2001, 2005).

However, Table 3.17 shows that during the perio83194 to 2000-01, the share of
subsidy registered a decline when the share ofdg'nprivate savings increased by
more than two folds. However, for the country astele, private investment by the
farmers is the single most dominant mode of finagainlike the state (Mukherjee et
al., 2013).

3.5.6 Intensity of Tubewell Use, Water Distribution System, Water Lifting
Devices, Horse Power of the Tubewells:

There are different methods for the distributionvedter extracted from a tubewell
which include open channel, drip irrigation andirgsider irrigation. It has been found
that water pumped out by the tubewells has bednhilited through the open channel
(90.28 percent) while drip irrigation system andirgder irrigation system (the most
effective systems) constituted 2.24 percent and pefcent respectively.

Based on fuel or power used to operate a pumpsgatwells are classified into two
types: diesel operated tubewells and electricitgraged tubewells. While, nearly 99
percent of the tubewells in the state are diesefaipd in 2000-01, electricity operated
tubewells constitute only 0.66 percent. More thah g&rcent tubewells are of the

capacity in the range of 4 to 6 horse power (hp).
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3.5.7 Ultimate Irrigation Potential, Irrigation Potential Created and Irrigation
Potential Utilised:

Looking at the ratio of the irrigated potentiallised (IPU) (which shows the gross area
that is actually irrigated) to the irrigation potiah created (IPC) (which is defined as
the total gross area that can be irrigated undfardnt crops during a year by a scheme
that has already been constructed) we can haveea @licture of the extent of
utilisation of irrigation potential created. Usiagailable data furnished by thé& 34
Census on IPU and IPC for the state, the ratiaisutated out to be 0.75 indicating
that out of the total irrigation potential createy all groundwater structures in 2000-
01, 75 percent of them has been utilised. This ewplummeted to 51.33 percent in
2006-07 (Govt. of Assam, 2012a). Among the five ugidwater structures, the
irrigation potential created through Surface Floas hbeen largely utilised (92.91
percent) followed by STWs whose 80.74 percent oputential created was utilised.
Compared to 1993-94, the state recorded a shagpirrishe utilisation of irrigation
potential created which was 45.32 percent of tie torigation potential created by all
groundwater structures. The State Irrigation Depant identified a slew of reasons for
such a large gap between irrigation potential eeand irrigation potential utilised,
which include, general wear and tear of the scherdamage caused by natural
calamities like flood, storm, etc., erratic powepgly in respect of the electrically
operated schemes (Surface Lift and Groundwatey, ld&tmage of transformer, HT line
and mechanical components, change of river coursespect of Surface Flow and
Surface Lift Irrigation schemes, damage of canatesy, no demand for cultivators,
reluctance of cultivators to adopt multiple crogpimnvhere assured irrigation is
necessary, non-functioning of the schemes due @oofhmotors/pumps and other
accessories, imposition of irrigation services gearby the government for realisation

from the cultivators (Govt. of Assam, 2012b).

We can divide all districts in Assam based on IBUPC ratio (if this ratio is more than
75 percent, we can say those districts have aathiav@gh level of realisation of IPU;
otherwise it is low). The typology of districts lealson percentage of irrigation potential
utilised to irrigation potential created (in 2000}@s presented in Table 3.18. It is clear
from Table 3.18 that among the 21 districts (datar@maining two districts are not
available) majority of them (61.09 percent) falltire category where potential utilised

is more than 75 percent of the created potentiskridts where utilisation of irrigation
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potential created through tubewells have been faonte less; emphasis has to be

given for betterment of the same.

Table 3.18

Name of Districts based on Percentage of Irrigatio Potential Utilised to
Irrigation Potential Created (in 2000-01)

Classification based on IPU to IPC

. Name of districts
ratio

High irrigation potential utilised (IPU) toBongaigaon, Dhubri, Dibrugarh, Goalpaya,
irrigation  potential created (IPC)

ﬁ<amrup, Karbianglong, Kokrajhay,
75%): High utilisation districts

Morigaon, Nagaon, Nalbari, Sibsagar,

Sonitpur, Tinsukia (13 districts*)

Low irrigation potential utilised (IPU) toBarpeta, Darrang, Dhemaji, Golaghat,
irrigation potential created (IPC)

A h “Hailakandi, Jorhat, Karimganj, Lakhimpur
75%): Low utilisation districts

(8 districts)

* Data on remaining two villages are not available.
Source: Second and Third Censuses (MoWR 2005).

3.5.8 Constraints Faced by the Farmers for the Usef Groundwater Structures:

All available MI Censuses provide number of theumgebwvater structures which are
presently not in use. The Second and Third Censakses provide figures on the

potential irrigated area lost as a result of it gt reasons for non-utilisation of the
groundwater irrigation. Till 2000-01, in Assam oMy percent of the potential created
by ground water structures have been utilised.

The 3% MI Census listed inadequate power, mechanical kom@ans, less water
discharge, and other unspecified reasons as thstraons faced by the owners of
groundwater structures that prevented them fromimgatull use of their wells and
tubewells. Regarding utilisation of potential ceshthrough STWs the3MI Census
listed that about 52.83 percent owners of tubewatied constraints. Among the types
of constraints while about 5.89 percent faced meiclahbreakdown of the tubewells,
about 1.48 percent faced less water discharge ftemtubewells and about 0.77
percent faced the problem of inadequate supplyowiep. The majority of them i.e.
about 44.70 percent cited some other reasons uickly mentioned) as major

constraint for lower level of utilisation of the teatial created. Among the other
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reasons, one reason might be the lower size of feding of the owners of tubewells.
Therefore, any market arrangement with the neighibgdarmers may facilitate better

utilisation of the created potential (Dutta, 2011).

3.6 Summing Up:

It is clear from the above discussion that develepimof irrigation in the state has
resulted in a phenomenal growth of groundwater das@or irrigation schemes in the
late nineties of the previous century. Regardingeap of groundwater lift schemes,
initially Deep Tube Wells (DTWs) based minor irriig;m schemes were developed
mostly under government sector. The state goverhistanted development of minor
irrigation schemes in the private sector only iedgart of 1980’s with the setting up of
ASMIDC in 1980. But there was no significant prizgahvestment in minor irrigation

schemes until the later part of 1990’s. Howeven fwojects, viz. ARIASP funded by
the World Bank (started in 1995-96) and SKY undaraRInfrastructure Development
Fund (RIDF) of NABARD (started in 1999-2001), hawaé&en headway in the speedy
diffusion of shallow tubewells in the state. UndBe RIDF, minor irrigation was

developed through the distribution of shallow tubfsv under private/individual

ownership in the state whereas it was under statexship in other states (NABARD,

2007-08). As of March, 2010, a total of 2, 10,1&6nber of shallow tubewells and 1,
496 numbers of deep tubewells have been instaflethe state. The discussion on
various features of minor irrigation developmentlad state shows that majority of the
shallow tubewells (more than 98 percent) have bemtalled under private or

individual ownership.

A few studies on irrigation development of the staive pointed out that some of the
owners of shallow tubewells enjoying the advantafjeexcess capacity (of their
tubewells) engage in water transaction with thgmeaouring farmers who do not own
tubewells (Dutta 2011, 2012). Thus, the prolifematiof private tubewell irrigation
technology has resulted in ground water transagtiosome pockets of the state. The
emergence of water markets in the state is expegtétilitate the small and marginal
farmers an access to groundwater irrigation. Tloeeefit is imperative to know how
groundwater is exchanged between farmers of diiferategories, the market and non-
market factors that influence this exchange anckrotelated issues of the market

(discussed in chapter one and two in details). &Sthere is no secondary sources of
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data on the operation of groundwater or water ntarkethe state, carrying out a field
work has become important. Accordingly, a detafietd study with individual farm

households (participating in groundwater markessylamate units of observation, was
carried out in the year 2011-12. The details ofdtugly area, samples, broad profile of
the sample and a preliminary analysis of field ledata are presented in the next

chapter. The subsequent six chapters are baséx dimdings of the field study.
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CHAPTER FOUR
FIELD STUDY LOCATION, SAMPLE AND SAMPLE PROFILE

4.1 The Purpose of Field Study:

The discussions in chapter 3 on the state of gnatet based irrigation development
in Assam are based on aggregate data collected Vesraus government and semi-
government sources. The pattern of irrigation dgwalent in the state clearly shows an
increasing dominance of the minor irrigation schemeer the major and medium
irrigation schemes. The spurt in minor irrigatioevdlopment is mainly dominated by
the shallow tubewells, especially since the lateeties of the previous century. The
STW constitutes about 90 percent of the total gdewater structures in the state.
Discussion in chapter three, also has pointedraitrhore than 98 percent of the STWs
have been found to be under private/individual awini@. Previous studies on
irrigation development of the state have pointetitbat in some areas, the owners of
tubewells have been found to be engaged in grouedweansaction with the non-
owners (Dutta, 2011, 2012). Thus, groundwater maagen institution has emerged in
some pockets of the state, facilitating the usgrotindwater for irrigation to the small
and marginal farmers in the neighbourhood of theewells. But understanding how
groundwater is exchanged between farmers who peatec in the market under
different farm size categories and the market asndmarket factors that influence this
exchange is not possible without looking at theucttire and operation of the
groundwater market in details. Further whether afsgroundwater irrigation has been
beneficial to the farmers or not cannot be addresgéhout looking at efficiency of
groundwater use or technical efficiency of the farsnusing groundwater as the main
input at the farm levels. This institutional arrangent that erupted in agricultural
practices of many states in the south Asian Coemis quite informal and transaction
mostly takes place at the will of the sellers. Hf@re, in the process, the market
arrangement may be highly unreliable for the buyarsterms of availability of
adequate water for irrigation at the time of regoent of the buyers. These pertinent
issues, call for a detailed study on groundwater insagriculture in the state, where
market as an institution facilitates use and sprefadccess to groundwater among
resource poor farmers. To obtain specific answethd questions posed for this study,
data on the agricultural production using grounéwatrigation and functioning of
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groundwater markets were needed. Accordingly, ld Bervey was carried out in the
agricultural year 2011-12 at a few selected pockétthe state where groundwater

market has been found.

The aim of field study was to examine the natutejcture and functioning of the
groundwater market, to identify determinants ofetwbll ownership, water buying and
selling decisions of a farmer, to identify deteramits of reliability of the market in
supplying adequate water at the time of requiremamd to estimate technical
efficiency scores on farmer’s plots.

4.2 Selection of Area for Field Study:

The study is confined to summer rice only. The ca®gultivated in the dry season
from November to May in low lying areas of the steiince the cultivation of the crop
is mainly based on groundwater based-irrigatioa fanmers without own tubewell rely
on market for water (Dutta, 2011, 2012).

The field study locations were selected from thahBnaputra Valley which constitutes
about 72 percent of the total geographical areaawait 92 percent of population in
the state. The other two geographical divisionselgnihe Barak Valley and the Hills
were completely left out from the study as irrigatipotential developed in these areas
is still very limited and the area grown under suenmce where groundwater market
transaction is found to be prevalent, is also réataly low (Dutta, 2011; Govt. of
Assam, 2012b). The selection of the Brahmaputitey s also guided by the fact that
the valley constitutes more than 99 percent of 3A&Vs installed in the state since
1980 till 2010 (MoOWR, 2005; DoA, Govt. of Assam, 120. Among the four
Brahmaputra Valley Agricultural Zones, (viz., tidorth Bank Plain, the Upper
Brahmaputra Valley, the Central Brahmaputra Valéd the Lower Brahmaputra
Valley) the Central Brahmaputra Valley AgricultuZdne comprising of two districts,
viz. namely Nagaon and Morigaon districts, wasdebtkfor the study. The selection of
the districts is guided by the fact that theseridist have better concentration of
groundwater market activities in the cultivationsefmmer rice especially in the low
lying pockets of the districts. It has been fouhdttthe market practice exists in many
parts of the districts. However, the incidence wadability is relatively high in a few

locations. While almost all parts of Morigaon ddtris characterised by this
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groundwater market practice, in Nagaon districtrtterkets concentrate only in a few
places. Wherever the market operation takes ptheeactivities are found to be very
intensive. It is found that Nagaon and Morigaortrdits represent the area in which
cultivation of summer rice is growing faster thdme tother districts in the state
(Talukdar, 2005). Together, these two districtsoaot for about 37 percent of the total

area under summer rice cultivation in the statevGaf Assam, 2013a).

4.3 Sample

From the two districts, sample villages were ranjorselected from the areas
characterised by the presence of the market fannglwater. Due care was taken so
that sample villages are not close to one anofier.reason for doing this is to capture
differences in the operation of the market actgtby selecting villages from different
places. Moreover, while selecting the sample atientvas given to select as many
villages as possible as the repeated pilot surweythle researcher shows that the
functioning of market for groundwater among therfars in a village has been found to
be similar. Sample farmers are those who cultigtemer rice with an access to
groundwater irrigation. Since the primary objectofehe study is to examine the issues
of groundwater market, sample farmers are basicHilyjse who participate in
groundwater transaction either as buyers or sedfengter. Buyers are usually the non-
owners of tubewells though a few owners might digothe buyers of water on
fragmented plots. STW owners were those who hastlled at least one tubewell,
either diesel operated pumpset or electricity dpergpumpset or the both, for
irrigation. Since our primary focus is to captuine imarket activities and an owner of
tubewell may not be engaged in water selling, whilawing sample attention was
given to select owner-cum-sellers. However, a fewmers of tubewell though found to
be not engaged in water selling, have been seleatedontrol group to see the
difference in the attainment of technical efficignaf farmers with or without their
participation in water market. From each villageally about 10 to 15 percent of the
irrigated farm households were selected at randsntha ultimate sample units for
detailed investigation. Accordingly, 198 farm hduglels selected in this manner from

the selected villages, constituted the whole samplke field study.

Data were collected on various aspects which arbe-well-specific, production
specific, household specific and market-specificileDemphasis was given on the
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following aspects: (i) general information abdug farm family, including family size
, family type, education level of the householddhesaize of the land holdings, sources
of non-farm income, etc.; (ii) information regardisources of irrigation, details of
tubewell characteristics, investment on tubewelpgrational and maintenance costs of
running a pumpset, extent of mechanisation of Hren$§, costs and returns of crops
grown, total production, cropping pattern, etc. &nyginformation regarding existence
of water markets and their types, functioning arelailing pricing system, particulars
of water purchase and sale, reasons for buyingsafithg of water, exiting social

capital enjoyed by the farmers, property rightsegoing the water use, etc.

A standard and systematically designed semi-stredtunterview schedule was
administered in the field for the purpose of elngt detailed information from the
respondents. The interview schedule was preparednsultation with the supervisor
of the study and finalised after a number of psatveys. Focus Group Discussion
(FGD) with a few selected respondents was conduotedllect qualitative information
relating to various aspects of the groundwater etarkhe interview schedule used to
collect data is appended at the end of the digsmTtéAppendix - 4.1). Field work was
carried out during the crop year 2011-2012. Thhe, survey data elicited from the
respondents pertain to the year 2011-2012.

Presentation and analysis of the data collectetthenfield survey have been laid out
over the next four chapters including the preséapter.

4.4 Broad Profile of the Sample Districts:

As discussed above, two districts, viz. Nagaon &fwligaon from the Central
Brahmaputra Valley Zone (CBVZ) have been selectedtlie field study. In this
section a brief profile of the two districts focugibasically on the state of the economy

of the districts has been presented. The locatiap ai the districts is shown in Map-1.
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Map -1: Location Map of Nagaon and Morigaon Distrids
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4.4.1 Nagaon District:

Nagaon district is situated between 25° 45' to £8°North Latitudes. On the north,
Nagaon is bound by Sonitpur district and the rBeshmaputra, towards its south lies
Karbi Anglong and North Cachar Hills, towards itase lies the districts of Karbi
Anglong and Golaghat. The area of the district sp@n993 kri making it one of the
largest districts of Assam. As per Population Cen2011, there are 10 Revenue
Circles, 18 Community Development Blocks, 239 GRamchayats, 1, 412 Villages in
the district. The administrative headquarter ofdistrict is located at Nagaon town.

According to Population Census 2011, Nagaon distras 28, 26, 006 population.

During the period 2001-2011, the population of dirict recorded a growth rate of

22.09 percent, whereas the population for the spem®d in the state increased by
16.93 percent. Like other districts of the statagabn too has a higher proportion of
people residing in rural areas than those in udraas. According to Census 2011, the
population in the rural areas in Nagaon districalmut 24, 57, 906 accounting for
86.97 percent of the total population of the distrThe district with about 5.07 percent
area of the state accommodates about 9.07 pertém etate’s total population as per
Census 2011. The density of population per squdoen&ter in the district is 719

persons as against 397 persons for the state Asla.Whe sex ratio of Nagaon district
is 962 females per thousand males as against 954dstate as a whole. The literacy
rate of Nagaon is 73.78 percent against 73.28 pefoe Assam as a whole. The male
literacy rate in Nagaon district is 78.19 percemtl #or female 67.27 percent against
78.81 and 67.27 percent for male and female literate respectively for Assam as a

whole.

The total work force of the district consists of27, 641 persons in 2001, representing
about 25.75 percent of total population of therdisas per 2001 Census. The male and
the female work force participation rate in thetrits accounts for about 80.62 percent
and about 19.37 percent respectively. Cultivatard agricultural labourers together
account for 58.28 percent of the total work fort¢he district showing predominance

of agriculture as the main source of livelihood.
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Agriculture is considered to be the most importettor in the economy of the district
engaging about 58.28 percent of the total workiogytation. Of the total work force
of the district, about 31 percent are cultivatonsl @about 12 percent are agricultural
labourers (Census 2001). The total number of fammilfes in the district is 2, 11,346
(7.68 percent of the total farm families of thetstaas per Agriculture Census 2005-
2006. Out of the total reporting area, the Net Sdwea (NSA) covers about 57.32
percent of the total geographical area of the idistThe production of food grains
occupies the foremost place in the district. Rigkeat and maize are the main staple
food grains, which are produced in the districceRithe main staple food crop of the
district occupies about 56 percent of the net saweas in 2010-11, while the rest of the
areas is mainly devoted to produce wheat, maize, gugarcane , potato, blackgram,
pea, lentil, rape and mustard, etc. The croppmensity of the district is 124 percent
while the same for the state is 146 percent (GolvtAssam, 2012a). The total area
under summer rice in the district was 63.73 hestargich is 26.51 percent of the total
area under three different varieties of rice in thgrict in 2010-11. The area under
High Yield Variety (HYV) summer paddy in the distriwas 41.43 percent of the total
area under three categories of paddy grown in isteia in 2006-07 (Govt. of Assam,
2007a). The contribution of agricultural sectorGooss District Domestic Product at

current price in 2009-10 is estimated to be abOut @ percent.

Regarding the status of irrigation developmenthaf district as of 2010-2011, a total
area of 10, 3, 930 hectares of irrigation potentias created which was 16.04 percent
of the total irrigation potential created in thatst Out of the total irrigation potential
created 18, 088 hectares (17.40 percent) was dreger different minor irrigation
schemes (Govt. of Assam, 2012a). However, durinj02l, 1, 325 hectares of
additional irrigation potential was created in tthistrict under the minor irrigation
schemes. Data for the year 2010-11 on crop-seagmasea irrigated revealed that a
total of 29, 962 hectares were irrigated, in whiRabi and Pre-kharif crop season
constituted about 17.18 percent. The Net Areadted (NIA) of the district was 24,
812 hectares in 2010-2011 (Govt. of Assam, 201B#d)June 2010. 23, 482 numbers
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of STWs and 602 numbers of LLPs have been instafléde district. Out of the total

numbers of STWSs, about 98 percent are under proxatesrship.

The district is enriched with vastness of surfaceg ground water. The major rivers that
flow in the district are the Brahamaputra, KaloBgnai, Nanoi, Jamuna, Kopili and the
Barpan. Regarding groundwater availability, acaogdio the estimate of CGWB, the
district has 14.79 bcm of groundwater reserves lwti@about 5.43 percent of the total
available groundwater reserves of the state. Ouheftotal available groundwater,
about 90 percent are available annually for drgftiAbout 44.89 percent has been
annually drafted for irrigation purpose. The distis still left with ample groundwater

reserves for development of irrigation.

4.4.2 Morigaon District:

Morigaon district is situated between 26.15° to52@North latitude and between 92°
East longitudes. It is situated on the south bahkhe river Brahmaputra. Nagaon
district is situated on its East, Darrang on thethNoKamrup Metro on the West and
South West Karbi Anglong on its south. The totalaaof Morigaon district is 1551Km
which is the second smallest district of Assamhds three urban areas: Morigaon,
Jagiroad and Jagiroad paper mill covering an ared7092 knf. The mighty
Brahmaputra flows along with the northern boundafryhe district. Killing, Kollong
and Kapili rivers flow through the southern part thie district. Administratively,
Morigaon has one sub-division namely Morigaon. &mdyg, the district has five
revenue circles namely Morigaon Sadar, Mikirbhdtaharighat, Bhuragaon and
Mayong and five Community Development Blocks (CDB)z. Mayaong, Kapili,
Bhurbandha Laharighat and Moirabari. The total nemtf revenue villages in the
district is 636 and there are 85 Gaon Panchayatsruive CDBs. The administrative
headquarter of the district is located at Morig&man.

According to the Population Census 2011, Morigaistridt has 95, 7, 853 population.
During the period 2001-2011, the population of dngrict recorded a growth rate of
23.39 percent whereas the population growth ratéhie state was 16.93 percent. Like
other districts of the state, Morigaon too hasghér proportion of people residing in

rural areas than those in urban areas. Accordi®p1d Census, the population in the
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rural areas in Morigaon district is about 8, 84,8&¢ounting for 92.35 percent of the
total population of the district. This shows thag rate of urbanisation of the district is
very low. The district with 1.97 percent area oé tstate accommodates about 3.07
percent of the State’s total population as per 20&hsus. The density of population
per square kilometer in the district is 618 persamagainst 397 persons for the state as
a whole. The sex ratio of Morigaon district is 9f&fnales per thousand males as
against 954 for the state as a whole. The literaty of the district is 69.37 percent
against 73.28 percent for Assam as a whole. The afacy rate in Morigaon district
is about 73.66 percent and the female literacy mité4.99 percent against 78.81
percent and 67.27 percent for male and femaletierates respectively for Assam as
a whole. In respect of human development, as lperAssam Human Development
Report (AHDR), 2003, Morigaon ranks fourth in tharflan Development Index (HDI)
with HDI value of 0.494 against the HDI value of@7 for the state as a whole.

The total workforce of Morigaon district consisté @2, 7, 641 persons in 2001,
representing about 33.93 percent of the total @djmr of the district as per 2001
Census. The urban work participation rate is al3du@l percent while the same for
rural areas is about 32.37 percent. The male aamdetmale work force participation
rate in the district accounts for about 80.62 parcand about 19.37 percent
respectively. Cultivators and agricultural labosréogether account for about 58.28
percent of the total work force of the district slog predominance of agriculture as

the main source of livelihood.

The economy of Morigaon is primarily agrarian aocdat with low rate of urbanisation.
The industrial scenario of the district is also pwaath the total number of registered
Small Scale Industrial (SSI) units of 398 which Eneest among all the districts of the
state. Of the total work force of the district, ab@?2.09 percent are cultivators and
about 11 percent are agricultural labourers (Cend@l). The contribution of
agriculture to the Gross District Domestic Prod(8DDP) is estimated to be about
26.26 percent in 2009-10 (at the current price, tGolvAssam, 2013a). The Net Area
Sown is 81, 092 hectares which is about 52.28 pefethe total geographical area of
the district. The cropping intensity of the distris 207.52 percent. The average land
holding is 0.63 hectare only against 1.10 hectar¢he state (Govt. of Assam, 2013a).
Total number of farms households of the district,i97,296 as per Agriculture Census
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2005-2006. Paddy, Wheat, Jute, Mustard and Veg=abk the major crops grown in
the district. Banana, Assam Lemon, Arecanut ando@atcare the other horticultural
corps grown in the district. Total area under paddy7,869 hectares out of which area
under summer rice constituted 54.14 percent in ZN6AmMong the three different
types of paddy grown in the district, the area und¥V summer paddy/rice is the
highest which is 64.03 percent of the total aredeurpaddy in 2006-07 (Govt. of
Assam, 2008a). The cropping intensity of the disis 132 percent against 146 percent
of the state.

Although the annual average rainfall is around35.80 mm, most of the precipitation
is concentrated between June and September wehmiritent dry spell. As a result
irrigation becomes a vital need for raising bé&trarif and abi cops. The District of
Morigaon has good potential for exploration of agd source as well as ground water
resource. The district is drained by a number akmeial rivers and streams. The
surface sources which can be utilised are Kapiillatg, Kiling, Sonai and Pakaria
river and Sonduba, Kachadhara, Lali, Charan BetHeflistrict. Regarding availability
of groundwater reserves, the estimate of CGWB slibaisthe district has 5.43 bcm of
annual replenishable groundwater reserves out athwhbout 89.99 percent are
available to be drafted annually. The state of gdwater development in the district
has been 49 percent. Out of the total annual dfdtt5 bcm, about 93.29 percent have
been used for irrigation. The district is also lefith ample potential for using

groundwater for future use in irrigation.

Morigaon Division (Irrigation) Morigaon has takem several irrigation schemes in
addition to some completed schemes received orsfaarfrom Nagaon Division

(Irrigation) Nagaon and Guwabhati Division (Irrigat) Guwahati. At present Morigaon
Division (Irrigation) has 36 numbers of completedgation schemes and 27 number
of on-going schemes (i.e. out 27 numbers ongoirigaition scheme 17 number of
schemes are taken up for improvement of existihgmes). The total potential created
in Morigaon district by this Morigaon Division (lgation) as on 31-3-2001 is 10,061
hectare in terms of Net Irrigated Area. As on 312084, the total irrigation potential

created under minor irrigation schemes in the idisis 17044 hectares (Govt. of
Assam, 2009a). Owing to the failure on the parga¥ernment’s irrigation schemes,
recently farmers have resorted to shallow tubewatler private ownership. As of
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2010, there are 11, 103 number of Shallow Tubewaild 334 numbers of Low lift
Pumpsets in the district (DoA, Govt. of Assam). per the State Report on
Agricultural Census, 2005-06, the NIA of the distris 1128.70 hectares of which
about 34.29 percent is served by tubewells.

4.5 Composition of the Sample:

In the field survey conducted in different pocketghe two districts of Morigaon and
Nagaon, a total of 198 farmers selected were irgerd. The sample includes 125
farm households from Morigaon district and 73 fdrauseholds from Nagaon district.
The samples from Morigaon district have been rargmselected from 21 villages

from three Community Development Blocks (CDBSs), .vidlayang, Kapili and

Laharighat. While Mayang comprises about 48.80 grerof the total sample farms,
Kapili and Laharighat account for the rest 51.2fceet. The details of sample farms of

the district are presented in Table 4.1.
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Table 4.1

Survey Locations with Number of Sample Farms in
Morigaon District

Name of the Village Total
A. Kapili CDB
Barbhagia 5 (4.00)
Na-Khandia (Satgaon) 3 (2.40)
Na-khandia(Bechaparti) 2(1.60)
Pub-Barbhagia 12(9.60)
Satgaon 6(4.80)
Satgaon (Bengali Chuk) 4 (3.20)
Total 32 (25.60)
B. Laharighat CDB
Boribandha 5 (4.00)
Garukhuti 6 (4.80)
Jalakiabori 13 (10.40)
Lalaibori 3 (2.40)
Palahajuri 5(400)
Total 32 (25.60)
C. Mayang CDB
Burha buri 2 (1.60)
Burha buri (kusumpur) 3 (2.40)
Gagalmari 5 (4.00)
Garjan 6 (4.80)
Garmari 6 (4.80)
Kacharijan 9 (7.20)
Khalabayan Gaon 5(4.00)
Kuranibori 5 (4.00)
Morisutipam 2(1.60)
Nekerahabi 3 (2.40)
Raja Mayong 15(12.00)
Total 61 (48.80)
Total (A+B+C) 125 (100)

Note: Figures in parentheses represent percenfabe total sample.

The 73 farm households of Nagaon district have beewlomly selected from 11
villages from two CDBs, viz. Kapili Pt. and RahahWl¢ about 71.23 percent of the

total sample farms in Nagaon district are from Kdpi. CDB, about 28.77 percent are
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from Raha CDB. The details of villages and the nemdf sample farms of the district

are presented in Table 4.2.

Table 4.2
Survey Locations with Number of Sample Farms in Ngaon
District
Name of the Village Total
A. Kapili Pt. CDB
Bechapati 2 (2.74)
Bhakatgaon 10 (13.70)
Bhakatgaon (singimari) 5 (6.85)
Borghat 7(9.59)
Chatarbori 5 (6.85)
Manipurtup 7(9.59)
Nabhanga gaon (Chulapara) 14 (19.18)
Tarabori gaon 2(2.74)
Total 52 (71.23)
B. Raha CDB
Nambasti 3(4.11)
Gaspara 3(4.11)
Sewagquri 15 (20.55)
Total 21 (28.76)
Total (A + B) 73 (100)

Note: Figures in parentheses represent percenfabe twtal sample.
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Map-2: Study Area and Sample Village

A Study Area and Sample Villages
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4.6 Sample Profile and their Socio-economic Charagtistics:

In this section an attempt has been made to antigssocio-economic composition of

the samples.

4.6.1 Caste and Religious Profile of the Sample Faers:

Table 4.3 shows that about 39.9 percent of the desnbbelong to general category.
While about 36.30 percent belong to Other Backw@abkte (OBC), about 12.60
percent belong to Scheduled Tribes (Plain) and taddulO percent belong to
Scheduled Caste (SC). In the Scheduled Tribesn)Ptategory about 50 percent are
from Bodo community, about 36.36 percent are froarblKk Community and the rest

about 13.64 percent are from Tiwa community.

Table 4.3
Distribution of Sample Farmers According to Caste

Caste No of sample farms
General 79 (39.9)
Other Backward Caste (OBC_CL) 25 (126)
Other Backward Class(OBC_NCL) 47(23(7)
Scheduled Caste (SC) 22 (11(1)
Scheduled Tribes (P) 25 (12.6)
Total 198 (100)

Note: Figures in parentheses indicate percentdgbe @olumn total.

Regarding religious composition of the sample farihdas been found that about
65.70 percent are Hindus whereas the rest 34.36emerelong to Islam. The
distribution of sample farm households accordingher religion is shown in Figure
4.1.
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Figure 4.1
Distribution of the Sample Farmers According to thér Religion

Islam
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4.6.2 Family Size:

Analysis of inputs recorded in the field study tielg to family size of the sample farm
households shows that the average size of a fasn@y49 with a minimum family size
of 2 numbers and a maximum of 17 numbers. Almadstaahilies are found to be

nuclear. Only about 1.51 percent of the total senfasim households have joint family.

4.6.3 Educational Profile of the Sample Farmers:

Details of educational profile of the sample farsmare shown in Table 4.4. It is
evident from Table 4.4 that about 37.90 percenthef sample farmers are illiterate.
More than three fourth of the total literate farmeonstituting about 77.23 percent
have received education between primary and Hidlo&d_eaving Certificate (HSLC)

levels. About 12.6 percent of the farmers have gzhdbe HSLC examination but
remained below Higher Secondary (HS) level. Farmeasing higher education

(graduation and above) constitute only about 315 of the total samples. Thus,
majority of the sample farmers have attained lol@eel of education in terms of last
class attended by them. On an average, the sdarpiers have been found to have

completed fifth standard only which is considereté¢ lower.
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Table 4.4

Distribution of the Sample Farmers According to
their Level of Education

Educational background No. of sample farms
llliterate 75 (37.9)
Primary (up to class five) 20 (10.1)
Primary passed but below HSLC 70 (35.4)
HSLC passed but below HS 25 (12,6)
HS passed but under graduate 1(0.5)
Graduation 7 (3.5)
Total 198 (100)

Note: Figures in parentheses indicate percentagelomn total.
4.6.4 Age Profile of the Sample Farmers:

The age profile of farmers has been presented IleT4&5. The minimum age of the

sample farmer has been found to be 22 years wiglenaximum is 77 years. Figures
presented in Table 4.5 indicate that out of 198 &as, about 7.10 percent belong to the
age group below 30 years, about 25.80 percentetagle group 30-40 years and about
26.30 percent to the age group 40-50 years. Whiteita27.80 percent are in the age
group of 50 to 60 years and the rest 13.10 peifeenters belong to the age group 60
years and above. Thus, the highest concentratidarofers is found to be in the age
group of 30 to 60 years (93.00 percent) and thesbwoncentration is in the age group
of below 30 years and above 60 years. It indicttas most of the farmers are in the

working age group.
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Table 4.5
Distribution of the Sample Farmers According to thér Age

Age group of farmers Nos. of sample farms
Below 30 years 14 (7.10)
30 to 40 years 51 (25.80)
40 - 50 years 52 (26.30)
50 - 60 55 (27.80)
Above 60 years 26 (13.10)
Total 198 (100)

Notes: Figures in parentheses represent percertfgekimn total.

4.6.5 Occupational Profile of the Sample Farmers:

The distribution of sample farmers according tdrtbecupation has been presented in
Table 4.6. It has been found from the field stukdgt about 94.90 percent of the
farmers have taken up cultivation as the main oatiap of the family. Only 6 farmers
out of 198 sample farmers (about 3.03 percent) merefarm activities as the main
source of income, cultivation being the subsidisoyrce of income. Four out of the
total sample farmers have taken up other activitiesduckery, fishing and grocery as
subsidiary occupation to compensate for the riskslved in cultivation and to

enhance their income.

Table 4.6

Distribution of Sample Farmers According to their Main
Occupation

Types of occupation Nos. of sample farmers

Cultivation 188 (94.9)
Cultivation & Duckery 1(0.5
Cultivation and fishing 2(1.0

Cultivation and Grocery 1(0.5
Service 2(1.0)
Teaching 4 (2.0)
Total 198 (100)

Note: Figures in parentheses indicate percentagasomn total.
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However, it has also been found in the field tima& ifew farm households one or two
members of the family are engaged in off-farm aistigenerating subsidiary income
to the family. It has been found that about 46.66cent of the family has subsidiary
income generated by at least one member of theyfasther than the main farmer.
The sources of off-farm income include serviceg Aigwanwadiworkers, carpentry
within the locality and security guard servicessiig the state. It has been reported by
majority of the respondents that the availabilityotf-farm income in the family has
helped them to meet operational expenses of farming

4.6.6 Housing Condition and Availability of Electricity Connection:

Inputs collected from the field study reveal thajonity of the farm households have
kutchahouses (64.10 percent) while about 23.10 percawne $emi-puccahouses and
the rest 12.60 percent hapeccahouses. Farmers who residekiatcha houses are
mostly the small and marginal farmers. Generaligpdields are attached to the houses
of the farmers. However, some crop fields are kddt to 5 km away from the house.
As many as 147 (74.20 percent) farm households k&aatricity connections out of
which 141 (95.9 percent) farms have domestic cdiorec and only 6 (4.1 percent)
have commercial connections. The farm household® wommercial electricity
connections have been found to own rice mills. fBoe that a few farm households do
not have electricity connections of either type andjority of them have domestic
connections have serious implications for the dpmraf the water market, which will

be taken up for detailed analysis in the next adrapt

4.6.7 Availability of Other Infrastructure:

There is no any cold storage facility (either ptevar co-operative) in any of the
sample villages. The minimum distance from the Imgapold storage facility located in
Nagaon district, is found to be about a 120 km afwam the sample villages of both
the districts. The minimum distance from nearbmowercial bank branch is 100 meter
the maximum being 10 km implying farmers havingyeascess to the banks. The retail
outlets for agricultural inputs like fertiliser anltesel are available in the villahaatin
about 90 percent of the villages surveyed. It heenkreported by the farmers that the
availability of retail outlet for diesel in the sata villages has been more advantageous

to them. It helps them to meet their higher requeet of diesel during peak demand
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periods. None of the village is endowed with orgadi marketing facility for
procurement of the agricultural produce. As repbtig the sample farmers, the lack of
organised marketing facility is one of the majonstaints on commercialisation of

agriculture.

4.6.8 Access to Information:

Regarding access to information and communicatamilifies almost all the sample
farmers have at least one mobile phone connectiongh many of them have radio
(24.70 percent), television (33.3 percent) and agepwithout internet facility (8.6

percent) as well.

4.7 Sample Profile and their Agrarian Structure:

In the following sections an attempt has been ntadenalyse the composition of the
samples and their agrarian structure like size mdrational holding, incidence of
tenancy among the sample farmers, participatiah@fample farmers in groundwater

transaction, etc.

4.7.1 Farm Size: Total Agricultural Land Holding:

The distribution of the sample farms according® size of their own agricultural land

holding and operational holding are shown in Tadl&sand 4.8 respectively.

Table 4.7

Distribution of Sample Farms According to the Sizeof their Own
Agricultural Holding

Size classes of own agricultural holding (in heate) | Nos. of sample farms
Marginal (below 1.00 hectare) 111 (56.10)
Small (1.00 — 2.00 hectares) 44 (22.20)
Semi-medium (2.00 — 4.00 hectares) 30 (15}20)
Medium (4.00 — 10.00 hectares) 12 (6.10)
Large (more than 10.00 hectare) 1 (0.50)
Total 198 (100)

Note: Figures in parentheses represent percenthgesumn total.

Table 4.7 shows that in terms of their own agrioalk land holding, the maximum

concentration of sample farms is in the size categb below one hectare (marginal

TH-1274186614104



farmers) which accounts for about 56.10 percenhefsample farms. This is followed
by the size category of 1.00 to 2.00 hectares iiing about 22.20 percent of the
total sample farms. These two categories of fartogether account for about 78.28
percent of the sample farms. This signifies thealdsthed proposition about the
operation of water market that the participantshef market belongs mainly to the
small and marginal farmers. However, whether theseginal and small farmers
appear as buyers or sellers in the market is examin the next chapter. Farmers
under semi-medium category are 30 which are absw@0lpercent of the total sample
farms. About 6.10 percent of the total sample famms under medium farm size
category. Only one farmer has own agricultural laontting more than 10.0 hectares

(which is about 0.50 percent of the total sampien§.

Though the discussions on the size of own agricalliand holding are important to
look at the incidence of market practices amongahmers, their operational holdings
seem to be different as most of them have landease. Therefore, it is pertinent to
look at their size of operational holdings. Thetrlsition of the sample farms

according to the size of their operational holdirgggresented in Table 4.8.

Table 4.8
Distribution of Sample Farms According to the Sizeof their Operational
Holdings

Size classes of operational holdings (in hectare) | No. of sample farms
Marginal (below 1.00 hectare) 88 (44.40)
Small (1.00 — 2.00 hectares) 65 (32.80)
Semi-medium (2.00 — 4.00 hectares) 39 (19{70)
Medium (4.00 — 10.00 hectares) 6 (3.00)
Total 198 (100)

Note: Figures in parentheses indicate percentdgasomn total.

It is clear from Table 4.8 that the maximum concaidn of sample farms is in the size
category of below one hectare which accounts fautld4.40 percent of the total
farms. This is followed by the size category of0Lt6 2.00 hectares which constitutes
about 32.80 percent the total sample farms. Altugrethese size groups account for
about 77.27 percent of the total operational hgsliander the samples. Farmers under

semi-medium category are 19.70 percent of the wdabple farms. Only 6 farmers
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have agricultural holdings between 4.0 to 10.0 drest which is about 3.00 percent of
the total agricultural land holdings. Thus, the gmdion of marginal farms in the

sample is fairly large.

4.7.2 Total Cultivated Area under Summer Rice:

As clearly indicated above, the study considery sammer rice cultivation which is
mainly based on groundwater irrigation and somethaf farmers have access to
irrigation through groundwater market. With the ghased water a farmer may not be
able to bring all of his operational holding undaeitivation of summer rice. Under
such a situation, it is important to look at theéeex of discrepancy between operational
holding and area under summer rice. The extertisfdifference is presented in Table
4.9.

Table 4.9

Distribution of Sample Farms According to the Exteat of
Difference between Size of Operational Holdings anthe Area
under Summer Rice

Extent of difference (in hectares) Nos. of samplafmers
No difference 83 (43.46)
Difference up to 1 hectare 82 (41.40)
Difference between 1 and 2 hectares 18 (9/42)
Difference of more than 2 hectares 8 (4.19)
Total 191 (100)

Note: Figures in parentheses indicate percentaigaswmnn total.

Here the total sample farm is 191 as seven nuniformers considered in the study,
have not undertaken the cultivation of summer rideese farmers are the owners of
tubewells and engage themselves in water sellihg tins evident from Table 4.9 that
there are differences between the operational hgédand the area under cultivation of
summer in 56.54 percent of the total sample faffhe maximum difference between
the two is estimated as 3.75 hectare. It is showthe table that maximum difference
lies in the category up to 1 hectare which is aBtu#i0 percent of the total sample
farm units. This is followed by sample farms of Bgercent in the category between 1
to 2 hectares. There are only 8 farmers (4.19 péraehich account the difference

more than 2 hectares between the two.
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4.7.3 Incidence of Tenancy among Sample Farmers:

The details of distribution of tenant farmers anewn in Table 4.10. Tenancy, in the

study, is defined as the practice of leasing il lram other farmers.

Table 4.10

Distribution of Tenant Farmers in the Sample Accordng to the
Percentage of Leased Area in their Operational Holdhgs

Percentage.of Ieasediin area to Total number of tenant farmers
operational holding
Below 25 9 (9.38)
25- 50 38 (39.58)
50-75 28 (29.17)
75 and above 21 (21.88)
Total 96 (100)

Note: Figures in parentheses represent percentdgetumn total.

It is clear from Table 4.10 that 96 out of 198 sknfprms, that is, about 48.48 percent
of sample farmers, have leased-in land as parhef bperational holdings. But in
about 51.05 percent of 96 tenant farmers, lancetéas constitutes more than half of
the farmer’s operational holdings. In case of at’iu88 percent of tenant farmers even
75 percent or more of operational holdings werentbto be leased in land. In case of
8 tenant farmers (4.04 percent of total sample)Jeéhsed- in land constitutes the whole
of the operational holdings. This indicates thatlaenancy among the sample farmers
is very prominent. It has an important implicatiarthe water market practices as most
of the literature on water market point out thatriany cases, buyers are the tenants of
water sellers. However, this interlinkage betwesamdl tenancy and water transaction
has been taken up for detailed discussion in th cleapter. There are mainly two
forms of tenancy observed in the field, viz. fixesht and output sharing. Under the
fixed rent basis, the payment is made on both naopeéérms as well as fixed produce
basis (usually 8.98 quintals per hectare) thoughetis no hard and fast rule governing
this. The rate has been fixed based on traditipredtices and the form of contract is
found to be informal. Output sharing as a formesfancy generally takes two forms:
output sharing without cost sharing and output islgawith cost sharing. Output
sharing without cost sharing is the dominant inongj of the cases of land tenancy.

The mode of payment in output sharing without @bsiring is to share output between
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the tenant and the landlord, usually at 50:50 satio a few cases where output sharing
takes place with cost sharing with the landlordp tird of the total produce goes to
the landlord. In cases where landlord happens tahbewater seller, the rates are
different and the farmers prefer the tenancy in fren of output sharing with cost

sharing. This interlinkage between land tenancytrash and the water contract is

examined in the next chapter.

4.7.4 Participation of Sample Farmers in Groundwate Transaction:

Participation of the sample farmers in groundwatansaction is presented in Table
4.11.

Table 4.11

Distribution of Sample Farmers According to Their
Participation in Groundwater Transaction

Participation of farmers | Total number of sample famers
Yes 180 (90.90)
No 18 (9.09)
Total 198 (100)

Note: Figures in the parentheses represent pegeetdacolumn total.

It is evident from Table 4.11 that as high as 9(g8fcent of the total sample farmers
have participated in groundwater transaction fdtivation of summer rice which is
primarily based on groundwater irrigation. The matof participation of farmers in the
groundwater market and the nature of groundwaggrstiction between them has been
taken up for detailed discussion in the next clrapte

4.8 Summing Up:

The broad profile of the sample farmers presentedhis chapter, is meant for
providing the background for more intensive analysf the nature, structure and

functioning of the groundwater market in the nebajter.
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CHAPTER FIVE

STRUCTURE OF THE GROUNDWATER MARKET AND THE
UNDERLYING PRODUCTION SYSTEM

In the previous chapter, a broad profile of the gl@anfarmers has been presented. It has
been found that about 90 percent of the samplediarare engaged in groundwater
transaction in the cultivation of summer rice. Tneundwater transaction is influenced
by a number of factors. These include socio-econoponditions of the farm
households, presence of rural credit market, |l@mdire system and characteristics of
tubewells, etc. Therefore, it is important to knomder what conditions the market for
groundwater in the study area has taken place mwehat way the market is linked
with the existing land tenure system and rural itn@@rket. In this chapter, an attempt
is made to obtain a greater understanding of th@@astructure and functioning of the
prevailing groundwater market. The available engplristudies on groundwater
markets also show that the operation of groundwaiaket is largely affected by the
characteristics of tubewells around which the miahles evolved. Since, the market has
taken place in the cultivation of summer rice whigh primarily based upon
groundwater irrigation, it is also important to kndhe characteristics of underlying
production system. Therefore, after looking at ilagure, structure and functioning of
the market, the characteristics of tubewells ared ghevailing system of production

under the market, are discussed.

The rest of this chapter is organised under fiveti@es. Section 5.1 deals with the
characteristics of groundwater markets with refeeerto water rights, market
arrangement, water contract, water charges, vansitin water charges, flexibility in
water transaction, dynamics of groundwater markets, Section 5.2 discusses
characteristics of the tubewells and their inhenemplication for water transaction
among the farmers participating in the market. i8ac6.3 examines the general
characteristics of the production system of thearfarms under different structures
of the market. Section 5.4 discusses some otheecespf production and their
relevance in groundwater markets. Section 5.5[firalms up the whole discussion of

the chapter.
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5.1The Nature, Structure and Functioning of the Groundvater Market:

The structure and mode of operation of the groumnefvenarket is influenced by a
plethora of factorsKhanna (2006) notes that while market structurecl{sas the
different categories of participants in the marketater contracts, water charges,
tubewell characteristics, density of market playensmber of transactions, etc. are
expected to influence exchange between sellersrenbuyers; the non-market factors
such as land fragmentation, forms of land tenarsngial norms and customs,
electricity supply, availability of water conveyandacilities, etc. are expected to
influence mode of operation of the market. In thens context, Saleth (1998) also
notes that the functioning of water markets is @éd not only by their economic
linkages with other rural markets but also by noar@mic linkages such as local
customs, kinship and social relationship. Thuskilg at the nature, structure and the
functioning of groundwater market is important tmolw how groundwater is
exchanged between farmers of different categohes; the market and non-market
factors influence this exchange and how the maskéhked with other rural markets
like financial market, land tenure system, etcji(g@and Hossain, 1995).

5.1.1 Water Rights and Nature of the Groundwater Market:

Ownership rights over the natural resources plasigaificant role in the use and
management of the resource. There are three lavgtvern both ownership and use
of groundwater in IndiaFirstly, The Easement Act, 1882 which allows usufructary
rights in groundwater by viewing it as an easenwamnected to the lan@econdly,
The Transfer of Property Act, 1882 (specially ckus (c)), which provides that an
easement (groundwater in this case) can be givemeoonly if the dominant heritage
(in this case land) is also transferrétijrdly, Land Acquisition Act, 1889 which asserts
that if someone is interested in getting rightsray@undwater, he would have to be
interested in the land (Narain, 1997). Thus, | given circumstances defined by the
three different laws, in India the owners of larahsider water beneath their land as

private resource.

In the present study, it has been found that tmepka farmers, owning a tubewell,
extract water considering groundwater their privateperty and engage in water

selling if the four conditions, mentioned in thestichapter, as laid out by Pant (1992)
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are satisfied. There is no such institutional atist over the use of groundwater. No
tubewell owner has been observed to be constrdigedny government regulation.
There are no such rules set by the governmentltgeenrce water selling and buying in
the study area. There is also no such social caéstrj at the village or community
levels, against enterinthe market. The owners of tubewell sell water withany
written contract or agreement with the buyers. A&l5(1993) concludes, “a water
market is informal when transaction between watdirgy and water-buying
households is done without legal sanction”. Thhe,droundwater market in the study
area is informal like in Pakistan (Meinzen-Dick,969 Hussain et al., 2005; Khair et
al.,, 2012), in China (Zhang, 2006), in Nepal (Bhamndand Pandey, 2006), in
Bangladesh (Fujita and Hossain, 1995) and in diffestates in India (Saleth, 1991,
Shankar, 1992; Pant, 1992; Shah, 1992, 1993; DulZg$0; Singh, 2003; Khanna,
2006; Singh and Singh, 2006; Sharma and Sharm#, Biherji et al., 2006 & 2012;
Manjunatha et al., 2010, 2011a; Dutta, 2012, etc.).

It has also been found that water transactionenstbdy area is limited to water selling
and water buying among the farm households thatifithe same village and work in
the same crop field or that live in different vgkes but work in the same crop field. It
is due to the fact that access to groundwater isstcained by the absence of
conveyance facilities or inadequate conveyancditiasi where they are present. As a
result, water transaction between willing buyersl aellers is highly confined to a
village and a group of farmers having agricultyklts attached to each other or at a
distance which is technically feasible to be come@dy any conveyance facility. In
this context, the groundwater market, found inghely area, is a localised institution.
This observation supports findings of Shah (1998)1 dacoby et al. (2004) that

“localized nature of water market is almost uniedts

5.1.2 Market Arrangement:

There are six alternative market arrangements fannhe field which facilitate the
farmers an access to groundwater. These are labslésklf-users+sellers”, “buyers”,
“self-users+sellers+buyers”, “self-users+buyersbwhers+sellers” and “self-users”.

These categories are defined in the following manne
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In the first of such arrangement, farmers with peledent or joint ownership (or both
individual and joint ownership) of tubewell or twbells use water for cultivating own
plots as well as sell water to needy farmers invibmity of the tubewell, usually after
meeting their own requirements. This, in the litera of water market, is often termed
as the “self-users+sellers” of water. The seconsirdele arrangement refers to the
category of farmers who do not own tubewell onrtlesvn, but undertake cultivation
by purchasing water from the owners of tubewellshim neighbourhood of their crop
fields. This in the literature of water market eyrhed as “buyers” of water. This
category of participants in groundwater markets; Wwater from the nearest single or
multiple tubewells usually adjacent to their agttictal plots. However, the possibility
of water purchase from any distant source cannauleel out when there is suitable
arrangement for water conveyance. The third passiblangement is the independent
or joint ownership of tubewells, where the ownetufewells cultivate their plots with
water from own tubewells, sell water to willing karg after meeting their own
requirement and buy water from other tubewellsnotler location, especially when
their cultivable land is fragmented in two or mdhan two plots. This category of
participants, in the groundwater market, is termgdself-users+sellers+buyers”. In the
fourth possible arrangement, the farmers with iedelent ownership or joint
ownership of a tubewell or tubewells use water ftbeir own tubewells for own use in
one plot and buy water from other tubewells in beotplots. This category of
participants in the market is termed as “self-useuyers”. The fifth form of
arrangement, found in the study area, refers tituat®n in which some farmers have
invested on tubewells not to meet their own irigatrequirements but for using it
primarily for selling water to other farmers. Tluategory of participants in the market
is termed as “owner+sellers”. Shah (1993) has notésl as specialised additional
occupation for some farmers in Kheda district ofa®at. When we look at the users of
groundwater, besides these five different categodt groundwater users, there is
another group termed as “self-users”. These farmsuslly with individual or group
ownership, use water from the tubewells for owntication and do not engage
themselves in either selling or buying of watereTdistribution of the sample farmers
under these six different structures of groundwaterkets according to their size of
operational holding is presented in Table 5.1.
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It is clear from Table 5.1 that a large majority tbk sample farmers, about 90.90
percent) are engaged in water transaction. Theé€i®lyalone constitute the largest
segment (39.90 percent) followed by “self-userdessl (38.38 percent), “self-users”
(9.09 percent), “self-userst+sellers+buyers” (7.0&rcpnt), “owner+sellers” (3.54
percent) and “self-users + buyers” (2.02 percélttg majority of the buyers are found
to be marginal (56.82 percent) and small farmefs5@} percent). This implies that
about 98.36 percent of the buyers are in the cayegbsmall and marginal farmers.
Buyers in the semi-medium category are only 5.18qye. The size-wise analysis of
buyers explicitly shows that when the farm sizeréases, the number of buyers has
decreased correspondingly. With relatively largant size, the number of buyers is
very less which in the sample is about 5.13 peroéfite total sample farms. It can be
concluded that buyers in the groundwater markegs umually small and marginal
farmers. This finding is similar to the results Blijita and Hossain (1995) in
Bangladesh; Meinzen-Dick (1997) in Punjab provioE@akistan; Zhang et al. (2007)
in China; Bhandari and Pandey (2006) in Nepal; andouple of studies such as
Deepak et al. (2005 ), Sharma and Sharma (200&nid (2006), Singh and Singh
(2006), Manjunatha et al. (2011a), Dutta (2012&nkhmani and Malathi (2012), etc.

in India.
Table 5.1
The Distribution of Sample Farmers According to theStructure of the Groundwater
Market
Size class of Category of participants in the water market
operational
land Self- Self- | Self-users+| Self- owner Total
holding (in & e users sellers + | users + | Buyers +sellers
hectare) +sellers buyers buyers
Marainal 5 25 2 ) 50 6 88
9 (5.68) | (28.41) (2.27) (56.82) | (6.82) (100)
Small 5 25 5 2 27 1 65
(7.69) | (38.46) (7.69) (3.08) | (41.54) | (1.54) (100)
Semi- 8 22 6 1 2 0 39
medium (2(;.51 (56.41) (15.38) (2.56) (5.13) (100)
. 4 1 1 6
Medium O | 6667 | (667) | 1667y ° 0 (100)
Total 18 76 14 4 79 7 198
(9.09) | (38.38) (7.07) (2.02) | (39.90) | (3.54) (100)
Note: Figures in parentheses indicate percenthtfes gow total.
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The size-wise analysis for sellers, however, dalieg a mixed picture. Out of the total
sample “self-users+sellers”, about 65.78 percemtnaarginal and small farmers. With
the increase in size of farm holdings, the numliéself-user+sellers” has decreased as
the sample farmers in semi-medium and medium cagsgof farm holdings constitute
about 28.94 and 5.26 percent respectively. IfsbH-users+sellers+buyers” category,
out of the total sample farmers of 14, the numbdaomers engaged in water selling
has increased from 2 to 6 along with increase me sif the land holdings which
however, has plummeted to 1 when farm size is nmediize holding. Taking all the
categories together, the total number of sellemi@ or other form of selling activities
is 97 out of which 65.98 percent are marginal fasm@4.02 percent) and small
farmers (31.96 percent). But against this, abou@@ercent are in semi-medium and
5.15 percent in medium farm holding categoriessTiiplies that the majority of the
water sellers are concentrated in the categorynaflsand marginal farmers. This is in
contrast with the findings of majority of the exigf literature on water markets which
have reported that the water sellers are usuatlyaitye farmers whereas the buyers are
small farmers (Saleth, 1998). However, the findiighe study resembles the results of
Mukherjee (1992) who in a study in West Bengal foasd that as high as 84 percent
of water sellingis done by marginal and small farmers. Dubash (R0@& found
incidence of water selling by small farmers in Paitlage in Banaskantha district of
Gujarat. In the similar context reference can belenaf Manjunatha et al. (2011a,
2011b) where the researchers have found a few smdlmarginal farmers engaged in
water selling in one of th@lukasof eastern dry zone of Karnataka. This studysthu
marks a deviation from the established theory m literature of water market that
sellers are always the large scale farmers. Thignwthe farm size increases the
number of buyer decreases. But the reverse islwalya true for the sellers, i.e. though
increase in farm size may cause farmers to ownwelbethe farmers may not be the

sellers.

Though the number of sellers in large farm categeripw, the size of their holding
may be greater than the buyers. The size of opaatholdings of the farmers under

different categories of groundwater users is preeseim Table 5.2.

It is clear from Table 5.2 that the average sizepmrational holdings of the buyers is
0.9 hectares while the minimum and maximum sizepdrational holdings are 0.20
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hectares and 3.08 hectares respectively. Butvbage size of operational holdings of
the sellers in all categories (except the “owndtes®), remains higher than the
average size of operational holdings (1.35 hecfareall the market participants. This
implies that, on the average, the size of operatitwoldings of the water sellers is
comparatively larger than the buyers. However,eghgran exception to this trend. As
evident from Table 5.2, a few members of the grampners+sellers”, though do not
hold any cultivable land are in the possessiorhaflew tubewells and engage in water
selling. This category of water sellers owns theetusell primarily for selling water to
other farmers and to their tenants. This dimenssbnthe market has not been
mentioned by Pant (1992) while explaining the cbtods for the existence of
groundwater market. Thus, on the seller's sideshaws that the market has helped
some of the tubewell owners to sell water not onlgxcess of their own use on self-
operated area but also taking groundwater pumpsngnaadditional source of income.

It also suggests that the market is not residuttdédouyers in all cases.

Table 5.2
Size of the Operational Holdings of Different Categries of Groundwater Users

Categories of water| No. of Minimum Maximum sz;lage Standgrd

users Farms | (in hectare) | (in hectare) hectare) Deviation
Self-users (g%gg) 0.40 3.34 1.68 0.99
Self-users+sellers (3;?38) 0.27 4.95 1.64 1.05
Sséfis+sellers+buyers; (7%(1)17) i 4.41 "~ 1.24
Self-users+buyers (2_‘52) 1.07 4.01 258 1.59
Buyers (3;_990) 0.20 3.08 0.90 0.55
Owner+sellers (3_75 5 0.00 1.74 0.29 0.65
Total (igg) 0.00 4.95 1.35 1.00

Notes: Figures in parentheses indicate percentaitpye column total.
5.1.3 Size and Significance of the Groundwater Ma:

Since the importance of groundwater market lieissimole in extending access to water

to farmers without WEDs, looking at the size of tharket is necessary. There is no
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macro level estimate for the size of water marlketsdia. However, some empirical
micro studies from different parts of the countavé estimated the size of the market
in the respective study areas primarily using twdides: percentage of total water
output traded and the average number of buyersvater seller (Saleth 1998). For
example, Shah (1993) has estimated that more tlRapebcent of the gross area
irrigated by private modern WEDs is served by gowater markets. Saleth (1998),
using a methodology based on pumpsets rental dtidog figure at 6 million hectares
or 15 percent of the total area irrigated by grovatgr. Mohanty and Gupta (2002)
assuming a contribution of irrigated cultivation ttital output at $230/ha/year, have
estimated the total value of output due to watkrss be $1.38 billion/year. There is a
great degree of variation in the size of groundwatarkets among different states. In
northern Gujarat, nearly 80 percent of the totabated acreage is irrigated through
water markets (Shah, 1993) while in Eastern andt®viepart of Uttar Pradesh it is 73
to 79 percent respectively (Pant, 2002). Similaalyout 40 to 60 percent of irrigated
land is irrigated through water markets in Allahdlostrict of Uttar Pradesh (Shankar,
1992) followed by 30 percent in Vaigai Basin in TiaiMadu (Janakarajan, 1993).
Dubash (2000) has noted that in Ratanpura villag®ehsana district of Gujarat,
between 61 percent to 71 percent of the water pdrngsold and 90 percent of landed
households depend fully or partly on purchased mptaater where 44 percent rely
entirely on purchased groundwater for irrigation.

The size of the water market in this study has beeasured using the area approach.
The area here refers to the irrigated area by tinehpsed water. In the study, a total
119 shallow tubewell owners irrigate a gross afe208.66 hectares. Thus, the average
irrigated area per tubewell owner is 2.59 hectamekiding both own use and water
selling. These owners of tubewells altogether w985 pumpsets (both diesel and
electric). Thus, the average irrigated area sebyedne pumpset is 1.67 hectares. Out
of this total irrigated area, 144.65 hectares isofwn use whereas the rest is for selling
water. Thus, about 53.19 percent of the total ateg area has been served by water
selling which is higher than the use of the sammeofon purpose. This figure has been
found to be higher compared to Allahabad districutiar Pradesh where in a study,
Shankar (1992) has estimated it to be 40 perceribtuer than in Gujarat where Shah
(1993) estimated it to be more than 80 percentiaMidest Bengal where Kolavali and
Atheeq (1990) found it to be up to 64 percent. Tdial area of 164.18 hectares served
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by water selling is distributed among 354 buyeesshebuyer owning 0.49 hectares of
land on the average. The total number of buyersspber is found to be 3.64. This
number is found to be quite low compared to Gujaraere it stood between 2 to 80
buyers per seller across regions Shah (1993). pparantly higher number of buyers
in Gujarat can be attributed to use of deep tudeviraving a boring depth of up to 400
meter and large pumps (30 to 75 hp), and vast ipgeletworks found in the state
Saleth (1998).

Looking at the size of the water market from theydyg’ point of view, it has been
found that a total of 97 sample buyers irrigaterasg area of 85.68 hectares of
cultivable land. These sample buyers include onlyels and those who are also water
sellers and irrigate 0.88 hectares of land, oratlerage. Out of all buyers, about 74.23
percent have purchased water from one seller feblwy 18.56 percent purchasing
from two sellers and the rest 7.22 percent havehased from three sellers. The
buyers’ choice for multiple sellers is primarilyalto fragmentation of holdings which
spread across different locations. The fact thgebs average cultivated area (buyer’s
cultivated area and irrigated area are same) isfasvnot surprising as the majority of
the buyers are small and marginal farmers and ist iwases they are the tenants leasing

in small plots of land from the water sellers-cuand owners.

The above discussion on the size of the water mdrken seller's point of view

indicates that at individual level the buyers’ ag® cultivable area is lower than that of
sellers. However, total cultivable area of all thyers combined together may be
larger than that of the sellers due to presenceulfiple sellers for a particular buyer as
evident from buyer’s point of view. This findingsgmilar to Shah’s (1993) observation
on the size of water market that “... up to half oorenof the land area served by
private modern WEMs in many parts of India is like be owned and operated by the

buyers of water”.

5.1.4 Forms of Water Contract:

Existing studies on water market throw light onfetiént aspects of forms of water
contract between water buyers and sellers. Follgvilmee aspects relating to water

contract have been found in the study.
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Firstly, the sample water buyers cultivate either in teif-owned plots or leased-in
plots from other farmers, not necessarily the wagdlers, or in both the plots. When
the sample water sellers are the landowners, nd ¢amer has been found to have
provided water to a tenant-cum-buyer as part oinggrlinked land tenancy contract.
There is no input transaction, other than wateremwvater contract is interlinked with
land tenancy contract. However, the provision ofewas not free. In the prevailing
market, the buyers are required to pay the existg for water transaction as well as
for land tenancy. There are also instances wherétlyers provide unpaid labour in
return of water. This practice of providing soméest services by the buyers to the
water sellers is more stringent when water conigaictterlinked with the land tenancy.
In all other cases, contract is strictly for growader and the water charges capture the
usage charge of the WEDSecondlythere is no formal or informal restriction on the
choice of the contract. The choice depends on rlévidual characteristics of the
farmers i.e. a risk-averse buyer prefers outputisfpacontract whereas a risk-averse
seller prefers cash transaction (Banerji et al0620If conflict arises regarding choice
between the two, the seller’s choice is the ulter@te as in most of the cases a buyer
is not left with any alternative seller. Also maaf/ the transactions are interlinked.
However, in the field, it has been found that theyepredominance of non-cash
transaction and the choice is made by the buyeysawple sellers have been found to
force buyers in choosing the contrathirdly, contracts are, to some extent, flexible
between the buyers and seller when they have parselationships with each other.
This is reflected in the form of concession on watgarges given by the water sellers
to the buyers with personal relationships. The @ased aspects of these three
alternative forms of water contract are discusseithe next sub-sections in details with

the inputs from the field.

5.1.5 Mode of Payment:

There are three modes of payment of purchased dvater: hourly rates, area based
rate and volumetric rate. Under the hourly rat@afment, water charge is determined
based on the number of hours of operation of a gemp irrigating buyer’s cultivated
plots. Under the volumetric approach, the watergdas based on the quantity of
water discharged by a pumpset per hour or per gereaibuyer’s cultivated land. The
earlier empirical studies have pointed out domieawichourly rate in water transaction
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(e.g., Pant, 1992; Janakarajan, 1993; Palmer-Jdr#83; Satyasai, 1997; Shah and
Ballabh, 1997; Hussain et al. 2005; Jha and Si@Bag8; Khair et al., 2012, etc.).

However, in the study area water charge realisdzh$®d on area approach where the

amount of water charged is based on the amounarmd irrigated. The mode of

transaction in the market is found to be takingcglan both cash and kind. The non-

cash water charges are of two types:

fixed charmgk output sharing. The output

sharing takes two forms, viz. output-sharing withagthout cost sharing. The pattern

of water charge realised in the study area is ptedein Table 5.3. The information on

water charge has been collected from both the Buymad sellers in the water market to

see the nature of transaction between differerdsyyd buyers and sellers.

Nature of Transaction across Different CategoriesfoMarket Participants

Table 5.3

Category of Participants in Groundwater Market

Self-
USers | 5 oar Self-
Mode of Transaction Self-users| + users
+ Buyers Total
+ Sellers | Sellers +
Sellers
+ buyers
Buyers
Cash 17 6 0 3 15 41 (22.7]7)
Kind (with fixed charge) 51 5 3 1 59 119 (66.11
Kind (with output sharing) 5 2 3 0 0 10 (5.55)
Cash and Kind (with fixed 0 0 1 0 0 01 (0.55
charge)
Cash and Kind (with output 5 1 0 0 5 08 (4.44
sharing)
Cash, Kind (with fixed charge
and Kind (with output sharing 1 0 Q 0 0 01 (0.55
Total 76 14 7 4 79 180 (100)

Notes: (a) Figures in parentheses indicate pergergathe column total.
(b) Self-users are excluded as theyat@ngage in water transaction.

The table shows that the prevalent mode of trammsaat the market is a combination

of both cash and kind. However, the instances ofcash transaction are dominant.

While about 74.22 percent of the sample farmerse haade the transaction in kind,

about 23.20 percent of farmers have paid or redenater charge in cash. Under kind

based payment, about 66.49 percent of the totapleafarmers have paid a fixed

charge and 7.73 percent of the total sample farim@&ve made the payment on output
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sharing basis. Under a fixed charge contract, wasers pay a fixed amount of the
produce for a season for a specified irrigatioreage generally ongigha (equivalent

to 0.133 hectare) after the harvest of that cropddy an output sharing in-kind
payment, the buyers pay for the water for the se&soproviding a certain portion of
their product after the harvest of that crop. Thet that most of the sample farmers
(77.31 percent) have preferred kind-based payngentainly for two reasondirstly,
they face difficulties in the beginning of the gaition season to pay for water in cash
when they also need to pay for fuel (in case ofesal operated pumpsets), fertilisers,
seedling and labouGecondlythrough this they can shift the burden of irrigatcost

to the water sellers for about five to six monfhisough the dominant mode of in kind
transaction takes the form of fixed charge, farmerthe study area also has preferred
output sharing as through this they may get padiafull concession at the time of

payment when there is crop failtre

The analysis has an important implication for teeelopment of groundwater markets
in the study area. Shah (1991) in his seminal veorkvater market has opined that the
prevalence of non-cash transaction is “an artifeictearly stage of water market
development” and drive towards maturity will “...\@ way to one or two standard and
widely used contract; and outright cash paymentsyarecedence over crop sharing
contracts”. Following Shah'’s this evolutionary tis2sf water market development, the
water market observed in the study area may beidenesl to be in its early stage of
development. Though Shah’s finding supports thelifigs of Choudhury (1990),
Dubash (2000) has found no empirical evidence ippstt of Shah’s proposition.
Dubash concluded referring to Aggarwal (1999), timatwater market non-cash
transactions are widely dominant and stubbornlgiptant over time.

5.1.6 Water Charge and Nature of the Market:

As explained in the preceding section, water ch&geade either in cash or in kind or
both cash and kind. Under the cash transactioner@atyers pay a fixed amount of
cash once in a season for a specified acreage,alipr®.133 hectares which is
independent of the cost of fuel for operating tlhunpset in case of a diesel operated
tubewell. In kind payment either with fixed charge output sharing, as explained
earlier, the water buyers make payment after thmeelst of the crop. The general rule
prevalent in the study area is that the expensdsaifdiesel are borne by the buyers
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themselves irrespective of the mode of paymentsaggity when the water is bought
from diesel operated pumpsets. The prevalent vehitrges paid by the sample buyers
under cash-based payment are presented in Table 5.4

Table 5.4 shows that the average price chargeavéber per hectare of land, for the
sample buyers participating in the groundwater meiaris 3, 361.50 if water is bought
from a diesel operated tubewell aficb, 695.87 if water is bought from an electric
powered tubewell. The price varies frédm2, 988.00 per hectare ®4, 482.00 per

hectare when water is bought from diesel operateewell.

Table 5.4
Water Charge in Case of Cash-based Transaction

Amount per hectare (in Rs.)

Types of tubewell — :
Minimum | Maximum | Average

Diesel operated tubewell 2988.00 4482.00 3361.50*

Electricity operated tubewell 4482.000 5976.000 5695.87
*when operational cost of diesel tubewell is tak&n account the water charge
for a diesel operated tubewell will B&1,729/-

The field observation shows that the differencéhim water charges depending on the
sources of power of the tubewell, is mainly duefew that, in case of diesel operated
tubewells the fuel is bought by the buyers thenmeselwhile in case of electricity
operated tubewells, the buyers are not requiredatp for the total electricity units
consumed for operating the pumpsets. Thus, therwhsgge for an electricity operated
tubewell is the total value (i.e. water charge eragional cost) . When operational cost
of diesel operated tubewell is taken into accotims, total value of diesel operated
tubewell become811,729/- per hectare of land. The presence of audifference in
water charges depending on the types of fuel/pawgexd for the operation of the
tubewells is also reported in other parts of thentxy. For example, based on findings
of a number of studies from Punjab, Uttar Pradesth Gujarat, Saleth (1998) has
concluded that the hourly rates vary from aboul®Qo $1.30 for electric pumps and
$0.20 to $0.60 for diesel punips

The water charges based on kind payment (with foteatge) is shown in Table 5.5. It
is evident from the table that the average watargdy under the fixed charge in kind
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payment system is 7.47 quintals per hectare, themmim and maximum being the
5.97quintals/hectare and 11.95 quintal/hectareexsfely when water is bought from
the diesel operated tubewell. The water charge ruthae mode of payment is almost
double, that is 13.65 quintal per hectare, whenwheer is bought from the electric
operated tubewells. In order to express the in-kuater charge in terms of monetary
value, the total kind payment is multiplied by threvalent average market price of the
output (which i€ 712.50 per quintal). It has been found that thee/alf average water
charge for electric tubewells ¥9725.62/- which includes cost of water pumping. The
total value of water charge (water charge + opemati cost) for diesel operated
tubewells has been found to $el4,027.66/-. It clearly indicates that water cjeafor
diesel operated tubewell is higher than the wédtarge for electric tubewells.

The prevalent rates for output sharing among adample buyers are found to vary
from one-third to two-thirds of the total produddais rate is almost same as reported in
other studies on water markets. For example, Kaigh Sakurai (2003) in a study in
Madhya Pradesh found it to be ranging from 30 pert®40 percent. Similarly, Fujita
and Hossain (1995) in their study of water marketsorthwest Bangladesh have found
it to be either 33 percent or 40 percent. In a festances, the water charge under
output sharing payment system is found to be ome ti the total produce. Unlike the
prevalent rates in other studies, mentioned abtiie,is found to be a bit higher.
However, on enquiry in to this, it has been founak the few buyers, who have agreed
to share half or more than half of their produc@agnent for water, are tenants of the
water sellers and the water sellers also share tostirred on other inputs with these

buyers.

Table 5.5
Water Charge in Case of Kind (with fixed charge)-baed Transaction

Amount per hectare (inquintal)

Types of tubewell — :
Minimum | Maximum | Average

Diesel operated tubewell 05.98 11.95 07.41

Electricity operated tubewell 08.96 17.93 13.66

The relatively higher range of water charge undépuat sharing mode of transaction
may point to the possibility of Marshallian ineféocy in water contract as pointed out

by Kajisa and Sakurai (2003). The variation in g@sién both cash and kind forms of
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water contract among a few sample buyers is foarimktprevalent at village level also.
In the present study, the price variation amongebgiyvithin a village is prevalent in
two villages out of 11 villages where cash baseddaction is practised. In villages
where in-kind transaction is in practice, pricei@@aon among buyers of same village
exists in only 4 villages out of 22 villages. Thigriation is found to be 33 percent of
the average water charge. However, this variasofound to be less compared to
Janakarajan (1994) who has found a large variatiqganicing both within and between
villages in Southern Tamil Nadu covering 27 villag@rasad (1991) in his study on
water market in Bihar also has noted presence rgelaariation in water charges
practised by the water sellers who belong to ldage holding class. A large variation
in prices has also been reported by Kajisa and r&ak2003) in their study on water
markets with inputs from six villages in Madhya éah. The variation in prices in the
present study is mainly due to the fact that in\itleges where the price is charged
relatively higher, the soil quality in the croplfiehas been found to be sandy and the
depth of boring is also relatively high. The preseif price variation in few sample
villages has indicated a situation of relative watarcity. Since there are few cases of
price variation among buyers of same village, therk&t may be considered to be
relatively competitive at the village level. Thimding of the study is more akin to
findings of some other studies which find the madampetitive in states like Andhra
Pradesh, Punjab, West Bengal, Uttar Pradesh, QatsgSaleth, 1998).

5.1.7 Inter-linkage between Water Contract and Landlenure System:

Water markets are closely linked with other rurarkets like financial markets and
land tenancy markets (Fujita and Hossain, 1995me&alones, 1994; Saleth, 1998;
Jacoby et al., 2004; Kajisa and Sakurai, 2003).etmoking at the presence of tenancy
among farmers under different structures of watarkets is important as access to
water by the small and marginal farmers also dep@mdwhether the farmers lease in
land or not from the water sellers (Meinzen- DitR92, 1998). The incidence of land

tenancy among the sample farmers is shown in Table
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Table 5.6
Extent of Tenancy Among the Participants of Water Market

Output sharing
] Output Output
Types of Nos. of Fixed sharing sharing | Mortgage
participant tenants rent/produce | (with (without
cost cost
sharing) sharing)
Buyers 31 (31.95)* 21 (70.00) 1 7 1
Sellers 41 (42.27)* 25 (60.98) 0 16 0
Total 71 46 (64.79) | 1(1.40) 23(32.40) 1 (1.40)

* Figures in parentheses indicate percentageeofdfal number in each category.

It is evident from Table 5.6 that about 31.95 petaef the total water buyers have
leased in land from the water sellers and abouWZpercent of the total sellers have
leased out land to the water buyers. The table rai¢eals that about 64.79 percent of
the total cases of tenancy have taken the formxefifcharge whereas about 32.40

percent is based on output sharing.

It has been found in the field that the existingrage rate of water with tenancy is
about 14.94 quintals per hectare out of which aldd@é quintal per hectare is charged
for the land. No landlord has been found to berasnating water charges between
his tenants and other buyers of water. This findsgot similar to the finding of

Jacoby et al. (2004) who in their study on waterk@ats in Punjab province of

Pakistan, have found presence of price discrinonatxercised by the landlords
between these two groups of buyers of water. Dul§a®B2) in a study in North

Gujarat also has noted differential treatment miaglé¢he water sellers between their
tenant buyers and other buyers. Dubash noted hieatenant buyers are required to
make payment in fixed share basis when the domiftant of exchange is flat cash
price per hour. In the field, a few buyers haverbfeeind to be leasing in land from the
water sellers, abandoning their own cultivable lafdis is mainly for two reasons:

firstly, there is hardly any water seller in theinity of their own plots and secondly,
there is assured and adequate water supply ordlsed-in land from the water sellers
throughout the season. This indicates a stronger-iimkage between the water market
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and existing land tenure system among sample fardsr different market structure
that affect reliability of the market. This issulereliability of water markets is taken up

for a detailed investigation in chapter seven.

5.1.8 Flexibility in the Water Contract:

Palmer-Jones (1994), Meinzen-Dick (2000) and DubgX02) have outlined the

complexity in the nature of water contracts whishmostly governed by the social
processes. As delineated in the previous sectionsater charge, water charge is not
fixed by any formal written agreement between thgeos and the sellers. At the same
time, it has been observed that the sample buydigices of water sellers are also
restricted due to lower tubewell density in thepcflds, and limited availability of

conveyance facilities if buyers’ plots are located distant plot (Hussain et al. 2005).
This lends the water sellers some market powehaoge different prices from different

buyers (Shah, 1993; Wood, 1995; Shah and Balla@®7;1Pant, 2003; Jacoby et al.,
2004). Though, sample sellers’ are not found teehzharged different water charges
from different buyers, some of them have been fotmdhave given concession on

water charges to some of their buyers.

It has been found in the study that about 25.5¢querof the total sample water sellers
have given concession on water charges to theiersuyOn enquiring who are the
buyers enjoying this concession, it has been fabhatlabout 56 percent of the sellers
have given concession to their brothers and the hage given concession to their
relatives. In two cases, the sellers have givdinchincession to their brothers-cum-
buyers who suffered serious illness during theqoeof cultivation. This finding is

similar to the results of Shah (1993) who has fotimat transaction between water
buying and water selling farm households were pwida a few cases. However, this
finding is not similar to the results of Zhang (B)Qvho has found that in Northern

China groundwater markers are almost fully impeason

The extent of this price concession in the stuadaararies from 10.00 percent (1.49
quintal per hectare) to 23.3 percent (5.97 quip&lhectare). In majority of the cases,
about 2.98 quintals per hectare concession is giwdmile the brothers of the water

sellers have enjoyed either 5.97 quintal per heatancession from the water sellers or
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full concession (conditioned by serious illneskg telatives of the water sellers have

enjoyed a concession of 2.98 quintal per hectare.

5.1.9 Overdues in the Payment of Water Charge:

The studies on water market report that there awamains an overdue in the
payment of water charge by the water buyers (Khag@@6). In the present study, a
few buyers have been found to be defaulters in ngagayment of water in time. Out
of a total of 97 water sellers, about 55.67 pert¢enve reported that there remains an
overdue in the payment of water charge. The nundfebuyers under different
categories reported to be the defaulters is shavigure 5.1.

Figure 5.1

Nature of Relationship between Buyers ® Temporary Defaulters

(who are defaulter) and Water Sellers = Permanent Defaulters
[72]
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Buyer's relationship with the water sellers

It is clear from Figure 5.1 that the sample buyerso are the relatives of the sample
water sellers, are the highest defaulters, whiclalbbeut 44.45 percent of the total
defaulters. This is followed by buyers, who arethsi the relatives nor the tenants of
the water sellers. This is found to be about 3p€4ent of the defaulters. Compared to
these two groups, the number of tenants who fadechake payment on time is less,
which is 9.26 percent of the total defaulters. Avfbuyers, who are tenants and
relatives of the water sellers, have also beenddarbe defaulting on payment of water
charge. Though a majority of buyers have remaireddudter for a year, out of the total
defaulters, about 38.88 percent are permanent ltefau Among the permanent

defaulters, about 57.14 percent are relativesettmple water sellers. Thus, it is clear
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that brothers and close relatives of the samplemsgllers are the defaulters in the
payment of water charges. Thus, there are freesridevater market. It raises a serious
guestion why the sellers have not retaliated toigiuthese permanent free riders?
When institutional economics dealing with resounsanagement suggests that free
riders are usually punished —sometimes, severestrg@® 1990, Baland and Plateu

1996) the study results here suggests that ifreeeriders are the sellers’ relatives, they
are allowed to continue to behave like that ‘peremly’. If they are allowed to behave

in this way the market will not be sustainableutufe.

5.1.10 Water Charges and Other Services Rendered liye Buyers:

The nature and mode of operation of the villageelleroundwater market also state
that the price does not always guarantee accesatgy (Wood, 1995). In addition to
water charge, some of the buyers are requiredideresome other services to the water
sellers like operating the pump and irrigating wedl owner’s field (Janakarajan, 1993,
1994). In the present study too, about 35.05 meraethe buyers are found to provide
some sort of free services to their respective waé#lers in addition to the water
charge paid. The different types of services predidly the buyers are listed in Table
5.7.

Table 5.7

Distribution of Buyers Providing Services to the Waer Sellers and Types of
These Services

Types of other services No. of buyers
Protecting and operating the pumpsets in the aedgp f 4 (11.76)
Transporting the pumpsets to the field 7 (20.59)
Any work asked by the water sellers & protecting pumpsets
. : 3(8.82)
in the field
Any work asked by the water sellers 20 (58.82)
Total 34 (100)

Note: Figures in parentheses indicate the percergathe column total.

It is evident from Table 5.7 that as high as al&182 percent buyers have to provide
any sort of services demanded by the water seldrsut 20.59 percent of the sample
buyers have to help the sellers in transportingpilvapset to and from the crop field.

Another 11.76 percent have to render their servicegperating and protecting the
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pumpset in the crop field. The buyers are requicedrovide these services in order to
maintain a cordial relationship with the sellers,tbat they are provided with timely
supply of water at the time of requirement. A feample buyers (8.82 percent)
providing other services refused to render these $ervices but were denied water by
the sellers leading to giving up of cultivation tne farmers. There is also a preferential
treatment of the buyers by the sellers. Normaliplirgs and close relatives are
provided with high preference in providing water e sellers. The presence of this
type of preferential treatment has also been reddsy Narayanamoorthy (1991) in a
study on water markets in Puddukkottai districtTaimil Nadu. From this analysis, it
may be concluded that market practices are notfyphbesed on conventional economic
model which is endogenous to the water market.teqs the water sellers exercise
some monopoly powérthough not reflected in the water charges, throsmhe other
means which are exogenous to the market systemilaSitgpe of practice is also
reported by Ray (1998) in the operation of ruraddr market. In the light of these
findings, a comparison with a few aspects of watarket reported by existing studies
on water market can be madeirstly, the market in the study area is like the manket i
Gujarat (Shah, 1993) and Tamil Nadu (Janakara@®4)lwhere the market is found to
have more oligopolistic and monopolistic in natu®econdly it resembles the
observation made by Saleth (1998) that “...in a mavkeere the buyers and sellers
have about the same sized farms and share a comoommeconomic background is
likely to be more equitable and less exploitativEfiirdly, the market in the study area
is less exploitative like the same in case of MadRyadesh where in a study Kajisa

and Sakurai (2003) have found that the sellersabielir is not exploitative.

5.1.11 Dynamics of Groundwater Markets:

Groundwater market in the state is developed hogesround the shallow tubewells.
The majority of the shallow tubewells are diesetraped. However, due to rise in
diesel prices, some adulteration in diesel takasepln operating a pumpset. In certain
places where electricity connections are availafdaners have resorted to electric
motors. But electric motors are operated with ddime®nnection. Since in the market,
normally fuel expenses are borne by the buyersperaiing a pumpset, some of the
buyers have a tendency to use kerosene to minithesduel expenses. Most of the
sellers do not prefer such type of adulteratiofuel forcing existing buyers to abandon
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cultivation of summer rice which is primarily basggon groundwater based irrigation.
This may result in the decline in market transactidherefore, an attempt has been

made to understand whether there is reduction nkeh#&ransaction in the study area.

It has been found in the field that about 45.83@et of the existing water sellers who
are engaged in water selling for more than 20 ydwee reported decline in number of
buyers over the years. Whether market transactsodeclining over time is elicited
from the water sellers who have been asked tdHestfactors that they perceive to be
the most probable reasons for this. Many sellex® tedso reported that their existing
buyers have been declining as the most of them Bhifeed to electricity operated
tubewells. Since this kind of transformation does mesult in net reduction of buyers
they are not listed as the reason for declining lmemof buyers. Since many sellers do
not allow the buyers to use kerosene in dieselatpdpumpset, buyers who tend to use
kerosene or find it difficult to afford diesel (vafi seems to be costlier than kerosene)
has been permanently refused water. This resultieémet reduction in numbers of
buyers because a buyer who is refused under thishdr do not find alternative seller
as the market is mostly constrained by limited ladlity of the conveyance facilities

if source of irrigation lies in a distant plot. Tmeasons for decrease in number of

buyers over the years, perceived by the selleespiaasented in Table 5.8.

Table 5.8
Reasons for Decreasing Number of Buyers as PerceivBy the Water Sellers
Reasons Nos. of sample sellers

A few earlier buyers got their own pumpset 22 (33.3
A few buyers gave up cultivation as they foundeitprice of

. ) ) 23 (34.85)
diesel or price of labour was high
Not selling as the electricity supply is irregular 4 (6.06)
(I;«’i(eefsuesled to sell as the buyers wanted to use kezasstead of 9 (13.64)
The machine got older so the seller himself issatitng water 8 (12.12)
Total 66 (100)

Notes: Figures in parentheses represent percené ablumn total.

It is evident from Table 5.8 that out of total sdenpellers who have cited that their
number of buyers has been decreasing over the,yaaost 34.85 percent have cited
that some of their earlier buyers have given ugivation of summer rice due to
increase in prices of either diesel or labour. Tiki$ollowed by about 33.33 percent

sellers who have attributed to the procurementvai pumpset by some of the earlier
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buyers as a reason for reduction in number of luyethe groundwater markets. A
few owners of electric motor (6.06 percent) hadréduce number of buyers as
electricity supply has not been regular which,umf makes the sellers unable to meet
buyer's need at the time of requirement. While utht3.64 percent of the sample
sellers, have refused to sell water to buyers piateto use kerosene in diesel operated
pumpsets, 12.12 percent of the respondents hawsegtto sell water as their pumpsets
are quite old. Thus, most of the sellers percdnat labour shortage, steep rise in input
prices, particularly chemical fertiliser and inadetge procurement price for the crop are
among the factors that drive most of the buyergite up cultivation of the summer

rice resulting in net reduction in market transacti

5.1.12 Dispute over Use of Groundwater among Farmsr

The use of groundwater for irrigation in India hasreased considerably resulting in
groundwater depletion in many parts of India (Mdent992, 2000; Chandrakanth et
al., 2004; Scott and Shah, 2004) and conflict amitvegfarmers (Cullet et al., 2012;
Janjakarajan and Moench, 2006; Foster and Gardifo4). Most of the literature on
groundwater markets have pointed out that thedespgute over the use of groundwater
owing mainly to the scarcity of the resource (ShE®93; Janakarajan and Moench,
2006). However, in the context of the present stumysuch dispute over the use of
groundwater has been noticed. The possible reasahis may be due to the fact that
the state, in the eastern part of India, has safficgroundwater reserves unlike other
parts of the country. As mentioned in chapter 3, afuthe total annual replenishable
amount of groundwater, only 22 percent of it hasasdeen developed for agricultural,
industrial and domestic purposes. It leaves pleoityscope for development of
groundwater based irrigation in the state. Howeweost of the market participants
(about 43.75 percent of the sample water sellers dve faced non-availability of
water) reported failure of the pumpsets in delivgrsufficient water when all the
pumpsets in the field are operated at the same timéng to this, a few farmers have
expressed their apprehension that unfettered ioetr of pumpsets may cause
conflict over the use of groundwater in near futliee possible reason for this conflict
as they have understood is the failure of the tlevto deliver sufficient water when
all pumpsets are operated concurrently indicatimgt there is relative scarcity of
groundwater in a few locations. Though the magmitafithe problem is not acute and
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seasonal in nature, this farm level evidence suggeesence of common pool resource
problem of agricultural groundwater extraction.ckin also be concluded that the
market is found to be contributing to such commarolpresource problems of

groundwater extraction in the study area.

Regarding complaints raised by the farmers aloouflict that arises over the use of
groundwater, due to relative scarcity of groundwétee farmers opine that everybody
understands the problem and adjusts accordinglys,Tfarmers have been found to
have adopted cooperative strategies to addressothenon pool resource problems of
groundwater extraction. Based on their age old eepee, a few farmers have reported
that there were years of extreme drought leadingeiere failure of the pumpsets in

delivering water.

5.1.13 Groundwater Application and Rules for Distrbution of Water among the
Buyers:

The farmers, in the study area, have adopted Highdivig Variety (HYV) seeds of the
crop. In general, the growing season for any vaietl20 to 150 days. The preferred
planting method is transplanting of seedling uswgt bed technique. Under this
technique, after preparation of the land, the 2%ld{ old seedlings are transplanted in
the field. Irrigation starts from the very begingiof the land being prepared for
plantation, as the cultivation of the crop is takgnin the dry season when rainfall is
almost zero. During initial days for ploughing,aager amount of water is required. On

an average, water is applied for 12 numbers irctbp fields during the whole season.

Regarding application of water in farmer’s fieldetcommon phenomenon in the water
market is that a water seller applies more watersistently than that of the water
buyers as the market is residual in nature i.eatembuyer gets water only after the
fulfillment of the requirements of the tubewell osvrcum-sellers. However, in the
study area, no such great deal of difference betwegers and sellers in the number of
application of water in the crop fields has beeticed. While the average number of
irrigation on a seller’s plots is found to be 14mhers, the same on buyers’ plots has

been found to be 11 numbers during the whole season

As discussed in section 5.3.1, about 25.78 peroktite sample buyers have bought

water from multiple buyers. At the same time, engle water seller is found to have
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3.6 number of buyers under him. For distributiowatter among the buyers, a rotation
method is practised. However, there is no conai@iional period. In some sample
villages, while a 3 day rotation method has beesenked, in some cases farmers have
to wait for more than 7 days depending on the nurobbuyers of a seller. The water
sellers have been found to be stricter in maimagirthis rotational system to avoid
conflict among the buyers. The buyers failing todmesent in their turn are refused
water and required to wait till the end of the eycMany sample buyers have
complained of preferential treatment practised by sellers in delivering water in
terms of giving importance to some of the buyervane mostly relatives of the
sellers. However, most of the buyers are in favoluthe rotational water delivery
system as they have found it to be an equitableesy$or water distribution. It has
been noticed that buyers are also required to siggethe operation of the pumpset and

water distribution, for which they are not paid.

5.2 Tubewell Characteristics and Operation of the @®@undwater Market:

Since, the groundwater market takes place arousttablow tubewell, it is imperative
to look at the characteristics of the tubewell gl link with the mode of operation of
the market. Therefore, in this section an attempbade to look at the characteristics of
the tubewells owned by the sample farmers undeeréiit categories of market
participants. The general characteristics of tihewells, owned by the sample farmers,
are presented in Table 5.9. The data furnishecalslel5.9, have been discussed in the

relevant sub-sections under this section.

Table 5.9
General Characteristics of Shallow Tubewells

Description Figures
Modal size of diesel pumpset (hp) 5
Modal size of electric motors (hp) 2
Average number of tubewells owned by the sampladas 1.39
Modal size of boring (cm) 4
Frequency of only diesel operated tubewell (%) 94.7
Frequency of only electric motor operated tube\(@l) 6.72
Frequency of both diesel and electric motor opératbewell 18.49
Modal number of boring of tubewell owners 1
Average number of boring of tubewell owners 1,44
Average depth of boring (in feet) 67.46
Average distance from the nearest tubewells (meter) 168.74
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5.2.1 Types and Ownership of the Tubewells:

There are 119 sample farmers who own tubewells.dDtitese total sample farmers,
about 95.80 percent farmers own tubewell individuahd the rest 4.20 percent have
joint ownership. Normally, a farmer prefers indiva ownership in order to gain

control over irrigation. In case of joint ownershtpere is a group of farmers sharing
contiguous plots and consisting of relatives, neayhts and friends who contribute

resources to install a tubewell.

A few sample owners of tubewells have been foundwa more than one pumpset.
While about 20.35 percent of the tubewell ownergehawned two pumpsets, about
29.20 percent of the sample owners have owned tharetwo pumpsets. It has been
found that most of the pumpsets (about 78.79 péreare procured by the farmers 10
years back. Only about 19.45 percent of the purspeet procured recently in the last
five years. However, some operational pumpset vieneght about 20 years back.
Farmers having pumpsets which were procured 2G\mok and they are still used in
water selling activities. Thus, it can be infertedt the groundwater transaction in the
sample villages has been in vogue for more thandeeades.

Over the years, there has been a change in the bffeel used in the pumpsets used
for irrigating field. While the older tubewells armostly operated with the help of
diesel, there is an increasing tendency to uséreiég in the newly installed tubewells.
The shift from the diesel operated pumpsets tamiguowered pumpsets is mainly due
to cheaper maintenance and operational costs ofléngric motors. The maintenance
cost of a pumpset is the expenditure made in otdeprevent or fix any sort of
mechanical disorder to keep the pumpsets in workilgr. The operational cost of a
pumpset is the cost of power or fuel used in rugine pumpset in order to irrigate the
land. While average maintenance cost of a diedswell is found to be aboi
1,923.71 per pumpset, the same for electric tudewsehlmost zero. The maintenance
cost for electricity operated tubewells of the skrfarmers has been found to be zero
as they have been procured recently. The operatosaof a diesel tubewell is abdut

8, 705.29 per hectare across all categories oicpgaants of water market. The same for
electrical tubewells ar& 6, 033.55 across the sample farmers (the averagratigmal
cost of electric tubewells without commercial coctien is found to b& 3101.30).

Moreover, as reported in section 5.1.11, fluctuapnice of diesel has also resulted in
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higher preference for electric pumpsets. Also, ithigal investment for an electric
motor is found to be much lower compared to dipsehpsets. Further, farmers prefer
electricity operated STWSs because a new electrionommmonly preferred by sample
farmers, requires a maximum $f20,333.33 whereas a new diesel pumpset costs a
maximum o 28,100.00. The difference in the average prices miimpset is found to

be up to 30.34 percent of the electric pumpseterd s also the practice of purchase

and sale of second hand pumpsets in the study area.

Despite the relative advantages of owning eletyrioperated tubewells over diesel
tubewells, the inadequate and erratic supply oftetgty in the sample villages has

constrained speedy adoption and diffusion of al@ttroperated tubewell technology.

This is unlike the situation in some states in dandihere in response to rapid rural
electrification, cheaper institutional credit arthnological advances in groundwater
pumping electrical pumpsets have rapidly repladedat-powered lifting devices (Ray,

1998).

5.2.2 Capital and Operating Expenditure of a Tubewk

Expenditure incurred on owning a tubewell eitheseéi or electricity operated tubewell
is shown in Table 5.10.

It is clear from Table 5.10 that the maximum expemd that a diesel tubewell entails
is % 28, 100.00 when the pumpset is a brand new. Plsmevaries depending upon
capacity of the tubewell. The average price of @liégbewell ¥ 11,016.99) has been
found to be very low as there is an active marketsecond hand diesel operated

pumpsets.
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Table 5.10
Expenditure Incurred on Owning, Installation, Operating and Maintaining the

Tubewells
Items of expenditure Maximum | Average
Capital outlay per diesel pumpset (in Rs.) 28100.01016.97*
Capital outlay per electric motor (in Rs.) 20333 8452.47

Capital outlay on equipments per machine (in Rs.)** 11000.00 2957.01

Labour charge on installation of borings (in Rs.) 0000.00] 1529.58

Operational cost of diesel tubewell for the whaason (in
Rs./ha)

Operational cost of electric tubewell for the wheéason
(in Rs./hectare)***

Repairing and maintenance of diesel tubewell insdéeesson
(in Rs./per pumpset)

Notes: *Includes used pumpsets as many tubeweleocswmave purchased used pumpsets.
** Equipments of diesel tubewell includes bearingep filter net, delivery pipe, L-Socket, T-

Socket, Hand pummunda(it’s the local name for the handle used to ryuapset).
*** without commercial connections it is found t@® 3101.301).

18836.84 8705.29

25912.00, 6033.55

5000.00; 1923.76

The electricity operated tubewell costs a maximum @0,016.33 for electric motor
with 3 or more than 3 hp capacities. An electridan@f 3 hp capacity is the maximum
capacity of an electric motor used by the sampi@éas. Since majority of the farmers
possess electric motor with capacity of 1.5 hp,aherage price has been found t&Xbe
4, 500.00 only. On the average, the equipmentsinegjto install either an electric or
diesel tubewell costs a sum 3f2, 957.00. There is also a variation in total exgesn
incurred in buying equipments depending on qualityhe items purchased. Labour
charge for installation of boring is generally hretrange of 65.60/- toX 98.40/- per
meter resulting in the average expenditur& af 529/- on labour charges. It is evident
from Table 5.10 that, on the average, the operatioost of diesel tubewell is higher
than the electricity tubewell. It is mainly duettee fact that the incremental cost of a
diesel operated tubewell is found to be higher tthenincremental cost of electricity
operated tubewell which is almost zero due to figkttricity charge. However, this is
not the situation when the consumption of elediriof an electricity operated tubewell
is monitored by electric meters. But the preserfoglextric meter system is very few.
Moreover, it is to be notetthatelectricity operated pumps are operated on unaigtubr
manner The farmers have no commercial electricity conmedtifor operating the
electric motors. As the operational cost of eledyioperated tubewells is lower than
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the diesel operated tubewells, it has been obseéhatduyers tend to prefer the former.
Further, the mode of operation of the market is1dhat the buyers are required to pay
for the diesel in operating the pumpsets, whichtrobghe time a resource poor farmer
find it difficult to afford. As a result, there @so a general tendency among the buyers
to look for electricity operated pumpsets when they available near their crop field.
Further, while the annual maintenance cost of e electric motors have been
found to be almost zero, the same for the sam@setlipumpset, on the average, has
been found to b& 1923.76.

5.2.3 Financing of Tubewell:

As discussed in the preceding section, it has lbeemd that majority of the tubewells
are privately or individually owned. Unlike the eas previous studies of water market
which have reported that ownership of tubewellkevged towards large and wealthy
farmers, in our sample it has been found that tlagonty of the sample tubewells
owners, about 63.86 percent, belong to small angjimel categories. . The sources of
finance for purchasing tubewells include own sasin@porrowing from village

moneylenders, agricultural loan, etc. The detaiésprovided in Figure 5.2.

Figure 5.2
Sources of Finance for Purcahsing Tubewells by the
Sample Owners

@ Self-finance

mBorrowing from village money
lenders
Fully-subsidised by the govt.

m Under ARIASP

# Agricultural Loan used to procure
STW
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It has been found that a majority of sample tubkasehers, about 77.31 percent, have
procured the tubewell through their own savingst Gfuthe rest, about 4.20 percent
have availed the tubewell under different governinsamemes with full subsidy and

about 6.72 percent have procured the pumpsets uAB®ASP schemes of the

government. Under the ARIASP, a two third of thek@ost of a pumpset is provided
by the government as subsidyound 8.40 percent of the tubewell ownkeve spent a

part of their agricultural loan on purchasing puetps Owing to constraint towards
access to credit from institutional sources, aroBi3® percent have relied solely upon
the village money lenders for credit. A few samfalenmers, about 21.84 percent, rely
upon credit from village money lenders to meet apenal cost of the pumpsets and

sometimes to meet a part of the maintenance exppeedf the pumpsets too.

5.2.4 Tubewell Density among the Sample Farmers:

There are altogether 185 tubewells including botbsel operated pumpsets and
electricity powered pumpset, among 119 sample tebewmwners. Out of the total

sample owners, about 81.51 percent are engagedtar selling. The total number of
present buyers, who purchase water from thesasedliee 354. This indicates that one

tubewell serves 2.55 number of farmers includingens, sellers and buyers.

5.2.5 The Capacity of the Tubewells:

The capacity of the most commonly used diesel aperbewells is in the range of 4
hp to 10 hp. However, the 5-hp diesel operatedwebeis found to be the most
common. About 84.86 percent of the farmers have lbeend to be using 5-hp diesel
operated tubewells. A 5-hp diesel operated tubelmad|the potential of irrigating 2.01
hectare of land in the state when they are us#tedullest capacity (NABARD, 2008).
However, in the present study, the average aregted from a 5-hp diesel STW is
found to be 1.09 hectares implying under utilisataf the installed capacity of the

tubewell.

The capacity of the most commonly used electriewsdls has been found to be in the
range of 1.5 hp to 3 hp. About 54.75 percent ofdwaers of electric pumpsets use 2
hp electric motors. A 2-hp electric powered tubé\wak the potential of irrigating 2.67

hectare of land when they are used at the fullapa@ty. The owners of electricity

TH-1274_06614104 151



operated tubewell has been found to be possesalggne electric motor. Only about

6.45 percent of the owners of electric motors hawvee than one electric motor.

5.2.6 The Energy or Power Consumption:

Supply of energy, in terms of electricity and didse pumping, plays an important role
in the operation of the market. This is linked widliability of the groundwater
markets in ensuring timely supply of water to ovmes well as on the purchased land.
About 84.86 percent of the sample tubewells arsallipowered while the rest are
electric powered. In the wake of high operatioredtof a diesel operated tubewell, as
high as 78.15 percent of tubewell owners have asgktheir preference for electricity
operated tubewells over diesel operated tubewet®wever, due to erratic electricity
supply, the sample farmers have a general tendemcgly on diesel pumpsets to
ensure assured irrigation. As a consequence, gwated irrigation has become
increasingly dependent upon costly diesel fuele figher diesel price has also forced
many sample farmers to drastically reduce theitivallle area under summer rice
which is mainly based on groundwater irrigation.dAscussed in section 5.2.11 of this
chapter, owing to increased operational cost of pagof a diesel operated pumpset,
about 36.85 percent of the sellers, reported that rumber of buyers have been
declining over the years. However, no sample talewwners have given up
groundwater pumping owing to increased diesel pride has been found that the
electricity tariff is not metered (in majority die cases), but is fixed on an annual basis
irrespective of hours of usage. It indicates tHa tnarginal cost of pumping is
effectively zero or very near to zero like the anentioned by Shah (1993), Kajisa and
Sakurai (1995), Banerji et al. (2006), etc. This lpmovided the owners of electric
tubewells an additional incentive to sell watentore prospective buyers.

5.2.7 Characteristics of Boring:

In the context of the groundwater market, the attaretics of the boring of a tubewell
assume significance as they affect availabilityvater for selling and reliability of the
market considerably (Meinzen-Dick, 1998; Khair ket 2012). In the present study, the
majority of the sample tubewell owners (73.10 petcdave been found to have a
single boring. The rest of the tubewell ownersehawltiple borings mostly when

cultivated lands are fragmented. However, the taahber of borings (172 numbers) is
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found to be lesser than the total number of punspsdiere is also the incidence of
farmers renting in the pumpsets and extracting mfaben the boring on own land and
selling it to others. This suggests presence dhtenarkets for irrigation assets like the
one indicated by Saleth (1998). Regarding chanstites of a boring, the modal value
of diameter of a boring is found to be 10 cm areldlierage depth of a boring is found
to be 20.50 meter. A difference of up to 64.48cpet in the average depth of the
boring has been noticed in a few sample villageglyelatively in high land.

The depth of boring has an important implicationtenrms of cost of operation of a
pumpset. In the face of increased operational abatdiesel pumpset reported by the
majority of sample seller and buyers, it is imp&eato look at how depth of a boring
can affect operational cost of a diesel operatedpset. In order to ascertain this point,
the operational cost of a diesel tubewell per hhectd land, is regressed to the “depth
of boring” of the respective farmer (denoted inrstas DPTHB). Since, operational
cost of a pumpset is also influenced by the nurobémes of irrigation in a crop field,
therefore, ‘the total number of irrigation’ (dendte short as TNIRRI) applied by the
farmer in the crop fields has also been includedh aggressor. The results of the

regression model are presented in Table 5.11.

Table 5.11

Results of Regression Analysis of Operational Cosf a Diesel Pumpset
of the Sample Farmers

Variables Coefficients| Standard Error
Constant 2746.09*1 1291.58
TNIRRI 142.97* 85.82
DPTHB 62.09*** 9.52
R 0.247
F (df =2, n = 135) 29 DBk

Notes: *** ** gnd * signify significance 0.01, 09and 0.10 levels.

It is evident from table 5.11 that though the vaiid<’ is not high, the F- statistic for
overall regression and the coefficients of the alsles are found to be statistically
significant. The positive sign of the coefficient DNIRRI indicate that higher the
number of irrigation, larger is the operationaltc@milarly, the sign of the coefficient

of DPTHB is positive indicating that higher the temf the boring, larger is the
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operational cost. To be very precise, when depthooing of a pumpset increases by
one unit, it leads to increase in the operationat of a diesel powered tubewell By

62.09 per hectare.

5.2.8 Water Conveyance:

As explained in the introductory section of thispter, the presence of water market is
contingent upon availability of willing buyers with the command area of the
tubewells when the pumpset is fixed (Pant, 1992dnformity with this, it has been
found that about 88.65 percent of the sample sellave sold water to the buyers who
have plots adjacent to the sellers. However, alsseation of the sellers (about 11.35
percent) are found to sell water to the buyers whasts are located a little away from
the source of irrigation. In such a situation, thiyers have to arrange for conveyance
facilities for conveying irrigation water from thsource. It has been found that both
earthen channels and polyvinyl chloride (PVC) ptagipes are used by the buyers for
conveying irrigation water to the field. Howeverpypision of earthen water channels is
available when buyers are tenants of the wateerselln the rest of the cases, buyers
have been found to use PVC pipe. Buyers normakyeprplastic pipe as it helps in
avoiding conveyance loss. If the plots of the secseller is available in between the
seller's plots and the farmer’s plots, conveyaralifies through the second seller’s
plots is normally not permitted. This, as Jacobgle(2004) and Hussain et al. (2005)
have pointed out, has limited the expansion ofntfagket thereby restricting farmers’

access to irrigation and degree of competitiofmenrharket.

5.3 Production System across Different Participants ofhe Groundwater Market:

Looking at the production system of the sample &asnby their status in groundwater
market, is important as it bears serious implicatan the level of attainment of
technical efficiency of the farms. The basic cheeastics of the production system
across different categories of groundwater usees discussed in the following

subsections.

5.3.1 Types of Operation:

The majority of the sample farms (92.19 percerg)warder single operation. There are

only 13 cases where farming is done jointly withestfamilies which are mostly the
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relatives. The head of the household, normallyoldest man in the family, takes major

decision relating to farming.

5.3.2 Use of High Yielding Variety (HYV) Seeds:

Since availability of irrigation water is ensurdbe use of HYV seeds is universal in
the study area. The varieties which are found tpdmlar among sample farmers are:
No. 9, No 29, Bihari, Biplab, Cross, Pankaj, Mahsurijz& 6444, ITC, Advanta, Jaya,
Bahadur, Bangla, Param, Sonai, Zero 29, Mihir, Ran/hile some of the HYV seeds
have been used by the farmers for quite some tone a few new varieties have been
introduced in the study area in 2012. About 85.8&@nt farmers have been cultivating

old varieties and the rest 10.99 percent have begg new varieties of the crop.

5.3.3 Extent of Farm Mechanisation:

The process of farm mechanisation involves appiinadf farm inputs by using power
driven agricultural equipments. Mechanisation eceassary for various operations
involved in crop production like threshing, prodags transportation, value-addition,
storage, etc. Farm mechanisation ensures reduztidrudgery associated with various
farm operations, economises utilisation of inputed @&nhances productivity and
production. These, in turn, help in harnessingftitigootential of input bundles applied

in cultivation.

The process of mechanisation may take place werh#ip of either own machines or
hired. It has been found that among the 191 safapte units, about 2 percent own
tractor, about 8.6 percent own power tiller, arolw percent poses bullocks, 39.4

percent have sprayer and around 2 percent havedtary

The extent of farm mechanisation among the sangpted under different structures of
the market is presented in Table 5.12.

It is evident from Table 5.12 that there is no #igant difference in case of farm
mechanisation between water sellers and buyers.ngnadl the activities, the use of
machine is the highest in ploughing. While abou#8%ercent of the buyers have used
tractor or power tiller for ploughing the crop fielabout 68.75 percent of the “self-

users+sellers” have used the same in ploughings iBhfollowed by spraying where
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about 40.18 percent of the “self-users+sellers” abdut 43.03 percent of the buyers
have used the powered spraying. Use of machinkariesting and threshing is lower
for all the categories of farmers under consideratit has a serious implication for the
viability and sustainability of summer rice cultiian in the study area. The harvesting
period of summer rice coincides with high raintaild early flood (in most of the years)
making the process of harvesting and threshing nubfiecult for the farmers.
Therefore, the post harvest handling of summer xiz threshing, drying and milling
or selling has to be improved introducing some vative measures.

Table 5.12
Extent of Farm Mechanisation among Buyers and Selle

Self-users, self-user+sellers, self-
users+sellers+buyers, self- Only buyers
users+buyers*
Areas of both
mechanisation|  non- both power | power
Power and non- Power
power power and non-
power
power
Plouahin 31 77 4 32 28 19
ghing (27.68) | (68.75) (3.57) (40.51) | (35.44) | (24.05)
Leveling and 94 18 i 67 12 i
Harrowing (83.93) (16.07) (84.81) | (15.19)
Puddling 80 19 4 62 14 3
(71.43) (16.96) (3.57) (78.48) | (17.72) (3.80)
Bund makin 'S 4 - i ! -
g (96.43) (3.57) (98.73) (1.27)
Plantation L £ - 8 L -
(97.32) (2.68) (98.73) (1.27)
Transplantin 403 2 - f 2 -
planting | 97.32) (2.68) (97.47) | (2.53)
Fertliser use 108 9 - o 2 -
(96.43) (3.57) (97.47) (2.53)
. 98 79
Weeding (87.50) 14 (12.50) - (100) 0 -
: 67 45 34
Spraying (59.82) | 4°(40.18) - (56.96) | (43.04) -
Harvestin 104 8 - 76 3 -
g (92.86) (7.14) (96.20) | (3.80)
: 81 71 8
Threshing (72.32) | 31(27.68) - (89.87) | (10.13) -

Notes: *Tubewell owners, engaged in water saledbutot cultivate the crop, are excluded.
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5.3.4 Use of Soil Nutrients:

The increase in area under summer rice as a i@sadtoption of STWs by the farmers
has led to a noticeable increase in consumptidarblisers in Assam (Govt. of Assam,
2013b). Consumption of fertiliser in the state haseased from 12.48 kg/hectare in
1995-96 to 27.66 kg/hectare in 1999-2000. The &guent up to 49.50 kg/hectare in
2003-04 and then to 67.09 kg./hectare in 2010-26iblvever, rate of fertliser use is
far below the average for the country as a whole d@mount of fertiliser consumption

of the sample farms are presented in Table 5.13.

Table 5.13
Amount of Fertiliser Consumption of the Sample Farns

Self-users, self-
Typgs of Al farmers user+sellers, self- Buyers
fertilisers users+sellers+buyers, selft
users+buyers*
Min Max Mean Min Max Mean Min Max Mean
N+P+K 6.30| 362.50| 162.95| 7.80| 362.50, 163.78| 6.30| 350.50| 161.82
(kg/ha)
Organic 1.07| 156.97| 19.02| 4.98 66.44 15.83
Manure 0.75| 156.97| 16.81
(kg/ha)
rl\ll'l[lr(;g/)rr]l;)tne 497! 344995 410.01 4.27| 1121.24] 205.61| 7.47| 3449.95] 639.21

It is clear from Table 5.13 that the consumptiotienfiliser of the sample farms is very
high. The average fertiliser (N+P+K) consumptioters 162.95 kg per hectare for all
the farmers which are marginally greater than theunt prescribed by the Department
of Agriculture of Government of Assam (which is li&fhectare) for the cultivation of
summer rice. However, there is a great amountftérdnce between the maximum and
minimum amount of Consumption of fertiliser by tlsample farms. There are
differences in the rate of fertiliser consumptioetvieeen water “buyers” and “self-
user+sellers”. The table also shows that on theagee sellers tend to use higher doses
of fertiliser than those of the buyers. While theermge consumption of fersér is
161.82 kghectare for the buyers, the same is 163.78daare for the sellers. In the
literature of water market, most of the studiespout that “self-user+sellersénd to
use more fertiliser as they are financially capablee finding of our study confirms it
as the “self-user+sellers” are found to be usingenfertiliser, on the average, than the

“buyers”.

TH-1274_06614104 157



The high amount of fertiliser consumption in thenpée area is to be expected as the
sample includes only irrigated farms. It has bfeemd that the sample farmers have a
tendency to use more doses of fertliser in culiowvabf summer rice believing that
more application of fertiliser would increase protion.

The amount of fertiliser consumption also diffeepdnding upon farmers’ adoptiof
different varieties of HYV seeds. Thenount offertiliser consumption across different

varieties of the crofs presented in Table 5.14.

Table 5.14
Amount of Fertiliser Consumption of the Sample Farns under New and Old HYV
Seeds

Types of New varieties of HYV seeds Old varieties of HYV seeds

fertiliser Minimum | Maximum | Average | Minimum | Maximum | Average
N+P+K 7 80 36250 165.98 6.30 249.20| 137.06
(kg/ha)
Organic
Manure 1.47 37.37 18.55 15 156.97 16.47
(kg/ha)
g'/‘;]g’)”“t”e”t 7.47 1121.24) 426.65 4.27| 3449.95| 403.57

It is evident from Table 5.14 that there are ladgéerences in the amount of fertiliser
consumption among sample farms using old and neieties of HYV seeds. On the
average, new varieties of HYV seeds tend to useerdoses of fertiliser than the old
varieties. While the rate of fertiliser consumptignl65.98 kg/hectare in case of new
varieties of HYV, the same is 137.06 kg/hectaredse of old varieties. In addition to
use of chemical fertliser, the sample farmers hasen found to be applying micro-

nutrients and organic manure in order to improvegality.

In the study area, though the farmers are fouritht@ some basic knowledge about the
use of chemical fertilisers, pesticides, etc.; tlaek scientific knowledge on proper use

of fertilisers. Usually, the sample farmers appiyne dose of chemical fertiliser as

what their peer neighbouring farmer does. Mosthef farmers have reported that they
do not get the required support and guidance frioenQepartment of Agriculture in

these respects.
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5.3.5 Yield of Summer Rice:

The Gross Cropped Area (GCA) for all sample farmisufl91) is found to be 180.69
hectare. The total output from the GCA is foundbtn 12,447.58 quintals. Thus, the
average yield of summer rice for all farm unitsfasind to be 68.89 quintal/hectare.
While the farms adopting old varieties of HYV seddwe recorded average yield of
68.18 quintal/hectare, the farms adopting new H¥éds have recorded relatively

much higher yield of 81.45 quintal/hectare.

There is variation in yield of the crop among difflet categories of participants of
water market. This variation is found to be in tladge of 66.44 quintal/hectare to
75.27 quintal/hectare across different categoridarmers. The yield of summer rice to

different participants of water markets is presénteTable 5.15.

It is evident from Table 5.15 that there is hardhy difference in the average yield of
the crop between “self-users” and “self-users+s&lle The category “self-
users+sellers+buyers” has registered the highesd wf 75.27 quintal/hectare among
all the categories. While “self-users+buyers” hasalised an average yield of 68.78
quintal/hectargthe “buyers” have registered the lowest yield of4@6quintal/hectare

among all the categories.

Table 5.15

Yield of Summer Rice across Different Categories d?articipants of
Groundwater Market

Yield per hectare (in quintal)
Category — ;

Minimum | Maximum | Mean
Self-users 29.90 99.66| 70.29
Self-users + sellers 38.87 95.25| 70.57
Self-users + sellers +buyers 51.64 152.15| 75.27
Self-users + buyers 44.85 107.64| 68.78
Buyers 35.88 89.70| 66.44

5.3.6 Farmer’s Contact with the Extension Agencies:

Extension work has been an important factor indififeision of improved agricultural

practices among farmers (Dutta, 2011). Thereforé¢hé schedule administered in the
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field, questions were included to record the inflce of government extension agencies
on the farming practices of the sample farmers. fahmers’ responses to these queries
have been codified and scores awarded. On the bialie scores, the level of contact
with extension agencies have been categorised)intyy good, ii) good, iii) moderate
and iv) poor. (The details of codification proceswl the score system are reported in
Appendix-5.1).

The distribution of sample farmers under differerdrket structures, according to the
level of contact with extension agencies is showiable 5.16. The table shows that
only about 23.70 percent and about 5.60 percettieosample farmers have good and
very good contact with the extension agencies wts@ty. This indicates that about
one fourth of the total farmers have benefited frbra service of the government.
About 47.50 percent of the total sample farmersnateeven aware of the personnel of
extension agencies for their respective area. Bs¢ 23.70 percent of the sample
farmers, although knew the personnel, have notivedeany direct benefit from the
extension service. Thus, on the whole, the samguiedrs have not received better

extension services.

Table 5.16

Distribution of Sample Farmers under Different Market Structure According to the Level of
Contact with Extension Agencies

Category of participants in the water market
Categor_y of Self- Self- Self- Owner
extension Self- users + Total
. users + users + | Buyers b
services users sellers
sellers buyers sellers
+buyers
Poor 8 28 10 1 46 1 94
(44.44) | (36.48) (71.43) (25.00) | (58.23) | (14.29) | (47.50)
Moderate 4 17 3 2 18 3 a7
(22.22) | (22.37) (21.43) (50.00) | (22.78) | (42.86) | (23.70)
Good 4 25 1 1 13 2 46
(22.22) | (32.89) (7.14) (25.00) | (16.46) | (28.57) | (23.20)
Very Good 2 6 ) ) 2 1 11
(11.11) (7.89) (2.53) | (14.29) | (5.60)
Total 18 76 14 4 79 7 198
(100)

Notes: Figures in parentheses indicate percentatie tcolumn total.
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The table shows that compared to the sample “bUyytrs “self-user+sellers” have
better contact with the extension agencies. Ab&@u7&! percent of the sample “self-
users+sellers” have good or very good contact thighextension agencies and are also
benefited from the service. Compared to this, aabput 19 percent of the sample

buyers have good and very good contact with thenskbn agencies.

5.4 Other Aspects of Production and the GroundwateMarket:
5.4.1 Access to Credit:

Access to institutional credit is important for arrher as it helps in technological
adoption leading to overall agricultural growth.oligh some available technologies
are scale neutral, but they entail cost. As suchllssnd marginal farmers, often find it
difficult to procure certain types of technologigkich require large initial investment.
In such a situation, farmers’ access to institwlooredit enables them to procure
modern technologies. However, in many developingnties, particularly in rural
areas, access to credit is highly limited (Ray,89% areas, where financial services
are available, they are often not accessible fa& mhmarginal and small farmers
especially due to lack of required collateral. A®sult, farmers often face high interest
rate and unfavourable borrowing conditions from thkage money lenders (Ray,
1998).

In the context of the present study, a farmer'seasdo credit is important because of
it's significant role in the operation of groundeatmarket. Farmers who are not
capable of installing any tubewell on their own avitb turn out as water buyers, have
cited lack of access to credit as one of the furetdal reasons for not being able to
buy a pumpset. Unavailability of credit also hastnieted the farmers in owing capital
goods and other modern technologies. Access ofstimeple farmers to financial

services is presented in Table 5.17.

It is evident from Table 5.17 that about 25 percginthe famers have their savings
account either in commercial banks (22.70 perceau3t offices (16.20 percent) and
other private agencies (15.20 percent). About 2p&t@ent of the sample farmers have
life insurance policies. Only about 24.24 perceinthe sample farmers have availed

agricultural loan, known as Kisan Credit Card (KC&pm the commercial banks.
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This shows that the sample farmers have a verydiaraccess to institutional finance in
general and institutional credit in particular. heeed for credit is still fulfilled by
village money lenders against a high interest fa&emers have reported that they need
to pay interest rate as high as 10 to 13 percentmoath for a period of six months

which is dramatically higher than 12 percent pamartharged by the formal banks.

Table 5.17

Access of Sample Farmers to Financial Services/Insttional Credit

Types Nos. of farmer
Savings in the commercial banks 45 (22.70)
Savings in the post offices 32 (16.20)
Savings in the private agencies 30 (15.20)
Possession of Life Insurance Policies 44 (22.20)
Agricultural Loan 48 (24.24)
Loan from Self-help Groups (SHG) 28 (22.00)*

Note: Figures in parentheses indicate percentagheototal sample farmers
except the case for SHG where the percentage entteases refers to out of
the total of 133 who are members of the SHG.
The distribution of sample farmers, under differeategories of market participants,

having access to institutional credit is presemetiable 5.18.

Table 5.18

Distribution of Participants of Groundwater Markets
According to their Access to Institutional credit

Category Nos. of farmer
Self-users 2(4.17)
Self-users + Sellers 27 (56.25)
Self-users + Sellers + Buyers 6 (12.50)
Self-users + buyers 2(4.17)
Buyers 11 (22.92)
Owner + Sellers 0
Total 48 (100)

Note: Figures in parentheses indicate percentagelomn total.
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It is evident from Table 5.18 that out of the tosalmple farmers having access to
formal agricultural credit, the majority of thembut 77.02 percent) are “self-
users+sellers”. A sizeable number of sample farmasbbolds (66.20 percent) are
members of SHGs. About 22 percent of the sampladaalso have taken loan from
their respective SHGs to meet expenses of farmiinigw farmers have been found to

be taking loan from the SHGs to meet operationsl obthe pumpsets.

5.4.2 Labour Employment:

Agriculture, which is relatively less modernisedes more labour. In the study area,
two types of labour have been found: family labaod hired labour. Family labours
are the members of any farm family engaged in\atitbn throughout the season both
full time or part time. Hired labours are thoseelito assist in cultivation. They are of
two types: labour who generally work on seasonaisband they work on some sort of
contract. The area rate approach is mostly followbde determining their wage. On
the other hand, temporary or casual hired labowgsagaged only during peak period
for work. Their employment is temporary and they jpaid at the prevalent market rate.
The total labour (measured in mandays) employmeademby the sample farm is

presented in Table 5.19.

It is evident from Table 5.19 that the sample fammts have generated 22, 437 labours
(measured in mandays) in the whole season. Oultistdtal employment, about 67.54
percent are hired labour. The average number olulalmandays required per farm, in
the whole season is found to be 79.34 labour manddyich is almost double the total

numbers of family labour.

Table 5.19
Total Labour (measured in mandays) Employment by tke Sample
Farms
Types Numbers
Total family labour 7,282 (32.45)
Total hired labour 15155 (67.54)
Total labour (family labour+hired labour 22437 Q)0

Note: Figures in parentheses represent percergag#umn total.
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Many sample farmers have reported that there mulabhortage during the peak season
especially during harvesting time. As a resultrehare situations where labour has
been brought from other districts of the state.sehgroups of hired labour work on
contractual basis and charge about 14.98 quineishectare. It is also noticed that
labour payment constitutes a major share of the tatst incurred in the cultivation of
the crop. In addition, the discussion with a fesp@ndents also reveals that due to this
seasonal labour shortage, many farmers have redarezd under the cultivation of
summer rice. Besides, many water sellers also reparted that numbers of buyers are
going down as they have not been able to meetxpenditure incurred in cultivation
due to this seasonal labour shortage. It indidd&islabour shortage has appeared to be

a major problem in agriculture sector in rural area

5.5 Summing Up:

This chapter discusses the nature, structure amifuning of groundwater market, the
general characteristics of the tubewells and ttecheharacteristics of the underlying
production system based on primary data colleatewh the field. It is clear from the
above discussion that groundwater market in theéysawea mostly resembles the same
pattern of operation as is observed in other Asiaantries like Pakistan, Nepal,
Bangladesh and China and many parts of India. Tleemo formal rule governing
access to groundwater among the farmers. Groundwasebeen found to be treated as
a de-factoopen access resource as the owners of land consids their private
property. This makes the market informal. It hasrbéund that the farmers coming
from the same village and work in the same croll fie coming from different villages
but work in the same crop field, are engaged inewatansaction. The groundwater
market is found to be localised in nature as SHE93) termed it, as the water
transaction is constrained by limited availabilipf conveyance facilities. Six
alternative forms of arrangement for groundwater nigve been observed. In contrast
to the existing literature on the operation of tveger market, about 5.88 percent of the
total sample tubewell owners posses a tubewell émlyselling groundwater. This
indicates that groundwater market has helped aféemers to take up groundwater
pumping as an additional source of income. It asggests that the market is not
residual to all the buyers. The majority of the érsyare found to be marginal and small
farmers. This is in line with the findings of aletall studies on water market which
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state that water buyers are usually small and mardgarmers. The size-wise analysis
explicitly shows that when farm size increasesntmber of buyers decreases. More
than 65.98 percent of the water sellers belongh& marginal and small farmers’
category and it has been found that the numbeelt&rs has decreased with increase in
the farm size holding. This is a deviation from #stablished theory in the literature of
water market that water sellers are larger and ttwedhrmers. The study has rather
identified that when farm size increases the nunobdruyer decreases but the reverse
is not always true for the sellers. The study disds that with more availability of
conveyance facilities the market can be expandedaoh more willing buyers though
they are not the immediate neighbours of any waé#er. This, in turn, will help
achieving better utilisation of the capacity of thetalled tubewells. Water transaction
has been found to be taking place in both cashkara] with latter dominating the
scenario. Water transaction has also been fouruktmfluenced by the presence of
personal relationship between buyers and selletkerOnon-economic factors like
caste, religion, etc. has no role in the operatibthe market in the study area unlike
some other studies on water market in the eastatrop India. Buyers have also been
required to render some other services to thersdtieensure reliability of water supply
when required. Most of the water buyers are foumdé the tenants of the sellers
indicating that the market is interlocked with testing land tenure system. Water
charges have been found to be almost uniform wighinillage, though a few sample
buyers have been provided concession by the selllerst of the sellers cite that labour
shortage, steep rise in input prices; particulélhyilisers andnadequate procurement
price for the crops are among the factors that fwrepelled some of the buyers to
give up cultivation resulting in net reduction irarket transaction over the years. The
discussion on the characteristics of tubewells shthat majority of the tubewells are
diesel operated though there is a gradual shifatds/the electrical pumpsets. This is
due to lower operational and maintenance cost @dtetity operated tubewells and
fluctuating prices of diesel. However, the adoptudrelectricity operated tubewells is
constrained by absence of electricity connectiona few places, and inadequate and
erratic supply in places where the electricity cartions are available. Results of the
production system show that there are differengesgut use, level of contact with the
extension agencies and extent of farm mechanishigween tubewell owners-cum-

sellers and the buyers indicating a serious imptinain the attainment of technical
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efficiency of the farms. A significant difference also noticed in yield of the crop

between plots of sellers and buyers.

However, the discussion on this chapter could petisically identify the factors that
may enable a farmer to own tubewell and sell grawatdr to needy farmers. Similarly,
factors that influence a farmer to buy water hage aot been specifically clear from
the above discussion. Therefore, an investigatido the determinants of tubewell
ownership along with their relative significancedahe factors that enter groundwater
buying or selling decisions is required. The nexamter is an attempt to discuss the

determinants of groundwater markets in the studg.ar

Notes:

1.Crop failure mainly takes place due to flood witarlg monsoon as the field study

locations of both the districts lie in the low lgiareas.

2.This term was coined by Dubash (2000) in his pape Ecologically and Socially
Embedded Exchange: 'Gujarat Model' of Water MarkEtonomic and Political Weekly
Vol. 35, No. 16 (Apr. 15-21, 2000), pp. 1376-1385

3. For details see Saleth (1998), pp. 194-95.

4. Monopoly power is related to price. But in tierhture of water market this is explained
based on the degree of exploitation exercised bywhter sellers on the buyers through

different means as delineated in the section.
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Appendix — 5.1

Details of Classification Procedure and Score Systefor Farmer’s Contact
with Extension Services

The following questions were asked to know the rixdé farmers’ direct contact with

the government agencies:

a) Do you know the VLEW of your village?
Yes (1)/ No (0)

(If the answer is No proceed to e)

b. Have you met him in the last seven days?
I. in the last seven days (3)
il. within one month (2)
iii. over one month (1)
iv. can’t remember (0)

b) Have you consulted him on farming problems recéntly
Yes (1)/ No (0)

c) Have you followed his advice?
i) Did not follow (0).
i) Followed but found useless (1)
i) Followed and found useful (2)
d) Do you know the AEO of your area?
Yes (1)/ No (0)

e) Did he visit your village during the last three nius?

Yes (1)/ No (0)
Figures in the parentheses represent respective Gydthe basis of score, four classes
were categorised as follows:

1) Very good — score 9

2) Good — score 4to 8

3) Moderate — score 1 and 4

(No help received but knew VLEW/AEOQ)

Poor — score 0 (Did not know VLEW/AEO)
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CHAPTER SIX
DETERMINANTS OF GROUNDWATER MARKET

In chapter five, a detailed discussion on the matstructure and functioning of the
groundwater market and its interlinkage with otheal markets in the study area, has
been made. It has been found that there is anasicrg tendency among the sample
farmers towards owning a tubewell to gain contrekroirrigation. Under such
circumstances, it is worthwhile to explore the dastthat enable a farmer to own a
tubewell and then what induces him to sell grourtdweSimilarly, the circumstances,
under which a farmer turns out to be a buyer, e worth investigating. In this
chapter, an attempt is made to examine the detantsrof groundwater markets more
rigorously with the help of suitable econometriolto More specifically, it tries to
identify the factors that influence ownership abéwells, the decision to sell and buy
water of the sample farmers in the study area. ffpis of analysis helps us to explain
why some farmers participate in groundwater market$ others do not. Furthermore,
tubewell ownership, buying and selling water ishaice question of farmers. In such a
situation, it is interesting to explain why a peutar choice is made, what factors enter
into the decision making process of a farmer ang hauch each factor affects the

decision.

The rest of this chapter is organised under fiveti@es. Section 6.1 deals with the
methodology used to identify the determinants dfetmell ownership, water buying
and water selling decisions of the sample farm&sction 6.2 discusses factors
affecting groundwater purchase decision of the $anfgrmers on the basis of
estimated results of logit regression model. Irtised.3, the determinants of tubewell
ownership have been identified and discussed waghhielp of the logit estimates for
likelihood of ownership decision of the sample farm In section 6.4, the determinants
of water selling decision of the tubewell ownersdbeen examined. Factors pushing
farmers to sell water and the relative significantehe factors have been identified
and discussed with the help of the logit estim&eshe likelihood of selling decision
of the sample farmers. Section 6.5 finally sumshgowhole discussion of the chapter.
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6.1. Methodology:

The ownership of a tubewell, the decision to bug aell water of a farmer are binary
or dichotomous-response variables taking on theegat0” or “1”. Therefore, in order
to identify the factors and their relative roleimfluencing these dichotomous response
variables in probabilistic sense, the logit modelséd on cumulative logistic
distribution function is found to be suitable (Madkl 1983; Aldrich and Nelson, 1984;
Cramer, 2003; Gujarati, 2004; Gujarati and Sangee2d07; Hill et al., 2011) In a
number of empirical studies on water markets, tlgt Imodel has been used to identify
the factors determining tubewell ownership, watdhregy and water buying decisions
of farmers. In this context, mention can be mad8aiéeth (1991, 1992 and 1996) who
has used the model to explain the determinantsiphl decision of wateiSingh and
Singh (2006), Sharma and Sharma (2006) and Khaal.g2012) in their empirical
studies have applied logit regression model to tifiethe factors influencing both
buying and selling decisions of groundwater basecausehold level primary data.
The determinants of groundwater markets in termsweafer buying and selling
decisions are examined separately to capture therent differences in these two
different kinds of decisions. Following Saleth (6%9the logit model used for the

present empirical context can be formulated asvl

The logit model postulates that, Ehe probability thatl farmer owns a tubewell, sells
and buys groundwater, is a function of an indexialde Z summarising a set of

explanatory variable®,; . That is,

1

P = f(Z) = f(@+ 2B X)) = 1oy = ——=evgrere - (6.1)

1+e“i

Where,

Z; =An underlying and unobserved index for tfefarmer (when Z exceeds
some threshold Z*, the farmer is observed to be ewiseller/buyer
(whatever the case may be); otherwise non-ownersetiar/non-buyer.

X,; = The K" explanatory variable for th& ifarmer that may affect his decision

to own tubewells/sell/buys groundwater.
i=1, 2...N; where, N is the total number of sample farmectuded in the study
k=1, 2 ...M; where M is the total number of explamwgtvariables.
a = Constant

B = Vector of coefficients
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e = Base of the natural logarithm and approximatelyads to 2.718.

Now in the estimation contexf; can be estimated as follows;

P;(1 + %) = e

Pi + Piezi = eZi
Pi = e%i — Piezi
Pi = ezi(l —3 Pl)
A _ oz
- A=k 6.2

Taking logarithm of both sides,
log(;75) = 7 = a+ % fi Xy —— (6.3

Thus, Z (in Equation 6.3), is a linear function of a hoexplanatory variables. In fact
Zi%is equal to the natural logarithm of the odd rati@. the ratio of probability that the
farmer has owned a tubewell, sold and purchasedngreater to the probability that

the farmer does not.

The goodness of fit test describes how well a méitekto a set of observations. The
goodness of fit of a logit regression model canebaluated with the help of either
Wald Test or Likelihood Ratio Tedtsin addition to these, pseudo coefficient of
determination (pseudo?R is also used. There are a variety of pseudaiged for
examining goodness of fit of a logit regression elod’hough goodness of fit is
estimated, in a binary regression model, goodnédi & of secondary importance.
What matters is the expected sign of the regressiefficients and their statistical or
practical significance (Guajarati and Sangeeth@y20Therefore, based on observation
in the field, a special attention will be given Vehinterpreting the results. In order to
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assess effect of each selected explanatory variablehe probability of tubewell
ownership, water buying and water selling decisioha farmer, the marginal effects
and elasticity coefficients are estimated. Margeiéécts are the partial derivatives of
probabilities with respect to the vector of explanga variables and computed at the
mean of the explanatory variables. The value of dbefficient of marginal effects
indicates the changes in decision of a farmer to twkewell, buy and sell water which
is caused by a one unit change in the independanable, ceteris paribus The
elasticity coefficient indicates that 1 percent g in the explanatory variable will
change the probability of farmers’ decision to awbewells, buy or sell water equal to

the respective percentage of the elasticity caefitq(Khair et al. 2012).

6.2 Determinants of Buying Decision of Groundwater:

The buyers of groundwater are primarily the farmet do not own tubewell but

undertake cultivation by purchasing water usualont the nearest owner-cum-water
sellers though a few sellers are also found to aembuyers on fragmented plots. In
this section, an attempt is made to identify thetdies that influence a farmer to buy

groundwater.

As mentioned in the previous section, in orderdentify the factors which influence
water buying decision of a farmer, a binary logibdel has been chosen. First, the
sample farmers are categorised into two classes, water buyers and non-buyers.
Non-buyers include “self-users” and “self-userskesef. Other categories of
participants of water markets like “self-users+hbsyeand “self-users+sellers+buyers”
are excluded from the analysis to maintain mutxelusiveness. Thus, as evident from

Table 6.1, the total number of sample farmers ctared for the analysis is 180.

For the farmers who resort to water purchase, #pendent variable is assigned the
value “1” and for the farmers who are non-buyees\thlue of the dependent variable is
taken to be “0”. In this way the dependent varidi#deomes a binary variable taking the
value “1” for farmers going for water purchase d@totherwise. Then a binary logit

model has been applied to find out the factorsctifig the sample farmers’ decision to

buy water.
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Table 6.1

Typology of Sample Farmers According to their Decisn to Buy

Groundwater
Category of farmers Decision to buy water Total
No Yes
Self-users 18 00 18 (10.00)
Self-users+sellers 76 00 76 (42.22)
Buyers 00 79 79 (43.89
Owner+sellers 7 00 07 (3.89)
Total 101 79 180 (100

TH-1274_06614104

Note: Figures in parentheses represent percenfamuonn total.

6.2.1 Factors Influencing Water Buying Decision:

The available theoretical and empirical literatoeflects on a number of factors that
determine the water buying decision of a farmemnveler, subject to the availability of

data and their relevance in the context of thegmeestudy, a number of factors have
been identified so as to capture their possibleiémice on water buying decision of a
farmer. The theoretical justification for the insion of these explanatory variables

along with their definition and expected signs hasn discussed below.

Own Farm Size:

Own farm size is an important factor which may eiffgecision of a farmer to purchase
groundwater. This is due to the fact that own faine and the ownership of tubewells
are directly related with each other (Pant, 1992att 1993; Bhandari and Pandey,
2006, etc). In the previous chapter, it has beemdahat a majority of the buyers are
marginal and small farmers. Because of smaller sfzewn agricultural land holding
the farmer may not choose to own a tubewell and opyfor purchasing water when
there is willing sellers in the vicinity of his owplots. The a priori assumption is that
the own firm size of a farmer is inversely relatedthe probability of buying water.
Thus, the expected sign of the coefficient of thasiable is negative. The variable is
denoted in short &@BFS
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Size of Operational Holdings:

The available literature, empirical studies andlifigs of the present study show that
buyers are usually the small and marginal farmergerms size of their operational

holdings. In most cases, some of them are alsddasdarmers. However, the size of
their operational holding is found to be highemthiae size of own farm land as most of
the marginal or small or landless farmers posses lan lease from the village

landlords as well as from the water sellers in ptdeundertake cultivation of any crop

(which in the present study is summer rice for acefr season). In such a situation,
though own farm size of a farmer is low, if thenf@r has the possibility to lease in
land, the farmer may choose to own a tubewell. Jike of total operational holdings

measured in hectare is important to consider astaif that influences water purchase
decision of a farmer. Thus, larger is the size mérational holdings lower may be the
possibility to buy water. In other words, the stfeoperational holdings has a negative
relation with water buying decision of a farmer.eThariable is denoted in short as
TOHL.

Percentage of Area under Summer Rice:

In corollary to the size of operational holdinge tpercentage of total operational
holdings brought under summer rice cultivation, the present study, is also an
important factor that largely affects water pur@dscision of a sample farmer. This is
mainly because of the fact that a farmer might Havge operational holding but he
may not put all of them in to cultivation of sumnmare as land may not be suitable for
production of summer rice. It has been confirmedheyfindings of the study that there
is discrepancy between the two in majority of tample farmers (56.01 percent). Since
the growth of groundwater markets is primarily ezatd on the summer rice
cultivation, area put to undertake summer riceivatibn may exert an influence on
water purchase decision. Therefore, besides the asfzoperational holdings, the
percentage of area under summer rice (denotedart asPAUB) may also exert an
influence on water purchase decision taken by madarThis in the context of present
study is assumed that when percentage of area gndener rice increases the farmer
is more inclined to own a tubewell. Thus, this ahte has a negative impact on water

purchase.
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Fragmentation of Land Holdings:

When farmers’ cultivable plots are dispersed in ynalots, it is quite unlikely that with
single water extracting device a farmer will beeatd irrigate all his land (Singh and
Singh, 2006). Besides, moving pumps around fredyenay also cause early break-
down which may entail more cost (Bhandari and Pan@€06). Therefore, when
degree of fragmentation is high and fragmentedspoé smaller in size: a farmer may
not own a pumpset or a farmer with pumpset maybeawilling to own more than one
pumpset rather he may prefer to buy water on frageaeplots (Singh and Singh 2003;
Sharma and Sharma, 2006). In the present studyné&atation of land has been
captured in terms of the number of fragmented platere summer rice has been
cultivated. Hence, we expect the variable (denateshort ad=PLT to bear a positive

sign.
Subsidiary Occupation

A farm family with stable subsidiary source of ime® may enjoy capacity to invest on
pumpsets. However, such a farmer might have lesserration on farming and might

not invest heavily in agriculture (Singh and Sin@®06). The income from the

subsidiary sources may also not be sufficient tm @xtubewell. Therefore, a farmer
with subsidiary source of income may or may nohtout to be an owner. Therefore,
the probable effect of this variable on water bgydecision is not conclusive. The
significance and sign of the variable will determimhether it has positive or negative
effect on water purchase. The role of this vagaimh the probability of buying water

could be captured by constructing the dummy vaeiatdhether the farmer family has
subsidiary income sources or not. Value “1” is gisad for having subsidiary source of
income in the family, “0” otherwise. The variable,short is denoted &SI

Education:

It is often found from the available literature thactors such as know-how of
information regarding improved farm practices, ngaral skills, etc. are important for
effective farming. However, it is difficult to findppropriate variables to measure such
factors. Education of the head of the farm familjho takes the major decision in
farming, in the context of the present study cartrbated as an important factor that

may affect the decision to own tubewell and seltewdrom it. Education reflects
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possible effect of human capital (Bhandari and Bgn@006) and managerial ability
(Singh and Singh, 2006) and understanding to capghg chance to sell water as an
economic opportunity (observation from the fieldievhis discussed in section 5.1.2 in
Chapter 5). Therefore, it may be hypothesised phabability of purchasing water is
negatively related with the education of the farnizata on education of the head of
the farm family is captured as the number of yedrrmal schooling completed by

the farmer. The variable is denoted in shofEB$\.
Age:

Like education it has also been found from avadabroad literature on water
markets/agricultural economics that experience toanlot in effective farming. The
older the farmer the more he gets experiencesrmirig from practical point of view.
This may encourage the farmer to own a tubewekrisure adequacy in applying
irrigation in undertaking summer rice cultivatiorhish is a water intensive crop and
based primarily on groundwater irrigation. Besidas, experienced farmer may also
take an initiative to own a WED jointly in order toinimise its own share in initial
investment required to buy a pumpset. These togetlag exert a negative impact on
water buying. Age of the sample farmers in the gmestudy is measured in terms of

years. The expected role of this variable on tlodalility of buying water is negative.
Access to Institutional Credit:

As explained in chapter five, initial investment tubewell requires a large capital
outlay in buying the pumpset, equipments and ilaitah of the boring. A financially
capable and large farmer may be able to buy a WiERugh his own savings. But most
of the poor farmers cannot afford to install a WHEDparticular and other agricultural
inputs in general. Under these circumstances,drpthsent study it has been found that
about 20 percent of the sample small and margiaaindrs are dependent on
borrowings from others, mostly from informal sowcagainst an exorbitant rate of
interest. This puts a huge financial burden upenfénmers that limit their capacity to
buy a WED. On the other hand, the provision of fareredit may enable farmers to
own a WED. At the same time as we know, land isriost important collateral in
rural credit market. Since buyers’ land holdings smaller than those of sellers in the

sample, thus, the inaccessibility of formal creslibne of the capacity constraints faced
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by small and marginal farmers in owning a WED. Timay compel a farmer to buy
water. Thus, access to credit from formal soursesxpected to affect ownership of
tubewell of the farmer and is negatively relatedthe water buying decision of a
farmer. Hence, the variable (denoted in sho&l& should bear a negative sign. Here,
a dummy variable has been constructed to captweetfect of farmers’ access to
institutional credit. The variable assumes the @dlli’ if the farm household has an

access to institutional credit and “0” otherwise.
Distance of Buyers’ Plots from the Nearest Tubewell

Buying decision of water is also contingent uponethler there is tubewell near to
farmers’ plots (Pant, 1992). It has been found taanhers generally do not prefer to
buy water from distant sources of tubewell whichcanstrained by availability of
conveyance facilities. Therefore, if there remartsbewell with excess capacity in the
neighbourhood of farmer’s plot, the farmer may d®to buy water. Distance of the
sample buyers’ plots from the nearest WED is mesir terms of meter. The a priori
assumption is that nearer the source of irrigatvater, greater is the possibility that a
farmer decides to buy water. The expected sigthisfvariable (denoted in short as
DFENS)) is negative.

Access to Extension Services:

Like education and age, farmer’s better accessxtension services given by the
government is also expected to help them in adopénd use of better farming
practices including timely and adequate applicabbigroundwater. Farmers gaining
knowledge on water requirement of the crop arelhflikte own a WED rather than
resorting to water purchase. As discussed in gedi®.6 in chapter five, in the
guestionnaire administered to collect primary datag questions related to farmers’
interaction with government extension agency haenhincluded. Farmers’ responses
to these queries were codified into scores. Tha smores on these queries could vary
from 0 to 9 depending on the level of the farmangraction with the extension
agencies. A farmer's scores on these questions hesfe used as the measure of his
access to extension service. Thus, if the scoresxt#nsion services increases, this
implies that the farmer has better contact with éxéension services deducing the

benefits of the services. A farmer benefited bydretxtension services is expected to
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have availed facilities under different schemesbéng the farmer to own a tubewell.

Thus, the expected sign of the variable (denotesthort asACES is negative.
Caste

A few available literatures also conclude that omshg of tubewell is skewed towards
upper caste. It is expected that farmer who betongper caste may have better access
to financial resources and thus be able to ownbawell. However, in the field, no
such division like upper caste and lower is obskrvyRather caste as variable is
captured in the field either as general caste loerabackward caste or scheduled caste
or scheduled tribe. Since presence of inequaldi®®ng the farmers by their caste
cannot be ruled out, this variable (denoted intsae€STH is included in the study to
identify whether there is any difference in the hability of buying water based on
caste. The possible effect of this variable carcdygtured as a dummy assigning the

value “1” if the farmer belongs to the general gaty, “0”, otherwise.
Personal Relationship:

Some of the buyers and sellers in water market bae& found to be relatives of one
another. Therefore, the role of kinship in affegtimater purchase decision cannot be
ruled out in the context of the present study. é&snfl in the study, one of the reasons
may be that buyers enjoy concession when theyedaéves of the seller while on the
other hand a seller can also expect other serevesand above the payment for water.
Because of its likely impact on decision to purehaster, kinship is considered as an
explanatory variable. The expected sign of the fanent of the variable (denoted in
short adPSNR is positive.

Tenancy:

Tenancy as a variable (denoted in shorTEEY) influencing water purchase decision
assumes a significant position in the present stligyancy is intertwined with the
operation of the water market as it has been fahatl as high as 42.27 percent of
sample water sellers have leased out land to lhers and about 31.95 percent of the
sample water buyers also have leased in land flosir respective water sellers.
Therefore, it is assumed that when a buyer is anteof the water seller, he is more

likely to enter into water contract with the wasetler. This variable is taken as dummy
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taking on the value “1” if the farmer is a tenand&d0” otherwise. The coefficient of

this variable is expected to bear a positive sign.

The definition of the explanatory variables andeotpd signs of the coefficients of the
variables are summarised in Table 6.2.

Table 6.2
Definition of the Explanatory Variables Influencing Farmers’ Decision to Buy
Groundwater
Sl. No.|Variable Definition Expected's.lgn of
the coefficients

1 |OFS Own farm size (area in hectare) }

2 |TOHL | Total operational holding (area in hectare) )

3 |pPAUB Percentage of area under summer rice (in )
percent)

4 |ACIC Access_ to institutional credit (1 = Yes; 0, )
otherwise)

5 |sg| Subsidiary source of income in the farm it
household (1 = Yes; 0, otherwise)

6 |AGE Age of the head of the farm household (in
years) b
Education of the head of the farm household

7 |EDN : -
(in years)

8 |NFPT | Nos. of fragmented plots +

9 |csTE Caste of t'he farm household (1 = geneedte ]
0, otherwise)

10 |DENS] Distance from nearby source of irrigation (in i
metre)

11 |SCES | Score of the extensions services (in number) -
Personal relation with buyers and sellers

12 |PSNR (1=Yes, 2=No) +

13 |TNCY _Tenancy.among th_e farmers (1 = if the farmer )
Is tenant; O otherwise

The descriptive statistics of the selected exptayatariables are presented in Table
6.3.
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Table 6.3
Descriptive Statistics of the Variables Influencing=armers’ Decision toBuy Groundwater

Variable Definition Minimum |Maximum| Mean S.td'.
Deviation
OFS | Own farm size (area in hectare) 0 12.04| 1.34 1.51
Total operational holding (area in
TOHL | hectare) 0 4.95 1.29 0.97
Percentage of area under summer rige
PAUB | (in percent) 0| 100.00, 71.50 30.19
NFPT | Nos. of fragmented plots 1 5.00 1.52 0.75
Distance from the nearest source of
DENSI | irrigation (in meter) 20| 700.00| 155.84 96.97
Age of the head of the farm household
AGE | (in years) 22 77.00| 46.86 11.63
Education of the head of the farm
EDN | household (in years) 0 15.00, 5.39 4.95
Subsidiary source of income in the farm
SSi household (1 = Yes; 0, otherwise) 0 1.00| 0.46 0.50
Access to institutional credit (1 = Yes
ACIC | otherwise) 0 1.00 0.28 0.45
Score of the extensions services (in
SCES | number) 0 9.00 2.67 3.09
Personal relation with buyers and sellers
PSNR | (1=yes, 2=No) 0 1.00 0.40 0.49
Caste of the farm household (1 =
CSTE | General caste; 0, otherwise) 0 1.00 0.39 0.49
Tenancy among the farmers (1 = if the
TNCY | farmer is tenant; O otherwise 0 1.00 0.34 0.48

6.2.2 Functional Form of the Model:

Incorporating the explanatory variables discusseitié previous section, the functional

form of the model specified in Equation 6.3 (undection 6.1) can be formulated for

estimating the parameters affecting buying decisibthe relevant sample farmers in

the following manner.

log (25) = 2z~ (6.4

Where R= Probability of buying water.
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Z;,=a+ B1(0OFS) + B,(TOHL) + B3(PAUB) + B4(ACIC) + B5(SSI) +
Be¢(AGE) + 7(EDN) + Bg(NFPT) + Bo(CSTE) + B1o(DFNSI) +
B11(SCES) + B12(PSNR) + B43(TNCY) + U; ------ (6.9

U; is the error term.

The maximum likelihood estimates of the model, fpgtin Equation 6.5, have been
obtained using STATA 11.0.

6.2.3 Results and Discussion:

The results from the logit model (specified in Egpa 6.5 are) in terms of MLE
estimates, marginal effects and elasticity coedfits are presented in Table 6.4.
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Table 6.4

Logit Estimates for the Likelihood of Water Buying Decision of the
Sample Farmers

N

) MLEs Marginal effects Elasticity
Variables/
Particulars|Coefficient| Std. Error dy/dx Std. Err. eylex
CONSTAN| 3.1774** 1.4285
OFS -1.1502* 0.3494| -0.2675 0.0758| -0.9717
TOHL 0.2946 0.3652 0.0685 0.0842 0.2408
PAUB 0.0090 0.0075 0.0021 0.0017 0.4046
NFPT 0.2447 0.2739 0.0569 0.0639 0.2353
DFNSI -0.0037*** 0.0023| -0.0009 0.0005| -0.3598
AGE -0.0401** 0.0192| -0.0093 0.0045| -1.1867
EDN -0.0757 0.0483| -0.0176 0.0112 -0.2577
SSI 0.4416 0.4161 0.1024 0.0969 0.1289
ACIC 0.1854 0.4593 0.0435 0.1090 0.0331
SCES -0.1854* 0.0702| -0.0431 0.0163| -0.3132
PSNR -1.7627* 0.4716| -0.3722 0.0876| -0.4419
CSTE -0.2063 0.4732| -0.0476 0.1085| -0.0503
TNCY 0.8748*** 0.5046 0.2072 0.1201 0.1893
Log-likelihood of full model: -83.944
Log-likelihood of null model -126.65]
LR Ch? 85.423*
Over all pseudo R 0.337
McFadden's Adj. R 0.227
Correct prediction (in percent) 72
Crag & Uhler's & 0.497
Efron's R: 0.396
Adj. Count R: 0.506
Degrees of freedom 13
Total observation 180

* ** and *** represent significance at 1 percebtpercent and 10 percent levels

respectively.

For a dummy variable, dy/dx is the discrete chasfggummy from O to 1.

It is clear from Table 6.6 that the model givesoadyfit as Likelihood Ratio Test (L-R

Chi®) is found to be highly significant. The Variancglation Factor (VIF) values used
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to check multi-collinearity problem, (shown in Tabé A.1 in Annexure-6.1) have
shown absence of severe multi-collinearity problemthe model. The model has
provided correct prediction to the extent of 72ceet of the dependent variable. While
the overall pseudo &has turned out to be 0.337, the McFadden’s Adjusteand
Adjusted Count Rhave been turned to be 0.227 and 0.506 respectiiebugh a high
value of pseudo Ris desirable, it is not always considered at pié whe adjusted R
like in OLS. The significance of the explanatoryrighles, direction of change in
dependent variable with respect to the explanatanjable, marginal effects and the

elasticity coefficients are discussed below.

It is clear from Table 6.4 that the coefficient‘@fFS” is found to be highly significant
and negative, which implies that when own farm gizereases the probability of
buying decisions of a farmer decreases. In othedsyavith large own farm size farmer
finds it better to own a tubewell than buying wat€hus, it is appropriate that own
farm size has negative and significant influenceh@ndecision to purchase water. The
partial probability of own farm size is estimatedbe (-) 0.267. This implies that other
things remaining the same, one unit increase infanm size of the farmer, will reduce
the probability of water buying by 0.267 pointsm8arly, the elasticity coefficient
which is estimated to be (-) 0.97, implies that @eecent increase in the “own farm

size”, leads to probability of water purchase tordase by 97 percemgteris paribus

Tenancy as a variable is statistically significamd its coefficient is found to be
positive. This implies that if a farmer is a tendet is more likely to be a buyer of
water. Tenancy being a significant determinantvafer purchase decision indicates
the presence of a stronger interlinkage betweeropleeation of water market and the
land tenure system. The partial probability of teais estimated to be 0.207. This
implies that other things remaining the same, whefarmer becomes a tenant the
probability of water buying by 0.207 points. Simija the elasticity coefficient which
is estimated to be 0.18 implies that when the buyems out to be a tenant, the
probability of water purchase will increase by Eqgent,ceteris paribus

The coefficient of “DFNSI” is also found to be néiga and significant. This indicates
that when distance from the nearest source ofaiing/tubewell increases farmers’
probability of buying water decreases. The pagrabability of the variable is found to
be (-) 0.0008 which implies that when farmer’'s pldtom the nearest source of
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irrigation increase by one meter, the likelihoodfariner’s decision to buy water will
decrease by 0.0008 points. The elasticity coefiicighich is estimated to be (-) 0.35,
implies that when distance of buyer’s plots frora tiearest source of tubewell increase
by one percent, the probability of water purchadé decrease by 35 percerdeteris

paribus

The coefficient of “AGE” is found to be negativedasignificant. This implies that
when age of the farmer/farm household increasesptbeability of buying water
decreases. When experience increases the farmefimday better to own WED than
buying water as water purchase is also beset Witlgtiestion of reliability. The partial
probability value of (-) 0.009 of the variable indies that when age of the farmer/farm
household increases by one year, the probabilifgrofer’'s decision to buy water will
decrease by 0.009 points. The elasticity coefficighich is estimated to be (-) 1.18,
implies that one percent increase in age of thedarthe probability of water purchase

will decrease by 118 percengteris paribus

In the available literature (as discussed in sachd.8 in chapter 5) it has been found
that along with market factors, the operation & wmater market is also influenced by
the presence of personal relationship between bugad sellers. However, in the
present study, the coefficient of “PSNR” betweere thuyers and sellers as a
determinant of water buying decision is found to dignificant but negative. This
implies that the personal relationship of a farmwéh the water seller does not push
him to buy water. The elasticity coefficient okthariable implies thateteris paribus,
when a buyer has a personal relationship with ¢éflers the probability of water buying

decision goes down by 44 percent.

The coefficient of “SCES” is found to be negative dighly significant. This indicates
that when a farmer receives more extension seniitgbe form of information on
farming technology, etc. the farmer is more likédy own a tubewell rather than
resorting to water purchase. The partial probabiit access to extension services is
found to be (-) 0.043. This implies thagteris paribusone point increase in scores of
extension services will decrease the probabilitywaiter buying by 0.043 points.
Similarly, the elasticity coefficient which is esiated to be 0.31 implies that one
percent increase in the scores of extension saralotained by the farmer will increase
the probability of water purchase by 31 perceateris paribus
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The variable “NFT” though not significant the sighit has been found to be positive

as expected.

6.3 Determinants of Tubewell Ownership:

Since majority of the sample farmers have expretissid preference to own a tubewell
to gain control over irrigation, looking at factaaffecting tubewell ownership is also
important. A farmer to become a water seller, fastl foremost he must be owner of a
tubewell. Therefore, it is important to first loakwhat factors enable a farmer to own a

tubewell.

As mentioned above, in order to identify the fasterhich influence ownership of
tubewell by a farmer, a binary logit model has bebasen. First, the sample farmers
are categorised into two classes, viz., tubewelhewand tubewell non-owners. The
total number of sample farmers included in the ymslis 198. The typology of the

farmers according to their ownership of tubewepigsented in Table 6.5.

Table 6.5
Typology of Sample Farmers According to Their Decisn to Own a
Tubewell
Category of Farmers Ownership of tubewell o
Non-Owners Owners
Self-users 0 18 18 (9.09)
Self-users + sellers 0 76 76 (38.38)
celorsrtgers 0 4] 1407
Self-users+buyers 0 4 4 (2.02)
Buyers 79 0 79 (39.89
Owner+sellers 0 7 7 (3.53
Total 79 119 198 (100

Notes: Figures in parentheses represent percerttagekimn total.
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For the farmers who own tubewells, the dependernabie is assigned the value 1 and
for the farmers who do not own a tubewell the valithe dependent variable is taken

to be 0. In this way, the dependent variable besombkinary variable taking the value
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“1” for farmers owning tubewell and “0” otherwis&hen, a binary logit model has

been applied to find out the factors affectingfimeners’ ownership of tubewells.

6.3.1 Factors Influencing Ownership of Tubewells:

The available theoretical and empirical literatoeflects on a number of factors that
determine the decision of a farmer to own a tubke(&handari and Pandey, 2006).
However, subject to the availability of data andittrelevance in the context of the
present study, the following factors have beentifled so as to capture their possible
influences on tubewell ownership decision of a &arnThe theoretical justification for
the inclusion of these explanatory variables alant@) their definition has been given

below.
Own Farm Size:

Given the arguments discussed in section 6.2.1sitee of own agricultural holdings
(denoted in short as wfs) has been taken as aaredpky variable in the present study.
Here, the a priori assumption is that the own faime of a farmer is directly related to

the probability of tubewell ownership of the farmer
Total Operational Holdings:

Based on the arguments discussed in section @ assibility that farmers with larger
size of operational holdings (denoted in shortodis) tmay be associated with tubewell
ownership, this is considered as an important fatiat influences tubewell ownership
decision of a farmer. Here, the a priori assumpt®rthat, higher is the area of

operational holding, greater is the probabilitytthdarmer own a tubewell.
Fragmentation of Land:

Following the same logic, discussed in sectionl6i2can be hypothesised that when
degree of fragmentation is high and fragmentedspdoé smaller in size: a farmer may
not own pumpset set or a farmer with pumpset maybeowilling to own more than

one pumpset. Hence, we expect the variable todaagative sign.

Area under the Largest Compact Plots:
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Even though a farmer might have many fragmentetspib the dispersed plots are
large in size, the farmer is more likely to own &R\ It can be hypothesized that when
area under largest compact plots increases thesfasymore likely to own a WED.
Therefore, area under largest compact plot (denmteshort asAULP) is positively

related with ownership of tubewell by a farmer.
Subsidiary Occupation

A farm family with stable subsidiary source of ino® may enjoy capacity to invest on
pumpset. However, such a farmer might have lesserdration on farming and might
not invest heavily in agriculture (Singh and Sing@B06) or the income may not be
sufficient to procure a WED. Therefore, a farmettvaubsidiary source of income may
be able to own a tubewell. The role of this faabor the probability of owning a

tubewell could be captured by the dummy variablestiver the farmer family has

subsidiary income sources or not. Value “1” is gisad for having subsidiary source of

income in the family, “0” otherwise. The variabtedenoted in short &SI
Access to Institutional Credit:

As explained in section 6.2, farmer’s access tm#édrcredit may enable farmers to own
a WED. Hence, the variable is included in the asialgnd denoted in short as aicc. The
expected sign of the variable is positive. The afief the variable is captured as a
dummy which takes the value “1” if the farm houdedhbas access to institutional

credit and “0” otherwise.
Education

Given the argument discussed in section 6.2 it bealiypothesised that the probability
of owning a tubewell is positively related with tleeel of education of a farmer. Hence
this variable is included in the analysis and dedah short as edn. Information on
education of the head of the farm family is recdrds the number of years of formal

schooling completed by the farmer.
Age of the Farmer:
Given the argument discussed in section 6.2, expesi of a farmer, which is

hypothesised to be increased along with age, megueage a farmer to own a tubewell
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to ensure adequacy in applying irrigation in unald@rtg summer rice cultivation which
is a water intensive crop. Hence, the variableoiss@ered in the analysis. Age of the
farmer is measured in terms of years. The expealedof this variable on tubewell

ownership is positive.
Access to Extension Services:

Given the arguments discussed in section, 6.2, de’ntontact with the extension
workers may enable a farmer to own a tubewell. lderthe expected sign of the

variable is positive.
Caste

A few available literatures also conclude that omshg of tubewell is skewed towards
higher caste. It is expected that farmer who belmngpper caste may have access to
financial resources, etc. and thus be able to otub@well. Therefore, in the context of
the present study, the variable is considered &mnéxe how caste as a variable affects
tubewell ownership. The probable impact of thisalale can be captured as a dummy

assigning the value “1” if the farmer belongs te teneral caste, “0’, otherwise.
Electricity Availability:

As noted in the previous chapter, STWs are openatittdelectricity or diesel. Though,
in the present study, the concentration of dieparated tubewells is more than the
electricity operated tubewells, capital outlay, @e@n and maintenance expenditure is
substantially lower in case of electric tubewelBhdh, 1993; Bhandari and Pandey,
2006; observation of the researcher). Becausenobfzerational cost, which constitutes
the major share of current expenditure in the pcidno of summer rice among the
resource poor farmers, buyers prefers to buy watan the electric tubewell than the
diesel operated tubewells. Therefore, it may beothgsised that the availability of
electricity enables a farmer to own electric tubkkwaed attract more buyers. The role
of this variable on the probability of tubewell ogvship has been captured building a
dummy variable (denoted in short A¥YLE) assigning the value “1” is if electricity

facility is available or “0” otherwise.
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The definition of the explanatory variables andextpd signs of the coefficients of the

variables are summarised in Table 6.6.

Table 6.6

Definition of the Explanatory Variables and their Likely Impact on Farmers’ Decision

to Own a Tubewell

Sl. No| Variable Definition Etﬁgec%[g?ﬁsilgr?tg
1 |WFS Own farm size (area in hectare) +
2 |[TOHL Total operational holding (area in hectare) +
3 |AULC Area under the largest compact plots (in hectare) +
4 |ACIC Access to institutional credit (1 = Yes; 0, othesgyi +
Subsidiary source of income in the farm househbld

5 |[SSI Yes; 0, otherwise) +

6 |AGE Age of the head of the farm household (in years) +

7 |EDN Education of the head of the farm household (irrg)ea +

8 |INFPT Nos. of fragmented plots -
Caste of the farm household (1 = General caste; O,

9 |CSTE otherwise)

10 |AVLE Availability of electricity facility (1 = Yes; 0 #N0) +

11 |SCES Score of the extensions services (in number) +

The descriptive statistics of the explanatory J#ea considered in the model are

presented in Table 6.7.
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Table 6

g

Descriptive Statistics of the Explanatory Variableghat Influence Farmers’ Decision to Own a

Tubewell
Sl. No Varlable. — Minimum Maximum [Mean/Mode S.td'.
Name Definition Deviation
1 | WFS Own farm size (area in hectare 0/00 12.04 1.37 1.58
> | TOHL Total operational holdings (area 0.00 4.95 134 0.99
in hectare)
3 | AULC Area qnder the largest compact 0.13 201 0.80 0.45
plots (in hectare)
4 |AGe |Age ofthe head of the farm 2200 77.00 4737  11.79
household (in years)
5 | EDN Education qf the head of the fafrm 0.00 15.00 592 491
household (in years)
6 | NFPT Nos. of fragmented plots 1.00 5.00 1.55 0.79
7 | csTE Caste of the farm household 0 1 0.40 0.491
(1 = General caste; 0, Otherwise)
Availability of electricity facility 0 1 0.74 0.438
8 | AVLE (1 =Yes; 0=No)
9 | SCES Score of the extensions services 0 9 1.67 2.017
Access to institutional credit 0 1 0.24 0.430
10 1 ACIC (1 =Yes; or 0, Otherwise)
Subsidiary source of income in
11 | SSi the farm household 0 1 gr46 0.500
(1 =Yes; 0=No)

6.3.2 Functional Form of the Model:

Incorporating the explanatory variables discusseseiction 6.3.2, the functional form

of the model specified in Equation 6.3 (under sec6.1) for the estimation is specified

in the following manner:

Pj
log(=5) = zi - (6.6)

Where, P= Probability to own tubewell.

+B6(AGE) + ,(EDN) + Bg(NFPT) + Bo(CSTE) +

ﬂlO(AVLE) + ﬂll(SCES) + Ui ----- (6.D

U; is the error term.
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The maximum likelihood estimates of the model djestiin Equation (6.7) have been
obtained using STATA 11.0.

6.3.3 Results and Discussion:

The maximum likelihood estimates (MLEs) of the dméfnts of logit regression
model (specified in Equation 6.7), marginal effeatsl elasticities are presented in
Table 6.8.

TH-1274_06614104 191



Table 6.8

Logit Estimates for the Likelihood of Tubewell Owneship Decision of the Sample

Farmers
Variables/ MLEs Marginal Effects
Particulars Coefficient Stgprg?rd " Standard | Elasticity

CONSANT -5.2814* 1.332549 yiex Error

OFS 1.209369* 0.358655| 0.228348  0.05379| 0.419718
TOHL 0.049986] 0.350906| 0.009438 0.06632| 0.016894
AULC 1.059901*** 0.645966, 0.200126/ 0.12307 0.21462
ACIC 1.045966** 0.47818| 0.170697, 0.06753] 0.064063
SSI -0.2173 0.381554| -0.04117 0.07265| -0.02551
AGE 0.045399** 0.018547 0.008572] 0.00353| 0.543313
EDN 0.125517** 0.049673 0.0237 0.00913| 0.165603
NFPT -0.17756*** 0.223077| -0.03353 0.04226| -0.06956
CSTE 0.413706 0.436251] 0.076431] 0.07876] 0.041703
AVLE 0.481328 0.468672 0.090882] 0.08898| 0.152928
SCES 0.13174** 0.065304 0.024875| 0.01269] 0.084553
Log-likelihood of full model -92.433
Log-likelihood of null model -133.87
LR Ch?’ 81.48*
Overall pseudo R 0.305
McFadden's AdjustedR 0.216
Cragg & Uhler's R 0.456
Efron's R: 0.353
Adjusted Count R 0.443
Degrees of freedom 11
Nos. of observation 198

* ** and *** represent significance at 1 perceBtpercent and 10 percent levels.

For a dummy variable, dy/dx is the discrete chasfggummy from O to 1.

It is clear from Table, 6.8 that the model givegamd fit indicated by the significant

Likelihood Ratio Test (L-R CRj keeping in view the cross section data set uEkd.

model has provided correct prediction to the extdnf7.78 percent of the dependent

variable. The Variance Inflation Factor (VIF) vatuased to check multi-collinearity
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(shown in Table 6A.2 in Appendix-6.1), have showbsence of severe multi-
collinearity problem in the model. As evident frohable 6.8, the overall pseudo
coefficient of determinations (pseudd)Fhas turned out to be 0.305. STATA has
reported several measures of adjustédvighile the Mcfadden’s adjusted® Ras been
found to be 0.14 the adjusted couritias been found to be 0.4Bhough a high value
of pseudo Ris desirable, in logit model they are not alwagsasidered at par with the
adjusted R like in OLS. Following is the discussion on theyrsficance of the
explanatory variables, direction of change in tlepehdent variable with respect to

each explanatory variable, marginal effects ancetasticity coefficients.

As evident from Table 6.8 the coefficient dDFS' is found to be significant and
positive, which implies that when own farm sizeregases farmers’ probability of
tubewell ownership increases. In other words, Watge own farm size a farmer
decides to own a WED. Thus, it is appropriate thah farm size has a positive and
significant influence on ownership of WED. The parprobability of own farm size is
estimated to be 0.228. This implies that otherghimemaining the same, one unit
increase in own farm size will increase the proligbof ownership by 0.228 points.
Similarly, the elasticity coefficient which is esiated to be 0.419, implies that one
percent change in the own farm size, increase thigapility of tubewell ownership by

41 percentceteris paribus

The coefficient of AUL” has been found to be positive and fairly sig@fit This
indicates that the area under the largest complat$ pnduces a farmer to own a
pumpset rather than resorting to buy water. Theiptesexplanation for this could be
the advantages enjoyed by a farmer with relativatger plot in terms of scale of
operation. The partial probability of the varialblas found to be 0.200. This implies
that when the area under the largest compact mhateases by one hectare, the
probability of owning a tubewell increase by 0.24@ints, other things remaining the
same. The elasticity coefficient of the variableli®s that one percent increase in the
variable, the probability to own a tubewell wilcirease by 21 percermgteris paribus.

Initial investment on tubewells requires a largpitz outlay in buying the pumpsets,
equipments and installation of the boring. Thouglinancially capable and large
farmer can invest on a tubewell, it has been fotlmad the provision of formal credit
may enable farmers to own a WED as the coefficdétite variable ACIC’ is found to
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be significant and positive. The elasticity coaéitt implies that when the farmer has
an access to formal credit, the probability of awgna tubewell increases by 6 percent,

other things remaining the same.

The coefficient of EDN’ has been found to be positive and significantisTimplies
that with education the farmer may see the benefitswnership of WED in terms of
cost and reliability in supplying water to the @etluring its requirement at different
stages. The available literature on water markists points to the positive impact of
education on water ownership decision of the fasn{&handari and Pandey, 2006).
The partial probability is estimated to be 0.023chhndicates that when education of
the farmer increases by one year of formal schgpline probability of the farmer to
own a tubewell will increase by 0.023 points. Thesgcity coefficient of 0.165 of the
variable implies that when education of the farnmereased by one year of formal

schooling, the probability of tubewell ownershigr@ases by 16 percent.

The coefficient of AGE’ is also found to be significant and positive. Jlndicates
that when a farmer becomes more and more expedeinom the point of view of
better farming, he is more likely to own a WED. Tgaatial probability of the variable
is found to be 0.008 which implies that, other ¢§sirfbeing equal, one year increase in
age of the farmer/farm household will increase pghabability of tubewell ownership
by 0.008 points. The elasticity coefficient of thariable implies that when age of the
farmer increases by one percent, the probabilityloéwell ownershipgeteris paribus,

will increase by 54 percent.

In order to explore the likely impact of number fohgmented plots on farmers’
decision to own a WED, the variable&NFPT' is considered in the study. The
coefficient of the variable is found to be sigrafit and negative. This implies that
when the number of fragmented plots increasesptbbability of farmers’ tubewell
ownership decreases. The partial probability oftngable is found to be (-) 0.03. This
implies that when the number of fragmented plotsaases, the farmer’s probability to
own a tubewell decrease by 0.03 points, other threghaining the same. The elasticity
coefficient of the variable shows thagteris paribusa one percent increase in number
of fragmented plots will increase the probabilifyiabewell ownership of a farmer by 6

percent.
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The coefficient of ACES”is found to be positive and highly significant. $imdicates

that when a farmer receives better extension ssvic the form of information on

farming practices, the farmer is more likely to oanubewell. The observation in the
field also confirms that farmers with better comtadh agricultural extension workers
are in a better position to avail different faocd# given by the government under its
different schemes. The partial probability of treriable which is found to be 0.024
implies that when the farmer’'s scores on extenservices increases by one point,
ceteris paribusthe probability of tubewell ownership will increa®y 0.024 points.

The partial elasticity coefficient shows that onergent increase in farmer’s scores
increases the probability of tubewell ownershi@Blyercent, other things remaining the

same.

Though the coefficients ofTOHL” and ‘SSI” are found to be statistically insignificant
in the context of the present study but their sigmspositive as expected. Similarly, the
“AVLE” is not a significant determinant of ownership obdwell. But the variable
bears a positive sign as expected. In addition, TESis also not a significant

determinant of ownership of tubewell by a farmer.

6.4 Determinants of Selling Decision of Groundwater

As discussed above, in order to identify the fectatich influence water selling
decision of owners of tubewells, a binary logit rmbtias been chosen. In order to
construct the model, first, the sample farmers aategorised intdwo classes, viz.,
water sellers and non-sellers. Non-sellers inclisgéf-users” and “self-users+buyers”.
Other categories of participants of water markids fself-users+buyers” and “self-
users+sellers+buyers” are excluded from the arsmtgsmaintain mutual exclusiveness.
The farmers, who resort to buying groundwater withwaving their own tubewell, are
also not included in the analysis as for sellingugidwater the farmer must own a
WED. As evident from Table 6.9, the total numbesamples included in the analysis
is 119.

For the farmers who sell water, the dependent bkrig assigned the value “1” and for
the farmers who are non-sellers, the value of #eddent variable is taken to be “0”.

In this way the dependent variable becomes a bimariable. Then, a binary logit
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model has been applied to identify the factorscaffig the farmers’ decision to sell

water.

Table 6.9

Typology of Sample Farmers According to their Decisn to

Sell Groundwater

Decision to sell water
Types of Farmers Total
No Yes

Self-users 18 0 18 (15.22)
Self-users+sellers ( 76 76 (63.86)
Self- 0 14| 14 (11.76)
users+sellers+buyers

Self-users+buyers 4 0 4 (3.36)
Owner+sellers 0 7 7 (5.88
Total 22 97 119 (100

Notes: Figures in parentheses represent percerttagekimn total.

6.4.1 Factors Influencing Water Selling Decision:

The available theoretical and empirical literatoeflects on a number of factors that
determine the water selling decision of farmersaf(h993; Singh and Singh, 2006;
Sharma and Sharma, 2006; Khair et al., 2012). Hewesubject to the availability of
data and its relevance in the context of the ptestrly, the following factors have
been selected as explanatory variables to caphaie possible influences on water
selling decision. A brief description of the vatid considered in the analysis,
theoretical justification for the inclusion and ithexpected signs are discussed below.

Own Farm Size

Own farm size is an important factor which largaffects ownership of tubewells of a
farmer. A farmer with larger own farm size may asWED with an intention to sell
water. Thus, the farm size and the ownershiprfation system is directly related and
its impact on water selling is likely to be posgtivHowever, the farmer with own WED
may not be able to sell water if he has no excapadaty. Further, though he has excess

capacity if there are no willing buyers in the fdigurhood, he may not be able to sell
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water. Therefore, the effect of this variable carv® anticipated a priori. The variable
is denoted in short 84FS

Total Operational Holding:

The available literature, empirical studies andeobation of the present study show
that own farm size may be small but the size ofrajgenal holdings may be high as
most of the farmers have land on lease. Therefuith, larger operational holding the
farmer may prefer to own a tubewell. But with largee of operational holdings, the
farmer may not be able to seller water Becausehefpossibility that farmers with
larger size of operational holdings is negativediated with the probability of water
selling, this variable (denoted a©HL in short) is considered as an important factor
that influences water selling decision of a farmidrus, higher is the area of operational
holding; lower is the probability that a farmer|seater.

Percentage of Area under Summer Rice:

Though a farmer possesses larger operational fpldut he may not put all his
available land under production of summer rice whatually the groundwater is used.
Therefore, to understand how actual area undecuhi&vzation of summer rice, in the
present study, is linked with the probability of tesa selling this variable seems
important. Further, since total operational holdgrgatly differs from the total area
under summer paddy for a majority of farmers if @@sider only total operational
holding, we will fail to capture its actual effe@herefore, the percentage of area under
summer rice cultivation, denoted in short BAUB, is considered in model. The

expected influence of this factor on the likelihaddvater selling is negative.
Fragmentation of Land Holdings:

Given the description of the variable (denoted hiors asNFPT) in section 6.2, the
literature of water markets point out that whenrdegof fragmentation is high and
fragmented plots are smaller in size: a farmer matyown pumpset set or a farmer
with pumpset may not be wiling to own more thaneopumpset. Under this
circumstance the farmer may not be water selleh Watger number of fragmented

plots. Hence, we expect the variable to bear ativegsign.
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Excess Capacity of the Tubewell

Excess capacity of the WEDs is a significant faatdfluencing water selling decision

of a farmer. In fact, this is one of the four cdrahs pointed out by Pant (1992) that
has to be fulfilled for the operation of market fmoundwater. Excess capacity of a
WED, in the present study, is obtained by taking difference between total capacity
of the WED in terms of area that a pumpset cagdte and the capacity utilised for
own use by the owner. Based on the literaturentlsa hypothesised that with greater
excess capacity a farmer will be able to sell wadethe needy farmers. The expected

sign of the variable is positive. The variable éhdted in short aEEXC”.
Education

Given the description of the variable, discusseddction 6.2, education of the farmer
has been considered as an explanatory variableimbdel. It is hypothesised that the
probability of farmer’s decision to sell water igsttively related with the education of

the farmer.
Age:

Considering the important role of age of a farnmeeifective farming as discussed in
section, 6.2, age of the farmer is included in thedel as one of the important
regressors. The expected sign of the variable sitipe on farmer’s decision to sell

water.
Caste:

Considering the fact that water transaction is gt®eerned by social processes, the role
of caste in tubewell owner’s decision to sell wdtas been highly recognized in the
literature of water market. The variable is capdure the similar line as discussed in
section, 6.2. The role of the variable on a farsetécision to sell water can be

hypothesised in favour of general castes.
Types of WED:

It has been found that there is a general tendanogng sample farmers to prefer
electric tubewells as they entail lower capitall@ytoperational and maintenance costs
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compared to diesel operated tubewells. Howevethencircumstances where presence
of electricity tubewell is less or where supplyedéctricity is inadequate and irregular,
farmers are found to be opting for diesel operatbdawells. Therefore, it has become
quite important to see which type of WED in thedstarea has more influence on the
possibility of selling decision of a farmer. Hendeis variable is incorporated in the
model to find its’ impact on water buying decisidttowever, because of the confusion
discussed above the expected sign of the variahlkel ot be ascertained. The role of
this variable on the probability of selling groureter has been captured taking two
dummy variables: diesel operated WED (denoted imrtshs wedyl and electricity
operated WED (denoted in short as wed®r the dummy variableVEDD’ value“1”

is assigned for diesel operated WEDs and “0” otiswor the electricity operated
WED and both diesel operated WEDs and electrigigrated WEDs. Similarly, for the
dummy ‘WEDFE’ value “1” is assigned for the electricity opet®/EDs and “0”
otherwise for the diesel operated WEDs and botlseflieun WEDs and electricity
operated WEDs.

Depth of Boring:

In the present study, it has been found that tiemelative scarcity of groundwater
especially during the peak season of crop growtle (b simultaneous draft by the
owners of WEDs). Due to this relative scarcity,eavffarmers owning a WED and
selling groundwater have also been found to bexoapd the borings and increasing the
depth of the boring. It has been found that aparnfmeeting own need the depth of
the boring is increased to meet demand arising fraifling buyers in the
neighbourhood of sellers’ crop field. Thereforasiexpected that an owner of tubewell
with deeper boring is relatively more capable dlirsg water. The expected sign of this

variable (denoted in short B8’ HB) is positive on the likelihood of selling water.
Diameter of the Delivery Pipe:

It has been found that more the outlet of tubewelivery pipe, the greater will be the
water discharge and greater is the possibility thé&rmer sells water (Khair et al.,
2012). Therefore, diameter of the delivery pipetaken into consideration as an
explanatory variable. The expected role of thisalde (denoted in short &MDP) is
positive on the likelihood of water selling.
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The definition of the explanatory variables andextpd signs of the coefficients of the

variables are summarised in Table 6.10.

Table 6.10

Definition of the Explanatory Variables and their Likely Impact on Farmer’s

Decision to Sell Groundwater

Sl. No.| Variable Definition Expected_s!gn of
the coefficients
1 OFS Own farm size (in hectare) -
2 TOHL (Total operational holdings (in hectare) -
Percentage of area under summer rice to the total

PAUB ; . . -

3 operational holdings (in percent)
ici ? =

WEDE Whethgr electricity operated pumpset? (1 = Yes, O "

4 Otherwise)
i ? =

WEDD Whethgr diesel operated pumpset? (1 = Yes, O -
5 Otherwise )
6 CNVF |Presence of conveyance facilities (1 = Yes, 0= No +

EDN Education measured by years of formal schooling la +
7 attended by the farmer (in years)
8 EXC Excess capacity of the WEDs (in hectares) +
9 DTHB |Depth of the boring (in meter) -
10 | DMDP |Diameter of the water delivery pipe (in centimeter) +
11 | CSTE |Caste (1 = General caste; 0 otherwise) +
12 | AGE Age (in years) +

The summary statistics of the explanatory variatiies may be influencing a farmer’s

decision to sell groundwater are presented in Tadlg.
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Table 6.11

Descriptive Statistics of the Explanatory Variableghat Influence Farmers’
Decision to Sell Groundwater

\ariable Definition of the variables Min | Max |Mean Ste?/
OFS Own farm size (in hectare) 0 12.04| 1.87| 1.8§
TOHL | Total operational holding (in hectare) 0 495 | 1.65 1.12
Percentage of area under summer rice to the

PAUB | total operational holdings (in percent) ( 100 68.55.64
Whether electricity operated pumpset? (1

WEDE | Yes, 0 otherwise) 0 1 0.2 041
Whether diesel operated pumpset? (1 = Yes,

WEDD | 0 otherwise) 0 1 0.93 0.2b
Presence of conveyance facilities (1 = Yes,

CNVF | 0= No) 0 1 0.16| 0.37
Education of the head of the household (class

EDN last attended) 0 15 560 5.11

EXC Excess capacity of the WEDSs (in hectare )| 0 72 | 16.8313.54

DTHB | Depth of the boring (in meter) 5.47 | 42.56| 20.787.57
Diameter of the water delivery pipe (in

DMDP | centimeter) 7.62 12,70 9.99 1270

CSTE | Caste (1 = General caste; 0 otherwise) 0 1 0.41| 0.49

AGE | Age (in years) 25 77 | 49.4612.09

6.4.2 Functional Form of the Model:

Incorporating the explanatory variables discussedthe preceding section, the

functional form of the model formulated in Equati@s, can be specified as follows:

log(;—) = 2 - (6.8)

Where, Pi = Probability to sell water.

Z; = a+ B1(OFS) + B,(TOHL) +B3(PAUB) + B,(WEDE) +
Bs(WEDD) + B¢(CNVF) + B,(EDN) + Bg(EXC) + Bo(DTHB) +
B10(DMBP) + B1,(CSTE) + B1,AGE + U; - (6.9

U; is the error term.

The maximum likelihood estimates of the model dedinn Equation in 6.9 have been
obtained using STATA-11.0.
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6.4.3 Results and Discussion:

Maximum likelihood estimates (MLES) of the coeféinis of logit regression model

(specified in Equation 6.9), marginal effects alab#cities are presented in Table 6.12.

Table 6.12
Logit Estimates for the Likelihood of Sample Farmes’ Decision to Sell
Groundwater
MLEs Marginal effects | Elasticity
\ariables/Particulars
L\ Standard
Coefficient. Error Standard
dy/dx Error ey/ex

CONS -10.2038** | 4.518154

OFS -0.039105| 0.306585 -0.0019| 0.0151| -0.00374
TOHL -0.516071 0.47757| -0.02506| 0.02553| -0.0435
PAUB -0.000434| 0.013001] -2.1E-05| 0.00063| -0.00152
WEDE -1.796697*** | 1.075218 -0.14492| 0.13794| -0.02009
WEDD 4.980895*| 1.890212 0.811743 0.20267| 0.237732
CNVF 2.509746*** | 1.398858 0.068008| 0.03851| 0.020504
EDN 0.1207763 0.08402| 0.005864| 0.00436/ 0.034587
EXC 0.1970809* 0.072505| 0.009568 0.00337, 0.169739
DTHB 0.0307422**| 0.015069 0.001493| 0.00088| 0.107271
DMDP 0.7224127 0.495477) 0.035073 0.02706| 0.145406
CSTE -1.264773*** | 0.749417| -0.07087| 0.05943| -0.02665
AGE 0.0204639 0.028734| 0.000994| 0.00137| 0.051792
Log-likelihood of full model -56.96
Log-likelihood of null model -35.62
LR Chf 42.69*
Overall pseudo R 0.3774
McFadden's AdjustedR 0146
Cragg & Uhler's R 0.489
Efron's R: 0.433
Adjusted Count R 0.455
Correct prediction 89.92
Degrees of freedom 12
Nos. of observation 119

* ** and *** significance at 1 percent, 5 percesmd 10 percent levels.

For a dummy variable, dy/dx is the discrete chasfggummy from O to 1.
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It is clear from the Table 6.12 that the model Vigsy well to the data as indicated by
large observed significance of Likelihood Ratio fTgsR Chf) which is significant at
one percent level. The model has provided correstliption to the extent of 89.92
percent of the dependent variable. The Variandatlah Factors (VIF) values used to
check multi-collinearity (shown in Table 6A.3 in pgndix 6.1), have shown absence
of severe multi-collinearity problem in the modé&éhe overall pseudo coefficient of
determinations (pseudo®Rhas turned out to be 0.37. STATA has reportecersgv
measures of adjusted.RVhile the Mcfadden’s adjusted® Ras been found to be 0.14
the adjusted count®has been found to be 0.45. The significance ofetti@anatory
variables, direction of change in the dependeniala with respect to change in the
explanatory variable, marginal effects and the teli&g coefficients are discussed
below.

It is clear from Table 6.12 that the coefficient"®&XC’ is found to be significant and

positive. This implies that when an owner enjoysess capacity of his tubewell the
probability of selling water increases. The parpabbability of excess capacity is
estimated to be 0.00956. This implies that otherg remaining the same, one unit
increase in excess capacity will increase the pmtibhaof water selling by 0.00956

points. The elasticity coefficient of the variabWich is found to be 0.169 shows that
one percent increase in the excess capacity (mezhsar hectare) enhances the
probability of water selling by the owner by 16 gamt, other things remaining the

same.

The depth of boring has an important impact on eaing excess capacity of the WED
possessed by an owner enabling his to sell watehel present study, the coefficient of
the variable “DTHB” is found to be significant anbsitive. It implies that deeper
boring increases the probability of water selliigasmer. The partial probability of the
coefficient is found to be 0.008 which implies thegteris paribus when depth of
boring increases by one meter, the probability atewselling of the farmer, increases
by 0.008 points. The elasticity coefficient of thariable shows that one percent
increase in the depth of the boring will resatiferisparibus the probability of selling
to increase by 10 percent. It should also be nbted that, increased depth of boring
will increase cost of pumping which may discouragene of the buyers from water
buying if the buyers find it too high to bear thest
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The coefficient of the variablBVEDD” has been found to be positive and highly
significant. This indicates that owner of diesekeied WED is more likely to sell
water than the owner of electricity operated WEID amwner of both diesel operated
tubewell and electricity operated tubewell. Thisaiso confirmed by the negative and
significant coefficient of the “electricity operate VNED” An insight from the field
confirms that owner of electric WED likes to purshdow capacity motor specifically
for own use, (2) in case of electric WED distanaarf the nearest WED is relatively
less implying presence of more WEDSs in the vicirofythe crop field exerting lower
possibility of presence of willing buying and (3) most of the cases buyers have also
been found showing reluctance to buy water fromteteWED as they are less reliable
owing to low and irregular power supply. Therefortejs an obvious outcome that
owner of diesel operated WED finds more buyers atiew

As discussed above in section 5.1, the possikdlityvater transaction is conditional
upon four conditions laid by Pant (1992). Howeuee tondition that there must be
willing buyers in the neighbourhood of the WED dsndisputed in the light of finding
of the present study. It is found in the study that coefficient of the variable presence
of conveyance facilities (the most preferred fagils the plastic pipe) is significant and
bears a positive sign. This indicates that thegires of conveyance facilities increases
the probability of water selling when buyers’ pldits at a technically feasible distant.
The partial probability of the coefficient is fourtd be 0.068 which implies that
presence of conveyance faciliggteris paribuswill increase the probability of water
selling by 0.068 points. The elasticity coefficiaitthe variable implies that presence
of conveyance facilitieszeteris paribusincreases probability of water selling of the
owner by 2 percent.

Caste as a variable is significant in the contéxhe present study. The coefficient of
the variable CSTH is negative implying that, unlike findings of niaxf the study on
water market, the probability of water selling of awner of WED is not skewed
towards general category. In fact, owners belong¢ingther categories have a higher

probability of selling water than general castarfars.

Education and age as variables though found ifigni in the present study, their

coefficients bear a positive sign as expected.
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6.5 Summing Up:

The results of the logit analysis of the determisasf tubewell ownership have shown
that tubewell ownership is skewed towards the lafgem holdings. Own farm size,
land fragmentation, education and age of the hé#tedousehold, access to credit and
availability of off-farm income sources have beearfd to be significant determinants
of tubewell ownership. In conformity with these elebinants of tubewell ownership,
own farm size, distance of buyers’ plots from tleanest source of irrigation, education
and age of the farmer have been found to be egesignificant impact on water
purchase decision. While tenancy has been foube tsignificant factor influencing a
farmer’s decision to be buyers of water, preserfgeecsonal relationships of farmers
with the water sellers has not been found to bleenting water purchase decision of
the farmer. The results of the logit analysis Baewn that excess capacity of the
pumpset, availability of diesel operated pumpseats @epth of the boring are some of
the important factors which influence probabilitygroundwater selling decision of a

farmer.

Thus, discussion of the chapter has helped us deniify the determinants of
groundwater market in the study area. Taking intooant residual nature of the
market, the market will be significant for the brg/éf they find the market reliable in
terms of supply of an adequate quantity of watethattime of buyer’'s requirement.
Similarly, the sellers should also have availahippdy of water to meet buyer’'s need
during peak demand periods. This requires an imgagin into the issue of reliability
of groundwater market in the study area. The isgueliability of the market and the

factor affecting reliability are examined in thexhehapter.

Notes:

1. Ordinary Least Squares (OLS) for such specificasionnds inappropriate for the following

reasons:

= OLS produces probabilities which may or may notiétween zero or one, which by

definition of probability must lie between zero ammk.

= When one or more of the predictor variables arentijizive variables, the relation

between values of the quantitative variable andptiedability of the of the outcome
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variable may not be linear. The non-linearity datienship violates one of the basic

assumptions of linear regression.

»  When underlying function has a sigmoid form and diependent variable takes only
two values (0 and 1), the magnitude of predicticoreare generally are not uniform
across values of numbers of predictor variabless Miolates the assumption of

homoscedasctity of error variance that is requife@LS.

Logit is preferred over probit as there is littteedretical justification for choosing between
probit and logit models as they often produce simigésults (Aldrich and Nelson, 1983; Green,
2003; Stock and Watson, 2003). Gujarati and Sahgg@007) notes that researchers generally

prefer logit model because of comparative matherakbsimplicity.

2.Z; the natural logarithm of the odd ratio is refdr® as logit. It is also called logit
transformation as it transform Y which is restritia the range of [0,1] to a range ofo[-+
o0].

3.A odds ratio is the ratio of odds of successdie group divided by odds of success for

another group

4.Log of the likelihood (-2LL) estimated, definenl the following manner, has been used. A

higher value of the LL implies a poorer model fit.

LL=> (yi*InB)+ (1-y)*In(1-P)

Taking the natural log & values, I® always results in a negative value, because the i

P, must be less than 1 and the natural log of vaslew 1 are all negatives numbers. Thus, LL
is sum of negative values and is always negatidetends to be close to be zero when actual
group membership are close to the predicted protedifor the most cases; as predicted
probabilities get further away from actual groupnmbership the negative values of LL become
larger in absolute value. To test whether the méittet perfectly, LL is multiplied with -2 to
obtain chi-square test. In this test the large nlegksignificance level indicate that the model

do not differ significantly from the perfect modeThi-square test is obtained as follows:

A2 = =2(LLnyy modet — LLputi modet)

5.There are various measures of pseudordported by different software for statistical
analysis. Like Cox and SnellR? (its maximum value is always less than one) angkiike's

R? (obtained by dividing the obtained Cox and Snefl given the marginal distribution of
scores on the predicted and outcome variable nittake a maximum value of 1) are reported
by SPSS and McFadden adjustey ®agg & Uhler's R, Efron’s R and Adjusted Count R
reported by STATA.
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Collinearity Diagnostics for Independent Variablesinfluencing Tubewell

TH-1274_06614104

Appendix — 6.1

Ownership, Buying and Selling Decisions of a Farmer

Table A6.1: Collinearity Diagnostics for independat
variables influencing water buying decision of adrmer

Variable VIF | SRT VIF | Tolerance | R-Squared
OFS 1.71 1.31 0.58 0.42
TOHL 1.49 1.22 0.67 0.33
PAUB 1.28 1.13 0.78 0.22
NFPT 1.04 1.02 0.97 0.03
DENSI 1.16 1.08 0.86 0.14
AGE 1.28 1.13 0.78 0.22
EDN 1.41 1.19 0.71 0.29
SSI 1.14 1.07 0.87 0.13
ACIC 1.13 1.06 0.89 0.11
SCES 1.17 1.08 0.85 0.15
PSNR 1.40 1.19 0.71 0.29
CSTE 1.35 1.16 0.74 0.26
TNCY 1.25 1.12 0.80 0.20
Mean VIF 1.29

Table A6.2: Collinearity Diagnostics for independen
variables influencing tubewell ownership decision

Variable VIF | SRT VIF | Tolerance | R-Squared
WEFS 1.74 1.32 0.57 0.43
TOHL 1.69 1.30 0.59 0.41
AULC 1.63 1.28 0.61 0.39
ACIC 1.06 1.03 0.94 0.06
SSI 1.14 1.07 0.87 0.13
AGE 1.27 1.13 0.79 0.21
EDN 1.39 1.18 0.72 0.28
NFPT 1.04 1.02 0.96 0.04
PAUB 1.27 1.13 0.78 0.22
CSTE 1.44 1.20 0.70 0.31
AVLE 1.28 1.13 0.78 0.22
SCES 1.19 1.09 0.84 0.16
Mean VIF 1.34
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Appendix — 6.1

Table A6.3: Collinearity Diagnostics for independen
variables that affect water selling decision

Variable VIF | SRT VIF |Tolerance | R-Squared
OFS 1.55 1.24 0.65 0.35
TOHL 1.42 1.19 0.71 0.29
PAUB 1.43 1.20 0.70 0.30
WEDE 1.78 1.33 0.56 0.44
WEDD 1.42 1.19 0.70 0.30
CNVF 1.20 1.10 0.83 0.17
EDN 1.53 1.24 0.65 0.35
EXC 1.43 1.20 0.70 0.30
DTHB 1.44 1.20 0.69 0.31
DMDP 1.06 1.03 0.94 0.06
CSTE 1.31 1.14 0.77 0.23
AGE 1.26 1.12 0.79 0.21
Mean VIF 1.40

Notes: There are many recommendations for acceptabéls of VIF. While the most
commonly suggested maximum level of VIF is 10 (Keayy 1992), a recommended
maximum VIF value of 5 and even 4 have also beandon the literature. Considering
the most commonly used VIF value of 10, the presewsiccollinearity in preferred

model has been checked.
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CHAPTER SEVEN

RELIABILITY OF GROUNDWATER MARKETS AND ITS
DETERMINANTS

In the previous chapter, the determinants of grauatér market have been identified
with the help of a logit regression analysis. Mspecifically, the factors that influence
ownership of tubewells and decisions to buy and gelundwater of the sample
farmers have been examined. On the whole, it ha Heund that farm size,
availability of conveyance facility, excess capacif the pumpsets, access to
institutional credit, interlinkage of the markettiviand tenure system are some of the
significant factors which affect a farmer’s decrsito buy and sell water. However,
groundwater markets continue to be significantthar buyers as long as the market is
reliable for them. A buyer finds the market relebihen the supply of adequate
amount of water, when needed, is not affected. fhestion of reliability of
groundwater markets is worth investigating becagsrjuate water supply ensured by
a reliable groundwater market enhances the outputhe crop undertaken for
cultivation (Banerji et al., 2006). It is evidembi the discussion on the structure and
functioning of the market in chapter five that tharket is to some extent exploitative
and water transaction is affected by the sociatgsses. The non-market dimensions of
the market such as, personal relationship betwesmrb and sellers, influence of
tenancy on water contract, farmers’ preference diactricity operated tubewells,
relative scarcity of groundwater in a few samplealmons, etc. may affect reliability of
the market. Therefore, an attempt has been matthsichapter to examine the issue of

reliability and to explore the factors ensuringatility of water market.

The rest of the chapter is organised under sixisext Section 7.1 deals with the
theoretical issue of reliability of groundwater iketis. Section 7.2 discusses the issues
of reliability of groundwater markets in the stualyea. Section 7.3 discuses the factors
that may contribute to reliability of groundwatearkets with insights from literature
of water market and field survey. Section 7.4 fesusn the specification of the
econometric model used to examine the determinaht®liability of groundwater
markets. In section 7.5, logit estimates of thelilood of selected factors ensuring
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reliability of the market has been discussed irailleSection 7.6 finally sums up the

whole discussion of the chapter.

7.1 Reliability of Groundwater Markets:

A major advantage of private ownership of tubevaléed irrigation technology is its
flexibility in delivering water to the field as awehen required. An owner enjoys this as
long as water is available and there is no machieakdown or in cases like pumpset
failure if there is fast repairment or replacem@einzen-Dick, 1998). However,
usually this is not the case with the water buyéis. the fulfillment of demand for
water of the buyers during the entire crop growehiqa, there is always a question of
adequate supply. It is mainly due to the basicuieabf the market (around which the
market has evolved) that water is normally soldviting farmers after meeting own
irrigation requirement of owners of WEDs (Shah, 3;9Rant, 1992; Singh and Singh,
2003; Zhang, 2006; Dutta, 2012, etc.). In this setise groundwater market is largely
of the nature of a residual market failing to meater demands of the buyers during
the period of high demand (Bhandari and Pandey6R0thus, the non-availability of
groundwater to the owner-cum-sellers for their ouse as well as for sale and
inadequate supply faced by the water buyers whedeate indicate non-reliability of
groundwater markets in fulfilling farmers’ needs forigation. In the literature on
water market this aspect of the market is discussedhe issue of reliability of
groundwater markets (Shah, 1993; Meinzen-Dick, 1989#Bigh and Singh, 2002;
Hussain et al., 2005; Banerji et al., 2006; Duf812, etc.). Thus, the aspects of

reliability of groundwater markets are both supgige and demand-side.

The indicators of reliability of groundwater markdtave two aspects: (1) from the
water sellers’ point of view, whether the selleawvd sufficient supply of water to meet
the buyers’ needs when requested, usually aftetimgetheir own requirement; and (2)

from the buyers’ point of view, whether water isvals available when requested or
needed by the buyers (Meinzen-Dick, 1998). Takingue from this, an attempt has
been made to get a better insight into the reltgtof groundwater markets in the study
area. In this regard, both sample sellers and Buyere asked whether water was

always available when needed.
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7.2 Reliability of Groundwater Markets in the Study Area:

As mentioned in the previous section, an attemps weade in the study to elicit

information on the question of reliability of gradwater markets from the sellers as
well as the buyers. When sample water sellers \weked whether groundwater was
always available when needed for both own use alidg, almost all of them reported

that water had been largely available. However obtihe total 97 sample sellers, about
49.48 percent have reported that they have foundri@be less available to meet their
requirement for both own use and sale. The didiohwf sample sellers according to

the reasons attributed by them for non-availabibtygroundwater has been presented

in Table 7.1.
Table 7.1
Distribution of Sample Sellers According to the Resons for Non-availability of Water
Reasons Number of sample sellers

ZrL(Ianz)il)ds)et failure (mechanical breakdown as some pets\p$ 15 (31.25)

Boring failure 04 (08.33)
Pumpset failure + boring failure 08 (16.67)
Relative scarcity when pumpsets are operated coardly 21 (43.75)

Total 48 (100.00)

Notes: Figures in parentheses represent percetttagéumn total.

It is clear from Table 7.1 that among the samplieisewho have faced non-availability
of groundwater, about 43.75 percent have facedivelacarcity of water during peak
water demands owing mainly to simultaneous draftipghe owner of pumpsets. They
have, however, reported that it has not largelgcéfd their capacity to sell water. In
instances where owners of pumpsets face relataeisg, they have been found to be
making adjustment by not running all the pumpsétsuaneously. The remaining
56.27 percent have attributed the reasons for wmaitability of groundwater to
pumpset failure and boring failure. However, almalstowners of electricity operated
tubewells have reported that they have faced nailadility of groundwater for own
use and for sale owing to electricity shortageseyTlre also of the opinion that
electricity supply is largely insufficient and igelar during the farming season. Thus,
in the study area, groundwater has been found taobavailable for the water sellers

during the peak demand periods mainly due to k&atcarcity of groundwater arising
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from simultaneous drafting in a few locations, dgrimechanical breakdown and
during the periods of electricity shortages in tase of the owners of electricity
operated pumpsets. Hence, on the supply side,vidu&hility of water to the owner-
cum-sellers is conditioned by a limited number attbrs like condition of the
pumpsets, relative scarcity of groundwater due itoukaneous drafting by all the

farmers and inadequate supply of electricity.

While looking at the issue of reliability of groundter markets from the buyers’ point
of view, it has been found that as many as 60 satmyers (around 62 percent of the
total sample buyers) have reported that they hawed the market unreliable in

meeting their own needs. This number is found tdilge compared to the findings of

Meinzen-Dick (1998), who in a study on reliabiliof water market in the Punjab

province of Pakistan, found that nearly half of gsemple buyers had reported the
market to be unreliable. Table 7.2 shows that aB6.&7 percent of the sample buyers
(who have found the market unreliable) have foundnireliable as their respective
sellers could not supply water due to presenceulfiple buyers, their inability to buy

diesel and for some other unspecified reasons.qalenumber of buyers (about 36.67
percent) have been unable to buy diesel to ruptingpsets at the time of requirement.
As discussed in section 5.1.6 of chapter five,géeeral practice in the market is such
that a buyer is required to buy diesel for operatine pumpsets. While about 8.33
percent have reported frequent pumpset failureutab®7 percent have attributed it to
an inadequate supply of electricity for running thepective sellers’ pumpsets. About

16.67 percent have not cited any specific reasondo-availability of water for them.

Table 7.2
Distribution of Sample Buyers According to the Reasns for Non-availability of
Water
Reasons Number of sample sellers

Frequent pumpset failure 05 (08.33)
Inability to buy diesel to run the pumpsets 22 636.
_Sellg(s failed to supply dug to large number ofdray+ 22 (36.67)
inability of buyers to buy diesel + other reasons

Electricity shortage 01 (01.67)
Others 10 (16.67)
Total 60 (100)

Notes: Figures in the parentheses represent pageetd column total.
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It is evident from Table 7.2 that additionally, serother sample buyers who have
found the market unreliable could not specificgllgint out the reasons for non-
reliability of water market. Thus, it is imperatit@ delve into the issue of reliability of
the market in details to explore how the nature famdtioning of the market is linked
with it. It has also been found that there is argjrinterlinkage between operations of
the market and the existing land tenancy (discusssdction 5.1.7 of chapter five). On
enquiry into the link between tenancy and relis#pibf the market, it has been found
that about 29.70 percent of the sample buyers, e reported the market to be
reliable, are tenants of the water sellers. Thigcetes that reliability of the market may
also be related to the existing land tenure systdoreover, personal relationships
between water buyers and sellers (as discussegtiios 5.1.8 in chapter five) and its
role in the reliability of the market also canna tuled out. In the present study, as
high as 62.16 percent of the buyers who have fahadnarket reliable, have personal
relationship with their existing sellers. But inder to get a better insight into the issue
of reliability of the market, partial influence dfiese factors has to be ascertained.
Therefore, to examine the factors which may enseliability of market, the use of
econometric tool is felt necessary. Further, inwa@ the fact that the reliability of the
market for the sellers is linked with availabiliof water conditional upon limited
factors (discussed above), we will be able to ustded the link between reliability and
nature of the market if we examine the same froenbtlyer’s point of view. Meinzen-
Dick (1998) on this count also notes that waterdosiyare in a position to identify how
the nature and functioning of the market affecigaldity of groundwater markets.
Hence, an investigation into the circumstances umdech a buyer finds the market
reliable, has been examined in the following secfiom the buyers’ point of view.

More specifically, it tries to explore the deterenims of reliability of the market.

7.3 Factors Influencing Reliability of Groundwater Markets:

The reliability of groundwater markets, defined terms of its ability to supply

adequate quantity of water to the buyers, depends\ariety of factors. These include
farm households’ asset bundles and socio-econohaiacteristics [(age, education of
the head of the households, relationship (relainandlord), caste, community, family
size, farm size)]; characteristics of the tubewetihnology used (sources of power,
depth of boring, diameter of the boring, typesudfewells, capacity of the pumpset);
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land ownership, forms of tenancy, forms of contiadabour and land market, pricing
of water, government policy (subsidy in power dypdarm size of the seller, priority
given by the owners of tubewell on own plots, ¢8hah 1993; Meinzen-Dick, 1998;
Saleth, 1997; Jacoby, 2004; Singh and Singh, 28@Bgrji et al., 2006, etc.). In a
similar context, Meinzen-Dick (1998) and Hussainakt (2005) in their studies in
Pakistan found capacity of the tubewells, typefiel/power used in tubewells and size
of own landholdings of the buyers to be significeadtors contributing to reliability of

water market.

Thus, the available theoretical and empirical éitere reflects on a number of factors
which determine reliability of groundwater markdt@wever, subject to availability of
data and their relevance in the context of the gmestudy, a few important factors
have been identified so as to capture their parhflence on reliability. The
theoretical justification for the inclusion of tlee$actors along with their description
and expected influence on reliability of the growater market has been discussed

below.
Own Farm Size:

The size of own agricultural land holding is an ortant factor affecting reliability of

groundwater markets. It is usually due to the thet water sellers find it difficult to

refuse request for water from larger land-owneréaadownership is associated with
social status in a locality (Meinzen-Dick, 1998gdause of its significant impact upon
reliability of purchased water, the size of the dammland of a buyer as identified by
previous empirical study, this variable (denoteghort asOFS has been included as
an explanatory variable in the present study. Thei@i assumption is that the own
farm size of a farmer is positively related to grebability of the groundwater market

being reliable to a buyer.
Cultivated Area of the Buyers:

When own farm size holding is supposed to actgseaification for social status of the
farmers, what may be deemed important is the dizéeofarm operated. When area
actually put into operation increases, the buyeay mot be able to buy water for the
whole acres of land affecting timeliness and adeguraapplication of groundwater for

crop growth. Further, the sellers may also findlifficult to supply water to such
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buyers with large operational holdings as selletlsvgater only after meeting their own
requirement. As explained in Chapter four, the femgnare found not to undertake
cultivation in the whole area of their operatiomalldings. Therefore, if operational
holdings are taken into consideration, it may regitare the actual impact. Therefore,
as an approximation to evaluate the likely impédcths, the area under summer rice
cultivation resorting to water purchase, is incldider the specification of the model.
Hence, in the context of the present studg assumed that when the quantity of water
purchase (measured in terms of area put into atidin of summer rice based on
purchased water) increases the buyers may not Ibet@lbuy water in time to fulfill
their requirement resulting in the market to beslesliable. Thus, the relationship
between this variable and the probability that am&x find the market reliable is
assumed to be negative. The variable in shortnstée asARAB.

Sources of Power/Fuel:

As discussed in Chapter five, the STWs are operatgdg electricity or diesel.
Although the concentration of diesel operated tusms more than the electricity
operated tubewells in the study area, capital putlEperation and maintenance
expenditure is substantially lower in case of electbewell (Shah 1993; Bhandari and
Pandey 2006; findings of the study discussed iti@ge&.2.2 of chapter five) Because
of low operational cost ( which constitutes the enghare of current expenditure in the
production of summer rice) sample buyers preferbtry water from the electric
tubewells. However, in the circumstances where rthmber of electricity operated
tubewells is less or where supply of electricitynadequate and irregular, the buyers
are found to be opting for diesel operated tubesvdlherefore, it has become quite
important to see which type of WED in the studyaahas greater influence on the
timeliness and adequacy in the supply of purchassér. In the field, no buyer has
been found to be buying water from both types betwells. This variable (denoted in
short asTPFUEL) is, therefore, incorporated in the model to exanis likely impact
on reliability of the groundwater market in thedbtuarea. In order to capture the likely
impact of this variable, a dummy variable is comstied. The variable assumes the
value “1” if the WED is diesel operated or “0” falectricity operated tubewells.
Considering the observation in the field, the deedht of the variable can be expected
to bear a positive sign.
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Depth of Boring:

It has been found in Chapter six that a farmer wigleper boring is relatively more
capable of selling water compared to the ownersiloéwells with relatively shallow
boring. It is due to the fact that with deeper bgra farmer is capable of extracting
more groundwater enjoying the advantage of possgssirplus water for sale. At the
same time, boring failure is many a time (repotigdhe sample sellers) is dependent
upon the depth of the boring. Therefore, a buysfifguwater from a deeper boring is
able to receive a more reliable supply of watentiram a shallow one. Hence, it is
assumed that when the depth of boring of the tubbéreen which the buyers purchase
groundwater increases, more reliability is ensufiguls, the relationship between the
variable and its impact on reliability of the marke assumed to be positive. The
variable in short is denoted B® THB.

Mode of Payment of Water Charge:

The mode of payment of water charge also largédigces the reliability of irrigation
services to a considerable extent. It has beendfauthe field that while buyers prefer
the payment in kind, sellers generally prefer thgnpent in the form of cash. Since
kind payment involves payment at the time of harviesorder to reduce the risk of
uncertainty in the payment of water charge in titare, sellers usually prefer payment
in cash. The observation in the field suggests thatbuyers who make payment in
cash are expected to find the market more relidblerder to capture the likely impact
of this variable (denoted in short &RK a dummy variable is constructed. The
dummy takes the value “1” if the payment takes @lac cash and “0” otherwise for
payment under kind or in both cash and kind. Theeeted sign of the coefficient of
this variable is positive meaning a buyer makingnpant in cash finds the market more

reliable.
Amount of Water Charge

Jacoby et al. (2004) have found that when farmare more about reliability of water
supply, they are willing to pay higher prices thhe others. As much variation has
been found in the field in water charges amongethifit categories of water buyers
(depending on personal relationships between bwymisrespective sellers), it may be

hypothesised that groundwater market ensures atkegupply of water when the water
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charge paid by a buyer is relatively higher thaat tf the others. Here, the price for
water per hectare is considered. Payment madenuh iki converted into equivalent

monetary value by multiplying the quantity paid the existing market price of the

crop for the season. In instances, where the fasmetput has not reached the market,
average of the prices realised by the other buigec®nsidered while calculating the

monetary value of the total quantity of the produoder kind payments. The expected
sign of the coefficient of this variable is alss@sed to be positive. This variable in
short is denoted &3RICE

Forms of Non-cash Payment: Fixed Charge or Output&ing:

Although payment of water charge made in cash nmarmce the reliability of the
market, looking at in-kind payment simply may napture the whole range of effects
of water contract on reliability. As outlined incti®en 5.1.5 of chapter five, kind
payments take the forms of fixed amount of the poedor output sharing or both. In
output sharing form of contract the water selles hastake in the outcome of the crop
and thus shares the risk of crop failure if theevaupply does not meet crop needs
(Meinzen-Dick, 1998). Thus, in the case of watedéd against output sharing, the
seller has an incentive to supply adequate tubewmagtr in a timely manner (Meinzen-
Dick 1998, Aggarwal, 1996). This, in turn, makeg ttmarket more reliable for the
buyers. In order to capture the probable impadhcf variable two dummy variables
have been constructed. The variable labeledK&C" assumes the value “1” if the

form of water contract is in kind (fixed charged’‘otherwise for in kind with output
sharing and both in kind (fixed charge) and in k{ogditput sharing). Similarly, the
variable labeled aKOS' assumes the value “1” if the form of water contr in kind
(output sharing), “0” otherwise for the both. Tationship of between output sharing
in kind payment and the probability of reliabiligf the market is assumed to be
positive. However, the relationship between in Kiayment (fixed) and the probability
of reliability of the market is not conclusive. Th#ore, it will be examined after

looking at the sign and significance of the coétts of the variables.
Subsidiary Occupation

The prevalent practice in groundwater market ingtely area shows that the buyers

are required to pay for the fuel themselves ifghenpset is diesel operated. In such a
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situation, the tubewell may be available but thgdsumay not have sufficient money to
buy diesel to operate the pumpsets. Thereforeavhaability of a subsidiary source of
income in the farm household may enable the buyemirchase the required amount
of fuel to extract groundwater in time. The likeBlationship between the availability
of subsidiary sources of income and the reliabibfythe market is expected to be
positive. The role of this variable on the probipibf reliability could be captured by

constructing a dummy variable as to whether theméarfamily has subsidiary income
sources or not. Value “1” is assigned for having anbsidiary source of income in the

farm household, and “0” otherwise. The variabldeaoted in short &8SI.
Education:

It is often found from the available literature tithose factors such as know-how on
advanced farm practices, experiences and manageiiigl are important for effective

farming. However, it is difficult to find appropt&variables to measure the impact of
such factors. Education of the head of the farmlfamwho takes the major decisions in
farming, in the context of the study can be tre@g@dn important factor that may affect
buyers’ calculation regarding time and amount oftewarequirement, thereby

influencing reliability of the groundwater markdthe expected sign of the coefficient

of this variable (denoted in shortBBN)is positive.
Personal Relationship:

As discussed in section 5.1.8 of chapter five, sahdhe buyers and sellers in

groundwater markets have been found to be thawe$abf one another. Therefore, the
role of kinship in affecting reliability of the mieet cannot be ruled out in the context of
the present study. As found in the study, buyeesepithe sellers who are their relatives
because by doing this they can enjoy some congessithe time of payment of water

charge and can expect adequate provision of groatetwn their needs. Because of its
likely impact on timely and adequate supply of grdwater, kinship is taken as an
explanatory variable. The likely impact of this iadle is also captured by a dummy
variable which assumes the value “1” when the bagee relatives of the water sellers
and “0” otherwise. The expected sign of the coadfitof the variable (denoted in short

asPSNR is positive on the probability that the buyersdfthe market reliable for them.
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Caste

Like in the case of personal relationship, literatan groundwater markets points out
that sellers are found to be a little more flexiated kind towards buyers belonging to
higher castes. Thus, there is differential treatmenbuyers based on caste. It is
expected that farmers belonging to upper casteshaag access to an adequate supply
of water and this, in turn, enables them to engiability of the groundwater market.
Though, in the field, no such sharp distinctionAmsn upper and lower castes has been
noticed, in order to identify the presence of antei caste difference in ensuring
reliability, this variable is included in the ansily. The possible effect of this variable
(denoted in short a8STH has been captured as dummy assigning the valuié tHe
farmer belongs to the general caste or “0” othewfince, the relationship between
this variable and its likely impact on reliabiligf the market is not conclusive the

direction of the relationship will be discussecathe analysis.
Other Services:

It has been outlined in section 5.1.10 of Chaptex that apart from the payment of
water charge, the buyers are also required to resmiae other services as and when
asked by the water sellers. A buyer provides the=®ices to maintain a cordial
relationship with the water sellers so that he @& refused water at the time of
requirement. Therefore, it can be expected thatelgbility of the groundwater market
may also get influenced by the fact whether theebig/rendering other services to the
seller or not. In order to study the impact of ghiactice, a dummy variable (denoted in
short asOTHS is constructed taking on the value “1” if the buyenders other
services to the water sellers and “0” otherwisee Toefficient of this variable is
expected to bear a positive sign indicating a pasrtelationship between the two.

Tenancy:

Tenancy as a variable influencing reliability ofogndwater market assumes
importance in the context of the present studyhas been found that most of the
sample buyers (around 31.95 percent) have landceasel from the respective water
sellers. Thus, the groundwater market is found doirderlinked with the existing

tenancy system. At the same time, as discusseectios 7.2, about 29.70 percent of

the buyers who have found the market reliable enarits of their respective water
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sellers. Therefore, it is assumed that when a bisyartenant of the water seller, he is

more likely to get an adequate amount of waterhat time of requirement. This

variable, denoted in short @NCY, is included as a dummy variable taking the value

“1” if the farmer is a tenant of the water selledd0” otherwise. The coefficient of this

variable is expected to bear a positive sign.

The definition of the explanatory variables andeotpd signs of the coefficients of the

variables are summarised in the Table 7.3.

Table 7. 3

Definition of the explanatory Variables and their Likely Impact on Reliability of

Groundwater Markets

Sl. No.| Name Definition Expected sign
1 OFS Own farm size (area in hectare) +
2 ARAB Cultivated areas of the buyers (in hectare) -
Types of fuel/power (1=Diesel operated
3 P tubewells, “0” Otherwise) +/-
4 DPTHB Depth of the boring (in metre) +
5 S| Subsidiary sources of income in the farm
household (1 = Yes; 0 = No) +
Education of the head of the farm household (in
EDN .
6 years of formal schooling by the farmer) +
CSTE Caste qf the farm household (1 = General; “0”,
7 Otherwise) +/-
PSNR Personal relationship with the sellers (1 = Yes;|0
8 =No) +
OTHS Other services rendered by the buyers (1 = Yes; O
9 = No) +
- D = q:
TNNCY Buyers leased-in land from the seller? (1 = Yes; 0
10 = No) +
11 | CORK Mode of payment (1 = Cash; “0”, Otherwise) +
12 | PRICE Water charge (in rupees) +
KEC Fixed-based kind payment (1 = If kind payment is
13 fixed-based; 0, Otherwise) -[+
KOS Output sharing kind payment (1 = If kind
14 payment is output sharing; “0”, Otherwise) +

The summary statistics of the explanatory varialdekected for the analysis are

presented in Table 7.4.
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Table 7.4

Descriptive Statistics of the Explanatory Variablednfluencing
Reliability of Groundwater Market

Sl. No. | Variables| Minimum | Maximum | Mean | Std. Deviation
1 OFS 0.00 8.29 0.89 1.15
2 ARAB 0.13 3.08 0.66 0.46
3 TPFUEL 0.00 1.00 0.82 0.38
4 DPTHB 06.00 42.00| 20.47 7.25
5 SSI 0.00 1.00 0.45 0.50
6 EDN 0.00 15.00 4.49 4.61
7 CSTE 0.00 1.00 0.43 0.50
8 PSNR 0.00 1.00 0.34 0.48
9 OTHS 0.00 1.00 0.36 0.48
10 TNCY 0.00 1.00 0.32 0.47
11 CORK 0.00 1.00 0.23 0.42
12 PRICE 1120.50 11205.00| 5056.90 1753.96
13 KFC 0.00 1.00 0.49 0.50
14 KOS 0.00 1.00 0.28 0.45

It is evident from Table 7.4 that the average oamnfsize of the sample buyers is 0.89
hectare. It is found that there are farmers whondb own cultivable land. The
maximum own farm size is 8.29 hectares. The arealfitcch the groundwater is bought
ranges widely from a minimum of 0.133 hectare @emfhousehold to 3.08 hectares.
Regarding the use of fuel for running the pumpsétsas been found that about 80
percent of the buyers use diesel while the restelsetricity. The average depth of
boring is approximately 20.47 meter. However, thera large variation in the depth of
the boring ranging from a minimum of 6 meter to aximum of 42 meter depending
upon the location. The variable off-farm incometle family is a dummy variable.
More than 45 percent of the total farm households emgaged in off-farm income
generating activities. The average years of schgadf the sample farmers is 5 years
which implies that they are primary level schoolipgssed. The minimum is “0”
indicating they are illiterate. The maximum of I&plies they are postgraduate.
Regarding the castes of the buyers, about 43 pelbedong to the general caste. While
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about 33 percent of the buyers have personal sekttips with their respective sellers,
about 32 percent render other services to therselheorder to maintain a cordial
relationship with the seller. The majority of theylers (approximately about 77
percent) make payment in the form of kind, out dfick 28 percent of the in kind
payment take the form of output sharing. The awer@targe for water per hectare of
land area for the whole seasoRiS, 056.90 while the minimum and maximum charge
per hectare i¥ 1, 120.50 and 1, 1205.00 respectively.

7.4 Specification of the Model:

In the instances where the dependent variablebisay variable taking on the value
“1” or “0”, a logit or probit regression model isast commonly used to analyse factors
affecting the dependent variable. However, the ryinagit model is a popular
statistical technique in which the probability ofoaary or dichotomous outcome is
related to a set of explanatory variables and tees lwidely applied in such studies
(Meinzen-Dick, 1998). As reliability of groundwatemarkets is a binary or
dichotomous-response variable (reliable or unrédjataking on the values “1” or “0”,
and we are interested in understanding the relatiee of the factors that may affect
this in a probabilistic sense, the logit model lbasa cumulative logistic distribution
function is found to be suitable (Maddala, 1983;jaEati, 2004; Gujarati and
Sangeetha, 2007; Hill et al., 2011). In order tostauct the model, farmers are first
categorised into two classes on the basis of theponses to the question of reliability.
The two classes are farmers who have found theehaekable and those who found
the market unreliable. For the sample farmers wdnaeHound the market reliable, the
dependent variable is assigned with the value ‘id #or the farmers who have not
found the market reliable the value of the depehsaanable is taken to be “0”. In this
way the dependent variable becomes a binary vartaling the value “1” for farmers
who have found the market reliable and “0” otheewiBollowing Saleth (1996) and

Meinzen-Dick (1998), the preferred logit model bagen formulated as follows.

The logit model postulates that, Rhe probability that™ farmer has found the
groundwater market reliable is a function of anexdsariable Z (i.e. potential for

reliability) summarising a set of explanatory vatesX,; . That is,
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1 1
Pi:f(Zi):f (OH'Zﬁkai): ]+ezi - ]+e‘a+ZﬁI(Xk[

Where,

Z; =An underlying and unobserved index for tifefarmer (when Z exceeds
some threshold Z*, the farmer is observed to bdifig the market reliable
for him.

X,; = The K" explanatory variables for thB farmer that may affect reliability of

groundwater markets for irrigation.

i=1, 2...N; where, N is the total number of sample farmersluded in the

analysis.
k=1, 2 ... M; where M is the total number of expliaomg variables.
a = Constant.
B = Vector of coefficients.
e = Base of the natural logarithm and approximatelyads to 2.718.

Now, in estimation contexZ; can be estimated as follows (details are provided i

section 6.1 of Chapter six);
Pi
log (1__Pi) =zi=a+Y B Xy -.- (7.1)

Z; is equal to the natural logarithm of the odd raeo the ratio of probability that the
farmer has found the groundwater market reliabléhto probability that the farmers

have not found the market reliable.

The goodness of fit test describes how well a méiteko a set of observations. The
goodness of fit of the model is evaluated with liedp of Likelihood Ratio Test and
pseudo coefficient of determination (pseudd. Rn order to assess individual effect of
explanatory variables on the dependent variableasrgimal effects and elasticity
coefficients are estimated. Both the coefficients iaterpreted in the same manner as
discussed in section 6.1 of chapter six.

Incorporating the explanatory variables discussesection 7.3, the functional form of

the model to be estimated has been specified asvil
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Z=a+ ,(OFS) + ,(ARAB) + ,(TPFUE)! + j§ (DPTHB) + j(SSI) + B (EDN) +
B,(CSTE) + B(PSNR) + B,(OTHS)+ f,,(PRICE) + 8, (TNCY) + j3,,(CORK)
+B13(KFC)+ B,,(KOS)+ U ... (1.2)

U; = the error term.

The maximum likelihood estimates of the model dpettiin Equation 7.2, have been
obtained using STATA 11.0.

7.5 Results and Discussion:

The maximum likelihood estimates of the coefficeenf the logit regression model,

marginal effects and elasticity coefficients areesgnted in Table 7.5.
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Table 7.5

Logit Estimates for the Likelihood of Groundwater Market to Become Reliable
for the Sample Buyers

Variables MLE estimates Marginal effects Elasticity
Coefficients| Std. Error dy/dx Std. Error ey/ex

CONS 1.437 1.570
OFS -0.334 0.239 -0.074 0.053 -0.20
ARAB -2.20-9** 0.939 -0.492 0.197 -0.97
TPFUEL -1.866** 0.779 -0.435 0.161 -1.02
DPTHB 0.020 0.012 0.004 0.003 0.89
SSi 0.038 0.522 0.009 0.117 0.01
EDN -0.124%** 0.064 -0.028 0.014 -0.37
CSTE -0.636 0.585 -0.139 0.125 -0.18
PSNR 0.373 0.562 0.085 0.130 0.08
OTHS -0.584 0.580 -0.126 0.121 -0.14
TNCY 0.847*** 0.494 0.195 0.142 0.18
CORK 0.183 1.114 0.041 0.256 0.03
PRICE 0.002 0.000 0.000 0.000 0.02
KFC 0.724 1.134 0.160 0.246 0.24
KOS 0.301 1.219 0.068 0.281 0.06
Log-Likelihood Full Model -53.3
Log-likelihood Null Model -64.482
L-R Chf? 22.365*
Overall pseudo R 0.39
Correct Prediction (in percent) 77.78
McFadden's Adj. R -0.059
Crag & Huller's R 0.28
Efron's R 0.215
Adj. Count R 0.324
Degrees of freedom 14
Total observation 97

* ** and *** represent significance at 1 perceBtpercent and 10 percent levels.
For a dummy variable, dy/dx is the discrete chasfgdgummy from O to 1.

It is clear from Table 7.5 that the model presentgood fit as indicated by a highly
significant Likelihood Ratio Test (LR-ChHi The model has provided correct prediction
to the extent of 77.78 percent of the dependenabla. The Variance Inflation Factors
(VIF) values used to check multi-collinearity (showm Table 7A.1 of Appendix-7.1),

have shown absence of severe multi-collinearitybl@m in the model. The overall
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pseudo coefficient of determination (pseudd Ras turned out to be 0.39. While the
Mcfadden’s adjusted Fhas been found to be (-) 0.059, the adjusted d@tihas been

found to be 0.324. The significance and directibclange in the dependent variable
with respect to change in each explanatory varjahbrginal effects and the elasticity

coefficient are discussed below.

Table 7.3 shows that the coefficient &RAB is found to be highly significant and
negative. This implies that when the quantity adugrdwater purchased (measured in
terms of buyers’ cultivated area) increases théaoity that a farmer finds the market
reliable decreases. In other words, the reliabiifythe groundwater market for the
buyers decreases when its’ area under summer ultation increases. Since an
additional purchase of water requires more fued,libyers may not be able to buy the
same, resulting in water being inadequate. As dear from the discussion of section
7.2 that about 36.67 percent of the buyers who fawed the market unreliable due to
their inability to buy diesel to operate the punipse is appropriate that the quantity of
groundwater purchase has negative and significafhience on reliability of the
groundwater market. The partial probability of tveriable is found to be (-) 0.492
which implies that when “buyers’ cultivated areaicieases by one hectare, the
probability of reliability decreases by 0.492 peinThe elasticity coefficient of this
variable indicates that one percent increase ingthantity of purchased groundwater
results in 97 percent reduction in the probabitifythe groundwater market from its

reliability.

Type of fuel has been considered as an importatgrmeant of reliability of the
groundwater market. The coefficient of this var@fIPFUEL) is found to be negative
and significant. This implies that the chancesadfbility of the groundwater market
with diesel operated tubewell are lesser than betrecity operated tubewell. Despite
the fact that electric tubewell is subject to tineegular and insufficient supply of
electricity as pointed out by the sample farmehse greater reliability with the
electricity operated tubewell is worth investigatisince the electric tubewell does not
require the buyers to pay for the fuel for runnihg tubewell, it is not constrained by
availability of funds at the time of irrigation neégement. This enables the buyers to get
adequate amount of groundwater as per requirenieéné @rop. This finding is similar
to Singh and Singh (2003) who in a study on rdlitgbof water market has found
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electricity operated tubewell is less reliable thtae diesel operated tubewell. The
partial probability of the variable is found to K¢ 0.435. This indicates that when
water is bought from a diesel powered tubewell,grabability of reliability decreases
by 0.435 points. The elasticity coefficient of thariable also indicates thakteris
paribus, when water is bought from a diesel operated tudewls® probability of

reliability decreases by 102 percent.

Tenancy as a variable is statistically significamd its coefficient is found to be
positive. This implies that if a farmer is a tenahthe water seller, he is more likely to
get an adequate supply of groundwater. This algdies that the groundwater market
is strongly intertwined with the existing land teausystem making the practice
relatively less reliable for non-tenant buyers. Hagtial probability of the variable is
found to be 0.195. This implies that when a farbbegromes a tenant of the water seller,
the probability of reliability of the market wilhcrease by 0.195 points, other things
remaining the same. The elasticity coefficientho$ tvariable implies that if the farmer
has a one percent chance of becoming a tenané avdter seller, the probability of the
market to become reliable for him will increasell8ypercent.

The education of the head of the farm householdbe@n found to have a negative
influence on the likelihood of the groundwater nerto become reliable for the buyer.
Thus, though education may enhance the manageacidy of the buyers-cum-
farmers in terms of input use, etc., higher edocaii qualification may not guarantee
reliability of the groundwater market in the adeguprovisioning of groundwater for
the buyers. The partial probability of the varialddound to be (-) 0.028. This implies
that, ceteris paribuswhen the education of a farmer increases by one ofeformal
schooling, the probability of reliability is decssad by 0.028 points.

In the available literature it is found that alomnigh the market factors, the operation of
groundwater markets is also influenced by presefgeersonal relationships between
water buyers and sellers. However, in the predeitysthe coefficient of the variable
personal relationship of the buyers with the cqroesling water sellers as a
determinant of reliability is found to be insige#int but bears a positive sign.
Similarly, the role of other variables like casansaction, output-sharing kind payment
and kind payment (fixed) are found to be positth@ugh not significant in the context
of the present study. Similarly, the coefficieriittioe variable “caste” is found to be
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negative though not a significant determinant ¢ibdity. In addition, other services
required to be rendered by the buyers is also sigraficant determinant of reliability

of the market.

7.6 Summing Up:

It is clear from the above discussion that grourtdweanarket is relatively unreliable for
the buyers than the sellers. As high as 62 pergktite sample buyers have reported
that the market is unreliable for them. Among teasons cited by them for unreliable
supply of water, the inability of the buyers to bimel to operate the pumpsets and
presence of multiple buyers against a single satiethe two main reasons. However, a
majority of farmers could not point out any specigason for the non-reliability of the
market for them. The logit analysis has shown thaintity of groundwater purchase
(in terms of buyer’s cultivated area under sumnne)y education, tenancy and types
of fuel/power used to operate the pumpsets are ssigraficant determinants of
reliability of groundwater market in the study arélhe fact that groundwater market is
intertwined with the existing land tenure systemastablished as about 29.29 percent of
the tenant buyers have found the market reliabte tanancy as a factor has largely

contributed to higher probability of reliable gralwater market.

Since as high as 62 percent of the sample buyeesrat found the market reliable, the
supply of assured irrigation to their crop fieldsadversely affected. This might have a
negative impact on the production and productiwty the crop undertaken for
cultivation by the buyer-cum-farmer. This, in tumay influence technical efficiency
on their plots. Thus, technical efficiency on bwsyaylots may be lower than that on
sellers’ plots. On the contrary, the efficiencyngiple of market suggests that buyers’
plots are technically more efficient as they unalestcultivation with purchased water
(Khanna, 2006). Besides, as discussed in Chapter fhere are differences in the
application of other inputs in the cultivation afinsmer rice along with irrigation
between the buyers and sellers. This has motiuatdd examine the issue of technical
efficiency on cultivated plots across various catexs of groundwater users with or
without participation in the market. The issue @fhnical efficiency and its different

aspects is taken up for a detailed discussionam#éxt chapter.
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Appendix-7.1

Collinearity Diagnostics for Independent Variablesinfluencing
Reliability of Groundwater Markets

Table A7.1: Collinearity Diagnostics for Independen Variables
Influencing Reliability of Groundwater Markets

Variable VIF | SRT VIF | Tolerance | R-Squared
OFS 1.36 1.16 0.74 0.26
ARAB 1.32 1.15 0.76 0.24
TPFUEL 1.53 1.24 0.65 0.35
DPTHB 1.42 1.19 0.70 0.30
SSI 1.16 1.08 0.86 0.14
EDN 1.43 1.20 0.70 0.30
CSTE 1.44 1.20 0.69 0.31
PSNR 1.21 1.10 0.83 0.17
OTHS 1.33 1.15 0.75 0.25
TNNCY 1.33 1.15 0.75 0.25
CORK 3.51 1.87 0.29 0.71
PRICEPERHECT  1.30 1.14 0.77 0.23
KFC 4,72 2.17 0.21 0.79
KOS 4.55 2.13 0.22 0.78
Mean VIF 1.97

Notes: There are many recommendations for acceptabéls of VIF. While the most
commonly suggested maximum level of VIF is 10 (Keayy 1992), a recommended
maximum VIF value of 5 and even 4 have also beandaon the literature. Considering
the most commonly used VIF value of 10, the presesiccollinearity in preferred

model has been checked.
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CHAPTER EIGHT

TECHNICAL EFFICIENCY OF FARMS UNDER
GROUNDWATER MARKETS

In chapter seven, reliability of groundwater markes been examined. The factors
contributing to reliability of the market has beemamined by applying a logit
regression model. It has been found that due tadhiglual nature of the market, as
high as 62 percent of the sample buyers have folednarket unreliable for them.
Since reliability affects timely and adequate/asduapplication of groundwater to the
crop field, this might have an adverse impact ardpctivity of other inputs and thus,
production of the crop undertaken by the buyersy@jaet al., 2006). As discussed in
chapter five, there are also differences in inpuénsities and in yield of the crop
between the buyers and sellers. This indicatesthieaé might have a difference in the
attainment of technical efficiency between the bayand sellers’ plots. Moreover,
Khanna (2006) notes that as many market and nokenéactors enter into contract
between buyers of water and the owners-cum-sellevgater, water use efficiency is

bound to vary across various market players.

Therefore, it is important to investigate whetheoumpdwater use is efficient for the
farmers in the study area. The efficiency, viewedhis context, has two aspects, viz.
allocative efficiency and technical efficiency. Tgh it is important to look at
allocative efficiency of groundwater use, the issaald not be measured properly. For
allocative efficiency, the value of marginal physiproduct of water (groundwater in
the context of the present study) should be equoalits price (Khanna, 2006;
Chowdhury, 2010). In other words, allocative effitcy occurs when the marginal rate
of substitution between inputs equals the corregpgninput price ratio (Mastromarco,
2008). Though the value of marginal physical pradafcany input can be estimated
from the production functidnthe present study has been confronted with tieudty

in getting exact price for groundwater as suchsTas arisen because it is found in the
field that the farmers do not pay for water. Therfars pay for pumping groundwater
which is the expenditure on energy and a paymettieadubewell owners-cum-sellers
for using the pumpset. In fact, this is the norpedctice in water transaction under
informal water market. Further, the payment of watearge is made for the whole

season in cash or in kind or both cash and kindisThhe information on actual
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groundwater usage is not available as the groursdvwad such is not traded in the
market. The farmers neither know exactly how muctewthey use to irrigate their
crop fields nor the number of hours of irrigatianrh the tubewell. In view of these
problems, the issue of allocative efficiency ofgrdwater use has not been taken up in
the study. The present study specifically aimsxairening technical efficiency of the

farms using groundwater as a crucial input.

Owing to difference in input use and timely andcqdde use of water (due to inherent
unreliable nature of the market), there arisesedhffices in the attainment of technical
efficiency between buyers’ and sellers’ plots (Mergtha et al.,, 2011a, 2011b) or
between buyers’ plots and owner’s plots (Khann®620Similarly, due to the scarcity
of water, both the buyers and sellers’ plots may nut to be technically inefficient
(Srivastava et al., 2009). Since market inducasiefit use of resources, there might be
a situation where buyer and seller’s plots carebhrtically more efficient than the self-
user's plots. Therefore, in the present chapteg, riain objective is to examine
technical efficiency of farms under different stuwes of groundwater markets. In an
attempt to examine technical efficiency of farnie study seeks to explore (i) whether
there is any difference in technical inefficienay the cultivation of summerice
(considered in the study) under different strucwegroundwater market, (ii) is there
any difference in technical efficiency among diéfiet categories of farmers? Or to
identify to what extent it is possible to raise mutby improving efficiency with the
existing input bundles and the available techndlpgnd finally, (iii) if technical
inefficiency exists, what are the possible soufasefficiency? Thus, the objective of
this chapter is to estimate the level of techneféitiency scores among the summer
rice producing farmers across different structuweshe groundwater market and to

identify the factors influencing technical ineffcicy in the production of summer rice.

The rest of this chapter is organised in seven@etSection 8.1 discusses the concept
of technical efficiency. Section 8.2 elaborates #@stimation method for technical
efficiency. In section 8.3, the detailed method emithe Stochastic Frontier Approach
(SFA) has been spelled out. The specification ohtier production function for
empirical estimation has also been done in thigisecSection 8.4 includes the
discussion on the suitability of translog produetfanction over Cobb-Douglas (C-D)
production function. Section 8.5 discusses theability and validity of inefficiency
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model. The results of stochastic frontier produciitbuilt with inefficiency effects are
presented and discussed in Section 8.6. Sectionfi@ally sums up the whole

discussion of the chapter.
8.1 Concept of Technical Efficiency and the Produain Frontier:

Technical efficiency refers to a situation wherghwa given technology and a set of
inputs, a producer (a farm household in the stuslygble to produce the maximum
possible output. Technical efficiency is dividedtointwo types: output oriented
technical efficiency and input oriented or inputnserving technical efficiency
(Kalirajan and Shand, 1994, 1999). Output orierteaghnical efficiency is defined as
the maximum output that can be produced for a gsetrof inputs. In other words, if a
producer produces less than the maximum possibtpubuhen he is technically
inefficient. Alternatively, input oriented technlicafficiency measures the amount of
minimum inputs required to produce a given leveloafput. That is, producers are
regarded technically inefficient if they use manputs than required to produce a given
level of output. In the present study, the outpuented technical efficiency is
estimated. The output oriented measure of techraffadiency has been attempted
because the sample farmers have been found toifg ascertain quantity of inputs
(which is financially feasible) to get the maximuwsatput. This is unlike the input
oriented approach where the amount of output tprbeduced is targeted beforehand

corresponding to variable amount of input.

Kalirajan and Shand (1994), notes that a profit im&ing firm always tries to
maximise production from a given set of inputs. hproduction function which
shows a technical relationship between input angutishows the maximum possible
level of output that can be obtained for a giverelef inputs. Alternatively, it implies
that the function sets a limit, often known as pitn frontier, to the range of
possible observations. Thus, for example, one robgerve points below the
production frontier (firms producing less than nmaxm possible output) but no points
can lie above the production frontier. The amoupntwhich a firm lies below its
production frontier, and the amount by which itsliabove its cost frontier, can be
regarded as measures of inefficiency (Forsund et18B0). A firm is said to be

efficient if it operates on the production fronti@li and Byerlee, 1991)This concept
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of production frontier and technical efficiency dam illustrated with the help of Figure
8.1.

Figure 8.1 Output Oriented Production Frontier

PP
Output Y axis
A B FF1
y1(m1)
A FF,
V2 (12) /
y3(1m3) /V\/"\ D
C
X axis
Xy X3 X1 Input

Source: Kalirajan and Shand (1994, 1999) and Kuikdohand Lovell (2000).

In Figure 8.1 output (y) iIs measured along the ¥-and the input (x) is measured
along the X-axis.FF;is the production frontier for a firm using bestagtice for
production. A firm operating at point B af¥;usinge; of inputs and producing, of
output receives a profit;. B is the point of tangency with its price line BR its
frontier FF;. At this point, the firm is economically efficier#nd there is neither
technical nor allocative inefficiency. However, tlie firm operates at point on its
frontier FF, using x, inputs and producing, output, the profits will be,. m;is

greater thanmr, which is arising due to allocative inefficiencywen by%. In reality,
1

however, firms happen to operate at less than pateachnical efficiency owing to a
number of constraints such as inappropriate or atatd method of production,
organisational constraints, non-price factors suwah information glitches and
incomplete knowledge of the best technical prastif€alirajan and Shand, 1994;

Khanna, 2006). In such a situation, the firm wilebate on an actual or perceived
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production frontierFF, which lie below the potential frontier. If the rfir with x,
inputs operate at point C @fF,it producesy;output and receives profi;. At point C
the firm experiences both technical and allocagiffieiency. A movement to a point of
production at D would leave the firm allocativelyfi@ent but still technically

inefficient as output level could be raised furthem level at frontieF'F;. In terms of

output loss for operating at point @,- y.) is the loss in economic efficiency, of which

a loss of (y,-y,) is due to technical inefficiency and,-y,) is due to allocative

inefficiency.
8.2 Technical Efficiency and Estimation Methods:

The approaches used to estimate technical effigjeran be categorised into two types:
parametric and non-parametric. Parametric appraaablves the Stochastic Frontier
Analysis (SFA) and the Corrected Ordinary Least&8gyCOLS) whereas the non-
parametric approach includes the Data Envelopmerilysis (DEA). The difference
between the parametric and non-parametric apprgesin the assumption made about
the functional form, whether or not random erroavéh been accounted for and the
probability distribution assumed for the inefficegn(Kibarra, 2005). While parametric
methods are restricted to a functional form, norapeetric methods rely solely on
sample observations that are used to construco@uption frontier (Khanna, 2006).
Non-parametric methods, as originally conceivedFayell (1957) used single input-
output space to create a frontier isoquant withengroduction possibility set which has
been later applied to the multiple input-output esagMurillo-Zamorano, 2004).
Khanna (2006) also notes that the frontier is detged by a single or a convex
combination of efficient units which are then comgeh against inefficient units to

calculate the extent of inefficiency.

Parametric techniques can be separated into detistrniand stochastic methods. The
difference between the deterministic and stochaséthods lies in the treatment of the
error term. In deterministic methods, the erroinmlicitly assumed and makes no
distinction between unobserved variables whicheigond the control of the agent and
those that lie within it. Thus, it assumes that dayiation from the frontier function is

due to inefficiency. Stochastic models on the otteerd, decompose the error term into
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purely statistical noise (that lies outside the tomnof the production agent) and

inefficiency (a one-sided error term).

Farell (1957) is the pioneer of deterministic mehevhich was further developed and
applied by Aigner and Chu (1968), Afriat (1972)cRnond (1974). Later on, Aigner,
Lovell and Schmidt (1977) and Meeusen and Van devedk (1977) proposed the
model independently and used in the estimatioredrical efficiency. Subsequently,
their model has been applied by researchers likéukdd and Huffman (2000) on rice
farmers in Northern Ghana, Bravo-Ureta and Ever(d®®4) on peasant farmers in
eastern Paraguay, Chen and Huffman (2006) usimgiaty:level dataset of China, and
Xu and Jeffrey (1998) on a cross-section of Chinlasen households, Zhuo Chen
(2009) on farm level TE from four regions of Chirzanan and Zhuang (2000), Xue-
yuan (2010) and Tian and Wan (2000) in China; legin and Flinn (1983), Lingard,
Castillo and Jayasuriya (1983), Kalirajan(1984)wban and Lingard (1989) in rice

farming in the Philippines and many others.

The techniques used to estimate the efficiencytigo can be categorised into two
classes: mathematical programming techniques aodoewmetric estimation methods.
While mathematical programming techniques are mainsed in deterministic
parametric methods, the stochastic parametric mdsthuose only econometric
techniques such as Maximum Likelihood Methods ar€ed Ordinary Least Squares
(COLYS) to estimate efficiency frontier (Aigner a@tiu, 1968; Kumbhakar and Lovell,
2000). The Data Envelope Analysis (DEA) primarilses mathematical programming
to construct a production frontier in order to cddde efficiency scores. The advantage
of DEA method lies in its flexibility as it does neoequire specification of any
functional form. Hence, it is less prone to misesfeation as pointed by Yu (1998).
Therefore, the fundamental problem associated datterministic frontier is that any
measurement error and any other source of stochaatiation in the dependent
variable are included in the one-sided componeataAonsequence, outliers can have
profound effects on the estimates and any shortogimi the specification of the model

could translate into increased inefficiency meas@eene, 1990).

There is an ongoing debate whether deterministithoum®logies such as Data
Envelopment Analysis (DEA) or stochastic methodmegsuch as the Stochastic
Frontier Analysis (SFA) should be used in the eation of technical efficiency
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(Bravo-Ureta and Rieger, 1990). However, in therdéiture on agricultural economics,
the SFA approach has generally been preferred beaauts relevance in agricultural
production (Coelli and Battese, 1996). Furthermtie, assumption that all deviations
from the frontier are associated with inefficieray assumed in DEA, is difficult to
accept in case of agricultural production. Khan2@0g) also notes that agriculture is
often susceptible to the vagaries of nature whichayond control of a farmer. In the
present study, groundwater availability (under ti@rket structure) is a highly
stochastic input to owner-cum-sellers due to redascarcity of water during peak
demand periods and especially to buyers due toliable nature of the market
(discussed in details in chapter seven). Therdss measurement error arising due to
non-keeping of accurate records by many farmeis #s large number of cases they
are small family owned operations (Coelli and Bsd#te1996). At the same time,
Thiam, Bravo-Ureta and Rivas (2001) provided a ragtalysis, reviewing empirical
estimates of technical efficiency in agriculturedeveloping countries and found that
stochastic versus deterministic frontiers do nens¢o significantly affect estimates of
technical efficiency across studies. However, patammethods such as the stochastic
production frontier method offer an opportunityrésearchers to test their hypotheses,
but restrict them to certain production relatiorssuaned by the functional forms

employed (Khanna, 2006).

In the present study, the SFA has been choserder tm estimate technical efficiency
of the sample farms. The selection is made becauseldition to groundwater the
production of summer rice in the state is subjectclimatic conditions which are
beyond control of the farmers. Therefore, unlikeADHeviation from the best possible
level of output cannot be entirely attributed teffrciency. The method used is outlined

in section 8.3.
8.3 Stochastic Frontier Approach (SFA):

8.3.1 The Stochastic Frontier Production Function ad Technical Inefficiency:

Following Kalirajan and Shand (1994) the productifvantier model for a firm

producing a single output using multiple inputs banwritten as,
Y;=f(X;.p) ... (8.1)
Where,

237
TH-1274_06614104



Y;" = The maximum output that the firm can produce.

X;= The vector of inputs that the firm can use todpice the maximum output

given the technology.

B = The vector of technology parameter to be estichate

The maximum output assumed in Equation (8.1) igiobtl by the firm given the fact
that the firm operates at the optimum level of techl efficiency employing available
best practices. Thus, according to neoclassical@oa theory, all firms are assumed
to be fully efficient in the use of technology $@t input and output prices are the only
factors that decide output level (Kalirajan and r8hal994). Hence, any inefficiency
that arises is attributable to price or allocaifivefficiency. However, the firm may not
be able to obtain the level of maximum output duedrtain exogenous shocks such as
socio-economic constraints, information gap and-piace factors, all of which may
prevent them from utilising their inputs optima(khanna, 2006). In other words, the
firms may experience technical inefficiency in puotion in the sense defined in the

previous section 8.2, due to such exogenous shwalgich are beyond their control.

Incorporating the element of technical efficienbg production function of thd'ifirm
defined in Equation (8.1) can be rewritten as (¥&gin and Shand, 1994):

y.=f(Xi, p) TE; .. (8.2

TE; represents technical efficiency of tHefirm.
TE; is the output oriented measure of technical efficy and can be defined as,

TE;=0Observed output/Maximum attainable output

Or,

Y, _ v
Y, fXep)

TE,= (8.3

Y; achieves its maximum feasible value fafx;, 8) if and only if TE; = 1. TE; <1,
implies presence of technical inefficiency in proglon. Thus, with technical

inefficiency the firms operate below the maximuntaddiable level of output.
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In Equation (8.1) the production frontier is detenstic assuming that all factors
affecting production are under the control of then§. Hence, the deviation observed
between the frontier and observed output levetdtributable to technical inefficiency.
However, such kind of specification ignores the that output might also be affected
by random shocks such as weather, information g@gp-economic factors, extent of
mechanisation, availability of groundwater (whishscarce in relative sense during the
period of crop growth for the owners-cum-sellerd &or a few buyers due to unreliable
nature of the market), erratic and insufficientctdeity supply, etc. which may or may
not be under the control of the farms. In other dgprthe production frontier may
become stochastic as a result of these random shéwgorporating these random

shocks the stochastic production frontier can bepeified as,

Y X) exp (v, ... (8.4

Thus, the stochastic production frontier consists two parts a deterministic
partf(X;; B) which is common to all producers and a produceciig partexp /v /,
which captures the effect of random shocks on @actiucer (Kumbhakar and Lovell,

2000). The technical efficiency of stochastic filentnodel thus becomes,

Y; Y;
TE,':_;_ .

e perty (89

Now Y; achieves its maximum feasible valuefdf;, 8) exp{v;} if and only ifTE; =
1, otherwiseTE;<1 provides a measure of the shortfall of obsereetbut from
maximum feasible output (or termed as technicaffimency) in the presence of
random shocks which is allowed to vary across predki (Kumbhakar and Lovell,
2000).

Thus, in the presence of technical inefficiencydbserved output may be defined as,

Y=AX;; ) exp (vi-u;) withu; = 0 ... (8.6)

Or

Y; = f(Xi; B) exp(e;) ... (8.7)

Where exp (¢;=v;-u;) is the composite error term comprising of randooiseyv;, and
pure technical inefficiency;. While v; captures the measurement errors in production
that the firm does not have control over thems associated with farm-specific factors
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which leads to the™ firm from not attaining maximum technical efficgn in
production. Hencey; is labeled as technical inefficiency of the fareasd ranges
between zero and one; is a symmetric error term that represent randorratiren of
the frontier across farms and captures the effefatseasurement error, statistical noise
and exogenous random shocks which lie beyond darittbe farm (Coelli and Battese
1996; Yu, 1998).v; is identical and independently distributed. represents the
asymmetric and one sided non-negative random \ariabsociated with technical
inefficiency. u; is also identical and independently distributed asdobtained as
truncation at zero of the normal distribution. ¢t also assumed that and u; are
uncorrelated. The conditiom; = 0 ensures that all observations lie on or below the
stochastic production frontier. However, there eébate in the literature on technical
efficiency estimation as there is no consensus hithwdistributional form whether
normally distributed, exponential, truncated normahd normal gamma be used.
However, the half normal distribution has been \idpreferred in most of the

empirical studies on efficiency measurement (Kha20a6y.

8.3.2 Variation in Efficiency Estimates across Farm and Factors influencing
Technical Inefficiency:

Once we have the estimates for the efficiency sc@&oss farmers, we may be
interested to see the variation in inefficiencyireates. The existing literature points
out that a number of possible factors may affedtrtécal efficiency on a farmer’ plots.
These include like farm-specific characteristicachs as education and age of the
farmer, experience in crop cultivation, extensi@iphdistance of the plot from the
water source, discharge rate of the tubewell aed af land cultivated, etc. (Bravo-
Ureta and Pinheiro, 1993; Khanna, 2006). The figsliof the present study (discussed
in Chapter five) also indicate that access to tredii-farm income sources in the farm
households and use of soil nutrients (micro notfiganic manure) may also

contribute to variation in technical inefficiencgrass farmers.

In order to identify the determinants of techni@aéfficiency, the TE scores are
regressed on the chosen explanatory variablesatbdikely to influence inefficiency.
There are two approaches for obtaining the estsnafténefficiency models: two-stage
approach and single stage approach. While two-stpgeoach were mainly used till a

few years back, in the recent studies using SF&retlis an increasing preference for
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single stage approach. Previous studies followeddiage processes. Under two-stage
approach, the first stage involved obtaining thefficiency scores and in the second
stage those inefficiency scores were regressed set af explanatory variables to
determine the socio-economic characteristic thaterdene levels of technical
inefficiency. But, this two-stage approach is cdesed inconsistent in its assumption
regarding the independence of the inefficiency affen the two stages estimation
(Battese and Coelli, 1995). Under single stage agmr, estimates of technical
inefficiency are obtained along the stochastic potidn frontier model. Kumbhakar,
Ghosh and McGuckin (1991), Reifshneider and Stewer(4991), Huang and Liu
(1994), Battesse and Coelli (1995), etc. are tlmngmrs in using the single stage
approach in their respective empirical studies.yTi@ve found the approach accurate
from a statistical point of view. Single stage aygmh is expected to lead to more
efficient inference with respect to the parameievslved (Battesse and Coelli, 1996).
In most of the recent studies, single approactolieved which is followed in our

study as well.

The variations in inefficiency are, thus, modeledaafunction of some of the farm-

specific characteristics as,

Where,
Z;is a vector of explanatory variables associated tethnical inefficiency
6; Is the corresponding vector of parameters to beattd.

W;is a random error term and is defined by the trtiogaof u; in Equation

(8.7) such thaw;- §;Z which preserves the condition gf> 0.

Thus, the farm-specific technical efficiency of guation, given the level of inputs, is
given as:

TE, =exp (-U;) ... (8.9
So that,

0<TE <1
as0<exp(-Uy <1
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That is, the farm-specific technical efficiencyslibetween 0 and 1 and is inversely

related to the level of technical inefficiency.

8.3.3 The Empirical Stochastic Frontier Production Model with the In-built
Technical Inefficiency Function:

The estimates of the parameters defined in EQuéBiat) can be obtained by specifying
either the translog production function or the Galuglas (C-D) production function.
A number of earlier studies have specified C-D padibn function for this purpose
(Meeusen and Den Broeck, 1997; Tadesse and Krishordiny, 1997; Sharma et al.,
1999; Mochebelele, 2000; Belen et al., 2003; Shagamy 2003; Binam et al., 2004;
Bozoglu and Ceyhan, 2007; Oyewo, 2011, etc.). Hawgwinting out the limitations
of constant production elasticity and unit elasgiaf input substitution assumed by C-
D production function, a number of studies haveliagpm more flexible form given by
translog production function (Huang and Bagi, 1984, 1998; Abdulai and Huffman,
1998, 2000, 2001; Wilson et al., 2001; Chen et 2009; Liu and Zhuang, 2000;
Khanna, 2006; Chowdhury, 2009, 2010, etc.). lew $tudies, the researchers have
first estimated both the functional forms and thdmypothesis test is carried out to find
suitability of the model to the given data set. Fexample, Seyoum (1998),
Mochebelele (2000), Khanna (2006), Shanmugamandkataramani (2006) and
Bozoglu and Ceyhan (2007), etc. in their studieseshnical efficiency have found C-
D production function more appropriate than theslag production function. On the
other hand, Chiang et al. (2004), Kumbhakar and gv&006), Mussa (2006),
Chowdhury (2010), etc. in their studies have fotnathslog production function more
appropriate than the C-D production function. Thhegre is no consensus on the best
functional specification between the two. In thepamal study of Khanna (2006)
estimating technical efficiency of farmers undetevanarket using SFA, first translog
production function has been specified and theis tested against C-D production

function. Khana found C-D production function maygropriate given data set.

In the present study, to decide on the most switabictional specification, a translog
stochastic frontier model is first estimated themsitested against a C-D production
functional form. This study has specified the ktstic frontier production function

using the flexible translog production function.

The general form of the translog model is as foow
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1
lnle ﬁo"r k:]ﬂk ll’l Xik + EZkNZIZjl]ﬂjklnxiklnxij'Fvi-ui ves (81@

8.4 Description of Variables Considered in the Traslog Production Function and
Inefficiency Model.

8.4.1 Translog Production Function:

The available theoretical and empirical literatrgftects on a number of factors that are
considered for the specification of inbuilt prodant and inefficiency models in
stochastic frontier analysis. However, subject he availability of data and their
relevance in the context of the present study, fkey inputs for summer rice
cultivation i.e. land, labour, capital, irrigatioand fertiliser are included as input
variables to estimate the translog production fionct Thus, for the five inputs
variables, viz. land, labour, capital, irrigationdafertiliser the study has specified the

following form:

InY ;= 8o+ Jp-y BicIn Xy + Sy I 21 Budnxylnx+vi-u;.... (8.10)
The description of the variables considered in tila@slog production function and

expected signs of the variables specified in Equaiill, are presented in Table 8.1.
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Table 8.1
Description of the Variables in Translog ProductionFunction and Expected Sign of the
Coefficients of the Variables

Variable Description Expected sign
Output Total output of the farm (in quintal) D\/e;iz;tf:gnt
Land area Land area under the crop (in hectare) +
Labour I'I'otal labour man-days (both family and hired N
abour)
Capital Capital expenditure* (In rupees) +
Total nos. of irrigation Total quantity of irrigata (in number)** +
Fertiliser Total amount of fertiliser measured in nutrient N
(NPK) (in Kg.)
Lnland Log of land area under the crop (in hectare) +
Lnlabour Log of total labour man-days (in man-days +
Lncapital Log of total quantity of irrigation (irupees.) +
Lnirrigation Log of capital expenditure (in rupees) +
. Log of fertiliser measured in nutrient (NPK)
Lnfertiliser . +
(in Kg.)
(Inlandy log of land x log of land +/-
(Inlabour¥ log of labour x log of labour +/-
(Incapitaly log of capital x log of capital +/-
(Inirrigation)’ log of irrigation x log of irrigation +/-
(Innfertilisery log of fertiliser x log of fertiliser +/-
(Inland)x(Inlabour) log of land x log of labour +/-
(Inland)x(Incapital) logo of landx long of capital +/-
(Inland)x(Inirrigation) log of land x log of irrigeon +/-
(Inland)x(Infertiliser) log of land xlog of fertger +/-
(Inlabour)x(Incapital) log of labour x log of caaiit +/-
(Inlabour)x(Inirrigation) log of labour x log ofrigation +/-
(Inlabour)x(Infertiliser) log of labour x log of fliser +/-
(Incapital)x(Inirrigation) log of capitalx log oéftiliser +/-
(Incapital)x(Infertiliser) log of capital x log afrigation +/-
(Inirrigation)x(Infertiliser) log of irrigation xdg of fertiliser +/-

* In the present context, the definition of capitahfines only to the working capital. In other wsywe
have used capital as a flow concept rather thatock.sThus, expenditures on capital include payment
made in terms of rents of tractor, power tiller]ldsck pair, harvester and sprayer. Expendituresirirec

on the above items by a farm household constingddtal capital expenditures of that householddy

be mentioned here that to correct for the variatiorthe rents of capital items across field stiodyations,

we have taken the average of rents prevailingértwo field study locations for each of the abdees.

** Total quantity of irrigation is total nos. ofrigation per farm plot for the whole season of cgopwth.

8.4.2 Inefficiency Model:

Based on available literature, the education ofitbad of the farm household (who
takes major decision in farming), age of the hebdhe farm household, access to

formal credit, availability of off-farm income sa@s in the farm household, farmer’s
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contact with the extension services given by theegument, use of organic manure
and use of micronutrient have been included forsgrexification of inefficiency model.
Following is a brief discussion on the theoretigatification for inclusion of these
variables in the inefficiency model.

Factors such as experience, knowledge and manbsjatisare important for effective
farming. In order to capture effects of these fegstthe education and age of the head
of the farm household, who takes major decisiongamnming, are taken as proxy
variables. Education enhances knowledge of a faonénow-how of advanced farm
practices, which directly helps in the enhancenmwnproduction and productivity.
Hence, when a farmer is more educated, the farmeswarded with more technical
efficiency or the farmer is closer to the frontertput. The coefficient of the variable is
expected to assume negative sign meaning educatiomegatively related with

technical inefficiency.

It is generally believed that when a farmer becooider he gathers more experiences
in farming. Thus, like education, age of a farmispayreatly affects timely and proper
allocation of farm inputs to deduce maximum outfyatm the input mix. Therefore,

this variable is assumed to bear a negative relstip with technical inefficiency.

It is found in the field that the availability offfdarm income sources in the farm
household is very important for effective farmingpecially for the cultivation of
summer rice. This is due to several reasdinstly, a farm household with a stable
subsidiary source of income may enjoy capacitynwest on tubewell. Hence, a farmer
can gain more control on the application of grouathw during the crucial periods of
crop growth.Secondly,availability of off-farm income of the farm hous#d also
enables the farmer to buy other inputs like fesgits, pesticides and weedicides. It also
helps the farm household to mechanise farming whickurn, enhances production of
the crop under cultivation. Because of its sigaific role in effective farming, this
variable is included in the model. The expected sifjthe coefficient of the variable is
negative. It implies that a farm household withsdiary sources of income can attain
more technical efficiency in the production of suarmice than the other. The variable
off-farm income is constructed as a dummy variasieuming the value “1” if the farm
household has off-farm income sources and “0” otis®. The variable in short is
denoted aS$SlI.
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Similarly, access to formal source of credit entegnproduction and productivity as
access to credit from formal sources enables aefatm a purchase capital inputs.
Therefore, the variable is assumed to bear a negaglationship with technical
inefficiency. The role of this variable (denoted short asACIC) is captured by a
dummy which takes the value “1” if the farm famitas access to credit and “0”

otherwise.

Farmers’ contact with the government extensionisesvalso helps a farmer in the
adoption of better farming practices. With thig farm is expected to attain technical
efficiency. In the questionnaire administered tdlembd primary data, nine questions
related to farmers’ interaction with governmentession services were included.
Farmers’ responses to these queries were codiftedscores. The total scores on these
gueries could vary from 0 to 9 depending on thell®f farmers' interaction with the
extension agencies (details are discussed in sebt6 of chapter five). A farmer's
scores on these questions have been used as tlsere@ his contact to extension
service. The expected relationship between thisgabkr and technical efficiency is
positive indicating its negative influence on teicahinefficiency.

It is found that there is an increasing tendencyrgnthe farmers in the study area to
use some soil-nutrients like micronutrients in pineduction of summer rice. Therefore,
use of micronutrient as a variable is included he @nalysis to see its role in the
enhancement of technical efficiency. The expectdd of this variable on technical
inefficiency is also negative as application of miautrient helps in the enhancement
of soil nutrient which, in turn, increases prodantiand productivity of the crop

undertaken for cultivation.

Further, along with chemical fertiliser, the tramial practices of using organic manure
in the form of cow dung and other crop residualgesy popular in the cultivation of

rice in the state. The general expectation is tisat of organic manure would help in
the attainment of technical efficiency. Hence, thepected role of this variable on
technical inefficiency is negative.

The definition of the explanatory variables incldde the inefficiency model and their

expected signs are presented in Table 8.2.
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Table 8.2
Definition of the Variables Influencing Technical Inefficiency and the Expected
Sign of the Coefficients of the Variables

Variables Description EXSiZ(;]ted
Age Age of the head of the farm household i
(in years)
Education Years of schooling attended by the héalaeo

farm household (in years)
Presence of off-farm income source in the
family (1 = Yes, 0 = No)

Access to formal credit (1 = Yes, 0 = No) -
Extension services receivethdyarmers
(Score 0 to 9)
Organic manure used in cultivafibbr Yes, 0
= No)
Micronutrient used in cultivation €lYes, 0 =
NO)

Off-farm income in
the family
Access to credit

Extension services

Organic Manure

Micronutrient

8.4.3 The Descriptive Statistics of the Variables:

The descriptive statistics of the key variables chare included in the translog
production function and the inefficiency model presented in Table 8.3.

Table 8.3
Descriptive Statistics of the Variables Consideredh Translog Production
Function and Inefficiency Function

TH-1274_06614104

Variables Mean S.D. Minimum | Maximum
Output (in quintal) 65.17 50.33 8.00 273.20
Land area (in hectare) 0.97 0.73 0.13 3.88
Labour(in man-days) 117.47 74.70 21.00 386.00
Capital (in rupees) 4817.19 3541.95 640.00| 17860.00
Irrigation (in nos.) 12.34 2.63 6.00 20.00
Fertiliser(NPK in Kg) 168.74 174.18 11.50 1070.40
Age (in years) 47.12 11.71 22.00 75.00
Education (years of formal 5.10 4.86 0.00 15.00
schooling)
Off-farm income in the family 1.54 0.50 0.00 1.00
(Y/N)
Access to credit (Y/N) 0.16 0.36 0.00 1.00
Extension services (Scores) 248 3.04 0.00 9.00
Organic Manure(Y/N) 0.44 0.50 0.00 1.00
Micronutrient(Y/N) 0.32 0.47 0.00 1.00
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The average production of summer rice is 65.17 tglsrper farm household which is
68.89 quintals per hectare (discussed in detailsettion 5.3.5 of chapter five). It is
found that the rice production is highly variabdeging from 8 quintals to a maximum
of 273 quintals per farm household. A wide variati® also observed in land area taken
up for cultivation by the farmers. The average lanel under summer rice cultivation
is 0.97 hectare per farm household. When the mimnsu0.13 hectares, the maximum
land area is 3.88 hectares. Average capital experdsI 4877.00 per farm household
which is equivalent approximately ¥05027.84 per hectare of land. The average labour
use is approximately 121 man-days per hectare gluha whole season in different
stages of cultivation. The average number of itraga (complete irrigation as per
requirement felt by the farmer) is approximately riitinber for the whole season for
the whole plots of land under the crop. The maximowmmber is 20 whereas the
minimum quantity is 6. The average quantity of smitrient measured in terms of NPK
is 168.74 kg which is approximately 173.96 kg pecthre of land (details are

discussed in section 5.3.4 of chapter five).

The average age of the head of the household yedrs indicating that on average, the
sample farmers belong to the upper side of the mgrlge group of 25 to 60 years.
The average years of formal schooling attended hey dample farmers is 5 years
indicating that they are primary passed. The mimmis “0” indicating they are
illiterate. The maximum year of formal schooling 1% implying that they are
postgraduate. The majority of the farmers areeiiite and those who are literate are
primary passed only (discussed in details in sectié.4 in chapter four). The variable
off-farm income in the family is a dummy variabMore than 46.60 percent of the
total farm households are engaged in income gengractivities outside the farm.
Similarly, access to formal credit is also a dumragiable. Out of the total sample only
24.24 percent have access to formal credit (digclgs details in section 5.4.1 of
chapter five). Out of the total sample farmers pédcent have used organic manure in
the cultivation of summer rice along with chemitatilisers and 32 percent have used
micronutrient for the cultivation of the summereiche interaction with the extension
services is recorded in terms of score in the shneeoutlined in section 5.3.6 of

chapter five.
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Thus, the empirical full model (production functiand inefficiency model) is specified

as:

InY = B,+B,Inland+p,Inlabour+p,Inirri+f Incapital+p Jnferilitser+f3 6lnland2 +p 7lnlab0ur2

+p 8lnirri2 +p 9lncapita12 B, Olnfertilzer2 +B,,Inland*Inlabour+p ,Inlarnd*Incapital
+B,;Inland*Inirri+f, Inland*Inferilizer+f, [Inlabour*Incapitalr +f, [Inlabour *Inirri
+B,,Inlabour *Infertiliser+p  Incapital *Infertiliser+, jIncapital*Inirrigation

+B,,Inirrigation*Infertiliser+d,+d,education+d,age+dsssi+d,acic +dsextension
+050rganic+0o;micronutrient + v, = Uj...cooeeeennnene q12

Where,

v;= random noise and,~N (0, g, ?).

u;= inefficiency effects, which are non-negative andlof@ a half normal

distribution u;~|N(0, 5,,%)|.

The first section of Equation 8.12 is the stoclastntier translog production function
while the second section includes the inefficiemagables.

The parameters of the translog stochastic froatierthe inefficiency model, defined in

Equation 7.12 are estimated using the programmeN-RER Version 4.1(Coelli,
1996). That is,;, 6, the variance parameters- (0V2+0u2) and y=% are estimated by

the maximum likelihood procedure. The value of pheametey, lies between 0 and 1.

8.5 Choosing between Translog versus C-D Productidfunction:

Results of the statistical test carried out to fmat suitability of C-D production
function versus translog production function, haeen discussed in this section. In the
studies on technical efficiency, a number of tdéts Log-likelihood Ratio Test or
Wald Test or F- Test is used in order to verifytaility of the forms of production
function. Among others, the generalised Log-liketd Ratio Test is more popularly
used by the researchers. In the present studgeiheralised Log-Likelihood Ratio test
is used which is defined as given below,

J=-2 /Ln %/= -2[Ln (LLF))~(LLF )] ... (8.13
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In equation (8.13)/n (LLF,) is the log-likelihood value for the restricted oplb-
Douglas production function andn(LLF;)is the log likelihood value for the
unrestricted or translog production function. Inlaage sample, the test statistic
A follows a chi-squarey?) distribution with the number of degrees of freedequal

to the number of restricted parameters in the m@@esden, 2003). The null hypothesis
is rejected when the calculated valueydfexceeds the tabulated value. The tabulated
value for {?) corresponding to the degrees of freedom is reach iKodde & Pam
(1986) table.

The maximum likelihood estimates of the parametefsthe stochastic frontier
production function and the farm specific estimaietechnical inefficiency have been
obtained by using the programme FRONTIER versidn@oelli, 1996).

In the translog production function specified iruatjon 8.12, if we impose restriction
on the second order and cross product terms, wanothte restricted or Cobb-Douglas

production function. That is, whefi;, = Bix =0 V i,k

lnyi = ﬁo + Zl,gﬂﬁk lnxk,- + V;—Uu,;... (814)
Thus, the null hypothesis for testing suitabilifitr@nslog specification is,

Hoiziﬁjkz()Vj,k:l ..... _I

From the estimates of restricted and unrestrictedets, the log likelihood ratio test is

obtained as,

1 2/4 LL
{AF" 11

=-2(48.59-63.41)=29.61

F
F{i/: -2[Ln (LLFy)-Ln(LLF )]

The calculated chi-squarg€29.61) has exceeded the critical valugdt=24.384 at 5
percent level of significance. Thus, the log likelbd ratio test rejects the null
hypothesis and indicates that the sample and tldehb®ing analysed are found to be
better represented by the translog production fandhan the production function of
C-D type. Therefore, in the present study resuithe production estimates, technical
efficiency scores and determinants of inefficientgve been discussed using the

estimates of translog production function.
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The translog production function is then tested di@tection of the presence of
heteroscadasticity. This is done by running a =gjom of the dependent variable (log
of output) on the input (or explanatory) variabtessidered in the translog production
function. Both Breusch-Pagan test and White tese Haeen obtained using STATA
version 11.1 for checking heteroscedasticity. Beatistics of both the tests have been
found to be insignificant confirming that the prelm of heteroscadasticity is not

present in the data set used for estimating tmslg production functioh

8.6 Suitability and Validity of the Inefficiency Model:

In order to test suitability of the preferred fremtmodel incorporating inefficiency
effects, four tests have been carried out. Thests tge performed with the following

hypotheses using the generalized Log-likelihooddRE¢st outlined in section 8.5.
a. Hypothesis for no inefficiency effects:
Null hypothesis,H,: y = 0
b. Hypothesis for absence of technical inefficiendgesk:
Null hypothesisH,: y=0,=0;=...=6,=0
c. Hypothesis for absence of constant and farm sjpdaifitors:
Null hypothesis: 6,=d,=...=6,=0

d. Hypothesis for joint significance of the explangtmariables for explaining
efficiencies:
Null hypothesisH,: ¢,=...=0,=0

Results of the hypothesis tests for the stochasticslog production function and

inefficiency model are presented in Table 8.4.
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Table 8.4
Hypothesis Tests for the Stochastic Translog Prodtion Function and Inefficiency

Model
Null hypothesis LR statistic Degrees of Critical Decision
freedom value
Hy:y =0 2.79 1 2.706* Reject
Hyy=6,=6,=--=68;, | 35.422 9 16.274* Reject
Hy:6g=8; = =6, 33.109 8 17.670* Reject
Hy: 6, =--=6,=0, 27.49 7 14.853* Reject

* Significant at 5 percent level. The statistidollows a mixed chi-square distribution because tist

involves equality and inequality &1) restriction. Values are taken from Kodde aatirP(1986).

The first null hypothesis explores whether eaclinfég operating on the technically
efficient frontier. If inefficiency effects are ndtochastic, thery or variance of
inefficiency is zer8. This is rejected in favour of the presence officiency effects. It

also indicates that inefficiency effects are statica

The second hypothesis is performed to test thenabsaf technical inefficiency effects.
The null hypothesis is rejected which implies thatput on farmers’ plots are below
their output-oriented technically efficient frontie

As a variant to the second hypothesis, a third i®stonducted to assess whether
constant and farmer specific effects in the ermmngonent is present or not. The test

results reject the null hypothesis in favour ofluiseon of these variables in the model.

The fourth hypothesis explores the joint significanof the determinants of
inefficiency. The null hypothesis is rejected coming that joint effects of the
explanatory variables included in the model infleeerechnical efficiency of the farms

even though when taken individually some of theny mat be statistically significant.

8.7 Results and Discussion:

8.7.1 Production Estimates:

The maximum likelihood estimates of the parametérstochastic frontier model with

inefficiency effects are presented in Table 8.5.
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Table 8.5
Maximum-likelihood Estimates for Parameters of Trarslog Stochastic Frontier and
Inefficiency Model

Cobb-Douglas Translog

Parameters Coefficient S.E. Coefficient SE
Production function
Constant B, 1.792* (0.482) -21.848* (0.999)
Lnland B, 0.553* (0.082) -7.298* (0.800)
Lnlabour B, 0.161* (0.048) 1.777** (0.961)
Lncapital B, 0.098** (0.043) 2.073** (0.714)
Lnirrigation B, 0.160* (0.054) 4.022* (0.897)
Lnfertiliser B 0.044 (0.032) 1.473** (0.877)
(Inlandy B, -0.553* (0.153)
(Inlabour¥ B, 0.305** (0.118)
(Incapitalf B, 0.129* (0.079)
(Inirrigationy B, 0.073 (0.155)
(Innfertilisery Bio 0.011 (0.028)
(Inland)x(Inlabour) B, 0.071 (0.205)
(Inland)x(Incapital) B, 0.567* (0.157)
(Inland)x(Inirrigation) B; 0.368 (0.256)
(Inland)x(Infertiliser) B, 0.259*** (0.156)
(Inlabour)x(Incapital) Bs -0.437* (0.133)
(Inlabour)x(Inirrigation) B 0.040 (0.165)
(Inlabour)x(Infertiliser) B, -0.197*** (0.116)
(Incapital)x(Inirrigation) Bis -0.487** (0.162)
(Incapital)x(Infertiliser) B -0.010 (0.120)
(Inirrigation)x(Infertiliser) By -0.124 (0.161)
Inefficiency Model
Constant 0; -2.569* (1.156)  -1.252** (0.545)
Age 05 0.031** (0.013) 0.015** (0.005)
Education 03 0.115** (0.047) 0.071* (0.026)
Off-farm income 04 -0.457* (0.190) -0.114** (0.068)
Access to credit Os 0.146 (0.138) 0.218** (0.131)
Extension Os -0.055*** (0.023)  -0.030** (0.014)
Organic manure 07 -0.091 (0.091) -0.212** (0.118)
Micronutrient Og 0.274* (0.105) -0.001 (0.077)
o 0.130* (0.035) 0.047* (0.009)
y | 0.822* (0.067) 0.547* (0.113)
Log likelihood function 62.43 79.92
Mean technical efficiency (in percent) 92.46 94.10
* ** and *** are significant at 1 percent, 5 pertteand 10 percent level.
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The estimated value of theparameter which is a measure of the level of tieahn
inefficiency effects in stochastic frontier is falmo be 0.55 in translog production
function. The value off ranges between 0 and 1. A value closer to 1 impiat
random variation in the frontier is highly explaihly inefficiency, while a value closer
to zero implies absence of technical inefficientlye estimated value of 0.55 which is
highly significant implies that about 55 percentloé random variation in summer rice

production of the sample farmers is explained lefficiency.

It is evident from Table 8.6 that the estimateshef parameters of the first order terms
of the translog production function indicate thathwthe exception of land all other
input variables show a positive relation with theéput. All the inputs Inland, Inlabour,
Incapital, Inirrigationand Infertiliser have beeouhd to be significant. The expected
sign of the input variables are also found to beaatordance with the a priori

assumption except for Inland.

Regarding second order coefficients, doubling @ola and doubling of capital are
significant and positively related with the outpdthough the coefficient of (Inland)s
significant, it is negatively related with the outpThis implies other factors remaining
same, doubling of land area would resultdecline in output. However, if land is
combined with fertiliser and capital then outpuerthanced, as the second order cross

product terms are significant and the coefficidrege positive sign.

Regarding second order coefficients, the crossuymtsdof labour and irrigation and
labour and capital are highly significant but thienpacts are negative. Similarly, the
coefficient of cross product of capital and irrigatis also negative though significant

at one percent.

The estimates of parameters in a production funggige only the direction of change
in output with respect to the corresponding inplrisorder to understand how output
responds to inputs we have to look at the elagtmefficients (Abdulai and Eberlin,
2001). As opposed to the Cobb-Douglas productiorctian, the coefficients of the
translog production in a translog production fuoctare the elasticity coefficients for
the individual variables when the variables arduatad at their sample mean (Vilanu
and Fleming, 2004). Therefore, in order to compatasticity estimates, firstly

variables are mean corrected by subtracting thensneé the variables so that their
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averages or sums are zero. Secondly, estimatibe dfanslog production function for
the variables when they are mean corrected, a@ngat using the computer program
FRONTIER version 4.1 (Coelli, 1996). Though theireates of the first order
parameters are the estimates of output elastioityhfe individual inputs at the mean
values, the first order-coefficients of the tramslproduction function are not very
informative (Vilanu and Fleming, 2004; Abdulai ariberlin, 2001). Following
Abdulai and Eberlin (2001) the output elasticityttwrespect to the inpuss, for the

translog production function are computed as,

alny;
EA al:Xi =B+ 215=1 BjiInX; ... (8.19

For example, in the translog production functioaafied for empirical investigation in

this study,

N

InY = B,+B,Inland+p,Inlabour+p,Inirri+p, Incapital+f Inferilitser+f3 6lnland2 +B,Inlabour
+5 8lnirri2 +p glncapita12 8, Olnfertilzer2 +B,,Inland*Inlabour+p  ,Inland*Incapital
B, 3Inland*Inirri+p, Inland*Inferilizer+f, {Inlabour*Incapital
B, gInlabour *Inirri+  Inlabour*Infertiliser+f , JIncapital *Infertiliser
B, gIncapital*Inirrigation+f, Inirrigation*Infertiliser,

dOutput  land

Elasticity of land = ¢ = Oland X Output

olnY Output

—d/nla]]dz (61 + 266 + 611+612+613+614) —la’nd

= €jgng = (B, + 265 + 61,+61,+613+614)

(Details of the derivation is given as endnbte)

The input elasticity for each input in the transletpchastic production function

including inefficiency effects is presented in Te&Bl6.

Table 8.6
Input Elasticity
Variable input Elasticity
Land’ -7.35
Labour 1.43
Capital 3.28
Irrigation 3.21
Fertiliser 0.99
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It is evident from Table 8.6 that a one percentaase in capital expenditure would
increase output by 3.28 percent. In addition, amereent increase in labour man-days
will increase output by 1.43 percent. On the otiend, a one percent increase in the
number of irrigation will increase output by 3.2érgent. The elasticity coefficient of
the variable “fertiliser” is found to be 0.99 impig that if use of the quantity of
fertiliser is increased by one percent, the outpilt be increased by 0.99 percent.
However, a one percent increase in the quantitgraf would decrease output by 7.35
percent, other things remaining the same. Thougm#uyative elasticity of land is not
in accordance with the expectation, given the mataf conditions required for
cultivation of summer rice in the state this is satprising. As outlined above, the
cultivation of the crop is taken up in the stateiniy November to April when normally
rainfall is very scanty. Thus, the cultivation d¢#etcrop is not possible at all without
irrigation. Therefore, it is obvious that a merergase in land keeping all other factors

constant will not enhance output.

It is also clear from Table 8.6 that output has lighest positive responsiveness to
capital followed by irrigation, labour and fertéis It is also found that all the
individual input elasticities are elastic for capitirrigation and labour. However, the

input elasticity for fertiliser is inelastic as thalue of the elasticity is less than one.

From the individual elasticities of the inputs,aiobutput elasticity or the measure of
returns to scale can be obtained by adding elasicior every input. This value
indicates the percentage by which output will iasee if all factors are varied in the
same proportion. Since the sum of individual inelaisticity is 1.56 (which is greater
than one), there exists increasing returns to sealeroduction. In other words, an
increase in all inputs by one percent increasegymtmn of summer rice by more than

one percent.
8.7.2 Technical Efficiency:

In the present study, output-oriented measureabirtieal efficiency is calculated where
inefficiency is defined as the deviation of actaaltput from the maximum output
obtainable from the bundle of inputs using the lzestilable practice of technology.
When the value of technical efficiency is one, ihefficiency is zero and the firm is

able to achieve maximum output using the inputsirirtais sense is also understood as
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the ability of a firm to increase its output to theaximum possible level witho

corresponding inease in inputs (Khan, 2006).

The estimated technical efficiency scores for esample farm are converted ir
percent by multiplying them by 100. Technical effirecy scoreof each farm is also

disaggregated by the status of the farmers in thenglwider market

Figure 8.2
Distribution of Sample Farms Acording to thier TE Score:

H Below 80%
H 80% to 90%
90% to 99.9%

It is clear from kgure 8.2 that most of the farmabout87 percent) exhibit technic
efficiency scores ofmore than 90 percent. Only a 3 percent of the sarfgins hav

exhibited technical efficiency scores below 80 patc

Table 8.7 showthe descriptive statistics of the estimated tecdretficiency score
for all the farmers combined together and acrofésrdint categories of groundwar

users.
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Table 8.7

Technical Efficiency Scores of Farmers under Diffeznt Structures of Groundwater

Markets
Descriptive Self- | Self-user +| Sei-usert Self-
C All sellers users+ Buyers
statistics users sellers
+buyers buyers

Mean 0.941 0.936 0.942 0.950 0.885 0.9
Std. Deviation 0.062 0.107 0.037 0.032 0.169 0.06
Minimum 0.514 0.514 0.805 0.846 0.633 0.54
Maximum 0.983 0.981 0.983 0.982 0.980 0.98
Total observation| 191 18 76 14 04 79

Difference between means (t-test):
Self-users+sellers+buyers and Buyers  t = 0.401; P>|t| = 0.690

Self-users+sellers+buyers and Self-

users : t =0.815; P#| = 0.006
Self-users+sellers and Self-
users+buyers c t=2.22; P>|t|] = 0.029

The minimum estimated output oriented technicatieficy score for all farmers’ plots
is 0.514 when the maximum is 0.983. The averadgenteal efficiency score is 0.941
with the standard deviation 0.062. This implies thrathe average, the output produced
is 94 percent of the best practice frontier outputther words, output on all plots of
the different categories of groundwater users @ambreased by 6 percent through an
effective use of their input bundle given their g@et state of technology. It also
suggests that, on an average, only 6 percent ofmsumice production is lost because
of technical inefficiency.

Technical efficiency scores are segregated in fierént categories of groundwater
users in order to find out difference in the ackment of technical efficiency by these
Groups of farmers. It is clear from Table 8.7 ttiere is no remarkable difference in
the average TE scores achieved on the plots ofy“dmlyers” and “only self-
users+sellers”. Average TE score on plots of tiwsecategories of groundwater users
is found to be 0.94 which is same with the aver@gescores of all farms combined
together. This finding is a little deviation frorasults of other studies on water market
where the researchers have found buyers’ plote tedhnically less efficient than that
of “self-user+sellers” (Khanna, 2006; Manjunath@]12a, 2011b). Though the average

TE scores for these two categories of farmers ameesa noticeable difference is found
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in the minimum TE scores. While the minimum TE &soon buyers’ plots are found to
be 0.547 the same is 0.805 on self-user-cum-sefiots. That the buyers’ plots are
equally technically efficient cannot be acceptedeast in case of a few buyers who
have recorded a very minimum TE scores comparéuettself-user+sellers”.

Table 8.7 also indicates that on the average, motsed and operated by the “self-
user+sellers+buyers” have recorded the highest Thres (0.982) among all
groundwater users. The fact that plots operatethby‘self-user+sellers+buyers” are
technically more efficient than those plots of fasders” implies that farmers
participating in the groundwater market are mofeieht in input use than those who
have not participated. However, in order to assdssther the difference in average
value of technical efficiency scores (between “seskérs+sellers+buyers” and “buyers”
as well as between “self-users+sellers+buyers™aalf-users+sellers”) are statistically
significant, the t-test is carried out. Since thstribution of the individual technical
efficiency scores for “self-users+sellers+buyefsglf-user+sellers” and buyers follow
the normal distribution (suggested by KolmogorovitBov test), t-statistic is used.
The calculated t-statistic presented in Table &8ggests that between “self-
users+sellers+buyers” and “sellers” the differemcenean technical efficiency scores
is found to be statistically significant. But theongputed t-statistic for “self-
users+sellers+buyers” and “buyers” is not sta@ditycsignificant. As the t-statistic is
not significant, it can be concluded that the eatem of TE scores are not significantly
different between either of the two categories abugdwater users. However, t-
statistics for the mean technical efficiency scarbtined by “self-users+sellers” and
“self-users+buyers” is statistically significant.ihdicates that those self-users who are
not water sellers but buy water on some other pboes technically less efficient than

those of self-users who sell water after meetimg thwwn requirement.

The technical efficiency scores of the sample fasnage also categorised according to
the size of their operational holdings. The despstatistics of technical efficiency
scores for farmers under different categories atingrto the size of their operational

holdings are shown in Table 8.8.
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Table 8.8
Technical Efficiency Scores of Farmers Accordingad the Size of their Operational Holdings
under Different Structures of Groundwater Markets

Descriptive statistics All Marginal Small Semi-medim Medium
Mean 0.941 0.949 0.947 0.927 0.866
Std. Deviation 0.062 0.038 0.045 0.098 0.116
Minimum 0.514 0.774 0.725 0.514 0.633
Maximum 0.983 0.983 0.982 0.980 0.957
Total observation 191 82 64 39 06
Difference between means (i-test):

Marginal and small . 1=0.157; P>|t| = 0.880

Marginal and semi-medium: : t=1.550; P>|t| =0.120

Marginal and semi-medium+medium ;. t=-2.160;P>|t| =0.032

Small and semi-medium : t=1.301; P>[t| =0.190

Small and Semi-medium+medium : t= 1.870;P>|t| =0.054

It is evident from Table 8.8 that the average T&eas on both marginal and small plots
are higher than the average technical efficien@rescof semi-medium and medium
plots. It indicates that input use is relativelymneffective on small and marginal plots
than the medium plots. A t-test has been perforbetdieen marginal and small plots
to assess whether the difference in technical ieff@y scores are statistically
significant. The test statistics is insignificandicating that that estimated technical
efficiency scores are not significantly differemtWween the two categories at the mean
levels. Similarly, the t-test conducted betweengimal and semi-medium plots is also
not significant implying that that estimated TE s0are not significantly different
between the two categories of plots at the meaalde\However, t-tests performed
between technical efficiency scores on marginal serdi-medium and medium plots
(combined) as well as small and semi-medium andiumedlots (combined) are
significant at five percent level. This indicatdsatt marginal and small plots are
technically more efficient than the medium or sengdium plots. This is probably due
to the fact that on relatively smaller plots, tlaenfiers can have better control on the
input combination; hence, the farming is more difec
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The technical efficiency scores of the differertegaries of groundwater users can also

be used to estimate potential gain in output frbmn ihputs used, using the following

formula:

Potential yield=

100

TE*Actual Yield

The estimates of potential yield for the samplanfers and the maximum yiefd

possible from the given input bundles are preseintéable 8.9.

Table 8.9
Potential and Maximum Yield of Summer Rice on Plotof the Sample Farmers (per hectare)
Self-user Self-user | ¢\ isers +
ltems All Self-users AR o[ 1S +sellers buyers Buyers
+buyers
Mean SD | Mean| SD | Mean| SD | Mean| SD | Mean| SD | Mean| SD
Potential
yield per 538 | 621 329 a5d 411 | 467| 229/ 421 8] .68 7.85 7.3t
hectare
(in quintal)
Maximum
yield per 73.56 | 13.39 73.53| 16.32 72.33| 12.65 71.35| 11.08 71.33| 23.99 75.27| 13.30
hectare . . . . . . . : ] . : .
(in quintal)
Percent of
potential
yield to 6.03 | 7.02| 435 504 535 540 3.10 P23 107 0Q.7377 9 8.08
maximum
yield

It is clear from Table 8.9 that on average the mmaxn output on farms’ plot is 73.56

quintal per hectare. Among all five categories ofumpdwater users, on the average

maximum output accrues to buyers’ plots which i275uintals per hectare. On the

average, the output on self-users’ plots can beeased by about 4.35 percent, which

on plots owned and operated by the “self-useresglican potentially be increased by

about 5.35 percent.

While

“self-users+sellers+bsiyercould

increase output

potentially, on the average, by about 3.20 percsetf-users+buyers” can do the same

by about 1.07 percent and finally the buyers caterg@lly increase output by 9.77

percent. Thus, on the average, the greatest pattentiput gain accrues to the buyers of

groundwater which is calculated as 7.85 quintal lpectare. The average potential

output gain is 6.03 percent or 5.38 quintals pextdre when all farms are combined

together.
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8.7.3 Determinants of Inefficiency:

The maximum likelihood estimates of the inefficigmaodels are also jointly presented
in Table 8.5. However, the estimates of the coeffits of inefficiency model are
reproduced here in Table 8.10. While the first higpsis test of the inefficiency model
presented in section 8.6 of this chapter signifiessence of inefficiency, the second
hypothesis test indicates presence of technicdficiency. The third hypothesis test
shows presence of farm specific factors in influegcthe inefficiency. The fourth
hypothesis test suggests significant role of ti gffects of the factors included in the
model though some of them may not be significamtividually. Following is a

discussion on the determinants of technical iniefficy.

It is to be noted here that the dependent varigbthe inefficiency model is technical
inefficiency as opposed to technical efficiencynke a negative sign for a coefficient
in the technical inefficiency model indicates aldecin technical inefficiency. On the

other hand, a positive sign of a coefficient inthsaa rise in technical inefficiency.

Table 8.10

Maximum-likelihood Estimates of the Parameters off ranslog
Stochastic Frontier and Inefficiency Model

Translog

Parameters Coefficient SE
Inefficiency Model
Constant 01 -1.252** (0.545)
Age O 0.015** (0.005)
Education 03 0.071** (0.026)
Off-farm income 04 -0.114*** (0.068)
Access to credit Os 0.218*** (0.131)
Extension O -0.030** (0.014)
Organic manure 07 -0.212** (0.118)
Micronutrient Og -0.001 (0.077)
o 0.047* (0.009)
r 0.547* (0.113)
Log likelihood function 79.92
Mean technical efficiency (in percent) 94.10
* ** and *** represent significance at 1 perceBtpercent and 10 percent

level.

The results presented in Table 8.10 reveal thaaviadability of off-farm income in the
farm household, farmers’ contact with extensiorvises and application of organic
manure are significant factors of inefficiency mbded the sign of the coefficients of
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these variables are found to be negative. The ivegsigns of the coefficients of the
variables indicate contribution of these varialiteseduction of technical inefficiency.
This implies that these are the significant factacseasing technical efficiency of the

sample farmers.

As evident from Table 8.10, the coefficient of treiable “off-farm family income” is
found to be highly significant and bears a negasign. This implies that a farm
household with subsidiary sources of income caairattelatively more technical
efficiency in the production of summer rice thae tithers. This may be due to several
reasonsfirstly, a farm household with stable subsidiary sourdeaamme may enjoy
capacity to invest on tubewell enabling farmersetgoy more control on timely
application of groundwater during the crucial pdriof crop growth.Secondly,
availability of off-farm income of the farm housdtialso enables the farmer to buy
other inputs like fertilisers, pesticides and weglds. It also helps the farm household

to mechanise cultivation, which also increases gpectdn.

Interaction with the extension services given bg tfovernment is found to be a
significant factor in attaining technical efficigncby the sample farmers. The
coefficient of the variable is found to be negaiivplying that when a farmer receives
extension services, it helps the farmer to redecarical inefficiency in production.
Better extension services help the farmers in adopand use of better farming
practices, timely and adequate application of gdwater which makes the farming

technically more efficient.

The use of organic manure is found to have sigmificand positive impact on the
attainment of technical efficiency by the samplenfars. Since, organic manure is
naturally very conducive to the soil quality whichan age-old practice of farming
adopted by the farmers; its use can be enhancedder to attain maximum possible

output along with other input mix.

The variables like education, age and access tht@ee also significant but the signs
of their coefficients are positive. Thus, theseialdes are negatively related with
technical efficiency. Though the results of theiafales taking negative sign seem quite
possible, the contradiction with variables suclke@scation, age, access to credit taking

positive signs needs further investigation.
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The negative relationship of the variable “educddtiovith technical efficiency
contradicts the results of Khanna’s (2006) studytemrhnical efficiency of sugarcane
producers under water market in Uttar Pradesh. Kadound that education helped
farmers to reduce technical inefficiency. Howeverthe present study, as majority of
the farmers are illiterate and have attained edtueatp to §' standard only, there is
possibility that education of the farmer is not tinuting towards reduction in

technical inefficiency of the farmer.

Like education, variable like age of a farmer amsl dccess to credit is found to be
exerting a negative impact on technical efficien€yhe sample farmers in the present
study. This is generally believed that when a farbvecomes older the farmer enjoys
greater experience in farming and becomes mor#éfuskiHowever, if the farmer is
constrained by financial incapability, the modegnieultural inputs could not be used.
This may deter technical efficiency of the farmgnigarly, though access to credit
from formal sources enables the farmer to purcpasepset and other modern tools of
agriculture, if credit is not directly utilised fahe procurement of these items, mere
access will never help. Therefore, the study idiestinecessity of enquiring use of
credit taken for agricultural purposes. Though ¢hisr an increasing tendency of the
sample farmers to use micronutrient in the produnctf summer rice, this is not found

to be a significant determinant of technical eéiuy.
8.8 Summing Up:

In this chapter, the stochastic frontier productieshnique is used to estimate the
technical efficiency of the farms under differetrustures of groundwater markets. The
analysis has also provided an explanation for #r&tion in the farm specific technical
efficiency among the sample farmers. The estimateshe stochastic translog
production function incorporating the inefficieneffect, have shown that about 55
percent of the random variation in summer rice potién is explained by the presence
of technical inefficiency (TE). While looking atdhTE scores attained by the farmers
under different structures of the market, it hasrbdéound that average technical
efficiency scores on both buyers and sellers’ phogssimilar (their average TE score is
0.942). This finding is not similar to the findmg@f the previous studies on water
market such as Manjunatha et al. (2011a, 2011b) khdnna (2006). While,
Manjunatha et al. (2011a) have found buyers’ diotise technically more efficient than
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sellers’ plots, Khanna (2006) has found owner'spto be technically more efficient
than that of the buyers’ plots. In the present st the average, owners of tubewell
who have participated in the market as “self-usseers+buyers”, have attained
higher average technical efficiency score thandrmsners of tubewells who have not
participated in groundwater transaction. It suggesitat market has induced
enhancement of technical efficiency of the farmevho have participated in
groundwater transaction. The average TE score akosvcum-buyers (0.885) is found
to be lower than that of owners-cum-sellers (0.936)mplies that the owners of
tubewells who have taken up cultivation of sumnieg on other fragmented plots with
purchased water are technically less efficient tthense who sell water. Thus, in the
present study, though there are differences intinpa and the market is reported to be
unreliable by a majority of the sample buyers, ¢hisrno remarkable difference in the
average TE scores between the buyers and selléies.almost equal average technical
efficiency score attained by both buyers and selledicates that they have been able to

make better or appropriate use of given inputdiéndultivation of summeaeice.

It has also been found that on the average, smdllmaarginal plots have recorded
higher technical efficiency score than the semiimmadand medium plots. This
indicates that input use in smaller plots is techltly more efficient compared to the
larger one. Though technical efficiency scores,tlon average, on both buyers’ and
sellers’ plots are similar, it is found that thesefurther scope for increasing output on
buyers’ plots. It is due to the fact that a few ésyhave recorded the lowest TE score
among all sample farmers. The availability of affrh income in the farm household,
better contact with the extension agencies anduse of organic manure are the
significant factors determining technical efficigraf the sample farms.

Notes:

1. Suppose, with two inputs labour and water a finoduces Q with the production function
specified asQ = f (L, W)
Where, Q represents output, L amount of labour \&hdmount of water. Q represents the
maximum amount of output that can be produced usitegnative combination of L and W.

Q is also known as Total Physical Product (TPP).

The Marginal physical product of an input is thaliidnal output that can be produced by

employing one more unit of that input while holdiagjother inputs constant. That is,
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The Average Physical Product is a measure of effey. The APP depends on the level

For example, MPP wate¥ P, =

of inputs employeddP,, = %

The elasticity of supply of an input measures howoatput responds to changes in inputs.
This is obtained by dividing the MPP by the APP.

Given the output price, Marginal Value Product (M\MMPMPP* price of output

The profit function thus, be generatedras TVP — TVC

Applying the first order condition we get a chamg@rofit with respect to change in input.
In our exampleﬁ% =MVP-MVC=0
For a profit maximizing firm, MVP should be equal uinit of input (MVC). Therefore, to

determine if all inputs are used at efficient (oyail level) the MVP is equated to the unit
factor price.
2.Tadesse and Krishnamaorthy (2007) noted this caspé importance of efficiency
measurement as efficiency is an important factopfoductivity growth.
3.When stochastic frontier production function sablished with no explicit distribution for
the efficiency component, the frontier could beineated using corrected ordinary least
squares (COLS). However if an explicit distributisnassumed such as exponential, half-
normal or gamma distribution, then the frontier estimated by maximum likelihood
estimates (MLE) (Brave-Ureta et al. 1993). Greef8() makes use of the specific
distribution term and found MLE efficient than COLS

4. The critical value of?for 15 degrees of freedom is 24.384 (Kade and P286)1
5. Test statistics of Breusch-Pagan heterosceitastisty’= 0.39; P> |X2 |:0.531.
Test statistics for White tegf = 116.77; P>|;?|=0.752

6.y=0 wheno,?> - 0 oro,? —1

7.Assuming right hand part of equation 7.10 to beaétpU,
=>y=eV
Now applying chain rule of differentiation,

oy oy au
dland ~ oU " dland

Now, taking partial differentiation of U with resggo land, we obtain:

U (B, + 2B+ B4 B, B tB),)
dland land
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oy _ ¢

—=e’ =Y
oU
Thus,
aY _ aY aU _ Y (61+266+611+612+613+614)
dland~ oU ~ dland ~ " land

® Negative elasticities associated with frontier miededicate that input use of the respective
variable should not be associated with best praciigtput production (Battese and Broca,
1997).

% If F,(X)andF,(X) stand for the empirical cumulative frequency distiions of individual
technical efficiency scores of sellers and “seHsellers+buyers”, the Kolmogorov-
Smirnov’s test static® = max|F,(X) — Fs(X)| = 0.2970 with the corresponding p value
0.206, which is not significant. Similarly, iF,(X)and F;(X) stand for the empirical
cumulative frequency distributions of individuatkmical efficiency scores of buyers and
“self-user+sellers+buyers”, the Kolmogorov-Smirrev’ test statics
D = max|F,(X) — Fs(X)| =0.3716 with the corresponding p value 0.056, whiEmot
significant at five percent level of significanc&hese show that the distribution of
individual technical efficiency scores of buyerself-user+sellers” and “buyers+self-
users+sellers” follow a normal distribution.

19 Maximum yield = Actual yield + Potential yield.
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CHAPTER NINE

SUMMARY OF FINDINGS, CONCLUSION AND POLICY
SUGGESTIONS

The present study is motivated by the debate asmligsion on the issues of groundwater

markets, which are mostly region specific. Broadlye study may be viewed as a

research contribution to the effort to addressisiseies of groundwater markets in the

state of Assam. However, before drawing the finahotusion and elicit policy

implications, it may be worthwhile to recapituldte principal findings of the study. A

brief summary of these findings is presented inftilewing section.

9.1Principal Findings:

9.1.1 Development of Groundwater Based Irrigation in Assan:

Of all the irrigation schemes, minor irrigation aoats for the maximum irrigation
potential created (about 83 percent of the totaemial) in the state. Irrigation

development under minor irrigation schemes has bearse since 1980s.

The rapid growth of groundwater based minor irfatschemes has outpaced the

surface flow and surface lift schemes under M| s

There is dominance of Shallow Tubewells (STWs) obeig Wells and Deep
Tubewells among the groundwater structures. STWsstitate more than 90
percent of total groundwater structures in theestat

The small and marginal farmers are the largest flomees of STW based

irrigation development of the state.

Subsidy given by the government under its differscttemes, for installation of
STWs has largely enabled the small and marginaides to own tubewells.

Majority of the pumpsets (98 percent) in the state diesel operated. The rate of
diffusion of electric pumpsets is rather low. Givére erratic and insufficient
supply of electricity, diesel operated pumpsetscanesidered to be more reliable

by the farmers.
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= The proliferation of private tubewell irrigationstgm has stimulated ground water
transaction among farmers resulting in the ememaricwater markets in some

pockets of the state.

9.1.2 The Nature, Structure and Functioning of Gromdwater Markets:

» The sample farmers, owning a tubewell, extract wat@sidering groundwater as
their private property and engage in water sellihgp tubewell owner is
constrained by any government regulation. There naresuch rules set by the
government which might influence functioning of thearket in the study area.
There is also no such social restriction againgtramgthe market. The owners of
tubewells sell water without any written contragteement with the buyers. Thus,
the groundwater market in the study area is infbisimailar to water market found

in other Asian countries.

= Due to limited availability of conveyance facilisiewater transaction in the study
area is limited to the sample farm households w® ih the same village and
work in the same crop field or live in differentlages but work in same crop field.
Thus, the groundwater market observed in the studg is a localised institution
supporting Shah’s (1993) dictum that ‘localisedunatof groundwater markets is

almost universal'.

= Six alternative forms of market arrangement havenbeoticed in the study
facilitating farmer’s access to groundwater. Theg eategorised as “self-users”
(those farmers who own tubewell and use it for owultivation), “self-
users+sellers” (those owners of tubewell who uderitown cultivation and sell
water), “self-users+sellers+buyers” (those owndribewells who use it for own
cultivation, sell water and also purchase watethair fragmented plots), “buyers”
(those farmers who do not own tubewells but purehaater from other owners of
tubewells), “self-users+buyers” (those owners dietmells who use it for own
cultivation and also buy water from others) andalfiyy “owner+sellers” (those

farmers who own tubewells to sell water).

= The emergence of category of “owners+sellers” iatdis that the farmers without
own cultivable land are also able to tap the bésefiwater selling as an additional

source of income. This is a new dimension of growatdr markets not reported in
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major part of the literature on water markets ex&ah (1993). This also suggests
that water market has provided incentive to a fawnkrs to take groundwater

pumping as a gainful economic opportunity. Moreoveindicates that the market

is not residual to all the buyers.

= Majority of the buyers are found to be marginal.8&6percent) and small farmers
(41.54 percent). Altogether they constitute ab@®i186 percent of the total sample
farms under different categories of farm holdin@empared to this, buyers in the
semi-medium category are only 5.13 percent. The-wige analysis explicitly
shows that when the farm size increases, the nuwibbuyers decreases. It has

been found that with increase in farm size, the memof self-users have increased.

= About 65.98 percent of sample sellers are margindlsmall farmers out of which
about 34.02 percent are in marginal category anéi63fiercent belong to small
farm category. About 28.86 percent are in semi-omadtategory and a very small
5.15 percent are in medium farm category. Thusnbgrity of the water sellers
are concentrated in the categories of small andyimalrfarmers. This contradicts
one of the established theories of groundwater etaithat water sellers are always

the large and wealthy farmers.

= The number of sellers is found to have decreaséd imcrease in the farm size. It
Is in contrast to an established theory of waterketa that when farm size
increases, the number of water sellers increadesfimding of the study confirms
that when farm size increases the number of bugeredises but the reverse is not

always true for the sellers.

= The average size of operational holding of a sanmpiger is found to be 0.9
hectares. But the average size of operational hgldif a sample seller in all
categories except for “owners+sellers” remains @éighan the average size of the
total operational holding (1.35 hectare) for ak gharticipants in the market. This
implies that the farm size of the water sellersreasained relatively larger than the

buyers.

= The total sample tubewell owners (119) have iredaa gross area of 308.66
hectares (average per WED owner is 2.59 hectanek)ding both own use and

water sale. The total number of pumpsets owned gpetated by the sample

271

TH-1274_06614104



tubewell owners is 185 (both diesel and electricetells). Thus, the average
irrigated area served by a pumpset is 1.67 hecta®es of this total irrigated area
for the cultivation of summer rice, each owner oEWVirrigates a gross area of
144.65 hectares (average 1.22 hectares per WEDrpwhewn cultivable land for
the production of summer rice. Out of the total W&Bners, about 81.52 percent
are engaged in water selling. These WED owners balkwater to a total area of
164.18 hectares (average area sold per WED ishe&@res) for the cultivation of
summer rice. The total irrigation potential (me&suin terms of area irrigated by a
WED) sold (53.19 percent) is higher than use ofghme for own purpose (46.85
percent). This 164.18 hectares of land is distedudmong 354 number of buyers
each buyer owning 0.49 hectares of land on theageer

=  While looking at the size of the groundwater marketn the buyers’ point of
view, it has been found that a total of 97 sampigels have irrigated a gross area
of 85.68 hectares of cultivable land for the prdaucof summer rice, each buyer
irrigating on an average, 0.88 hectares of landt @uhe total sample buyers,
about 74.23 percent have purchased water from eher.sWhile about 18.56
percent have purchased water from two sellers aedrést 7.22 percent have
purchased from three sellers. The buyers’ choicerfoltiple sellers is primarily

due to fragmentation of their cultivable plots.

= The size of the market from seller’'s point of viewlicates that total sale volume
(measured in terms of area served by a tubeweliyeater than that of the self-
operated area. There is also a presence of mukgilers against a buyer. This
indicates that major share of the area served ligvialls in the study area, is likely
to be owned and operated by the buyers of water.

= The water contract is found to be linked with laedure system. Water buyers
cultivate in self-owned plots or leased-in plotsoifi water sellers in a large
number of cases) or in both the plots. Though tiere input sharing other than
water, the provision of water is not free. A fewdat-buyers are required to render
some other services to the water sellers. Therenardormal and informal

restrictions on the choice of contract between iyand sellers. Contracts have
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been found to be flexible to some extent when tnels and sellers are relatives

of each other.

= Transaction in the market is found to have takeacelin both cash and kind.
Between the two, kind payment is found to be thenidant mode of water
transaction. The in kind charges are of two typés, fixed charge and output
sharing. The output sharing has taken two formg, wutput-sharing with or

without sharing of cost.

= While about 74.22 percent of the sample farmersehaade purely kind based
transaction, about 23.20 percent have made thsaton in cash. About 5.55

percent of the sample farmers have preferred kagh and in kind payment.

= Under in kind payment, about 66.49 percent of thal sample farmers have paid a
fixed charge and 7.73 percent of the total samaimérs have made the payment
on output sharing basis. Under a fixed charge aottwater buyers pay a fixed
amount of the produce for a season for a spedifieghtion acreage generally one
bigha (equivalent to 0.133 hectare) after the harveshaf crop. Under the output
sharing in kind payment, the buyers pay for theew#dr the season by providing a

certain portion of their produce after the hanadghat crop.

= The water charge collected is based on area agpwhere the amount of water
charged is based on the area of land irrigateds iBhiinlike the case in majority of
the empirical studies on water market which haymered hourly rate to be more

prominent.

= Under the prevalent system in groundwater markéterstudy area, the buyers are
required to pay for the diesel when they buy watem diesel operated pumpsets.
But in case of water purchased from an electricgaet) buyers are not required to
pay the electricity bills. This affects the pricbacged for water. Under cash
payment, the average price charged per hectaranof for all sample farmers
participating in the groundwater markeRis3, 361.50 if water is bought from the
diesel powered tubewells a5, 695.87 if water is bought from the electric
tubewells. Rates of water charge based on kinch(fsed charge) is 7.41 quintals
per hectare of land, minimum and maximum being3¥ quintals/hectare and

11.93 quintals/hectare respectively when wateroisght from a diesel tubewell.
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The prevalent rates under output sharing systerfoaral to vary from one-third to

two-thirds of the total produce.

» The prevalent water charge is found to be unifotrtha village level indicating
that the market is more competitive. The inciden€grice variation which is
found to be present in a few villages is due t@lmn of the villages in relatively
high land.

» |t has been found that about 31.95 percent ofdta sample buyers have leased in
land from the sample water sellers and about 4p&éent of the total sample
water sellers have leased out land to the wateersuyWhereas, 64.79 percent of
the total cases of tenancy have taken the fornxetifcharge, about 32.40 percent
are based on output sharing. The existing averaagervcharge with tenancy is
about 14.94 quintals/hectare (8.96 quintals/hectdoe land and 5.98
quintals/hectare for water). The study notes néedihtial treatment by the water
sellers between tenant-buyers and other buyer&eumtie case in some of the

literature on water markets.

= |t has been found that about 25.57 percent of @mapse sellers have given
concession on water charge to their buyers. Wdilgut 56 percent of them have
given concession to their brothers, the rest 44gmrhave given concession to
their relatives. It has been found that the tramga between water buying and
water selling farm households is also influenced fmgsence of personal
relationship between the two. The extent of thisgpconcession in the study area
varies from 1.49 quintals per hect#i® percent of the actual water charge) to 5.97
quintals per hectare (23.3 percent of the actuaémeharge). In majority of the
cases, a concession of 2.98 quintals per hectajiwaa. While the brothers of the
water sellers have enjoyed concession of eithef §untals per hectare from the
sellers or full concession (conditioned by seridingss), the relatives of the water

sellers have enjoyed a concession of 2.98 quip&a&isiectare.

= About 5.67 percent of the water sellers have regltttat there remains an overdue
in the payment of water charge. The relatives ef whater sellers are the highest
defaulters (44.45 percent) followed by any buyét.@¢@ percent) and the tenants of
the water sellers (9.26 percent). Of the total uledas, around 38.88 percent are
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permanent defaulters out of which 57.14 percentehbgen found to be the
relatives of the water sellers. Thus, brothers r@tatives of the sample sellers are

the defaulters in payment of water charge.

= About 35.05 percent of the sample buyers have geavsome other services to the
water sellers. Majority of the sample water buyébout 67.64 percent) are
required to provide any sort of services demandethb water sellers. Different
types of services rendered by the buyers includgepting and operating the
pumpsets in the crop field, transporting the purhpsehe field and any sort of
services demanded by the water sellers. Interdgtmgers are not paid for these

services.

= There is preferential treatment of the buyers kg gbllers. Usually, siblings and
close relatives are provided with high preferenceroviding water by the sellers.
This indicates that the market practices are notlpubased on conventional
economic model which is endogenous to market syshestead, the water sellers
exercise some monopoly power though not reflectedhe market prices for
groundwater, through some other means which argemaus to the market

system.

= About 45.83 percent of the existing water selledso are engaged in water selling
for more than 20 years, have reported that thedecine in number of buyers over

the years.

= Majority of the water sellers have cited that labshortage, steep rise in input
prices, particularly chemical fertiliser and inadate procurement price of the crop
are among the factors that have compelled mosteobtiyers to give up cultivation

of summer rice resulting in net reduction in markahsaction.

= About 43.75 percent of the sample water sellers hdnee faced the problem of
non-availability of sufficient water have reportddilure of the pumpsets in
delivering required quantity of water. Owing togha few farmers have expressed
their apprehension that unfettered penetrationuofigsets may cause conflict over

the use of groundwater.

= No such great deal of difference between buyers seili@rs in the number of

application of groundwater in the crop field haemeoticed. While the average
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number of irrigation on sellers’ plots has beemito be 14 numbers, the same on

buyers’ plots has been found to be 11 numbers gulni@ whole season.

= A sample water seller is found to have multiple bemof buyers which in the
study is found to be 3.6 against a seller. Forifistion of water among the buyers,
a rotation method is practised. However, thereoisaoncrete rotational period. In
some sample villages, while a 3 day rotation petiad been followed, in some
cases farmers have to wait for more than 7 daysrabpg on the number of buyers
against a seller.

9.1.3 Tubewell Characteristics and Operation of Grandwater Markets:

= About 78.79 percent of the pumpsets are about a6syad. Only 19.45 percent of
the pumpset have been procured in the last fivesyétowever, some operational
pumpsets were bought 20 years back. Interestirnglget pumpsets procured 20
years back are still used in water selling actegiti This indicates that the
groundwater transaction in the sample villagestiegs in vogue for more than two

decades.

= In the field, 119 owners of tubewells are foundoten 185 tubewells indicating
about 1.55 number of tubewells per owner. Out es¢hsample owners, about
81.51 percent are engaged in water selling. Tta moimber of present buyers who
have purchased water from these sellers are 354.ifdlicates that one tubewell
serves 2.46 number of buyers.

= In view of high operational cost of a diesel opedatubewell, as high as 78.15
percent of tubewell owners have expressed thefepmece for electricity operated
tubewells over diesel operated tubewells. Howewvkre to erratic electricity
supply, the sample farmers have a general tendamagly on diesel operated
pumpsets to ensure assured irrigation. The highérflactuating diesel price has
also forced many sample farmers to drastically cedineir cultivable area under
summer rice which is mainly based on groundwategdtion. There have been

cases of shifting of some buyers to electricityraped tubewells.
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= About 88.65 percent of the sample sellers are fointiave sold water to the
buyers whose plots are adjacent to the sellerssph small section of the sellers
(about 11.35 percent) are found to sell water ¢ohilnyers whose plots are located a
little away from the source of irrigation. In sualsituation, the buyers have been
found to be using both earthen channels and pofiyeimioride (PVC) plastic pipes
for conveying irrigation water to the field. Howeyerovision of earthen water
channels is available when buyers are tenantseofvter sellers. In the rest of the
cases, buyers have been found to use PVC pipe.r8ungemally prefer plastic
pipe as it helps in avoiding conveyance loss. & phots of the second seller is
available in between the seller’s plots and then&atis plots, conveyance facilities

through the second seller’s plots is normally revinptted.

9.1.4 Production System across Different Participas of Groundwater Markets:

= Since availability of irrigation water is ensureékde use of HYV seeds is universal

in the study area.

= Among all the activities, the use of machine is thghest in ploughing. While
about 59.49 percent of the buyers have used tractpower tiller for ploughing
the crop field, about 68.75 percent of the “sekfrgssellers” have used the same in
ploughing. This is followed by spraying where abd0t18 percent of the “self-
users+tsellers” and about 43.03 percent of the luyave used the powered
spraying.

» Fertiliser consumption (N+P+K) is found to be 1&8y per hectare for all the
sample farmers. There are marginal differenceberrate of fertiliser consumption
between the water buyers and owners-cum-sellersieWhe average rate of
consumption of fertiliser is 161.82 kg per hectarethe buyers, the same is 163.78

kg per hectare for the sellers.

= The Gross Cropped Area (GCA) for all sample farnitsu(il91) is found to be
180.69 hectares. The total output from the GCAoimtl to be 12,447.58 quintals.
Thus, the average yield of summer rice for all faumts is found to be 68.89
quintal/hectare. While the farms adopting old M@ of HYV seeds have
recorded average yield of 68.18 quintal/per hectine farms adopting new HYV
seeds have recorded relatively much higher yiel8llo45 quintal/per hectare.
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= There is variation in yield of the crop among diffet categories of participants of
groundwater market. This variation is found to behe range of 66.44 quintal/per
hectare to 75.27 quintal/per hectare across diftecategories of farmers. While
the yield is found to be almost same among “sedigisand “self-users+sellers” at
70.29 quintal/ per hectare and 70.57 quintal/pectdre respectively, “self-
users+sellers+buyers” have registered the highesd yof 75.27 quintal/per
hectare. While “self-users+buyers” have realised7®8juintal/per hectayehe
“buyers” have registered the lowest of 66.44 quip&a hectare among all the

categories of participants of groundwater users.

= Only about 23.70 percent and about 5.60 percetiteofample farmers have good
and very good contact with the extension agen@spgectively. This indicates that
about one fourth of the total farmers have bengfitem the extension services of
the government. About 47.50 percent of the totahpa farmers are not even
aware of the personnel of extension agencies feir fiespective area. The rest
23.70 percent of the sample farmers, although kitiesv personnel, have not
received any direct benefit from the extension isetvThus, on the whole, the

extension services in the study area are not good.

= Compared to the sample “buyers”, the “self-useles®] have better contact with
the extension agencies. About 40.78 percent ofdneple “self-users+sellers” have
good or very good contact with the extension agenand are also benefited from
the service. Compared to this, only about 19 peroérihe sample buyers have

good and very good contact with the extension agenc

9.1.5 Determinants of Water Buying Decision:

= Own farm size has been found to have negative mmifisant influence on the
probability of farmer’s decision to purchase waftEhis implies that increase in

own farm size reduces the probability of buyingevatf a farmer.

= For a tenant farmer, the probability of buying wasehigh as “tenancy” as a factor
influencing water buying decision is found to bgnsiicant and positive. Tenancy

being a significant determinant of water purchaseigion indicates presence of a
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stronger interlinkage between operation of waterketaand the existing land

tenure system.

= A farmer’s probability of buying water increaseseshthe distance of his plots
from the nearest source of irrigation/tubewell @ases. The elasticity coefficient of
this variable is estimated to be (-) 0.35. Thisliegothat when distance of buyer’s
plots from the nearest source of tubewell incrdgsene percent, the probability of

purchasing water decreases by 35 peraetéris paribus

= The “age” of the head of the farm household asctofanfluencing the probability
of water purchase has been found to be signifiaadtnegative. When experience
increases the farmer may find it better to own lzewell than buying water as

water purchase is also beset with the questionliafhility of groundwater markets.

= Personal relationship between the buyers and sk factor influencing water
purchase decision of a farmer has been found tsidpgficant but negative. It
indicates that the probability of a farmer’s demisto buy water decreases when he

has personal relationship with the water sellers.

» The coefficient of the variable “farmers’ contacittwthe extension agencies” is
found to be negative and highly significant. It icades that when a farmer has
better contact with extension agencies, it redticegprobability of a farmer’s water

buying decision.

9.1.6 Determinants of Tubewell Ownership:

= Own farm size of a farmer has been found to bgrifsiant factor determining his
probability of tubewell ownership. The positive ffiagent of the variable implies
that a farmer’s probability to own a tubewell ireses when his own farm size

increases.

= When area under the largest compact plot is ldhgeprobability to own a pumpset

rather than resorting to water purchase is alsb.hig

= Farmers’ access to institutional credit is foundbéoa significant factor influencing

the probability of tubewell ownership. The positigceefficient of the variable
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indicates that when a farmer has an access to focnedit his probability of

owning a tubewell increases.

= The impact of level of education of a farmer on degision to own a pumpset is
found to be positive and significant. This impligst with education the farmer
may see the benefits of ownership of tubewellserms of cost and reliability in

providing water in the field as and when required.

» The coefficient of the variableAGE’ is also found to be significant and positive.
The elasticity coefficient of the variable impli¢sat when age of the farmer
increases by one percent, the probability of tultleaw®nership,ceteris paribus,

increases by 54 percent.

= The fragmentation of land holding as a factor ieflaing tubewell ownerships has
been found to be significant and negative. It iaths that when the number of
fragmented plots increases, the probability of fnsh tubewell ownership

decreases.

= The relationship between a farmer’'s decision to @avtubewell and his contact
with the extension agencies is found to be posiind significant. This indicates
that when a farmer receives better extension ssvit the form of information on

farming practices, the farmer is more likely to oavtubewell.

9.1.7 Determinants of Water Selling Decision:

= The role of excess capacity of a tubewell as aofagh the probability of water
selling decision of owners has been found to baifsignt and positive. This
indicates that when an owner has excess capaciysdlibewells, the probability

of water selling by the farmer increases.

= The depth of boring as a factor influencing thebability of water selling decision
of a farmer is found to be significant and positindicating that when the depth of
boring increases the probability of water sellinf tbe owners of tubewells

enhances.
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» It has been found that the owners of diesel oparaiéewells have a higher
probability of selling water than the owners ofoitieity operated tubewells and
owners of both diesel operated and electricity at@er tubewells. This is confirmed
by the negative and significant coefficient of thariable “electricity operated

tubewells”.

» The coefficient of the variable “presence of corareye facilities” is significant and
bears a positive sign. This indicates that avditgbbof conveyance facilities
increases the probability of selling water by amewof tubewell.

= “Caste” as a variable affecting the probability wéter selling is found to be
significant and negative. The negative coefficiehtthe variable indicates that
unlike findings of most of the studies on water ke#s, the probability of selling
water of an owner of tubewell in the state is rotrfd to be biased towards farmers
belonging to general category. In fact, farmer®hging to other categories have a

higher probability of selling water than those unthe general category.

9.1.8 Reliability of Groundwater Markets and its Deerminants:

=  While nearly 50 percent of the water sellers hamen@l sufficient availability of
water, about 49.48 percent have reported that visteot sufficiently available to

meet their requirements for own use and sale.

= Groundwater has not been found to be sufficientigilable by the water sellers
during peak demand periods mainly due to relatoagcty of groundwater arising
from simultaneous drafting in a few locations, naubal breakdown and due to

electricity shortages in case of owners of eleityriaperated pumpsets.

=  While looking at the issue of reliability of groundter markets from the buyers’
point of view, it has been found that as many assé&@ple buyers (about 62
percent of the sample buyers) have reported tretmiter market is unreliable.
Another 36.67 percent of the sample buyers havaddhe market unreliable as
their respective sellers could not supply water supresence of multiple buyers,
their inability to buy diesel and for some otheispecified reasons. About 36.67
percent have been unable to buy diesel to run thappets at the time of

requirement. While about 8.33 percent have repofteqguent pumpset failure,
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about 1.67 percent have attributed it to inadeqsapply of electricity for running
the respective sellers’ pumpsets. About 16.67 mércave not cited any specific

reason for non-availability of water for them.

= Among the buyers who have found the market reljaldehigh as 62.16 percent
have personal relationship with their existing esslland about 29.70 percent are

tenants of the water sellers.

» The quantity of groundwater purchase (measurecerimd of buyer’s cultivated
area) as a factor influencing probability of relidy of the market is found to be
highly significant and negative. This implies thahen the demand for water

purchase is high there is greater likelihood toehiaadequate supply of water.

= The probability of reliability of the groundwateranket to the buyers has been
found to be higher with diesel operated tubewdtiant the electricity operated
tubewells. The elasticity coefficient of the sanagiable also indicates thaeteris
paribus,when water is bought from the diesel operated tatleywthe probability

of reliability decreases by 102 percent.

= “Tenancy” as a variable is statistically signifitamd its coefficient is found to be
positive. This implies that if a farmer is a tenahthe water seller, his probability
of getting a reliable water market is higher thémeos. This also indicates that the
groundwater market is strongly intertwined with testing land tenure system
making the practice relatively less reliable fonstenant buyers.

» Education of the head of the farm household has fménd to have a significant
and negative influence on the likelihood of grouatkv markets becoming reliable
for the buyers. Thus, though education may enhamaeagerial capacity of the
farmers-cum-buyers in terms of input use, etc.,Higher educational qualification
may not guarantee reliability of the groundwaterrket in provisioning of

adequate quantity of groundwater for the buyers

9.1.8 Technical Efficiency and Groundwater Markets:

= The estimated value of the variangg jarameter which is a measure of the level

of technical inefficiency effects in the stochagtmntier model is found to be 0.55.
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This implies that 55 percent of the random varmaiio summer rice production of
the sample farmers is explained by presence ofiérezicy. The presence of
inefficiency implies that through a redistributiaf the current input bundle,

farmers can improve their production of summer.rice

= More than 87 percent of the total sample farms leebited technical efficiency
scores of more than 90 percent. Only a 3 percetiteoample farms have shown

technical efficiency scores below 80 percent.

= The minimum estimated output oriented technicatiefficy score for all farmers’
plots is 0.514 when the maximum is 0.983. The ayetachnical efficiency score
is found to be 0.941 with a standard deviation .06Q. This implies that, on the
average, the output produced is 94 percent of &%t jpractice frontier output. In
other words, output on all plots of the differeategories of groundwater users can
be increased by 6 percent through an effectiveofisieeir input bundle given their

present state of technology.

= The average TE score on the plots of both “buyarsd “self-users+sellers” is
found to be 0.94 which is same with the averages@@e of all farms combined
together. However, the minimum TE score on buyplsts is found to be 0.547
while the same is 0.805 on self-user+sellers’ pl@s the average, plots owned
and operated by the “self-user+sellers+buyers” hagerded the highest TE score
(0.952) among all groundwater users.

» The fact that plots owned and operated by the -lssdf+sellers+buyers” are
technically more efficient than those plots owned aperated by the “self-users”
implies that farmers participating in groundwatearkets are technically more
efficient in input use than the non-participants.

= On the average, the maximum output on farmers’ igl@3.56 quintal per hectare.
Among all five categories of groundwater userstlm average, maximum output
accrues to buyers’ plot which is found to be 75Riintals per hectare. On the
average, output on self-users’ plot can be incekdse 4.35 percent. While the
“self-user+sellers” can potentially increase outfuyt 5.35 percent, the “self-
users+sellers+buyers” could increase output patiyntby 3.20 percent, “self-
users+buyers” can do the same by 1.07 percent snadlyf the buyers can

potentially increase output by 9.77 percent.
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» The determinants of inefficiency show that avaiiggbdf off-farm income sources,
better contact with extension agencies and usergdnic manure in cultivation
result in reduction of technical inefficiency. Hovee, education and age of the
head of the farm household and the use of micr@mitin cultivation have been

found to be contributing to inefficiency.

9.2 Conclusion:

It has been clear from the logit regression analylsat own farm size, farmers’ access to
institutional credit, availability of off-farm incoe, fragmentation of land holdings,
farmers’ contact with the extension agencies, exoapacity of a tubewell, education
and age of head of the farm household are soméeofsignificant determinants of
tubewell ownership and water buying and sellingisiens of a farmer. The logit
regression analysis of the determinants of tubeawetiership and water buying decision
has shown that own farm size is a significant fadtdluencing the probability of
farmers’ decision to own tubewells and buy watarchse of tubewell ownership, the
positive relationship between the two indicated thlhen own farm size increases, the
probability of a farmer’s decision to own tubewdl€reases. Regarding water buying
decision, the coefficient of the variable is founde negative implying that the farmer’s
probability to buy water decreases when own farre sicreases. However, the role of
this factor on the probability of water selling d#on of a farmer has been found to be
insignificant. Therefore, the hypothesis that “egegrce of water market is influenced by

own farm size of farmers” gets partially accepted.

Regarding reliability of groundwater markets, ist@een found that about 48.75 percent
of the sample owners-cum-sellers have found urabisity of adequate water due to
pumpset/boring failure, relative scarcity of growader and inadequate supply of
electricity. From the buyers’ point of view, as higs 62 percent of the buyers have
found the market unreliable for them. The resuftshe logit regression analysis have
shown that quantity of groundwater purchase (measur terms of buyer’s cultivated
plots), tenancy and types of fuel/power are sigaiit determinants of reliability of the
groundwater market. Thus, the discussion on rdiiatmf the market in the study area
points towards inadequate supply of groundwatex tajority of sample buyers. Thus,
the evidence from the field study does not progdeeral support to the hypothesis that
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“groundwater markets ensure reliability of watepply”. Hence, the hypothesis gets

rejected.

The results of the stochastic translog productiorcfion and inefficiency model indicate
presence of technical inefficiency (TE) with a drince of up to 55 percent between the
observed and best practice output. While lookinghat TE scores of farmers under
different structures of the market, it has beemitbthat both buyers and sellers’ plots
have exhibited similar average technical efficiemcpre of 0.942. Since average TE
scores on plots owned and operated by only buyedsoaly “self-users+sellers” are
found to be almost same, groundwater market caneweed enhancing TE on purchased
plots despite the market being unreliable for sowohethe buyers. The owners of
tubewells who have participated in the market aslf-issers+sellers+buyers”, have
attained higher average technical efficiency s¢hea those of non-participants. Since
plots owned and operated by the “self-users+selbergers” ranked the highest in terms
technical efficiency score compared to the plote@idvand operated by the “self-users”,
the hypothesis that “groundwater market enhancesnieal efficiency of farms” gets

accepted.

9.3 Policy Suggestions:

The main policy suggestions emanating from theifigsl of the study are summed up in
the following points:

1. Though groundwater based irrigation has been pretnoh the state for
furthering agricultural development as the stateemlowed with abundant
replenishable groundwater reserves, it has beamfthat the cost of pumping is
high due to the dependence on diesel operated allsewhis has resulted in
decline in the absolute number of groundwater iypser the years. Although
electricity operated tubewells entail lower cost ypeit of water supplied, absence
of electricity connections (in a few places) aod holtage, irregular supply with
several power cuts (where electricity connectiomsavailable) are some of the
major obstacles felt by both water sellers and watgers. Thus, the investments
in rural electrification are desirable so that theners can tap the resource lying
plenty beneath their land. In the similar line, dan be mentioned that

fragmentation of land holdings has been found teehaegative impact on
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ownership decision of tubewell. Therefore, in ortteenable marginal and small
farmers to own a tubewell, consolidation of landdimys and joint ownership of

tubewell may be promoted.

2. Though groundwater markets have facilitated actmegsoundwater among small
and marginal farmers, the study finds that the mtaidkksometimes less reliable to
some of the buyers. This suggests that individwatesship is always the best
arrangement to gain control over the use of thetmagial input, water. Since
small farmers may not be able to buy the pumpsét iagolves relatively large
capital outlay, subsidy at the time of procuremanthe pumpsets may be given
to the small and marginal farmers. Further, as éashaccess to formal credit is
found to be one of the important determinants bétwell ownership, availability
of credit facility will also help the small farmeirs this regard.

3. Since, lower levels of education of the sample &amsnhas contributed to
technical inefficiency (as the average years obetihg attended by the sample
farmers are very much lower), emphasis should gmertraining to make the
farmers more efficient in use of inputs. The tragnishould also focus on
management of irrigation so that the farmers cakenficient and sustainable
use of the resource. The extension services on @aahices by the government

should be strengthened.

4. It has been found that groundwater market has weidleaccess to groundwater
among small and marginal farmers. Additionally,esvftubewell owners (5.88
percent) have been found to be engaged in sellimgngwater primarily to make
profit. Ground water markets, in this sense, cao @le viewed as an institution
facilitating diversification of income sources to faw farmers. However,
pumping of groundwater is associated with sociadtcas groundwater is a
common pool resource. Though groundwater resenabdusmdant in the state, a
majority of the owners have reported relative staf it, especially at the time
of simultaneous drafting. In view of the fact tmarket induced-over pumping
has already caused depletion of groundwater reseémvevater scarce regions of
India, this suggests that some intervention foula&gng market activities through

some formal rules (at the state or community levislslesirable so that (i) equal
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access is granted to everyone as everybody heska stver the common pool

resource and (ii) over pumping can be controlled.

9.4 Limitations of the Study and the Scope for Future Rsearch:
Some of the limitations of the study as observethleyresearcher are mentioned below:

1. In the present study, sample farm households amerdmainly from low lying
Central Brahmaputra Valley Zone (CBVZ) of the stateere the groundwater market
iIs found to be prevalent in the cultivation of suernmice. Since the crop is also
cultivated (using STWSs) in other parts of the statesence of such markets in those
areas cannot be ruled out. Therefore, by drawimgpsa from those parts, the study
could have been made more illustrative and effeaivdrawing a comparative picture
on the nature and functioning of water markets lwe tstate. However, such
comparative analysis could not be carried out asptiesent study is confined to the
districts of CBVZ only. This can be considered las limitation of the study and an

area of research in future.

2.The study has estimated technical efficiency om&mwhich cultivate summer rice
using groundwater as a critical input. However,daromprehensive understanding of
efficiency in water use, it is also important t@koat the allocative efficiency of the
farms. The present study, could not attempt estimaif allocative efficiency of the
farms as in the market water is not traded as @einsthe course of the study, it has
become an overwhelming task to collect informatmm exact quantity of water
discharged by a pumpset making the calculation afgmal value product of water
extremely difficult. Failing to look at the alloda efficiency is one of the limitations
of the study. However, this can be taken up inftiare study of water markets in the

region.

3. The functioning of water market is nested withhsany other institution (government,
households, property over land, social norms in vhkage, informal rules and
regulation prevailing in the village, political titstions at the village level, other
markets in the village and outside, etc. Therefareanalysis focusing on market and
its related institutions deems essential to undedsthe entire institutional dynamism
of the groundwater market in the study area. Thhere is scope to study the

interaction of different institutions (formal orformal) with the prevailing water
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market using the sophisticated tools of instituaioeconomics. Failure to cover this
within the ambit of the present study, may be ader@d as one of the limitations of

the study

*kkkk
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Appendix- 4.1: Questionnaire Administered in the Field to CollectPrimary Data

‘Institution for the Use of Groundwater in Assam: A Study of Groundwater Markets
with Special Emphasis on Structure, Determinants, Bliability and Efficiency’

“A study undertaken for Ph.D. in the Department oirdnities and Social Sciences, Indian Institute of
Technology Guwahati, Guwahati 39, Assam, InBiagne: 91-(361)-2582600, Fax: + 91-(361)-2582599"

Name of the district:

Name of the village:
Caste] General-1, OBC (CL)-2, OBC (NCL)-3, SC-4 and STRP$T (H)-6
Religion: [Hinduism-1,Islam-2, Christanity-3 and Others-4éspy)]

If tribal, specify the tribe:

Name of the development block:

Name of the agricultural circle:

Details of family background:

Community: Assamese -1, Bengali -2, Nepali -3, Tribal-4 andebd-5(specify)]

Date of Record:

Relation to the
head

Gender

Marital
status

Family
type

Age
(in years)

Years of
schooling

Occupation

RIBl o] o No| o alw| v REL © ©® N o o A w NP

[EEN
N

[EEN
w

=
~

[EEN
a1

[EEN
»

17

[Gender:1-Male, 2-FemaleEducation:1- Class I, 2-Class IlI.... 10 - Class X and so Bamily Type:1-
Nuclear, 2-Joint, 3-Unitary and ExtendeName the occupation as reported; Marital Statdarried-1,
Unmarried-2 record the case as reported if married but husdaed, wife dead, remarried, etc.]
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10. Household characteristics and related socio-ecanarformation

Sl. No. Information Response
1 Type of housél -Kutcha ,2- Semi Pucca, 3- Pucca)
2 Availability of electricity connectiofYes -1, No 2)
3 Types of electricity connectigbomestic-1, Commercial-2)
4 Type of ration cardNo-0, Antodaya-1, BPL-2, APL-3, Others-4(others
specify)
5 Distance fronpuccaroad
6 Distance from the market place/weekly hat
7 Availability of cold storage in the villag€¥es -1, No 2)
8 Distance of cold storage from home
9 Distance from the nearest commercial bank branch
Avalilability of retail outlet for fertilisers, pesides etc. in the village
10
(Yes-1 No-2)
11 Avalilability of diesel in the village for irrigi@n (Yes-1, No-2
11. Details of assets/consumer durables held by thedimid
SL No Type of asset/consumer durable (Y/(la\ls-llNo-Z) Yearof
umber purchase/opening
1 Radio
2 TV (Color/Black and White)
3 Computer (Whether internet facility?)
4 Bicycle
5 Motor cycle
6 Carrier van
7 Thela
8 Rikshaw cycle
9 Bullock cart
10 Insurance policies Life Insurance (amount)
Kisan Credit Card (amount)
" Savings Comme.rcial Banks (amount)
(Weekly/Monthly) Post office (amount)
Others (specify)
12
13
14
15
16

12. Size of land holdings and utilisation
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Sl. No. Items Area
1 Homestead/courtyard
2 Details of cultivable land
2.a | Owned
2.b Fixed rent/produce
IS SC with cost sharing
2 SC without cost sharing
§ Mortgage
- Any other (specify)
Total
2.c Fixed rent/produce
*g‘ SC with cost sharing
k> SC without cost sharing
§ Mortgage
- Any other (specify)
Total
2.d Cultivated area held
2.e Total land holding
2.f | Area under largest compact plot
No. of plots in which cultivated area is fragmented
Number Whether boring¥ €s-1, No-2
2.9
3 Fallow
4 Forest, orchard, pond, grazing land, fishery
5 Any other (specify)
Note: SC: Sharing Cropping

13.6Types of operation:

[Individually by the household — 1, Jointly — 2 aviiked (both 1 and 2) —]3
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13. Details of machine used in cultivation in the refese year

Operation

Machinery use

Response cod

1%

Ploughing( tillage)

[Animal drawn indigenous ploufjhAnimal drawn mould
board plough-2, tractor-3, power tiller-4]

Leveling/Harrowing

[Animal drawn indigenous levelkrDisc harrow -2]

Puddling

[Indigenous plough-1, Disc harrow/anindaawn helical

blade puddler-2, PT drawn rotavator-3,Tractor drawn

rotavator-4]

Bund making [Manual spade-1, Machigg-
Sowing [Manual-1, Sowing machineZ2]
Seedling [Manual-1, Seed drill (machine)-2]

Transplanting

[Manual placement-1, Manual trandgia, Self-

propelled paddy transplanter-3]

Fertiliser use

[Manual-1, Leveler-2]

harvester/tractor drawn reaper harvester-2, Selbgited
reaper harvester-3]

Weeding [Hand picking-1, Khurpi-2, Japanese wetdlgmaddy
weeder-3]

Spraying [Manual knapsack-1, Sprayer machine-2, Sprayer|and
duster-3]

Harvesting [Manual cutting by sickle-1, Power tilldriven reaper

Transporting

[Shoulder carriage and cart-1, Bulloekt-2, Power tiller
trolley-3, Tractor trolley -4]

Threshing

Bullock treading-1, Power thresher-2]

14.Ownership of capital goods used in cultivation:

tems Owned Year of | Purchase price| Sources of finance (amount in Rs.
(number) | purchase (inRs.) 1 2 3 4
Tractor
Power tiller
Bullock pair
Sprayer
Harvester

Others (specify)

Notes:1-Self-finance, 2-Borrowing from money lenders,a8r®oing from non-institutional source
4-Borrwoing from institutional sources
*Record life time of the capital goods
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15. Details of crop grown

S.N. | Crop Groups/Crops
1 | Variety (T-1, HYV-2)*
Area
Area irrigated
Urea Amount
_g SSP Amount
% MOP Amount
I:- DAP Amount
Organic M Amount
5. | Micronutrient] Amount
6. | Seeds Amount
7. | Pesticide Amount
8. | Weedicides | Amount
9 | Others Amount
10 | Tilling (No.)/Bigha
11 | Details of labour used
E o Family Mandays
@ Hired Mandays
3o Family Mandays
S 2| Hired Mandays
g % . Family Mandays
6 € | Hired Mandays
%,. g Family Mandays
© @ | Hired Mandays
12 | Yield per bigha
13 | Production
14 | Amount sold
15 | Mode of sale*
16 | Price
17 | Last year production
Notes: VarietyTraditional-1, High Yielding Varietys2Vlode of saleCollected by traders-1, Delivered to
traders-2, Village huts-3, Procurement agency-4d $m hauler mills/processing units-5, Any other-6
(specify), * if HYV name of the variety
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16. Crop-wise current expenditure on capital goods used

Crops
ltems) (Specify)—
Rent (if hired)
Tract
ractor I'Fgel (Cost)
. Rent (if hired)
P Till
ower Trier Fuel (Cost)
Bullock Rent (if hired)
Sprayer Days used

Rent (if hired)

Harvester | Rent (if hired)

Imgation | g ent if hired
Assets

Period of use
Others

Rent (if hired)

17.Expenditure on cultivation (excluding capital exgeare)

Amount of Sources of finance (amount in Rs.)
Heads/ltems . .
expenditure (in Rs.) 1 2 3 4
Seed
Fertiliser
Pesticides

Payment for wage labour

Interest on loan

Any other (specify)

Total

sources, 4-Borrwoing from institutional sources

Notes: 1-Self-finance, 2-Borrowing from money lenders, adr®oing from non-institutiong

18.Whether irrigation water is used for cultivatiory2é-1, No- P

I. If yes, what is the source of irrigationSTW-1, LLP-2)

ii. Whether irrigation system isOfvned-1, Shared-2 and Hired-3)
iii. If owned, year of installation of the pumpset:

iv. Distance from the neighbouring source of irrigation

v. Depth of the boring:
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vi. Capacity of the system:

vii. Diameter of the borring:

viil. Types of fuel/power{Diesel-1, Electricity-2)

a. If diesel, cost of diesel: (pricel/liter):

b. Amount of diesel required:

ltems Amount (in liter) Cost (amount in Rs.)
Hour wise/Per hour

Area wise/Per bigha

ix. If electricity, unit cost of electricity?
X. Total units used (per hour/whole season)
xi. Total bill paid (amount in Rs.)

xil. Supply of electricity in the peak season of culima

(Regular-1, Erratic-2, Not available-3)

xiii. Do you want to convert it into electric connectidies-1, No-2)

19.Capital and recurring expenditure on installatiord ahe operation of the irrigation
system (in the reference year):

Heads/Items Total amount Cash Subsidy Mode of finance

(in Rs) (in Rs) (in Rs) 1 2 3 4

Cost of the machine * ‘

Cost of equipments

Cost of installation
(includes labour)

Cost of Fuel

Repair and
maintenance cost

Other (Specify)

Notes: *Record Capacity of the machine; Mode o#fiice:1-Self-finance, 2-Borrowing from mon
lenders, 3-Borrwoing from non-institutional sourcésBorrwoing from institutional sources

20. Utilisation of the irrigation system:

i. Volume of utilisation:
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Total volume used for own use Total amount sold Antanutilised

ii. If unutilised, reasons for non-utilisation of tlggation system:

iii. Do you use your pumpset for other purpoq&ss-1, No-2)

iv. If yes, mention the other uses:

21.1f water is sold, details of transaction:

I.  For what purpose water is solfigriculture-1, Non-agriculture purpose-2)

ii. Volume of water sold:

Gallon Hours Area

iii. Mode of transaction of water sold:

(Cash-1, Kind (with fixed charge) - 2, Kind (wdhtput sharing)-3
iv. If cash, amount per hour/area wise:

v. In cash transaction, what is the amount per haea/athen diesel is purchased by
the buyer?

vi. If output sharing, the share of the water seller:

vii. If the mode of transaction is output sharing, ist@haring practised¥ es-1,No-

2)

viii. If yes, share of the cost borne by the seller?

ix. Does there remain a balance in water transactiée8-1, No-2)

X. If yes, are these balances repaid in timé&s(1, No-P
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xi. If no, which category of buyers is the most frequefaulter?
[Relatives/Kinship-1, Tenants-2, Othergs@ecify)]

xii. Do you sell water only to the neighbouring farn?diées-1, No-2)

xiii. If no, how is water conveyed to the distant caltile plot by the farmers?
xiv. What is the present number of buyers?

xv. Is the number of buyer decreasing over the ygafe®-1, No-2)

xvi. If yes, what do you think is the most probable ogaf®r this?

xvii. Do you have any personal relationship with thetexgsbuyers?Yes-1, No-2)
xviii. If yes specify the relationship:

[(Kinship-1, Same caste-2, Same religion-3, othe spécify]
xix. Do you charge different price from different buyzfg¢es-1, No-2)

xX. If yes, reasons for this:

xxi. Is any buyer your tenanf¥es-1, No-2)

xxii. If yes, forms of land tenancy¥ixed charge-1, Output sharing-2)
xxiii. If crop/output sharing, share of output going ted@wner:

xxiv. Do you provide irrigation free to your tenanf?es-1, No-2)

xxv. Have you experienced any problem in your pumpssekiracting water?
(Yes-1, No-2)
xxvi. If yes, nature of the problem:
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xxvii. Have you had to increase the depth of the boriig2-1, No-2)

xxviii. Are you planning to install another boringf®es -1, No-2)

xxix. If yes, reasons for this:

xxX. Do you have any shallow tube well which is not & dor the last three or five

years?

(Yes-1, No-2)

xxxi. If yes, whethe(Temporarily -1 or Permanently-2)

xxxii. If permanently, is this due to?

[Salinity of water-1, Dried up-2, Destroyed-3, @th - 4 (specify)]

22.Have you resorted to purchase of water for irrmatlyes-1, No-2)

i. If yes, details of transaction:

Volume of water bought

Water charge

Gallon

Hours

Area

In Cash

In Kind

ii. What do you prefer to be the means for water cl?(@ash-1, Kind-2)

iii. If kind, types of water charge: [Fixed charge-1tut Sharing-2]

iv. If output sharing, nature of output sharing:

v. Is output/crop sharing linked with other input shg? (Yes-1, No-2)

vi. If yes, mention nature of the sharing:
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vii. Total number of irrigation? (per day/whole season)

Crop

Area cultivated

Area irrigated

Number of irrig ation

viii. Do you buy water from one sellef?es-1, No-2)

ix. If no, why do you choose multiple sellersAdficultural plots are scattered in
different places-1, One seller cannot fulfill thentend-2, Any other-3 (spegify

X. Have you leased-in land from your sell€y2s-1, No-2)

xi. If yes, forms of land tenancy®iked rent/produce-1, Output sharing-2, Mortgage-3,

Any other-4 (specify)

xii. If output sharing, is itQutput sharing with Cost sharing-1, Output shanmighout
cost sharing-2?

xiii. Is your tenancy attached with fee provision foigation?(Yes-1, No-2)

xiv. What is method for distribution of water among sye

23.Whether number of purchase of irrigation waterdscuate for irrigating field?

(Yes-1, No-2)

24. If no, why do you think it is inadequate? (Selldesnot provide water in the peak
seasons-1, Unable to purchase-2, Availability el/fuower is inadequate-3, Water is
not available-4)

25. Do you need to provide other services to the waglersYes-1, No-p

26. If yes, mention these services:
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27. Does the seller pay for these serviceé&es-1, No-2)

28. Have you ever refused to provide these servi€és8-1, No-2)

29. If yes, what has happened after refusing it?

30.Have you started growing new crops since irrigatiasa become available?

(Yes-1, No-p if yes, if variety changed:

variety

Name of the new

replaced

Variety it has

new crop

Production/ bigha of the Improvement over the

previous crop*

*Record production of previous crops

If crop replaced:

Name of the new
crops

Crops it has
replaced

Production/ bigha of the
new crop (value in Rs.)

Improvement over the
previous crop*( value in Rs,

*Record production of previous crops

31.Extension Help:

i. Do you know the VLEW of your village?/és-1, No-R (If no, then directly go tg

V)

ii. If yes, then when did you meet him last?
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(Within last seven days-1, Within last 30 days-2erCast 30 days-3, Cannot be
remembered-}4

iii. Did you consult him on farming problems during thst agricultural season?
(Yes-1, No-2)

iv.Have you followed his advice and found them useful?

(Did not follow-1, Followed but found useless-2,|6@ed and found useful-3,

No opinion-4

v. Do you know the ADO of your area¥ds-1, No-P

vi. Did he visit your village in the last three montlfs@s-1, No-p

vii. Comment on extension service (if received):

(Extremely dissatisfied-1, Somewhat dissatisfiele2ppinion-3, Partially satisfied-

4, Extremely satisfied-5)

32.Social capital of the farmers

i. Isthere any FMCs (Field Management Committeef)anvillage?Yes-1, No- 2)

ii. If yes, are you a member of the FM(Y&s- 1, No- 2)

iii. What is the total number of members?

iv. How many times did the members meet in the lasbbths?

v. Have you attended any meeting in the last 6 mor(tfes-1, No-2)

vi. If no, what are the reasons for this?

vii. What was the last major decision taken in the mgeti

viii. What kind of role do you expect from the FMC inutd?

ix. Are you a member of any one of the following farm@rganization?

X.
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SINo | Farmers’ Association (Yes -1) (No- 2)
1 Water Users Association (WUA)
2 Self-Help Groups (SHG)
3 Any other non-political Association (Please Men)i

xi.  If there exits any WUA in the village, what is thade of it?

[Distribution of water-1, Collection of water chagg-2, Advising farmers for

cultivation-3, Conflict resoulution-4, Others-5 sjify)]

33.Property Rights:

I. ~ Whom do you think to be the owner of the groundwate

(Private individual who has land-1, Community-2,t&t3, No owner-B

ii. Is there any restriction on the use of ground wafées-1, No-P

iii. If yes, what are these restrictions?

iv. Who puts these restrictions?

v. Do you need to take permission for installatiomofing from the government?

(Yes-1, No-2)
vi. If yes, do you adhere to the norms statetEs-1, No-2)

vii. If no, what are the reasons for this?

viii. Do you feel delivery of water from your shallow &twvell has been disturbed due

to operation/running of neighbouring wellsfe6-1, No-2)

ix. If yes, when does it occur?

(During draught in summer season-1, During khaeéson-2, At any time during

the year-3)

X. Have you lodged any complaint to the owners of meogiring wells? Yes-1, No-

2)

xi. Did hel/you respond to you/him by not running thenpuset at the same time?

(Yes-1, No-2)
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xii. If no, have any conflict arisen among you over afsgroundwater?Yes-1, No-2)

xiii. If yes, how is the conflict resolved?

xiv. Whom do you think to be the owner of groundwaterietter management?

[Individual/private-1, Community-2, State-3, Otl{specify)]

34.Investigator’'s remark:
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