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Abstract: Few attention has been paid  the studiesof groundvater market in rural China though itwas developed
rapidly in recent decades Themain objectivesof thispgper are o describe themain characteristics of participants
of rural groundvater market and identify the deteminants of sellingwater Data used in this research cames fran
150 households in o provinces in northem China Based on our field survey, we find that the famerswith higher
wealth, more advantage in agricultural activity, and higher scial position aremore likely © be the sllers Trans
action costs al® have mpactson participants in the groundvater market
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1 Introduction

China, egecially north China, hasone of the most severewater scarcity isues in theworld
On per capita tems, China hasonly 1/4 of the volume of water reurces as compared © rest of
theworld™. The uneven distribution betveen uthem China and northem China makes this
problen evenworse North Chinawith 65% of arable land only has26% of the water resources,
a great bulk of which comes from groundNater“]. North China isal® increasingly facing groundw-
ater depletion problens For exanple, Wang et al '*! found that from 1995 to 2004, the ground-
water table has been falling shamply in more than half of the counties in northern China

Groundwvater hasplayed an increasingly mportant role in northemn China in recent decades
In the 1950s and 1960s, local goverrmentsmade considerable invesment on aurface irrigation in-
frastructure However, since the late 1960s, the role of groundwater in agricultural irrigation has
been increasing A ccording o official statistics, betveen 1965 and 2003, the number of tubewells
increased fram 0. 2million © 4. 7million™*'. In recent years, groundwvater provided 68% of irri-
gation water for agricultural production in northem China *.

The ownership pattern of tubewvells has al experienced great change in the last three dec-
ades Before the refom in the late 1970s, majority of the tubevellswere ovned by the village col-
lective Due o a variety of reans, including the decline of strength of collective and the decli-
ning groundwater tables, private tubewells rose dranatically after the refom in the late 1970s
which gave famers the right of making their ovn decision on invesment, production and claiming
for revenue generated[s'sl. The number of private tubavells as a proportion of ttal tubavells in-
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creased fram amost nothing in the 1970s o nearly 40% by 1990 Fram 1995 o 2004, the per-
centage of private ovnership rose from 42 © 70,

Groundwvater markets have gread ragpidly in northern China in regponse o rising of private
tubavells and water scarcilym. The fallingwater table has resulted in an expensive invesment in
tubavell In order o recover the invesment, maintenance and operational costs, well-ovners of-
ten reort o wll water o the other users and infomal groundwater markets energe This is epe-
cially true in drought areas and areaswith deep water table U sing tvo setsof data collected fran
six provinces in northemn China, Zhang et al ") found that fram 1995 © 2004, the villageswith
groundwvater market rose fram 9% 1t 44% and the sharesof tubewvells sllingwater rose fran 5%
o 18%. In 2004, 77% of thewater extracted in volumetric temswas old © satify the demand
of thewater buyers

Most previous studieson groundvater market have been mainly conducted in South A sia such
as India, Bangladesh and Pakistan, but the literature has not reaulted in consistent findings on
who are the llers of groundwater For exanple, several studies found that those famerswho
owvned larger area of land are wealthier than other famers, thus they had higher probability of
being a sellet® ™. W hile other studies found thatmedium, snall and marginal famers taken -
gether avn asmuch as82% of pumpsin UP, Bihar andW estBengal in Indid*®’. Shah et al '*"
alo showed that punp irrigation sllers are more likely the famerswith snaller and fragnented
landholding in India, Pakistan, Nepal and B angladesh

Degite the significant changes in groundvater managament in the largest agricultural coun-
try, China, little isknown about the nature and deteminantsof this groundvater market develop-
ment in Only paper available is a recent study by Zhang et al "', which found that land area
ovned by the llers is dlightly more than the buyers However, whether this difference is statisti-
cally significant and what are other major deteminants of water market participation are till re-
mained ansvered China is an interesting case for study due o several reaons China has rising
water scarcity Groundwvater market has been under rgpid development China isal® in a transi-
tion period © modernization and non-fam activity eanerged as the main urce of additional in-
came for a large part of rural households Moreover, China has the most equal land distribution
gystan in the world under which nearly all fams are snall-scale

Overall goal of this study is to provide enpirical evidences of issues raised about Based on
the primary field survey data collected fram o provinces in northern China, we identify the de-
teminants of <elling water

The paper isorganized asfollovs The second section introduces data used in this study. The
third section summarizes the main characteristics of the water-sllers and water buyers The third
ction exanines the deteminants of water market participations using econametric analysis In
the last section we present our conclusions and the policy implications

2 Study areas and data

2.1 Study areas
The data used in thispgperwere collected from Hebei and Henan provinces in northern Chi-
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na Hebei Province is a svere drought-affected area Its groundwater table is very lonv and fall-
ing A Ithough Henan Province hasmuch higher water table than Hebei, it al© often faced rising
problem of water scarcity in recent years, egecially in sme drought yearswhen rainfall was below
nomal

Two ocounties fram each of Hebei and Henan provinceswere slected for this study. They are
Xianxian and Cixian counties in Hebei and Yanjin and Kaifeng counties in Henan We <lected
these counties for o major reans Firstly, Xianxian belongs o the Haihe River Basin which is
one of the drought most frequently occurred areas in northem China The other three counties be-
long 1o the Yellow River Basin which is al® a typical water-scarce area in northem China These
tvo basinsfom a large part of northem China Secondly, based on the seriousessof water-scarcity,
we classify the above counties into four categories themost serious drouthy area (X ianxian) , mod-
erate drouthy area (Cixian), relatively less drought area with groundvater market (Yanjin) and
without groundwvater market (Kaifang) , which basically represent the main characteristics of war
ter-reurce and cial-econamy in northem China

Al the four counties have experienced the decline of water table during the past several dec-
ades due  the rising number of tubawells and increasing demand from irrigation, industry and
damestic uses Our survey indicates that in the most seriouss drouthy area, Xianxian, the average
water table has declined © 95m under the ground in 2007. In sme villages, water table has de-
clined even by 20m within the past three years In the relatively less drouthy area, Yanjin and
Kaifeng, there are till 4 out of 10 villageswhichwe surveyed experienced the decline of water ta-
ble in the past three years

A swe expected, the costsof sinking awell increased rgpidly with the decline of water table
In Xianxian, the average costsof sinking awell in our ssmple villages reached more than 80000
yuan (Fig. 1), about 4 times of net income of a typical household in 2007. A Ithough the costs
weremuch less in the other three counties than that in Xianxian, they have al® increased signifi-
cantly in recent years Fig. 1 al© shows a clear relationship betveen water scarcity and costs of
sinking awell in our sample counties
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Fig 1 Costsper tubavell and water table in the sampled counties, 2007

Kaifeng county has no any groundwvater market aswater scarcity is not serious there
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2.2 Data

Three typesof surveyswere conducted They are village leaders, tubevell-ovners (or water
<llers) , and non-tubewvell-ovners household surveys (or water buyers). For village survey, we
randamly selected five villages in each county The intervievers administered the village question-
naires to the head of village committee and the village accountant The questions tried t elicit
cio-econamic situation, irrigation conditions and the status of water reurces in the villages
Forwater =llers and water buyers surveys, we randamly select three tubewell owvners and seven
non-tubawvell owners in each village . Because we did not find groundwater market in Kaifeng
county after we intervieved the village leaders, this study only used data collected from 45 tube-
well-owners in 15 villages (3 x 15) and 105 non-tubevell ovner households in the same villages
(7 x15). In the tubewell owvner survey, we collected the infomation on tubewell invesment,
the water pricing and marketing information in addition © the non-tubevell housshold survey,
the late includes general household characteristics and the details of household production, as
ets and others

3 Degriptive analysis the main characteristics of the sllers

Groundwvater markets have anerged for more than ten years in northern China and developed
rgpidly in the past decade A swe discussed early, by 2004 the number of villageswhich reported
having groundwvater markets s up © 44% and the average share of water ©ld was 77%'".
Smilar reaults alo found in our survey. In our sample villageswhere groundwvater market exists,
the average land area irrigated by purchased water is about 43% of the tal land in the village in
2007. The famerswho are purchasingwater fran groundvater market are about 54% of the tal
households Compared o Zhang et al '”, our survey find a slightly higher average share of water
for being oId (79%) , which may be partially due to the ongoing development of groundwvater
market betveen 2004 and 2007.

Previous studies on groundwater market in Suth A sia have shavn that there is no consnsus
on the relationship betveen water sllers and the size of fams, our aurvey al® findsa smilar re-
alt Table 1 dhows that there isno systamatic difference in land endovments betveen o typesof
households A Ithough on the average the water sllers have a dight larger fam size than the buy-
ers (row 1 and 2), the difference is not dtatistically significant The average number of plot of
<llers isal® very clos o that of buyers (row 3 and 4). The evenly distributed land endovments
in Chinamay reflect that the main purmpose of investing on water extraction mechanisn (W BV S)
ismore like eamning profit from sellingwater than satifying their ovn demand This is al® found
in the other study in Bangladesh when a pump owner invests in a tubavell in a part of the village
where he may not have any land He does © Dlely for the pupose of sllingwater Levis™ in
his study of groundwvater markets in rural Bangladesh has categorized shallov tubewell owvners

Due o the stratified random sampling method, we goplied a sample weight in both descriptive and econometric analy-
sis For a buyer, hisweightwas generated from the number of households he represented, that is, the number of buyers in that
village was divided by 7. For a sller, hisweight equaled to the number of sllers in that village was divided by 3.
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(SW) aspredaminantly SIW famers if they invested for avn use or SW businessnen if they
invested for sellingwater.

Tablel Land endowments( hectare) of buyersand <llers n 2004 and 2007

2007 2004
Average land area
Buyers 0.61 0.59
Sellers 0.68 0.67
Average plot number
Buyers 4.14 4.19
Sellers 4.25 4.21

Source: Author’ s survey of 150 randam selected households fran three counties in northem China

Our wurvey al® reveals that there is a strong linkage betveen non-fam activity and groundw-
ater-participating, which has never been addressd in the literature The case of China after eco-
nomic refom seemed give us a good opportunity © test this relationship.  In the past 30 years re-
fom, the increase of agricultural productivity has been accanpanied with booming of non-fam ac-
tivity By 2000, more than 40% of the rural residents had off-faim employment, about 100million
of then—mogt of them young and headed for new lives in the city—have left hane and moved
urban areas for enployment™’. Those who have camparatively advantage in non-fam activity
have allocated large part of their time on other business auch aswage-eamning and <self-employ-
ment A sfor those famerswho have canparative advantage in fam activity, they have allocated
relative more of their time in agricultural activities Since China has experienced significant drop-
ping of water-level in recent yearéz's] , the demand for irrigation epecially in drought area has
given the water sller the opportunity © eam a profit by providing irrigation srvice, a situation
similar ©o the findings in South A sid #% %!,

Our data show's that non-fam employment is strongly and negatively correlated with the partici-
pation of groundvater market Table 2 summarizes the time allocationsof the household’ s head la-
bor of water sllers and buyers In 2007, water sller ent about 0. 84 months on non-fam activi-
ty, about a third of buyer’ s This relationship ismuch more significant in Xianxina and Cixian,
where the water tables are even lower than Yanjin Among the three counties, a typical ller in
Xianxian gent the least tme on non-fam activity, less than a sixth of buyer' s To further demon-
strate thispattem, in Table 3, we summarize the income structure of the sellers and buyers Again,
the ellers have demonstrated obvious advantage in fam activity The <llers have an average of
22% of income fran non-fam incame, far less than that of buyers The later have nearly a half of
incame fran non-fam activities The difference anong the three counties is not significant

Table2 Number of months pent on non-farm activity of water buyersand sllers n 2007

County W ater buyer W ater ller
Xianxian 2.40 0.37

Cixian 2.59 0.82

Yanjin 2.15 0.97
Average 2.40 0.84

Source: Author’ s survey of 150 randam selected households fram three counties in northem China
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Table3 Percentage of non-farm ncame of water buyersand sllers n 2007

Share of non-fam incame/%

County

W ater buyer W ater sller
Xianxian 46 19
Cixian 53 35
Yanjin 45 21
Average 48 22

Source: Author’ s survey of 150 randam selected households from three counties in northem China, 2007.

Smilar © the findings in the previous literature on groundwater market in South A sid® **
and Chind"", our aurvey al9 indicates that the upper-ladder households ssamed more likely to be
the sllers The invesment on WEM s certainly a risky and expensive activity The risks come
fran not only the competitions from other tubewvell owners and collective tubewells, but al®
weather situations (e g , variations in rainfalls anong ssaon and over years). In water-scarce
areas, invesment on a tubavell needs a lot of money (Fig. 1). In fact, in our sample, there is
74% of WBM S installed by borrowing from other householdsor banks The average rate of debt
total cost of thee WEM S is 34%. So, it is rea®nable that only those comparatively wealthier
households can afford © such large anount of invesment inW BV S and have ability b manage the
market risk of demand-shock come fran weather or otherWBM S Table 4 shows the distribution of
buyers and sllers by income quintile As shawn in Table 4, the <llers are distributed more t-
wards the higher income quintiles than that of buyers On average, 60% of the llers belong
the first o income quintiles (high income and middle-upper income groups, rows1 and 2, col-
umn 2) , whereas the corresponding number for the buyers ismuch lover (35%, rovs1 and 2,
column 1). Only 17% of the ellers come fram the lowvest and middle-lower income groups ( rowvs
4 and 5, column 2), in contrast b amuch larger share of sellers coming from these low income
groups (30%, rws4 and 5, column 1).

Table4 D istribution of water buyersand <sllersby ncane level

Percentage of famers by income category/%

Income category

W ater buyer W ater ller
Highest incame (top 20%) 9 18
M iddle-upper 26 42
M iddle income 36 22
M iddle-lover 22 13
Lowest (bottom 20%) 8 4

Source: Author’ s survey of 150 randam selected households fram three counties in northem China

There are al® sveral other mportant factorsmay contribute t the participation in groundva-
termarket A fav studieson South A sia analyzed the impactsof transaction costs and social struc-
ture o the exchange behavior of groundvatermarket For example, using the example of groundw-
ater market in a village of north-eastB ihar, India, Wood*! demonstrated the importance of trugt,
rules of morality and good relationships in a community. In China, many intervievees had the ex-
perience of digute on the sequence of irrigation in the major seans and there were even fights
cases in sme villages before they participated in groundwvater market Our data shows there are
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72% of the famers had experienced the digputewith others before they participated in groundwa-
ter market (Table 5, rowv 3). The percentage of buyers experienced digute is obviously higher
than the sllers (Table5, rows1 and 2, column 1). This indicates that the lover transaction
costsmay contribute to the invesment decision of famers The llers al® have wider cial net-
work than the buyers W e use the number of guests attending recent ceramony (mainly wedding)
asan index of social netvork In rural China, famersnomally invite their relatives, friends o at-
tend their ceranony when they or their kids get married L arger number of guests indicated the
famer has awilder social neivork A cocording o our data set, the ocial nework of a typical <ell-
er isabout 20% higher than a typical buyer (Table 5, ow 1 and 2, columnn 2).

Table5 Transaction costsand social network of groundwater buyersand llers

Percent of householdswhich
experienced digutes before
participated in water market/ %

Number of guests attended the most
recent ceramony

Buyer 75 103
Seller 63 121
Average 72 109

Source: Author’ s survey of 150 randam selected households fran three counties in northem China

Degriptive statistics in this section indicate that those famerswho have relatively less advan-
tage in non-fam activities more wealth and larger scial cgpital are more likely to became the
<llers in the groundvater market Expectation on transaction costs generated fram previous expe-
rience may al® contribute o the probability of being a groundvater sller A's the decisions o
participate in water market are smultaneously detemined by several factors, amultivariate regres:
sion analysis is needed  identify the mpact of each factor

4 Econametric analysis

In this section we conduct econametric analysis on the deteiminants of groundwvater market
participation using the household data ollected in this study Based on the discussions above, a
general fom of water market participation can be ecified as

S = f(N,W, T,SL,0)

where, the dependent variable, S, representswhether or not a famer is a groundvater <ller  If
the household sllswater in themarket, than S equals o 1, othewise itequalsto O N represents
the famer’ s camparative advantage in non-fam activity, we define it by the share of non-fam in-
came to the household’ s total income in 2007. W isa sriesof dunmy variables for the categority
of household’ s income (high income, middle-upper incame, middle income and middle-lover in-
came, the amitted group is the lowest incane) when he/ she participated in water market For ex-
anple, if a household belongs o the highest income group (or top 20% group) in the village,
then the variable’ high income’ equals o 1 and other variables equals © zea T represents the
transaction costs faced by a household during the process of irrigation It is defined by a dummy
variable with a value of 1 if the household had experienced any dipute in the processof irrigation
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before participated in water market, othewise it equalsto O S represents the cial cepital of the
famer It is defined by the number of guestswho attended the household’ s the most recent cere-
mony. The larger number mplicates the household has awider cial netvork L represents the
land endomments of the famer W e defined it using the cultivated land area and the number of
plotsof the household in 2007. O represents the other characteristics, such as age and education
of the head labor of the household, which may have impactson the famer’ s invesment decision

W e adopt o econametric methods  estimate four models Models1 and 2 are estimated by
OL Swith and without village dummies The village dummies are used  control the fixed effect
that can’ t be observed in our data Models3 and 4 are estimated by probitwith and without vil-
lage dunmies The estmated reaults are shovn in Table 6

Al the models have very similar results This indicates a obust estimation of our models In
models 3 and 4, we provide the marginal effects of each variable rather than coefficients In the
following discussions, we discuss the general results from all modelswith gecifically focuson the
results from model 3 as it perfomss better and has the highest R,

The variable of comparative advantage in non-fam activity has the expected signs (rovs1
2) and large marginal effects in all the four models Income share of non-fam activity has a large
and significantly negative effect on the probability of lling water For exanple, according to
model 3, a famer whose income fotally comes from fam activity has 12. 5% higher probability
than the one who has no agricultural income

W ealth or incame category al has large and significant mpacton sellingwater Al the four
variables have positive signs in eachmodel That isto say, compared o the lowest income group,
wealthier famers are more likely © be awater sller The richer the famer is, the larger the
probability of being a sller is A typical richest 20% famer has58. 5% higher probability com-
pared o a typical poorest 20% famer The typical middle-upper famer has a 23. 8% higher
probability than the poorest famer A s o middle and middle-lover income famer, although the
effects are positive, they are not significant

It ssamed that land endovments have no significant effectson sllingwater The coefficients
of land area and plot number are snall and insignificant fran zero in all the four models estimated
(Table 6). This s largely due o equal land distribution policy implemented in China

It is sumprising that the effect of scial capital is insignificant though it has the expected sign
Thismay be due o the high collinearity betveen number of guests attending ceramony and income
category. Actually, after dropped the variable of incame category, the coefficient of number of
guests attending cereanony becames significant

The expectation on transaction costs al® has large effects on the probability of being water
<ller  The famerswho experienced dipute in the processof irrigation have a 12. 6% lower prob-
ability than those who did not experienced the digpute The coefficient is highly significant in all
four models

In am, the above analyses show that the rich famers and famerswith comparative advan-
tage in agriculture are more likely o be the water sllers Transaction costs al® have significant
imapct on the probability o be water <ller



6 M I Jian-wei, etal : Participants in Groundwvater M arkets W ho are Sellers? 967
Table6 Estmated parameters of determ hants of being a water <ller
W ater ller
0oL S(1) OLS(2) Probit(3) Probit(4)
Advantage in non-fam activity
Share of non-fam income -0.241 - 0.313 - 0.125 - 0.245
(-321)""" (-3.56) """ (-3.89) """ (-455) """
Income level in the village
High income 0.316 0.274 0.585 0. 468
(2.28) " (1.90) (3.29) """ (2.11) ™
M iddle-upper incane 0.27 0. 296 0.238 0.37
(2.50) *" (2.28) "" (2.98) """ (2.56) ™"
M iddle incame 0.171 0.161 0.061 0.131
(1.66) " 1.37 1.47 1.31
M iddle-lover incane 0. 168 0.21 0. 082 0. 247
1.65 (1.79) " 1.43 (1.66)
L and endomments
Land area - 0.003 - 0.004 - 0.004 - 0.002
-1.13 -1.33 -0.19 -1.02
Plot number 0. 001 - 0.011 0. 005 - 0.011
0.1 -0.74 0.05 1.01
Social capital
Number of guests in ceranony 0.000 1 0.000 1 0.000 1 0.000 1
0.84 0.98 0. 66 1.18
Transaction costs
Previous experience of digpute - 0.158 - 0.196 - 0.126 - 0.190
(-2.45)"" (-2.82) """ (-3.46) """ (-3.56) """
Other household characteristics
Age of head labor 0 - 0.003 0.000 4 - 0.001
-0.01 -1.19 0.5 -0.86
Education of head labor 0 0. 002 - 0.001 - 0.000 3
-0.04 0.38 -0.18 -0.05
Village dunmy YES NO YES NO
Constant 0. 063 0.371 - 2.449 -0.112
-0.33 (2.18) *" (-2.18)"" -0.11
Observation 150 150 150 150
R 0.31 0.19 0.43 0.26

Note: Coefficients are marginal effect, ablute valueof t (inOLS) and z (in Probit) dtatistics in parentheses *  significant
at10%; ** dignificant at 5%; *** significant at 1%.

5 Conclusion

Thispagper seeks o understand the political-economic mplications of groundvater market in
China Using primary data at village, household and tubewell owner level, we identified the de-

teminants of participation in groundvater markets in rural China Combined with previous study

on Chinese groundvater market, the pgper allovs us o understand the characteristics of Chinese
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groundwvater markets in greater details

W ith the rising scarcity of water and booming of private tubewell, the irrigation demand has
brought a huge opportunity for famers o participate the groundvater market Thewealthier house-
holdswho have significant advantage in agricultural activity are inclined o be the supply side of
the market in the fom of water sllers There isweak evidence that the sllers usually have com-
paratively larger social cgpital than the other households Transaction costsmay al© affect partici-
pation of groundvater market There is no significant evidence that participation in groundvater
market is correlated with the land holding of the famers,  the main pumos of invesment in
tubavell isprofit from water selling rather than for slf-use This is gecially true inwater scarce
counties like Xianxian

There are sime important policy implications of this study: A's an mportant production re-
urce in rural area, water has been transacted between rural households However, the availabil-
ity of water isnot equal anong different famers Providing a part of public funds to help the poor
in severely water-scarce areas o invest in tubavells and participate in groundvater market, could
be a good way of shielding then from production shocks Lowering entry barrier to groundvater
market through easier credit availability may al® pull down the water price on acocount of more
campetitive market and thiswill al® benefit the poor buyers

References

[1] Ministry of Water Resurces ChinaW ater ResourcesBulletin[ Z]. 2003

[2] WangJ, HuangJ, HuangQ, Rozelle, S Privatization of tubewells in North China Deteminants and impactson irrigated
area, productivity and the water table[ J]. Hydrogeology Joumal, 2006, 14: 275 - 285

[3] Ministry of Water Reurces and NanjingW ater Institute  Groundwater Exp loitation and U tilization in the Early 21 st Century
[M]. Beijing ChinaW ater Reources and Hydropower Publishing House, 2004

[4] WangJ, HuangJ, Rozelle S, etal Agriculture and groundvater development in northem China Trends, institutional re-
onses, and policy options J]. Water Policy, 2007, (Supp. 1): 61 - 74

[5] WangJ, HuangJ, Rozelle S Ewlution of tubavell ovnership and production in the North China plain[ J]. Australian
Journal of Agricultural and Resource Econamics, 2005, 49 (2) : 177 - 196

[6] ShamaP, ShamaR Gmoundvater markets across climatic nes A comparative study of arid and sami-arid zones of Rar
jasthan[J]. India Joumnal of Agricultural Econanics, 2004,59(1) : 138 - 150,

[7] ZhangL, WangJ, HuangJ, et al Development of groundvater markets in China A glimpse into progress[ J]. WorldDe
velopment, 2008, 36 (4) : 706 - 726

[8] MeinzenDick R, SullinsM. W ater M arkets in Pakistan: Participation and Productivity[ R]. EPTD Discussion Paper Na
4. IFPR1 Washington, D. C , 1994

[9] KajisaK, Sakurai T Efficiency and equity in groundwvater markets The case of M adhya Pradesh, India[ J]. Envirorment
and D evelopment Econamics, 2005, 10: 801 - 819

[10] FujitaK, Hossain E Role of the goundwvater market in agricultural development and incame distribution: A case study in

aNorthwest Banglandesh Village[ J]. TheD eveloping Econamies, 1995,33(4): 442 - 463

[11] DubashN K Eoologically and socially enbedded exchange: Gujarat model of water markets[ J]. Econamic and Political
W eekly, 2000, 35(16) : 1376 - 1385

[12] Jacoby H, Murgai R, Relman S Monopoly pover and distribution in franented markets The case of groundwvater[ J].

Reviav of Econamic Studies, 2004, 71: 783 - 808
[13] PantN. Contmol of and access to groundwater in UP[J]. Econanic and Political Weekly, 2005, 25: 2672 - 2680,
[14] SteiretzA. Three Essayson Groundvater and Tenancy Contracts in Rural Econamies|D]. PHD thesis Ruprecht Karls



M | Jian-wei, et al : Participants in Groundvater M arkets W ho are Sellers? 969

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

University, Heidelberg, Gemany. 2003

Paimer-Jones R Irrigation service markets in Bangladesh: Private provision of local public goods and canmunity regulation
[R]. Peper presented at Symposium and workshop on: M anaging Canmon ResurcesW hat is the lution? Held at L und
University, Sveden, Septamber, 10 - 11, 2001 http: //mwww. sasnet lu se/pamer_jones pdf

Ballabh vV, Choudhary K, Pandey S, et al Groundwater development and agricultural production: A camparative study of
eastern U ttar Pradesh, Bihar andWestBengal[ R]. Pgper submitted o WM I|-TataW ater Policy Progranme, Anand, Gu-
jarat, 2002

Shah T, Singh O, Mukherji A. Some agpectsof South Asia’ s groundwvater irrigation econamy: Analyses fran a survey in
India, Pakistan, Nepal Terai and Bangladesh[ J]. Hydrogeology Journal, 2006, 14: 286 - 309.

LewisD. Techrnologies and Transactions A Study of the Interaction Betveen Nenv Technology and Agrarian Structure in
Bangladesh[D]. PHD thesis University of Bath, 1989

deBrauw A, HuangJ, Rozelle S, et al China’ s rural labor markets[ J]. China Business Reviav, 2002, March-April:
2-8

Shah T. GroundwvaterM arkets and Irrigation Development Political Economy and Practical Policy[M ]. Oxford University
Press, Bambay, 1993

MeinzenDick R Groundwater markets in Pakistan: Participation and productivity[ R]. Research Reports 105, Intemnar
tional Food Policy Research Institute, W ashington, D. C , 1996

M ukherji A. Groundwvater markets in GangaM eghnaB rarmeputraBasin: Theory and evidence[ J]. Econamic and Politi-
cal Weskly, 2004, 31: 3514 - 3520

Wood G . Private provision after public neglect Bending irrigation markets in North B ihar[ J]. D evelopment and Change,
1999, 30(4) : 775 - 794

1 - .2
, , , Aditi M ukherji
(1 , 100101;
2 Intemational W ater M anagament Institute, Battaramulla, Sri L anka)

10 )
150 )



