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Abstract: The pumpose of this paper is o exanine the development and emerging problems of groundvater re-
urces, and famers regponses o the changesof groundvater managament through privatizing tubewells in the ru-
ral areasof Hebei Provinces The data used in thispgperwere collected from a field survey in 20 randamly select-
ed villages in Hebei Province in 2006 Our results show that the development of groundwater reources can be di-
vided into three stages Famers started digging tubewells in the early 1950s and accelerated the development since
the early 1970s After the mid 1980s, the tubewells continued © increase with energing of sme envirormental
problens, such as the decline of groundwvater table W ith decline of groundvater table, famers have reponses o
privatizing the tubewvell ovnership and managament The privatization of tubavellswill increase the swn areas of
high value crops ( such as vegetables and fruits) and have sime possible positive relationship with crops yield
W hen designing the managament policies of groundwvater reurces, policy makers need © understand howv famers
have made repponse and use their reponse o manage groundwater effectively.
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1 Introduction

W ater scarcity isone of the key problems affecting agricultural production in northem China -
an area that covers 40% of the nation’ s cultivated area and houses aimost half of the popula

tion'* !

. Water scarcity in northemn China has arisen both because of Iimited water supply and
increasing water damand W ater availability per capita in northern China isonly around 300 m*,
which is less than one seventh of the national average and far lover than theworld average[‘”. At
the same time the damand fran rapidly growing industrial sector and an increasingly wealthy urban
population is beginning o compete with the agricultural water demand >,

Over the last 20 yearsor 9, groundwvater has become the most mportant urce of irrigation
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in northern China Before the early 1980s, most of the increase in water availability in northem
China came from the expansion of aurface water systans, most of which were constructed during
the 1950s and the 1960s China’ s leaders invested in building resenoirs, constructing nev canal
networks and increasing the utilization of the region’ s lakes and rivers By the end of the 19705

most of the available surface water was already being utilized in most basins in northern China and
the area irrigated by surface water more than doubled in the North China Plain'”’. However, due
o poor management and lack of invesment, egecially in maintenance, many surface water canal
gystan s began deteriorating in the 1980sY. Since then groundwvater has became the important
urce of irrigation In North China, the share of groundwater irrigated areas increased from 5%
in the 1950s 10 68% of the Dtal irrigated area in the 2000s°'.

W ith increasing population and development of industry, can we meet the water demand of
agriculture through additional groundwvater extraction in northern China? The ansver possibly is
“ no”, since groundwater reurce is not infinite and me envirormental problens have already
occurred as a reault of over-exploitation of groundwater Acocording © M inistry of W ater Re-
urces (2001) , betveen 1958 and 1998 groundwater levels in the Haihe River Basin fell by
up o 50 m in sime shallow aquifers and by more than 95 m in soime deep aquifers The central
goverrment in China is developing the mega project’ water transfer from suth o north” to alle-
viate the crisis of water shortage in northern China However, facingwith increasing water de-
mand, we not only need supply augmentation measures, more mportantly, we need effective
policy and institutional measures that can manage water demandwell In order © design and im-
plement rational policy and institutional measures, it isnecessary o have one better understand-
ing on development of groundvater and famers regponse on changing of groundwvater manage-
ment patterns The overall goal of thispaper is to exanine the development and energing prob-
lensof groundwater reources, and famers regponses o the changes of groundvater manage-
ment through privatizing tubewells
The rest of the pgoer isorganized as follovs In the first section, we describe the data et

that fom s the basisof this study. In the second section, we examine location and basic character-
isticsof the study area, including its geography, hydrology and socio-economic characteristics In
the third section we exanine the development of groundwvater resurces and its problens The
fourth section analyzes the changes of tubavell ownership, management, adoption of water saving
technologies and other reponsesmade by famers o cope with dwvindling groundwvater reurces

In the fifth section, we understand the institution and regulations of groundvater management

The final section is sammary and policy mplication of the study.

2 Data

The data used for the study comes fran both primary and secondary urces For primary
urce, we interviewved local officials, and conducted field surveys using pre-designed question-
naires for village leaders and famerswho manage tubavells The pumpose of interviev with local
officialswas o understand the general characteristics of groundwater use, policies and local envi-
rorment in the study area The secondary data ismainly from the local datistical bureaus The
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seoondary data can help us o understand the history of the groundwvater development

The repondents in our field survey come from 20 randamly selected villages in o counties
in Baoding City, Hebei Province After discussion with the local officials two sample counties
were slected (M ancheng County and Qingyuan County). After slecting the sample counties, we
randamly selected 10 villages in these wo counties In each village, three famerswho have tube-
wells randomly selected Finally, the total sanples sizewas20 villages and 60 famers The sur-
vey collected data for wo years, 1995 and 2005 Survey of village leaderswas conducted in order
to understand groundwvater status at the village level Questionnaires for village leader involved in-
fomation on eight agects in the gecific year 1995 and 2005 Thesswere village ©cio-econamic
situation, the changes in cropping patterns, local groundwvater resurce utilization, groundvater
quality and security, the change in the number of tubawvells the change in tubewells ovnership
pattern and managament structure and finally adoption of water saving technologies In addition
village level survey, we al® conducted household level survey by administering questionnaires
tubavell ovnersor managers The pumpose of tubevell manager’ s survey (or famer survey) isto
understand pergectives of the famers and their behavior vis-a-vis goundvater The question-
naires for tubewvell owvners involved eight agpectson groundwvater use in 1995 and 2005: the tech-
nical characteristic of the tubavells and punp, the security and allocation of groundwvater, water
price and water market for sllingwater, regulations for groundvater use, the investment on tube-
wells and pumps, water volune conamed by different crops, income of famers and their cost of
agriculture production

3 Basic characteristics of the study area

3.1 Clmatic and hydrological character istics

Baoding City is located in the central uthem part of Hebei Province M ancheng and
Qingyuan are our wo study counties out of the total 25 countiesmanaged by B aoding municipal
goverrment  The climate of Baoding City isof the continental monsoon type The annual tempera-
ture is13.8 , the average yearly sunshine duration is2374. 4 hours and the average yearly rain-
fall is550. 2 mm. Rainfall isdistributed unevenly within the yearwith 61% of rainfall concentrat-
ed in July and A ugust

Daging River, a tributary of Haihe River is the main river of the study area Daging River
and its sub tributaries drain the entire basin The uthem part of Hebei Plain isan areawith sed-
ments from lakes and rivers, which belongs to Huabei fractured depression It is surrounded by
deep faults Quatemary aquifers are porous layers and can be subdivided into four groups (1, 11,
1l and V) from top o bottom according o local hydrogeology The fresh water ismainly located
in the first and the second aquifers and they are the main groundvater exploration aquifers The
general thickness of southem part of Hebei Plain is70m to 80m, and the depth of 150m t 220m
can be found t northeast of Shijiazhuang city and east of Baoding city. Generally eaking, the
aquifersmaterial changes fram coarse © fine, fram one layer t more layers and the water quality
fran good to worse as one moves fran uth o north

There are many surces of groundwater recharge Infiltration from precipitation, surface
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water body, well irrigation and lateral seepage from mountain areas are the recharge urces for
shallov groundwater in the southern part of Hebei Plain Precipitation is the main urce of
groundwvater recharge and it accounts for about 75% of the yearly average recharge The main
ources of discharge for shallov groundwater include artificial abstraction, unconfined groundwva-
ter evgporation and sepage 0 other layers Of these, the artificial discharge is the main way
which acoounts for more than 80% of discharge Seepage from deep karst, lateral flov from
flood deposit fan, vertical infiltration or seepage is the main urcesof recharge for degp ground
water

Groundwater flov direction of this area follovs the topography and flovs from west b east
generally. Before 1960, due to snall anount of groundwvater abstraction, shallov groundwvater flow
direction was under natural state without being influenced by human activities The gradient from
mountain front b seashorewas 2 o 0. 1%. After 1960, the annual increase in groundvater ab-
straction had serious impactson groundvater flov and several large groundwvater depressonswere
fomed The shallowv groundwvater flov direction changed and the groundwater gradient changed to
2.29 1 0. 05%.
3.2 Socio-econam ic character istics

Acoording o the Hebei Econamic Yearbook (2006) , the total population of the provincewas
68. 51 million people W ithin Hebei Province, Baoding is the most densely populated city (10. 73
million) among 11 cities fran Hebei The per capita land availability in Baoding (0.07ha) is
lover than the average of Heibei Province (0. 09 ha). The agricultural P is3. 43 billion yuan
( 4.4 x 10°US ) in2005 and is the third highest in Hebei Province The per capita agricul-
ture GDP (3200 yuan, 416US ) ishowever lower than thewhole province due to high popu-
lation concentration in B aoding

Since most of land area of Hebei Province lieswithin plain and has good irrigation neivork,
the share of irrigated area © net cropped area is quite hign The total irrigated land area is
651461 ha and the share of irrigated land to net cropped area is86%, which is higher than the
average for the whole province (76%). In our sanple villages, share of irrigated land is still
higher, at98%. Since the surfacewater is scarce, most of irrigated land dependson groundvater
and it acoounted for 87% of the net irrigated area

For our samplesvillages (20 villages) , the socio-economic situation is smilar o B aoding
city Based on the survey data, the total population of these 20 villageswas 52942 and land
areawas4200 ha The per cgpita land availability is 0. 08 ha which is higher than that of
Baoding city The irrigated area is4095 ha accounting for 98% of the farmland and 100% of
irrigation was fram groundwater The gross sown area is 7203 ha and the cropping intensity
reaches1. 71 W heat, maize are the main crops, the others are fruit trees and cash crops
such as vegetable

4 Development of groundwater resources and anerging problans

Groundwater is themost mportant source of water in Baoding City and agriculture is thema-
jorwater user Acoording to theW ater Resurce Bulletin of Hebei Province (2000) , the annual
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water availability (including groundwvater and surface water) in Baoding City is about 3. 1 billion
m’, of which groundwater acoounts for 2. 3 billion m’ (74%). However, the annual water use is
about 3. 3 billionm® of water, which indicates thatwater use egecially groundwvater reurces use
ismore than thewater reources availability in Baoding City Among all the sciors, agriculture is
the main water user and 80% of water is used for irrigation while the rest 20% is shared by the
domestic and the industrial sectors equally.
4.1 Development of groundwater resources in study areas

Until now, the development of groundvater resources in northem China can be divided into
three stages The first stage isfrom 1949  the end of the 1960s Themajor characteristic of this
stage was that groundwater begun o be exploited but the scale of exploitation was very Imited In
the second stage, groundwater exploitation was accelerated and the total volume of groundwvater
exploitation reached one large scale This stagewas fran the early 1970s o the end of the 1970s
Since the early 1980s groundwvater has continued o be largely exploited and the over-exploitation
has became an important issue

The stage of groundwvater development in the study area is al© smilar to the overall sory of
northern China, which we can check it from the development of tubewells For example, the
Qingyuan County began © dig tubewells in 1953 and until the end of the 1960s (end of the first
stage) , there were only 2000 tubwells In the first stage, the average annual increase of tubewell
was 235 Since the early 1970s, under the support of the local goverrment, the exploitation of
groundwvater reurceswas accelerated and the number of tubewells in the county grev rgpidly, By
the end of the 1970s the total number of tubawvells reached near 8000 During the second stage
fran the early 1970s o the end of the 1970, the average annual increase of tubavellswas as high
as600 In the third stage, tubewellsin

16000 -
el the Qingguan County continued in-
L) —&— Mancheng / . .
312000 7 creae, but its annual increase number
glm s of tubwells (245) was lover than the
;femo»——--——~r~-————4~— :7L/r___.* s*oond stage and smilar o the first
§ 4000 e stage Until 2005, there were nearly
2000 - . .
s 14000 tubewells in the Qingyuan Coun-
1949 1955 1960 1965 197(;&1375 1980 1985 1995 2005 ty The paih Of tUbeNeu expans'on in

M ancheng County is smilar o that in
Qingyuan County, but the average in-
crease rate o tubewells is lower than

Fig.1 Expansion in the number of tubewells in Qingyuan
and M ancheng ocounties of Baoding City, Hebei Province

that in the Qingyuan County (Fig. 1).

The path of tubavell expansion shown in the official data is largely supported by the informa-
tion fran our survey Based on our aurvey, in these o counties famers started digging tube-
wells in the early 1950s and accelerated the tubewell developpment since the early 1970s (Table
1). Until themid 1980s, the total number of tubewells in these sample villages reached 731, a
bout 36 tubawells for each village From 1953 © themid 1980s, the annual increase of tubewells
were 22, about increasing one tubavell for each village After themid 1980s, the tubewells con-
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tinued o increase Until 2005, therewere 1214 tubanells in these sanple villages, each village
had about 61 tubevells The tubevell increase rate in Qingyuan County is higher than that in
M ancheng County, which results in higher tubewvell numbers in Qingyuan County than in
M ancheng County. In 2005, each sample village in Q ingyuan County was as high as98, while in
M ancheng County, each sanple village only had 23 tubewells

Tablel The change of tubewellsnum ber

Number of wotal Deep tubawells Shallowv tubawells

Year Tubewells Number % o otal Number % o total
Total

1995 902 228 25 674 75

2005 1214 709 58 505 42
Qingyuan County

1995 570 210 37 360 63

2005 980 642 66 338 34
M ancheng County

1995 332 18 5 314 95

2005 234 67 29 167 71

Data urce: Field survey conducted in 20 villages in Baoding district in D ecamber 2006

In the past 10 years, due to development of tubewells, the shallow groundwater was not
enough and famers have © turn t explore deep groundwater resources (Table 1). In 1995,
75% of the tubewellswere shallov tubewells that exploring groundwater from the shallow ag-
uifers However, until 2005, the share of deep tubewells reached 58%, indicating the de-
cline of available shallov groundwater reurces and the deep aquifers have become the major
groundwater ources Similar trend can be found in these wo trends Egecially in Qingyuan
County, in 2005, the share of deep tubewells reached 66 percent, which isobviously correla-
ted with relatively high increase rate of total tubewells A lthough deep tubewells in the
M ancheng County was still not the daminate one, the share of deep tubewlls still increased
24%.

4.2 Declne of Groundwater Table and Related O ther Environmental Problen s

W ith increase of groundwvater abstraction, groundwvater table in the study area has declined
gradually over time (Table 2). Based on the data fran observation wells in Baoding city, we find
that the shallov groundwater tablewas4 3 m in 1980, However, in 2000, the shallov groundwa-
ter table declined 0 19. 9 m, the annual crop ratewas0. 8 m. The smilar trend can be found for
the deep groundwater table From 1980 t 2000, the degp groundwvater table dropped fran 5. 1 m
© 16. 3m, the annual dropping rate reached 0. 6 meters Our wurvey data al® reflect the decline
trend of groundvater table Fram 1995 2005, the annual average groundvater table declined a-
bout 0. 9 m in both Qingyuan and M ancheng counties
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Table2 Change of groundwater table n Baoding C ity

1980 2000
Average depth /m
Shallov groundwater table 4.3 19.9
Deep groundwater table 5.1 16.3
Annual drop rate (2000 - 1980) / (am/yr)
Shallov groundwater table 0.8
Deep groundwvater table 0.6

Note If the tubewell depth is lower than 80 m, the tubewell extracts shallow groundwater; if the tubewell depth ishigher than
90 m, the tubewell extracts degp groundwvater
Data surce: Xu Yueging!®!.

The decline of groundwvater table al® resulted in sIme envimmmental problens For exan-
ple, in sme areasof intensive groundwvater exploitation (mainly in the city areas) , conesof de-
pression have been fomed Two such large cones of groundwater depression gppeared in Y imu-
quan district and the Baoding city The cone of depression in Yimuqguan is located in Yimu Sring
water source area of northwestern Baoding city and had developed in 1967. The groundwater table
depth at the funnel center has increased from 4. 4 m in 1967 t© 33. 6 m in 2001 Cone of ground-
water depression in Baoding city was discovered in 1974 The groundwater depth at the center of
the cone of depression increased from 13.5m in 1974 t© 28. 42 m in 2001 Until now, there are
no conesof depression hgppening in the rural areas

5 Privatizing tubenells

W ith development of groundwvater resources and resulted drop of groundwvater table, famers
have made reponses by privatizing the tubevell ownership and managanent In this sction, we
will examine three issues First, we will examine how famers privatize the owvnership and man-
agament of tubewells Second, wewill understand the relationships betveen the privatization with
declining groundwvater table Finally, we will identify the effect of privatization on agricultural
production

5.1 Privatizng tubewell owner ship

In a pattem smilar © that found throughout the Haihe River Basin'®' , the pattems of tube-

well ownership in our sample areas al® have changed over time, with owvnership shifting fran col-
lective o private Survey data showv that fram 1995 2005, the share of collective ovned tube-
wells declined from 82% 10 49% (Table 3). At the sane time, the share of private ovned tube-
wells increased from 18% 1o 51%, the private ownership of tubewells have became the dominate
pattern The privatization of tubevell ovnership has developed more quickly in Qingyuan County
than inM ancheng County. In 2005, the share of privatized tubewells in Qingyuan County reached
56%, while itwasonly 30% in M ancheng County Degite their different development rates on
the tubewell privatization, their development trends are smilat W ithin the private sector, share-
holding tubawell is the major type of tubewnell ovnership. In 1995, 98% of private tubevellswere
shareholding tubewells In 2005, the share of shareholding tubewells only declined by 2%.
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Table3 Changes n pattern of tubewells owner ship, 1995 - 2005

Share of tubewells/%

vear Na_ twbewells Collective Private
Total

1995 45 82 18

2005 61 49 51
Qingyuan County

1995 57 81 19

2005 98 44 56
M ancheng County

1995 33 85 15

2005 23 70 30

Data urce: Field survey conducted in 20 villages in Baoding district in D ecamber 2006

5.2 Privatizng tubewell managenent

W ith the change of tubewell ownership from collective © private, the managament regmes of
tubavell alo have changed from collective o private (Table 4). Based on our data, we found
that share of different management regimes is smilar o the share of different tubewvell onvnership
pattern In 1995, the share of collective management regmewas83% but this share declined
49% in 2005 At the same time, the share of private managament regime increased from 17% to
51%.

Table4 The share of different tubewell management regimes n the study area

Collective management /% Private managament /%
Pure collective Contracting Shareholding Individual
1995 97 3 95 5
2005 86 14 96 4

Data oource: Field survey conducted in 20 villages in Baoding district in D ecember 2006

W ithin the oollective managament regime, there are twvo sub-regimes The first sub-regime
can be called pure collective managament In this case, the tubewell is entirely managed by vil-
lage leaders The second pattemn is called contracting managanent Contracting managanent im-
plies that the village leader rentsout the collective tubavell ©o individual famerswho are reonsi-
ble for managing tubewells Based on our data, we found that the share of pure collective man-
aged tubavellswas97% in 1995, and only 3% of tubewellswere rented out © individual fam-
ers Thisincreased 10 14% in 2005 and the share of pure collective managed tubavells declined
0 86%.

W ithin the private managament, there are al® two regmes shareholding and individual
management From Table 4 we can find shareholdingmanagement is the main managament regime
which accounted for 95% in 1995, the share of individual management regime isonly 5%. In
2005 there are no significant change on the share of shareholdingmanagement and individual man-
agament This reault indicates that shareholding managanent is still the preferred mode of man-
agement for private shareholding tubewells
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5.3 Relationship between tubewell pr ivatization and declne of groundwater table

W e found that the privatization of tubavells has close relationship with decline of groundvater
table Our survey data show thatwhen groundwater table is less than 28 m, the percentage of pri-
vate tubavells to total tubewells is18% (Table 5). However, when groundwvater is higher than
28 m, the share of private tubavells increased to 30%. Such reaults indicate thatwith decline of
groundwater table, famerswill make repponse 1o privatizing tubevells A possible reasn for this
could be that private ownership gives better control over groundwater than access b collective
tubavells, therefore, private tubenvell will benefit the agricultural production The problem of ac-
cunulating enough capital 1o invest in a tubewnell isover come by the ingtitutional mechanisn of
dhareholding tubavells

Table5 Therelationship between water table and tubewell owner ship

Tubewell ovnership /%

Groundwater table Sanple size ? -
Collective Private
12 - 27m 21 82 18
28 - 50m 19 70 30

Data ource: Field survey conducted in sample villages in 1995 and 2005

5.4 Effects of tubewell privatization on agr icultural production

Our arvey data show that the privatization of tubewellspossibly induces changes in cropping
patterns Betveen 1995 and 2005 in the Qingyuan county villages, when the share of private
tubavells increased fran 19% 1 56%, the share of wheat swn area under wheat declined by
35% and area under maize declined fran 44% 1 34% (Table 6). At the same time, the area
dewvoted o vegetables increased from 3% to 24%. InM ancheng County the privatization of tube-
wells reaulted in smilar shift in cropping patterns but here instead of vegetables area under fruit
crops increased fran 19% in 1995 o 28% in 2005 This is because being partly a hilly county,
fruit crops are themain cash crop in thiscounty Our results mply thatwith declining of groundw-
ater table, famerswill make reponse © increase the own areas of high value crops egecially
for horticultural crops auch as vegetables and fruits

Table6 Relationship between the privatization of tubewellsand cropping patternsand yields

Total number of Share of private- Share of wn area under /% Crop yield / (kg/ha)
tubewells owned tubavells /% W heat M aize Fruit  Vegetable Wheat Maize

Qingyuan

1995 570 19 45 44 0 3 5513 588 8

2005 980 56 35 34 0 24 6150 690 0
M ancheng

1995 332 15 36 36 19 0 5250 658 5

2005 234 30 30 34 28 0 5355 651 8

Data urce: Field survey conducted in 20 villages in Baoding district in D ecamber 2006

Smilar o the possible relationship betveen the privatization of tubewells and cropping pat-
tems, there are possible sme positive relationship betveen the privatization of tubewells and crop
yields (Table 6). For example, in Qingyuan County, from 1995 to 2005, wheat yield increased
fran 5513kg/ha o 6150kg/ha, and maize yield increased fran 5888kg/ha o 6900kg/ha At the
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samne time, the share of private-ovned tubewells increased fran 19% 1 56%. We al® can find
the positive relationship betveen the privatization of tubewells and crop yields in M ancheng Coun-
ty Since agricultural production (such as cropping pattems and crop yields here) are al influ-
enced by other factors, in order to identify the real relationship betveen the privatization of tube-
wells and agricultural production, we al® need b establish the econametric model © control the
effect of other factors on agricultural production Even ©, our desriptive statistics results here
are consistentwith the findings by W ang et al'®’.

6 Summary and policy mplications

The pumpo<e of thispaper is o exanine the development and energing p oblem sof groundvar
ter revurces, and famers regponses o the changes of groundwvater management through privati-
zing tubewells in the rural areasof Hebei Provinces Our reaults showv that groundwater is themost
important urce in the Baoding City and agriculture is the major water user  The development of
groundwvater resources can be divided into three stages Famers started digging tubavells in the
early 1950s and accelerated the development since the early 1970s After the mid 1980s, the
tubavells continued © increase with emerging of sme envirormental problens Due o develop-
ment of tubavells, the dhallov groundwvater was not enough and famers have o turn o explore
deep groundwater reources Groundwvater table in the study area has declined gradually over
tme, from 1995 © 2005, the annual average groundwater table decline about 0.9 m in both
Qingyuan and M ancheng counties In me areasof intensive groundvater exploitation (mainly in
the city areas), conesof depression have been fomed

W ith development of groundwater resources and resulted drop of groundwvater table, famers
have made repponses by privatizing the tubevell ovnership and managament From 1995 to 2005,
the share of private ovned tubawells increased from 18% t 51%, which becomes the dominate
pattern of tubavell ovnership. W ithin the private secior, shareholding tubewells is the major type
of tubewell ownership. W ith the change of tubewell ownership fram collective  private, theman-
aganent regimes of tubewell al® have changed fram collective o private Based on de<criptive a
nalysis, we found that the privatization of tubavells has close relationship with decline of groundw-
ater table The privatization of tubewellspossibly induces changes in cropping pattems, increasing
the swn areasof high value crops (such as vegetables and fruits). W e al® found sme possible
positive relationship betveen the privatization of tubewells and crops yield

Our reaults mply that it isurgent o control over-exp loitation of groundwvater in the rural areas
of Hebei Province Investing in better understanding of groundwater reurce availability is neces
sary and the wolune of abstraction should be keptwithin the limit set by total availability Con-
struction of deep tubawvells should be closely monitored and stopped if needed, because these con-
tribute 0 over-exploitation of the deeper aquiferswhich are quite difficult o recharge W hen de-
signing the managament policies of groundvater reurces, policy makers need to understand hov
famers have made regonse o the changes of groundwvater use and reaults enviormental isues
One effective policy is that the positive reponse of famers o manage groundwvater and keep the
sustainable development of groundwvater resource and cio-econamy should be used
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