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Preface

During the past 50 years in China, improvements in water control——both in sur-
face and groundwater——initially played a major role in improving living standard,
expanding industrial output and raising sown area and yields, although the mix be-
tween surface water and groundwater has changed over time. Most of the increase in
water availability in northern China came from the expansion of surface water sys-
tems, during the 1950s and 1960s. Chinese government have been investing in building
reservoirs, constructing new canal networks and increasing the utilization of the
region's lakes and rivers. By the end of the 1970s, most of the available surface water
was already being utilized in most basins in northern China; the area irrigated by sur-
face water more than doubled on the North China Plain. However, because of the poor
management and lagging investment, especially in maintenance, many surface water
canal systems began deteriorating in the 1980s. The efficiency of delivery of many of
the remaining surface water systems was also thought to be low, at around 25% ~
40%. Poorly designed surface water systems have led to salinization and other envi-
ronmental problems.

Faced with deteriorating and increasingly scarce surface water resources, farm-
ing communities in northern China began to turn to groundwater in the late 1960s and
1970s. From almost nothing in the 1950s, by 2001 producers were extracting groundw-
ater from 4. 5 million tubewells and irrigating more than 15 million hectares, mainly in
North China. Although only about one-third of China's groundwater resources are in
northern China, nearly 90% of groundwater use is in northern China. In the Iate 1990s,
about 40 percent of northern China's water came from groundwater resources. In addi-
tion, more and more city residents are relying on groundwater for their domestic
needs. In an increasing number of regions, industries are relying on groundwater for
production purposes.

Unfortunately, the economy gain from the groundwater is not without pay. Rising
groundwater extractions have led to falling water tables. For example, in Feixiang
County, a county located in the upstream part of the Fuyanghe River basin (part of
the Haihe River Basin), the shaliow groundwater table fell by 0. 6 meter per year in



the 1980s and 1.3 meters per year in the 1990s. Even greater rate of decline of the
shallow ground water table occurred in the downstream parts of the basin. in addi-
tion, deep water table drops more than 2 meters per year. Excessive water withdraw-
als and falling water tables have caused land subsidence, cones of depression under
some cities and deteriorating water quality near the coast.

Beyond its rapid expansion and induced environmental problems, one of the most
intriguing characteristics of the groundwater sector is the emergence of the private
property right of tubwelis in communities. Before 1980s, when China was still a
planned economy, virtually all wells and pumps belonged to the state or the collec-
tive. Only state-owned well drilling companies had the equipment and permission to
drill wells. Today, however, visitors to the countryside cannot help but see uncounta-
ble advertisement for the services of private tubewell drilling services and emergence
of private tubewells. Despite the emergence of the private sector in the groundwater
economy, in particular, little has been written about the effect of these phenomena on
northern China’s economy. Because of disruption effects and differences in access to
output and revenue flows, economists studying privatization, in general, are fre-
quently worried about how the transfer of ownership rights will affect the agricultural
output. In the groundwater sector in China’s agricultural economy, there is almost
nothing published on the rise or impact of the large scale privatization of wells that is
now occurring in northern China. There also has been little empirical analysis that has
tried to document the effect that the rise of groundwater use and recent privatization
trends have had on the level of the groundwater. Some observers have placed blame
on private well owners for the fall in North China's groundwater table. Others suggest
that there is no evidence that changes in tubeweli property right have accelerated the
fall of the groundwater table.

in order to understand the innovation of property right of groundwater irrigation
system (tubewells) and its impacts on agricultural production, farmer income and
water use, it is necessary to answer the following questions. what kind of property
right innovation of groundwater irrigation system that has happened? What are the
procedure, trends and characteristics of property right innovation? What are the de-
terminants of property right innovation? What is the impact of property right innova-
tion on agricultural production and farmer income? What is the impact of property
right innovation on water resources utilization, especially on water table? How about
technical efficiency of groundwater irrigation systems? Is property right one of impor-
tant determinants on technical efficiency of groundwater irrigation systems?

Answering the above questions has important theoretical and practical implica-



tions. It benefits making irrigation management policy, guiding agricultural produc-
tion and promoting sustainable utilization of water resources. The purpose of this book
is to study these issues. The study of this book is mainly based on empirical research
in Hebei Province. The results from this study can provide usefu! experience and les-
sons for other provinces that have some similar conditions, and importantly, hope to
contribute to policy makers for designing policies.

Potential readers of this book include water policy makers, water managers, re-
searchers, graduate students; it also can be used as reference book for relevant uni-

versities and research institutes.



2

AHERBERLBERARFOCNSIFAAXARARRTESH L
. . AR TEREARFE ST EIE 70003011, B R ELKH
1£Hl ¥ EAAFHFRBMAFRE 70021001 WREB, ZHAXEEETEER
Lo MERARECEARTNENME K.

REEHINRHEAANBARK, AEHFBELEITLEERE X
RHHRELEENANIHEFY! B4, RXEXARKEFRA T AFB A
RREEAPERARERELLE, WHEAANT, ERETTREAAA.
WEHTESEAMNA, RESTHEFLEANE. WMBTAHEHRKES
XE, AR bt AT B R B R RO R

EFEHERMEENIRY, ERBER. HREEHER. TREHEK.
EH#EWE 4., &A% 4+, David Molden #§ 4+ . R. Sakthivadivel # 4+, Tissa
Bandaragoda # 4+, M. Samad # 4+, HAEAHKF. B 5 X HZ. M EHK L.
AFRHAR. DAERLEANTENTARMATNEERET ZHHAEZN
fof g, RNMNALARLERXRXTECHRA! HFLE, ERRELE, M KE
FEEANERHBUUEMEEIRLTTIRADEY, REABE! RLEEH
RPCHEAFTHER, REFHAR. AmEHER. REUWL LT URKKRE L
FAMIEARERNFRIAASTNGERFET RS HE.

BKE, RNEFANBRARNWEA, aTHRINWER, I XHRE
T A R A %R AR

IER. EFR
FEMEFRRLBEFEF G
TEMFRAERFSRBEHRH
Scott Rozelle
ZEMFABREEAFREHHB
20054 7 B



o3
5wl

MR B AR o coion saninns KSABHRARARRIAD S45TRS SRR RS0 TR R VAR ST SR VSR SRS R G

F—
£
%

[l

WUA A B HGLERY e

FE NEMERARBEREKFNEHENEE -
BT XE&ER

F-E ERER. DERBRARKR -
B EBER
B KR
B=T BORORE

FNE MTAKERRETNEHEIFHFIE. T AkHHRKSE -
% :li!l‘ ?‘Bﬁﬁﬂ&ﬁjﬁmﬁﬁ tesscsessasnens

B T KM RGBT v oeeoeeererees s nnnnnnnnenee
BT T AKWHKEE Rk %

W R R KM R G AU BRI BT A B R
S T KM AR G0 A BE A B X 1 A R 5 4 0B A S e

%m‘-ﬁ ﬁ?%ﬂﬁ?ﬂ(ﬁ?ﬁ%’igﬁiz&iﬂ(ﬁ'—ﬁ&*ﬂﬁﬂﬁﬂﬁ B R I LR T LRI

s gﬁggmﬁlﬁﬁg%”mmm_m"“m”

S - b SRR R PR PP R PP PP PP EP PP PR PERPRRPPRPY
5 AR cee e e e e e e e e e e s st ee e e
B ORI E B FITESEAE L v vreorrrrrr o oee e e e e e e e e e e e e e

11

- 12

- 13
s+ 13
W IR E R E KR AU RS EE AR KRB BB woovrerrrerrorrere s
W KA AU BT TR B AT BRI Z b oo v vreeeeseernneer i

24

e 32

- 40
- 40
iz 45
- 53

- 56
.ees 56
%_%‘ Fﬂﬁjgﬁ“ﬁ*ﬂ&g&ﬁﬁ%%ﬁ& B LR R I R T
ceer 63

- 65

BEHE BESBERABREEBIEMEMEDH - coooerrre et e,

M REAR ELFIRE A AT AU AR I v vv e vv v v e e e e e e e e
- 80
- 87
- 88

59

73
73

- 95



B M T AR G B QR G B IR R RV B M R AT R oo 95
BoW M TARERG S AR ARG RER R REER oo 100

HE ERBBUEEL oo e 108
%::ﬁ I&%Eu S L T LR T R D T T TR 109

S BRI K B ARG Ao oee e e e 113
%_ﬁ ﬁmﬂmjﬁ%mﬂﬁﬁ teseec et ececescsesesseceasosscssasncsssssscscascsscascscaseassssesses 113
%::ﬁ &mmmﬁm%ﬁﬁ*)’(%ﬁ: sosims ain 28 i g 0058 GEAR SIS RSiaan A SR TR aEeRAY S0 sine 113
%E:ﬁ‘ ﬁ[‘HﬁIﬁﬁﬂ‘Jﬂ(ﬂE&ﬁﬂﬂkiF B R R R R ) 119
%Eg:ﬁ‘ ﬁmﬂﬁz%iﬁiﬁﬁ T D T T ) ]_26

EHE BT R ARBEAEE oo 130
BN PR MK B AL B HILE R oo rremrseesee s e 135

B VS PRTATHE R B BEITAE o oveveroreermer s e 145
BN BT RAGE T T IR v e s s e 148
=T LS PRI K B M FE 7K BETR AP BL  ovovvv v s vrmsemsenennntnasntaatotantoncnontenneneecsces 150
%:ﬁ &mmizmmuﬂmmﬁﬁ T R T R TR T TR TR PP PRR PRI Fo ¥+



F1-2
#F2-1
#F2-2
#2-3
F2-4
#2-5
#2-6
#3-1
#F3-2
#*3-3
Fz4-1
F4a-2
#£4-3
Fza-4
F4-5
F4-6
Fz4-7
#Fz4-8
F4-9
F4-10
F4-11
F4-12
F4-13
F4-14
#5-1
#5-2
#5-3
#£5-4
#£5-5
#5-6
#Fz5-7
#F5-8
#£5-9
F5-10
F5-11
#5-12
#£5-13
F5-14
#F5-15
#F5-16

o [ R 7] B 359 44 R 7K R % K 45 AR Ak O s
N NG IS B Lt O 3 7 I ST T v ot P pu PP RS

BEELEREASEME R AP E R AR e
T A R B 50 A5 20 08 0 T AR B b T AR AR BRI R e
S EFEKMHEAREEERSEEARB T BRI RIEG] v
R B 42 AR B A B R AR VR A R AR R B FE A AR MBI T e
Meinzen-Dick 4 = 3£ 37 $ #s TF 7k 8 8 28 46 7= AUl E €01 37 B9 R 9 SCHEBF SE 5 0 - oo eev oo
Meinzen-Dick 3 E 3 7 5 1 TF 7k 98 3% 5 7= A ) FE 01 3 60 K B9 SCAE PR 45 3R oo voeeve s
B0 3 KM R G B B QB B M S R B L AT BRI 7 ] -5 oev e
B T AEBERGE T KB LEE R TRERI R IR ITIE «ooveeverrrorrenmeennn
gmm?*gmgﬁ&*mgmm*@i&gj%m%mﬁmMWMmmmmmmm

ceenes N - 4

Kﬂﬂ%*ﬁFﬂﬁEWﬂT*ﬁﬁ%ﬁ%ﬁi
KRB T KR LR - sreseee

P 1 7= A 4 3t 7K 9 B R G P BRSO
_Q&HﬂFﬁ%ﬂTﬁﬁ&§%%&K&&ﬁmﬁﬁ
WTFKTHHEE -

&&ﬂ?ﬁﬂE%%KH%&KH%*H%W*&M%E

ﬁﬁ%ﬁ&&ﬂ&ﬁﬁﬁmﬁ%“¥ﬁﬁmwﬂ
KﬁFﬂﬁ&ﬁﬂ&ﬂb& o

ZEARFANPEERBIEDFESH -
ZERFAMPEERREYR=RMET

=R -
7= AR ) BE 37 5 K BE WOT R AR R E -

7= A i BE B 3T 54 X 25 K H K R

PR R SBORERMTHREREN KR

27
28
29
31
36
36
47
52
52

srassavesimes SRR veE sh T 5O
$ﬁFﬁﬁE?%%ﬂTKﬁ&%ﬁ%%ﬁ&ﬁ%ﬁ%ﬁﬁw%mmmmmmmmm
- 64
- 65
- 66
- 67
- 68
Lo 4 AR SRR SRR A aeseReene v 160
Kﬁj?ﬁﬁm}g?ﬂgﬂ(mﬁjﬁ
X'ﬁ]ﬂz*ﬁjﬁﬁ%ﬁ S S T T T T T PR PP RT
mﬁ*%ﬁ#ﬁ{]%ﬁﬁﬁ S T R R T T R T R T PR P T Y
%uﬁﬁﬁﬁ*ﬁﬁ&mﬁ*ﬁi T PR R PR R
Eﬁxﬁ“ﬁ-%A[] ‘ Aﬂﬁﬂmﬁl\\ %%ﬂ&ﬂEAjﬂﬁl&A
E%Kﬁﬁ%ﬁﬂﬁﬂ]\‘ ﬁmxﬁmﬁﬁm@#
e Oy e - 75

63

69
70
70
71
72
73
74

wes s smese vas snssnaass sesnivess 16

E%. m&ﬂﬁt%*ﬂﬁ%*ﬂlﬁ%ﬁ*&ﬁ5%%%&&mmmmmmmmm
viis sss sivmerarmaresncenaevane F0

T 30 ANREACFT I FEACAEIL  cvevvv oo eeeer oo ee e e s e e e
N T 1 |

:g_ 30 A#zsﬁxﬁﬁ%ﬁjﬂﬂ?mﬁm&,ﬂs T PR PR TR T T
= H 30 AMREAH R B B0 T K FIEG B o coveeeeoemeremnmmsmnnne vt e e e
ZH 30 AR RFER IR BIEE H BB -eveeererersormessrems s
R - |

=B 30 A REA K R I KRB I G MBI AL o cveveeoreeremesesnemonsns st st
Fﬂ*ﬂgﬁ“ﬁﬁﬁzkﬁﬁ;’gﬂiﬁ%ﬁmiﬁ T
sehssssasstawe smanen e 87
ﬂgﬁﬁgjﬂtﬂﬁqﬁ‘ ,ﬂg%ﬁ*ﬁ%t@ﬁ$?ﬁg*§ T T TR TR T TR TP PP P

78

80

81

83

83

85
85

88




£5-17 198 FEF-HTFTAEBELT L KESRAEMAELELER oo, 89
F5-18 1998 FEH T AEBMELAN T HKEBESHERMBHIER - orrrrrrrmmrrenniiieninnes 89
#£5-19 198 FEH T AEBEEHNBEARBLFES A ERET vt 90
#£5-20 198 EH—MTKEBERRHNEARNESEIILEIHIETR oo 93
#5-21 198 GH—HTAKEBEANAENBEREBYXLE - et 03
#5-22 1998 FH— mexmgﬁm&*ﬁzﬁﬁﬂz%ﬁﬁﬁmxg ST Y
#5-23 1998 FH - WTKERRAWERMESRBFHLER - e 94
R6-1 WTAEBMRETNHEAFHREARRER (ZHBRBE/D_RENITR

FEHFZEBR) ooverreneeneens Ve e 97
F6-2 %?K&&%%Fﬂﬂ&ﬂ%%&%Ei%ﬁéﬁ##% e 99
£6-3 RIEFHHESBEAEBNETREBEERE (BIBRB—) i 101
R6-4 RIEFRREERIEENGEHRRBER BERBT) oo 102
#6-5 BUWHTAMBERES HARMERMEEEOHREHER (1D e 103
#6-6 HUWMT MBS HARAEARBEREOHRETER (2) v 104
#6-7 %mmeﬁm%ﬁ#&mﬁw&*ﬁ$@?%ﬁﬂmﬁ%%(w S
£8-1 BEHMFBKENEKE RIBFZS A oreevereereens e 114
£8-2 WIAEHEBHEENEREKE e B N
F*8-3 njbéﬁfgmnmﬁgﬂgmgﬂgmgﬁmﬁmﬂ D B 1
#8-5 fg[{ﬁﬂﬁf‘jﬁ nbggggg@)gﬂm:*m/}gzﬂ B PP B
#8-7 BETE. &MHMEWK%Emw%ﬁmmhﬁﬂhmﬁﬂ%ﬁ e 119
#8-8 HH. WtAEREHAABSHRFHSHBER. AREREREER

FEBBERLF coorerorerer oo e 120
F8-9 B KEMBHEH. ﬁﬂ&?ﬁﬁﬂ&ﬁ%&?ﬁﬁiﬁﬂthﬁ B Vi L
#8-10 nxé&&mnﬁﬁ%mzmmﬂm@#ﬁﬁwm&$ e 122
#8-11 BHAKBRIEHHER - B 75
%8-12 &mnmﬁtﬂﬂ*ﬁmﬁmus BEG . BIHB A oo 123
*8-13 EHMBBAMNTEH#LKE - e, 124
#8-14 &mnﬁﬁmmim% SRBRALFIIK B L e e evs e ers e ers e ems s emseene e enene s 125
F£8-17 WEHMBX FTEREVHENBHEE. BT e e 120
R9-1 BERWEXBBERHEREL e et 130
% 9-2 ¥ M Penman - Monteith 7?72%1‘1’%39%%*”@%%%&%%@ (mm)  eeeeeeeenenene 132
F# 9-3 {&M Penman- Monteith TR EMNMBERREYHELEBMBE (mm) oo 132
& 9-4 %M Penman - Monteith F AT ENARESREYHEREEME (mm) e 133
#9-5 HM Penman-Monteith 7 i B MR M R EMEYHELEBE (mm) oovereemrens 133
F#9-6 &M Penman-Monteith FE I EMEHKRFEEGHELEBME (mm) e 134
£9-7 BHERBERES (1993 46) WAKREZE - B K1
F9-8 BEHMKEBBEEMS (1996 4F) HWAKEEZE - R I 1
F9-9 BHEMBETEENR (1998 4E) MIAKRTIREBIE ooorermrrrrererieiriisiisee e ceeae e e ees 137
#9-10 YERIITHIRE B AEMAR A P BB HF B e eovver e eeeeerene e sesensenenesneeneen e eneens 138




#9-11
F9-12
#F9-13
#F9-14
#F9-15
#F10-1
#10-2
#*10-3
#10-4
#F10-5
#F10-6
#F10-7
#10-8
#*10-9

# 10-11
# 10-12

B2-2
B 2-3
B2-4
B2-5

B 3-1
E5-1
B 5-2
B 5-3
B 5-4
E5-5
E5-6
B 5-7
B8-1
B 8-2

WAFEHRARBITIKFEROBAEMAN (A m)

¥ PR X E B AR AR o E
% FH TR0 X B4 BT
Ho Rk BB A5 R

1990 4F ¥ FH ) X T oll % J@ A E A1 80 E ZARAE -

¥ PR T 8 X 3 2 K E IR E AR (R ¥ ] B9 4 TS
b 32 7K 8% T AR RO £ B A Y R
¥ PRI 8 X 2% 4 B 8 9T 8 BT R IR

% FH T X 4R BT A5

%10-10 BHAEXNEAMTH (AR e e e e e e e
%MNKZWWAﬁI$(%E) e et e e e e e e e e e an e ees e e
.e “esseseesssssss st sssesssesses ens e . . 162

¥ P T 9 XK

CSUE Bt m—————
BARMENER -
FE AL A 7= R -

Kﬂ%ﬁ&ﬁﬁél%ﬁ&ﬁ%%ﬂ v
Strosser 1 Meinzen-Dick (1994) Eiﬂ‘]ﬁ'ﬁﬂﬁ?ﬂ(ﬁﬁ%ﬁftﬁﬁﬂﬁﬁ]ﬁﬁ

WFKkTHEEHEIBHELR -
HISHEAER -

IB% . TR E e KR - - .
[ — A5 A FR A R A7 (B R R A TR AR A B S A Z R YR KRR -

[ — A P R A 4 k7 AU R A 7 A B R R AR = AR B - s
] — o P 0 4 £ e A B A PR AL YR 2 (] BRI AH S R o vomememeemem smene e e
[l — o P R A A P AR R A P AL YRR ZE SRAD G v ovevvevorernmne e snsne e enes
[l — A N R 3E A R P AR R AR A= B K B 2 (I B E3E TR o oveveeremeseremesenniencenes
[l — o P R IE R P AR AR A PR AL B 7K B 2 (B B 2E SR AE B wvvvevereresrrnneennsueneneennne
» 117

KO MERRBEEL (1957~1998 4)
=KV ERE R T KL AEfE (1980~1998 4F)

¥ PR E KR AR (1996 4F) AU ZKBEURAL T oo vvvvrevermee e cm e
P X T2 AE G (1997 4F) BIZKBTBBLI o vevvroreemrmee e e
¥ PR X IE B 4E4) (1998 4F) MUK IRBLI - oovvveveve s e s
YEPHTAT R X AR B RRUETE(E -ovvovervne oo eesmeesme s eenees sttt st et et s e e s
- 147
- 148
- 150
- 152
- 153
- 154
Y PH AT HE (X 5 B B B0 B AR FAE HIARYE  ovevvemvemmemmemme e mn s st st st st et et et
tesssssssssscenne .- 157

141
142
142
143

157

-+ 159

161

- 20
- 21
- 32

- 35
- 44
- 77
-+ 91
-+ 91

91
92
92
92




Preface

Thanks

Contents

Part I Property Right Innovation of Groundwater Irrigation Systems,

Agricultural Production and Technical Efficiency

Chapter I Introduction -3
1.1 Research background ce+eeeerevereeacees 3
1.2 Problems 9
1.3 Research objectives and hypothesis 11
1.4 Book structures 12
Chapter ]I Literature review and property right changes of agricultural water projects
2.1 Literature review --* 13
2.2 Property right changes of irrigation projects and irrigation development - 24
2.3 Research status of property right of water project and innovation of this project === csve-- 32
Chapter [ Theoretical framework, empirical model and data source - 40
3.1 Theoretical framework +++ces st eerereresattareestreererntimiarioresieesssnenieniesesneneieesens 40
3.2 Empirical models ©86 806 000 408 oo e s 0 s Se0 S0 S0 St O N TOS £50 et S0 8 UL saN s8OS B 0 0s Gne toe ans ses ene b 45
3.3 DAta SOUICE ~+ - +ororsosenresannessrenesassrnene . 53
Chapter [V  Characteristics of property right innovation of groundwater irrigation
systems, groundwater markets and water fee - 96
4.1 Process of property right INNOVALION *******r v eseecscsetesonccsnosscssasnunsssrassonesons - 56
4.2 Behavior change of farmers and governments during the innovation of property right +++-+- 59
4.3 Investment sources of groundwater irrigation systems : - 63
4.4 Development of groundwater markets and water fee - 65
Chapter V  Introduction of sample sites and descriptive statistical analysis of data ------ 73
5.1 Basic situation of sample counties and sample villages - 73
5.2 Influence factors of property right innovation of groundwater irrigation systems *++*«* <>+ 80
5.3 Impacts on cropping patterns and yield of property right innovation of groundwater
irrigation systems - 87



