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Abstract; [ Objective ] Agricultural production in Haihe River Basin heavily relies on groundwater irrigation, resulting in severe
groundwater overexploitation and forming the largest groundwater funnel area. Agricultural Irrigation Water Substitution Project
(AIWSP) is an important measure to curb groundwater overexploitation. However, there are relatively few quantitative studies.
[ Methods ] Based on historical statistical data and field survey data, this study comprehensively evaluates the status of ATWSP
profoundly analyzes its impact on groundwater extraction and agricultural output by adopting the multi-period Difference-in-Differ-
[ Results | The results show that; (1) Between 2014
and 2022, the suitable region of AIWSP has been successively constructed in Hebei Province. By renovating 758 700 hm® of

ence (DID) method, and systematically presents the challenges of ATWSP.

pure well-irrigated areas into canal-irrigated or dual-irrigation areas, AIWSP has directly reduced groundwater extraction by
1. 268 billion m”.
crops, and significantly increases the total grain output by 17 000 t, agricultural added value by 109 million CNY, and the prima-

(2)The project reduces irrigation costs and labor input in the project areas, boosts the enthusiasm for growing

ry industry added value by 159 million CNY. (3) Although ATWSP has significantly reduced groundwater extraction and in-
creased agricultural output, its sustainability faces various challenges, such as shortage of surface water, inadequate supporting
facilities, and vacant surface water pricing mechanisms. [ Conclusion | Therefore, in the future, it is necessary to improve the
construction of the projects and their supporting facilities, strengthen regulatory efforts, and establish a sound surface water

pricing mechanism, aiming to improve the operational effectiveness and sustainability of the project.

Keywords: groundwater overexploitation; irrigation water substitution; survey research; policy evaluation; difference-in-differ-

ence (DID) method

0 531 &

AR T /K U5 e TR R IR L T /KR SR 11 S g
2 MR IR E AR A A e b — Bl
PR AR 0 3t K VB T8 o AR o bk i 709, B8
HiR KR R, 21 20 Ao VA T 3 sk A A R R R
HF KL 1642 m® ) R4 TS R E AR K
RO K- IX, 514k T HUm Uik . HmsEeG . oK
MR — RPNV BRI RS e, 78 ) I
BT MR AGE R SIAH H , IR
AR, THRITE 2035 4F S R /K 58 4 R 40 - A
Hp =42 R R E RS, R KR
B O BARE <3 —u, Hrh, o <
BPFE 53] FH 224 b A0/ MJ b 3 /K S0 3 BEUR AR A 11 L T
KFER; “—d” 8 AR R S5 R . R
BT IR B AR B S it 7K Ay KA A Ty 2l /D W TR K
Al E R K PR CE e TR 3 b o6 Bl
J 3 e il I X R A I X s R O
X, DTS/ KRR, 2 i Y St R R 27 3
TS ) 2 10 T EE T

SR, H AT TFA M E WA U e e TR A 9 i
Ti] T8 PR T B 15 5 . AR RN T T K R

148

il = XS UK A B AT, B, LA MR R EE
HE A MV R K VR A TR AE R £ 3R B — 3 43 A
W, BN, YU S B RAET g5k T R K
MCRLERIRFIINIG, N4 Tz TRENECEY =, Hik
i . WU ARSCR AR 0L, R, Hb R KGR
IGERRE I, ZET PP S R S5 A TR Rt A
AR AR E I K PR B e T AR BB R N
Bz, H#FEXEE N, EARFLEN 4 T TR
MRV, BPETHE 7K, SRS IX 384X
AR B e, RECAHVR A8 T K
KA AKR TR 22558425, (H i AR B e Hr
Al K IR B B TR A PR R AR . BRI AT &
=K OR TR B S B i T S Uk X Y 2 R K
s STROBL 25112 % B WU T 9 IX A4 4 ok A 7
A WERIER S, (EXEBXEA BEZW, Ba
E PRI ROGERS %6 3PSk grik #5 , maZkALiAE
TR T AR GERR 25 r BCAR B R, A n] g
e St T A AR AN AL U X IR K e . ST R R
KR A5 T AR A RS K G S KR TR R et g 22
S, A BN HE ) 2 R R AT .

ARHIFFE ) H FR S 4 TR A S AT A M I 7K TR 46
TR S | USSR LR R PR AR, FEASOG

KMKEBREA(FHEL) £54% 2023 FF 104



TE T REAEHL R 7K He SR 5 1 9 )k S o Aol 7= H 52
M) o A ST YR AR L 8 T 7 5L e TR ) S it R
HESAPRRTT F 2 TR AT, SR PR R 00
Br AR AO ™ 1 sz, DU A b as i — 20 gk
FHE) iz TR A IMERN S H MR T, WhHET
AT B XA B R /KRR B S 2256

1 TR

1.1 IRERERER

Al R K U e TR R LA S R B
KRG B il 2 —, B 7 3 o B A o S KR 1
it A LA Ml R K R 1) b X RB 2 7843 b
FOKYRUR, NI SEB R I R AR R AR B B bR, T
TR 4 FEORIE T h R BURF NS RBUR, — i B9
IR T4 3k 500, ZFE/K MK i s -t 53 B itk
TR, Wit 24 HOR4E B o it 38 i
J&, VAATERER 0 B UL B 5% I 04 b 6 7 7 it
TR, THIEE N —EL L, #UE 258 R R
BEYE,

TEH T 7K 2R 36 B A5 B (2014—2016 )
TR SRFEL P RN = | Wy AN, A
HUL R4 A 95% DL b, iy [ E £ Rk
TS, i neat, RpP895n 8605 —
SRR R FHZRIE TAE, 3 ACK BIGEI S (2017 4F
24, BIRIZ TR AR T4 R UL LW E9T 4
WISZHE, (HHb T A0 1 IEAEZ TR, o, Bm
RITE TR RIE, AWHRR TS, 20k
B, AR KT A2, Rl e DL R 51 R TR E
KA,

FERARZ T, % TR BRI AT F il 5 e % 18
DIFEZ, Qg i RoKg . A — o Hh 2R K it
FERE . bR KGR ™ Bl N K R R R O %
A TREAGSE A & A DL Y 1 R AR S 5
W2 FE B R 4, 1% TR 2 0 2 S T e

KEH, S/ TR RIERARE R TRTHARIEN: U6

RER . RRAEFYSGE , iR, o
KA TR K T R A A K i K 5 8 51 T
AN K IR, B Al X s BRI X IR G X
1.2 IREXEHE

TE Hb R 7K SR A B S B B (2014—2016 4F)
2 TR BT R HEdE, B A CE BLIA L (2017
AEEAN) % TR Y R R AR R A (L
1), b4 H 2014 PRS0 TR, SAF G
U8 3 446 km, BZUIE 1 164 B, HEIKAE AT
2.791¢ m*, 5IKE6.7344 m’, B 37.29 47T,
e, TR R TR, 2015 F12016 4F1Y
TRFINEIR K ES L —FM 55 N T 13% fi
32%, FEHUIEBCR TR T 78% M 33%, 51/KE
ST FET 50% F1 34% ;TR B0 R 3 ik 5,
2015 4EBEAT LT, 2016 AENFRE T 17%, #EA K
REIANE, % TR A A M T iR — 2 T
F, 52016 4EAHLL, 2017 4F90] 18 35 R4 K T %
T 27%, YuyEECE, IR S MR LY R R T
45%Lh I, 2018—2020 4, HIRIZ TR FE F 4258
it , AL TR U T DA A B RN TSR AR TR
BrBe, (HASERMIE, A 2021 &, BRBEUFTST]
KO TF i TREE VAR A S E R, (A ] DIl %
TR Y A T T T T RRURTRI B R R AR A AR
1Z TR I S B4R 55 A T

IR T R AT, % TR B R ™ E A
MK, N, HRERFIFS & 4 b SCht, 4 MY
KT ARG bR 7 28 0 Bl T 85%, o, f
AKFVE I P TT  eRE—f, nE FoR . AT RR
AT, 4 HUT AR R A KR S e i H By
87% , Hrh, W INFIE K i b ook 33% F1 25% 5 4
W B B s 96%, Hidr, K A 5
b a3k 48%F1 34% , FE T AREGUKE I, 4 Humli b
SRR 87%, Ho, K FE I & EL 4k
31%M 28%, 16 T.RRF MBI Ty 1m, 4 Hrii 4

®1 AdE#E 2014—2020 F R B KR E T2 LHEHE R
Table 1  Implementation of AIWSP in Hebei Province of 2014—2020

REEKN ANRETI Gk -
o T R —— Fy N 3 BBt/ 2ot
TR KB/ km RE KRN AL m® | VURBOR/ | SEE KRR /AL v ML m’
2014 3 446 0.87 1164 1.92 6.73 37.29
2015 3003 0.71 258 0.48 3.39 42.79
2016 2 048 — 172 0.31 2.25 35.53
2017 1 495 — 90 — 1.19 18.99
2018 338 — 53 — 0.85 8.32
2019 742 — 12 0.07 1.34 —
2020 307 — — — — —

TE: MR AR N KR SR A IR BTl ) BB, T,

IRMREBRA ()

#5645 2023FF 105

149



KEER, B/ AR R ERAORE % TR IHARITN. LUTdER B

B LR B 92% , M K A M 7 L 435l o 329%
M 27%.
2 TRRSEHE ARG

A0 B FEAR 5 I BT DX Al S K R e T
TR TAE, T 07 LG 9B R R A 5
ASCHE— A3 T 3% TR 1R 7K R SR Al = H )
SO, R BOZ T AR R T /KO S 7 3
B, i HARAT B TR T S0 X S Al
2.1 MRXIE, #IEMAE
2.1.1 BT R B

WALE B EEZEARE X, R, B TRK
/D HEFZS oA AR, 328 B AR = O T b T 7K
R, SFEOLTKEBER, SRS KR
X, P /N TR F2 721X, Ho /N2 R v
A 2EN9.5%, w2 2EN 10.7%, EoK
RORE b AL 5 2 E R 8.0%, Fmm ) 2 E
7.6%"7' ) TIILAE K B 2 AR {E o 520. 8 mm,
Fb 4 S 2K IR 2 20%, B K iR 25 A0 A A 1
3 RO RATIL | HE LI R 22 R X 43 50 1) 7Y
ACFIARFE P D 5 BEKEE TR AE 6—8 H, HEIE I 1]
Bk B ZAEE 9 ME R 105.9 mm, U 4 8 & §
209%"" R, AR T0% LA b B Ak Hb AR R SR
R KIEATHEBE ™, XA TE 2014 AR AR R
60~70 12 m* BYHL T K, MR KGR SR DX T AR S R IX
TETRRE 919 LA 120 AR ™ E A L X 3t R KA AR 2 R
B 2235 1 m, IRIZH R KOIAESS R R 2 ik 5]
L5m"™", JEALAIH Rk} X AR ik 5 233 k™7 |
2.1.2 %

2 SR E R K U B e TR BRI AL A VR
MR frK A ST, A, L

B b E & Rl B KR B ik TR SEHE SR

Fig. 1 Implementation of AIWSP in prefecture-level cities in Hebei Province
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Fig.2 Modified irrigation area and groundwater saving capacity of AIWSP

in Hebei Province of 2014—2022
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Fig. 3  Spatial distribution of the conversion from pure well irrigation area to canal-irrigated or dual-irrigation
areas in Hebei Province from 2015 to 2018
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Fig. 4 the trend of agricultural output between treatment and control group
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Table 4 The comparison of agricultural output before and after AIWSP between treatment and control group
T Pl
TR TR Bk 3 1) THRE AL
MR B /T 31.06 31.12° 0.06 29.44 27.94 -1.50
R e/ 426 14.85 15.16 0.31 16.23 15.77 -0. 46
S/ AT 19.95 22.46 2.51 21.66 23.87 2.21

e 1 T St Rl K IR B TAR AL, 41 D R St AR Ml K VR A TR B 2. 2013 4F R HAEORAT, 2013 4EZ
JE R ;3. Sy ABEATEORTTG T ARG T A%, ARG RFEESR, (FE T4 LARE, © p<0.10, ™p<0.05, ™ p<0.01,

R5 RUEBKRERTENRILDTE, RUEME R E—F= MG E R Im

Table 5 Impacts of AIWSP on total grain yield, agricultural added value and added value of primary industry
(1) (2) (3) (4) (5) (6)
SR B | REEME | Rl | Rl | Bk | Bk
B/t /0t fii/f¢.7t fii/f¢.7t Jinfti 426 JnfE/ 426
SR A A FE IR B TR (HEPI) /=0, 0=7 1.702* 1.090**
(0.679) (0.523)
A3 R K U A TR R HE R T AR (S )/ TT i 2.590 *** 1. 609 **
(0.932) (0. 608)
R AR HE R K IR R TR AR =) /1=, 0=57 1.585"
(0.850)
ARl HE K VR A TR S VIR T AR (WS =) /07 hm® 1.474™
(0.570)
NI H X A 7= B/ DT o6 - N7 0.683™ 0.634™ 0.133 0. 153 0.228 0.316
(0.313) (0.292) (0.526) (0.514) (0.515) (0.509)
AT XK I8 - H 17 B km® 0.023™ 0.021* 0. 007 0. 005 0.025™* 0.023 ™
(0.010) (0.010) (0.015) (0.015) (0.007) (0.007)
VLol N INZVIPN 0.418" 0.424* 1.557" 1.648* -0.557*** -0.538*
(0.212) (0.227) (0. 820) (0.852) (0.211) (0.211)
AR BT hm® -0. 460 -0. 251 -2.581° -2.447" -1.710* -1.521
(0.421) (0.432) (1.448) (1.463) (0.940) (0.991)
LM HUILE.B) 1/ T kW 0.018 0.019 0. 045 *** 0.047 0.057 " 0. 058"
(0.016) (0.016) (0.012) (0.012) (0.020) (0.020)
FEHEAE & (Pt 7 1) 0.927" 0. 603 3.613™ 3.409 " 2.421% 2.199 "
(0.547) (0.594) (1.674) (1.703) (1.037) (1.116)
REEAM T RESTK TR =, 0=5& -0. 487 -0.291 0. 615
(0.398) (0.450) (0.573)
HUR K R K TR 23w A JT hm? 0.072 -0.516 -0. 496
(0.344) (0.398) (0.459)
g el 2. 406 3. 456 -9.897 -9. 650 0.389 0. 966
(9.440) (9.148) (14.412)  [(14.594) (7.259) (7.543)
AR RE RO 2 = = b= b= b=
FIs ) i1 2 2550 7 = b= 2 b= = =
FEA 816 816 509 509 714 714

ok

TE: " p<0.10, " p<0.05,
PRI S), TEERIHERRZAENELT,
T, ANl DA P EE RN 7B DX A b AR AR
SO EA B IE R Hk, Rl A R ATs
11, ARG A A B3 FA AT 8 P 2 X6 R ™ d
A E R IE W EZN B S T AR AL LA R B
JIXPRE B E A AN 2 Ea, MR K E R

*p<0.01,
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Fig. 5 Parallel trend test based on event study approach
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Table 6 Mechanism analysis of the impact of AIWSP on total grain yield

(1) (2) (3) (4) (5) (6)
SR InCRE S | InCREE InCHRE | InCREME | n(CRERE | nCRE
9! PR ) Jra) GTIEA )
ARl K VR A TR s IR T AR (MR ) /0T hm® 0.117 2™ | 0.113 9™ | 0.003 3
(0.0370) |(0.0360) (0.007 5)
In (AR MV BRI B 96 T R s E R T B ) (S YD) /05 i 0.214 5" | 0.208 6™ | 0.0059
(0.0579) |(0.0586) (0.014 0)
N E i X A il e - N 0.033 8™ | 0.0273™ 0. 006 4 0.031 8™ | 0.0255* 0. 006 2
(0.0145) |(0.0116) (0.0062) [(0.0144) [(0.0115) (0.006 2)
AT XK I8 - 17 B km 0.000 6 0.000 7" -0.000 1 0.000 6 0.000 7" -0.000 1
(0.0003) [(0.000 3) (0.0000) [(0.0003) [(0.000 3) (0.000 0)
VNN AN YN VPN 0.009 2 0.010 6" -0.001 4 0.009 0 0.010 4" -0.001 4
(0.006 6) |(0.005 6) (0.003 6) [(0.0066) [(0.0057) (0.003 6)
AR JT hm? 0.013 5 0.018 4 -0.005 0 0.011 2 0.016 3 -0.005 1
(0.0156) |(0.0149) (0.0062) [(0.0151) [(0.014 6) (0.006 1)
AN WU RS 1/ 7 kW 0. 000 4 0. 000 4 -0. 000 0 0. 000 3 0. 000 3 -0.000 0
(0.0005) [(0.0005) (0.000 1) [(0.0005) [(0.000 4) (0.000 1)
ARNE Sl 2 (Pralit/ 7 t) -0.003 9 -0.015 4 0.0115 |-0.0001 -0.0116 0.0115
(0.0184) |(0.017 4) (0.007 1) [(0.0177) [(0.016 7) (0.007 1)
Hb R KR K TR 23R /J7 hm? 0.020 7 0.008 5 0.012 2™
(0.0154) |(0.0139) (0.004 6)
In( MU T /K &R K TR ZH ) /77 hm? 0.041 4 0.016 7 0.024 7%
(0.0369) |(0.0338) (0.011 6)
B RO 2.496 2 6256" 1.870 6| 2.491 6™ | 0.6224" 1.869 2***
(0.3201) [(0.3249) (0.0350) [(0.3330) [(0.3380) (0.034 8)
AR 52 R b= = = = = V=
FIs ) 21 2850 7 = = = = = =
FEA 816 816 816 816 816 816

¥ p<0.10, "p<0.05, "p<0.01,
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