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Decoupling relationship between grain production and agricultural water resources pressure in major grain-—
producing areas

LIU Chujie, LI Xiaoyun", JIANG Wenqu

(School of Economic Management, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The contradiction between China’s grain production and water resources shortage is becoming increasingly prominent, and it is
particularly important to explore the relationship between grain production and agricultural water resources pressure in major grain—
producing areas. This article analyzes temporal and spatial changes in China’s agricultural water resources pressure from 2004 to 2018 in
major grain—producing areas and uses the Tapio decoupling model to reveal the decoupling state of grain production and water resources
pressure. This article calculates the agricultural water efficiency by combining the index of “water resources input in grain production” and
global super—efficiency SBM=DEA and analyzes the impact of agricultural water use efficiency on agricultural water resources pressure.
The results showed that China’s agricultural water resources pressure is heterogeneous in temporal and spatial evolution in major grain—
producing areas. The pressure on agricultural water resources in the major grain—producing areas in the north is greater than that in the
south, especially in Hebei, Henan, and Shandong, where the value of pressure is always greater than 1.5. This study also found the
decoupling state of grain production and water resources pressure in the major grain—producing areas has periodical character during the

study period. This means expansion negative decoupling was the main relationship type in the early stage. The major grain producing areas
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in the north and south have mainly shown absolute decoupling and expansion negative decoupling, respectively, in the mid—term. The scope

of provinces with strong negative decoupling types has expanded in the later stage. The overall average value of the grain water resource

utilization efficiency in the main grain producing areas is 0.719, and there is still room for further improvement. Improving the water

resource utilization efficiency has a significant effect on alleviating agricultural water resources pressure. The study provides a new

perspective for understanding the relationship between grain production and agricultural water resources pressure and emphasizes that

while promoting stable grain production in the future, it is necessary to take multiple approaches, such as improving water resources

utilization efficiency in grain production, adjusting the layout of grain planting, and improving the level of agricultural infrastructure, to

relieve agricultural water resources pressure.

Keywords: grain production; agricultural water resources pressure; water resource utilization efficiency; decoupling model; super—

efficiency SBM=DEA model
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Figure 4 Changes in the decoupling types between grain production and water pressure in major grain—producing provinces
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MR A 7 7K B IR T A8 S e (BB 0.977) , R W]
FELE E 77 KT T AR AR TG AR B A K 9%
TER FASCR eI (B (H 0 0.543) . MBFIAI 3Ok F
A0y BR B AR 7= KOG IR R R I AR 1R D 1) 5 R
EERER JRE B8 MR E A K IR A
FHRCR 3 5 AR i BT ss, D=L (N
St BRIV AR BAMR ALK Wi pE R A
FRE AL 7 KGR R SR AE D 3 Hh S B B 5, 16
HAERIE G2 0T I) ARG TR 7 327 X, A6 7 3277 XK
TR A FRCR LT oA I, SHF5E B Berp R Iy
BRI R] RAEIR S 45 R — 20, X T e 25 T — &R 41
TR HEBR R KA BOR AL i & ™ XA R0
o T30N , DR E 778 0 9 SR IERE R B
FEIK IR AR 0719, /N T3 74 1y
(AR 2R P K SRR A PR M, R WY S 3R R
177 XA R B AR 7 K G R R ORI A A R B
T2 18], T E— A AR R A Al A 7= =X
TR 3% AR A B DU A DU = H 3
2.2.2 MR PR G A R R RO K B8R R T 1)
Al

g it — LR PR A S AR K B E )
T 21 BRI S IR A 1) , ASHE 58 F1) FH 2004—2018

7
U

wie

3 20042018 FAREBEF=H MR EFT/KEERN ARE

Table 3 Water resources utilization efficiency of grain production in major grain producing provinces from 2004 to 2018

Pf‘;?jce 2004 2006 2008 2010 2012 2014 2016 2018 iﬁé;&ﬁ ﬁzﬁ(
B[ 0.497 0.475 0.532 0.519 0.546 0.553 0.555 0.629 0.543 13
e 0.554 0.536 0.597 0.551 0.583 0.621 0.607 1.063 0.622 10
0T 1.071 0.811 0.832 0.710 0.803 0.652 0.797 1.019 0.842 3
TR 1.031 1.021 1.036 0.901 1.014 0.905 0.926 1.013 0.977 1
IR 0.793 0.662 0.690 0.728 0.706 0.697 0.707 1.009 0.753 6
PAIDiN 0.626 0.577 0.579 0.586 0.588 0.602 0.590 0.701 0.604 11
LR 0.784 0.536 0.539 0.523 0.558 0.565 0.535 0.722 0.579 12
VAN 0.746 0.823 0.753 0.698 0.703 0.675 0.658 0.698 0.772 5
AR 0.676 0.588 0.622 0.624 0.614 0.585 0.580 0.693 0.623 9
bo N 0.656 0.654 0.680 0.662 0.644 0.642 0.639 0.740 0.669 8
il 0.787 0.641 0.684 0.684 0.682 0.684 0.648 0.720 0.689 7
kel 1.065 0.778 0.801 0.755 0.768 0.726 0.714 0.879 0.801 4
)i 1.385 0.752 0.806 0.802 0.837 0.844 0.870 0.886 0.874 2
SR 0.821 0.681 0.704 0.673 0.696 0.673 0.679 0.829 0.719
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LA PR 26 Al A 5 g s

TR IEAT T VIF K56, 45 5 SR VIF {3
IE/NTF 10, BERUR A7 AE 2 S R4 1 5 LRk AT T 5%
Wi 2K I, 2K 10 15 5 P<0.001, I {# F 1 2 2
(FE) R, 5 pE A5 1 0 [81 9 285 31 (36 4) #4749
Mro PR 14 SR AT LI 3, R A 7= K 9% R A
FH SR Bk A B 7t R Al K 95 08 ) A S 25 1
T VR, B & AR 7 K B IR e 4R v 14
BN, Al K B IR R S0 1.004 A4S B, T B 4R v
R AR 7 K GE IR A TR A B T 22 A Al K 3 s
To MEAEKEEMRAZCRA R EREERE
At fR v KRR SR A B RS T WA B
A T AR A A 7 K O SO i 2 4k, T A
HE T KGR R = ROR s> T K GEIRIR 9 A R T
R A 7 55 Al /K 9 U5 R 7 22 T 3k 1) AR A O A R
Ao [FIEF, BRAEE A 7 K IR A FHRCR AN, HoAl A A
Tl /N K B IR R g (R PRUER R R R K B A
TR E X A K B R R B B A AR
— R b T B A AR A R it 114 56 36 K AL
PO 1 B2 5 K GE IR AE AR A 7 o AR A 3 T
IS R AT B 28 i AR Mk K B 5 T,
N EURPRE 18T B AT R R 4 K 0 DR 22, ARl K B IR T
TR

YR o T AR 437 2 BT I R AR 43 AT 2004—2018
AR AR K B R A3 e At PR 28 % G A ARl

KGR T B S VR A . BT 3 /g [l I 25 28 (5%
4) AT DA R AR 7 K B R 23 B HAth A% 1 oA
ANTE A A5 1 R SR P DL R BTN IEAS ] 15 B
FEAS R B AR A G IR R F1 7K T, 45 IR 2 7= A A4
FETEIR I 2E 5 o I 25 PR AR B A 7 /K 9 R
MY R ELTE 0.2~0.8 407 45, XAV K 5% 5 g 77 A
TREMR AR, REXTRZE0RE 378 0
T PR E A KSR A RCRA BT sl K
PO TE 7, JUHAE 0.5 F10.6 5304 85, KN T
0.01, —E R F i B XS F AR b K 9% 5 0738 H i R
BBy, NS LT (R KGR R ) YA 4y
51247 0.905.1.072) , £ wE iR £ A 77 7K BE R R FH 303800
T oA AR B E B W . iiAE 0.1 F
0.9 4337 15, AREE A 77 7K 0 Y R R AR 3 %o Al 7K 9% R
JE 1A BER W . 1A, AT Uk BLAE 0.3~0.6 9 4
A7 p, FIAEZE R X6 Al 7K B8 5 e ) HAT S 25 1 1 ) 5%
M) , 58 B 8 4 9 T 5 AR bR 4 A TR AR
KR EAEYIVE BT 7K 8 R, AR K BE IR R TR 5
TE 0.1~0.6 437 s, FH e 5 4Ol K B U6 R ) B i
AR, R TFIR R E h HeBh
oA Ml FE At 5 it 5E 35 5 MUK & R B R T G2 Akl
IKBRIEIE T o MRBOR/INE R A 7 /K BRI AL
RAE 0.1~0.9 4o 1 14 B 2R E0FE-0.101~-0.100 7
Rl NARAL AR A BEAR /N o TSR AL 2 FNK B 5 Fe A
R RE B 1] ) 28 5048 X BLTE o o0 s RS K, U B 7
e 3 B A e R s K B IR A — = A B
3L, VA RONTE S b5 29K B85 HE el aT # K

x4 EEEPAER

Table 4 Results of model regression

AT 1 ([ 7 A AR 2 (BRI

AREL

HEAY 3 (43 AL A ] 457 ) Model 3(QR)

V;ile SR RN ) R[] YA )

Model 1(FE) Model 2(RE) 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

WA KT -1.004% —0.129% -0.101  —0.101** -0.101** -0.101** -0.100%** —-0.100%** -0.100** -0.100*  -0.100
V5 SR (0.048) (0.063) (0.064)  (0.048)  (0.040) (0.036) (0.036) (0.039) (0.049) (0.090) (0.078)
Tt 451 0.155 0.101 0.178 0.170 0.164*  0.159%*  0.156**  (.152% 0.144 0.139 0.130
(0.090) (0.087) (0.141)  (0.105)  (0.087)  (0.079) (0.079) (0.084) (0.106) (0.130)  (0.171)

JH L —0.330% -0.089%  —0.560%*% —0.479%*% —0.420%%% -0.372%% -0.341%% -0.302%  -0.231 -0.176  -0.093
(0.051) (0.047) (0.258)  (0.194)  (0.161)  (0.146)  (0.146) (0.156)  (0.197)  (0.238)  (0.311)

WALk 0.041 0.011 0.014 0.023 0.030 0.036 0.039 0.044 0.052 0.059 0.068
(0.047) (0.052) (0.074)  (0.055) (0.045) (0.041) (0.041) (0.044) (0.056) (0.068)  (0.089)

MK SZH 0.033 0.013 0.086 0.067 0.054 0.043 0.036 0.027 0.011 -0.002  -0.021
IR (0.044) (0.035) (0.067)  (0.050) (0.041) (0.038) (0.038) (0.040) (0.051) (0.062)  (0.081)
IKGER FeAR -0.240% —0.309%%  —0.220%**k —(.227%k% —(232%%% —(237H%*%k —(0.23Q%k% —() 243%%% —(.249% %k (). 254%k% () Q6]
FEE (0.114) (0.122) (0.082)  (0.061) (0.050) (0.046) (0.046) (0.049) (0.062) (0.075) (0.100)

T A5 OB MEAR R, o oo 73R 10% 5% 1% B9 B35 TEKF-

Note: The values in parentheses are robust standard errors, and *, *%*, ##¥ indjcate significance at the 10%, 5%, and 1% level, respectively.
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