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Tab.1 Evaluation indicator system for agricultural water use efficiency
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Tab.2 Indicators of influencing factors of agricultural water use efficiency
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Fig.1 Scope of study and regional division
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Tab.3 Descriptive statistics of agricultural water use efficiency data

FALISE S PURIIELED ¥ brifE 2 /M ISN:]
Al FH 7K %R 780 0.37 0.30 0.08 1.17
NK PR/ (2 m*/ ) 780 223. 60 84.24 2.99 390. 37
AEFE 7K/ mm 780 575.65 256. 84 81.70 1 785.50
KA 5 /% 780 0. 60 0.16 0.38 0. 87
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in Yellow River Basin
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Fig.3 Spatial distribution of mean agricultural water use efficiency in Yellow River Basin
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Fig.4 Spatiotemporal evolution of agricultural water use efficiency in Yellow River Basin
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Tab.4 Tobit regression results of influencing factors of agricultural water use efficiency

R E ENEES0 TR t-value {5 P-value {H
ANKRBRIE S/ (/2 m*/ ) -0.031 0.014 -2.214 0.027""
AR K/ mm -0. 001 0. 002 -0.471 0.617
M FIKAEK b /% -0. 124 0. 050 -2.340 0.013""
A K i He % 0.003 0.001 0.757 0.451
EVEYIFE A Y % 0. 005 0.001 0.545 0.588
7K HE W T AR 7 E % 0.359 0.081 4.427 0.000 "
NEAe ™/ (1 70) 0.048 0.011 4.324 0.001 """
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Fig.5 Distribution dynamics and evolution of fitting coefficients of influencing factors
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HilEl 6 A

1) AN$27K B P 5 A0l FHK B A1 56 R %L
PATALE N 5, 0 B MR A7 A 3 A 1) 2 1) S
L HE AR B P32 Wi K, AU iy S 1) A
¥z, o MG R B BRI T2 2R A 3
PR, SOEZEHEBOR AT 2 28 A L 2R
BSR4, XN 18 B AR 7K 75 oK
R K BEIRSMEEAN AL . T EL, P T oK SR A
TFR, T BN B BT 5 A R 8CR &2 6
(PSS

2) M FKAIK &7 ARG R BORZ O T, 7

A3 (] b5V e AR B9 0 A A, FEBRfE e 97
{HFAE M IEME, Forp, DR AR BB AR G R K0
7, HAXHE IR, 2 B 3 2K K o5 HoXT 121X
Ay IR BCR i R K, Xl R 1 T I AR
Ay AR > RAR B i i FH K 75 R 554 R 3
FKPELS 2 6] B AN P A A5 3t R K e 5
W KCR B A S, AR SE R BN IEME A3 &
TR RTEPY LI B H A AT = R AR X,
PR Ak BE s AT S AR 5 | Bk T Sk A E RO, 4140
22N 5 LA SEHE B RE AR ROR AR = T AR
FT AR K B IR A FHRCR



55 46 £45 6 ]

XA A S AR Ml K AR (R I 23 6 Jm B R i DR R 31

3) YK FEBR AR (5 HEAO A G R BB 3
HBUEAE =S 8] b 52 BE P vy | AP )RR B 0 A1
fik o AR A ZR A A OC R U E e K, 12 X
LR BE K- e, S A M), o 7 K T TR A P 45
AR 5127 8, HINE M SEh B
DX TS A 2 RO PO AR G AR AR AR R A, X 2
SRR 2 DR I8 i AL 25 G U B, 2
B T TR ek 74 T R ke ) R AL, 254 Ml AR 0 SR T 79 7K
FEBEE A BB LB R o PRI, ARl FH K 38R A5
2T T,

4) N4 -5 A0 KRR A AR 5 80
e B A 2 ) S Pt AR F W R IE(E Y
DX AR v A AT 90 R BT A O A S S
FLA DX AR, G DX 3o 32 B4 rp e ) b it
BRPYA o 2R A B A 5 R BON IE B T 3 A
FAMBIXAY . 75 5 BRI 5 S5 0T 7E I AR SR AR
YT R AT TS MBS R B 840 1 s Bt
IME A 2 A MLGE R L], $2 5 1 A7 il R B
IMERIT S35 4 7, XA LA 32 i 1Ak HIZK
R BT L i AR DY A B AR SC R BN TfE, 2
Tk WA DX o i DX A E RSO AE X R i, 52
K GEIRIR B FIRACH [ Bof 32 i DX A Al A= 7= 45
HARXTVE S AR Y M S5 BN R 48, IX S 4
Py al REXT KRR H KRR

4 ik

iz FHAR I EE 7= R SBM AR A PF-A1 28 i) 3
B 2013—2022 4 i A Mk FH K 50% , 45 & Tobit 15
R GTWR HE R 2 B A T 43 B T BT ek
AP KR B R A5 B DL R 458

1) FE AT JE 38 1) AR Ml FH K R R A 0T 5% 30 1) SR
Wr LIRS SR AT A T AR, 75 %5 (] A7
FERE S B AR PO AR pg AL B 431
fiE, BN IRAS DX 38 04 AR b FH /K 380R B — B FF
K, 2017 4R DL G 3K i, 28 (8] LY 22
B N, B 5 B i > ) P > T U
(IR SR

2) Fe b FH KRR 32 B2 e PR R A6 38K
R KA K b K R TR L A
Brger=(8, NSRS s DL ok 3 3k
IRAETK 7 L B e oK 22 R 17 1) 5 1 /K SEE TR TET AR o L
(R SR A IE [] S 3 N B9 7 B4 53 i D) 7 1 £
I35t

3) BRI A M DX R SR A% A Al 2B 7 3
BT A A B 25 5 i AR Al FH K ORI 52 )

PR A P2 0 53 o Herp , NBDK B 1Y
A m) S MRV TR 2R B0 1] PG 0k 553 5 R K Ak L
P8 70 1] 52 W) o ] S 384 O i /), 2 ) b SR B P
o ZR AR B A AT 5 3 K R R T AR LU R I 1) 2
M TR AT 1 o S R 3D g | v TR 9 2 ) A )
NIA A {EL I I ) 52 e 78 2] o i 2 B 2 HL
RAFHE S, B A VAR A 20 A R AR, A T L
i IR DY 25 M D 2 B0 Ay 67 [ 2

2 % X #

(1] XA it R R, e ). el e HE A RHE B 57
W ESHIIEAL : BT Moran’s 15 PVAR BYSEIEAMT[T]. 2E
AT ,2024,40(3) :30-38. [LIU J H, SHI T L,HUANG
L C. Carbon emission, technological innovation and industrial
structure optimization in the Yellow River Basin:an empirical
analysis based on Moran’s I and PVAR[ J]. Ecological Econ-
omy,2024,40(3) :30-38. ]

(2] TR, B0 B 2T Sl ok B JENC ' A s 18 R B
FE[J]. BERFLAE,2020,42 (1) :29-36. [ JIA S F,LIANG
Y. Suggestions for strategic allocation of the Yellow River wa-
ter resources under the new situation| J |. Resources Science,
2020,42(1) :29-36. ]

[3] Xigte, T84, s R QR 5 R 22 Dol 5 U o
Bt kT [ J]. AN RCET,2023,45(1) :6-12. [ LIU
J H,WANG H Y. Coupling coordination and obstacle factors
of scientific and technological innovation and low-carbon e-
conomy in the Yellow River Basin[ J]. Yellow River,2023,
45(1) :6-12. ]

[4] E78,VFsath, sk mdm. ol KRR i 25 46 Jm i Al S Bk
SRR I TRILA T 5 BRI e [ 1], K
VLW 7 PR 5 4%, 2024, 33 (11) 1 2391 -2409. [ WANG
L,XU J W,ZHANG S Z. Spatial and temporal evolution and
driving factors of agricultural water use efficiency:a compari-
son between the Yangtze River Economic Belt and the Yellow
River Basin[ J]. Resources and Environment in the Yangtze
Basin,2024,33(11) :2391-2409. ]

(5] DERHs, SCHs, T4t 5. 200 I ES RS2
PSR D IR 5 25 [ J]. A= 257741, 2024, 44 (12) : 5003 -
5013. [PANG C Y, WEN Q, DING J M, et al. Ecosystem
services and their trade-offs and synergies in the upper rea-
ches of the Yellow River Basin[ J]. Acta Ecologica Sinica,
2024,44(12) :5003-5013. ]

(6] Axif, 5% B LR Ui 22 U 15 A A5 SCHTR S Db
JEBFFRE[T]. TR X B IR 5 345, 2024,38(5) : 181-189.
[YU J,WU Q R. Spatial-temporal pattern of coordinated de-
velopment of tourism economy and ecological civilization in
the Yellow River Basin [J]. Journal of Arid Land Resources
and Environment,2024,38(5) :181-189. ]

(7] SBEs, B St R S i) g Jdne A K B O 47 AR o) B £



32

eI K R K Rk o RCE 28 B D)

2025 4 11 H

(8]

[10]

[11]

[12]

[13]

[14]

[15]

PR AT A B S S B A [0 ] K SRR AR 47, 2025,
41(2) :58-64,87. [ JING X D,TIAN G L. Connotation anal-
ysis, core composition and implementation pathways of the
strictest water resources protection and utilization system in
the Yellow River Basin [ J]. Water Resources Protection,
2025,41(2) .58-64,87. ]
MBS, PRIGEAR , SR A Al PRI 24 RO AR0ll K BRI
23 AR 5 i X 2 5 BT VR VL X3 5 VR B IO b L A
[J]. KILH G IR 5 2R 85 2023 ,32(2) :339-353. [ SUN
S H, CHEN X N, ZHANG C M. Spatio-temporal evolution
and regional differences of agricultural water use efficiency
under environmental constraints:a comparative perspective of
the area along the Yangtze River and the Yellow River[ J].
Resources and Environment in the Yangtze Basin, 202332
(2):339-353. ]
RO HET SFA BB A K B FHRCRIEFE [T ].
AETR 55 RE ,2021(9) :101-102,167. [ ZHU W J. Research
on utilization efficiency of agricultural water resources in
Xinjiang based on SFA[J]. Energy and Energy Conserva-
tion,2021(9) :101-102,167. ]
O, LR, TR, AF. BE T DEA ALY v E AR G
XK B IRSCRIEM [J]. A4 T,2012(10) . 43-47.
[DONG Z F,YU E Y,QIU L,et al. Water efficiency evalu-
ation of the provincial regions in China based on DEA mod-
el[ J]. Ecological Economy,2012(10) ;43-47. ]
A, SRIM. T PR AR L KGR R R R Ay B T
PSS MmUY )]. A% 5,2020,36(3)
124-131. [HAN Y,ZHANG S. Analysis of influencing fac-
tors of agricultural water use efficiency in China: based on
static and dynamic spatial panel models[ J]. Ecological E-
conomy,2020,36(3) :124-131. ]
TAREE, JEHE. B L TR S (0 K BT IR AR Y
MBS BT s AR AR [ ) ], B S 7, 2022,24
(2):86-96. [ WANG B Q,FAN Z Y. Impact of high-tech
industry agglomeration on green water resource efficiency
based on Spatial Durbin Model [ J ]. Resources & Indus-
tries, 2022,24(2) :86-96. ]
SREEFY TR, VA2, A, b AR K R0 23 ) 57 ot
P HGZ R PR G0 A [ 0] VL kB8 U5 R85, 2019,
28(4) :817-828. [ ZHANG L L, DING X L, SHEN Y, et
al. Spatial heterogeneity and influencing factors of agricul-
tural water use efficiency in China[ J]. Resources and Envi-
ronment in the Yangtze Basin,2019,28(4) ;817-828. ]
(25 Fi/ G, B8 B . o[ 4 25 B X K
BMRCR BN R[], A2 45541, 2020,40(18)
6459-6471. [REN Y F,SU X W,HE Y X, et al. Urban wa-
ter resource utilization efficiency and its influencing factors
in eco-geographic regions of China[ J]. Acta Ecologica Sini-
ca,2020,40(18) :6459-6471. ]
A S 7 PR R T ZK BEURR FHSCR B B 5l PR
FOMT]. A ST, 2022,38(7) 1 184-191,229. [ LI J J,
XIAN B T. Analysis on the measurement of water resources u-

tilization efficiency and the influencing factors in Chinese cit-

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

ies[ J]. Ecological Economy,2022,38(7) :184-191,229. ]
gt M. B b T I DX K IR A R T8RRI
S GIEIR R [T]. TR SR ,2022(6) 1143~
152. [ WEI J, YANG C. Spatial-temporal features and driving
factors of water resources utilization efficiency in Northwest
China along the middle and upper reaches of the Yellow River
[J]. Ningxia Social Sciences,2022(6) ;143-152. ]

Jrok, RRCE-, A 4. B TR E FT I SBM R RL ) A
b AR SR e bt v T [ 0] AT BT 5 3R 05
2018,27(10) :2293-2304. [ FANG L, WU F P, WANG X
H,et al. Analysis of agricultural water efficiency measure-
ment and improvement potential based on Meta-Frontier
SBM Model [J]. Resources and Environment in the Yan-
gtze Basin,2018,27(10) :2293-2304. ]

TONE K. A slacks-based measure of efficiency in data en-
velopment analysis [ J ]. European Journal of Operational
Research,2001,130(3) :498-509.

HUANG B, WU B,BARRY M. Geographically and tempo-
rally weighted regression for modeling spatio-temporal varia-
tion in house prices| J ]. International Journal of Geograph-
ical Information Science,2010,24(3) :383-401.

Fhe 1) A5, v DO 22 5 A0 L BRI 5
LeaS RIS [T ]. et 5 B3R, 2024,40(22) :5-10.
[DU J G,XIANG S ]J. Scale measurement and spatial-temporal
characteristics of core industries in China’s regional digital e-
conomy| J |. Statistics and Decision,2024,40(22) :5-10. ]
AW, TR I, AN . e ROl B HE SN 25 R K5 )
PRI [I]. N - BEIRS R0, 2011, 21(8)
80-86. [ LI B,ZHANG J B, LI H P. Research on spatial-
temporal characteristics and affecting factors decomposition
of agricultural carbon emission in China[ J]. China Popula-
tion, Resources and Environment,2011,21(8) :80-86. ]
BRAS VB, T A = B Bt DEA —Malmquist 5575 () o
FEl Al 2 K B IR A AR AT T[] HBEARL, 2023,
43(4) :709-718. [ CHEN J, XU L. Utilization efficiency of
Chinese agricultural green water resources based on panel
three-stage DEA-Malmquist model [ J ]. Journal of Geo-
graphical Sciences,2023,43(4) :709-713. ]

Rl S, BfRE 2 S HEE , 2. ) P ARl K B DR 508
B HCEEMR R 25T 2T Global #E40% DEA 15 Tobit £
TILT]. oKW, 2018(8) :54-58,65. [LUQ Z,LUGJ,
FAN Z L,et al. A study on utilization efficiency of agricul-
tural water resources and its influential factors in Guangxi
based on Global Super-Efficiency DEA and Tobit Model
[J]. Water-Saving Irrigation,2018(8) :54-58,65. ]
X, A BH. JE AR SBM A ] A b K B I8 BRI 5%
I S R 0B [T ] AR KA K L, 2019
(1):102-107. [ LIU Y,SONG Y. Evaluation and influen-
cing factor analysis of agricultural water resource efficiency
in China based on Super-efficiency SBM Model[ J ]. China
Rural Water and Hydropower,2019( 1) :102-107. ]
XUTFHE . o Rl 7K 2 (0 3038 I 25 03 S S LB
FFER[J]. K AR, 2023,43(6) :346-357. [ LIU



55 46 B4 6 ] XA A S AR Ml K AR (R I 23 6 Jm B R i DR R 33

S X, CAO J. Spatiotemporal differentiation and driving factors [28] HG, B0 SUME A Gert. KGRI =1 X Al F /K &R 23 [A]

of green efficiency of agricultural water use in China[ J ]. Bul- W SR SRR PR 2R . LAV MBI [T ] . AL B S5 3R b 2
letin of Soil and Water Conservation,2023,43(6) ;346-357. ] #,2024,41(1) :113-124. [FANG M,HE Y X,YU X Y.
[26] #7200, sksaph. J ER L HAKRCR X k24 7 5 Spatial pattern and influencing factors of agricultural water
A H AR [ )], KRR AR, 2023,44(3)  26-34. use efficiency in water-rich areas: a case study in Zhejiang
[DONG J F,LI D S,ZHANG L L. Regional disparities and Province[ J ]. Journal of Agricultural Resources and Envi-
spatial interactions of agricultural water use efficiency in China ronment, 2024 ,41(1) :113-124. ]
[J]. Journal of Water Ecology,2023,44(3) :26-34. ] [29] ZE5t05, HfHis , 4R . #O R Ui (T pg B) 51 B E X
[27] SKEQEe T W, L%, 2. b AR F K 2805 23 ) S o N KRR B A S 3R R [T, o Al 9
P B R A [T ] TR I 5 2R, 2019, 5IX%,2024,45(9) :64-74. [LI G F,MA H Y,ZHAO C
28(4) :817-828. [ ZHANG L L,DING X L,SHEN Y, et P. The dynamic evolution and driving factors of agricultural
al. Spatial heterogeneity and influencing factors of agricul- water use efficiency in the Yellow River Irrigation Districts: a
tural water use efficiency in China[ J]. Resources and Envi- case study of Henan Province[ J]. Chinese Journal of Agricul-
ronment in the Yangtze Basin,2019,28(4) :817-828. | tural Resources and Regional Planning,2024,45(9) .64-74. ]

Research on Spatiotemporal Patterns and Influencing Factors of Agricultural
Water Use Efficiency in Yellow River Basin

LIU Jianhua'*, GAO Xinke'*, SHI Tianle'*”, HUANG Lianghao’

(1. School of Management, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Institute for Ecological
Protection & Regional Coordinated Development, Zhengzhou University, Zhengzhou 450001, China;
3. Institute of Subsurface Energy Systems, Clausthal University of Technology, Clausthal-Zellerfeld 38678, Germany)

Abstract ; [ Objective] This study aims to reveal the spatiotemporal patterns and influencing factors of agricultural water use
efficiency in the Yellow River Basin and to promote high-quality agricultural development in this region. [ Methods] Based
on panel data from 2013 to 2022, the undesirable output super-efficiency SBM model was first used to measure and analyze
the agricultural water use efficiency of various cities in the Yellow River Basin. Subsequently, the Tobit model was used to an-
alyze the influencing factors of agricultural water use efficiency. Finally, the spatiotemporal geographically weighted regression
model was used to analyze the degree of influence and spatiotemporal differences of each factor. [ Results] (1) The agricul-
tural water use efficiency in the Yellow River Basin greatly improved in recent years, but it remained at a relatively low level ,
with significant spatial differences and a distribution pattern of "higher in the east and lower in the west” and "higher in the
south and lower in the north”. (2) Per capita water resources, proportion of surface water supply, proportion of water-saving
irrigation area, and per capita agricultural output value were the main influencing factors of agricultural water use efficiency.
(3) The influencing factors of agricultural water use efficiency in the Yellow River Basin exhibited significant spatiotemporal
heterogeneity. Per capita water resources primarily exhibited a negative influence, but the degree of this influence gradually
weakened from east to west, and in some regions, it even showed a positive influence. The negative influence of the propor-
tion of surface water supply first increased and then decreased, showing a spatial distribution characterized by "higher in the
west and lower in the east”. The positive influence of the proportion of water-saving irrigation area gradually increased, show-
ing a distribution pattern of "higher on both sides and lower in the middle”. The influence of per capita agricultural output val-
ue demonstrated significant spatial heterogeneity. In the middle and lower reaches of the Yellow River, it had a positive influ-
ence that gradually intensified, following a distribution pattern of "higher in the east and lower in the west”, while in some are-
as of the upper reaches of the Yellow River, it exhibited a negative influence. [ Conclusion] The agricultural water use effi-
ciency in the Yellow River Basin has improved in recent years but remains at a relatively low level, with significant spatial
differences. It is greatly influenced by the per capita water resources, the proportion of surface water supply, the proportion of
water-saving irrigation area, and the per capita agricultural output value, reflecting complex spatiotemporal dynamic characteristics.
Keywords ; Yellow River Basin; agricultural water use efficiency; influencing factors; spatiotemporal evolution
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