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Abstract: [ Objective] To reveal the coordinated evolution patterns and obstacle factors of the water-energy-food
(WEF) nexus in the middle reaches of the Yellow River basin. [Methods] An evaluation index system for the
WEF nexus was established. The entropy weight method was used to calculate the weights of the indicators, and
the coordinated evolution characteristics of the system from 2010 to 2021 were analyzed. A diagnostic model of
obstacle degree was applied to identify the key constraining factors. [ Results] The temporal evolution of the WEF
nexus in the study area exhibited three typical stages, with 2017 identified as a key turning point. The
sustainability index shifted from steady growth to rapid improvement, with the regional maximum increasing from
0.56 to 0.74. The spatial pattern transformed from a "concave" distribution in 2010 to a "convex" one in 2020,

reflecting a regional development trend of "prominent advantages in Shaanxi, steady improvement in Shanxi, and
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relative lag in Inner Mongolia". Baoji City, in particular, achieved a remarkable 117.60% increase in its
sustainability index, whereas traditional industrial cities such as Taiyuan and Baotou experienced negative growth.
Obstacle factors demonstrated significant regional disparities and dynamic variations. In Inner Mongolia, the
primary constraints shifted from industrial chemical oxygen demand (COD) emissions (9.64%) to dual limitations
of agricultural irrigation water use and energy consumption. In Shaanxi, the obstacle degree of industrial COD
emissions significantly decreased (from 11.71% to 0.26%) , while the constraint posed by energy consumption
increased (10.13%). In Shanxi, the obstacle degree of industrial COD emissions sharply dropped (from 13.90% to
0.15%). [ Coneclusion] The coordinated development of the WEF nexus is dynamically regulated by resource use
efficiency and industrial structure. The proposed method for identifying region-specific obstacle factors can provide
decision-making support for ecological conservation and optimized resource allocation in the Yellow River Basin.

Keywords: water-energy-food nexus; sustainable development; spatiotemporal evolution; obstacle factors; the

middle reaches of the Yellow River basin

Received: 2025-02-25 Revised: 2025-03-14

K CRETR AR B 2 4t R AR SR F S R =
RGO B FEAR M A 77 225 R R AV S AR v 1y
T N AT B B E R AT RSk R R HArrh £
TN 25 255 oK (BB TR ED 22 48 10 s RO B B[
S o AR, A A2 3R AU 78 A R 28 U PRl R e ) X
HE SN HIRAE T P & 1 a5 58 Y, o A % U ok
B e RERE AR AR R AE 0 DX, ) 0 Ay PR

B g SR v A A 2 R R R A
b, R B O S, 18 [ SO A I RE IR TP
PR CHEAE T o by vl i b DX 8T 3 4o R
BEIRAE 4 DX o 12 DU b BT EORE 0 AR (EOR R
HHAE ) 35 e A B ARV AR R T o5 A A [
GUMCE | R KRR RET )RR, R ER
(10 RE 5 i th R SR, X3 K R T I T 0R R
W A 0TI A 0 Tl A R b, K R Gk A 2 FR
35 M 55 L AR R AR A SF R H £ 2 R IROT R
SRS ORI O I R 2 e, 52 A% 1 B IR B R
X DX sl AT 4R 4 A R IR Bk A

K — BE IR — K& 414 (water-energy-food nexus,
WEF Nexus) B A 2011 48 78 [ 7 B8 2 08 1 s, i
RN [ PR T A AR = R R R G
BRI A RCR R R R R S A
HAiT, 27 AR S S8 7K — BEVR — BB 41 A F oY 3 24k
HAE 34N D5 T — SR M R G gl A AL A )
B4 T PPARHESR ™ R AR OC R A EOR T
TR 3 =R 2 DCBURE RUTF RS AT SR,
A W5 22 5 1 it 3l 1 58 RO, ) T 2 R 8 9
KFRMFEA XS AL o T 9 R A 446 23 B A RE
TR A 75 DX P T 5 M) P A0 3 B 2 () S B 3 g
DR i o) o) A L S ot B R LB O P AR A o [

Accepted: 2025-04-30

Online(www .cnki.net): 2025-05-29

B 32 SOUR IRUBE 1) 0F 5 A7 B 4 0 48 45 it X 7 9% U
B T A ORI B B R ) A5 TN 25 5 PR RRAE DA
117 5E 2 i Sz 43 X 3l P ) 2 e i o

B F I DX A SRy VR A BE P IS A 4 R X, Bk
SR A PR, SO BRI R A0 XY R IR
& LT UK B R AR S A A B R XU iy . AU
TR, MR EIEK—GEH —REdH RS
(ARG A6 23 AT, AS A0 AT TR A 38 7% X sk 9% U5 R FH &%
14 2 ] 5 00 1 340 B Sk i o 25 5 1k 45 3 OR 2 LR
SRR . % T UG AT 5 16 IUHE T i DX AR SR F
NG A B K — RE VR — MR 4L o] RR LM PR AN 4R
PRk & | iz B A B 22 46 AR ACEE L 43 2010—2021
ARG I 25 AR RRAE I 1 A DY K 02 R A
WA 29 22 48 n] e K e 0 AR N & . BF 9T ISR
T XK — B YR — R 2 Y O R 0 B T AR R R
FEBr Bk RR AR 2R 48 AT R SR 1 23 6] A SR A SR e
A AL, DA SO [R) X3 A e i) o B i PR 3 R
AR ML o ASBIF 8 A ALHE T B - R G4 R K —
FE VR — MR 4147 G 2R 0 nT 9 5 1k 1 AR R AE R 2K )
DX 31 95 U5 R G0 T 4 AR B 04 a3 B A T B X
S BT U 3 A A DR AR T R R LA Y e
S e
1 MBERE
1.1 HREHER

2 R X K IR BB VR T RO A AR PR RRAE A
5% 1 BRCHE VAT Hp i A HC e 4B 1Y 24 A M 9 T N B 5T X P
BN SE T IR DXL TG 48 R P4 48 14 BT 30 28 K52
XELCE Do BFFE X ST 2 816 000 km?*, HiJE DA ¥
s E R LR 200~2 000 m, LG IL B AR
I X8 4E S 2 SR 8~14 °C, 4F B K B 300~

http. // stbexb.alljournal.com.cn



95 41 A AR A6 S TR R K — BE IR — KRR A AR G T AR A I 2 3 S S HE A AL 371

600 mm, [ KIS 25 oA AN Yy, 24P e 7—9 AL B
58 DX 4 Hiu ) 28 78 LA b R R b Ay = X N
BEURE R R RIS RR IR A A A E A
JEE F E RS, 2023 4F  WF5E IX 2B PR E
IKF] 7 ITAZIC, EAE N 7 600 7, AL 67 % \
1.2 SHHEZR

M — RGBT HEZE , FH T IFA 25 1] o i
Hi XK — BE TR — M 4 2R G0 A R4 & K F (&
2). e, BT AT H AR A X U S MOK PR IR RE TR
HRE 3T RS L AL M I8 bR R R, 4 F e

RS o WFFEHEZR B BTt 78 0 25 18 X I B I S IR i A
K TR RERE B LT Y iy R S8 mT 528 & R DL, X
T Ay i) G 2 S A A PSR £ (IR S A A

K&

R KR . HWK i TR AGE I E PR A, 113 A i
FF RG] F 22 & B8 B (sustainability index, SDD, -
AL 2 G B AT T R S MK T, 6 R b 38 B (I

1 HREREER

Fig.1 Overview of the study area
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Table 1 Comprehensive evaluation index system of WEF nexus
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2010 to 2021
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Fig. 6 Spatial distribution of WEF system sustainability index in the middle reaches of the Yellow River basin
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