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ANALYSIS OF THE COUPLING COORDINATION OF AGRICULTURAL WATER-ENERGY-FOOD COMPOSITE SYSTEMS IN
IRRIGATION DISTRICTS BASED ON PRINCIPAL COMPONENT IDENTIFICATION

S=UKH R B TR
KAMBEUEFERE
e
2l 5
Chang Liu
S=UKH R B TR
KA UERERE
NG
1B &

En-Hui Jiang

MEE A\OH R - se R A B RS (U B RFEHEE - 5

S0 KH R B FE e
KHEETERHRERE
TA26m

2R

SN 2N

Bing-Bing Liu

S0 KH R B FE e
KR TERHRERE
ElE26

& 18
Bo Qu

w =

=0 KA R E R T
KA = ERERE
ElE¢ S
ZF %
Ling-Qi Li
=0 KA R E R T

KB TERHRERE
EE26

DL N

Lin-Gang Hao

EHERK ~ EJE - IRRES

TEERA R T 2 H A i 8 G A PR > S B A el 5 | SO & /K- 5E R - 1 & BE I
(Water-Energy-Food Nexus » WEFN) Z 4t & sl EE N EE v FHERE 2 E - A
T A 18 {EFHETEIEANT WEFN 4 HETEIERS £ A& A TR 53 A % WEFN £
GUHETTIR4E > 353 WEFN 248 TR RE > W DAL R EFEREES WEFN 240 T4r a5}
EERE R RO - &2 FIH Mann-Kendall #2557 - Sen’s RERMETHARDS EE T
EIR T EEEE WEFN R4 & s R ay s 22 8 LB R - el iRl - /KER -
REJR ~ MR BT A& B NI ARE /7 S E I ME B A BE R - TR RETEE
S R REHEE RNV E R AR ITAR - 200 FFE5 |58 WEFN 240804 o8 i 5T
MIAERS SRR E A ES » BERRT RS izl - 2020 E50m N 21 EEEER N R
PR T AT IR 5 [0 R 2 1k 8 P 1 R B S A At [ 5, - (LR AT e A 357
JE 5 | E T A o T o P 0 R B (A A 0, - P24 BRAE S B e T SR R 2005
WEFN £ 43 IRER - AR & RPHER LB A SE v R 2 R e ST ¥ M S HE I -

BASERA - /K-RER-ME R ~ RTINS - ME TR - ISR R SIS R -

* BKAIR MRS S SR BRERIRE
450099 FEITmEEMNmEKE_+tEHBEIRTE - Igli@whu.edu.cn



ANALYSIS OF THE COUPLING COORDINATION OF AGRICULTURAL WATER-ENERGY-FOOD
COMPOSITE SYSTEMS IN IRRIGATION DISTRICTS BASED ON PRINCIPAL COMPONENT
IDENTIFICATION

Chang Liu Bing-Bing Liu Ling-Qi Li*
Yellow River Institute of Yellow River Institute of Yellow River Institute of
Hydraulic Research, Hydraulic Research, Hydraulic Research,
Key Laboratory of Yellow River, Key Laboratory of Yellow River, Key Laboratory of Yellow River,
MWR MWR MWR
En-Hui Jiang* Bo Qu Lin-Gang Hao
Yellow River Institute of Yellow River Institute of Yellow River Institute of
Hydraulic Research, Hydraulic Research, Hydraulic Research,
Key Laboratory of Yellow River, Key Laboratory of Yellow River, Key Laboratory of Yellow River,
MWR MWR MWR

ABSTRACT

With ongoing population growth, energy transition, and agricultural modernization, irrigation
districts diverting water from the Yellow River are facing increasingly complex challenges in
achieving multi-objective coordination under constraints of water, energy, and food resources. To
comprehensively and accurately assess the coupling and coordination of the Water-Energy-Food
Nexus (WEFN) system in these regions, this study developed an evaluation index system comprising
18 indicators. Principal Component Analysis (PCA) was employed to reduce dimensionality and
extract the principal factors of the WEFN system, which were then used as evaluation metrics for
comprehensive assessment and coupling coordination degree calculation. Subsequently, the Mann-
Kendall trend test, Sen’s slope estimator, and hot spot analysis were applied to explore the
spatiotemporal dynamics of the WEFN system’s coupling coordination degree across the irrigation
districts. The results revealed significant internal correlations among most indicators within the
water, energy, and food subsystems. Overall, the coupling coordination degree of the WEFN system
exhibited a steady upward trend over the study period, with a rapid increase in the early years
followed by a slower growth rate. By 2020, 21 irrigation districts in the lower reaches of the Yellow
River had reached a well-coordinated development level, while 19 remained in a moderately
coordinated state. Notably, the irrigation districts near the Yellow River estuary demonstrated a
significantly faster increase in coupling coordination degree compared to other regions, whereas

districts located at the border between Shandong and Henan provinces exhibited notably slower



improvement.These findings offer important insights into the current status of WEFN system
development in the Yellow River irrigation districts and provide scientific support for targeted

measures aimed at improving resource governance and promoting sustainable regional development.

Keywords: Water-Energy-Food, Principal component factor, Spatio-temporal trend characteristics,
Coupling coordination degree, the Yellow River irrigation districts.
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