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Abstract Improving the security level of the water-energy-food (WEF) composite system is important for en-
suring the rational allocation and utilization of resources and sustainable development of the irrigation area in
the Lower Yellow River. The security level of the WEF system in the irrigation area of the Lower Yellow River
from 2009 to 2023 was measured using five-element connection number, and the configuration path to improve
the security level of the composite system was identified through fuzzy-set qualitative comparative analysis

(fsQCA). The results showed that: (DThe security level of the food subsystem was the highest, transitioning
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from level III to level IV, while the safety level of the energy subsystem was the lowest, overall in an unsafe
state of level 1. (@The overall composite system of the irrigation area in the Lower Yellow River is in a criti-
cal state of level IV, and some cities and years are in an unsafe state of level Il. @) There are a total of five
configuration paths that can generate high security levels, each region needs to make measures based on its
own development situation in the future. Studying the interactive relationship between various influencing fac-
tors from a configuration perspective has to some extent promoted the transformation of security research on
composite system from a single contingency perspective to a holistic multi-dimensional perspective. The re-

search conclusion can provide theoretical basis and decision-making reference for the security development of

the WEF system in the irrigation area of the Lower Yellow River.
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Tab.1 Evaluation index system for the security of WEF system in the irrigation area of the Lower Yellow River
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Tab.2 Security level of WEF system in the irrigation area of the Lower Yellow River

BAKF FH SEGRRHIE

A4 I G RGP TR GER BT , Wil A 15t XU, 4% 1 R G4 TR G 5 R

B4 Il Z Gl PR AN XU , K SRR R BRI AR E R BN AR

R INA ii| F G e B AT 7, KBTI BRI KR B A AE AN [ R B Y )

e v ARGUBIATEE BT RGUAFAEBAE X , 75 5 TE IR U 0T

LA \ HEA RS AR E TR KB BB R B s R HA BEAG Y
2.2 ERFRGZRETNEE J—ZHARXS H(A,B,) oN AEXT H P iRV SR
2.2.1 dBARMEML SHES AT B, IWAHRERG P Oy XE LR ESG

SR FHEE T 46 B A S 1 435 B SR 6 2 7 3k
(‘criteria importance through intercriteria correlation ,
CRITIC) WK - REUR - B & ARG L 2PN
SRR . k) CRITIC 35 FF 3 22 B bt
2% B mAGE T IR B 5Tk, RESE 4y st 1A 2L
FEAREIR R BRI . RSP IRIEILSCHR[44 ]
2.2.2 IREEEAREIH

Step 1: FURFREERE o

R ERRLEFNIRIED 5 F, A S, .5,
S5 Sy St 4 AT TRRAEL, 3 X AR RS2 DX 1]

PRI A = (x50, ,,)  PRINEE
PARHEN S, (k = 1,2, K) PN ISIRTESRS b 2
WP SFREE— D EEG B MEGAS B W

F = N-S-P AUERMAIA AR SRR
HIE AT A% H(A,B,) MK R ERIEA

S F

UA—Bk = N (1)

BOESH a b 735X R — 22 5 HE %
SERE T R GE L A A E RN 2
I, B 2550 B b AT R -

U=a+bi +byi, +bsiy +¢f (2)
A ra by by by ETEEEH[0,1], Hoa +b,
+b, +by +e = LRRERE, 0, 0y BB
L0, 1] XS B AR K BUEN — 1

XFFIE [ BUE bR, BRAR PRI R L ! A

1 +0i, +0i, +0i; +07,x, = s,
2x, — s, — 8, 28 —-2x,. ) . LS +s,
+ i, +0i, +0i; + 0y, <x, <5
S =S, $; =S, 2
2%, — 8, — 83 s; +8, —2x s, + 8, s+ s,
0+— i, + “i, +0i, + 0, =— <=, < —F—
b $; = 85 §; = S5 ; 2 2
M = (3)
o 2x, — sy — s, S, sy —2x,, LSy + s, Sy + 85
0 +0i + i, + i; +0j, <x, < V7
Sy = S, Sy — Sy 2 2
2x, — 2s, s; +8, —2x sy + 8,
0 +0i, +0i, + — iy + = s, S x, <
Sy — 84 S5 = Sy 2
0+0i, +0i, +0i; +1j,x, <s,4
g e b S
Xt O A TR, BRI R L ! A -
1 +0i, +0i, +0i; +07,x, <s,
s+, —2x, 2x, - 2s,. . ) . $; + 8,
+ i, +0i, +0i; +0j,s, <x, < —F—
Sy — 8 S — 8§ ; 2
Sy 483 — 2%, 2x, -5 —5,. ) LS+, Sy + 83
0+ i+ ih +0i; +0j,—— < x, <
n S3 78 S3 78 2 2
_ 4)
Me (
sy sy —2x, 2x, — 8, — Sy, U8y + 8, S5+ Sy
0+0: + i, + i; + 05, <x, < 7
S4 — S Sq4 — Sy 2 2
2s, — 2x 2x, —S3 —S,. 83+
. . 4 " n T83 TS84 8 T
0+0:i +01, + iy + 7, <x, <5y
Sy — 83 Sy — Sy 2

0+0: +0i, +0i; +15,x, > s,

n



- 946 - PHALR A4 (AR 55 56 &
Step 2: HENIJZERR L hioy < A < hy FRPERE SR INE R b o
R TEPR A R R LU X R ACE, 5k 2.2.4 %&%JT%%%&E&Q%%& FH

%HFEDTX%@J(EWIJFE% B phep
Mc-p = Zw a, + Zw bglll + Za) bgzlz

zta)gbmi3 + ngcgj (5)
2 C NHEHR)Z s B O HEN 2 5 A UE I 2 6L 5
MEbRsa, b, v, 73 IR TR — JE | 25 5 X 57
o, A g MERRIIAE
Step 3: HARZERARE .
F(S5) PRy RIRARIK R E 5 RGE 73 ) 2 4
ﬁ@WFﬁV%%lﬁﬂﬁﬁF%%VMHA

Zwa + ngbgll

z“a)gbngi2 + ngbg,3i3 + ngcgj (6)
X0 N BREZ Jy HERZ 3 bni) S8
2.2.3 HEEZMRERILSZRAREFR

SREETE VAL 0 & WA L 51 B BE T DL
TELREN
hy = (fi +/f2 +

Mp.o =

c+f) >Ak=1,2,- K
(7)

¢iUﬂE%%ﬁ%ﬁﬁﬁm K =5,

ng Q> _ngbgl’3_2wgbg294:

ngbg,a, ; = ngcgo,\tln BRI — i 5
oSS TSRS ofs JISOR SEHE L AR A
FOURAETEE (0. 5,0. 7] ASCBGE A = 0.5,k 3%
IRVEM 5% by, g EIBRIZIG b IEHER L, 24 A 3 2

R FYETE B 23 A2 Fock R AN 1Y
(B 2 B R | BEHE X 2009—2023 4F- 1) 1T
WRRE by TE RS RRERER

hy = (i v+ +fi) > A,

k=1,2,-,K (8)

Hr.f, =1/ B(ﬂ(ﬂ\engzhou) +ﬁ(Kaife|1g) +J[|<|Auoyar\g) +
“ Sty ) 2 = 1/ 23<f2<2heng;hou) + fokaitens) TS o(Luoyane)

“F fate) s S3 = 1/ B(ﬁ(lhevlgzhuu) + fikiten) +
Situogang) + 70 F Faciens) )ofs =1/ 23(f4<zmng;huu) + [ Kuifens)
+ fotuogangy 7 F Sathery ) » S5 = I/B(ﬁuhengzhou) +

f‘S(Kaifen;:) +]§(Luoyang) t+ oo +ﬂ(]‘leze) ) o

2.3 RMETEHIERSTE
HEMMAT K -feli - WEBEASRENT
) RS 2R 0 L2 A K F- B e JF AR AR B ST, AR
iz (sQCA Ik E o B0 T 5| B RE X 23 4
HZETIK - el - MEE G RGN IER B AP
FEBICR, A L2 HS AR,
2.3.1 TEMZhRAE
BTN EITERK -l - REE G R
eI/ o (<Y RIS Al O S =R Y N R PN
J2H9 9 AR AE WRTIRAS B . 2% Fiss'™ g
T, 38 FH B A i o0 37 282 1) i s 50 A o A
WIS, AR RE 3 AN L, 252
0.75 437 s (524K JE ) .0. 50 237 a5 (38 L A5)
F0.25 spfi i (e AR E) . I8,
ASRJE T B A R, 518 B A IR,
MRS . 453k 3 s,

#3 BES ARG

Tab.3 Calibration and descriptive statistics
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Fig.2 Security level of water subsystem in the irrigation area of the Lower Yellow River from 2009 to 2023
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Fig.5 Security level of composite system in the irrigation area of the Lower Yellow River from 2009 to 2023

(LS 711, 2000—2023 451 57 X 5 4
o2 Rk 5 1 T H, B A T IV e 4ok
2 i 5 B AR B AN, A
SIS T 4 T K - AR - R A
RGA A 2 WK T . 2020 421,23 4%
1TIV 25 B A BT A 3045 6 - 1T e
A4S WV 2012 4 T 20092010 4
F12012—2014 44,2020 4£ 2 )5, 24808 ETHE
VAR . Y 20122014 4K FIRE TR T
RGBT T FIA % AR A, 2009—2010 4=
20122013 MR E T RGAA T I FBA L 4R
%, B A R 5% 4RI LE 20092010 4
20122014 4F4b T T ZLBE A 22 2R A

P16 JER T8 R U X 23 A Mg

BERBRL M ERNZE B 4. W LUE H,
TR 280 KA T Il FURES . 3% FH A
2017 SFIF IR 1) IV R RS R F5 1 =T
I FIGE PR 2022 A1 2023 AR AL F IV G4 e 40k
B ETRALREFRNIRIVENE G RE LS
FRMRETE . A= TWoKF RE KL F IV
PR AR, =TT R AL T V e 24k
A, 2 SEVERIR R WIAL T 201G SRS A
BB BNV R RS . W BH VL BH BT & Al
AT RE R F R A KA T [P AL 2R
APTULAESE A 2016 AETFIREETH 2 IV R
SRAS . FRATITTANE B OB ST TSR E T
ARG KA F MRNG TR 1P B A 2021 £ 4R
T IV RA G AR, =110k 2017 4E40F V 47



- 950 - VAL A4 ( B AABR AR 5 56 £
AR, 20212022 AE4E T IV R 2R3
B AEe [ A4 [ IRSSRE I IveeEs: Il Vs
N
A oy S
2 S e & rn
0 100 2ookm //igﬂrhﬁﬁ’fﬂi{ 4 [5 é@ﬂ. ;/ﬁhr} v «C‘iﬁﬂlf’
o L o L It %war
F~ r’ﬁ,?‘:{‘/\_j Y BRI~ A5 Tty Jff 5(\
A 7 il P e g B fﬁg{k ji 3 ;&m -
» ﬁ;m#’?ﬂ%ﬁ}j}iﬁﬁi( ,M“ ﬁ%"i’: T A bﬁﬁi’fﬁm W«”
A % WV aai I oy 9 - = s A
uﬁ%{f mm,}iﬂwmﬁfﬁj R,,.I{{ %*t'l’/mmﬁ thfﬁa i » ‘EW{T il J“"Q%ngﬁﬁi m\:\\‘)
4@@me rﬁnrj\ ‘\ uz{mw‘?i e Ua @ug.rw a{\ﬁur A R
T (2) 20104F (b) 20124F L (c) 20144F
I
p; f.:ﬁﬁﬂvw{”‘”
i 3 I F gy
e St ity
i R i
S ) /{Q‘jﬁ*’"" . Y
f““g«
3W@%éjri’f Sl 2 :’if\)
(’fj;(% i il e L \/
p PN J?[ ”’)
xﬂw.ﬁzx ;\»g.mﬁ S
WS (d) 20164

L (g) 20204 =

=
L) |.r|7&,f ?ﬁ it
2,

(h) 20224F

Kl 6 2009—2023 4B il 5 | B X 5 A R GE 2 A s A Al

Fig.6  Distribution of the composite system security level in the irrigation area of the Lower Yellow River from 2009 to 2023

SRA BN, IWARA 2808wk T
MImAARDS . B 2020 £ 46, RE BL—H
W F IV RAEZ RS, T T 2 AR TF 9 AR
Bo REREMRE FRAELEFFNERT, L
RBEKFE T RE L RFRRTHEN E &

RGN L RERAFURT, M T 3N TFRA
m&%ﬁﬁMﬂT@§uo Bk E, REMEE
LIKF RGER WL F M HIGARE, 284 H 2018
G IRTFF B VR L 2RE . RERET RS
2012—2018 4E . 2020—2023 4EAbF V % % 42k
B, RENEKIETFVRZ2RE, RERET
RGERIA T MG FURES 5540 an 2021 —
2022 AEAL TV 912 400k 2S , 2017 2020 Fil 2023 4F
T NVREGZ RS BREMBFREKMALT
T AR 2021 AR IR $2 T 2 IV i % 44k
Ao WTIKTFRG 2009—2015 A6 M 1T 9
[ 25 BEUE T R K WAL T T BB AL 2R
AT R T W ZfE FORES, FB 4843

2009 ,2010 2012 F1 2013 440 F 11 A A 22 44k
3.2 EERZABTIW
3.2.1 A RARRAENKFHE—FLTH
M—HMEAKCEE T 0.9 B, AT U IZ S
BLEE R LB E A a5 R sk 4 oo, P A RTEA
MR — B A E LT 0.9 AFTERE S &R
B ERMN LB, RE R R, BB
FMELLRIEDOE TR, f B 2 B R Tl In] (K
BHAA R E G RRE L 2K
3.22 PRAAARAZRAEKTFHLS
TIME ARG AR KRR S B
N SR — SO T A 0.8, R W] 5 R4
ﬁﬁﬁ%m%Tﬁoﬁﬁﬁmﬁw—ﬁﬁﬁ

0%9%%5 SHEENTAEER T, B
%9%%%%;%&%@@*% i ) S A T
BE R 0,498, BIEE S5 S AT LLUAR B 49. 8% 1)

%ﬁém¥$moﬁﬁ%¥Mﬁﬁ%@%@ﬁm



F4H AR, 25 B RS EHEOK - BB - R G RGN SR TR - 951 -

R 22 , AR SC i e R — SO B 0 5241 5
BOBE A TR PR S FF PRI — Bl 0.7 9 P BESERER R A SRR, WIS 4 R A
E0.75, ZHBFEH R 1 HZE2, 2HREL R RAFREN.

K4 BRI TER

Tab.4 Results of single-condition necessity analysis

) B &5 R AR R i A 2 A R SRR L — 5K

AR e — s A — 5 B
PR 0.688 0.609 ~ BRI 0.326 0.330
F TS5 0.750 0.605 ~ FI 4544 0.316 0.359
PRHh 5 Y 0.897 0.521 ~ PRk Y 0.124 0.315
s ZLI 0.547 0.485 ~ g IR L 0.488 0.493
% FIH 0.599 0.473 ~ &AM 0.430 0.504
B2y 0.737 0.555 ~ IR A 0.097 0.225
e 0.676 0.488 ~ ey s 0.343 0.468
b B o 0.758 0.507 ~HhEL 0.048 0.208
HER 24 0.675 0.483 ~ A 0.343 0.476

B R RRE R

F5 20092023 % LK AR

Tab.5 Configuration path of high safety level from 2009 to 2023

—— B AT
MR 4l 1 2 4l 3 41 4 4 5
BEIRARIL ° o ° () ®
LR ° ° ) ° ®
ISR ° o o ® o
REVR LI ] L] ® ® o
R A . ® ® .
WEL LA ° ° o [ [
A4y ® ® o o o
T 324 o [ o [ o
RS ° ® ° °
— 3 0.976 0.974 0.970 0.854 0. 854
JF IR 25 0.188 0.174 0.118 0. 083 0.102
M — 75 36 0.052 0. 034 0. 104 0. 067 0. 095
R (11,19) , 5F
D 2020 S (10) 7 T
B8 (12), S Al
(13), = 7 Ik L .
18,23), =0k . COBRE(12),7 ‘
(0,11,21,22), (08 ST e i), e P2 IR e ) m
R (13), A1 I - (’15’ g (D), H (S, (18; ‘EJ:I‘[}\I; (12,13,15,16) ,
A= (A7), F W (15, o T 16,118,119, 23), O AE(10,17) ,1F
23), IR (18), 13, 16 ), #F % o
16, 17, 19, 21, o JAr(09,10,13, E(10), & #
; Trra (20,21) 3 (11, 19, 20, 21,
22), HF M (09, 20) (11,22)
o (09, 11,20), 23)
BRI Gs) it is)
% (15,16,17,
19,22,23)
A 0. 959
VA R 0. 498

T @R SR s QRN FATEK ; @ IR MG AAN T ; @ RN GBI 5 25 LR % 55 AR AT B

A B



£ 952 . VUL R 2F 240 HARBRE AR

55 56 &

M35 ATLUE M, 50 5 5053042 vl LIK
g R A RS KO, BEIRAR L R F 45
¥ PRBE 2 AT % 4 4 25 W 2 2 KP4 T 1Y)
b Z . Wang 55 & BLAE IR TH AE R FOR XK
PR R ER K - B - B ARG KB EE
PIER R 2=, A0 PR 28 A 46 R K A0 7R
)G S  Yang 85 %2 BUIRAR Tk /K 7 9 il
THENRBUK - B - MRE RGN TR LR,
1 X540 52 5y K F (FEAR I KT B IR B
TP AR Rl 1Rt K- S5 A2 1 T AT ek &
JEAKSFERIR T B WF 8 2 245 B — 5
IR A SCR I e e 2 /KO 77 A R 2 TR A B
YRR ZS A @t B R HES 4 G, R 55
1 U RIS A

DY T F8 i, KT R g i 58 R 0L
FIFR S5 ABET5 Y, BEVR T R G0 I e U 22t |
MR EFREFRE TN L 2 W05
P, GEUE+ R G0 0 I & I A i G 45 44 AT A SE
M %K. A 1 —3EHR 0.976, i hh
BRI R 0. 188, UL W AT fif % 18. 8% & 4, K.
2 LA A FRIE A U PH T =T U
e T ARSI

2) A2 H8 i, IKF RGP i B IEAR L
FIFR S5 ABET5 e, BEVR T R G0 h I e U 20 |
R EFREFRE TN L 2 W05
T REF ARG A% 4 i G 4 mT LSS
M E K. A 2 —3E R 0.974, 5 G
BRI R 0. 174 UL W AT i % 17. 4% (261, B
2 UL SRR A B RE SETI0L S B T
HEEHIX

33 HE I, KT RG i 5RO
RIS ABE 5 Y, BB T RGP IR 4 4
WEFREFHHBLEANEOR METR
G A 7 2 A T G SRR T DASE B R 4K
Fo A3 M —E N 0.970, 5 bG35 R
0. 118, ULH AT fif B 11. 8% (2245, ok i i - J]
F ARSI

4) A A FR i, OKF R G i Bt AR B
PRSI T RE TR L 2 MET RS
HHIE S8 2 N0 S5 IR T R G A
WAL AN G5 AT LLSE & % 4K
Voo A4 MR 0.854, 5 bR B 5 B R
0. 083, PLHA AT AR BE 8. 3% (2], HA&LL Fdls
FROERA R M TS HLIX

SYHZS 45, UK T ARG E 5,
REVR T RGP I REIR S AL 2 IRBE T RE
HITH 9 A L A REIR T RGP T &
MR E T RGP IR L e MERE N
G AT LS 22K AR 5 i —Euhk
o 0.854, J5 i A5 3 JE 0102, 15 W AT i R
10. 2% W% . B DA b 20 AR AE A A S BE L £
B ARESFIX,

R UG RE AEAR R A D RE AT AE
3 ZRBEAR AT LB Bl A vy 2 42K T 3 26l X A
1l A SR I AT B Y 2 T e, AT AR AR 1 B A 5K
PR 0L, PeF 318 1 BR AR HEA T 1R

4 ZHig

AR T AT RS | B XK - RRUR - R
BEEGRGLZLTEM AR, R TOTE R L
JATAL T 51 # X 2009—2023 EE 5 R G MK
T ARG LRI, I FE T USSR THRIE
B RGLEKP AR, FESSBIT .

DFRGELLKTFERDE, RETRS
B K-SR i, 2021 AFJg KER A4 it el T 1 5
REPRTH BNV R L 2K KF RGEEARAL T
W2 SRS BB IR R K WAL T T A%
2K

2)2009—2023 45| i X K A R oL 2K
FHEARAE T IV R G 4R, 2021 AR TR V
LAKNo 23 AT I T IV ki 4K

3)HEGHTERY A 5 FRFRE A T SRS
AR WIEIRGL RIS AL e
H LRI Z 2 AP RT DR, W%
22KVl Z2 R R PR E TS

4) KR T B AR A TE 25 B O3 S0 VTR 2
B DX (AR B L =T P TOULL S5 ) WA LK
IR PAZ A BRI T e B SRR A R
R SCAER MR R 5 LI AR A8 22 880 IXC (Gt v 3
T8 RTEAE ) B S it LA R VR I R B T O A0 KR
PR IR SR B ORI S IR B A2
R EARTHE B RGEE 4K

S 3k

[1] Hua E, Han X, Bai Y W, et al. Synergy of water use

in water-energy-food nexus from a symbiosis perspec-



F4H

AR, 25 B RS EHEOK - BB - R G RGN SR TR - 953 -

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

tive: A case study in China[ J]. Energy, 2023, 283
129164.

EN LM, R, A P EDK - BE - RS RS
DR 24 SRR BT [T ] A =LK ), 2024 (17) -
5-12.

Wang H, Jiang S, Zhu Y N, et al . Research on the
collaborative safety development strategy of water-ener-
gy-food nexus in China[ J]. China Water Resources,
2024(17) . 5-12.

BUPR, R SCHE, TAR0R, 5. B ER RE M 5K
- BRI - ME R L AN E A AR T]. T
B X #F5E,2026,43(1) :176-187.

Zhu Q, Wu W J, Wang Z Q, et al. Spatiotemporal
coupling and coordination of ecosystem services and
water-energy-food system security in Xinjiang[ J]. Arid
Zone Research, 2024, 43(1) . 176-187.

ARG, W, MEm, S5 K - BRIR - Bl
F G0 ARSI S SRS TR ST T ). A A BB
2, 2025, 33(1) : 323-334.

Song J, Huang J S, He G N, et al. Risk measurement
and resilience improvement of water-energy-food cou-
pling systems| J ]. Chinese Journal of Management Sci-
ence, 2025, 33(1) . 323-334.

Liu S J, Zhao L' S. Development and synergetic evolu-
tion of the water-energy-food nexus system in the
Yellow River Basin[ J]. Environmental Science and
Pollution Research, 2022, 29(43) ; 65549-65564.
Machado R L, Abreu M R. Multi-objective optimiza-
tion of the first and second-generation ethanol supply
chain in Brazil using the water-energy-food-land nexus
approach[ J ]. Renewable and Sustainable Energy Re-
views, 2024, 193, 114299.

XIERH, R €, BEE. KILATFH/K - iR -
R — AW PRI 2 R AE A ML [T ], KIT
TG IR SR8, 2023, 32(8) : 1628-1640.

Liu L M, Chen J F, Wang C B. Spatio-temporal eval-
uation and influencing mechanism of water-energy-
food-ecology vulnerability: A case study of Yangtze
River Economic Belt, China[ J]. Resources and Envi-
ronment in the Yangize Basin, 2023, 32(8). 1628-
1640.

Ling M H, Qi T X, Li W, et al. Simulating and pre-
dicting the development trends of the watere-nergy-food
ecology system in Henan Province, China[ J]. Ecolog-
ical Indicators, 2024, 158 111513.

MGERE, XUZeEE, BREE, 55, K - MRE - BRI
KAV RS RE[T]. M=, 2021, 76
(7): 1591-1604.

[10]

[11]

[13]

[14]

[15]

[16]

Lin Z H, Liu X F, Chen Y, et al. Water-food-energy
nexus: Progress, challenges and prospect [ J]. Acta-
Geographica Sinica, 2021, 76(7) : 1591-1604.
Farmandeh E, Choobchian S, Karami S. Conducting
water-energy-food nexus studies; What, why, and how
[J]. Scientific Reports, 2024, 14. 27310.

Hou Y D, Zhao G Y, Liu Y J, et al. Spatial adapta-
tion patterns and coordinated development of water-en-
ergy-food complex system in the Yellow River Basin
[J]. Scientific Reports, 2024, 14, 31241.

XUZR, XN, kAL, 4. LTtk BP
MZMZERIK - BEIR - A& RS0 % 2R
BEHTLT]. Al TR =4, 2025, 41(11): 229-
242.

Liu D, Liu HY, Zhang X M, et al. Measurement a-
nalysis of the security characteristics of the water-ener-
gy-food coupling system based on the BP neural net-
work optimized by Sailfish algorithm [ J]. Transactions
of the Chinese Society of Agricultural Engineering,
2025, 41(11) . 229-242.

BRI, R, RRER, . SEIREUK - BRI - R
KK R G W R 22 i 25 R i S JR S R [T ], B
S35 BRk, 2024, 40(5) . 8491, 142.

Li G, Kang D, Hao M, et al. Spatial-temporal charac-
teristics and driving factors of collaborative security of
water-energy-food linkage system in the Yellow River
Basin [ J ]. Geography and Geo-Information Science,
2024, 40(5) : 8491, 142.

B, R, B8, AF RUTRFUK - RE - IEHE
FARGLAATM ] KEIRAR, 2023, 39(5) .
3948.

Li W, Jiang S, Zhao Y, et al. Safety evaluation of wa-
ter-energy-food coupling system in Beijing-Tianjin-He-
bei region[ J |. Water Resources Protection, 2023, 39
(5): 3948.

S, BRITAR, TRAESE, S ARTTLIENE XK - fE
- RERGE SR LT]. ARIRFIK R
FeEdl CH AR , 2024, 45(6) « 32-40.
SuXY, Chen W L, Xu Z F, et al. Analysis on the
coupling coordination of water-energy-food system in
Dujiangyan Irrigation District[ J ]. Journal of North Chi-
na University of Water Resources and Electric Power
( Natural Science Edition) , 2024, 45(6) : 32-40.
Zhang W, Liu C, Li L Q, et al. The coupling coordi-
nation degree and its driving factors for water-energy-
food resources in the Yellow River irrigation area of
Shandong Province [ J ]. Sustainability, 2024, 16
(19) . 8473.



+ 954 - VUL R 2F 240 HARBRE AR 256 &
[17] skALEe, HfET, &4 K, 5 (L5 AUREE T K 2025, 39(4) . 243-253.

[18]

[19]

(20]

(21]

(22]

(23]

FEHELCK — REVR — IR RGBS UhH IR0 S5 101
WFFELI]. KA, 2023, 54(7) : 829-842.
Zhang L B, Kang CY, Jin J L, et al. Study on cou-
pled collaborative evaluation and optimization for wa-
ter-energy-food system of rice irrigation area based on
bilateral regulation with supply and demand[J]. Jour-
nal of Hydraulic Engineering, 2023, 54 (7). 829-
842.

BiFt, 5%, skig, 5. BETOK - BEUE - MRE A
KA HE XK LB IR 2 H b At A0 BE B R R F 5
[T AR RFIKE, 2022(7) @ 73-81.

Chen D, Fu Z, Zhang P, et al. Research on the
multi-objective optimal allocation model of water and
soil resources in irrigation areas based on the concept
of water-energy-food nexus[ J]. China Rural Water and
Hydropower, 2022(7) . 73-81.

Wang Z L, Liu S G, Kang P, et al. Evaluation of the
coupled coordination of the water-energy-food-carbon
nexus in crop production systems at the irrigation dis-
trict scale[ J]. Journal of Cleaner Production, 2025,
523, 146403.

Liu L, Ma J Q, Hao X P, et al. Limitations of water
resources to crop water requirement in the irrigation
districts along the lower reach of the Yellow River in
China[ J]. Sustainability, 2019, 11(17) : 4680.
BT, K, BEOH, A5 BRG] EEE OK
GAVER IR RN LT]. #EBEHEK =4, 2020,
39(10) ; 18-24.

Zhang X Y, Qin T, Yang Q X, et al. Method of eval-
uating safety for water usage and its application to wa-
ter use in irrigation districts in the Lower Reach of the
Yellow River[ J]. Journal of Irrigation and Drainage,
2020, 39(10) . 18-24.

P, AT, IhEESE, A 5 BEUE DOK BT IR RO
R RANE AL [T]. KBRS K TR 4R, 2023,
34(1). 19.

Tao J, Li H, Sun X H, et al. Water resources alloca-
tion model and harmony evaluation of the Yellow River
Irrigation Area [ J ]. Journal of Water Resources and
Water Engineering, 2023, 34(1): 1-9.

HUGE AR, WRIK, 2830, 4. UM AN 3)
T EKRFKE RS FE AR R[], KR
4R, 2025, 39(4) ; 243-253.

Shen X J, Chen Y, Luan W J, et al. Spatial and tem-
poral characteristics and future trends of maize water
requirements under climate change and human activi-

ties [ J |. Journal of Soil and Water Conservation,

[24]

[26]

[27]

(28]

[29]

[30]

[31]

M, FACC, ot 55 Bk - REUR -
MEEHE A ILBE e b ey 25 A8 [0 ] B R)
2, 2021, 43(12) ; 2526-2537.

Xu H, Wang Y W, Zhang Z Y, et al. Coupling mech-
anism of water-energy-food and spatiotemporal evolu-
tion of coordinated development in the Yellow River
Basin[ J |. Resources Science, 2021, 43 (12) . 2526-
2537.

Yang G Q, Su'Y X, Huo L J, et al. A multi-objective
synergistic optimization model considering the water-
energy-food-carbon nexus and bioenergy[J]. Agricul-
tural Water Management, 2025, 312, 109431.
BUEST, JAE, kiR, 55, 2T PSR 5o
R A U DK E U RR JEORR 12 D3 [ 22 4 0
MLT]. KRG, 2025, 43(1) ; 26-31, 47.

He Z Q, Zhou D, Zhang Z Y, et al. Evaluation of wa-
ter-energy-food synergistic security in important reserve
resource for arable land regions based on PSR and
cloud model [ J]. Journal of Economics of Water Re-
sources, 2025, 43(1) . 26-31, 47.

AR, VFAROR, BREEE, A5 TUCHR R BN
AR 2 S AR Rl H o i i [T ]
EHE K242, 2021, 40(9) : 93-101.

Jin J L, XuJ R, Chen M L, et al. The effect full par-
tial connection of five element connection number and
its application in trend analysis of water problems[ J].
Journal of Trrigation and Drainage, 2021, 40(9) . 93-
101.

Xiao W, He M. Characteristics, regional differences,
and influencing factors of China’ s water-energy-food
(W-E-F) pressure: Evidence from Dagum Gini coeffi-
cient decomposition and PGTWR model[ J]. Environ-
mental Science and Pollution Research, 2023, 30
(24) : 66062-66079.

Kang Y H, He S, Ni T F, et al. Analysis of water-en-
ergy-carbon coupling and influencing factors in food
production[ J]. Journal of Water and Climate Change,
2024, 15(12) : 5939-5956.

Chen W Z, Chen Y. Two-step measurement of water-
energy-food symbiotic coordination and identification of
key influencing factors in the Yangtze River Basin[ J].
Entropy, 2021, 23(7) : 798.

PT, kR hEAPRK - BRI - RS
PARE R MR AT [T ] A EAT - IS 3H
¥, 2020, 30(1): 120-128.

Li CY, Zhang S Q. Chinese provincial water-energy-

food coupling coordination degree and influencing fac-



F4H

AR, 25 B RS EHEOK - BB - R G RGN SR TR

- 955 -

(32]

(33]

[34]

(35]

[36]

[37]

[38]

tors research [ J . China Population, Resources and
Environment, 2020, 30(1) . 120-128.

Wang Y, Xie Y J, Qi L, et al. Synergies evaluation
and influencing factors analysis of the water-energy-
food nexus from symbiosis perspective: A case study in
the Beijing-Tianjin-Hebei region [ J]. Science of the
Total Environment, 2022, 818, 151731.

KEE, BN, 30k, K - ABIE - ARG
A4 REERET) R S]], RAREst
B4R, 2025, 24(1) ; 13-23.

Guan X, Wei K X, Jiang W L. China’s food security
in the context of water-energy-food interlinkage : Secur-
ity capacity, factors and trend [ J]. Journal of Agro-
Forestry Economics and Management, 2025, 24 (1)
13-23.

LiJ X, Liu X P, Wei L, et al. Investigation of the in-
teractions and influencing factors of the Water-Land-
Energy-Carbon system in the Yellow River Basin[J].
Science of the Total Environment, 2024, 954.
176654.

BT, s AR BT (g B 51 B
XA K B R sh 25 ik S SRS N [T ] A
MBS X R ,2024,45(9) 64-74.

LiGF, Ma HY, Zhao C P. The dynamic evolution
and driving factors of agricultural water use efficiency
in the Yellow River irrigation districts: A case study of
Henan Province [ J]. Chinese Journal of Agricultural
Resources and Regional Planning, 2024, 45(9) . 64-
74.

PEETE, WA, 2HEE. ST AT KRR K
MR 22 LD I B HE O B[], AR
2ER, 2021, 41(5) : 1907-1920.

Pang A P, Yi Y J, Li C H. Evaluation of agricultural
water-use security with ecological water demand as a-
priority: A case study of the Yellow River estuary in
Shandong Province[ J ]. Acta Ecologica Sinica, 2021,
41(5) . 1907-1920.

FIEFPH, AHEPY. w RS | B R K
BRI FE[T]. ANREE R, 2023, 45(8):
124-127, 142.

SiSY, Li D X. Study on inversion model of deep soil
moisture content in the Yellow River Diversion Irriga-
tion Area[ J]. Yellow River, 2023, 45(8) . 124-127,
142.

i, £, FRF5, 5. WA K - e -
MR T R G A O PERE TS [T ] b AR BT U5
XK, 2023, 44(12) ; 116-130.

He ST, Wang X L, Li C X, et al. Study on the cou-

[39]

[40]

[41]

[42]

[43]

[45]

[46]

pling coordination of water-energy-food-land system in
Henan Province [ J ]. Chinese Journal of Agricultural
Resources and Regional Planning, 2023, 44 (12).
116-130.

Zhang C J, Wei Y Q, Zhao X Y, et al. Assessment
and enhancement pathways of the water-energy-food-e-
conomy-ecosystem nexus in China’ s Yellow River Ba-
sin[ J]. Energy, 2025, 316 134492.

HAE, dkrbp e, EOb, SF BRI L
o ST R SR AR B DR B PR A [T ] v
Rz (A SRFIER) , 2024, 54(3) : 434-449.
Dong G, Zhang Z H, Wang S, et al. Coupling coordi-
nation and influencing factors analysis of high-quality
development of " resource-population-industry" in the
Yellow River Basin[ J]. Journal of Northwest Universi-
ty ( Natural Science Edition), 2024, 54 (3). 434-
449.

Zhang C J, Zhao X Y, Shi C F. Efficiency assessment
and scenario simulation of the water-energy-food sys-
tem in the Yellow River basin, China[]].
2024, 305. 132279.

PR, BT DPSR BRI i 7K 22 404N 5 TR B g
JRTEIT]. RITRHABEBE AR, 2024, 41(7) : 41-
47, 56.

Energy,

Xie Q. Urban water security assessment and improve-
ment suggestions based on driver-pressure-state-re-
sponse model[ J]. Journal of Changjiang River Scientif-
ic Research Institute, 2024, 41(7) . 4147, 56.
BRE, RS, AR, PEIb XK % 228 AT
I K BEiG 7orMr [T ). K AFIZSE, 2025, 43(2) ¢
81-89.

Hou C X, Chen K C, Fu H L. Comprehensive evalua-
tion of water security and obstacle factor analysis in
Northwest China [ J ]. Journal of Economics of Water
Resources, 2025, 43(2) . 81-89.

XIPRIT, FIE, BEE, % FETE6H CRITIC-A 4
FUE R PL & iy WSTR[ T]. AR FREE 24,
2025, 34(1) . 135-144.

LiuZJ, Wang Z, Cao Y J, et al. Risk assessment of
bird strike at airport based on improved CRITIC-cloud
model [ J ].
2025, 34(1) . 135-144.

e ). ARXT AT A BT M . AU T
BRAHOR ik, 2000:15-16.

Fiss P C. Building better causal theories: A fuzzy set

Ecology and Environmental Sciences,

approach to typologies in organization research[ J]. A-
cademy of Management Journal, 2011, 54(2) . 393-
420.



- 956 -

(LBl QSR S)

55 56 &

[47]

(48]

[49]

Kumar S, Sahoo S, Lim W M, et al. Fuzzy-set quali-
tative comparative analysis (fsQCA) in business and
management research: A contemporary overview [ J].
Technological Forecasting and Social Change, 2022,
178 121599.

Tleik, ol wIHEE, S BRSO B
K -BEI - RBERGE L2 SEE AT B
AKALTE 5 AR FI B (RS0, 2026, 24 (1) ¢ 77-
87.

YuLZ, Wang HX, Hu Y T, et al. Synergistic secur-
ity and coupling coordination of the water-energy-food
nexus in the Inner Mongolia section of the Yellow River
Basin[ J ]. South-to-North Water Transfers and Water
Science & Technology, 2026, 24(1) ; 77-87.
ARV, BB, B BT REUK - BRI - IR
RGPV T]. R ETTHITT, 2023, 43
(3):21-28.

Li HT, Zhao J Y, Huang H. Safety resilience model
of water-energy-food system in the Yellow River Basin

[J]. Coal Economic Research, 2023, 43(3) . 21-28.

[50]

[51]

[52]

R—T, #IE, FrKTH, & FEK - fEI -
WERGLANEIEO ] BRI 5K AR
(Hp3EsC), 2025, 23(4) : 794-805.

Zhu Y D, Guo Y, Qi Y Q, et al. Evaluating the risk
of water-energy-food system security in the Yellow Riv-
er Basin[ J]. South-to-North Water Transfers and Wa-
ter Science & Technology, 2023, 23(4) ; 794-805.
Wang Y R, Song J X, Li Q, et al. Exploration of the
development of water-energy-food nexus and its endog-
enous and exogenous drivers in the Yellow River Ba-
sin, China [ J]. Journal of Environmental Manage-
ment, 2025, 378 124735.

Yang Y, Yang L, Gao H H. A novel assessment
framework for analyzing the sustainability of water-en-
ergy-food nexus system from a pressure-support per-
spective [ J |. Energy Conversion and Management,

2025, 332 119715.
(/% 8B/ F #)





