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Interaction Between Water Ecological Resilience and Urban Development in
Urban Agglomeration of the Yellow River Basin
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Abstract: [Objective]Promoting high-level synergy between water ecological resilience and urban development is important for
achieving the ecological protection and high—quality development of the basin. [Methods]Based on the panel data of the Yellow River
Basin urban cluster from 2007 to 2022, the projection tracing model was used to measure the water ecological resilience and the
comprehensive level of urban development; and the constraint strength of the two subsystems was calculated using the constrained
effect model. Further analysis of the coupling coordination and its driving factors of the water ecological resilience and urban
development was conducted using the coupling coordination degree model and the geographical detector model. [Results]The water
ecological resilience and overall level of urban growth of the Yellow River Basin urban cluster demonstrated a gradual rising trend

during the study period, but there was significant regional variation. The constraint strength of the two subsystems decreased gradually
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in time sequence, and the overall system remained strongly constrained. The coupling coordination of water ecological resilience and
urban development of the Yellow River Basin urban cluster showed an upward trend, and there was a notable spatial imbalance,
exhibiting a "south high and north low" pattern. The "near—disbalance" and "barely coordinated" groups accounted for the majority of
the coupling coordination level. Population aggregation, water resources, and water utilization efficiency were the core driving factors,
and the interaction between these factors showed a non-linear strengthening or double factor enhancement feature, which
synergistically promoted the system’s coordinated evolution. [Conclusion]A new pattern of water—city synergy determined by water
availability and capacity should be constructed by regulating the urban development mode that improves the water ecological resilience.
Key words: urban agglomeration in the Yellow River Basin; water ecological resilience; urban development; constraint intensity;

coupled coordination
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Figure 1 Distribution of cities in the Yellow River Basin

1.2 T EtRE Ria =

AWEFELE T DPSIR BRI R A S TIPE AN SR AR R &, L 0K g = ) RS- R2 me =i iz i R PR B 17K
ATIE SR A RS A SR o I K T 0 5 K A AN AR S BT AR N R, R T 3l
XK AR S ARG B R, 20K S S A A FE TR S R G, 2o H A —E Y R AR K AR S AR B
AR AEBUL s KA R GG 20 T 19 B B e Ji y HE S W) , AR IO 30 7 24 452 32 WL RE Sl M il AR g
WA T KA S R ST, WAL B AR K A S BIPE R ATk . S5 M O B R IFFE 0T 45 5 B T i ol A
SEBRE B, R E S ANYEIE 17 AR BEBURTIT N AU (GDP ISR A A SR R R S gk 3l 5 T
MK & B AN H A KR Tl B R R S 75 K HE i AT T8 GDP /K B S [ ) 5 3 3R 7K Bt i
i HE B R AP KA S WOIR S 5 K RO A A TR AR S IR 7 BESRAESE A 5 AR 35 5 K SR rh AR BER A plIX
HEACE B 15 KA B 15 7K A BRBE T3 A0 7K B A8 AR 1

A AL SR T R o R R R R LA SR (B R R iR, LB Bl ), G 2 %i/\ N5 IR BRI
225 AT WETE R, X B B it g B A A R A s, e 2 B 1 e N I AR 3R R U R i R R A A R
BEAANYERE A 17 D IEAR IR T A I SRR IR R . R }\D%%zeiﬁiﬂ?kﬁﬂ’lgm PNEIGE)TiiE e
JE 1l DI T A R AR AR 80 , R IO AAERE R 2 AR 0 SRl R 55 7l Btk N B ot BRI =7l Ml A B
PURAE N AR 5 2835 A A o ksl i 6 e vy 5 2 ,%bﬁﬁiﬁ'ﬁﬁé’ﬂ%uﬁ\}ﬁ PR T L N GDP A
Ja BRI AT SO B S WO B RS — P L SR AR 8 R s B RO A T R Y
TENA, BE B S M i Bk K %Elﬂﬁj\%ﬂiﬁEﬁm]liﬂ?uﬁ PN 2y AR AR A 2
A& NI T S T AR A S Al S5t 5 A2 A PR I T i A SR, PR Rl T MR 60 A g, 1 MO 3% 28 el 4



-4 - % Mmook L kK F ¥ R % 56

TR ARG B R OTC 3 AR AR B — 5 Tl AR I M0 2565 R R S I il IX 2 A7 26 R R A A B AR

1.3 MRAE

131 HBBFHEAA B FEERE TR WIESBG T ik il TR B KRR R R &
AR PR B I AR T 1), 2 AEFE AR R B AE 25 R AT 25 B 1PN ARBIF 9T SR 28 T it AL 5k
P T EABIRY X ST SR T K AR A S T R R ACE TSR A TR . P SR AR B S B
57 ][] 00 B 3 07, AL,

1.3.2 R AR ARUFER AR H TR RAER BN R . 0T & R R,
XK RGWCACRE 1w 0855 T Sk A SR A RER B, 2 XK RGN RSN, & 2R
5o JIE 1 R 5 2 K A AR M KO g e, HEXT 3k i R B 2 SRR AR X R 55, A 2 TR (R A R B IR 5, 2
Ty N M RN Wy

WRCI=1 - (w, Xz, + w, Xz,) (1)
K WRCT R K A ST 55 300 & SR (R 2 R 8 2 K AR S IR SR B 48 50 2, M R R EE B 1680, M
IKAEZS TR AR PRAN R 50, I & G AR 0, +w,=1,
1.3.3 ABSwA AR ABFICRBIEE BRSSP B B B AR08, 115 R AR & O 22 AT L)
LI 7 R GE Z B BRSSPI OC R TR AR

| S s - o) e
;>§il (Zi Z,-) . Z; o
C= ||l -—""—— X (2)
"z‘m (=1 maxz;
m=1
T=a,z, + ayz,,0, + a, =1 (3)
D=VCT (4)

KA CAMEEE s D AR A . AWK A SIERIE T 2B TFRAERSEZE , Nt o,
BUE M 0.5, 2 BRE7 AWFIORREA B MR BE R 430 10425241, (0.00,0. 101 # B 2<  , (0.10,0.20] 24 5 B 42 7
(0.20,0.301 4 FH EE 423, (0.30,0.40] 52 B2 25 4 , (0.40,0.50 19116 25 14 , (0.50,0.601 4§55 B , (0.60,0.70] 4 41 4% 13
#,(0.70,0.80124 H EE i, (0.80,0.90124 R 4f-Hi , (0.90, 14K B i -

1.3.4 Mo ZAEAL i HR PRI A8 o B T R0 AR e e 2 [R) 1 B 43 S R B LA ROAG: 56 A8 e [ ) 4 () 43 A
A PER AR ST SR FH i BRI 8 4 2 S DR PRI B 52 A FH AR T e, 5 i 7K A= A5 v S 0T &R AR A
DI ) R BN T T 00T I RA R

Zi = 1(N”0-i)

=1- 5
7 No? (5)

A : g 9IRS PR X G D 58 2 [ 23 Sk 9 A R 0 RUELY B[O, 1], (B O 3R B 25 8] 20 S PR A 3 5 h o
T 2R 8 (h = 1.2,3,,1); N, (N) I h 2 CBIB) B BTTEG o (o) I h )= CREIER) T 22

2 FER545%

2.1 KEFPESHTEZREEKEHEST

WRPE A 5 SRR THE ) 2007-2022 45 B T 37 U T 41 58 NI T /K AR A B bk T & R 1R 25 A PE A 4
B, 1T RS 3 T R P T A A DA R R A5 3 T B K AR S RO T & R R A K (B 2) o K AR S PR 27
BIBORE , H DT R GE R I R RAUN 1.26% ., Hop T BT822 PO A 00 K A= S K 441
T D L LR 2 S T B A R e i o 5 =2 A EL, BT I S T B IR T 2 R 5 B e B v, AR B KR R 3.26%
A 38T 1 30T A SR KT kAT T B T, 22 VG T R O W 3 T R R AR U 2007 A1 0.15 B b BT &
2022 4F 9 0.31, 177 7° ST 8 L G Hh T R A 3T A SR K AR X A, E SR B Y O R S G . BRI,
BEVAT YL AR T R A 7K A A M RN T T R AT AR SR (8 o B 5 G, A A A 3 R T R R K
SR N
22 KEBPESHTEZRBAFREENFETHIE

MR 7K A S P FE 55 Il Tl & R 8, ik — AR Y 20072022 4F B AT i dek 7 AN T K AR S S bk Tl



%14 IORF R ARBRTARKEESEERTRAELLHY X RR -5-

TR

Central/};lains Central Plains
0.35 0.40
THEUTH R THUE 0.35 7R
Ningxia along the Sha{ldong Ningxia along the Sh/ Yd -
Peninsula Yellow River ancors

Peninsula

Yellow River \ X

Rk

Hubao-Eyu

i

Hib WP B A
Jinzhong

Jinzhong Hubao—-Eyu

gy S KRR 2 S5
Lanxi Guanzhong Plains Lanxi Guanzhong Plains
7 o b 3T A JR R A
a KAESHESR —0-2007 =0—2012 ——2017 —— 2022  Urban development index

Water ecological resilience index

B2 KESHMEHTEAREAKTEENED

Figure 2 Trend of comprehensive level of water ecological resilience and urban development
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Figure 3 Trend of constraints strength of urban development and water ecological resilience
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Figure 4 Degree of coupling and coordination between water ecological resilience and urban development
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