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Abstract

As a vital ecological barrier and economic zone in China, the Yellow River Basin faces challenges
including regional development imbalances and ecosystem fragility. This study investigates the
synergistic relationship between ecological and economic systems in city cluster within the basin,
examining the spatiotemporal evolution and its driving forces. Using panel data from major basin
cities (2011~2023), we constructed a comprehensive evaluation index system integrating multi-
source data with traditional statistics, including nighttime light remote sensing, NDVI vegetation
indices, and terrain elevation. Analyses employed coupling coordination degree models, Moran’s I
index, and geographic detector models. Key findings indicate: (1) Temporally, the basin’s overall
eco-economic CCD shows steady improvement, though most cities remain transitional between
near-disharmony and basic coordination. (2) Spatially, CCD exhibits a downstream > middle > up-
stream gradient, with global Moran’s I confirming significant positive spatial autocorrelation. (3)
Geodetector results identify local fiscal capacity and economic vitality as primary drivers of CCD
variation, while population pressure and natural constraints are key limiting factors. (4) Interac-
tion detection reveals that synergistic effects between any two factors consistently exceed their in-
dividual impacts. This demonstrates that coordinated optimization of socioeconomic elements and
natural geographic conditions is particularly crucial for enhancing regional coordination. Our study
elucidates the complex mechanisms driving eco-economic synergy in the Yellow River Basin amid
multiple constraints, providing a scientific basis for formulating differentiated regional develop-
ment strategies.
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Figure 1. Prefecture-level cities and city cluster in the yellow river basin
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Table 1. Indicator weighting for eco-economic systems
=1 EDS - BRRENERNE

RY — R Fahn 7 Ei=p 15 25 WA E &S
2RSS/ GDP 0.9356 0.0644 0.2215
BTE T BGHRSE 0.9474 0.0526 0.1811
G T RS F & % =" \/GDP 0.9849 0.0151 0.0519
WHHET) Fha i i 2R LA 0.9198 0.0802 0.2761
BUR I 73 7 — A LTSRN 0.9217 0.0783 0.2694
HERES HPEER 0.9877 0.0123 0.0957
ATH T E A B AL HE R 0.9969 0.0031 0.0245
27N AR _
" VSRR AR b 0.9122 0.0878 0.6838
PNEEi¥ i UNEES)S 0.9900 0.0100 0.0779
W b K HE = 0.9952 0.0048 0.0371
HARAH Tt 0.9896 0.0104 0.0810

2.32. BEBER

SUt HAESRMEMN, MERANERRG. N, SIANMERERE, ERFNEst 725
ST ARG A RIPRIL . #a v R R KRR EAIC R, SOk R 508 f A B A H
AR E S RIRERE ;. RELR & PPHI DRI /K, SR 22 48 2 18] B SR B 5 2 LA £ A FR /K- b v ] e ot
Phs RETR IR oS DIRT R A8 I T AR AN [ S6 B2 i AL ) Blp [R5 BT B, D IX 322 S AR BB A e (1 EL A
iR . AN

DOI: 10.12677/aep.2026.162012 105 N RI R Y


https://doi.org/10.12677/aep.2026.162012

B, S

u,u
C=2[|—2t"2 1

(U, +U, )’ .
T=aU,+pU, (a+B=La B>0) ()
D=+CxT 3)

Hrp, CHMERE, LT[0, 11Z; U . U, ?HNEH RGBS ES R RGNS, T
NHAGATEEG o v BRI RGEE, 456 SEhan stk A S e s MR, A0t
EHSETAEREERENMAE, Wa . p#0E05: D NREEIHAE, LT[0, 1121, KBZEF 548
T ARG AR SR I BEAA KT BB U B P AT B

2.3.3. FEBAHEX

2% [ [ FH 5K BB 0% 187 b 3 2 3% S MR FE 2 1) B BAFAEAR G R . I 42/ Moran’s | 8 E0R1R #6
Moran’s | 484573 47 38 Tl e L A3 1T B (0 A A5 20 5 R 45 DI U8 6 1) 25 IRDIE R ARFAE - R B ok 2 1 Vi 9 3k
TR S DR B R A A AR ATRRAE s R 68 30 7 MR I BT SR U R KR A AR R S,
HA DX IR I 2 1) A S SR A S T AR

(1) A=) Moran’s | $5%4:  FH T HIWTHE 78 X Sl 8 k- RARTE S M F A, THE A

| = nZinzlzr;:l\Nij (Di B 5)(Dj - 5) @

(Zin:lzrj‘:lwij )Zinzl(Di - IS)Z
For, n OR3GO Dy e i AT j AR SRR, DO RS I EE: W
BB EEE. 47 Moran’s | FTHRUETE &1, 1]. #F 1>0, WERHAEIEMEK, S2IHERESM; 1<
0, KHZTRMAHR, BIEE N 1=0, RIS EFEVL 0.

(2) B Moran’s | $8%:  F TR R B X ] GEAF R B R ERES . A
D,-D

I, z?
Her, SPRMEAN Z. I HEMSE R, TR A R RRE S AU RA: & - mERE K - K
R - RERAE. K- mRE

2.3.4. HHIBEREIREY

I AE S LB A VR E B0 A3 )4 o [ AR MR )R S Ak S pr R LRSS R, R
IRSH AL EAT 5 A M RN AR 2 M ) RRAE o T M EE PR 25 2 RE S PRI 25 1) 43 S, [RINHE 7R IS IR Bh K7 1)
it 75 [22] 0 MILCALGE LR R R, H B PR 0 28 A 75 2 A ) 2R M B 2 1, ELRE AT R0 Ak 22
RARE, KRB 2 AR T Z AR HAEA .

(1) FFHMES: 2RIk R E S SRR G R SR T AR ), g EEE. A
N

ZT:1WH (DJ - 5) 5)

_ thlNhof
q _1_N—c72 (6)
Horb, o ASHE TR, BUEN[0,1], q EHOR, Romix B i A A28 5l & B B2 1 2 8] 43 A5 1
fERERESERSR; h=1,- L ABSHIHF 32 N, AN 5082 h A o flo? 50h
JZ h {77 2R AR T AR S A DR S R B R T 2

DOI: 10.12677/aep.2026.162012 106 N RI R Y


https://doi.org/10.12677/aep.2026.162012

AT, B

(2) ZZEARME: : WA R SRS 7 2 18] (22 FAR X AL RS st i A o L iz . BDPPAL 4R R | 5
R j SEFEPERINS, o2 oo H ol el g5 o0 AL A e B R A R B2 R RRERE 0, B IR EE AR AR A RO 1
B RS

3. BRI : MEXRINEIRE
31 ZERRIKFE

MRAEE 1 RIBCE 7 ATHE Y 2011~2028 SEATF R AL G IRBANES KA A REL SRWTE 20
e BTFRGRRER EIHEY, RYET TR, HREEARRL5 L R8T BERTH HiER
TFARGARIEZRUR, HBEE B HER A RIS, IR X AR T 1 8. BT s
FER, AR e 1) B BRI A ST DA P S SO R R AR ORI BT I T B 4R B i
B b L, b X 2 B B AR B R RUR RN AR, PRSI gs,  HAR T AR G L,
BT RN AR S Z S B OR AT DU Gt LRt . LT 25 RS, BIEIR
SRR X TR R ST, X R R A T RS R Gk G 1R
BAEBARHIACE EARE, HER H S AESRY, EEES KGR DM R RIS, TR
MZERBA LT ERMFER, FTUES RS2 HAE MR RRIRE . HAS R 2022 FEAAFEA T L
Tt HbpEZEW R TS, HIZIRNIER 2 ERRGSERMER, HAE 2023 ERVE B U4
(SO R AT AR AR ok, R BEAREEDS g0 Sk R el . ST A i I 22 TF R G S
K, EBRGMBAERIE, X R KKIRHIE.

e Sk
ERRFEETRE
0.4

<
w
T

LT RGLE A TR
o
(187
Ll

0.1 |

00 ' N BTN S B (NS BRSSP T ST (NN S .

< ) 2
90/1 0/9201320]420/530/620/7 01820[92020202/ 02220{?
Fhr

Figure 2. Line chart of the ecological economic system composite index, 2011~2023
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Table 2. Average domain-wide coupling coordination degree D values and evolution of coordination levels
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Table 3. Mean D-values of coupling coordination in urban agglomerations and coordination levels
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Table 4. Morlan index results for the entire yellow river basin
4. BAREBEREEZRHER

FEfy Moran’s | Z 185y P{H

2013 0.4905 7.4995 3.20E-14
2018 0.4894 7.5002 3.19E-14
2023 0.4650 7.1495 4.36E-13

M 37 Y, BRI A A T R G Db IR R A 2 18] 0 A1 SR I H I 25 PO AR E PR AT 9 Y 1 2 1) 7 S
R R ARSI, DI DR, e g R e R B AR SR By TRy B X, AR
TAERIG LS - mRERE, hEIR RS A TR B E DR AR N X, TR - AR
W ERUPZHX TR RACEFAN RS, HAEAESR S6HTE L, WS 7B, EER
G525 RGBS B AT BT RV RS IR T I DX IE Rt R o B3 2 — PRI R IX 3K
TR - (KSR, XS m izt XA E A B XTI 55, HAPrkeik)a, ESRGSAFRGHLT
BURKPRZS, T RO B 2 B E R ISR B, XA PR 7 BRPIR S S A R A AR R B
f2egh, WORAE R - AR AR - (RS AR XS G i A 2 /N S, 3 AN T a5t B B Pl s E
G0 [ e Jr A — AT i S AT A DR 3 AL

KPR “JL7 IR D ) L2 BN R ERAE, BT AL T B % X5 A J B
Beo ZIXH T ARG, IEE TR RE R ], B ™ A AR S R S B A R, R
TSRS E 1 RAE LA, M B A I BEAL I . BANX IR N R Bt 2, “TL” iR
W HEE2A, WRBREIT RS 9IRS T, IR A XA IG B . HLOG AP Sk i B 52
AU 8 T VY 22 AT IR RONE L, BRSS9 0AE B35 Bk = 28 (s i, M0 5 FIAAE I Rl Al B EORZE el
Wr v (AR

DOI: 10.12677/aep.2026.162012 109 N RI R Y


https://doi.org/10.12677/aep.2026.162012

B, S

» -

et

— i

[ Jan

[ s
i i %

_ursmaig

ey e | T
1 SRR

FK
200 400
I I— |

20134 LISATR 4

[ R
] mifesm
I -

1 JEXK = 139.69 Tk

» -

— il
E:
L |
=P EE
| VETS TR

1 JEK = 139.69 T2K

2018FLISARE SR
HAHIA

B -
] etk
- R
Ko S i I -t
- [ resur

FXK
200 400
I E—

> -

[

—

E

U] R
- T

LT

20234 LISATRH
A

I -
R Y
- TR B

P LR
W By L] FREE

{

1 JEK = 139.69 T2k

FK
200 400
I B |

T ZEET B AR TR AR B AR 25 s TN R B SO GS (2020) 3185 S kR dERLE SR, R E B .

Figure 3. LISA clustering maps for selected years
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Table 5. Explained variance g-value for driving factors in selected years
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Figure 4. Heatmap of interaction detector results
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