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Abstract: The interactive stress relationship between ecological security and urbanization within lake basins fundamentally
manifests the interactive dynamics between humans and the environment. Against the backdrop of accelerating urbanization and

mounting pressure on natural resource and environmental carrying capacity, lake basins face growing challenges in providing
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stable material support and ecological guarantees for regional sustainable development. Within the theoretical framework of the
human-land relationship in regional systems, this study quantitatively analyzes ecological security and urbanization levels across
various lake basins and explores the spatial heterogeneity of their interactive stress relationship. The results indicate that: (1)
Under the combined influence of ecological governance and regional development, ecological security and urbanization levels in
different lake basins have improved to varying degrees, with their spatiotemporal evolution exhibiting significant spatial
heterogeneity. (2)The stress experienced in the interaction between ecological environment and urbanization varies across basins,
showing distinct patterns of coupling and coordinated evolution. Developed basins tend to achieve a higher level of coordination,
whereas regions with a strong ecological foundation often experience lagging urbanization. The differing degrees of stress exerted
and endured in the ecological security—urbanization interaction across basins reflect regional disparities shaped by the combined
effects of natural conditions and developmental stages. (3) A complex interactive stress relationship exists between ecological
security and urbanization, influenced by factors such as natural endowments and developmental stages. Ecological constraints in
developed basins have progressively weakened; in ecologically sound but underdeveloped basins, ecological factors strongly
constrain urbanization; in ecologically fragile and underdeveloped basins, a bidirectional stress pattern is observed. Promoting
ecological governance and urbanization processes in a context-sensitive manner and exploring development pathways
characterized by high adaptability and synergy are key to achieving high-quality development in lake basins. This study aims to
systematically delineate the interactive stress relationship and evolutionary characteristics between ecological security and
urbanization, thereby providing scientific reference and practical insights for sustainable urbanization and ecological civilization
construction in lake basins.
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Tab. 1 Ecological health assessment indicator system and calculation methods
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Tab. 2 Resilience and resistance coefficients for different landscape types
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Tab. 3 Resilience and resistance coefficients for different landscape types
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Tab. 4 System of indicators and weights for assessing the level of urbanization
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Tab. 5 Type of coupling coordination degree
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Fig. 2 Spatial distribution of ecological security indices by lake basins
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Fig. 3 Spatial distribution of urbanization indices by lake basins
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Fig. 4 Spatial distribution of the coupled ecological security-urbanization level coordination degree in each lake basin
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Tab. 6 Results of bivariate spatial autocorrelation analysis of ecological security and urbanization level

FEy Moran’s / P Z-score
2000 4= -0.647 0.001 -15.220
2010 4 -0.722 0.001 -16.429
2022 4 -0.731 0.001 -16.438
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Tab. 7 Geodetection results of the ecological security-urbanization level interaction
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Tab. 8 MGWR fitting results
AL ES gy A BRZESFHFM AlCe R? RN R i
XA T RS 2000 GWR 46.628 296.327 0.748 0.732 120
it 3 44k 7K B MGWR 33.016 254.941 0.822 0.799 43-184
S 2010 GWR 19.202 182.402 0.896 0.876 49
MGWR 18.135 158.158 0.902 0.886 43-67
2022  GWR 22216 207.207 0.880 0.857 49
MGWR 22.280 198.458 0.880 0.859 43-71
WAL KT & 2000 GWR 13.970 152.476 0.924 0.904 51
S ] MGWR 11.516 89.624 0.938 0.925 43-184
221 2010  GWR 8.934 73911 0.952 0.938 51
MGWR 8.801 40.628 0.952 0.943 43-1848
2022 GWR 10.723 110.177 0.942 0.925 51
MGWR 9.783 50.478 0.947 0.938 43-184

(1) EFRET RGBT IR 2B
AR RETR R (B 1) B B0 A X B KT S i 5 SN — E ) TR e RO 0 A
I A 81 R S50 S5 L 1 S P RS R B AR 55, AR T R R K P B IR T B R K, K
FaFRERE , ALV AR NEE A IS 5 F 0 PH A A ) S5 05 0 17 S B £ i o, R IR A A URKIX, Ik



BALRAESE SN EIRIE, AR (E2) X & X Sk sgem bLE Ry 3, RIWEY kS
AEASTARK BAIEAR s XA ST IR0 BH T 5 1 PR BH B b X A F 0B 855, TR A AR RS
TR ER R 2 I DX SR S SR I M s X DA R B A I ) T ) 4 TG 5k, SR RIPE T IR IR AR
AMEE, Z3 NG T BRI SR A PR B R X B4, AR 2 XU (1 F 7 52 20 2 5 i ook 53 )
H, R T ARSI BB B S I ik 2 R Eh A IR . AR RGIRSS ThEE (Es) XU X B
AT I LA A 3, BROAIATRAL SR AR 3 SEMAR AR 35 o X B m e e e 4k, Hoe X3
B ga AT, ELERBH IR o M X GE A e o I [, et AR 28 RBUIR5 S 3B K T2 45 Mo
KL A

. "..‘:‘;'l. ¢’ # - 3 2 v
A N 5 o - R, ’ 2 1
Vi, ¥ A ST VR V., | NN
E—?L,‘ i TS 0 100 % % 8| &% 100 -4
£ NS 200075 £ 1115 BIDIOSK £, |4 €16 & 20024

<0231 B0, 230 - 0220 W 0227 (< L3S PR-0324 - -0 768> 000 [ i< 42529 oAU - -0 \m- 0,267
L0 230 - 0230 -0, 228 - 0227 = | ‘n? C5-0.395 - 0210176 - 0,000 =[50 | -«nw 000 3 - ) 267 K

A'
el v v, | o
s G ' © i “ >
2, i o mu T 5 \%\ ‘é rh & lu«H’—'f.
LY d200050 £ TG L-("U' EI‘\'!F-ﬂ l‘u"o
J< 1485 WO 506 - 0.S16ME> 0517 [T 02K I SE2 - LTV [C1<-0.135 0000 - 5 THE> 0,019
JHJI OS50S MO.N6 - 08T =L 357 H281 - 05K 0 | 079« | 280~ H!‘# 50,238 - 0.000 W0, 157 - 0,519 = [X } 9
I A' 3w u A
;-u . g
g, P pes s
'st‘ e i
m n n v

N V 1va v
ﬁv\‘ a 1«)7%@9‘\‘ 0100 % ﬁ‘. 4 0 u.m-fw';

DIsE A - "um il A H'W-& . 20100 £, va.&n 120224
IA1Y 1.7 !"K‘IJ B2 ) 3R 0471 Tl 220 0 1 XA < A0 TO0 I {1000
_-nn A6 EE. | 239 . 0.5% — T ﬂ(} r;_m 2 | TAEE.1,3K3 - 0471 —[3 5 W <2221 < <1 AMERAT06 - 0000 —[XE B

5 %/ﬁ)}/ﬂ{mﬁi*ﬁé?%éﬁﬁ SR AT SR ) 2 6 73 S5
Fig. 5 Spatial differentiation of the impact of urbanization level on the ecological security subsystems in lake basins
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