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Abstract Urban-rural integration is the ineviatable trend in the development of urban-rural relations. Coun-

ties serve as crucial vehicles for achieving this integration of new urbanization and comprehensive rural revital-
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ization. To reveal the spatial patterns and formation mechanisms of urban-rural synergy across Chinese coun-
ties, this study employs spatial analysis and multinomial logistic regression models using 2020 cross-sectional
data from 2,355 counties. We first explore the spatial distribution of urban-rural development and synergy ty-
pologies at the national scale, then conduct focused comparative analyses of pattern differentiation in the Yan-
gtze River Basin and Yellow River Basin, while systematically identifying key factors influencing the probabili-
ty of different synergy types. The research has four major findings. Firstly, nationally, urban-rural development
exhibits a pattern of " lower levels in northeastern and southwestern regions, with localized higher levels in
southeastern and northwestern areas. " Within the major basins, development intensity along the Yangtze River
increases downstream, while the Yellow River Basin shows higher development in its northern reaches and es-
tuary zone but lower levels in the southern regions. Secondly, high-level synergy counties (40.3% ) align spa-
tially with major urban agglomerations; low-level synergy clusters (48.3% ) concentrate in former contiguous
poverty-stricken areas; urban-lagging imbalance counties (5.5% ) are frequently adjacent to high-synergy
counties ; rural-lagging imbalance counties (5.9% ) show no significant spatial clustering. Thirdly, synergy

" population-land-industry" analysis framework: terrain con-

differentiation is mechanistically driven by the
straints exacerbate imbalance whereas transportation advantages mitigate dysfunction risks; industrial upgrading
suppresses low-level synergy but has limited effect on improving rural-lagging imbalance; inefficient govern-
ment investment and structural contradictions in human capital hinder development. Finally, promotion path-
ways require spatially tailored strategies: enhancing innovation radiation in high-synergy zones; promoting eco-
industrialization in low-synergy regions; facilitating industrial transfer absorption or removing institutional barri-
ers in imbalance areas. Basin-specific priorities include; addressing low-level synergy in poverty-stricken up-
stream areas, the mountainous southern Jiangxi region, and the agricultural areas of northern Anhui farmer
within the Yangtze Basin; strengthening the Lanzhou-Xining, Guanzhong, and Central Plains urban agglomer-
ations to resolve the prevalent low-level synergy and rural-lagging imbalance throughout the Yellow River Ba-
sin.
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urbanization ; rural development; spatial pattern; urban-rural relationship; the Yellow River Basin
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Fig.1 Main synergy scenarios between urbanization and rural development
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Tab.1 Independent variables for simulating urbanization-rural development synergy patterns
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Tab.2  Descriptive statistical analysis and multicollinearity test of variables
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Fig.3 Spatial pattern of county-level urbanization in China (2020)
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Fig.5 Synergy pattern between urbanization and rural development at county level in China (2020)
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Tab.6 Likelihood ratio tests
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B ) 2% i 2902. 151 16. 117 3 0.001
FHLE e 2 903. 293 17.259 3 0.001
A4 GDP 3 052. 761 166. 727 3 0. 000
NI S T o i R A 2 915. 875 29. 841 3 0. 000
Pl B R AT B 2 896. 530 10. 496 3 0.015
el A H HEE 3 004. 504 118. 470 3 0. 000
NI AT ST 2 909. 706 23.672 3 0. 000
FAENOAEL 3 098. 849 212. 815 3 0. 000
#7 FEPE B SEARE
Tab.7 Model fit information and goodness-of-fit statistics
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Tab.8 Parameter estimates of regression models
2 AP R (7 1) WA & A e (2R 2) Wiim 2 RB G R (E T 3)
B BFEHE exp(B) B BEME  exp(B) B BEME  exp(B)
g 0.541  0.000 ~1.498  0.000 -1.572  0.000
W pE 0.942  0.000 2.565  0.254  0.290 1.289  0.868  0.000  2.381
TR 0.793  0.000 2.210  0.772  0.000 2.163  0.694  0.000  2.001
% ) 2 -0.207 0.017  0.813 0.052 0.654  1.053 -0.397  0.006  0.673
Ed| EERaENE) -0.030 0.785  0.970 -0.122  0.467  0.885  0.542  0.000 1.719
Ay GDP -1.816  0.000  0.163 -0.661 0.001 0.517 -1.103  0.000  0.332
NS —0.672  0.000 0.511 -0.293  0.027  0.746 -0.429  0.025  0.651
Pl g Ak E -0.155  0.022  0.856 -0.233  0.051  0.792  0.045  0.463 1. 046
£ N -1.284  0.000  0.277 -1.569  0.000  0.208  0.359  0.127 1.431
AT Y 0.381  0.000 1.463  0.343  0.004  1.409  0.067  0.431 1. 069
NP NS -1.662  0.000 0.190 -1.535  0.000 0.215 0.136  0.171 1. 146
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Fig.7 Synergy types and regulation strategies for urbanization-rural development
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