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Table 3 Descriptive statistics of variables
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Fig.3 Spatio-temporal distribution pattern of DGSD level in the Yellow River Basin
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Fig.4 Spatial clustering distribution of DGSD level in the Yellow River Basin
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Table 9 Effect decomposition results of the spatial Durbin model
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Urban energy transformation empowers digital-green synergistic
development in the Yellow River Basin: mechanisms
and spatial spillover effects

Ma Yonggang", Zang Jiagen'®, Fan Wei’, Yan Ling’
(1.a.School of Business Administration / b.School of Information Engineering and Artificial Intelligence, Lanzhou Univer-
sity of Finance and Economics, Lanzhou 730020, China; 2. Chinese Academy of Personnel Science Research, Beijing

100101, China; 3.International Business School, Dalian Minzu University, Dalian 116650, Liaoning, China)

Abstract: Under the strategy of ecological protection and high-quality development in the Yellow River Basin,
this study explores the mechanisms and spatial spillover effects of urban energy transformation on digital-green
synergistic development (DGSD ). Using panel data from 76 prefecture-level cities (2011-2021) and employing
a quasi-natural experiment based on the New Energy Demonstration City policy, we apply a coupling coordina-
tion degree model, double machine learning, and the spatial Durbin model. The results show that urban energy
transformation significantly promotes DGSD, a finding that holds after robustness and endogeneity tests. Mecha-
nism analysis reveals three transmission pathways: technological innovation, urban resilience, and carbon emis-
sion intensity. Heterogeneity analysis indicates stronger policy effects in non-resource-based cities, key environ-
mental protection cities, and non-old industrial bases. The spatial Durbin model shows positive and significant
spatial spillover effects, where local policies enhance DGSD in neighboring cities.

Key words: energy transformation; digital-green synergistic development; Yellow River Basin; double ma-

chine learning; spatial spillover effects



