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The Spatial Patterns and Drivers of Green Innovation Transformation
Efficiency in Urban Agglomerations along the Yellow River Basin

Chen Jinghua (Shandong University of Finance and Economics)
Liu Zhanhao(Hunan University)

Abstract Enhancing the green innovation transformation efficiency is vital for accelerating new quali-
ty productive forces in the Yellow River Basin. Using panel data from 70 cities within the urban agglomera-
tions along the Yellow River, this study examines the spatiotemporal evolution and drivers of green innova-
tion transformation efficiency via a super-efficiency network SBM model, spatial kernel density estimation,
and spatial quantile regression model. The results reveal a steady improvement across the region—with fluctu-
ating gains in R&D efficiency and modest yet significant progress in the transformation stage. Notably, the
Shandong Peninsula and Hohhot-Baotou-Ordos-Yulin urban agglomerations lead this advancement, while all
urban agglomerations trend toward better development. Moreover, green innovation transformation efficiency
exhibits robust stability, significant spatial heterogeneity and convergence, with core cities such as Jinan, Qin-
gdao, and Xi'an emerging as innovation hubs with pronounced spatial spillover effects. Infrastructure, digitali-
zation, industrial upgrading, and stringent environmental regulations significantly boost efficiency—effects
that intensify at higher quantiles and partly explain regional disparities. In contrast, financial development,
market liberalization, and policy interventions have uneven impacts. Spatial analysis further identifies that
policy interventions, environmental regulation, market freedom, industrial structure, and digitalization pro-
duce negative spillovers, leading to "race-to-the-bottom" and "beggar-thy-neighbor" competitions; only infra-
structure offers positive spatial externalities, underscoring the need for coordinated spatial governance of in-
novation drivers.

Key words urban agglomerations along the Yellow River Basin; green innovation transformation effi-

ciency; spatial patterns; spatial quantile regression model
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