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Abstract

The report of the 20th National Congress of the Communist Party of China states: "Promote carbon
peaking and carbon neutrality in an active and prudent manner," providing a clear direction for balancing
energy consumption "dual control," improving energy efficiency, and advancing green and low-carbon
development. Since General Secretary Xi Jinping proposed the "dual carbon" goals in 2020, western
regions have been accelerating the transformation of traditional energy industries, with renewable energy
sectors such as wind, solar, and hydropower experiencing robust growth. However, due to complex
geographical environments, fragile ecosystems, and underdeveloped economies, the task of ecological
environmental protection in western regions remains arduous. The extensive coverage, strong penetration,
and high technological nature of digital finance have injected new momentum into traditional financial
services. With the development of emerging digital technologies such as big data, cloud computing, and the
Internet of Things, leveraging digital finance to effectively enhance energy efficiency in western regions
has become a critical lever for promoting high-quality economic development in these regions and
achieving China's "dual carbon" strategic goals.

Guided by theories including Metcalfe's Law, network externality, long-tail theory, factor endowment
theory, sustainable development theory, and circular economy theory, this study progresses in a structured
and incremental manner. First, it systematically examines the impact of digital finance on urban energy
efficiency in western regions under the dual carbon goals, analyzing time-series effects, structural effects,
and network effects. The influencing mechanisms are explored through industrial upgrading, technological
innovation, and factor allocation. Second, it reviews the development status of digital finance and energy
efficiency in western regions, constructs an index system for urban energy efficiency in these regions, and
evaluates their development levels. Third, based on panel data from 83 prefecture-level cities in western
China from 2013-2022, fixed-effect models and other econometric models are used to test the impact of
digital finance on urban energy efficiency. Mediation models are employed to empirically analyze the
underlying mechanisms, with heterogeneity analyses conducted by categorizing cities into resource-based
vs. non-resource-based and dividing regions into Southwest vs. Northwest China. Finally, targeted

recommendations are proposed for digital finance to promote urban energy efficiency in western regions



under the dual carbon goals. The main findings are as follows:

First, regarding the measurement of urban energy efficiency in western regions. Using the
super-efficiency SBM model and ML productivity index, with input indicators including labor, energy, and
capital inputs, and output indicators including regional GDP and "three wastes" emissions, total-factor
energy efficiency was constructed. The results show that while some cities still face low energy efficiency,
most western cities have achieved significant improvements in energy efficiency from 2013-2022.

Second, testing the time-series, structural, and network effects of digital finance on urban energy
efficiency in western regions. Empirical results indicate that the regression coefficients for the development
of urban energy efficiency in western regions are significantly positive across all quantiles, demonstrating
that digital finance provides sustained momentum for energy efficiency improvements. The sub-dimension
indices of digital finance coverage breadth, usage depth, and digitalization degree exhibit significant
structural effects on urban energy efficiency. Threshold effect tests reveal that lower levels of digital
finance cannot fully activate energy efficiency incentives, and the relationship between digital finance and
urban energy efficiency in western regions is not simply linear but demonstrates an increasing marginal
effect.

Third, mediation model analysis shows that industrial upgrading accounts for 23.35% of the mediating
effect, indicating that digital finance improves urban energy efficiency by promoting industrial structural
optimization. Technological innovation contributes 17.66%, reflecting that digital finance enhances energy
efficiency through technological advancement. Factor allocation accounts for 24.32%, suggesting that
digital finance drives energy efficiency improvements by optimizing resource allocation.

Key words: Dual carbon goals; Digital finance; Urban energy efficiency; Western regions
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