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Abstract: How the digital economy can promote dual control of carbon emissions and intensity within the framework of
sustainable development is attracting widespread attention and in-depth exploration from all sectors of society. With the
increasing integration of digital technologies into various industries, understanding their potential to contribute to
environmental sustainability is crucial. To gain a deeper understanding of the intrinsic connection between the digital
economy and carbon emissions, this paper innovatively applies an artificial neural network model. This model systematically

explores the net effects and conditional dependencies of the digital economy on total carbon emissions, carbon intensity, and
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per capita carbon emissions, providing a comprehensive analysis of how digital transformation impacts carbon reduction
efforts. The results show that: (DThe digital economy has played a crucial role in reducing total carbon emissions, with the
reduction rate accelerating as economic development levels increase. Its impact on carbon intensity and per capita carbon
emissions follows distinct patterns, exhibiting a negatively skewed inverted “U” shape and an “S”-shaped trend,
respectively. Notably, the significant reduction effects on both carbon intensity and per capita emissions become evident only
when the digital economy reaches a sufficiently high threshold, highlighting the importance of sustained digital advancement.
@Compared to traditional econometric methods, the artificial neural network model demonstrates significantly superior
accuracy in capturing the complex relationships between digital economy development and carbon emissions. When fitting
the net effects on total carbon emissions, carbon intensity, and per capita emissions, the model’s accuracy increased by
65.58% , 67.86% , and 56.57%, respectively, demonstrating its enhanced predictive power. 3 The impact of the digital
economy on emissions varies significantly across different urban contexts, including city size, administrative level, and the
presence of digital economy pilot zones. The most substantial emission reductions occur in super-large and mega-cities,
although further efforts are needed to optimize reductions in carbon intensity and per capita emissions. In cities with higher
administrative levels, digital economy development helps lower carbon intensity and per capita emissions, but does not
significantly affect total emissions. Pilot zones show strong institutional advantages, particularly in green development and
emission reduction efforts. @The net effect of the digital economy on carbon emissions is influenced by various conditions,
including economic development, foreign direct investment, innovation, and technology focus. These factors play a crucial
role in shaping how digital economy development impacts carbon emissions, suggesting that the dual control of emissions can

be effectively promoted through strategic advancements in these four aspects.

Key Words: digital economy, total carbon emissions, carbon emission intensity, per capita carbon emissions, conditioned

effect, artificial neural network
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Fig.1 Structure of a single processing neuron
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Fig.3 Calculation steps of artificial neural network
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Table 1 Variable selection and interpretation in this study
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Fig.5. Heterogeneity of urban scale in digital economy and carbon emissions
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Fig.6 Heterogeneity of urban hierarchy in digital economy and carbon emissions
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Fig.7 Heterogeneity of pilot zone in digital economy and carbon emissions
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Fig.8 The net effect of digital economy on carbon emissions under different levels of economic development
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Fig.9 The net effect of digital economy on carbon emissions under different levels of FDI
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Fig.10 The net effect of digital economy on carbon emissions under different levels of innovation
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