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Abstract

Against the backdrop of advancing global carbon neutrality strategies and the official implementa-
tion of the European Union’s Carbon Border Adjustment Mechanism (CBAM), carbon tariffs have
emerged as a critical factor constraining the development of cross-border e-commerce trade. To
address the current practical issues of insufficient collaboration among entities and low willingness
to invest in emission reduction within cross-border e-commerce supply chains, this paper intro-
duces the system optimization and collaborative governance theories of management engineering.
By setting green compliance assets as a dynamic variable, this study constructs a differential game
model for a cross-border e-commerce supply chain comprising domestic manufacturers and over-
seas retailers, designs a “two-way cost-sharing” collaborative contract, and verifies its effectiveness
through numerical simulation. The research results indicate that the decentralized decision-mak-
ing mode is prone to issues such as “free-riding” and insufficient investment in emission reduction,
whereas the designed contract can achieve a Pareto improvement in the overall performance of the
supply chain. Furthermore, the intensity of the carbon tariff exerts an “inverted U-shaped” impact
on the supply chain’s emission reduction behavior, while consumer green preferences and the emis-
sion reduction conversion coefficient can effectively drive the accumulation of green compliance
assets. This research provides theoretical foundations and practical references for cross-border e-
commerce supply chains to achieve collaborative emission reduction.
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Table 1. Comparative analysis of collaborative contract mechanisms in low-carbon supply chains
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Figure 1. Cross-border e-commerce supply chain
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