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Abstract

This paper focuses on the “dual carbon” goals and examines how carbon trading, a carbon tax, and
a hybrid policy combining the two influence dynamic emissions reduction decisions in supply
chains. The study constructs a two-level Stackelberg differential game model consisting of a single
supplier (follower) and a single manufacturer (leader). The paper solves for the optimal emission
reduction efforts of supply chain participants, the steady-state emission reduction level of the final
product, and their respective profits under three scenarios: carbon trading, a carbon tax, and a hy-
brid policy. Through comparative analysis and numerical simulations, the study concludes that hy-
brid carbon policies provide the strongest incentives for emissions reduction among supply chain
participants, with both their emissions reduction levels and the carbon reduction levels of the final
product being significantly higher than under either single policy; the government’s adoption of a
“carbon tax + carbon trading” hybrid policy can effectively drive the full-chain low-carbon transi-
tion in high-emission industries. This research provides a theoretical basis for the design of carbon
policy portfolios, the engineering management of low-carbon supply chains, and the implementa-
tion of carbon reduction projects under the “Dual Carbon” goals.
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Figure 1. Schematic diagram of the decision-making process of the supplier and manufacturer
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Table 1. Model parameters and definitions
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Figure 2. Final product carbon abatement dynamics
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Figure 3. Manufacturer carbon abatement effort dynamics
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Figure 4. Manufacturer profit dynamics in three models
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