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Figure 1 Model of Bi-level Decision-making Mechanism of Carbon Emission Reduction
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Bi-level Programming Model of Carbon Emission Reduction Decision-making
under the Coexistence of Carbon Trading and Carbon Tax

ZHAO Liming, YIN Jianli
College of Management and Economics, Tianjin University, Tianjin 300072, China

Abstract ; Under the background of high attention on global climate question, carbon trading mechanism and carbon tax policy are
considered as two of the most important market incentives to help control carhon emission. As research continues, it has gradually
reached a consensus that implementing these two measures simultaneously is more effective and acceptable than implementing on-
ly one of them in carbon reduction. However, few studies are conducted to explore the carbon emission reduction decision-making
problems among government and enterprises under the coexistence of carbon trading mechanism and carbon tax policy, which is of
key importance importance in theoretical researches and practices of carbon reduction.

After careful analysis, we found that the process of carbon emission reduction was a bi-level decision-making mechanism. It was
constituted by government as the upper decision-maker governing the master plan and control of carbon reduction and firms as the
lower level decision-makers with independent decision-making powers. Government controls two decision variables (1. e. , carbon
emissions quotas and carbon tax) to maximize the overall social welfare of carbon reduction, while enterprises controls another
two decision variables (i. e. , carbon emissions and product prices) to optimize their own economic benefits. This mechanism re-
flects that the carbon reduction decision process between government and enterprises is hierarchical and of dynamic feedback.
Accordingly, the theory of bi-level programming is applied to build the bi-level programming decision-making model of carbon e-
mission reduction.

This study shows that the proposed model well reflects the carbon reduction optimization decision-making process between govern-
ment and enterprises and is able to balance the interests of all the participants. Government, through determining the initial free
carbon emissions quotas and a carbon tax, is able to control total carbon emissions and affect the enterprises’ carbon emission re-
duction decision-making. Because of taking the interest demands of companies into its own objectives, government is able to max-
imize the total social welfare of carbon reduction without damaging the interests of companies. Therefore, the companies can stay
motivated to take part in carbon reduction activities. Under the influences of government, companies determined emission reduc-
tions and the product prices actively in a carbon emissions trading and taking the consumer preference about low-carbon products
into consideration, so as to maximize their benefits of reducing carbon emissions. Thus, companies can enjoy greater flexibility
than that in the context of one carbon reduction policy in determining the carbon emission reductions.

Then, our proposed model was verified and analyzed by numerical simulation. It is showed that the carbon emissions bi-level pro-
gramming model is able to serve as a more effective carbon reduction decision support tool for government and enterprises. The
theoretical and practical implications for this study have also been discussed.

Keywords ; carbon emission reduction ; carbon trading;carbon tax;bi-level programming; decision-making model
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