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Abstract

Based on the goal of “peak carbon dioxide emissions”, this study measures carbon emission inten-
sity, dynamically sets a carbon allowance and differential carbon tax mechanism, designs pricing
and inventory optimization models under decentralized and centralized decision making for a
two-echelon deteriorating items supply chain consisting of a single retailer and a single manufac-
turer, considering that the demand is related to the amount of shelf inventory and allowing for
stock-outs. In addition, this study uses Stackelberg game theory and backward induction, to ana-
lyse the optimal wholesale price of the manufacturer and the optimal inventory of the retailer
under the two decisions. Numerical experiments show that an increase in the deterioration rate
leads to a decrease in the optimal expected profit under both decentralised and centralised deci-
sions, while an increase in the inventory impact factor increases the optimal profit for both deci-
sions. A unit penalty carbon tax has a limited effect on the decentralised decision but significantly
reduces the expected profit of the centralised decision. Comparing the two decisions, the optimal
profit is larger under the centralised decision, but the carbon emission reduction effect is not as
good as the decentralised decision, and the unit penalty carbon tax can be increased appropriately
to reduce carbon emissions. The research in this study provides useful insights for supply chain
pricing and inventory decisions under the carbon allowance and differential carbon tax mechan-
isms.
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Figure 1. Schematic diagram of retailer in-
ventory operation
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Table 2. The optimal decision results in four scenarios
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Table 3. Sensitivity analysis of deterioration rate @ under decentralized decision-making
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Table 4. Sensitivity analysis of unit penalty carbon tax c,, under decentralized decision-making
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Table 5. Sensitivity analysis of inventory impact factor o under decentralized decision-making
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