Appendix: Proof of Proposition1.
The decision-making objectives of suppliers, manufacturers and governments are simplified as follows:

		

[bookmark: _Hlk187164721]	
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Then, the optimal profit function of the supplier and the manufacturer at time t is transformed into:

	

	

	
At this stage, the optimal control problem for the supplier, manufacturer, and government satisfies the following HJB equation:

	

	

	








Let  be a concave function with respect to  and  be a concave function with respect to . The partial derivatives of  with respect to  and  with respect to  are obtained respectively.

	

	






Substituting  and  into , the partial derivatives of  with respect to  and  can be obtained :

	

	





Substituting  and  into ,  and  respectively, we can obtain :

 

 

	
According to the characteristics of the above differential equation, it is speculated that the linear optimal value function of G is the solution of the HJB equation. 



Let , ,  be expressed as follows:

	

	

	






where  are unknown constants,. By substituting ,  into  and  and comparing the coefficients of the same term at both ends of the equation, it can be obtained that :


	

	

	

	

	

	





Substituting , into , and ), we can obtain :

[bookmark: _Hlk159748535]	

	

	








Substituting ,,,,, into ,, we can obtain

	

	

	

	
The optimal trajectory of carbon emission reduction in supply chain is:

	

Where .
Proposition 1 is proven. The proof methodologies of Proposition 2 and Proposition 3 bear resemblance to that of Proposition 1.
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