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Abstract—under the carbon tax and government carbon 

emission reduction subsidy policy, a two-level supply chain 

cooperative emission reduction game model consisting of 

suppliers and manufacturers is constructed, where 

manufacturers are faced with yield uncertainty. The emission 

reduction decision of decentralized decision and the centralized 

decision is analyzed. It is proved that centralized decision is 

better than decentralized decision to realize Pareto improvement 

of supply chain. On this basis, three different cooperative 

emission reduction methods were proposed to explore the 

strategic selection of cooperative emission reduction in supply 

chain under uncertain production environment. The results show 

that the cost-sharing contract and profit-sharing contract cannot 

coordinate supply chain and yield uncertainty well. Cost-sharing 

and profit-sharing contracts can maximize the level of emission 

reduction and the profits of the whole supply chain and perfectly 
coordinate supply chain and yield uncertainty. 

Keywords—yield uncertainty; Low carbon preference; Low-

carbon supply chain; Cost sharing; Profit sharing 

I.  INTRODUCTION 

 With the development of social economy, the emission of 
greenhouse gases has increased substantially. The greenhouse 
effect has a huge impact on the natural, social and ecological 
environment that human beings rely on for survival. The speed 
and extent of the impact have exceeded people's expectations. 
On the one hand, under the carbon emission trading scheme, 
enterprises must consider the cost of carbon emission when 
making production decisions. On the other hand, consumers are 
more inclined to buy low-carbon products [1], so enterprises 
must reduce carbon emissions to meet the needs of more and 
more consumers for low-carbon products. At the same time, 
the carbon emission reduction decisions of enterprises are not 
isolated. The carbon emission reduction decisions of 
enterprises upstream and downstream of the supply chain are 
closely related to the carbon emission reduction decisions of 

individual member enterprises in the supply chain. Only by 
considering from the perspective of the whole supply chain 
system can the ultimate carbon emission reduction target be 
achieved [2]. 

II. LITERATURE REVIEW AND MOTIVATIONS 

At present, the supply chain cooperation emission reduction 
problem has become the focus of attention. Scholars at home 
and abroad have made in-depth research on this issue, and 
relevant research results keep emerging. Zhang et al. studied 
three models of supply chain r&d without emission reduction, 
independent emission reduction r&d and cooperative emission 
reduction r&d under the carbon tax policy, and found that the 
emission reduction of cooperative emission reduction r&d of 
supply chain is much lower than that of independent emission 
reduction r&d [3]. Xinpeng Xie used the game theory to 
analyze the emission reduction effect, profit and social welfare 
of upstream and downstream enterprises under the conditions 
of non-cooperation, semi-cooperation and integrated 
cooperation [4]. With the deepening of the research, scholars 
closely combine the research content with the actual market 
environment to further enrich the research content. Hongjun 
Peng and Tao pang compared and analyzed the quantity 
discount contract and revenue sharing contract in the context of 
considering consumer preference judged the best scenario of 
cooperation between supply chain enterprises, and designed the 
revenue sharing contract considering emission reduction 
subsidies to better promote supply chain cooperation and 
arrangement [5]. 

With the gradual enhancement of consumers' awareness of 
environmental protection, consumers prefer eco-friendly goods 
and services. Hartikainen et al. show that the level of emission 
reduction of products usually has an impact on consumers[6]. 
While studying supply chain emission reduction decisions, 
scholars began to consider the low carbon preference of 
consumers. On the basis of considering consumers' preference 
for low carbon, Liu et al. studied the coordination of 
investment emission reduction contracts led by 
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manufacturers[7]. The above research is mainly aimed at the 
deterministic market, without considering the uncertainty of the 
market. In the actual production activities of enterprises, 
limited by the production environment and natural conditions, 
there will be uncertain production status. Especially in coal, 
steel, chemical and other industries, yield uncertainty is very 
common. 

This paper mainly studies the following three questions: (1) 
how do the yield uncertainty, carbon tax, carbon emission 
reduction subsidy and low-carbon preference affect the 
emission reduction decision of manufacturers? (2) are cost-
sharing contracts, revenue-sharing contracts and cost-sharing 
and revenue-sharing joint incentive plans profitable for supply 
chain channel members?(3) which is the best scheme for low-
carbon supply chain cooperation in emission reduction? 

III. MODEL ESTABLISHMENT AND SYMBOL DESCRIPTION 

A. Problem description and hypothesis  

We consider a two-tier supply chain composed of suppliers 
and manufacturers, where manufacturers generate some carbon 
emissions during production. The government imposes a 
carbon tax based on the final product's carbon footprint. At the 
same time, in order to alleviate the contradiction between 
enterprise emission reduction and enterprise profits, the 
government gives certain subsidies to manufacturers. By 
investing in emission reduction, manufacturers can reduce the 
carbon emission of their products, reduce the tax burden and 
increase the market demand for products. Suppliers have the 
initiative to cooperate with them in emission reduction. In 
addition, we assume that manufacturers are faced with 
production uncertainty and consumers are more inclined to buy 
low-carbon products and are willing to pay higher prices for 
low-carbon products. In order to analyze and describe the 
problem more clearly, this paper makes the following 
assumptions: 

Assumption 1: the market information of suppliers and 
manufacturers in the supply chain is complete. Suppliers and 
manufacturers can grasp the market dynamics at any time and 
produce products needed by consumers. 

Assumption 2: Enterprises are limited by the production 
environment and production conditions, the output are 
uncertain. For example, in the semiconductor, electronic 
product production and assembly, food processing, 
biopharmaceutical and other industries, there is a wide range of 
output uncertainties. In this article, it is assumed that the 
manufacturer plans to produce q and the actual output is qX, 
where X represents the change in output. Without loss of 
generality, we assume that E(X)=1. 

Assumption 3: Referring to the interpretation and 
innovation input cost form in literature [2], we let the carbon 

emission reduction technology innovation input cost be
2

e2
, 

where β is the carbon emission reduction cost coefficient. 

Assumption 4: According to economic theory, output is 
inversely proportional to price and consumers have a low 
carbon preference. Therefore, we assume that the inverse 
demand function is as follows: 

ebqXa p  

Assumption 5: In order to curb the carbon emission of 
enterprises, the government imposes carbon tax Pt according to 
the final carbon emission of enterprises e0-e.At the same time, 
in order to alleviate the contradiction between enterprise 
emission reduction and profit, the government provides certain 
subsidies t to the investment cost of enterprise emission 
reduction. 

B. Description of parameters and variable descriptors 

a, b: a is the initial market price, and b is the impact 
coefficient of production on price; 

X: Random yield, E(X)=1,D(X)=σ2; 
β: Investment cost factor of emission reduction; 
Cs: Unit cost of raw materials; 
Cm: Manufacturing cost; 
P: Product unit price; 
Pt: Carbon tax imposed by the government on carbon 

emission of manufacturers; 
e0: Initial carbon emission per unit product; 

t: Subsidies given by the government to manufacturers;
 

wm  ,,s : Suppliers, manufacturers and overall supply 

chain profits; 
λ: Price sensitivity factor of emission reduction level; 
e: Emission reduction per unit product; 
q: Quantity of product; 
w: Wholesale price of materials; 

IV.  ESTABLISHMENT AND SOLUTION OF THE MODEL 

We are considering a two-tier supply chain composed of 
suppliers and manufacturers, who are controlled enterprises 
and face output uncertainty. Suppliers determine wholesale 
prices for materials to maximize their profits. The manufacturer 
maximizes its profit by determining the order quantity and 
displacement reduction based on the known wholesale price. 
According to the Stackelberg method, we first consider the 
manufacturer's decision results. 

A. Optimal strategy of manufacturer under decentralized 

decision-making 

Under decentralized decision-making (represented by the 
upper standard D), according to the above description and 
hypothesis, we can obtain the manufacturer's profit: 
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Since ebqXa p and   1XE ,   2ar XV , we can get 

the manufacturer's expected profit is: 
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Theorem 1: in the case of decentralized decision-making, 
for any given wholesale price w, 

when   2 2++ 2 011t tp b    （ ） , the manufacturer's 

optimal order quantity and carbon emission reduction level 
were calculated as follows: 
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where   22 )()1(12 tptbA   ; 

B. Optimal strategy of suppliers under decentralized 

decision-making 

We assume that the supplier produces no or very little 
carbon emissions in the production of raw materials, which 
can be ignored. Therefore, according to the above assumption, 
we can obtain the supplier's profit: 

qcww s

D )()(s                                         (4) 

Assume that the supplier determines the best wholesale 
price based on the manufacturer's decision: 

0  
2

D m s ta c c e p
w    

                                   (5) 

Substitute(5) into (2)and(3) to obtain the optimal solution 
under decentralized decision- making, and the results are as 
follows: 
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where tsm peccaB 0 . 

Substitute (5) and (6) into (1) and (4) to get: 
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C. Supply chain under centralized decision-making 

In the case of centralized decision-making (represented by 
the upper standard C), the optimal solution will give the 
maximum possible expected profit of the whole supply chain. 
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Similar to (1), we can get: 
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Theorem 3: under the centralized decision, when 

  2 2++ 2 011t tp b    （ ） , the calculation result of 

the optimal order quantity and carbon emission reduction level 
of the supply chain is as follows: 
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where A and B are given in (2) and (5), respectively. 

By substituting (11) into (10), the following equation can 
be obtained: 
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Corollary 1: 
 DC ee ,


 DC qq , )()(
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C

w EE   

Corollary 1 shows that the profit of supply chain under 
centralized decision is greater than that under decentralized 
decision, and the carbon emission reduction level under 
centralized decision is higher than that under decentralized 
decision, and the order quantity under centralized decision is 
greater than that under decentralized decision. This means that 
a company's carbon reduction will attract more consumers and 
increase consumer demand, thus increasing the company's 
profits. 

V. SUPPLY CHAIN COOPERATIVE EMISSION REDUCTION 

MODEL 

In this part, we will study cost sharing, profit sharing, and 
emission reduction cooperation scenarios under the dual 
incentive plan of cost sharing and profit sharing, and judge the 
optimal decision plan of low-carbon supply chain cooperative 
emission reduction by comparing supply chain profit and 
optimal emission reduction level in different scenarios. 

A. Cost-sharing contract 

In reality, as a systematic project, energy conservation and 
emission reduction need a large amount of capital as a 
guarantee. Therefore, under cost-sharing contracts (superscript 
CS), suppliers take the initiative to share a proportional share 
of the cost of emission reduction with manufacturers, and 
suppliers decide the wholesale price of materials to maximize 
their profits. The manufacturer maximizes its profit by 
determining the order quantity and displacement reduction 
based on the known wholesale price. According to the 
Stackelberg method, we first consider the manufacturer's 
decision results. The profit function model of supplier and 
manufacturer under cooperative r&d of supply chain emission 
reduction is 

2
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Similar to (1), we can get: 
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Theorem 5: in the cost-sharing cooperative emission 

reduction mode, when      
222 1 1 1 tb t p        , 

the results of the optimal order quantity and optimal emission 
reduction level are as follows:     

  2

2

( )

( )

  1 1

2 2 ( )3 t

CS
Bt

q
C p

 

 


   

 



                          (16) 

Advances in Social Science, Education and Humanities Research, volume 385

618



2

( )( )

( )(

1

2 2 3 )t

S tC B
e

p

C p

 

 

  

 


                      (17) 

  2

2

2

2

2( ) ( ( )( ) )

( (

1 1 3 3 4

2 )2 3 ( )2 )

t

t

CS

w

t B C p

C p

  








     




 

 
(18) 

 2 2)2 (1  1  1( )b tC         

Corollary 2: )()(,,
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As 0< θ <1, under the cost-sharing contract, the optimal 
order quantity and the overall profit of the supply chain are 
both smaller than that under the decentralized decision, but the 
manufacturer has a higher emission reduction level. Thus, 
cost-sharing contracts not only fail to coordinate supply chains 
with uncertain output. This is mainly because suppliers can 
only spread the cost of emission reduction by raising the 
wholesale price, which reduces the final order quantity and the 
overall profit of the supply chain. 

B. Profit sharing contract 

Under the profit-sharing contract (superscript RS), the 
manufacturer buys raw materials from the supplier at a 
negotiated wholesale price and shares a certain percentage of 
the profits with the supplier to maximize the profits of the 
entire supply chain. In this process, the supplier does not have 
decision variables, and the manufacturer's decision variables 
are optimal order quantity and optimal emission reduction rate. 
Therefore, under the profit-sharing contract (superscript RS), 
the profit function model of suppliers and manufacturers under 
the cooperative research and development of supply chain 
emission reduction is as follows: 

qcwpqXw s

RS )()1()( 00s    

     
  2

00m
2

1
,q e

t
qeepqcwpqXe tm

RS 


  

Similar to (1), we can get: 
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Theorem 6: in the profit-sharing cooperative emission 

reduction mode, when 0)()1)(1(2 22  tptb  , the 

results of the optimal order quantity and optimal emission 
reduction level are as follows: 
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Corollary 3: )()(,,

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By comparing the (11),(12) and(23),(24) can be concluded 
that the quantity of goods, the reduction rate of profit sharing 
cooperation mode and the supply chain profits are less than the 
level of centralized decision-making scenarios, when θ=1, 
profit sharing under the contract of equals profit under 
centralized decision making, but it does not exist in reality. 
Therefore, the profit sharing contract can increase the profit of 
the supply chain, but it is difficult to perfectly coordinate the 
supply chain with yield uncertainty. 

C. Cost sharing and profit sharing contract 

In order to better promote the cooperative emission 
reduction in the supply chain, it is assumed that the upstream 
and downstream enterprises of the supply chain carry out the 
dual incentive contract of cost sharing and profit sharing at the 
same time. Suppliers take the initiative to share the emission 
reduction cost of the manufacturer's proportion of θ, and the 
manufacturer shares the income of the proportion of 1-θ to the 
supplier. In this process, the manufacturer chooses the best 
product order quantity and emission reduction to maximize its 
profit. With the profit sharing contract, we assume that the 
supplier does not have decision variables. Therefore, under the 
cost-sharing and profit-sharing contract (superscript BS), the 
profit function model of suppliers and manufacturers under the 
cooperative research and development of supply chain 
emission reduction is as follows: 
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Similar to (1), we can get: 
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Theorem 7: in the cost-sharing and profit-sharing 
cooperative emission reduction mode, when 
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optimal order quantity and optimal emission reduction level 
are as follows: 
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This shows that cost-sharing and profit-sharing contracts 
can perfectly coordinate output uncertainty and supply chain. 
Under the dual incentive factors, the manufacturer's emission 
reduction rate and the overall profit of the supply chain will 
reach the level of centralized decision-making. 

VI. ANALYSIS OF EXAMPLES 

In order to more directly reflect the impact of production 
uncertainty and consumers' low-carbon preference on low-
carbon supply chain under different ways of sharing and 
cooperation, the rationality and effectiveness of the model 
were verified. The basic parameters were set as follows: 

a=900,b=9,cs=180,cm=40,β=140,e0=20,pt=0.4,t=0.5,θ=0.5,λ
=18,σ2=0.3,θ=0.5 

From Fig.1 to Fig.4, we can draw the following 
conclusions: 

(1) Uncertainty of output has a negative impact on profit 
and emission reduction level of the supply chain, while 
consumers' preference for low carbon has a positive impact 
on .54profit and emission reduction level of the supply chain. 

(2) CSDRSBCC    

      RSDCSCBC eeee e  

In the uncertain environment of output, the profit level of 
the supply chain under the cost-sharing and profit-sharing 
contract is the same as that under the centralized decision-
making, and the cost-sharing and profit-sharing contract can 
promote the emission reduction to reach the level under the 
centralized decision-making. Profit sharing contract can 
improve the profit of supply chain to some extent, but it can't 
reach the profit level under the centralized scenario. This is 
mainly because under the profit-sharing contract, the cost of 
emission reduction is borne by the manufacturer alone, while 
the increased profit of consumers' low-carbon preference is 
Shared with suppliers, which inhibits the manufacturer's 
initiative to reduce emission. The cost-sharing contract can 
improve the emission reduction level of manufacturers but 
cannot improve the overall profit of the supply chain. This is 
because after suppliers share the emission reduction cost, it is 
difficult to disperse the emission reduction cost, which 
increases the wholesale price of raw materials and reduces the 
profit of the whole supply chain. 

(3) From the above conclusion, it can be seen that under 
the dual incentive factors of cost sharing and profit sharing, 
the profit and emission reduction of the supply chain can reach 
the level of centralized decision-making and coordinate the 
uncertainty of supply chain and output well. However, profit 
sharing contract and cost sharing contract cannot well 
coordinate the profit, emission reduction level and output 
uncertainty environment of the supply chain. 

 

Fig.1. The impact of σ2 on the profitability of the supply chain 

 

Fig.2. The impact of σ
2
 on carbon emission reduction 

 

Fig.3. The impact of λ on the profitability of the supply chain 

 

Fig.4. The impact of λ on carbon emission reduction 

VII. CONCLUSIONS 

For consumers with preference of low carbon output 
uncertain market, in the case of a carbon tax policy and 
subsidies to reduce emissions, emissions through the supply 
chain cooperation game model is analyzed, found that allows 
manufacturers to reduce emissions levels increase cost sharing 
contract but will reduce the overall supply chain profit, unable 
to coordinate the supply chain uncertainty and yield, mainly 
because the supplier can only by raising the increased cost of 
raw materials wholesale prices to disperse, make the whole 
supply chain profit decrease. Profit sharing contract can 
improve the profit and emission reduction level of the supply 
chain, but it cannot reach the level of centralized decision-
making, and cannot perfectly coordinate the uncertain supply 
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chain and output. This is mainly because the manufacturer 
bears the cost of emission reduction alone, and the profit 
increased by emission reduction needs to be shared with the 
supplier, which inhibits the enthusiasm of the manufacturer to 
reduce emission. Cost-sharing and profit-sharing contract can 
make the manufacturer's emission reduction level and supply 
chain profit reach the centralized decision-making level, and 
perfectly coordinate the supply chain and output uncertainty. 
Therefore, when enterprises are faced with uncertain output 
environment, they should choose the double incentive plan of 
cost sharing and profit sharing to realize the cooperative 
emission reduction of supply chain. 
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