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Abstract. Carbon quota allocation is a key part of China's efforts to realize 

carbon emission reduction. How to rationally allocate carbon quotas to maximize 

the benefits between government and enterprises is the research objective of this 

paper. In this paper, by constructing a static game model between the government 

and enterprises, establishing a mathematical model, optimizing the strategy, and 

studying how the government can scientifically and reasonably formulate the 

carbon quota allocation policy to maximize the enterprises on the basis of sci-

entific and technological emission reduction, taking into account the compre-

hensive benefits of the government and enterprises. 
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1 Introduction 

This paper mainly discusses that under the mechanism of levying carbon tax, the 

government and enterprises can reach the Nash equilibrium through the game, which 

can help the government to formulate a more scientific and reasonable carbon quota 

allocation policy, and at the same time, it can also allow enterprises to choose the 

optimal strategy according to their own situation, reduce their carbon emissions, and 

then achieve sustainable development. 
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At present, the problem of global climate change is becoming more and more serious, 

and the massive emission of greenhouse gases such as carbon dioxide is an important 

factor in generating the problem of global climate change. According to statistics, 

China is the country that emits the most carbon dioxide. For many years, our country 

has been actively responding to the call to participate in research on solutions to global 

climate change. In September 2020, China proposed the goals of carbon peaking and 

carbon neutrality for the first time. Carbon quota allocation is a key part of China's 

efforts to reduce carbon emissions. How to ensure that carbon quota allocation is 

reasonable is the top priority of carbon market construction work. 
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2 Literature Review 

In recent years, numerous scholars have used the ideas of game theory to study carbon 
emission reduction. Zhou Congyue, Wang Zhu and Zheng Yuan (2023) constructed a 
two-stage carbon emission right game model using the gravity model and the Shapley 
value method, which provided suggestions for a sustainable collaborative carbon 
governance model[1]. Xie Jingjing and Dou Xiangsheng (2016), on the other hand, 
constructed a cooperative game theoretical framework and used the Shapley value 
method to simulate the carbon quota trading price formation mechanism[2]. Li Jian, 
Xiao Jing and Wang Qinshan (2015) chose to analyze the regional industrial transfer 
with the theory of industrial gradient transfer and allocated the responsibility of carbon 
emission reduction[3]. Ye Fei and Linghu Dazhi (2015) used the Gounod model to study 
the impact of different allocation schemes on price and carbon emissions[4]. Sun Yan-
nan (2014) constructed a three-stage game model of cooperation and competition of 
duopoly enterprises, and analyzed it in terms of carbon tax rate, carbon plan emission 
reduction of enterprises, and product price[5]. 

There are also numerous scholars focusing on the game relationship problem be-
tween the government and enterprises for research. Zhang Tieshan, Liang Xu and Jiang 
Guihuang (2021) constructed a model of evolutionary game based on the system dy-
namics theory, and studied the impact of carbon price, government subsidies and tax 
policies on the carbon emission reduction behavior of enterprises[6]. Wu Jun, Li Man 
and Xu Guangshu (2020) constructed a dynamic game model with incomplete infor-
mation on carbon quota weights and introduced a reward and punishment mechanism 
to derive the carbon quota allocation weights and allocation ratios of different indus-
tries[7]. 

We will consider the environmental and economic benefits of the government and 
the costs and profits of the enterprises, construct the static game model, formulate a 
reasonable carbon quota policy, and give relevant suggestions. 

3 The Construction of Carbon Quota Game Model 

We establish a government-enterprise carbon quota game model, set up the carbon 
quota, carbon tax and other related parameters, and establish matrices and functions for 
detailed elaboration, the relevant parameters are shown in the Table 1 below: 

Table 1. Parameters and Meanings

Parameters Meanings 
b,a   Carbon allowances allocated to enterprises by the government 

iβ   Carbon emissions of the enterprises in the current period(i=1,2) 

iR  Comprehensive income of the enterprises(i=1,2) 

S Subsidies given by the government when enterprises choose to reduce emissions
θ  Price per unit of carbon tax levied by the government on enterprises excess 



emissions 

 

C Cost of government regulation of subsidies and taxes 
Y The cost to enterprises of choosing technology to reduce emissions 
p Purchase price per unit of carbon credits on the carbon trading market 

iE   Environmental benefits to government(i=1,2) 

(1 means choose to reduce emissions, 2 means choose not to reduce emissions) 

3.1 Analysis of Game Relationships 

It is assumed that both the government and enterprises are rational people: the gov-
ernment, in order to achieve carbon peaking and carbon neutrality at an early date, 
adopt carbon quota and set up a reasonable carbon tax system to encourage enterprises 
to realize technological emission reduction at an early date to achieve a balanced 
growth of economic and environmental benefits; enterprises will, in order to maintain 
normal operation, obtain additional benefits and subsidies and other preferential poli-
cies given by the government to reduce costs and maximize benefits. 

3.2 The Game Payoff Matrix 

The government's strategic space is (more quota, less quota), assuming that the prob-
ability of the government's quota is y (0≤y≤1), then the probability of less quota is 
(1-y). The enterprises' strategic space is (abatement, no abatement), assuming that the 
probability that the enterprises’ abates is x(0≤x≤1), then the probability that the enter-
prises does not abate is (1-x). 

In the government-enterprise game, the government needs to consider the carbon 
emissions of enterprises iβ ; the costs that the government needs to pay are the subsi-
dies S and the regulatory costs C; and the benefits are the carbon tax )( 2 b−βθ and 

the environmental benefits iE . Enterprises need to consider the carbon quotas b,a ; 

the cost factors are the cost Y of choosing technology to reduce emissions and the unit 
purchase price p of carbon emission rights; and the benefits are the enterprise's con-
solidated income iR  and the subsidy S 

Combining the above descriptions, the game payoff matrix for the government and 
enterprises is shown in Table 2: 

Table 2. Game Payoff Matrix

Government 
game payoff matrix 

more quota y less quota 1-y 
abatement 

x 

( YapSR −−++ )( 11 β ,
CSE −−1  ) 

( YSR −+1 , CE −1 ) 

Enterprises 
no abatement 

1-x 
( 2R ， CE −2  ) 

( )()( 222 bpbR −−−− ββθ ,

CbE −−+ )( 22 βθ  ) 
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Analysis of the Results of the Carbon Quota Game

Let the mixed strategy of the government be )1,y(1 yS −= ; the mixed strategy of the 
enterprises be )1,(2 xxS −= . According to the game model and the Nash equilibrium, 
taking partial derivatives with respect to governments and enterprises, and the optimal 
solution is calculated to maximize the benefits. 

4.1 The Net Benefits 

The net benefit to the government in the model is shown in Formula 1: 

1 1 2 1

2 2

( ) 1 x ( ) (1 )( )
(1 )(1 )[ ( ) ]

U xy E S C y E C x y E C
x y E b Cθ β

= − − + − − + − −
+ − − + − −

（ ）
 (1) 

According to the definition of Nash equilibrium, the value of y is sought to max-
imize the government's net benefit U1 given the enterprises’ mixed strategy, the mixed 
strategy adopted by the enterprises must make the government unbiased in its choice 
between more quota and less quota, so the above equation is derived in terms of the 
partial derivatives with respect to y, and the derivatives are made to be 0 to find the 
probability that the enterprises choose to reduce its emissions as shown in Formula 2: 

Sb
bx
−−

−
=

)(
)(

2

2

βθ
βθ  (2) 

The net benefit of the enterprises in the model is shown in Formula 3: 

2 1 1 2

1 2 2 2

[ ( ) ] 1 x
(1 )( ) (1 )(1 )[ ( ) ( )]

U xy R S p Y yR
x y R S Y x y R b p b

α β
θ β β

= + + − − + −
+ − + − + − − − − − −

（ ）  (3) 

Similarly, the above equation is derived in a partial derivative with respect to x and 
the derivative is made to be 0 to find the probability that the government will issue more 
quotas as shown in Formula 4: 

))(()(
))((y

21

122

bpp
YSRbpR

−+−−
+−−−+−

=
βθβα

βθ  (4) 

4.2 Analysis of the Results of the Government Game 

As shown in Formula 4, the greater the degree of scientific and technological emission 
reduction )( 1βα −  carried out by the enterprises, the greater the gain )( 1βα −p  
obtained by the enterprises in the carbon trading market, the smaller the carbon tax 

))(( 2 bp −+ βθ  to be paid, the greater the cost of scientific and technological 
emission reduction invested by the enterprises, and the greater the subsidy. 

4  
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When enterprises carry out emission reduction to a greater extent 1βα > , 
))(()( 21 bpp −+>− βθβα , the greater the probability that the government will 

issue carbon allocations to enterprises. The government increases the cost of enter-
prises not to reduce emissions by increasing the carbon tax as a punitive measure, or 
subsidizes the emission reduction enterprises to promote the transformation of enter-
prises to carry out scientific and technological emission reduction and innovation. If 
enterprises increase the cost of science and technology emission reduction Y, the 
smaller the carbon tax levied by the government, the greater the probability that the 
government will issue more carbon quotas, so enterprises should be technological 
innovation and technological emission reduction. 

4.3 Analysis of the Results of the Enterprises Game 

The results of the game analysis are shown in Formula 2, when the more subsidies S 
and the smaller the carbon tax )( 2 b−βθ  levied on excess emissions, the greater the 
probability that the enterprise chooses to reduce emissions. The reason is that the 
subsidy given by the government is equivalent to increasing the enterprise's income, 
and the carbon tax levied by the government on the enterprise's over-emission is 
equivalent to charging the enterprise a penalty, and the smaller the carbon tax levied is, 
the smaller the enterprise's cost is, so the enterprise is able to get more profits and better 
maximize profits. Therefore, the government should increase subsidies and reduce 
penalties, so as to better promote enterprises to choose to reduce emissions. 

5 Conclusions 

1. Reasonably set the proportion of carbon tax 
The results of the game show that the carbon tax, as a punitive measure, will increase 

the cost of enterprises that do not reduce emissions, forcing them to carry out envi-
ronmental protection initiatives, and effectively promoting the emission reduction 
policy. At the same time, we need to consider the enterprise's own factors, according to 
the enterprise's assets and production, etc. to set a reasonable proportion of carbon tax, 
to maintain the stability of the social and economic situation. 

2. Increase emission reduction subsidies 
For emission reduction enterprises, should increase their economic returns, which is 

conducive to enterprise development and increase income. At the same time, to a 
certain extent, reduce the cost of scientific and technological innovation, so that en-

By constructing and analyzing the model, when the profit of the enterprise to reduce 
emissions is greater than that of the enterprise not to reduce emissions, the less carbon 
tax the government collects, the greater the probability that the government allocates 
more carbon quotas. In addition, enterprises want to reduce costs, so if they do not 
reduce emissions, the carbon tax increases and operating costs increase. In order to 
facilitate the realization of the goals of carbon peaking and carbon neutrality, the fol-
lowing suggestions are made: 
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terprises have a surplus of carbon quotas, into the carbon trading market for trading, to 
encourage enterprises to further scientific and technological emission reduction. 

3. Establish relevant policies to prevent carbon transfer phenomenon 
In order to maintain the production of enterprises, reduce the carbon tax and carbon 

trading market for additional carbon quota trading, some enterprises will transfer the 
market according to the government's carbon quota policy and obtain carbon quota in 
other regions. The government should set up relevant policies and laws, for example: 
when enterprises conduct carbon trading and carbon quota trading, show the region of 
their registered companies, and if they conduct carbon transfer, reduce the number of 
carbon quotas in the following year or increase the cost of their inter-regional carbon 
quota trading. 
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