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Abstract—By constructing a multi-objective programming 

model, this paper studies the decision-making problem of the 

enterprise under the interaction of progressive carbon tax and 

carbon trading, and draws the optimal distribution ratio between 

carbon emission rights and carbon tax, and discusses the tax rate 

and carbon trading. The relationship between prices affects the 

substitution effect between the stepped carbon tax and carbon 

trading, and further analyzes how the substitution effect affects 

the company's carbon emissions decisions. The study finds that 

the optimal proportion of carbon emission rights decreases with 

the increase of carbon emissions, and decreases with the increase 

of carbon trading unit price; the optimal output decreases with 

the increase of carbon trading unit price σ. It decreases as the 

carbon emissions of production units increase. 

Keywords—progressive carbon tax; carbon trading; interaction; 

carbon emission decision; multi-objective planning 

I. INTRODUCTION 

In response to the global warming crisis, the Chinese 
government has proposed an emission reduction target of 
“40%-50% lower than the 2005 carbon emissions per unit of 
GDP by 2020”, which will eventually be decomposed into 
enterprises with production functions. To promote carbon 
reduction in enterprises, the intensity of carbon regulation will 
increase. Carbon trading and carbon tax are considered to be 
the most effective market instruments for corporate carbon 
reduction[1-2]. Both carbon trading and carbon tax have their 
own advantages and disadvantages, while the compound 
carbon emission reduction policy takes into account the 
advantages of carbon trading and carbon tax, and it also 
ensures the contradiction between carbon emission reduction 
and economic development while ensuring the achievement of 
emission reduction targets[3]. Mandell[4] theoretically proves 
that in a particular market, the government's use of both 
policies is more economically efficient than a single policy by 
constructing a stochastic model; LEF et al.[5] comprehensively 
considers the impact of carbon trading and carbon tax on 
different industries, and finds that the carbon trading and 
carbon tax policies at the same time have a much smaller 
impact on the GDP loss of the petrochemical industry than the 
carbon tax alone. 

Some scholars have studied the impact of the carbon tax 
rate on carbon emission reduction effects. Weng Z X[6] 
measured the carbon emission reduction effect in 2020 by 
setting different tax rates, he found that the higher the tax rate, 
the better the carbon emission reduction effect. Dong et al.[7] 
used the CGE model of 30 provinces and regions in China to 
study the impact of carbon tax on various provinces. The study 
shows that under the scenario of carbon tax of 120 yuan/t, the 
power sector has the most obvious emission reduction effect by 
2030 (19 billion t CO2/a). Studies have shown that the 
composite carbon emission reduction policy is better than the 
single policy, the changed tax rate is better than the single tax 
rate. However, they are less concerned with the interaction 
between carbon trading and carbon tax on emission reduction 
entities, and the combination of carbon tax with variable tax 
rate and carbon trading is relatively lacking in considering the 
decision-making of emission reduction entities. 

As a direct participant of carbon emissions and a source of 
carbon emissions, research enterprises have become an 
important issue in how to deal with the relationship between 
social responsibility and self-interest, environmental protection 
and self-interest under the new emission reduction policy. 
Based on this, this paper starts from the influence of the 
interaction between progressive carbon tax and carbon trading 
on enterprises, and constructs a multi-objective planning model 
to study a series of decision-making problems of enterprises. 

II. BASIC ASSUMPTIONS AND MODEL BUILDING 

For ease of modeling, the following is a descriptive statistic 
for each variable required, as shown in Table Ⅰ: 

A. Basic Assumptions 

Hypothesis 1: The enterprise is in a completely competitive 

market, the price of the product is determined by the total 

output  of the whole industry. The product cost  of the 

enterprise is split into two parts: the cost without 

environmental factors and the payment  for the 

environment, and the product cost:  
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Hypothesis 2: The tax rate of the progressive carbon tax 
increases with increasing carbon emissions, then the carbon tax, 
as shown in Fig. 1: 

Hypothesis 3: The ratio of carbon emission rights 
purchased by enterprises in the carbon trading market to carbon 

emissions is )，then there is:  

 
and:  

B. Model Building 

As a rational economic man, enterprises have natural profit-
seeking motives, but enterprises must pursue their own 
interests to maximize the carbon emission reduction targets. 
Therefore, enterprises have two goals: profit maximization and 
carbon emission efficiency. And the carbon emission efficiency 
is expressed by the carbon emission cost per unit of emissions . 
Details as follows: 

𝑃1: Highest carbon emission reduction efficiency.  

 

 

 

 

 

 

 

 

 

 

Fig. 1. Relationship between carbon tax rate and carbon emissions. 

: Maximizing corporate profits. 

 

 

C.  Model Solving 

Solve the above model: 

 
According to the expression obtained by the solution, the 
following conclusions can be drawn: (1) The ratio of the 
optimal purchase of carbon emission rights to total emissions 
is negatively correlated with carbon emissions, it also 
negatively correlated with the unit price of carbon trading. 

(2) The carbon emission efficiency  increases first and 

then decreases with the increase of . At the critical value , 

 takes the minimum value, that is, the carbon emission 

efficiency is the highest. 

(3) Corporate profits are negatively correlated with carbon 
emissions per unit of product , and negatively correlated with 
the unit price of carbon trading. 

III. NUMERICAL SIMULATION  

Since China does not implement a carbon tax policy 
currently, it is unable to obtain actual data. Therefore, this 
study uses Matlab software to simulate the model constructed 
in the previous article, and further analyzes the characteristics 
of the model and its interpretation. 

The tax rate function is set to

,the carbon allowance obtained by 

the enterprise is 30t， the product unit price is 1200 yuan, 

transaction fee is 300 yuan, the carbon emission trading price 
fluctuates between [30, 60] yuan per ton, and the specific 
transaction price will change with the supply and demand 
relationship of the market, the marginal cost function of the 

enterprise is . 

TABLE I.  DESCRIPTIVE STATISTICS FOR EACH VARIABLE 

variable symbol variable symbol 

Enterprise production 
 

Initial carbon allowance 
 

Product unit price 
 

transaction fee 
 

Production unit product carbon emissions 
 

Carbon emissions that companies need to pay 
 

Product cost without carbon emissions 
 

Cost of carbon emissions paid by enterprises 
 

Unit carbon emission tax rate 
 

Carbon emission trading unit price 
 

Product unit environmental cost 
 

Total profit of the enterprise 
 

 
 

𝑓 𝜌  

𝜌 O 
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Fig. 2. Relationship between , and . 

(1) As shown in Fig. 2, the ratio of the optimal purchase of 

carbon emission rights to total emissions  decreases as the 

carbon emission and the carbon trading unit price

increases, when the carbon transaction unit price , 

regardless of the scope of the company’s carbon emissions, the 

optimal carbon emission outsourcing ratio always has . 

When the company's emissions are large( , the 

company will tend to purchase carbon emission rights. 

(2) At , the carbon emission efficiency decreases 

as  increases. At , the carbon emission efficiency 

increases as  increases. At ,  takes the minimum value, 

that is, the carbon emission efficiency is the highest, as shown 
in Fig.3. 

(3) As shown in Fig. 4, the maximum profit value of the 
enterprise is affected by the carbon emission of the unit product 
and the unit price of the carbon transaction. The maximum 

profit value  increases as the carbon emission of the 

unit product decreases, and increases as the unit price  of the 

carbon transaction decreases. 

 

Fig. 3. Relationship between  and . 

 

Fig. 4. Relationship between the  , and . 

IV. CONCLUSIONS 

From the micro level, this paper constructs a two-level 
multi-objective programming model for enterprise decision-
making problems, which provides accurate mathematical 
expressions for decision-making problems under the dual 
factors of stepped carbon tax and carbon trading. 

(1) When the carbon emission  tends to be infinite, the 

ratio of the amount of carbon emission purchased and the total 

emission tends to be at upper limit 1（ ）. 

(2) When the carbon emission  is at a higher level, the 

carbon emission efficiency corresponding to is 

significantly higher than the carbon emission efficiency 

corresponding to , ie , This means, 

when the company's carbon emission is large, it should give 
priority to buying carbon trading rights. 

(3) For the company's maximum profit value , 

more aggressive company is to implement emission reduction 
measures, greater profit value obtained; Smaller the unit price

of carbon transaction, greater the profit of the enterprise. 
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