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Abstract: While the popularity of emission trading schemes (ETS) has exceeded that 

of carbon taxes, ETS is not applicable to all countries. This paper investigates the 

increasing block carbon tax (IBCT), which is a modified carbon tax based on the 

increasing block tariffs theory. The IBCT considers the size bias in emission reduction, 

and this paper discusses whether it is suitable for small Asia-Pacific countries 

(SAPCs). Both theoretical analysis and numerical simulation were used to compare 

the impacts of IBCT and flat carbon tax (FCT) on the emission reduction behavior of 

manufacturers in both purely competitive and co-opetitive market environments. This 

study demonstrates that the IBCT is better than the prevailing FCT, and the results 

indicate that this could be a better choice for SAPCs. The implementation of the IBCT 

policy in SAPCs can protect domestic manufacturers and decrease the risk of carbon 

leakage. The IBCT promotes low-carbon production when the manufacturers expand 

their scale, which can lead to a win-win situation for social welfare and environmental 

development. We suggest that the IBCT should be implemented in high-carbon 
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industries; its formulation needs more market details than FCT. Besides the policy, the 

development of reduction technologies also cannot be ignored. 

Keywords: Increasing block carbon tax; Carbon emission reduction; Small Asia-Pacific 

country; Game theory 

1 Introduction 

The Paris Agreement has encouraged countries around the world to restrain 

climate change, and a majority of countries successively introduced corresponding 

policies to reduce greenhouse gas emissions (Ding et al., 2019; World Bank, 2021). 

By the end of 2020, 61 countries and regions have implemented or planned to 

implement carbon pricing mechanisms, including 31 carbon emission trading schemes 

(ETS) regions and 30 carbon tax regions; many regions, involving 1,482 

administrative jurisdictions with 820 million residents, have declared a climate 

emergency in 2019 (Word Bank, 2020). 

While the Asia-Pacific region is a key region for combating climate change, 

many countries have yet to develop their carbon pricing policies. Over the past 50 

years, the Asia-Pacific region has witnessed rapid development, which is also 

accompanied by the rapid growth of energy consumption and carbon emissions (Niu 

et al., 2011; Song and Zhang, 2019). Several large countries in the Asia-Pacific region 

either implement carbon pricing policies or prepare to control carbon emissions with 

carbon pricing policies, such as Japan, Indonesia (World Bank, 2021); however, few 

SAPCs are involved. Although any single SAPC currently accounts for a low share of 

global carbon emissions, their total emitted amount is considerable. The lack of 

carbon pricing policies may cause carbon leakage risks given the lack of 

implementation of the carbon border adjustment mechanism (CBAM) (Branger and 

Quirion, 2014; Eicke et al., 2021). In this case, designing clever carbon pricing 

mechanisms for SAPCs will not only help them to shape a low-carbon and sustainable 

future, but will also reduce the carbon leakage risk. 

Since the number of manufacturers that participate in ETS in these countries is 

insufficient, carbon tax policies may be more applicable, but require further 
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modification. Most implemented carbon tax policies adopt uniform prices, i.e., a flat 

carbon tax (FCT), which has made the implementation of a carbon tax controversial 

(Lin and Li, 2011). One of the major challenges associated with the FCT is the 

identification of an appropriate carbon tax rate. Most manufacturers in SAPCs are 

small-scale, and their abilities to resist external risks are poor (Gomes-Casseres, 1997). 

A high carbon tax limits the manufacturers’ production, while a low carbon tax 

diminishes the ability to control excessive carbon emissions (Zhang and Baranzini, 

2004). 

The recently proposed increasing block carbon tax (IBCT) (Zhou et al., 2019), 

may be applicable to SAPCs. IBCT has been inspired by the increasing block tariffs 

(IBTs), which have been applied in many fields to achieve social fairness, cost 

recovery, and efficiency, as well as to tackle environmental problems (Filipović and 

Tanić, 2008). Its implementation can effectively overcome the contradiction between 

satisfying basic needs and punishing excessive waste via resource pricing, thus 

achieving a more reasonable resource allocation (Wu et al., 2017). The IBCT is a form 

of carbon tax with increasing marginal tax. Under an IBCT framework, smaller firms 

can obtain preferential treatment, i.e., a lower carbon tax rate, and will therefore not 

be disadvantaged by a carbon tax. Furthermore, a relatively high tax rate can push 

large firms with relatively low marginal abatement costs to reduce further their 

emissions than under an FCT. Therefore, the IBCT policy can promote both 

manufacturing development and low carbon growth. 

Clarifying the effects of an IBCT on the behavior of manufacturers is necessary 

to validate the proposed carbon tax policy and formulate related policies in SAPCs. 

Since the IBCT has a progressive marginal tax, its effects on the decisions of 

manufacturers at both the strategic and operational levels are significantly different 

from those of the FCT. However, only few academic studies on the IBCT explored its 

feasibility from a macroscopic perspective (Zhou et al., 2019; An and Zhai, 2020). 

But the impacts of this modified carbon pricing policy on the behaviors of 

manufacturers have not been examined to date. 

To explore the impacts of the IBCT on the carbon emissions of manufacturers 
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from fossil energy use, this study examined two competing manufacturers that apply 

different emission reduction strategies under two different carbon tax regimes. Using 

both non-cooperative and cooperative games, the emission reductions were analyzed 

under both policy scenarios. The impacts of the IBCT were compared with those from 

the FCT and its characteristics were distinguished. A comparative study was also 

developed in both purely competitive and co-opetitive environments. Based on this, 

this paper discusses whether the IBCT policy is applicable to SAPCs. 

The main contributions of this paper are twofold: First, the effects of an IBCT 

policy on the behaviors of manufacturers were explored, embodied in two dimensions. 

Second, the feasibility of carbon policies for SAPCs is discussed and it was clarified 

whether increasing the marginal carbon tax is beneficial for SAPCs. 

The remainder of this paper is organized as follows: Section 2 reviews the 

related literature. Section 3 introduces the model formulation and assumptions. The 

influence of an IBCT on the emission reduction behavior of manufacturers in purely 

competitive and co-opetitive scenarios is analyzed. Section 4 applies numerical 

examples to specify the analysis results and discussions. The main conclusions of the 

study are summarized in Section 5. 

2 Literature review 

In this section, we perform a literature review to validate the importance and 

originality of the current research. Considering only few studies for carbon policies in 

SAPCs, our study relates to three broader streams of research: manufacturer’s pricing 

and production behavior within a carbon tax policy, the application of IBTs, and 

exploration of the IBCT. 

The first relevant stream of literature studies the manufacturer’s pricing and 

production behavior within a carbon tax policy. Chen et al. (2015) showed that a 

carbon tax has a greater negative impact on resource-rich regions. Besides, Yang, Luo, 

and Wang (2017) explored the government’s optimal carbon tax, which encourages 

manufacturers to reduce emissions as much as possible. He et al. (2018) argued that a 

low rate of carbon tax will have little control to reduce emissions, whereas a high rate 
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will force manufacturers to give up their technology upgrade plans. Ma et al. (2018b) 

proposed an optimal scheme for selecting suppliers and ordering quantity to overcome 

the influence of a carbon tax. Besides, many studies apply game theory to research 

carbon tax (Li et al., 2015; Chen and Hao, 2015; Yi and Li, 2018; Meng et al., 2018). 

Therefore, we choose it as a research method. 

The second relevant stream of literature studies the application of IBTs. The 

content relates primarily to three aspects: IBTs prices in water (Rinaudo, Neverre, and 

Montginoul, 2012; von Hirschhausen, Flekstad, and Meran 2017), electric (Chen and 

Yang, 2009; Lin and Jiang, 2012), and gas (Gong et al., 2016; Liu and Lin, 2018) 

sectors. In the literature, IBTs are demonstrated to be better than the flat price policy 

(Hung and Huang 2015) in terms of resource-saving, cost minimization, and social 

equity, leading to an increase in policy efficiency. Rinaudo et al. (2012) simulated an 

increasing block water price in Southern France and argued that increasing block 

water prices are better in balancing the relationship between environmental protection, 

cost recovery, and equity. von Hirschhausen (2017) believed that increasing the block 

water price is a policy tool widely used to support poor people's access to drinking 

water and thus promote equity. Lin and Jiang (2012) put forward a residential 

electricity price with increasing block pricing. These various IBT concepts improve 

social equity and efficiency. Liu and Lin (2015) designed an increasing block gas 

price plan and found that more price blocks in combination with a higher price gap in 

each block can optimize the subsidy redistribution and improve social fairness, 

efficiency, and consciousness of energy saving. Gong et al. (2016) designed an 

increasing block gas price in China and showed that this pricing method can achieve 

both an income guarantee for operators, as well as protection of natural gas resources. 

When carbon emissions are given a price, they will also have properties similar to 

these resources. Similar to the pricing of water, electricity, and gas, applying IBTs to 

carbon tax is expected to produce better policy effects. 

The third relevant stream of literature is related to the exploration of the IBCT. 

Both Zhou et al. (2019) and Wu et al. (2017) have proposed to apply the IBT 

framework to carbon tax but only Zhou et al. (2019) explicitly proposed the concept 
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of IBCT. Zhou et al., (2019) demonstrated that the application of IBTs in the carbon 

emission will also achieve similar results to other applications of the IBTs and the 

IBCT regime is better than the prevailing FCT. More recently, An and Zhai (2020) 

applied IBCT to China's coal-fired power industry. Their results showed that the IBCT 

can reduce the burden on the coal-fired power industry and achieve the same 

abatement effect as IBT. The IBCT regime is better than the prevailing FCT in that 

can reduce compliance costs because of its flexible marginal carbon price. However, 

no previous studies have ever investigated firms’ behavior under such an IBCT 

regime. 

In this paper, quite different from the literature reviewed above, we focus on how 

the increasing blocking carbon tax affects the manufacturers’ emission reduction 

behaviors, and whether the IBCT policy applies to SAPCs is explored. To solve the 

problem, a model with a carbon tax using the game theory is set up. Based on this, the 

emission reduction behaviors for the IBCT and FCT are analyzed. 

3 Modelling 

3.1 Assumptions and variables 

In this section, the possible effects of the IBCT implementation are theoretically 

analyzed, and whether this tax scheme suits for SAPCs is discussed. Due to small 

number of firms in SAPC, we consider only two competing manufacturers. To 

eliminate the interference of production factors, the manufacturers are assumed to 

produce the same products. The parameters and variables used to represent them in 

the model are presented in Table 1 (Yalabik and Fairchild, 2011; Choudhary et al., 

2015; Luo et al., 2016; Cao et al., 2017; Xun et al., 2017). 

 

Table 1. Market parameter list 

Notation Descriptions 

1q , 2q  Production quantity or customer demand of Manufacturer 1 and 2 respectively 

1 2( , )P q q  Unit retail price of manufacturers 
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  The market potential, 0   

  Self-price elasticity, 0   

c  Unit production cost, c   

0e  Initial unit carbon emissions of Manufacturer 1 and 2, 0 0e   

1e , 2e  

Unit carbon emissions after reduction of Manufacturer 1 and 2, respectively, 

1 00 e e   and 2 00 e e   

s  An investment parameter of emission reduction efficiency of manufacturer 

2

0( )i iI s e e   The investment of emission reduction of manufacturer i , 1, 2i   

k  
Growth factor for carbon tax 

a  Marginal coefficient for carbon tax 

1 , 2  The profit of Manufacturer 1 and 2 respectively 

 

We assume that the relationship between demand and price in the market is linear. 

The price function is represented by: 1 2 1 2( , ) ( )P q q q q    . Due to the small size of 

home-market in SAPCs, the market can achieve market clearing, quickly equalizing 

the supply and demand of products. Therefore, there is neither rationing and idle 

resources nor excess supply or demand (Cao et al. 2017).  

The green technology investment is assumed as a disposable (one-off) 

investment to improve the production process, which turns raw material into product. 

The unit product needs fixed raw material, however, carbon emissions from the unit 

product in the production process could be reduced through the use of green 

technology. The two manufacturers aim to reduce initial unit carbon emissions from 

0e  to ( 1,2)ie i  , respectively, to reduce the carbon tax cost. The investment is 

represented by: 2

0( )i iI s e e   (Yalabik and Fairchild 2011; Choudhary et al. 2015). 

A carbon tax set by the government aims to ensure that carbon emissions reach 

an expected value. The two kinds of carbon tax policies (IBCT and FCT) can be used. 

Generally, an IBCT is a discrete model. However, when the block is infinitesimal, the 

limit of the discrete model is the continuum model (Xun et al. 2017). Furthermore, the 

most essential difference between the increasing block tax and the flat tax is that the 
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increasing block tax has an increasing marginal tax rate, while the flat tax remains 

unchanged (Chen and Yang 2009). Therefore, we express the IBCT as a continuum 

model to simplify the research process without affecting the results. We assume that 

the carbon tax is represented by: ( )a a

i i it kE k e q   ( 0,1a  ). When 0a  , the tax 

t  becomes an FCT. When 1a  , the tax t  becomes an IBCT. Between the two 

forms of the carbon tax, we can find the IBT has a uniform carbon tax k , while the 

IBCT has a changing marginal tax, which is related to the manufacturers’ overall 

carbon emissions i ie q . As such, the most essential difference between IBT and IBCT 

can be reflected by our defined form. 

Manufacturers’ revenues come from sale revenues, and the costs of 

manufacturers include manufacturing costs, green technology investments, and carbon 

tax costs. According to the existing research of other scholars (Luo et al., 2016), we 

assume that the two manufacturers have the same unit production cost c  and green 

technology investment parameter s . 

Based on the above description and assumptions, Manufacturer 1’s profit, 

denoted by i ( , )i iq e , 1, 2i  , is given by Equation (1). 

2

i 0( , ) ( ) ( ) ( )a

i i i i i i i i iq e q q cq s e e e q k e q              (1) 

In Equation (1), the first term is the sale revenue. The second term is the 

manufacturing cost, while the third term is the green technology investment. The 

fourth term is the carbon tax cost.  

3.2 Comparative analysis of the two carbon taxes in a purely competitive 

market  

In a purely competitive market, the two manufacturers make their decisions 

separately to achieve maximum profit. That is, the manufacturer’s decision problem is 

given by Equation (2). 

imax ( , )

. . ( , ) 0

i i

i i i

q e

s t q e



 
                            (2) 
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Each manufacturer chooses the profit-maximizing strategy to produce the 

products in a purely competitive market in any case. The constraint condition means 

that the two manufacturers would not produce products if their profit turns out 

negative. 

Taking the first order conditions of Equation (1) with respect to 1q  and 2q  

produce the solutions to 1 2( , )q q , which are given by Equations (3) and (4). 

 
11

1 2 1 1

1

2 ( 1) 0a aq q c a ke q
q


   

      


             (3) 

12
2 1 2 2

2

2 ( 1) 0a aq q c a ke q
q


   

      


             (4) 

The variables 
1

nfq  and 
2

nfq  represent the Manufacturer 1’s equilibrium output 

and Manufacturer 2’s equilibrium output in a purely competitive market within an 

FCT policy (a=0), which can be solved using Equations (3) and (4).  

0 1 0 2
1

2

3

nf c k e k e
q





  
                       (5) 

0 2 0 1
2

2

3

nf c k e k e
q





  
                       (6) 

Using Equations (5) and (6), the output of each manufacturer changes and can be 

solved as Equations (7) and (8). 

1
0

1

2 / 3
nfq

k
e




 


                        (7) 

2
0

1

/ 3
nfq

k
e







                         (8) 

The variables 
1

nbq  and 
2

nbq  represent Manufacturer 1’s equilibrium output and 

Manufacturer 2’s equilibrium output in a purely competitive market within an IBCT 

policy ( 1a  ), which can be solved using Equations (3) and (4).  

2

1 2
1 2 2 2 2 2

1 2 1 1 2 1

( ) 2 )

3 4 4 4 )

(

(

nb c k c e
q

k e e k e k

  

  

  


  
                (9) 
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2

1 1
2 2 2 2 2 2

1 2 1 2 1 1

( ) 2 )

3 4

(

(4 4 )

nb c k c e
q

k e k e k e

  

  

  


  
                (10) 

The output of each manufacturer changes because of Manufacturer 1’s reduction 

can be solved using Equations (9) and (10). 

2 2 2

1 2 1 1 1 1 2 1

2 2 2 2 2 2 2

1 1 1 2 1 1 2 1

(8 8 )( 2 )( )

(3 4 4 4 )
= 0

nbq e k e k e e k c

e e k e k e e k

  

  

   


  



     (11) 

2 2 2

2 1 1 1 2 1

2 2 2 2 2 2 2

1 1 1 2 1 1 2 1

4 ( ) 8 )
0

(3 4 4

(

4 )

nbq e k c e e k c

e e k e k e e k

   

  

   
 

   
      (12) 

Proposition1: Compared with the FCT, an IBCT can help Manufacturer 1 

obtain greater profits by reducing their carbon emissions and this market boost 

effect is more significant for a larger manufacturer. 

When the market implements an FCT policy ( 0a  ), the relationship between 

Manufacturer 1’s profit and carbon emissions per unit product can be solved by taking 

the first order of Equation (1) with respect to 1e  (see Equation (13)).  

0
1

11 0

1

2 2
nf

s k
e

qe se


  


                       (13) 

Equation (13) shows that 1  is inversely proportional to 1e  when 

0 1
1 0

2

k q
e e

s
  , whereas 1  is proportional to 1e  when 0

1
1

0
2

k
e

q
e

s
  . 

When the market implements an IBCT policy ( 1a  ), the relationship between 

Manufacturer 1’s profit and carbon emissions per unit product can be solved by taking 

the first order conditions of Equation (1) with respect to 1e  (see Equation 14).    

2

0 1 1 1

1

1 2 (2 2 )
nb

se k q s e
e


  


                     (14) 

Eq. (14) shows that 1  is inversely proportional to 1e  when 
0

1 2

1 1

se
e

k q s



, 

whereas 1  is proportional to 1e  when 
0

1 2

1 1

se
e

k q s



. 

Eq. (13) and (14) indicate that the carbon emissions per unit product of 
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Manufacturer 1 has an extreme point within both the FCT and IBCT. The emissions 

reduction can bring more profits for Manufacturer 1 due to the low cost of emission 

reductions in the low reduction phase. However, the marginal cost of emissions 

reduction is incremental. When the emissions reduction exceeds the extreme point, 

the emissions reduction behavior of Manufacturer 1 will result in negative profit 

growth. 

When 
1

1 1

1

0
nf nb

e e

  
 

 
, the marginal profit of Manufacturer 1’s carbon 

emissions reduction per unit product within an IBCT policy becomes greater than an 

FCT policy, which is represented by the Inequality (15). 

0
1

1 12

k
q

k e
                               (15) 

Inequality (15) will be satisfied when 1q  is large (Pang, 2018), which indicates 

that the marginal profit of the manufacturer’s emissions reduction within an IBCT is 

higher than that within an FCT. Therefore, IBCT is conducive to stimulate 

manufacturers to implement emissions reduction behaviors to obtain greater profits. 

Proposition 2: In a dynamic game market of a purely competitive market 

under an IBCT regime, Manufacturer 1’s continuous increases in emission 

reductions cause an incremental marginal equilibrium output within an interval. 

The less sensitive to price is the manufacturer’s product, the larger will be the 

interval. 

The equilibrium output of Manufacturer 1 in the purely competitive market is 

given by: 
1 2

1

2

3

nf c ke ke
q





  
  within an FCT. Taking the first order condition of 

1

nfq  with respect to 1e  produces 1

1

2 / 3 0
nfq

k
e




  


. This means that Manufacturer 

1’s equilibrium quantity 1

nfq  decreases in its unit carbon emissions 1e , and every 

unit 1e  decrease causes 2 / 3k   units of 1

nfq  increase.  

The equilibrium output of Manufacturer 2 in the purely competitive market is 
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given by: 
2 1

2

2

3

nf c ke ke
q





  
  within an FCT. Taking the first order condition of 

2

nfq  with respect to 1e  gives: 2

1

/ 3
nfq

k
e







. This means that Manufacturer 2’s 

equilibrium quantity 
2

nfq  increases in Manufacturer 1’s unit carbon emissions 1e , 

and every unit 1e  decrease causes / 3k   units of 
1

nfq  decrease. 

The equilibrium output of Manufacturer 1 in the purely competitive market is 

given by: 
2

1 2
1 2 2 2 2 2

1 2 1 1 2 1

( ) 2 )

3 4 4 4 )

(

(

nb c k c e
q

k e e k e k

  

  

  


  
 within an FCT. Taking the first 

order condition of 
1

nbq  with respect to 1e  produces: 

2 2 2

1 2 1 1 2

2 2 2 2 2 2 2

1 1 2 1 2

(8 8 )( 2
= 0

)( )

(3 4 4 4 )

nbq e k e ke e k c

e e k e k e e k

  

  

   


  



. This means that Manufacturer 1’s 

equilibrium quantity 
1

nfq  decreases in its unit carbon emissions 1e  and every unit 

1e  decrease causes marginal changes to 
1

nfq . Particularly, every unit 1e  decrease 

causes marginal increments of 
1

nfq  when 
2

1 02

1 1 1 2

,
3 12

]
)

[
(

e e
k k k e

 


  . 

Furthermore, every unit 1e  decrease causes marginal reductions of 
1

nfq  when 

2

1 2

1 1 1 23 12
[0

)
, ]

(
e

k k k e

 


 


(see Appendix A.1). The inflection point emissions are 

given by: 
2

2

1 1 1 23 12 ( )
nte

k k k e

 


 


. 

The equilibrium output of Manufacturer 1 in a purely competitive market is 

given by: 
2

1 1
2 2 2 2 2 2

1 2 1 1 2 1

( ) 2 )

3 4 4 4 )

(

(

nb c k c e
q

k e e k e k

  

  

  


  
 within an FCT. Taking the first 

order condition of 2

nbq  with respect to 1e  produces: 

2 2 2

2 1 1 1 2 1

2 2 2 2 2 2 2

1 1 1 2 1 1 2 1

4 ( ) 8 )
0

(3 4 4

(

4 )

nbq e k c e e k c

e e k e k e e k

   

  

   
 

   
. This means that Manufacturer 2’s 
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equilibrium quantity 
2

nbq  increases in Manufacturer 1’s unit carbon emissions 1e  

and every unit 1e  decrease causes marginal changes to 
2

nbq . Particularly, every unit 

1e  decrease causes marginal increments of 
2

nbq  when 

2

1 02

1 1 1 2

,
3 12

]
)

[
(

e e
k k k e

 


  . Furthermore, every unit 1e  decrease causes 

marginal reductions of 
1

nfq  when 
2

1 2

1 1 1 23 12
[0

)
, ]

(
e

k k k e

 


 


 (see Appendix 

A.2). The inflection point emissions are given by: 
2

2

1 1 1 23 12 ( )
nte

k k k e

 


 


. The 

inflection point emissions nte  are increasing in   (see Appendix A.3). This means 

that the inflection point corresponding to Manufacturer 1’s unit carbon emissions has 

a positive correlation with the price elasticity of demand for the product. 

In a purely competitive market within an IBCT, Manufacturer 1’s reduction in 

carbon emissions per unit of product can increase its equilibrium quantity. There is an 

inflection point in the ascent. At the beginning of the reduction, Manufacturer 1’s 

marginal equilibrium output increases in its emission reductions. As Manufacturer 1’s 

emissions decrease to the inflection point, Manufacturer 1’s marginal equilibrium 

output decreases in its emission reductions. In addition, compared to Manufacturer 1, 

Manufacturer 2 experiences the opposite situation due to the influence of 

Manufacturer 1’s emissions reduction. 

The inflection point corresponding to Manufacturer 1’s unit carbon emissions has 

a correlation with the price elasticity of demand for product. Less is the flexible 

demand for product, lower will be the inflection point corresponding to Manufacturer 

1’s unit carbon emissions. This is because emission reductions mean less spent on 

paying the carbon tax, whereas the initial marginal cost of emission reductions is 

lower. Therefore, a manufacturer which reduces its emissions has higher positive 

marginal profits to devote towards producing more products. However, when the 

prices of products are more flexible, the manufacturer produces more products, and 
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this results in much lower prices. Therefore, the profits of the manufacturer are 

affected, which leads to an increase in the unit carbon emissions at the inflection point. 

Generally, the price flexibility of non-necessities is large, and there are many 

alternatives. Therefore, these non-necessities should be replaced by green products 

having low carbon emissions. Necessities have less price flexibility and fewer 

alternatives, due to which, a carbon tax is needed to control their emissions. 

Compared with the FCT, initial stage emission reductions cause the manufacturer 

to have an incremental marginal equilibrium output. This makes it more effective for 

the manufacturer to increase the investment in emission reductions to expand market 

equilibrium production. This is especially true for the manufacturer who either does 

not have emissions reduction or has low emissions reduction. However, the scope of 

increase is limited. In excess of the limit, the opposite result will be produced due to 

an incremental emission reduction. 

3.3 Comparative analysis of the two carbon taxes in a co-opetitive model 

market 

In the co-opetition situation, Manufacturer 1 and Manufacturer 2 aim to 

maximize their total profits. They make decisions together and share the emission 

reduction technology. The situation is represented using Equations (16) and (17). 

1 2cq q q                                 (16) 

1 2ce e e                                 (17) 

where cq  represents the two manufacturers’ equilibrium total output and ce  is 

their unit carbon emissions after investing in the green technology. Their profit 
cf  

is given by Equation (18). 

2 2 1 1

1 2 1 2 0 1 1 2

1 1

2 2

max ( , ) ( )( ( ) ) 2 ( ) ( )

. . ( , ) 0

( , ) 0

a a

c c c c c

c

c

q e q q q q c s e e k e q q

s t q e

q e

  





         





(18) 

where 1

cfq  and 2

cfq  are the Manufacturer 1’s equilibrium output and 
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Manufacturer 2’s equilibrium output in a co-opetition market within an FCT policy 

(a=0), and which can be solved using Equation (18).  

The function 
1 2( , , )cf cq q e  of 1q  and 2q  may not be a concave function (see 

Appendix A.4). However, we can find an optimal value of 1 2q q , as given by 

Equations (19) and (20). 

1 2

1 2 0

1 2

( , , )
2 ( ) 0

( )

cf c

c

q q e
q q c k e

q q


 


     

 
           (19) 

0
1 2

2

cf cc k e
q q q





 
                      (20) 

Therefore, the two manufacturers maximize their total profits when their total 

output is given by: 
0

2

cc k e



 
. 

where 
1

cbq  and 
2

cbq  are Manufacturer 1’s and Manufacturer 2’s equilibrium 

outputs in a co-opetition competition market within an IBCT policy (a=1), 

respectively, and which can be solved using Equation (18).  

21 2
1 2 1 1

1

( , , )
2 2 2cb c

c

q q e
q q a c k e q

q


 


     


           (21) 

21 2
2 1 1 2

2

( , , )
2 2 2cb c

c

q q e
q q a c k e q

q


 


     


           (22) 

Therefore, the two manufacturers maximize their total profits when their total 

output is (see Appendix A.5) given by Equation (23). 

1 2 2

12( 2 )

cf cf

c

a c
q q

k e 


 


                     (23) 

The two manufacturers’ total output 
cbq  and total profit 

cb  are given by 

Equations (24) and (25). 

1 2 2

1 2

cb cf cf

c

a c
q q q

k e 


  


                    (24) 
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1 2

2
2

02

( )
2 ( )

2
( , ,

( 2 )
)b c c

c

c q q
c

s e e
k

e
e 


 

 


              (25) 

Proposition 3: Compared with the FCT, an IBCT can incentivize the 

co-operative manufacturers to obtain greater profits by reducing their carbon 

emissions further. This incentive is stronger for larger manufacturers. 

When the market implements an FCT policy ( 0a  ), the relationship between 

the co-operative manufacturers’ profits and carbon emissions per unit product can be 

solved by taking the first order conditions of Equation (18) with respect to ce :  

0 02 2 )( 2 c

c

cf

cs k q
e

se e


 





                    (26) 

Eq. (26) shows that 
cf  is inversely proportional to ce  when 0

0
2

c
c

k q
e e

s
  , 

whereas 
cf  is directly proportional to ce  when 0

0
2

c
c

k q
e e

s
  . 

When the market implements an IBCT policy ( 1a  ), the relationship between 

the co-operative manufacturers’ profits and carbon emissions per unit product can be 

solved by taking the first order conditions of Equation (18) with respect to ce : 

2 2

0 1 1 1 24 4 2 2c c

c

cb

cse se k q e k q e
e


   


                (27) 

Eq. (27) shows that 
cf  is inversely proportional to ce  when 

0

2

1

4

4
c

c

se
e

s k q



, 

whereas 
cf  is directly proportional to ce  when 

0

2

1

4

4
c

c

se
e

s k q



. 

Similar to the purely competitive market, Eq. (26) and (27) indicate that the unit 

carbon emissions of co-operative manufacturers have extreme values within both the 

IBCT and FCT. At the initial stage of emission reduction, it can result in more total 

profits for the co-opetition manufacturers because of low cost. However, the marginal 

cost of emission reduction increases with the increase in unit emission reduction. 

Therefore, when the emission reduction exceeds the extreme point, the emission 

reduction behavior of co-operative manufacturers will bring negative total profit 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



17 
 

growth. 

When 0
c c

cb cf

e e

  
 

 
, the marginal profit of co-operative manufacturers 

within the IBCT is higher than the FCT. This is represented by Inequality (28). 

0

1

2
c

c

q
k

k

e
                                (28) 

The condition in Inequality (28) will be satisfied when cq  is large (Pang, 2018). 

This means that the marginal profit of co-operative manufacturers’ emission reduction 

within an IBCT is higher than that within an FCT. Therefore, an IBCT is conducive to 

stimulate co-operative manufacturers to implement emission reduction behaviors to 

obtain greater profits. 

Proposition 4: In a co-operative market within an IBCT policy, co-operative 

manufacturers continuously increase their emission reductions, thus causing an 

incremental marginal equilibrium output until the turning point. The 

opportunities before the turning point, or the increasing interval, will be larger 

for those products that are less sensitive to price. 

The equilibrium output of Manufacturer 1 in the co-opetitive market is given by: 

0

2

cf cc e
q

k



 
  within an FCT. Taking the first order condition of 

1

nfq  with 

respect to 1e  produces: 0 / 2 0
cf

c

q
k

e



  


. This means that the co-operative 

manufacturer’s equilibrium quantity 
1

nfq  decreases in its unit carbon emission ce , 

and every unit ce  decrease always causes 0 / 2k   units of increase in 
cfq .  

The equilibrium output of Manufacturer 1 in the co-opetitive market is given by: 

1 2 2

1 2

cb cb cb

c

a c
q q q

k e 


  


 within an FCT. Taking the first order condition of 

cbq  

with respect to ce  produces 1

2 2

1

2
= 0

( 2 )

c

c c

cbq

e

k e

k e 






. This means that 
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Manufacturer 1’s equilibrium quantity cbq  decreases in its unit carbon emission ce  

and every unit ce  decrease causes marginal changes in cbq . Notably, every unit ce  

decrease causes a marginal increment in cbq  when 
1

0

2
,

3
[ ]ce e

k


 . Furthermore, 

every unit ce  decrease causes marginal reduction in cbq  when 
1

2
[0, ]

3
ce

k


  (see 

Appendix A.6). The inflection point emissions are given by: 
1

2

3
cte

k


 . 

The carbon tax will inhibit the production of manufacturers and reduce their 

optimal production, due to which, they will fail to reach the maximum profit without 

the restriction of carbon tax (Tian et al., 2017). In a co-opetitive market within an 

IBCT policy, manufacturers continue to reduce emissions, which causes an 

incremental marginal equilibrium output. This makes it more effective for 

manufacturers to increase their investment in emission reduction to expand the market 

equilibrium production, especially for the manufacturer who either does not have 

emissions reduction or has low emissions reduction. However, the scope of the 

increase is limited. In excess of the limit, the opposite result will be produced due to 

an incremental emission reduction. 

4 Numerical simulations  

We have theoretically analyzed the IBCT and the FCT in different markets. An 

IBCT takes different carbon costs in different emission intervals, thereby enhancing 

the manufacturer’s energy conservation and emission reduction. In this section, two 

markets are developed for numerical analyses. They are the pure competition market 

and co-opetition market. We attempt to present simple numerical examples evaluating 

the differences between the IBCT and FCT in each market for SAPC. In numerical 

analyses, we use the control variables method to more significantly distinguish the 

results of the decision made by a manufacturer under the two carbon tax policy 

regimes. Since the two manufacturers are assumed to be identical, only the behavior 
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and results of Manufacturer 1 are emphasized as a representative in this section. 

4.1 Pure competition market 

A carbon tax for SAPC should constrain large-scale production with high carbon 

emissions. Considering the characteristics of SAPC market and the purpose of carbon 

reduction policy, we set up a purely competitive duopoly market with lower price 

elasticity  , larger market capacity  , larger unit production cost c , and larger 

initial carbon emissions per unit production. Therefore, referring to the research of 

other scholars, we specified that: 0.05  , 1000  , 2c  , 0 30e  , and 5s   

(Luo et al., 2016; Zhou et al., 2019). The rate of emission reductions will not exceed 

66.7% with the current technological level. We set an IBCT and an FCT with the same 

binding effects, which means that the total carbon emissions emitted by the SAPC 

market can be constrained to the same desired value of 10960 when 0 30e  . The 

IBCT parameters in the purely competitive market are: 1 0.000684307k  , and 

1 1a  .  

A carbon tax for SAPC should restrict large-scale production with high carbon 

emissions. Considering the characteristics of SAPC market and the purpose of carbon 

reduction policy, we set up a purely competitive duopoly market with lower price 

elasticity  , larger market capacity  , larger unit production cost c , and larger 

initial carbon emissions per unit production. Following the literature (Luo, Chen, and 

Wang 2016; Zhou et al., 2019), we specified that: 0.05  , 1000  , 2c  , 

0 30e  , and 5s  . The rate of emission reductions will not exceed 66.7% with the 

current technological level. We set an IBCT and an FCT with the same binding effects, 

which means that the total carbon emissions emitted by the SAPC market can be 

capped to the same desired value of 10960 when 0 30e  . The IBCT parameters in 

the purely competitive market are: 1 0.000684307k  , and 1 1a  . The FCT 
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parameters in the purely competitive market are: 0 15k  , and 0 0a  . In the absence 

of a carbon tax constraint, the equilibrium total output of the market is 1330.6667 and 

the total emissions are 39920. In the case of an IBCT or FCT, the equilibrium output 

of the SAPC market is 730.6667, whereas the total emissions are 21920. At this point, 

both Manufacturer 1 and Manufacturer 2 produced 365.3333 units. 

In Scenario 1, Manufacturer 1 changed the production and emission reduction 

strategies, while Manufacturer 2 did not make timely adjustments. The output of 

Manufacturer 2 is set at 365.3333. The different production output and emission 

reduction adopted by Manufacturer 1 are shown in Figure 1(a). 

Figure 1(a) shows that, in most of the cases, Manufacturer 1 makes more profit 

based upon the IBCT rather than the FCT policy. The IBCT has a low tax amount in 

the low carbon emission intervals. Due to this reason, Manufacturer 1 can save more 

tax costs than in the case of the FCT. However, when implementing the IBCT, 

Manufacturer 1 with high unit carbon emissions and high output would have much 

lower profits than that within the FCT. The main reason is that the IBCT has a high 

tax amount in the high carbon emissions interval, which leads to a high carbon tax 

cost for high carbon manufacturers. The manufacturer’s marginal profit is less than 

zero, causing a rapid decline in profits. A high tax amount for a high emission interval 

is a punishment for a manufacturer’s excessive emissions. For a high carbon emission 

manufacturer in a competitive market, the IBCT is conducive to its voluntary 

emissions reduction. The emissions reduction is a better way to save costs, which 

improves the manufacturer’s profit. This result is consistent with those obtained in 

Proposition 1. 

In Scenario 2, we assume that the production of Manufacturer 2 is dynamically 

adjusted with Manufacturer 1’s decision. When Manufacturer 1 reduces its carbon 

emissions, the market equilibrium is changed, as shown in Figure 1(b)-(d). 
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(a)                              (b)                 

 

(c)                              (d)                 

Figure 1. Impact of manufacturer 1’s emission reduction behavior in a purely 

competitive market 

 

Figure 1(b) illustrates that the marginal equilibrium output of Manufacturer 1 

increases gradually with the increase in its reduced emissions in the case of the IBCT, 

while in the case of the FCT, it remains constant. The initial emission reduction 

causes less increase in production within the IBCT. However, when the emission 

reduction is greater than 9, the marginal equilibrium output exceeds the FCT in the 

case of the IBCT. When the emission reduction increases to 15, the rate of increase for 

the marginal equilibrium output gradually slows down. This result is consistent with 

that obtained in Proposition 2. 

Figure 1(c) and 1(d), respectively, illustrate the total production and total carbon 

emissions from the perspective of the whole market. Figure 1(c) shows the 

relationship between the total output and the unit emission reduction of Manufacturer 
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1. The total market output within the IBCT is higher than that within the FCT. 

Generally, more production means more social welfare (Chen and Nie, 2016). 

Therefore, emission reductions will create more products and social benefits in the 

market with the IBCT. Figure 1(d) shows the relationship between the total carbon 

emissions and the unit emission reduction of Manufacturer 1. Regardless of the type 

of tax, the total carbon emissions of the market show a downward trend with the 

increase in the unit emissions of Manufacturer 1. Although in the case of the IBCT, 

higher emissions are observed, the SAPC market’s carbon emissions are not higher 

than the expected value of 21920. The FCT may impose too much constraint on the 

market, which leads to low social welfare. Therefore, both of the carbon tax policies 

meet the requirements, though the increasing block carbon would be more 

advantageous for SAPC. 

4.2 Co-opetitive market 

Similar to the purely competitive market for SAPC discussed in Sub-section 4.1, 

in a co-operative market, we specify that 0.05  , 1000  , 2c  , 0 30e  , and 

5s  . Furthermore, the rate of emission reduction shall not exceed 66.7%. In the 

co-operative market, the manufacturer adopts the same reduction technology and 

gains joint profits. Based upon the study of Zhou et al. (2019), we set an IBCT and an 

FCT with the same binding effect, which means that the total carbon emissions 

emitted by the SAPC market do not exceed 21960 when the unit product emission is 

given by: 0 30e  . The IBCT parameters in the co-operative market are given by: 

1 0.00040653k  , and 1 1a  . The FCT parameters in the co-operative market are 

given by: 0 8.911116667k  , and 0 0a  . In the absence of a carbon tax constraint, 

the equilibrium output of the co-operative manufacturer is 998, and the total 

emissions are 29820. In the case of a stepped carbon tax or fixed carbon tax, the 

equilibrium output is 730.6667, whereas the total emissions emitted by the SAPC 

market are 21920. 
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In Scenario 3, we show the impact of co-operative manufacturers’ emission 

reductions and outputs on their profits within different carbon taxes, as shown in 

Figure 2(a). 

Figure 2(a) shows that, generally speaking, the co-operative manufacturers make 

more profits in the case of the IBCT than in the FCT case. The IBCT has a lower tax 

amount in the low carbon emission intervals. Therefore, the co-operative 

manufacturers can save more tax costs than within the FCT. However, when 

implementing the IBCT, the co-operative manufacturers with high unit carbon 

emissions and high output would have much lower profits than with the FCT. The 

main reason is that the IBCT has a high tax amount in the high carbon emissions 

interval, which leads to a high carbon tax cost for high carbon production. Emissions 

reduction is a better way to save costs, which also improves manufacturers’ profits. 

This result is consistent with that obtained in Proposition 3.  

In Scenario 4, we set the production of co-operative manufacturers as 

dynamically adjusted with the co-operative manufacturers’ decisions. Based on 

optimum profits, they also aim to expand their scale of production. When co-operative 

manufacturers reduce their carbon emissions, the market equilibrium is changed, as 

shown in Figure 2 (b)-(d). 

 

(a)                              (b)                 
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(c)                              (d)                 

Figure 2. Impact of the co-operative manufacturers’ emission reduction behavior 

 

Figure 2(b) illustrates the relationship between the emission reduction of 

co-operative manufacturers and their equilibrium production within the two carbon 

taxes. As the emission reduction increases, the output of the co-operative 

manufacturers under the two carbon tax policies gradually increases. On the contrary, 

in the case of the IBCT, the rate of increase is higher at the initial stage and has a short 

increasing interval.  

Figure 2(c) illustrates that the co-operative manufacturers have a high marginal 

equilibrium output at the initial stage in the case of the IBCT. The marginal 

equilibrium output increases with emission reduction from 0 to 1.35 and decreases 

after the short increasing interval. The result is consistent with that obtained in 

Proposition 4. However, in the co-operative market settings with an increasing carbon 

tax, the inflection point of the unit carbon emission is higher than that in the purely 

competitive market (see Appendix A.7). This means that the IBCT causes a less 

marginal increase in the equilibrium output by increasing the reduction. However, the 

initial marginal equilibrium output is high and is often higher than the IBCT, which is 

conducive to production-oriented co-operative manufacturers’ voluntary emissions 

reductions. 

In addition, Figure 2(d) shows that the relationship between the total carbon 

emissions and the unit emission reduction of the co-operative manufacturers is similar. 
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Regardless of the IBCT or the FCT, the total carbon emissions of the SAPC market 

show a declining trend with the increase in unit emission reduction of the co-operative 

manufacturers. Although the case of the IBCT has more total emissions, the carbon 

emissions in the market are not higher than the expected value of 21920. The FCT 

may impose too much constraint on the market, which leads to low social welfare in 

SAPC. Therefore, while both carbon tax policies meet the requirements, the IBCT 

would have more advantages. 

After exploring the relationship between the manufacturers’ emission reduction 

with different carbon tax policies for SAPC, we develop sensitivity analyses on the 

market-determined parameters in the model. 

According to the model description, in the SAPC market within the flat carbon tax, 

we specify that 0.05  , 1000  , 2c  , 5s  , 0 15k  , 0 0a  , 0 30e  ,

1 20e  , 2 30e  . And we also specify that 0.05  , 1000  , 2c  , 5s  , 

1 0.0004k  , 1 1a  , 0 30e  , 1 20e  , 2 30e   as the parametric values in the 

SAPC market within the increasing block carbon tax. On a separate note, we attempt 

to explore the effect of  ,  , c  and s  on the profit of the manufacturers under 

the static condition of other parameters.  

   

(a)                                 (b) 
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(c)                                 (d) 

Figure 3 Sensitivity analysis of the parameters for the FCT 

The results of the two markets for the FCT are shown in Figure 3, while those for 

the IBCT are shown in Figure 4. 

 

   

(a)                                 (b) 

   

(c)                                 (d) 

Figure 4 Sensitivity analysis of the parameters for the IBCT 

Figure 3(a) and Figure 4(a) show the changes in manufacturers’ profit in 

response to the changing parameters pertaining to market potential  . The four 
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curves have a positive slope, meaning that the manufacturers’ profit increases with the 

increase in the market potential. Large   indicates the presence of more buyers in 

the market, due to which, manufacturers can sell more products and gain more profits. 

Figure 3(b) and Figure 4(b) show the simulated results of manufacturers’ profits 

in response to the changes in parameters related to the self-price elasticity of 

production  . The four curves have a negative slope, indicating that as   increases, 

the decline of manufacturers’ profit is huge, which gradually slows down. This means 

that higher   represents the situation where customers are highly affected by the 

change in price, which makes a shrinking demand that dampens the production. 

Figure 3(c) and Figure 4(c) show the relationship between the manufacturers’ 

profits and the unit production costs c . The four curves slope downwards. However, 

the downward trend of manufacturers’ profit with the increase in c  becomes slower 

and slower. This is due to the fact that a high unit cost reduces the unit profit. 

Figure 3(d) and Figure 4(d) illustrate the negative relationship between the 

manufacturers’ profit and investment parameters of emission reduction efficiency of 

manufacturer s . The four descending lines show the manufacturers’ profit in 

response to the changes in parameters related to s . High s  represents the low 

efficiency of manufacturers' investment for emission reduction, causing a high 

reduction cost. 

4.3 Discussion 

Quantitative analysis demonstrated that the IBCT has better effects in both a 

purely competitive market and a co-opetitive market setting. The advantages of IBCT 

make it more suitable for SAPCs than FCT. This is embodied in three aspects, 

presented in the following: 

Firstly, compared with the FCT, the IBCT results in higher profits for 

manufacturers in both a purely competitive market and a co-opetitive market setting. 

High-carbon manufacturers who do not adopt a strategy of emission reductions are the 

exception. This is in line with the goals of a carbon tax. Furthermore, the IBCT 
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further alleviates the adverse impacts of a carbon tax on the profit of the manufacturer, 

which lowers the manufacturers’ carbon tax burden. For SAPCs with more 

small-scale manufacturers, IBCT can reduce the carbon tax burden of enterprises to a 

certain extent. Moreover, the current carbon leakage is generally caused by high 

carbon emission manufacturers who transfer their production spatially to reduce the 

costs associated with their own carbon emissions. The high marginal carbon tax of 

IBCT for the high carbon emission range can effectively prevent the occurrence of 

such carbon leakage. Therefore, the IBCT policy can not only protect the interests of 

domestic manufacturers but also lower the risk of carbon leakage. 

Secondly, in both a purely competitive market and a co-opetitive market setting, 

the manufacturer’s emission reduction yields an increasing marginal equilibrium 

output with an IBCT, while it remains constant for an FCT. However, the marginal 

equilibrium output is low at the initial stage of emission reductions, while the 

progressive increasing interval is large in a purely competitive market. The 

implementation of IBCT in SAPCs can guide the development direction of their 

manufacturers. A scale expansion without carbon reduction is not advisable under the 

IBCT policy. Therefore, manufacturers must take carbon emission reductions into 

account while expanding; otherwise, they will face more strict carbon tax penalties. 

Thirdly, in both a purely competitive market and a co-opetitive market setting, 

the emission reduction of manufacturers yields more output with the IBCT, which 

means that emission reduction would yield more social welfare. Furthermore, the 

emissions also remain within the required levels. Overall, under the IBCT policy, the 

effect of improving social welfare induced by emission reduction has been 

significantly enhanced. Therefore, both for SAPCs and other countries, an IBCT 

policy can contribute to a win-win situation and improve both social welfare and 

environmental development. 

5 Conclusion and Policy Implications 

This paper examined the emission reduction behavior of manufacturers under the 

IBCT, which differs from FCT policies. IBCT was identified as a feasible policy for 
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the regulation of carbon emissions in SAPCs. Both non-cooperative and co-operative 

games were used to develop competition and co-opetition models. The advantages of 

IBCT implementation in SAPCs were also clarified. Based on the results, the 

following conclusions can be drawn: 

First, the implementation of the IBCT policy in SAPCs not only protects their 

domestic manufacturers but also diminishes the risk of carbon leakage. The IBCT 

encourages manufacturers with high emissions to decrease their emissions while 

reducing the carbon tax burden of small-scale manufacturers. This result is in line 

with the objectives of a carbon tax policy, thus suggesting that the IBCT is better than 

the FCT alternative. 

Second, the implementation of an IBCT in SAPCs can guide a low-carbon 

development direction for their manufacturers. The manufacturers must consider 

carbon emission reductions while expanding; otherwise, they will face more strict 

carbon tax penalties. The manufacturers’ emission reduction behavior under an IBCT 

would lead to an increasing marginal equilibrium output. However, there is a turning 

point, at which the increasing trend stops. The increasing interval is large when the 

price elasticity of the produced products is low. The output boosting factor acts as an 

incentive for manufacturers to reduce emissions under an IBCT regime. 

Third, the IBCT policy will contribute to achieving a win-win situation for 

improving both social welfare and environmental development in SAPCs or other 

countries. With the same emission reduction effect, the emission reduction of 

manufacturers yields more output with the IBCT, which means that emission 

reduction would yield more social welfare. This indicates that the social welfare 

improvement effect induced by emission reduction has been significantly enhanced. 

Based on these conclusions, a number of suggestions for formulating IBCT 

policies in SAPCs are presented in the following. 

First, SAPCs should formulate IBCT policies so that these restrict manufacturers 

in high-carbon emission industries. Since the IBCT regime divides the marginal tax 

based on the total amount of carbon emissions of a manufacturer, industries with little 

carbon emissions will cause this difference to become insignificant thus, failing to 
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obtain its advantages. Therefore, the target of policy formulation should be industries 

with actual or potentially high carbon emissions. Even though such industries are 

generally rare in SAPCs, such a policy is still useful to provide a stable expectation 

for investors. 

Second, to apply IBCT, governments need to fully investigate the emission 

characteristics of domestic enterprises, including their total emissions, marginal 

abatement costs, and emission reduction potential. IBCT is more flexible than FCT, 

but its formulation is also more complicated and requires more market details. 

Policymakers should therefore reasonably coordinate the relationship between carbon 

emission reduction and economic development based on these specific characteristics. 

Third, governments can stimulate the development of new energy industries 

through subsidies, and substitute fossil fuels with clean and renewable energy. IBCT 

encourages manufacturers to implement energy-saving and emission-reduction 

measures; however, as manufacturers continue to expand their production scale, an 

increase in total carbon emissions is still inevitable. The incremental effect of 

marginal abatement costs will also increase the burden on manufacturers, which 

implies that single energy-saving technologies for emission reduction are limited. 

Considering the complexities of the market characteristics and the actual 

application of a carbon tax, this study may have several limitations. Firstly, this study 

represents a theoretical model of reality. The proposed model reflects the objective 

laws of manufacturers, and to simplify and clarify this research, only key factors were 

considered. Nevertheless, these limitations constitute the direction for future research. 

Additionally, future studies should examine the empirical effects of the IBCT 

implementation in SAPCs. Furthermore, the relationship between the increasing costs 

of implementing a downscale strategy for manufacturers and the associated carbon tax 

charges should be further examined. Since the marginal tax rate increases as the total 

carbon emissions increase, a large manufacturer may opt to split into a number of 

smaller manufacturers. 
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