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Study on Cleaner Production Subsidies, Income Distribution 
Imbalance and Carbon Emissions Permit Reallocation 

Mechanism

Qingquan Fan, Jingran Liu, Jingda Wang*

The allocation mechanism for carbon emissions permit(CEP) is an institutional guarantee 
for advancing the development of China’s unified carbon trading market. The initial 
allocation of carbon quotas fails to solve new inequalities stemming from subsidizing 
cleaner production. This paper constructs a theoretical framework that describes 
China’s progressive decline in carbon intensity, calculates the equilibrium solution on 
the neoclassical saddle point path using the shooting method, and studies the income 
distribution imbalance caused by cleaner production subsidies and the reallocation 
mechanism of carbon emissions permit The main conclusion is that the incremental cleaner 
production subsidy policy meets the goal of maximizing welfare on the saddle point path, 
but it may lead to over-investment in the clean sector, thus causing the income distribution 
imbalance among entities. Further research suggests that the amount of carbon emissions 
permit acquired by the clean sector should be higher than the actual emissions in the trading 
market and that, as the cleaner support increases, the share of carbon emissions permit 
acquired by the sector should be constantly increased through reallocation mechanism. This 
helps achieve the Pareto improvement in all parties’ economic benefi ts.
Keywords:  carbon emissions permit, carbon trading market, cleaner production 

subsidies, reallocation mechanism

1. Introduction

China has actively taken its international responsibility for cutting carbon emissions and 
fulfi lled its goal of strictly controlling greenhouse gas emissions. To this end, the Chinese 
government has been steadily advancing the development of the national carbon emissions 
trading market and vigorously supported the development of emerging strategic industries. 
This range of strategic measures has played an important role in cutting the cost of emission 
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reduction and accelerating the upgrading of clean industries (Li et al., 2017). However, as 
cleaner production subsidies contribute to upgrading the industrial structure, the income 
distribution gap across all entities is being widened. The resulting new inequalities have not 
attracted suffi  cient attention from the society.

Cleaner production subsidies are a major means of the government to support the 
development of emerging industries, which helps expedite the accumulation of cleaner 
capital and promote the fast development of emerging industries. They also help empower 
the clean sector to increase R&D investment and give full play to the spillover effect of 
cleaner technology advances. In practice, the “incremental pie” produced by the economic 
externalities of cleaner production subsidies has not resulted in additional benefi ts for the 
sector, or even a lower share of economic benefi ts for the sector. This is because cleaner 
production subsidies distort the optimal allocation of various production factors in the sector, 
reducing the disposable income of entities of the sector. Without altering the economic 
externalities, the key to re-balancing income distribution among various market players is 
meant to regulate the distribution mechanism for factor remuneration in the clean sector. 
Under China’s national carbon trading market mechanism, carbon emissions permit, a new 
production factor, off ers a possibility to improve the clean sector’s disposable income.

The market trading mechanism has solved the effi  ciency problem of carbon emissions 
but has still not addressed the compensation for the interests of all entities. Under the carbon 
trading market mechanism, the cost of carbon emissions bearers and factor remuneration 
recipients can be separated. The production cost of each enterprise is fi xed at the market 
equilibrium. It does not change with the carbon emissions permit allocation scheme, which 
provides the possibility for us to further study the ownership of carbon emissions permit. 
This paper uses trading information and the “government’s hand” to design the reallocation 
scheme of carbon emissions permit and adjust the remuneration attribution of carbon 
factors in the initial allocation to achieve the Pareto improvement of all entities’ interests. 
This is a foundation for stimulating the vitality of carbon emission reduction market entities 
and providing an institutional guarantee for accelerating the development of the national 
carbon trading market. Also, it is an important way to deal with new inequalities.

The market-based mechanism for resources allocation determines the actual cost of carbon 
emissions borne by each entity, while the government’s reallocation scheme determines the 
carbon factor remuneration eventually obtained by each sector. We have adopted a science-
based approach to exploring the dynamic trend of cost of carbon emissions and carbon factor 
remuneration and had a deeper understanding of the entity difference, and the equal total 
amount of their attributions are the key link in designing the reallocation mechanism for carbon 
emissions permit. To this end, we have built a theoretical research framework that is consistent 
with China’s economic development stage and progressive carbon intensity reduction goal, 
designed a unifi ed national carbon trading market mechanism, and identifi ed the attribution 
diff erences in the cost of carbon emissions and carbon factor remuneration. In addition, we 
have analyzed the income distribution imbalance caused by cleaner production subsidies, 
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explored the carbon emissions permit reallocation mechanism, and provided science-based 
solutions for new inequalities in supporting cleaner production.

2. Literature Review

The low-carbon economy is an effective way to control the greenhouse effect, 
while cleaner production subsidies are an important way to boost the development of 
the low-carbon economy (Li et al., 2017). Cleaner production subsidies help facilitate 
technological progress to meet the development goals of reducing energy consumption 
and low carbonizing the economic structure (Acemoglu et al., 2016; Zhang et al., 
2016) and boost the high-quality economic development (Ozcelik and Taymaz, 2008; 
Fischlein and Smith, 2013; Murray et al., 2014). However, there are few studies on 
the impact of cleaner production subsidies on income distribution among emission 
reduction entities. In fact, the subsidies will have an impact on the factor allocation in 
the production. This paper focuses on explaining the reason for the decrease in entities’ 
disposable income, which is caused by cleaner production subsidies.

Although there is few foreign literature on the allocation  of carbon quotas 
(Kollenberg and Taschini, 2016), there are many studies on the allocation of carbon 
quotas in China (Pan and Chen, 2009; Fan et al., 2010; the research group of the 
Development Research Center of China’s State Council, 2011; Li and Liao, 2015; 
Peng et al., 2015). Under the government’s administrative emission reduction 
constraints, the previous literature put the burden of solving inequalities on the initial 
carbon quota allocation. The optimized allocation scheme results in a compromise 
between efficiency and equity. This research idea is embodied in the two papers by 
Qian et al. (2019), Wang and Chen (2019). The key to the above problem is that most 
of these studies have ignored the importance of the carbon trading market mechanism. 
Under the national unifi ed carbon trading market mechanism, carbon resource factors 
can freely fl ow in the market, equalizing entities’ marginal cost of carbon emissions. 
The marginal cost is only related to the constraints on the total carbon emissions and 
entities’ production technology endowment. But it is not linked to the initial allocation 
scheme. This is the reason why the initial allocation of carbon quotas may not aff ect 
economic efficiency. In the meantime, the attribution entities of cost of carbon 
emissions and factor compensation under the carbon trading market mechanism can be 
separated so that the means to solve the inequality problem is no longer limited to the 
initial allocation of carbon emissions permit. This is an important focus of this paper.

Peters (2008), Fan et al. (2010) and Peng et al. (2015) considered the international 
division of labor and the diff erences in consumption patterns among countries, pointing 
out that the division of international emission reduction responsibilities based on the 
consumption side can embody the international equality principle. In fact, the division 
of countries’ carbon emissions permit based on the consumption side may increase 
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the transmission of emission reduction constraints, resulting in higher global emission 
reduction costs. Because of the low feasibility of establishing the reallocation scheme 
among countries, the division of carbon emissions permit based on the consumption side 
has become a suboptimal option for global governance. However, in allocating carbon 
emissions permit within a country, all “heavy tasks” should not be placed on the initial 
allocation of carbon emissions permit. A government’s “reallocation” function should be 
fully utilized to avoid sub-optimal solutions that lower the emission reduction effi  ciency 
because of due consideration to equality. China’s national carbon trading market mechanism 
can separate each entity’s actual emissions from the given emissions permit. As such, the 
permit is liquid as a new production factor. It can be used to identify the relationship between 
the cost of carbon emissions actually borne by each entity and the factor remuneration 
for carbon emissions permit, which is rarely covered in previous literature. Based on the 
resources allocation information from the national carbon trading market, it is another focus 
of this paper on designing the reallocation scheme of carbon emissions permit with the goal 
of the synchronous improvement of all entities’ disposable income.

The carbon intensity reduction policy is an effective means for China to assume 
international emission reduction responsibilities consistent with its development stage (Zhou 
and Zhou, 2016). Meanwhile, the Chinese economy remains in the growth stage. Driven 
by the economic expansion, the energy consumption may increase in the short term, which 
is still far from the steady-state equilibrium of macro theory (Li et al., 2012). According 
to the neoclassical theory, the saddle point path can be used to depict the dynamic capital 
accumulation from small to large and analyze the relationship between the economic 
expansion and the dynamic impact of increased energy consumption. However, there is 
not much literature to study China’s characteristics of carbon intensity reduction based on 
the theoretical framework of the neoclassical saddle point path. To this end, this paper uses 
the shooting method to solve the equilibrium solution on the saddle point path (Ljungqvist 
and Sargent, 2004), designs the dynamic constraint mechanism for progressive carbon 
intensity reduction, studies the dynamic optimal path of cleaner production subsidy policy, 
and analyzes the income distribution imbalance caused by cleaner production subsidies to 
explore a more eff ective reallocation mechanism for carbon emissions permit.

3. Theoretical Research Framework for Carbon Trading Mechanism and Cleaner 
Production Subsidies

3.1. Theoretical Model Construction

3.1.1. Production Functions and the Technology Spillover Mechanism for Cleaner 
Capital

By referring to the research ideas of Acemoglu et al. (2016) and Dissou and 
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Karnizova (2016), it is assumed that there are representative enterprises in the two 
sectors. Their production functions are as follows:

Y A K K M E Lc t c t c t c t c t c t c t, , , , , , ,= ( ) α γ υ α γ υc c c c c c1− − −  (1a)

Y A K M E Ld t d t d t d t d t d t, , , , , ,= α γ υ α γ υd d d d d d1− − −  (1b)

For convenience, the two formulas are expressed as h c=  and d, representing the 
clean sector and the polluting sector, respectively. Yh t,  denotes the total output level of the 
sector t in the t period, Kh t,  is the capital factor of the sector t, Lh t,  represents the labor 
factor of the sector h, and M h t,  is the production factor of non-energy intermediate goods 
in the sector h. Eh t,  is the production factor of energy intermediate inputs in the sector h. 
αh , γ h , υh  and 1− − −α γ υh h h  represent the output elasticity coeffi  cients of capital, 
non-energy intermediate inputs, energy intermediate inputs and labor factor, respectively. 
Ad t,

 denotes the total factor productivity for the polluting sector and Ac t,  represents the 
total factor productivity for the clean sector. Unlike the polluting sector, the total factor 
productivity of the clean sector continues to increase with its capital accumulation, namely, 

A Kc t c t′, ,( )  > 0, which indicates the technology spillover eff ect of capital accumulation in 
the clean sector (Romer, 1990). Kc t,  is the average capital in the clean sector in the period t.

3.1.2. Intermediate Goods Production Factors and Production-Side Carbon Emissions 

M h t,  and Eh t,  represent the non-energy and energy intermediate production factors 
of the sector h in the period t, respectively. They are obtained by summing the non-
energy and energy intermediate inputs of the two sectors, expressed as follows:

M mh t s t, ,= Π
s c d⊂∈{ , }

( )h χsh  (2)

E eh t s t, ,= Π
s c d∈{ , }

( )h χsh  (3)

where ms t
h
,  and es t

h
,  represent the quantity of non-energy and energy intermediate 

inputs purchased by the sector h from the sector s, respectively. χsh  and χsh  represent 
the share of expenditures on non-energy and energy intermediate inputs purchased by 
the sector h from the sector s in the corresponding expenditures on intermediate inputs 
of the sector h, respectively, satisfying:

s c d∈
∑

{ , }
χsh = 1   and  

s c d∈
∑

{ , }
χsh = 1  (4)
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It is assumed that the energy intermediate inputs produced by the polluting sector 
are fossil fuels and the energy intermediate inputs produced by the clean sector are 
non-fossil fuels. Both sectors consume fossil energy and emit carbon dioxide in 
the production. Their resulting carbon emissions are calculated as production-side 
emissions (Peng et al., 2015; Qian et al., 2019). Direct carbon emissions from fossil 
energy consumption in the h sector are calculated based on the production side:

EM eh t d t d, ,= h θ  (5)

where θd  denotes the carbon emission coefficient per unit of fossil energy inputs 
produced by the polluting sector.

3.1.3. Carbon Trading Market and Cleaner Production Subsidy Mechanism

 Under the carbon trading market mechanism, carbon emissions become a new 
and mobile factor of production. In enterprises’ production, the product of the actual 
emissions and the carbon trading price can be regarded as the cost of consuming 
carbon emissions. It is also the factor remuneration obtained by carbon emissions 
permit holder. To maintain a balanced government budget, we can use a lump sum tax 
approach to raising funds. For one thing, we may ensure that there is no exogenous 
economic resource infl ow, making various policy scenarios comparable. For another, 
we may eliminate the interference of tax distortion eff ects.

The profi t formula of representative enterprises in the two sectors is as follows:

Π = − − − − − −c t c t c t t t c t s t s t s t s t c t t c t c t, , , , , , , , , , ,P Y r K m P e P EM Q w L(1 )κ
s c d s c d∈ ∈
∑ ∑

{ , } { , }

c c  (6a)

Π = − − − − −d t d t d t t d t s t s t s t s t d t t d t d t, , , , , , , , , , ,P Y r K m P e P EM Q w L
s c d s c d∈ ∈
∑ ∑

{ , } { , }

d d  (6b)

where Πh t,  represents the profi ts of the sector h, Ph t,  represents product prices in the 
sector h, rt  represents capital rent, wh t,  represents labor wages in the sector h, Qt  
represents the transaction price per unit of carbon emissions, and κ t  is the subsidy rate 
of cleaner production implemented by the government.

The value added of output in the h sector during the t period is:

GDP P Y m P e Ph t h t h t s t s t s t s t, , , , , , ,= − −
s c d s c d∈ ∈
∑ ∑

{ , } { , }

h h  (7)
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The society-wide carbon intensity constraint target in the t period is:

( ) / ( )EM EM GDP GDPc t d t c t d t, , , ,+ + ≤intt (8)

where intt  represents the carbon intensity value that the government has committed to 
achieve in the t period.

The fi rst-order conditions for maximizing profi ts in the two sectors are:

Capital factors: r P Y Kt h h t h t h t h t= −α κ, , , ,/ [ (1 )]  (9)

Labor factors:  w P Y Lh t h h h h t h t h t, , , ,= − − −(1 ) /α γ υ  (10)

Non-energy intermediate input factors: P P Y ms t sh h h t h t s t, , , ,= χ γ / h  (11)

Energy intermediate input factors: P Q P Y es t t s sh h h t h t s t, , , ,+ =θ χ υ / h  (12)

For the convenience of narration, we use the writing style of κh t,  and θs , where 
κ κc t t, = , κd t, = 0 , θc = 0 .

3.1.4. The Final Product and the Factor Market of Capital and Labor

The final consumer goods ( Ct ) are obtained by summing the consumer 
goods ( Ch t, ) supplied by the two sectors respectively. The alternative elastic 
relationship between the two types of consumer goods satisfies the following 
CES function:

C C Ct c c c t c d d t= +[ ]ρ ρ, , , ,
( 1)/ ( 1)/ /( 1)σ σ σ σ σ σc c c c c c- - -  (13)

where ρc h,  indicates the weight of consumer goods supplied by the sector h in the total 
consumer goods, ρ ρc c c d, ,+ = 1 . σ c  denotes the alternative elastic coeffi  cient between 
consumer goods supplied for the two sectors,σc≥1. The total price level (Pt) of fi nal 
consumer goods satisfi es:

P P Pt c c c t c d d t= +[ ]ρ ρσ σ σ σ σ
, , , ,
c c c c c(1 ) (1 ) 1/(1− − − )  (14)

From the perspective of the demand formed by the final consumer goods, the 
quantity of consumer goods ( Ch t, ) supplied by the sector h is:
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C P P Ch t c h h t t t, , ,= ρσ σc c( / )  (15)

Similarly, the final investment products ( It ) are obtained by summing the 
investment products ( Ih t, ) provided by the two production sectors, respectively. The 
alternative elasticity between the two types of investment products also meets the CES 
function:

I I It i c c t i d d t= +[ ]ρ ρ, , , ,
( 1)/ ( 1)/ /( 1)σ σ σ σ σ σi i i i i i- - -  (16)

where ρi h,  represents the weight of investment products provided by the sector h in 
forming total investment products, ρ ρi c i d, ,+ = 1 . σ i  denotes the alternative elasticity 
between investment products in the two sectors, σi≥1. The total price level ( Zt ) of 
fi nal investment products and the demand quantity of investment products ( Ih t, ) in the 
sector h respectively meet:

Z P Pt i c c t i d d t= +[ ]ρ ρσ σ σ σ σ
, , , ,

i i i i i(1 ) (1 ) 1/(1 )− − −  (17)

I P Z Ih t i h h t t t, , ,= ρσ σi i( / )  (18)

By referring to the depiction of labor heterogeneity characteristics between the 
two sectors by Dissou and Karnizova (2016), the relationship between the total 

eff ective labor time ( Lt ) and the sector h’s labor time ( Lh t, ) is expressed as follows:

L L Lt l c c t l d d t= +[ ]ρ ρ, , , ,
( 1)/ ( 1)/ /( 1)σ σ σ σ σ σl l l l l l+ + +  (19)

where ρl h,  represents the weight of the sector h’s labor factors in the total eff ective 
labor factors, ρ ρl c l d, ,+ = 1 . σ l  denotes the elasticity coefficient of cross-sectoral 
mobility of labor factors, σi≥0. Without loss of generality, this paper sets the total 
eff ective labor time at 1 (Acemoglu et al., 2012), i.e., Lt = 1 . The total eff ective labor 
wage level ( Wt ) meets:

W w wt l c c t l d d t= +[ ]ρ ρ   +    + +
, , , ,
σ σ σ σ σl l l l l(1 ) (1 ) 1/(1 )  (20)

From the perspective of the total effective labor supply, the labor time ( Lh t, ) 
provided by the sector h meets:

L w W Lh t l h h t t t, , ,= ρ   σ σl l( / )  (21)

SBJKD-《中国财政与经济研究》2022年第4期.indd   73 2023/3/13   9:15:08



74 China Finance and Economic Review

3.1.5. Problems of Maximizing the Utility of Representative Households and Market 
Clearance Conditions

 Assuming the existence of a representative family with the goal of maximizing the 
lifelong utility, it is expressed as follows:

max  ln∑
t

∞

=0

β t Ct  (22)

where β  represents the utility discount factor. The budgetary constraint for 
representative families is as follows:

C P I Z r K W L EM EM Q Tt t t t t t t t c t d t t c t d t t+ + + + + Π + Π −≤ ( ), , , ,  (23)

where Pt  represents the price level of household consumer products in the period t, 
It  represents the total investment amount provided by representative households, Zt  
represents the total price level of final investment products, and Wt  represents the 
total eff ective labor wage level provided by representative households. For simplicity, 
we use the same symbols for labor supply and demand. It should be noted that 

( )EM EM Qc t d t t, ,+  represents the factor remuneration for carbon emissions and Tt  
denotes the total tax levied by the government, which is equal to the amount of cleaner 
production subsidies. To achieve an equilibrium solution, the price level of consumer 
goods is set at Pt = 1 .

The dynamic accumulation equation for capital is shown in equation (24):

K K It t t+1 = − +(1 )δ  (24)

where δ  represents the capital depreciation rate. Two types of representative 
enterprises can rent capital in the same factor market, and the rent price ( rt ) for capital 
in both sectors is the same. K K Kt c t d t= +, ,  is thus obtained.

    Further solution yields the Euler equation for the intertemporal consumption 
choices of representative households.

C P Z C P r Zt t t t t t t+ + + +1 1 1 1= + −β δ[ (1 ) ]  (25)

The market clearance conditions are as follows:

Y C I m eh t h t h t h t h t, , , , ,= + + +
s c,d s c,d
∑ ∑
∈ ∈{ } { }

s s  (26)
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3.2. Research on the Reallocation Mechanism for Carbon Emissions Permit

3.2.1. Cost of Carbon Emissions

Equation (8) is the constraint equation for the society-wide carbon intensity target, 
and Qt  is the shadow price of the constraint equation. When the constraint equation 
is a tight constraint, the shadow price is Qt > 0 . Accordingly, the social emission cost 
under carbon constraints is:

cost EM EM Qt c t d t t= +( ), ,  (27)

where cos tt  represents the total cost of society-wide emission reduction in the 
period t.

3.2.2. Factor Remuneration of Carbon Emissions Permit

In the allocation, the factor remuneration for production is ultimately allocated to 
the holder of carbon emissions permit. For simplicity, we divide the sectors of carbon 
emissions permit holders into the polluting and clean sectors, assuming that their carbon 
emissions permits are EM c t,  and EM d t, , respectively, and satisfy the following equation:

EM EM EM EMc t d t, ,+ = +c t d t, ,  (28)

In fact, the allocation issue of carbon emissions permit is the core of previous 
studies and a key link in developing China’s national carbon trading market. This paper 
will use the resource allocation information of carbon market to design the allocation 
scheme for carbon emissions permit. One of the new insights in this paper is to use the 
information of the market-based resources allocation to study the equity of allocating 
carbon emissions permit among entities from the perspective of reallocation after 
market transactions. To study the reallocation mechanism of carbon emissions permit, 
we fi rst give two sectoral indicators for disposable income:

inc r K w L EM Q T K Zc t t c t c t c t t c t t c t t, , , , , ,= + + + Π − −c t, ( ) δ  (29a)

inc r K w L EM Q K Zd t t d t d t d t t d t d t t, , , , , ,= + + + Π −d t, δ  (29b)

where inch t,  represents the disposable income of the sector h in the period t and 
δ K Zh t t,  denotes the investment amount in expanding the re-production of the sector 
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h. The total income of each sector is the sum of various factor remunerations and 
enterprises’ profi ts, from which the investment amount in expanding the re-production 
is deducted. The rest is the sector’s disposable income. It is important to note that we 
use a lump sum tax approach to fi nance cleaner production subsidies to ensure that no 
exogenous resources fl ow into the clean sector.

3.3. Determination of Parameter Calibration and Function Form 

3.3.1. Factor Elasticity Coeffi  cients of Production Functions for Both Sectors

Purely cleaner production enterprises may be few in real economic activities 
or have a small share of the total. More generally, there are two different types of 
enterprises in the same industry. One “experiments” with new energy and shifts to 
cleaner production, accompanied by certain advances in cleaner technologies, while 
the other still uses fossil fuels for production and does not shift to cleaner production. 
For this reason, the clean and polluting sectors are classified as the same industry. 
Theoretically, the clean sector refers to same-industry enterprises with a preference for 
cleaner production, which also tend to have higher level production technologies.

Since the two types of representative enterprises are in the same industry, the 
elasticity coeffi  cients concerning capital output, labor output and output of intermediate 
inputs should not differ significantly. Without loss of generality, this paper assumes 
that the parameters of input factor production elasticity, consumer goods substitution 
elasticity, investment goods substitution elasticity, labor substitution elasticity, and 
non-energy inputs elasticity coeffi  cient matrix are taken to be the same for both types 
of enterprises. The output elasticity of each factor is calibrated using the aggregate 
table data of the 2017 national input output table. For the two types of enterprises, the 
elasticity coeffi  cient of non-energy intermediate inputs is calculated to be γ = 0.58 , that 
of energy intermediate inputs is ν = 0.12 , that of labor factors is 1 0.12− − − =α γ ν , 
and that of capital factors is α = 0.18 . For two types of representative enterprises, 
their fi nal products are homogeneous. Therefore, we assume that, regarding the fi nal 
consumer products, they have the same substitute elasticity coefficient ρc d, = 0.50  
and ρc c, = 0.50 ; their substitute elasticity of fi nal investment products is ρi d, = 0.50  
and ρi c, = 0.50 ; and their substitute elasticity of labor is ρl d, = 0.50  and ρl c, = 0.50 ,
respectively. Their main difference is that between the energy inputs elasticity 
coeffi  cient and the cleaner technology progress function. Next, this paper calibrates 
the non-fossil energy consumption mix and the actual carbon intensity value.

3.3.2. Elasticity Coeffi  cient of Energy Inputs

In this paper, it is assumed that polluting enterprises only consume fossil energy 

SBJKD-《中国财政与经济研究》2022年第4期.indd   76 2023/3/13   9:15:09



77Qingquan Fan, Jingran Liu, Jingda Wang

from their own sectors, namely E ed t d t, ,= d  and ec t
d
, = 0  (polluting enterprises do 

not use clean energy in their production); it is also assumed that cleaner enterprises 
consume not only clean energy (from their own sectors) but also fossil energy (from 
the polluting sector), namely E e ec t c t d t, , ,= ( ) ( )c cχ χ cc dc . For the four output elasticity 
coeffi  cients of fossil energy intermediate inputs in two types of enterprises, we assume 

χd d, =1  and χc d, = 0 , and know χ χ d c c c, ,+ =1 . Based on the fact that China’s non-
fossil energy accounted for 15.3% of the total energy consumption in 2019, the paper 
sets various values of χd c,  and χc c,  to describe this feature. The formula is as follows:

estr e e e e e et c t c t d t d t c t c t= + + + +( ) / ( )d c d c d c
, , , , , ,  (30)

where ed t
c

,  denotes the amount of fossil energy goods purchased by the clean sector (c 
stands for the clean sector and d the polluting sector), ed t

d
, denotes the amount of fossil 

energy goods purchased by the polluting sector, ec t
d
,  denotes the amount of non-fossil 

energy goods purchased by the polluting sector, and ec t
c
,  denotes the amount of non-

fossil energy goods purchased by the clean sector. In this paper, the output elasticity 
coefficients of energy input factors are set at χd d, =1 , χc d, = 0 , χd c, = 0.81  and 
χc c, = 0.19  through the iterative calibration.

3.3.3. Initial Capital, Unit Carbon Emissions Coeffi  cient and the Technology Spillover 
Mechanism for Cleaner Capital

By referring to the research of Wang and Fan (2000), we assumed that the capital 
output ratio of China in 2000 was about 2.0, so we set the initial capital K1 = 0.40  to 
maintain the capital output ratio in the initial period of theoretical model is basically 
consistent with that in 2000. According to the World Bank, China’s carbon emissions from 
fossil energy consumption in 2005 were about 6.1 billion tons and the carbon emissions 
intensity was about 3.2 t/10000 yuan. Accordingly, we set the unit carbon emissions 
coeffi  cient for fossil energy inputs in the polluting sector’s production at θd = 4.80 . We 
also set the technology spillover function for cleaner capital as A A Kc t c c t, ,1 1 ,= +ω ω2 . In 
2018, China’s carbon intensity decreased cumulatively by 45.8% over 2005. We obtained 
ω1 = 0.60  and ω2 = 0.20  by repeated simulation to ensure that the carbon intensity of 
the theoretical model declined by 45% from the 6th to 19th period.

3.3.4. Calibration of Other Parameters 

By referring to the practice of Fan (2018), this paper selects the annual 
depreciation rate of capital as δ = 0.096  and the annual utility discount factor as 
β = 0.98 . In addition, the alternative elasticity parameters of consumer products σ c , 
investment products σ i , and labor factors σ l  in both sectors are valued at 1. Both 
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fi nal consumer and investment products are in the form of Cobb-Douglas production 
function. In this paper, the ratio of non-energy intermediate inputs to the total non-
energy intermediate inputs required in the polluting sector is set at χd d, = 0.65  and 
χc d, = 0.35 , while that in the clean sector is set at χd c, = 0.35  and χc c, = 0.65 . Based 
on the robustness of simulation results, the sensitivity test is conducted on the main 
parameters, with the main conclusions not changed.

4. Cleaner Production Subsidies and Income Distribution Imbalance on the 
Emissions Reduction Pathway

4.1. Progressive Carbon Intensity Reduction Constraints and Cleaner Production 
Subsidy Policy

This paper sets the initial economic period as 2000 and performs a simulation analysis 
of China’s trend change of carbon emission intensity since 2000. Based on China’s 
actual reduction in carbon intensity in 2018 and the 2030 carbon intensity reduction 
target set by the Chinese government, we, on the saddle point path of economic growth, 
design a carbon intensity constraint curve1 that decreases periodically, as shown in 
Figure 1. The curve is an exogenously set trend line of carbon intensity change. It is 
the carbon emission reduction constraint target of theoretical equation (8). It simply 
has a quantitative relationship with time. It is regarded as a “rigid constraint” indicator 
for evaluating the eff ect of carbon emission reduction policies. We use this curve as an 
alternative constraint policy for delineating the carbon intensity reduction path.

Figure 1. Trend of Carbon Emissions Per Unit of 
GDP on Saddle Point Path

Figure 2. Cleaner Production Subsidy Policy 
for Two Scenarios on the Saddle Point Path

1 Based on the relative change trends of carbon intensity in 2005, 2018 and 2030, we use 
polynomials to design a constrained path of carbon intensity reduction. When 2005 2059≤ ≤t , 

int t t t tt = × − × + − × + ×5.89 10 4.81 10 14.73 2.00 10 1.02 10-7 4 -3 3 2 4 7 ; when t≥ 2060 , intt = 1.27 . The 
trend of this carbon intensity value is only time dependent.
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On the saddle point path of neoclassical growth, clean capital is accumulated 
from small to large. In the initial stage of economic development, the cleaner capital 
accumulation is not high. At that time, its technology spillover eff ect is still small. If the 
government gives the “optimal subsidy rate in steady state”, there will be the problem 
of excessive subsidies. It may interfere with the dominant position of the market-
based resources allocation and reduce the welfare level on the economic development 
path. By referring to the ideas of Fan and Zhang (2018) concerning the dynamic policy 
design on the saddle point path, we design a dynamic curve for subsidy rate.1 To more 
intuitively refl ect the eff ectiveness of dynamic subsidy policy, three production subsidy 
policy scenarios are presented below, namely, dynamic subsidy rate, steady subsidy rate 
and non-subsidy policy. The steady subsidy rate means the policy of implementing the 
optimal steady subsidy rate on the saddle point path, as shown in Figure 2.

4.2. Welfare Eff ect Analysis of Three Kinds of Cleaner Production Subsidy Policy

Figure 4. Trends of Disposable Income in the Two 
Sectors on the Saddle Point Path

Figure 3. Trends in Equilibrium Consumption 
Levels on the Saddle Point Path

Figure 3 shows the impact of three subsidy policies on equilibrium consumption 
under established carbon constraints. Although the non-implementation of the 
production subsidy policy can improve the equilibrium consumption in the short term, 
the equilibrium consumption is the lowest in the steady economic stage. This is because 

1 In the absence of other eff ective constraints, we cannot give the optimal solution for dynamic subsidy 
rates for various periods along the entire saddle point path. Through the theoretical analysis, we learn 
that dynamic subsidy rates are supposed to be incremental. Therefore, we use the univariant quadratic 
curve function to fit the subsidy rate. In the case of given parameters, the optimal government 
subsidy rate is 0.32 when the economic stability has been achieved. The parameter of the univariant 
quadratic curve function is calibrated with the goal of maximizing the equalized welfare level on 
the saddle point path. Thus, the government’s dynamic subsidy rate function is as follows: when 
2005 2059≤ ≤t , κ t = − × − −1.06 10 0.44 448.15-4 2t t ; when t≥ 2060 , κ t = 0.32 .
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the absence of production subsidy policy will reduce the accumulation of cleaner capital 
and dampen the technology spillover of cleaner capital, ultimately leading to lower 
output levels at the steady equilibrium. In addition, the carbon constraint mechanism has 
led to a decline in the investment at various stages of the saddle point path and a shift 
to immediate consumption, which is only enhanced in the short term. Due to the long-
term shortage of capital accumulation, the equilibrium consumption under this policy 
scenario is fi nally the lowest. Compared with the no-subsidy policy, the subsidy policy 
for cleaner production, although it has reduced the equilibrium consumption to a certain 
extent in the short term, can ultimately raise the consumption at the steady equilibrium. 
The dynamic subsidy rate policy takes into account the optimal combination of 
equilibrium consumption and investment level on the saddle point path. As such, it can 
not only increase the short-term equilibrium consumption (compared with the steady 
subsidy rate policy) but also maintain the consumption at the steady equilibrium level. 
This meets the goal of maximizing the welfare level on the entire saddle point path.

In this paper, the actual carbon emissions of each entity, after the market transaction, 
is used as the reallocation baseline scheme. In the scenario without a cleaner production 
subsidy policy, this scheme meets the efficiency maximization objective and provides a 
comparative benchmark for studying the new inequity issues raised by cleaner production 
subsidies. This paper adjusts the difference between the actual carbon emissions of each 
entity and the initial carbon quota through the reallocation mechanism to ensure that the 
carbon emissions permit fi nally obtained by each entity is the actual carbon emissions after 
the market transaction. To this end, we assume that the actual emission from each sector are 
used as the baseline scheme for reallocating carbon emissions permit, i.e., EM EMh t, = h t, .

4.3. The Imbalance in Income Distribution Caused by Cleaner Production Subsidies

For simplicity, the economic eff ects of the steady subsidy rate policy scenario are not 
analyzed below. Rather, emphasis is placed on comparing the impact of non-subsidy policy 
with that of dynamic subsidy policy. The trend in disposable income in the two sectors 
under cleaner production subsidy policy scenarios is shown in Figure 4. It is easy to see 
that the relative trends in disposable income in the two sectors do not diff er under the no-
subsidy policy scenario, and that disposable income in the polluting sector is consistently 
higher than that in the clean sector over the same period. Under the established carbon 
constraint mechanism, the difference of disposable income between the two sectors is 
reflected in the remuneration of various factors, which essentially embodies the best 
allocation of market resources. Under the dynamic subsidy policy scenario, the disposable 
income in the polluting sector has increased compared with the non-production subsidy 
policy scenario. However, the disposable income in the clean sector has decreased 
compared with the non-subsidy policy scenario. This indicates that the technology spillover 
eff ect of cleaner capital has not really increased the disposable income in the sector.
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5. Study on Production Factors and Reallocation Mechanism of Carbon Emissions Permit

5.1. Carbon Production Factors and Over-Investment in the Clean Sector

Equations (29a) and (29b) in the theoretical analysis part give the composition of 
factor remuneration of disposable income of each entity. We regard the sum of capital 
rent, labor remuneration and corporate profits as the traditional factor remuneration 
obtained by entities across various industries. The allocation of the value of carbon 
emissions permit based on actual emissions is regarded as the factor remuneration of 
each entity for obtaining carbon emissions permit.

Figure 5 shows the changes in the remuneration of traditional factors in the two sectors 
under production subsidy policy. Compared with the no-subsidy policy, cleaner production 
subsidies have raised the remuneration for the traditional factors of the two sectors on the 
saddle point path. As production subsidies enhance the technology spillover eff ect of cleaner 
capital, expand the output in the cleaner production sector, and increase the market supply of 
investment products and non-energy intermediate inputs on the saddle point path, the marginal 
remuneration of labor factors continues to increase, and so does the remuneration of capital 
and labor factors in the two sectors. Figure 6 indicates the trend in the factor remuneration 
of carbon production in the two sectors under subsidy policy. Cleaner production subsidies 
have likewise increased the remuneration of carbon factors in both sectors on the saddle point 
path, compared with non-subsidy policy. As a result of higher levels of cleaner technology 
advances, higher output under established carbon intensity constraints has resulted in more 
carbon quotas (the amount of which is equal to actual carbon emissions from economic 
activities) for each sector, which in turn has increased the remuneration of carbon production 
factors. The sum of traditional factor remuneration and carbon production factor remuneration 
constitutes the total income obtained by entities of various industries on the saddle point path.

Figure 6. Changs in Remuneration of Carbon 
Factors in the Two Sectors on the Saddle Point Path

Figure 5. Changes in Remuneration of Traditional 
Factors in the Two Sectors on the Saddle Point Path

SBJKD-《中国财政与经济研究》2022年第4期.indd   81 2023/3/13   9:15:10



82 China Finance and Economic Review

Figure 7 shows the trend of the total income in both sectors on the saddle point path 
under subsidy policy. It is notable that cleaner production subsidies have increased the 
total income of both sectors on the saddle point path compared with the no-subsidy 
policy. There are two directions for the total income of each sector, namely, the purchase 
of investment products for expansion and reproduction and the purchase of final 
consumer products based on disposable income (the total income minus expenditures on 
investment products). Thus, in addition to the total income indicator, the investment of 
both sectors is an important factor infl uencing disposable income. Figure 8 indicates the 
trend of investment in both sectors on the saddle point path under subsidy policy. Cleaner 
production subsidies have also increased investment in both sectors on the saddle point 
path compared with the non-subsidy policy. It is noteworthy that investment in the clean 
sector has grown signifi cantly faster than that in the polluting sector.

Although the expanded investment behavior can increase the overall equilibrium 
consumption on the society-wide saddle point path (see Figure 3), the behavior 
decreases the disposable income of the clean sector (see Figure 4). For the clean sector, 
such an over-investment has a negative impact on the purchasing power of consumer 
goods in the sector. How to reverse the negative impact of cleaner production subsidies 
on the sector’s disposable income is the key to maintaining the enthusiasm of market 
entities for carbon reduction activities in the long term.

Figure 7. Changes in the Total Income Level of 
the Two Sectors on the Saddle Point Path

Figure 8. Changes in the Equilibrium Investment 
of the Two Sectors on the Saddle Point Path

5.2. Improvements in Carbon Emissions Permit Reallocation Mechanism and Income 
Distribution Pattern

It can be seen from Figure 4 that the impact of the subsidy policy for cleaner 
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production on the disposable income of the two sectors on the saddle point path is 
signifi cantly diff erent. In Figure 9, we calculate the changes in the disposable income 
of the two sectors compared with the non-subsidy policy scenario. The diff erence in the 
disposable income of the clean sector has always been negative. It has widened rapidly 
and remains large over the long term. The diff erence in the disposable income of the 
polluting sector has only been negative in the initial period, and then rapidly reverses 
from negative to positive. The difference continues to widen over time. Such efforts 
facilitate a comparison of the diff erences in the disposable income of the two sectors.

Figure 9. Changes in Disposable Income of the two sectors under Subsidy Scenario in Comparison to Non-
Subsidy Policy Scenario

In the following, the absolute value of the diff erence is expressed as the decrease 
in the disposable income of the clean sector, while the corresponding diff erence in the 
polluting sector is expressed as the increase in its disposable income. The decrease 
in the disposable income of the clean sector was greater than the increase in the 
polluting sector in the initial period (2005–2030), while the former in the long term 
was less than the latter. The society-wide disposable income declined during the 
initial period, as production subsidies increased the investment in the clean sector. 
At this time when technology spillovers remained low, this may lead to a short-term 
drop in the disposable income. Of course, this is the optimal choice for smoothing the 
equilibrium consumption in various periods of economic growth and pursuing the goal 
of maximizing welfare on the entire saddle point path. Compared with the non-subsidy 
policy, we need to narrow the disposable income gap of entities in the two sectors 
through the carbon emissions permit reallocation mechanism without reducing their 
disposable income, so as to realize the Pareto improvement of all parties’ interests.

Under the carbon constraint mechanism, the carbon emissions permit for the two 
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sectors can be seen as the ownership of their respective remuneration for carbon 
production factors. The greater the allocation of carbon emissions permit in a sector, 
the more the remuneration for its carbon production factors. This can correspondingly 
increase disposable income for purchasing more fi nal consumer goods. In the baseline 
scenario for reallocating carbon emissions permit, we allocate the permit in terms 
of actual emissions from each sector. Under the cleaner production subsidy policy 
scenario, the disposable income of the cleaner sector has instead declined. We have 
increased the sector’s disposable income by increasing its share of carbon emissions 
permit. To achieve a simultaneous improvement in the interests of all parties, we 
transfer the increase in disposable income from the polluting sector to the clean sector 
by increasing the share of carbon emissions permit (which is equal to the income 
increase of the polluting sector divided by the trading price of carbon emissions 
permit) in the initial period when the decrease in disposable income of the clean sector 
is greater than the increase in the polluting sector. The disposable income in the clean 
sector can be increased without reducing the disposable income in the polluting sector 
(as opposed to the non-subsidy policy scenario). At a time when the reduction in 
disposable income of the clean sector is less than the increase in the polluting sector, 
we have two options for shifting the share of carbon emissions permit, one based 
on the increase in the polluting sector divided by the carbon trading price and the 
other based on the reduction in the clean sector divided by the carbon trading price. 
The incremental share of carbon emissions permit in the clean sector can increase its 
disposable income (compared with the non-subsidy policy scenario).

Figure 10. Feasible Range of Transfer of Carbon 
Emissions Permit in the Polluting Sector on the 

Saddle Point Path

Figure 11. Feasible Range of Transfer of Carbon 
Emissions Permit in the Clean Sector on the 

Saddle Point Path

From the perspective of the clean sector, the upper boundary of the transfer of 
carbon emissions permit refers to the maximum transfer obtained by the clean sector 
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while maintaining the same disposable income obtained by the polluting sector (i.e., 
the income level remains the same before and after the implementation of the subsidy 
policy). In other words, we convert all the increments of the polluting sector’s disposable 
income into carbon emissions permit and transfer them to the clean sector. The upper 
boundary of the transfer of carbon emissions permit in the clean sector (the maximum 
transfer-in amount) also corresponds to the bottom boundary of carbon emissions permit 
being transferred out of the polluting sector (the maximum transfer-out amount). The 
bottom boundary of the transfer of carbon emissions permit in the clean sector refers to 
the minimum transfer-in amount obtained by the clean sector to cut the reduction in the 
clean sector’s disposable income before and after the implementation of subsidy policy. 
Similarly, we translate the loss of disposable income in the clean sector into carbon 
emissions permit and treat it as a transfer out of the polluting sector (i.e., the minimum 
transfer-out amount). The bottom boundary (the minimum transfer-in amount) of 
carbon emissions permit transferred into the clean sector also corresponds to the upper 
boundary of carbon emissions permit transferred out of the polluting sector.

Figures 10 and 11 show the feasible range of allocating carbon emissions permit 
to the two sectors under the cleaner production subsidy policy scenario, respectively. 
In the cleaner sector, for example, we maintained the allocation of actual emissions 
in both sectors from 2000 to 2006 due to a certain decline in their disposable income. 
Between 2007 and 2029, we need to continuously increase the carbon emissions 
permit in the clean sector to reduce the decline in its disposable income. Considering 
that the disposable income in the polluting sector cannot be reduced, the reduction in 
disposable income in the clean sector during this period cannot be fully compensated. 
After 2030, the carbon emissions permit obtained by the clean sector are within the 
feasible range of two curves. The disposable income in both sectors can be increased 
simultaneously to achieve the Pareto improvement in all parties’ interests. It is 
noteworthy that since the decrease in the disposable income of the clean sector is greater 
than the increase in the polluting sector by 2030, we will have converted all increases 
in the polluting sector into carbon emissions permit, which will be transferred into the 
clean sector. The reallocation scheme during this period means a transfer-in (transfer-
out) of carbon emissions permit to maximize efforts to reduce revenue losses in the 
clean sector. The share of carbon emissions permit obtained by the polluting sector can 
even be zero after 2065. With the full use of the technology spillover eff ect of cleaner 
capital accumulation and the continuous addition of carbon intensity reduction targets, 
the polluting sector should acquire a smaller share of carbon emissions permit under the 
premise of the continuous improvement in its disposable income.

6. Conclusion and Policy Insight

Cleaner production subsidies affect the allocation of factors in the market 
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mechanism, so that the cleaner sector does not share in the incremental “pie”. 
The income distribution gap between various entities is growing, resulting in new 
inequities. With the steady progress of the national carbon trading market, carbon 
emissions permit has become a new and mobile factor of production, offering the 
possibility to address this inequity. To this end, this paper constructs a theoretical 
framework that conforms to China’s economic development stage and progressive 
carbon emission reduction goals on the saddle point path of neoclassical theory, 
designs a unified national carbon trading market mechanism, and depicts the 
technology spillover eff ect of cleaner capital. On this basis, this paper further analyzes 
the income distribution imbalance caused by cleaner production subsidies and designs 
the carbon emissions permit reallocation scheme to achieve the Pareto improvement in 
all parties’ interests.

In this paper, it is found that the incremental cleaner production subsidy policy 
take into account the optimal combination of consumption and investment to achieve 
the goal of maximizing the welfare on the saddle point path. While a dynamic policy 
for cleaner production subsidies is the best option on the saddle point path, it can 
lead to over-investment in the clean sector and reduce its disposable income. Carbon 
emissions permit obtained by entities under the carbon trading market mechanism 
can be separated from the actual carbon emissions. According to the difference in 
each party’s disposable income, this paper designs a reallocation scheme for carbon 
emissions permit. Under the premise of meeting the market emission reduction goal, it 
can, to a large extent, handle new inequities caused by cleaner production subsidies.

According to further studies, as the support for cleaner production increases, the 
share of carbon emissions permit acquired by cleaner production entities should be 
gradually increased to mitigate the decline in the sector’s disposable income. In the 
reallocation scheme for carbon emissions permit, the amount of carbon emissions 
permit acquired by the clean sector is greater than its actual emissions, while the 
corresponding amount of carbon emissions permit acquired by the polluting sector 
is less than its actual emissions. The diff erence between their acquired amounts and 
actual emissions should continue to expand.

In the context of the global strategy for temperature control target, China’s carbon 
emissions space will be narrowed at an accelerated pace. So, it should expedite the 
development of a national unified carbon trading market, continuously improve the 
support for cleaner production, and speed up the transformation of energy mix. It is 
essential to adhere to the principle of “pursuing efficiency before equity” in carbon 
quota allocation and give full play to the government’s reallocation function. To ease 
the pressure on the initial allocation of carbon emissions permit, the government 
should implement the responsibility of carbon quota allocation in the reallocation and 
improve the equity and accuracy of the allocation scheme. According to the market 
resource allocation information, the actual emissions in the production of each entity 
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should be taken as a yardstick. The amount of carbon emissions permit of cleaner 
production enterprises should be continuously increased to simultaneously improve the 
interests of all parties.
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