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The design of China’s industrial carbon reduction policies is still in its early stages,
so currently, comparing the effectiveness of various emission reduction policies
can help China design emission reduction policies. This paper develops a dynamic
stochastic general equilibrium (DSGE) model of China’s manufacturing industry
and investigates the impact of innovation on environmental protection
technology, the carbon emissions tax, and government emissions reduction
expenditures on the output and carbon emissions reduction of China’s
manufacturing industry. Unlike previous studies that examined one policy using
a single model, by focusing on the differences between three shocks it is possible
to make the policies more comparable, and the comparison is more convincing.
The results indicate that updating environmental protection technology can
promote the development of the manufacturing industry and reduce carbon
emissions in the short term. Carbon emissions taxes have a negative effect on
manufacturing output in the short term and a significant and lasting effect on the
reduction of carbon emissions in the long term. The government’s emissions
reduction expenditures have a positive effect onmanufacturing output in the short
term, but a non-significant negative effect in the long term. The Chinese
government should take the lead in implementing carbon emissions tax
policies in heavily polluting industries and regions while lowering but stabilizing
emissions reduction expenditures.
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1 Introduction

Global warming presents a major challenge for the global community. The
Intergovernmental Panel on Climate Change (IPCC) has indicated that the Earth will
have warmed by 1.5°C by around 2040, and carbon emissions must therefore be reduced
significantly over the next 10 years to reach preindustrial levels by the end of the century.
Since the beginning of the 21st century, China has emitted about one-half of the world’s
carbon dioxide. In 2019, it emitted 10.285 billion tons, which is about 28% of total emissions
globally. As the world’s largest developing country and the largest emitter of carbon dioxide,
China is actively implementing climate change mitigation policies to achieve the “dual
carbon” goals of peak emissions by 2030 and carbon neutrality by 2060.
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Manufacturing is the second largest source of carbon emissions
in China behind the energy generation industry (Khan et al., 2020),
and its ability to reduce emissions is key to China’s success in
achieving its dual carbon goals (C. Wang et al., 2020). From 2000 to
2019, manufacturing carbon emissions accounted for an average of
41.04% of China’s total carbon emissions. Seeking a balance between
the output and carbon emissions reduction in the manufacturing
industry is key to its sustainable development and also an important
element in China achieving its “dual carbon” goals. At present, the
design of China’s industrial carbon reduction policies is still in its
early stages and mainly focused on the national level, there is no
consensus on policy within the manufacturing industry and its
various sectors. So currently, comparing the effectiveness of
various emission reduction policies can help China design
industrial carbon reduction policies.

In order to make the policies more comparable, and the
comparison more convincing, this paper quantifies the policy
effects of different carbon emissions reduction policies on output
and carbon emissions reduction of manufacturing in the same
economic environment, which can help policymakers to design
carbon emissions reduction policies for China’s manufacturing
sector. At the same time, since the output and carbon emissions
of each sector of the manufacturing industry are different, designing
different policy combinations for different sectors separately can
facilitate carbon emissions reduction.

2 Literature review

2.1 Methods of environmental policy
research

With the increasing attention paid to the climate globally,
seeking the balance between carbon emissions reduction and
output has become a hot topic, and there are multiple models
and methods used to study the effects of carbon emissions
policies (Y.-H. Liu et al., 2019). John and Pecchenino (1994) first
used the overlapping generations (OLG) model to study the
potential conflict between economic growth and environmental
protection. Jouvet et al. (2005) extended the OLG model by
analyzing the neutralizing effect of the carbon quota market on
the externalities of environmental quality based on the optimal
economic growth path. Angelopoulos et al., n.d. (2010) used a basic
neoclassical growth model with pollutants as byproducts of
production processes to compare public financial welfare and
uncertainty under emissions taxes, emissions allowances, and the
Kyoto Rules. Shen and Zhao (2022) solved a dynamic optimal
carbon tax model based on welfare maximization under growth
constraints based on a computable general equilibrium (CGE)
model to compare the emissions-reducing effects and economic
impacts of carbon taxes and trading. The CGEmodel emphasizes the
analysis and modeling of the transmission mechanism, and the
assumptions in the process are stricter (Nejati and Shah, 2023).

At the same time, the development of dynamic stochastic
general equilibrium (DSGE) models have made it possible to
study the optimal design of environmental policies and economic
growth under more realistic economic conditions. DSGE models
were first proposed by Kydland and Prescott (1982) and have

gradually become one of the mainstream analytical tools used in
macroeconomics. DSGE models have also been increasingly applied
in the environmental field. Angelopoulos et al. (2013) and Heutel
(2012) both explored the effects of technology shocks on the
environment using DSGE models. These studies provide the basis
for subsequent studies on the effects of environmental policies.

Among these methods, the DSGE model, which provides a
method for studying the existence of multiple economic policies
in a more realistic setting (Wang et al., 2019), is most suitable for the
purposes of this paper.

There are wide divergences in the conclusions produced by
DSGE models on the impacts of such policies. Existing studies lack
comparative studies of multiple policies in the same model as well as
those of heterogeneous manufacturers. The traditional homogeneity
model ignores the heterogeneity of manufacturing industries, this
paper incorporates three types of industry-specific shocks into
DSGE, supplementing its application research in studying
industrial policy combinations.

2.2 Carbon emissions reduction shocks in
the DSGE model

In classical economic theory, it is usually believed that
environmental governance has a negative effect on output
(Bergquist et al., 2022; Liu et al., 2021). International empirical
research often explores the traditional environmental Kuznets curve
(EKC) hypothesis to demonstrate the inverted U-shaped
relationship between the economy and the environment. Based
on the data from 134 countries, (Wang et al., 2022), explored
that as urbanization successively crosses the threshold, the
positive effect of economic growth on carbon dioxide emissions
in high-income countries diminishes. Based on the dataset of
208 countries, (Wang et al., 2023a), proved that the EKC
hypothesis is validated when the effects of trade openness,
human capital, renewable energy consumption, and natural
resource rents are considered. There are also empirical studies on
multiple factors affecting carbon emissions that have been studied
simultaneously. (Li et al., 2021). Discussed the impacts of structural
changes, economic growth, and energy intensity on per capita
carbon emissions from the four aspects of energy, trade, society,
and economy.

However, traditional empirical research mostly used existing
data for empirical research, and policy design requires the prediction
of policy effectiveness. The DSGE model can analyze the medium to
long-term effects of policies and predict the results of policy
implementation. In the context of the rapid economic
development of China, how to effectively achieve the dual goals
of sustainable economic growth and environmental quality
improvement has become the primary concern (Shah et al.,
2022). The existing research suggests that material reductions in
carbon emissions can be achieved through the three main pathways
of innovation in environmental protection technology, carbon
emissions taxes, and emissions reduction expenditures. Some
studies have employed DSGE models to analyze the correlation
between these policies and carbon reduction. Tu and Wang (2022)
applied a DSGE model to show that a structural carbon tax can
balance the relationship between energy demand and economic
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growth in China, and green innovation technology can promote
energy-saving enterprises while improving the industrial structure.
Xu, Pan, et al. (2022) established a DSGE model of carbon taxes,
which showed the response of emissions reduction of enterprises in
a carbon tax scenario is contrary to that in a non-tax scenario in the
context of a positive consumption shock. Niu et al. (2018) developed
a DSGE model that included five sectors, household consumption,
energy, government, final goods, and the environment to assess the
response of China’s carbon emissions to environmental tax shocks.
Argentiero et al. (2018) assessed the effectiveness of a
comprehensive strategy for renewable energy sources in a DSGE
model for the Euro area, which includes carbon taxes and subsidies.
Chen et al. (2022) incorporated the central and local government
structure into a DSGE model, and the results indicate that the local
government biasing its fiscal expenditures toward environmental
governance is beneficial for improving social welfare and the quality
of the environment.

In China, most of the research on manufacturing emissions
reduction focuses on a specific policy, such as the impact of carbon
trading (Dai et al., 2018), or the environmental impact of industrial
policies (Song and Zhou, 2021). However, different manufacturing
sectors have different characteristics; some have serious high carbon
issues, while others focus on output. A single policy cannot be
applied to all manufacturing sectors. This paper studies policy
combinations, which can effectively avoid the limitations of one
policy’s impact. At the same time, existing literature mostly used
existing data for empirical research, and policy design requires
prediction of policy effectiveness. This paper uses the DSGE
model for policy prediction, supplementing the research gap in
policy combination and policy prediction.

2.3 Review and improvement
In summary, two main areas in the existing studies can be

improved.
First, most of the existing studies examine one policy in one

model rather than comparing different shocks by incorporating
them into the same model assumptions. Thus, the effects of the
policies cannot be directly compared because of the differences in
model assumptions, which makes it difficult for policymakers to
determine whether several policies can be implemented at the same

time. To compare the effects of different shocks, this paper
incorporates the main abatement factors into the same model
allows for the comparison of the effects of different shocks.

Second, most existing studies base their models on the country
as a whole. Since the actual carbon emissions and output of each
manufacturing sector differ, models based on the entire economy do
not simulate the differences between sectors. The reality is that
carbon emissions reduction shocks are implemented sector by
sector, not simply by a single policy, and thus testing the effect
of one single policy is not aligned with reality. China is currently
experiencing profound structural changes such as economic
transformation and upgrading, and carbon emissions reduction
policy formulation needs to consider the structural characteristics
of individual industries and industry heterogeneity.

Based on the existing research, this paper makes innovations in
the following two aspects. First, we creatively incorporate three
industry-specific policies into the DSGE model to make the policies
more comparable, and the comparison is more convincing. Second,
we conduct a policy effect analysis on representative sectors to avoid
the limitations of one policy’s impact.

This study can provide a reference for the simultaneous
formulation of several carbon emissions reduction policies in the
manufacturing sector in general and manufacturing subsectors in
particular.

3 Methodology

In this paper, a DSGE model containing three types of carbon
emissions reduction shocks in China’s manufacturing industry
factors is constructed according to the classical Keynesian
dynamic stochastic general equilibrium model. The model
contains three factors: representative households, manufacturers,
and government. The improvement of the model focuses on two
aspects: One is to simultaneously incorporate three types of shocks
into the model framework, supplementing the comparative research
on the effects of the three policies in a unified social context. The
second is to incorporate natural environmental conditions into the
model and link the environmental parameters with the government
and manufacturers, making the model settings more in line with the

TABLE 1 Calibration results of static parameters combined with the actual situation.

Parameter Level

β′ Time discount factor for representative households 0.95

ξ Representative household’s trade-off value for consumption and environmental quality 0.6

ϕc Relative risk aversion coefficient of consumption and labor supply 0.8

ϕz Relative risk aversion coefficient of consumption and labor supply 5

α Capital output elasticity 0.45

μ Output carbon emission index 0.16

δK Capital depreciation rate 0.12

h Absorption level of carbon dioxide in natural environment 0.1

γ Conversion coefficient of government emission reduction expenditure 1.16
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actual situation. That is, when households, governments, and
manufacturers make decisions, they all consider the environment.

First, we introduce the three factors in the DSGE model.
In the DSGE model, the household factor represents people as a

household unit model, and U, or household utility, is the satisfaction
obtained by people as a household unit. Usually, environmental
pollution has negative utility. The household utility is the sum of
satisfaction from the consumption of manufacturing products and
displeasure from increased carbon emissions.

Manufacturers use capital and labor to produce output and, in
the process of doing so, create carbon dioxide. Carbon dioxide
emissions are penalized with carbon taxes, and manufacturers can
reduce their carbon emissions by improving their environmental
technology.

Government expenditures come from the carbon tax imposed
on manufacturers to subsidize household displeasure due to carbon
emissions and to directly address the environmental problems
caused by carbon emissions.

All three factors are in the same natural environment, and the
carbon dioxide in the environment is the stock of carbon emissions
less those which are reduced by environmental technologies and
government policy.

The following outlines the mathematical expression of the above
model.

3.1 Economic setting

3.1.1 Representative households
Consider an indefinite production economy in which countless

homogeneous households are evenly distributed on the interval and
provide labor to society and obtain income. They buy goods from
final product manufacturers and make deposits with financial
institutions. In addition to consumption and labor, factors that
affect household utility also include environmental quality and
carbon emissions. Representative households plan their
consumption and labor supply in each period to maximize their
utility, and the utility function takes the form of the Constant
Relative Risk Aversion (CRRA) utility:

U � E0∑
∞

t�0
β′( )t Ct( )ξ Xt( )1−ξ[ ]1−ϕc

1 − ϕc

− Z
1+ϕz
t

1 + ϕz

− lnCEt

⎧⎪⎨⎪⎩
⎫⎪⎬⎪⎭ (1)

where E0 represents the conditional expected value of period 0,
which indicates the initial utility of the household. β′ ∈ (0, 1) is the
time discount factor of the representative households, which can
discount all utilities to the current period. Ct is the current
consumption level of the representative households, and Xt is the
environmental quality in period t. ξ and 1 − ξ indicate the trade-off
values of the representative households’ consumption and
environmental quality in a steady state and ϕc is the reciprocal of
household consumption intertemporal substitution elasticity, which
indicates that households can choose to consume in the current
period or delay consumption.Zt is the labor supply of representative
households in period t and ϕZ is the reciprocal of labor supply
elasticity, which refers to the sensitivity of labor supply to changes in
wages. CEt represents the carbon emissions in period t, which have
negative effects on the representative households.

Representative households face the following constraints:

Ct + St+1 � 1 + rt( )St +WtZt + G1t (2)
where G1t represents government transfer payments, or the degree
to which the government will subsidize the negative household
effects caused by carbon emissions. St is the bank deposits of the
representative household, rt is the interest rate, and Wt is the wage.
The Lagrangian multiplier corresponding to the family budget
constraint is set as λht . According to Lagrangian multiplication, a
first-order condition for the rational choice of a representative
family can be obtained by:

λht � C
ξ 1−ϕc( )−1
t X

1−ξ( ) 1−ϕc( )
t (3)

Z
ϕt
t � WtC

ξ 1−ϕc( )−1
t X

1−ξ( ) 1−ϕc( )
t (4)

C
ξ 1−ϕc( )−1
t X

1−ξ( ) 1−ϕc( )
t � βEt C

ξ 1−ϕc( )−1
t+1 X

1−ξ( ) 1−ϕc( )
t+1 1 + rt+1( )[ ]. (5)

The right side of Eq. 3 represents the marginal utility of the
household’s consumption in period t. Eq. 4 is the Euler equation of
consumption and labor, which indicates that the marginal loss
caused by household labor in period t is equal to the marginal
utility generated by its consumption. Eq. 5 reflects the optimal plan
for household consumption (i.e., the marginal utility of
consumption in period t is equal to the discounted value of
utility brought about by consumption in period t + 1).

3.1.2 Manufacturers
In a perfectly competitive market, manufacturers are all

homogeneous, and each manufacturer has the same level of
technical sophistication. Representative manufacturers produce
their own products by renting private capital and labor. It is
assumed that the manufacturer adopts the Cobb–Douglas
production function given by:

Yt � AtK
α
t Z

1−α
t (6)

where α> 0 represents the elasticity of capital output, or the
sensitivity of output to changes in capital input, Yt represents the
output in period t, Kt represents capital stock and Zt represents
labor input. At is a random variable that indicates the firm’s
technical level in period t. Suppose ~At( ~At � At − A*) is the
random deviation of At from its steady-state value A*, which
follows an AR (1) process, as shown in Eq. 7:

logAt+1 � 1 − ρA( )logA* + ρA logAt + εAt+1, ε
A
t+1 ~ N 0, σ2A( ) (7)

where εAt+1 is a white noise process.
It is assumed that carbon emissions are mainly caused by the

production activities of the representative manufacturers, and the
carbon emissions in each period are positively correlated with the Yt

of the representative manufacturers in the current period and
negatively related to the current level of environmental
protection technology. According to Annicchiarico and Di Dio
(2015), the carbon emissions equation is given by:

CEt � μYtET
−1
t (8)

where μ represents carbon emissions based on output and ETt

represents the level of environmental protection technology in
period t. Suppose E~Tt(E~Tt � ETt − ET*) is the random deviation
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of ETt from its steady-state value ET*, which follows an AR (1)
process, as shown in Eq. 9:

logETt+1 � 1 − ρET( )logET* + ρET logETt + εETt+1, ε
ET
t+1 ~ N 0, σ2ET( )

(9)
where εETt+1 is a white noise process.

To limit the carbon emissions ofmanufacturers, a carbon emissions
tax is levied based on actual carbon emissions. Therefore, the carbon
emissions tax paid by manufacturers in period t is τCEt CEt, where τCEt
represents the carbon emissions tax rate of period t. To simulate the
dynamic effects of carbon emissions taxes, suppose ~τCEt (~τCEt � τCEt −
τCEt *) is the random deviation of τCEt from its steady-state value τCE*
and follows an AR (1) process, as shown in Eq. 10:

log τCEt+1 � 1 − ρτ( )log τ* + ρτ log τ
CE
t + ετt+1, ε

τ
t+1 ~ N 0, σ2τ( ) (10)

where ετt+1 is a white noise process.
Manufacturers’ capital accumulation equation is given by:

max
Kt,Zt{ }

Πt � Yt −WtZt − rt + δ( )Kt − τCEt CEt. (11)

By solving this optimization problem, we can obtain the optimal
first-order conditions for Kt and Zt as follows:

rt � α 1 − τCEt CEt( )AtK
α−1
t Zα

t − δ (12)
Wt � 1 − α( ) 1 − τCEt CEt( )AtK

α
t Z

−α
t . (13)

3.1.3 Government
The government’s fiscal expenditures come from the carbon tax

charged to manufacturers. Financial expenditures are used in two
respects: G1t is a transfer payment to make up for the utility loss
caused by households due to carbon emissions, and G2t is a
government emissions reduction expenditure through which the
government directly controls pollution.

Gt � τCEt CEt (14)
G1t + G2t � τCEt CEt (15)

3.1.4 Environment
Based on the model proposed by Angelopoulos et al. (2010) and

Jouvet et al. (2005), we assume that environmental quality is the sum
of carbon stock and the governance effect:

Xt � 1 − h( )Xt−1 − CEt + γG2t (16)
where h represents the normal decomposition rate of carbon emissions
by the environment and γ is the conversion factor of government
emissions reduction expenditures to improve environmental quality.
Suppose ~G2t( ~G2t � G2t − G2

*) is the random deviation of G2t from its
steady-state value G2

* and follows an AR (1) process given by:

logG2t+1 � 1 − ρG2
( )logG2

* + ρG2
logG2t + εG2

t+1, ε
G2
t+1 ~ N 0, σ2G2

( )
(17)

where εG2
t+1 is a white noise process.

3.2 Model equilibrium and market clearing
When the market clears, we have the following equilibrium

conditions:TA
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St � Kt (18)
Ct + It + Gt � Yt. (19)

The model in this paper contains four exogenous shocks
At, ETt, τCEt , G2t{ }, i.e., (i.e., the production technology shock,
environmental protection technology shock, carbon emissions tax
shock and government emissions reduction expenditures shock).
When the economy reaches equilibrium, representative households
maximize utility, representative manufacturers maximize profits,
and, at the same time, the consumer goods, capital, and labor
markets are all cleared. This study mainly discusses the impulse
response under the impact of environmental protection technology,
carbon emissions taxes and government emissions reduction
expenditures.

4 Parameter calibration and estimation

By selecting static parameters and using manufacturing
production as external observation data, this research applies the
DSGEmethod in China’s manufacturing industry’s carbon emission
reduction. Table 1 shows the specific parameter estimates, the static
parameters are combined with the actual selection in China, and
refer to the previous studies (Fan et al., 2011; Gerali et al., 2010;
Hansen, 1985; Smets and Wouters, 2007; Zhang et al., 2020).

We select the sales output value and consumption data of
Chinese manufacturing from 1979 to 2020 as external
observation samples and use MATLAB to estimate Bayesian
dynamic parameters.

Table 2 shows the determination of the Bayesian estimation of
dynamic parameters according to the existing literature (Gerali et al.,
2010; Smets and Wouters, n.d., 2007).

(1) Determination of a priori means. Based on the estimates of
existing literature and the characteristics of impact sources, both
the priori mean of the first-order autoregressive coefficients of
production technology shock and environmental protection
technology shock are set to 0.7, and both the priori mean of
the first-order autoregressive coefficients of carbon emission tax
shock and the government’s emission reduction expenditure
shock are set to 0.5. The prior mean value of the random
perturbation term of the shocks is all set to 0.5.

(2) Determination of a priori distribution. According to previous
studies on the DSGE model, the first-order autoregressive
parameters all follow the Beta distribution, and the
fluctuation parameters follow the more dispersed and
smoother inverse gamma (Inv. Gamma) distribution.

5 Numerical simulation analysis

The model is solved using Matlab software and processed by
Dynare. By simulating shocks to manufacturers’ environmental
protection technology, carbon emissions taxes, and government
emissions reduction expenditures, we determine the impact of
these three types of shocks on economic output, household
consumption, capital stock, pollution control input, and pollution
stock.

5.1 Manufacturer’s environmental
technology shock

Figure 1 shows the impulse response results of the output,
consumption, capital stock, investment, employment, carbon
emissions, and environmental quality under the 1% positive
environmental protection technology shock.

As shown in Figure 1, the response to the shock occurs: 1) The
output, consumption, and capital stock of the manufacturing
immediately deviate from the initial state immediately after the
shock occurs, and reach the peak of positive deviation in the 3rd, 4th,
and 4th periods respectively, and then slowly return to the initial
state around the 30th period. 2) Both investment and employment
reach the peak of positive deviation in the first period, then gradually
return to the initial state around the 20th period. 3) Carbon
emissions reach the peak of negative deviation in the first period,
then gradually return to the initial state around the 10th period. And
the environmental quality reaches the peak of positive deviation in
the fifth period, and then slowly returns to the initial state around
the 40th period.

The impulse response under the impact of manufacturers’
environmental protection technology shows that, in the short
term, the renewal of environmental protection technology of
manufacturing manufacturers has a positive effect on output,
investment consumption, employment, and carbon emission
reduction, in the medium and long term: output, investment,
consumption, and employment will return to the equilibrium
level, and the effect of carbon emission reduction will be
sustainable.

The renewal of the environmental protection technology of
manufacturing manufacturers has a positive effect on output,
investment, and employment in the short term, however, in
general, this impact on output is small. This is reflected in the
fact that product updates and efficiency improvements brought
about by new technologies, as well as the introduction and
training of new skilled workers, can bring profits to the company
in the short term. However, the cost of environmental protection
technology updates is also increasing, which balances the increase in
output brought about by the basic update. As a result, this offset
makes the impact of environmental protection technology shock
non-significant.

Environmental technology updates can also boost investment
and employment, while residents’ incomes increase, and
consumption continues to rise. In the long term, due to the
popularity of technology and product diversification caused by
competition in the same industry, corporate profits return.

In the medium and long term, employment falls due to workers
generally mastering new technologies, and environmental
protection technology updates drive corporate profitability to rise.
At the same time, the improvement of environmental protection
technology also causes a significant reduction in carbon emissions
and a significant improvement in environmental quality. However,
the gradual increase in carbon emissions and environmental quality
gradually approaches the initial state, which indicates that carbon
emissions reduction in manufacturing is not a one-time simple
technical update, and manufacturers need continuous technical
updates and innovation to achieve continuous carbon emission
reduction. Our results are also in line with the research of Chan
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(2019). They believe that firms are not willing to invest more in
abatement technology as long as the capacity target is satisfied. With
a fall in output, the firms can easily meet the capacity target with the
same abatement effort and investment. To cut costs, firms would
reduce abatement effort and investment simultaneously.

In terms of policy recommendations, the government should
encourage manufacturers to increase the research and development
of environmental protection technology and improve the overall
environmental protection technology level because the update of
environmental protection technology can significantly improve the
quality of the ecological environment in a short time, and has a
positive promotion effect on the output, consumption, and capital
stock. At the same time, as the continuous effect of environmental
protection technology in the medium and long term is weaker than
that of the short-term, the government should also encourage
manufacturers to develop environmental protection technology to
promote the long-term development of manufacturing and the long-
term improvement of environmental quality.

5.2 Carbon emissions tax shock

Figure 2 shows the impulse response results of the output,
consumption, capital stock, investment, employment, carbon
emissions, and environmental quality under the 1% positive
carbon emissions tax shock.

It is different from the manufacturer’s environmental
technology shock, in the short term, the carbon emission tax has
a negative effect on output, investment, and employment, but the
effect of carbon emission reduction is similar to that of the
manufacturer’s environmental technology shock, in the medium

and long term, the carbon emission tax causes a significant effect on
the improvement of environmental quality.

As shown in Figure 2, after the shock occurs: 1) Output,
consumption, and the capital stock immediately deviate
negatively from the initial state immediately after the impact,
then rebound rapidly, and reach the peak of negative deviation
in the 3rd, 4th, and 4th periods, respectively, and then slowly return
to the initial state around the 30th period. 2) Both investment and
employment reach the peak of negative deviations in the first period,
and then quickly return. They become positive deviations in the 10th
and 7th periods, respectively, and return to the initial state around
the 20th period. 3) The carbon emissions reach the peak of negative
deviation in the third period, then gradually return to the initial state
around the 30th period, and the environmental quality gradually
deviates from the initial state after the impact, reaching a positive in
the 10th period. However, it hasn’t returned to its initial state during
the observation period, and the long-term emission reduction effect
is obvious.

The impulse response under the shock of the carbon emission
tax shows that the carbon emission tax has a negative effect on
output, investment, and employment in the short term, which is
reflected in the increase in the production cost of enterprises in the
short term caused by the carbon emission tax. As a result, short-term
corporate profits fall and unemployment occurs, which leads to
negative effects on consumption. Since the carbon emission tax is
common to manufacturers in various industries in manufacturing,
all manufacturers in the same industry will quickly adapt to this tax
after this tax expenditure occurs, driving investment and
employment to rebound. At the same time, the carbon emission
tax causes a significant decrease in carbon emissions, a significant
improvement in environmental quality, and a significant effect on

FIGURE 1
Environmental protection technology shock.

Frontiers in Energy Research frontiersin.org07

Lei et al. 10.3389/fenrg.2023.1094700

https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2023.1094700


the improvement of environmental quality in the medium and
long term.

In the policy implementation, though it can significantly
improve the environmental quality in the short and medium
even long term, considering the carbon emission tax is quickly
allocated to the production cost that affects the production, it will
have a certain risk on the output of the manufacturing and the
consumption of residents. Therefore, it is inappropriate to fully
implement carbon taxes in all industries in manufacturing. To give
full play to the policy effects of the carbon tax system, we should first
start with high-carbon emission industries such as aviation and
power, and expand to other production sectors after accumulating
enough experience. In addition, differentiated tax rates should be
implemented for different regional economic development levels,
industrial structures, and regional carbon emission reduction targets
to minimize the negative impact on the development of
manufacturing industries. In the long run, the government
should still encourage enterprises to focus on how to improve
production efficiency and continuously update environmental
protection technologies.

5.3 Government’s emission reduction
expenditure shock

Figure 3 shows the impulse response of output, consumption,
capital stock, investment, employment, carbon emissions, and
environmental quality under the 1% positive government’s
emission reduction expenditure shock.

In the short term, government emission reduction expenditures
have a positive effect on output, investment, and consumption, but

the positive effect lasts for a short time. In the medium and long
term, government emission reduction expenditures are unfavorable
to output, investment, consumption, and employment. In the long
term, government emission reduction expenditures can also
effectively reduce carbon emissions. Compared with the shock of
the manufacturer’s environmental technology and the carbon
emission tax, the long-term carbon emission reduction effect of
the government emission reduction expenditures is the best.

As shown in Figure 3, after the shock occurs: 1) The output and
capital stock deviate from the initial state immediately in the current
period, both reach the peak of the positive deviation in the 2nd
period, then return quickly and become negatively deviated from the
initial state in the 9th and 6th period respectively. They finally reach
the peak of negative deviations in the 17th and 14th periods
respectively. The long-term performance is negative deviation but
gradually close to the initial state. Consumption immediately
deviates negatively from the initial state in the current period,
then rebounds rapidly, and reaches the peak of positive deviation
in the 5th period, and becomes negatively deviated from the initial
state in the 15th period but always closes to the initial state. 2) The
investment deviates from the initial state immediately in the current
period, then rebounds rapidly, and reaches the peak of negative
deviation in the 7th period, then slowly returns to the initial state
around the 30th period. Employment reaches the peak of positive
deviation in the third period, and then gradually returns, but does
not return to the initial state. 3) The carbon emissions deviate from
the initial state immediately in the current period, and reach the
peak of the positive deviation in the 2nd period, then quickly
returned, changed to the negative deviation from the initial state,
and reach the peak of the negative deviation in the 9th period, then
slowly returns, but doesn’t return to the initial state during the

FIGURE 2
Carbon emissions tax shock.
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observation period. The environmental quality reaches the peak of
the positive deviation in the 5th period, and then slowly returns to
the initial state near the end of the observation period.

The impulse response under the shock of government emission
reduction expenditures shows that government emission reduction
expenditures have a positive effect on output, investment, and
consumption in the short term. This reflects that the government
has taken measures to solve part of the carbon emissions problems
for manufacturers, which has a free-rider effect on the
manufacturers in the short term. However, in the long run,
government subsidies for emission reduction will discourage
enterprises to improve efficiency and carry out technological
innovations in carbon emission reduction. Therefore, the effective
implementation of carbon emission reductions will not achieve the
expected goals. The jobs provided by government emission
reduction expenditures make government emission reduction
expenditures have a long-term effect on employment. At the
same time, the government’s carbon emission reduction
expenditure has significantly reduced carbon emissions for a long
time, and the environmental quality has been significantly
improved, i.e., the government’s emission reduction expenditure
has a long-term effect on carbon emission reduction. Lang and Yang
(2019) also proved that capacity utilization is in essence improved by
vigorous government support for infrastructure construction, which
ultimately benefits continuously stable social sustainability in the
long term.

Although government emissions reduction expenditures
consume a certain amount of financial funds, in the medium and
long term, they can improve environmental quality to the greatest
extent and have a significant effect on long-term employment.
However, to avoid fluctuations in economic growth and

employment, it is necessary to maintain continuity and stability
in pollution control expenditures.

5.4 Policy combinations analysis

After comparing the three shock results above, we make the
following observations. 1) Improving environmental technology can
significantly reduce carbon emissions and rapidly increase output in
the short term; however, in the long term, dispersing the technology
throughout the whole society is not sustainable for reducing carbon
emissions while increasing output. 2) Carbon taxes can significantly
reduce carbon emissions and improve environmental quality in the
long term but significantly reduce output in the short term. 3)
Increasing government expenditures on emissions reduction has less
of an impact on carbon emissions reduction in the short term, but
can effectively reduce them in the medium to long term.

In contrast to other existing studies, in terms of environmental
technology improvement, Tu andWang (2022) and Niu et al. (2018)
argued that green technology innovation can effectively reduce
carbon emissions. In terms of carbon tax, Chan (2019) argued
that carbon tax is the best policy because it can significantly
reduce carbon emissions in the short term, which is consistent
with this paper, but he did not consider the short-term strike on
output. In terms of government expenditures on emission reduction,
Lang and Yang (2019) concurred with the findings of this paper that
government expenditures can achieve long-term emission
reductions. Fan et al. (2011) believed that firms are more
receptive to government expenditures on emission reduction, but
this will reduce firms’ motivation to reduce carbon emissions, so
government expenditures should be used as a secondary policy

FIGURE 3
Emission reduction expenditure shock.
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rather than a primary policy. Q. Wang et al. (2023b) studied the
government’s intervention in income inequality and found that
economic growth significantly increases carbon emissions during
periods of low-income inequality, but in the period of high-income
inequality, economic growth inhibits the increase of carbon
emissions. This also indicated that the effectiveness of
government intervention is uncertain and should be used as an
auxiliary policy. Shen and Zhao (2022) believed that the mixed
policy is more favorable to China’s macro economy than a single
carbon emission reduction policy and is conducive to improving
people’s welfare. This paper makes a more convincing comparison
of the effects of these three shocks on the manufacturing industry in
one model setting.

Combining the results of this paper and existing research,
carbon taxes can reduce carbon emissions in the long term and
output in the short term. Government expenditures on emissions
reduction can increase output in the short term and reduce output in
the long term while reducing carbon emissions from the short to the
long term. Innovation in environmental technology increases output
in the short term and cannot reduce carbon emissions in the long
term. These three kinds of policy effects can be complementary.
Therefore, to achieve a balance between output and carbon
emissions reduction by combining the quantitative effects of the
three types of shocks, manufacturing industry sectors with higher
emissions should be charged higher carbon emissions taxes and
government spending on emissions reduction should be stable. At
the same time, continuous support for technological innovation in
manufacturing enterprises will theoretically achieve sustainable
emissions reduction based on stabilized output.

6 Conclusions and discussion

6.1 Conclusions and policy implications

Motivated by this view, this paper analyses the impact of
different carbon emission policies on the development of
manufacturing industries in China within the theoretical
framework of the DSGE model. The research expands the
application of the DSGE model in the design of industrial
emission reduction policy combinations, avoiding the limitations
of one single policy, which can help the government design policy
combinations in the current primary stage of China’s emission
reduction policies.

The results show the following observations. 1) In the short
term, innovation in environmental protection technology can
effectively reduce carbon emissions and improve environmental
quality while having a positive effect on output, household
consumption, and capital stock. However, in the medium and
long term, environmental technology innovation has little lasting
impact on manufacturing output and environmental quality, which
indicates that innovation and environmental technology innovation
requires long-term strategies. 2) Carbon emissions taxes have a
significant inhibitory effect on carbon emissions in the long term,
but a negative effect on output and household consumption in the
short term. The long-term impact of the manufacturing industry on
output and consumption is relatively small, but the effect of
improving environmental quality is obvious and lasting. 3)

Government emissions reduction expenditures have a positive
effect on manufacturing output, consumption, and capital stock
in the short term, but have a certain negative effect on the long-term
development of manufacturing. They also have significant effects on
reducing carbon emissions from the short to the long term.

To achieve the dual goals of manufacturing industry
development and environmental protection, we must rely on
rational carbon emissions policies. Based on our findings, we
propose the following policy recommendations. 1) Any single
policy cannot balance output and emission reduction, and only
an appropriate combination of policies can combine the respective
effects of different policies. 2) The implementation of environmental
technology incentives should be continuous. Since environmental
technology innovation can significantly improve environmental
quality while increasing output, consumption, and capital stock,
the government should encourage manufacturers to increase their
research and development expenditures on environmental
protection technology. At the same time, because the long-term
effects of environmental technology are not obvious, the
government’s support should be continuous such that it
promotes the long-term development of manufacturing and long-
term emissions reduction. 3) High carbon emission sectors should
first adopt carbon tax policy. Carbon taxes can quickly feed back into
production costs in the short term to influence output and in the
medium-to-long term to encourage enterprises to change their
production methods and business strategy, which can
significantly improve ecological and environmental quality in
both the short and long term. However, considering that the tax
will generate risks to manufacturing output and household
consumption, it is not advisable to implement a carbon tax in all
manufacturing sectors. Such an approach should begin with high-
carbon emissions industries such as transportation and
petrochemicals, and then expand to other sectors after sufficient
experience is gained. In addition, differential tax rates should be
implemented in different regions according to their economic
development, industrial structure, and carbon emissions
reduction targets to minimize their negative impact on
manufacturing output. 4) Government expenditures on emission
reduction should emphasize sustainability and stability. Although
government expenditures on emissions reduction consume part of
the financial budget, they can improve environmental quality in the
medium and long term. Government emissions reduction
expenditures have an obvious long-term effect on employment.
However, to avoid fluctuations in output, the sustainability of
emissions reduction expenditures should be maintained, which is
more conducive to the growth of output and the stability of the
employment market.

In summary, to optimize the dual goals of manufacturing
development and environmental protection, and considering the
different effects of three types of carbon emissions reduction
policies, the government should take the lead in rolling out and
implementing carbon emissions tax policies for heavily polluting
industries and regions while approving stable government emissions
reduction expenditures to achieve rapid but sustainable carbon
emissions reduction effects. The resulting tax revenues can be used
to support technological transformation and improvement of
environmental protection equipment to modernize manufacturing,
improve resource utilization efficiency, and reduce carbon emissions.
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6.2 Discussion and limitation

The construction of our DSGE model is based on the
manufacturing industry in China and includes the external
shocks of manufacturers’ innovation in environmental protection
technology, carbon emissions taxes, and government emissions
reduction expenditures. However, DSGE models are complicated.
While considering the policy impacts, we ignore certain factors, such
as foreign trade, resident consumption tax, andmanufacturer output
tax, to highlight the influence of carbon emissions reduction policy.
Moreover, the parameters in the models are selected in accordance
with China’s context, the parameters of which will change
dynamically in response to the social environment changes, and
thus we will need to reset these parameters in future research. Our
model does not discuss each manufacturing subsector, so micro
models and enterprise data can be used to identify the emissions
reduction activities of manufacturers in future research. In addition,
the manufacturing industry is closely related to other industries, and
thus the development of other industries may also have an impact on
its carbon emissions and output, the analysis of which requires more
complex model settings. Also, the data during the COVID-19 times
has not been updated for now, some parameters about COVID-19
might be set in the DSGE model after the data is updated. These are
some of the further directions we highlight and will discuss in depth
in future research.
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