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Abstract: China’s rapid industrialization has led to massive resource consumption, and the country
has recently been highlighted as the World’s top carbon emitter. To pursue a sustainable economy
via environmental upgrading, reductions in carbon emission levels are of great concern. The carbon
emission reduction policy (CETP) is an environmental regulation aimed at cutting emissions and
achieving environmental protection. Based on panel data of pilot and non-pilot regions, this study
investigated the policy impact of the CETP on carbon emission reduction through difference-in-
differences (DID). The findings, based on pooled OLS (ordinary least squares) and LSDV (least
square dummy variable) regressions, revealed that the carbon emissions of the pilot regions (Beijing,
Tianjin, Shanghai, Guangdong, Chongqing, and Hubei) had reduced by 12 percent more than the
non-pilot regions. Thus, this implies that the CETP causes environmental upgrading. The results
were further verified using a number of robustness checks, including parallel trends, placebo test,
Granger causality test, and DID regression with a longer sample period. Based on the study findings,
it was concluded that to achieve higher upgrade levels related to the environment, the CETP needs to
be encouraged and improved for nationwide implementation. Furthermore, sustainable economic
development in China also needs strict environmental regulations and policy measures.

Keywords: carbon emissions; environmental regulations; process upgrading; opening policy;
environmental protection

1. Introduction

Sustainable economic and human development is severely threatened by the emission
of carbon dioxide. China’s rapid industrialization has given rise to massive resource
use and ecological degradation, thus making it the world’s greatest carbon emitter [1].
According to Xu et al. [2], total carbon emissions by China accounted for 27.3% of the world
total in 2006. Figure 1 shows the historical trend of carbon emissions and economic growth
rates represented by GDP growth (percentage) of China, from 2000 to 2016. Compared to
2005 levels, China has pledged to cut its carbon emissions per unit of GDP by 60–65% by
2030; to reach its maximum carbon emissions in 2030; and to attain carbon neutrality by
2060 [3,4]. Faced with carbon emission reduction objectives and environmental protection
ambitions, the 14th Five-Year Plan offers a low-carbon development route, via green
environmental protection [5]. The central and local governments of China are trying
to attain these objectives via implementation of various policies, laws, and regulations
focusing on environmental protection and reduced carbon emissions [6]. As per the
Porter hypothesis, environment protection can be achieved through suitable environmental
regulations. Appropriate environmental policies can help to reduce energy intensity,
upgrading of industrial structures, and an ultimate environmental upgrading via carbon
emission reductions, as carbon emission reductions are a reflection of upgraded technology.
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Jia et al. [7] stated that in accordance with the new green growth philosophy, China has
paid greater attention to environmental preservation and implemented different actions to
reduce emissions, including industrial and energy structure adjustment (Mi et al.) [8] and
adopting market instruments for emission reduction [9]. According to Wu and Gong [10],
the use of a market-oriented mechanisms for cutting down carbon emissions is more cost-
effective, as well as more efficient, than conventional strategies. Among these market
mechanisms, one of the most effective approaches is the emissions trading scheme (ETS),
which is aimed at mitigating GHG emissions (GHG). According to the ETS, the government
distributes a set of carbon emission quotas, and enterprises need to follow these quotas. In
case of exceeding these quotas, enterprises face penalties or purchase quotas from carbon
emission markets.
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1.1. Research Background

In recent decades, with the increasing threats of environmental degradation and
climate change to mankind, environmental regulatory policies have gained much attention
globally. According to Zhou et al. [11], serious environmental consequences are threatening
human health in developing countries, as the economic growth of these economies relies
greatly on resource-intensive industries. Since the reforms and opening up of China, the
country has achieved rapid economic growth and industrialization, which also led towards
serious environmental pollution problems [12,13]. How to respond to environmental
regulations is a main challenge for pollution-intensive firms [11]. The evaluation of the
efficacy of environmental regulations for policy improvement and economic development
coupled with environmental protection is becoming a great necessity [14,15]. The CETP is
one of these environmental regulations, designed by the Chinese government to achieve
their carbon peak goals by 2030 [16]. Since the promulgation of CETP in six provinces in
2013, eight industries have been encompassed by the policy [17].

In social sciences, the favoring and marginalization of specific aims by different policies
needs to be evaluated [18]; for example, the significant impact of low-carbon city policy
on ecological efficiency improvement was explored by [19]. Hitherto, the literature on
CETP includes varying topics, such as employment effects of CETP [20], policy impacts
on total factor productivity [21], corporate innovation [22], green innovation [14,23], green
production [24], carbon neutrality [25], and energy consumption [26,27]. Despite the
increasing literature on impact assessment of the CETP, a number of downsides are still
valid and can be investigated. It is widely accepted that the CETP promotes economic
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development, along with green production and innovation, but the influence of the CETP
on environmental upgrading by reducing the carbon emissions of a region has yet to be
explored. The research methods found in the literature regarding policy impact evaluation
highlight the significance of the DID method, as it tackles the problem of unobservable
heterogeneity and omitted variable bias. There are a number of ways in which our study
differs from the literature: to begin with, this study presents empirical evidence of the
country’s efforts to formulate and improve emission trading schemes and regulations based
on the environmental protection effect of the CETP. Another aspect of this study is that it
adds depth to the theoretical understanding of CETP’s environmental effectiveness through
ongoing environmental upgrading.

1.2. Policy Background

In light of the above background, the carbon emission trading policy (CETP) of China
was officially launched in six pilot regions in 2011, by the National Development and
Reform Commission (NDRC), and came into operation in 2013. China selected six pilot
regions, including Beijing, Tianjin, Shanghai, Guangdong, Chongqing, and Hubei, to
execute the CETP via establishment of a carbon emission trading market (CETM) (Figure 2).
The combined emissions, GDP, and population of these regions in 2011 were 1501 million-
ton CO2, 13.0 trillion yuan, and 249 million people, respectively. With huge volumes
and great future potential, the CETP led to the establishment of the world’ largest CETM,
covering 1700 enterprises from the power industry in the initial phase [28].
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Leading the others, Shenzhen (Guangdong) launched a pilot in June 2013, with en-
couraging results. In December 2016, the CPC Central Committee and State Council
announced methods for assessing ecological civilization goals. These measures included
the “green development index” of party leaders’ and officials’ evaluations. The NDRC
announced the “National CETM Construction Plan (Power Generation Industry)” in De-
cember 2017, launching the national carbon market. The 13th Five-Year Plan aimed for
a nationwide CETM by 2020, with a strong structure, active trading, rigorous regulation,
and transparency. These policies and efforts showed that the Chinese government values
upgrading the CETS. Figure 3 presents the volumes of carbon emission quota trading in
pilot regions, as given by the Carbon Emissions Trading Network (CETN, 2021). There
was notable progress made in cumulative trading volumes, recorded as 237 × 106 t during
2013 to 2019.
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Environmental upgrading may be perceived as the mechanism through which eco-
nomic players shift toward a manufacturing structure that prevents or decreases envi-
ronmental issues [29]. The reduction of carbon emissions by the firms to improve their
environmental performance and for transformation of environmental problems into com-
petitive advantages has recently been focused on by scholars. Scholars and practitioners
are studying the emission reduction effects of CETP through ex post empirical methods or
ex ante scenario analysis [30,31]. At international level, the need for an industrial environ-
mental agenda has also been highlighted in recent years [32]. In this context, reduction of
carbon emissions is an essential means of determining how well a nation is addressing en-
vironmental problems, promoting sustainable environmental performance, and sustaining
long-term economic growth [33]. Given China’s market and institutional settings, can pilot
CETS promote carbon emission reduction? This question requires empirical investigations.
Due to the short period of implementation, hitherto, the literature lacks empirical studies
regarding environmental protection and upgrading as a result of CETP, despite the huge
potential of China’s CETS. As far as the economic theory behind the emissions trading is
concerned, there is no ambiguity. However, for evaluating the practical efficacy of such
a scheme and improving future policies for the establishment of a national level CETS, it
is necessary to investigate the impact of CETP on environmental upgrading. Developing
and emerging economies can also benefit from such empirical investigations on China,
as the country is the World’s largest developing country. Thus, environmental upgrad-
ing caused by CETP is of great significance for worldwide implementation of emission
reduction schemes.

In the current study, a difference-in-differences (DID) analysis was carried out, to
study the impact of CETP on carbon emission reductions in pilot and non-pilot regions. In
the area of policy impact evaluation, the DID method has become one of the most popular
methods, as it accounts for unobservable heterogeneity and omitted variable bias [34].
Furthermore, a robustness analysis was carried out to test the efficacy of results. Finally,
from a policy point of view, we discussed some policy implications for improving the
future policies related to CETS. The rest of the paper is divided into four sections. Section 2
describes the theoretical framework and empirical methodology, and Section 3 discusses
the results. Section 4 suggests some policy implications, along with the conclusions.
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2. Methodology
2.1. Theoretical Framework and Research Hypothesis

The theoretical framework indicating the logical relationship between the CETP and
environmental upgrading is elaborated in Figure 4. For the construction of a national
carbon trading market, carbon emissions should be reduced. Hitherto, the literature shows
that enterprises are encouraged towards environmental upgrading, as the carbon the CETP
facilitates low-carbon technological upgrading, which in turn leads to low carbon environ-
mental upgrading. The regions with the CETP possess an economic advantage, as firms
in these pilot regions use the signal of CET market prices, thus inducing environmental
cost and upgrade benefits [35]. According to spatial growth pole theory (SGPT), regions
are interdependent, due to varying connections (material and nonmaterial), including
resource flow, knowledge diffusion, and commodity trade [36]. Therefore, in light of SGPT,
when the CETP leads to environmental upgrading in the pilot regions, neighboring areas
experience spatial demonstration and spatial competition effects. This leads to promotion
of the environmental upgrading of the pilot regions and neighboring regions. In light of
this logical relationship, the current study focuses the following research hypothesis:
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Research hypothesis: The environmental upgrading is higher in pilot CETP regions
than in regions without CETP. In other words, the CETP facilitates the environmental
upgrading of regions through reductions in carbon emissions.

2.2. Empirical Framework
2.2.1. Data and Variables

The study used a panel dataset comprising 30 regions of China over the period of
2006–2016. The CEADS (carbon emission accounts and datasets) database was used to
obtain data of the regional CO2 emissions in million tones (mt), whereas the World Bank
database (World Development Indicators) was used to obtain growth rates of GDP. Data of
other control variables was collected from the China Environmental Statistical Yearbook,
RESSET economic and financial database, China Urban Statistical Yearbook, and National
Statistical Bureau of China. Based on extant literature and the environmental Kuznets curve
hypothesis [37,38], the control variables added in our model are population, foreign direct
investment (FDI), per capita gross domestic product (GDP_P), and industrial scale (IS).

Foreign direct investment has a direct impact on the quality of China’s economic
development [39,40]. The environmental protection via carbon emission reductions is
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enhanced with FDI, mainly due to the positive externalities of FDI, including environmental
awareness and technological upgrading [41]. Per capita GDP is associated with an increase
in carbon emissions, as the fast economic growth ensures greater fossil fuel consumption
and pollution emissions [42]. Industrial scale is added, as carbon emissions are reported to
increase with increasing share of secondary industry [6]. The control variables are calculated
as follow: (1) Foreign direct investment (FDI): The FDI is indicated by the utilization of foreign
capital measured by the ratio of fixed assets of industrial enterprises invested by foreign
investors and Hong Kong, Macao, and Taiwan enterprises to fixed assets of industrial
enterprises above the scale. (2) Per capita GDP (GDP_P): Per capita GDP is used to measure
the economic development level of a region. (3) Population (P): total regional populations
are taken as a control variable. (4) Industrial scale (IS): An industry requires higher levels of
social and state supervision with increased industrial scale. In this case, carbon emissions
are expected to reduce due to increased industrial scale. The current study takes the
industrial value added to represent the industrial scale variable. Certain missing data
are addressed by referencing the Chinese provincial statistics yearbooks, or by using the
interpolation technique. Furthermore, the discrepancy between the sample period for
pre-policy and post-policy time is due to the fact that, after 2016, many other regions
also started shaping their CETP programs, so the results will be affected if we ignore this
fact; thus, we restricted our analysis to up to 2016. Prior to analysis, all variables were
changed to log form, in order to reduce the sharpness of the findings and facilitate their
explanation. Table 1 gives definitions and descriptive statistics for all the variables used in
the DID model.

Table 1. Variables used in the DID model and their descriptive statistics.

Variable
Name

Description

Descriptive Statistics

Overall Sample Pilot CETP Regions Non-Pilot CETP
Regions

Mean SD Min Max Mean SD Mean SD

lnCE Natural log of carbon emissions 0.55 0.53 0.21 1.25 0.51 0.46 0.62 0.55

lnGDP_P Natural log of per capita GDP 1.77 1.71 1.12 2.33 1.77 1.66 1.76 1.72

lnFDI Natural log of foreign direct investment 2.43 2.3 0.17 6.29 3.12 2.59 2.18 1.96

lnP Natural log of population 3.65 3.43 2.75 4.04 3.42 3.28 3.84 3.59

lnIS Natural log of industrial scale 0.83 0.71 0.08 1.46 0.83 0.81 0.82 0.69

2.2.2. DID Modal

The current research applied the DID technique to assess the policy impact of CETP
on the environmental upgrading of the pilot regions. The CETP was first implemented in
2013, and it was observed as a quasi-natural experiment. Regional level data form the first
layer of difference in the DID model, while the year level data form the second layer of
difference. Based on the cut-off year of 2013 for implementation of CETP, we used data
of a total 30 provinces (except for Tibet, Hong Kong, Macao, and Taiwan) divided into
two groups; one group was from the six pilot CETP regions (Beijing, Tianjin, Shanghai,
Guangdong, Chongqing, and Hubei) and second group was from non-pilot CETP regions
(the remaining 24 regions), and the dummy variable of treatment for the experimental
group was set by either the group affected by the policy or not. As the pilot program of
CETP was established in six regions in 2013, these six regions were assigned a value of
1 as the experimental group, and other regions had a 0 dummy value, as the control group.
Despite the approval of the CETP in 2011, the actual implementation was carried out in late
2013 and start 2014. Therefore, the dummy variable for the experimental period was based
on the time of CETP implementation; i.e., the years after the program implementation (year
2014–2016) was represented with 1, and the before program implementation period (year
2006 to 2013) was assigned a value of 0. The difference between the carbon emissions of the
pilot CETP regions and non-pilot CETP regions before and after implementation of CETP



Energies 2022, 15, 6065 7 of 13

was compared using the DID method. Since our outcome variable and regression factors
might be related with some regional characteristics changing over time, DID estimation
was done via constructing a two-way fixed effects model, as below:

CEi,t = βo + β1treati × periodt + µt + ϕi + εi,t (1)

CEi,t = βo + β1treati × periodt + β2Zi,t + µt + ϕi + εi,t (2)

In Equation (1), CEi,t is the carbon emissions of the region and is the explanatory
variable of the model, representing environmental upgrading. It indicates the degree of
environmental upgrading achieved by a region i in year t, as the decline in carbon emissions
in the pilot CETP regions is an indicator of environmental upgrading. treati = 1 means that
region i has CETP in the year t. treati = 0 means that region i has no CETP in the year t.
periodt = 0 denotes the period before the policy’s implementation, while periodt = 1 denotes
the year after the policy’s implementation. ϕi represents the regional fixed effect, and µt
represents the time-fixed effect. In Equation (2), Zi,t denotes a set of regional-year-level
control variables. The coefficient in question in this paper is β1 in the aforementioned
estimate formula. If the estimated result of β1 < 0 is found, this is an indication of a
reduction in carbon emissions, and thus environmental upgrading under the CETP, as
compared to the non-pilot CETP regions. Following the method of [35], we observed that
all of our data fit into one of four categories, to validate that β1 is the true DID estimator:
(1) pre-CETP implementation period for pilot regions, (2) post-CETP implementation
period for pilot regions, (3) pre-CETP implementation period for non-pilot regions, and
(4) post-CETP implementation period for non-pilot regions.

3. Results and Discussion
3.1. Comparative Analysis of Variables’ Means

Due to the requirement for a buffer period for implementation of the CETP, compli-
cated coordination amid various parties, and the completion requirement for CETP amid
emission control enterprises, the actual outcomes of CETP were not abrupt, delaying the
impact to the second year after the CETP implementation (2014). The current study focuses
on 2013 as a cut-off point for policy impact analysis, dividing the whole sample into pre-
policy (2006–2013) and post-policy (2014–2016) time periods. A comparative analysis of the
variables’ mean values between pre-policy and post-policy periods showed a slight increase
in carbon emissions of the control group (non-pilot CETP regions), whereas the carbon
emissions of the experimental group (pilot CETP regions) exhibited a reduction from the
pre-policy to post-policy period (Table 2). These results suggest that, ceteris paribus, the
CETP leads towards environmental upgrading through reductions in carbon emissions.

Table 2. Comparative analysis of variables’ mean values.

Variable

Mean Value in Pre-Policy Time Period Mean Value in Post-Policy Time Period

Experimental Group
(Pilot CETP Regions)

Control Group (Non-Pilot
CETP Regions)

Experimental Group
(Pilot CETP Regions)

Control Group (Non-Pilot
CETP Regions)

lnCE 0.59 0.57 0.46 0.64

lnGDP_P 1.43 1.72 1.91 1.81

lnFDI 2.89 1.58 3.31 2.32

lnP 3.39 3.79 3.43 3.81

lnIS 0.76 0.74 0.85 0.91

Author’s own calculation.

3.2. Impact of CETP on Carbon Emissions: Mixed OLS and LSDV Estimation

The carbon emission trading policy is an efficient policy tool for achieving environ-
mental upgrading benefits via reductions in carbon emissions. Hitherto, studies related
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to CETP impact assessment have primarily focused on the economic impacts, including
employment, green production, and the stock market [43–45]. For precise estimation of the
impact of CETP on carbon emission reductions, the pooled OLS (ordinary least squares)
model and LSDV (least squares dummy variable) model were employed with fixed effects
estimation. The benchmark regression results for the policy impact of CETP on carbon
emissions are presented in columns 1 to 4 of Table 3. A basic DID estimation is performed
in column 1 and 3, excluding all the control variables other than fixed effects, which are
then added to column 2 and 4.

Table 3. Impact of CETP on carbon emissions.

Variable
Pooled OLS Model LSDV Model

(1) (2) (3) (4)

post-policy −0.203 ***
(0.031)

−0.211 ***
(0.031)

−0.203 ***
(0.036)

−0.211 **
(0.052)

CETP −0.163 ***
(0.038)

−0.176 ***
(0.039)

−0.163 ***
(0.041)

−0.176 ***
(0.042)

CETP × post-policy −0.121 ***
(0.026)

−0.136 ***
(0.018)

−0.121 ***
(0.034)

−0.136 ***
(0.024)

Control variables No Yes No Yes

lnGDP_P - 0.031 **
(0.072) - 0.031 **

(0.061)

lnFDI - −0.421 **
(0.051) - −0.421 **

(0.067)

lnP - 0.002
(0.137) - 0.002

(0.128)

lnIS - 0.114 **
(0.048) - 0.114 **

(0.039)

Regional fixed effects Yes Yes Yes Yes

Time fixed effects Yes Yes Yes Yes
Note: The dependent variable is lnCE. “post-policy” is a dummy variable indicating that the lnCE was taken as a
post-CETP. “CETP” is a dummy variable indicating that the region has implemented CETP. For all regressions,
standard errors are reported in parenthesis. Moreover, N = 330, and *** and ** represent statistical significance at
1% and 5% level respectively.

According to both the pooled OLS and LSDV regressions, all three coefficients of DID es-
timation were found to be statistically significant. The estimate of DID (CETP × post-policy)
has a value of −0.121 and −0.136, with and without inclusion of control variables, respec-
tively. This depicts that after including all the control variables and regional and time
fixed effects, the carbon emissions of the pilot CETP regions reduced by 12 percent more
than the non-pilot CETP regions. Furthermore, the magnitude of the DID estimator was
greater after adding all control variables. This implies that the CETP certainly leads towards
environmental upgrading, due to its potential reduction effect on carbon emissions [46],
as improved environmental regulations will lead towards a process of upgrading related
to the environment [32]. Scholars have also shed light on increased environment-friendly
technologies under carbon emission trading [47]. This technological upgrading also leads
towards environmental upgrading. The log of per capita GDP, population, and industrial
scale affected carbon emissions positively, which is in line with the existing literature [6,48].
Whereas, FDI caused eminent reductions in carbon emissions, as the technological up-
grading associated with increased FDI led to environmental protection [41], mainly due to
improved ecological efficiency [49]. Due to the varying results of the DID estimate with
and without addition of the control variables, further robustness checks are applied in the
subsequent section for accuracy analysis of the DID estimates.
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3.3. Robustness Tests
3.3.1. Parallel Trend Analysis

The DID model is best fit if the trends of dependent variable for the control and
experimental group are parallel in the pre-policy period. A parallel trend analysis was
carried out in the current study, with the aim of obtaining distinct results in the experimental
and control groups, and removing the potential of the pre-existing elements being behind
carbon emission reductions. We checked the parallel trend for carbon emissions, both
visually and statistically (Figure 5, Table 4). Prior to the implementation of the CETP, the
treatment and control regions followed a similar course and did not exhibit a dramatic
difference (Figure 5). A parallel trend was visually clear between pilot and non-pilot
regions before 2013, and a parallel-trend test could be used to further assess this assumption
(Table 4). The findings showed that there was not enough evidence to rule out the null
hypothesis of parallel trends (p > 0.05). The parallel-trends assumption was supported by
the test and the graphical analysis.
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Table 4. Results of Granger causality and parallel trend analysis.

Diagnostic Test Null Hypothesis F-Stat Interpretation Conclusion

(1) Granger causality test 0.39
(0.8721)

No behavior changes prior
to treatment We do not have reasons to

distrust the validity of the
obtained DID estimates

(2) Parallel trend test Linear trends are parallel F = 0.71
(0.2958)

No effect in anticipation
of treatment

Note: p-values are reported in parenthesis.

3.3.2. Placebo Test

To check the accuracy of our DID estimates, a placebo test was conducted using
randomly created false pilot regions. The placebo test was conducted for carbon emissions
of all regions. If the reductions in carbon emission were due to the CETP in our baseline
DID analysis, then the DID coefficient should be insignificant for false pilot regions. The
false pilot regions were randomly generated for CETP during the original analysis period.
After that, the DID model was run using the LSDV method and control variables around
1000 times, using data of the false pilot regions. Finally, the distribution of the estimated
DID coefficients and their t-values was plotted using Kernel density plots (Figure 6). The
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distribution of DID estimates using false pilot regions was mostly gathered around zero,
which is only slightly varying from the original DID estimates (see Table 3), and are
mostly insignificant with the false t-values ranging from −2 to 2. Thus, the outcomes of the
placebo test confirmed the robustness and accuracy of the original DID model and estimates,
showing the environmental upgrading impact of the CETP via carbon emission reductions.
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3.3.3. Granger Causality Test

Another test we performed was to examine whether the treatment or control groups
modified their behavior in expectation of treatment. The Granger causality test was used to
verify this assumption. The null hypothesis of no change in behavior prior to treatment
was accepted (Table 4). These findings, when combined with our earlier diagnostics, show
that we could have confidence in the accuracy of the DID estimate.

3.3.4. DID Analysis with a Longer Sample Period

The pilot scheme of the CETP significantly led to environmental upgrading, as the
coefficients of the DID model using pooled OLS and LSDV regressions were statistically
significant. Several control variables were also added to the model to reduce the bias
and obtain accurate estimates. For confirmation of the DID estimate accuracy, the DID
analysis was re-done using a longer sample period (2006–2017) and both OLS and LSDV, as
before, and the results are presented in Table 5. The DID estimate for the longer sample
period, after adding the control variables, was still significant, implying the significant
enhancement of environmental upgrading under CETP. Thus, all of the robustness checks
affirmed the accuracy of the main DID estimates over the actual sample period.

Table 5. Results of DID analysis using a longer sample period.

Variable
Robustness Results with a Longer Sample Period (N = 360)

Pooled OLS Model LSDV Model

post-policy −0.182 ***
(0.029)

−0.182 ***
(0.031)

CETP −0.121 ***
(0.048)

−0.121 ***
(0.036)

CETP × post-policy −0.161 ***
(0.0232)

−0.161 ***
(0.0392)

Control variables Yes Yes

Regional fixed effects Yes Yes

Time fixed effects Yes Yes
Note. The dependent variable is lnCE. “post-policy” is a dummy variable indicating that the lnCE was taken as a
post-CETP. “CETP” is a dummy variable indicating that the region has implemented CETP. For all regressions,
standard errors are reported in parenthesis. Moreover, *** represent statistical significance at 1% level.
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4. Conclusions and Policy Implications

Does the carbon emission trading policy of China cause reductions in carbon emis-
sions and lead to environmental upgrading? To investigate this question, the current study
employed a difference-in-differences method to test the policy impact of the CETP on
the carbon emissions of the Chinese pilot and non-pilot CETP regions. A difference-in-
differences (DID) approach was employed to find any discrepancies between the environ-
mental upgrading of the pilot and non-pilot regions. The findings of the DID model showed
substantial reductions in carbon emission in the pilot CETP regions, as compared to the
non-pilot regions. The results suggest that CETP can effectively reduce carbon emissions,
thus it caused environmental upgrading. This implies the importance of the CETP for
achieving environmental protection and upgrading. Furthermore, other factors such as
foreign direct investment, economic development, and industrial scale are also critical for
reducing carbon emissions. After carrying out a series of robustness analyses, including
parallel trend analysis, Granger causality test, placebo test, and DID regression with a
longer sample period, the results of the DID model were affirmed and tested. Thus, it
was concluded that the CETP is a significant strategic regulatory measure for coping with
environmental issues and for actively developing new norms of upgrading.

Based on these findings, the current study also produced some policy implications
for improvement of the CETP. First, keeping in view the eminent role of emission trading
schemes on carbon emission reduction, a harmonized emission trading system at national
level should be promoted, as a unified national level system can reduce carbon emissions at
a faster rate through coordinated and integrated reduction under a complete and efficient
system. Due to limited data availability, the current study has the limitation of ignoring the
controlling of financial indicators, such as carbon pricing. Other relevant controls can be
added with time, to examine the policy impact of CETP in further detail. A complete set of
strict environmental regulations and measures should be formed, including all the controls,
for effective resource allocation and environmental upgrading, which would ultimately
lead towards sustainable economic development.
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