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Abstract
As the highest carbon emission country in the world, it is particularly important to 
investigate the implementation effect of China’s carbon emission trading (CET) sys-
tem. Because of the complexity to figure out the counterfactual effect when a single 
unit is treated, the counterfactual and causal effects of the CET system on the carbon 
emissions are seldom identified. In order to overcome the weakness that counterfac-
tual effect is difficult to be verified and policy persistence is difficult to be estimated, 
Synthetic Control Method (SCM) and Regression Discontinuity (RD) are combined 
to better understand and evaluate the impact of CET system in China. Through the 
analysis, it is found that CET system is effective in China, but the effect is driven by 
economic development, energy consumption, FDI and other variables. Because of 
the differences in economic, geographical, technological and environmental condi-
tions in various areas, each Chinese provincial government should formulate a tar-
geted policy according to local conditions, ensuring an economic and environmen-
tally sustainable growth in the future.
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Abbreviations
CET  Carbon emission trading
CGE  Computable general equilibrium;
DID  Difference-in-differences
EKC  Environmental Kuznets curve
GHG  Greenhouse gases
IPAT  Impact is function of population, affluence, technology
IPCC  Intergovernmental panel on climate change
MAC  Marginal abatement cost
RD  Regression discontinuity
RMSPE  Root mean square prediction error (RMSPE)
RMSE  Root means square error
SCM  Synthetic control method
STIRPAT  Stochastic impacts by regression on population, affluence and 

technology

1 Introduction

Carbon emissions represent an important issue for human beings in the twenty-first 
century and it is one of the major obstacles for achieving good environmental per-
formances [14].

As the world’s largest carbon dioxide emission country, the implementation of 
China’s carbon emission trading system has attracted world-wide attention. How to 
reduce carbon emissions is also an important guarantee for China to achieve the goal 
of sustainable development.

With the Kyoto Protocol’s taking into effect as the starting point, the European 
Union and the United States and other major countries in the world have established 
carbon emission trading (CET) system. This system is a market mechanism to pro-
mote the trading of global greenhouse gas (GHG) emissions mitigation and reduce 
the global carbon dioxide emissions [28]. In this market mechanism, one party pays 
the other to obtain permits for carbon emissions. The buyer use purchased emission 
credits to emit carbon dioxide. Parties covered by CET must have enough emission 
permits for the amount of the carbon emissions they produce thus CET system can 
reduce the global carbon emissions volume.

The arrival of carbon emission trading system in China marked a watershed in 
the history of Chinese climate policy [11, 28]. The use of market-based CET system 
is a rather novel attempt in China [46, 47], Jiang and Ma 2014). Chinese government 
proposed to set up a carbon exchange system for the first time in 2008. And two 
years later, CET system was put forward by the Chinese State Council. In 2011, the 
Chinese National Development and Reform Commission issued “notice on the pilot 
work on carbon emission trading” which approved six provinces and municipalities 
including Beijing, Shanghai, Tianjin, Chongqing, Hubei and Guangdong to carry 
out the pilot work of establishing CET system.

However, the implementation of CET system in China is far from mature and 
might result in poor performance. It is still in the experimental stage and there 
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are lots of problems [52], such as low market participation [28], defective of gov-
ernment supervision [53] and lack of incentive mechanism [21]. New research is 
needed to better understand and evaluate the effect of CET system in China. In line 
with recent literature which provided a comprehensive overview of current status of 
China’s seven CET system pilots [48], the purpose of this paper is to build an empir-
ical basis to evaluate whether the CET system reduces carbon emissions in Chinese 
six provinces and municipalities or not. Through comparison and analysis for six 
provinces and municipalities, the detail effect of CET system in China is presented 
and ways to reduce carbon emissions are suggested.

2  Background and study framework

Scholars’ first attention to carbon emission rights can be traced back to 1960s. Based 
on the application of Coase Theorem I, Crocker [12] affirmed that property right 
has a positive effect on the target of greenhouse gas emission reduction. Burniaux 
et al. [7] found that the promotion of CET market can reduce the total carbon emis-
sions of the world. In 1999, Garbaccio et al. used Computable General Equilibrium 
(CGE) models to study carbon emission reduction measures in developing countries 
and draw the same conclusion that carbon emission trading system made carbon 
emissions decrease significantly. Some scholars discussed the CET system in China. 
Hübler [22], Weitzel et al. [43] believed that the implementation of CET system will 
bring positive effect to China. Zhou and Chen [53], Lo [29] and Liu et al. (2014) 
argued that there would be tremendous challenges for CET system in China due to 
kinds of reasons such as market segmentation, low participation and the defective 
of pricing mechanism and so on. With the continuous development and application 
of empirical tools, more models are applied to the study of carbon emissions. Zhou 
et al. [54] and Cui et al. [13] have constructed an interprovincial carbon emissions 
trading model to evaluate economic performance and the cost-saving effects of CET 
system in China. Böhringer et al. [6] used a marginal abatement cost (MAC) curve 
to specifically simulate the carbon emissions in China and proved that the substan-
tial revenues from permit exports would finally turn the carbon abatement costs into 
net gains. In 2016, Yi et al. employed a dynamic CGE model to simulate the situ-
ation that China had implemented carbon emission trading throughout the whole 
nation, and revealed that under the double restrictions of economic growth and 
environmental protection, the interprovincial transaction of carbon emission trading 
reduced the total amount of carbon emissions. But Zhang’s study is based on virtual 
assumptions, and this paper is now trying to test the effects of existing carbon emis-
sion trading system, based on facts instead of virtual assumptions.

In order to study the effect of carbon emission trading system in various 
provinces and municipalities in China, this paper adopted the synthetic control 
method (SCM). Compared with other research methods such as difference-in-
differences (DID) analysis in panel data, the SCM can overcome the difference 
between the treatment group and the control group, making the research result 
more scientific and accurate. SCM is mainly used in comparison cases, and it 
has been proposed by Abadie and Gardeazaba (2003), who studied the economic 
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impact of terrorist attacks in Basque area, Spain. Then Abadie et al. [2] devel-
oped and expanded it, studying the effect of tobacco control legislation in Cali-
fornia on reducing tobacco consumption per capita.

Abadie et al. [3] used SCM to study the influence of the unification of East 
and West Germany on the German economy. There were other scholars who 
used SCM. Zhang et  al. [49] used SCM to estimate the impact of the Beijing 
2008 Olympic Games on Beijing’s air quality, while Castillo et  al. [40] used 
SCM to study the causal effects of regional industrial policies on employment. 
Samartsidis et al. [34] studies the performance of the canonical synthetic control 
estimator and of related methods in the context of the German reunification.

Probably because of their interpretability and transparent nature, synthetic 
controls have become widely applied in empirical research in economics and the 
social sciences.

Probably because of their interpretability and transparent nature, the SCM lit-
erature is vast in its totality and includes many recent noteworthy contributions, 
widely applied in empirical research in economics and the social sciences [8], 
19, 44, 5, 41, 10.

The other method used in this study, i.e. regression discontinuity, was firstly 
applied in the late 90 s to deal with economics. As a quasi-random experimental 
method, regression discontinuity has an incomparable advantage in the empiri-
cal causal analysis. Hahn et al. [20] strictly proved the identification and treat-
ment effects for regression discontinuity and Lee [26] argued that regression 
discontinuity can avoid the endogeneity of variables in random experiments. In 
the present study regression discontinuity is used to estimate the causal effect of 
carbon emission trading system and infer the persistence of the effect through a 
causality analysis, allowing the suggestions of some countermeasures aimed at 
reducing carbon emissions.

Compared with previous studies, this research provides an innovative frame-
work on how to conduct policy assessment and modeling. The new contributions 
can be summarized as follows: through Synthetic Control Method (SCM), it is 
verified whether carbon emission trading system is effective or not and whether 
there is a discontinuity caused by the CET system or not; using Regression Dis-
continuity (RD) the causal effect of carbon emission trading system is properly 
analyzed and the persistence effect of carbon emission trading system based on 
the result of causal analysis is deduced. Compared with other research methods, 
the SCM is more scientific from the perspective of counterfactual perspective, 
but it cannot figure out the sustainability of the policy implementation. Further-
more, RD can show a causal effect after policy implementation, but it cannot 
identify the specific factors which actually cause the discontinuity.

This study, by adopting an approach which integrates the use of synthetic 
control method and regression discontinuity, overcomes the defects and provides 
a new methodological framework for the assessment of policy implementation 
effect and sustainability, as illustrated in Fig. 1.
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3  Data collection

At present, the series model based on the IPAT model and the series model based 
on the Kaya identity are two common models used to analyze the influence factors 
of carbon emissions in the academic fields. The IPAT model proposed by Ehrlich 
and Holden [15], divides the factors affecting the environmental pressure into three 
categories: population, affluence and technology. The Kaya identity instead identi-
fies four categories of environmental pressure influencing factors: energy carbon 
intensity, energy intensity, GDP per capita and total population [24]. Later, the two 
models were expanded, and new models such as STIRPAT (Stochastic Impacts by 
Regression on Population, Affluence and Technology) were developed. Although 
the models are different, the factors which influence carbon emissions are generally 
recognized. This paper still uses the practices of predecessors to divide the influenc-
ing factors of carbon emissions mainly into three categories: population, affluence 
and technology, and use these factors to be explanatory variables for SCM models.

Fig. 1  Methodological framework and data processing fluxes
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The classification of raw coal in China is relatively fixed. It is generally domi-
nated by bituminous coal, accounting for 75%–80%. Although IPCC has not 
directly provided the carbon emission coefficient of raw coal, the carbon emission 
coefficient of raw coal can be estimated by the weighted average of the carbon 
emission coefficient from bituminous coal (80%) and anthracite (20%). The basic 
source for extracting Carbon dioxide emissions  (CO2) data, expressed in ten thou-
sand ton of standard coal, include the statistical yearbooks from provinces and 
cities in China and the China Energy Statistics Yearbook from 1999 to 2016.

By using Shiyi [38], Talukdar and Meisner [39] method, the energy standard 
coal coefficient is converted into a measure unit of energy heat in China, and the 
carbon dioxide emission coefficients of the different energy sources, expressed in 
 CO2 ton per ton of standard coal are: 2.76 for raw coal, 2.145 for crude oil and 
1.642 for natural gas.

Population quantity is closely related to the problems of economic develop-
ment, environmental maintenance, and energy utilization and transportation 
convenience. Overpopulation growth will bring a lot of negative impacts on the 
environment. Ratio of the total population to the administrative area, i.e. the pop-
ulation density (POP) is used to denote the density of the local population and is 
expressed in 10,000 inhabitants per square kilometer.

In Table  1, measures related to the affluence variable are illustrated and 
selected for the analysis among those more established in the scientific literature.

To discuss the influence factors for carbon emissions, the affluence is one of 
the important factors that cannot be ignored and in this paper is identified by 
more than one measures.

Since the 90  s, the influence of the economic growth of a country on the 
dynamics of environmental pollution has been explained by the concept of the 
environmental Kuznets curve (EKC). The EKC represents the relationship 
between quality environmental indicators and income per capita and assumes the 
shape of an inverted U curve similar to that found by Kuznets [25] in his study on 
inequality. In EKC analysis the economic factors are usually proxied by the GDP 
[4, 35]. The EKC indicates that at the initial level of economic development, with 
the improvement of life wealth, the environmental pressures increase, as higher 
income corresponds to a higher level of emissions. Notwithstanding, after a turn-
ing point, to further increase income levels, lower emissions are registered, due 
to the structural changes in the economy and society and greater environmental 
awareness by population [31], 32. In our study the level of economic development 
is represented by the growth rate of Gross Domestic Product (GDP) per capita.

Among the affluence measures, the industrial level (INDUSTRIAL) is 
expressed by the output of the secondary industry to GDP. The secondary indus-
try consumes a lot of energy. For this reason, the output value of the second 
industry is closely related to carbon emissions.

Trade is also an important source of wealth for a country and so can be 
included among the affluence variables. Many studies have shown that trade 
growth has a significant positive effect on carbon emissions [27]. The trade level 
(TRADE), i.e. rate of the total value of imports and exports to GDP, is used for 
the aim of this paper.
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As like the level of trade, the level of economic openness (FDI) is also an important 
factor affecting the affluence of a country. This study identified the level of economic 
openness through the rates of the actual use of foreign direct investment to GDP.

Underground economy (UE) is also an influential variable to take into account for 
the analysis. In line with the established scientific literature [16], 30, 9, 17, which used 
Multiple Indicators and Multiple Causes approach to calculate the scale of under-
ground economy, the study uses the actual GDP growth rate and the unemployment 
rate, extracted from the Statistical Yearbook of provinces and municipalities in China, 
the Yearbook of China’s population statistics and the Annals of China’s population and 
employment statistics. Government control, personal disposable income, tax and ratio 
of self-employment are generally considered as the causes for the spread of this phe-
nomenon. Underground economy has a relatively large scale in China. The results of 
calculation reveal that the average annual underground economy scale of provinces and 
municipalities in China is 10.66%, and the scale in certain year register even more than 
20% in some provinces.

A large number of studies have shown that technological progress is an important 
factor in reducing carbon emissions (Copeland and Taylor 2003), and promoting tech-
nological progress has been an effective way to improve energy efficiency. Technology 
variable is thus fundamental for the purpose of this study and has been proxied by R&D 
expenditure (RESEARCH) and Energy consumption (EC) measures. R&D expenditure 
can reflect the government’s investment in technological progress, to a certain extent, 
it can reflect technological progress. The rate of R&D expenditure to GDP is used to 
represent the variable. Energy consumption represents instead the rate of the amount of 
energy consumption to GDP. The greater the amount of energy input per unit product, 
the higher the energy consumption.

Among the other variables which could affect the model, environmental regulation 
has a self-evident importance for environmental protection and in particular for the car-
bon emission reductions. The stronger the environmental regulation is, the less environ-
mental pollution will be.

The Environmental regulation intensity variable (ER) is the rate of the investment in 
industrial governance to GDP. The amount of China’s investment in industrial govern-
ance reflects the willingness of the government to regulate the environment. Therefore, 
investment in industrial governance represents the intensity of environmental regula-
tion. Usually, the stricter the environmental regulation is the bigger amount the invest-
ment will be.

The sample data selected is including 1999–2016 years. As Chinese National Devel-
opment and Reform Commission issued the notice which approved six provinces and 
municipalities to carry out the pilot work of CET system in 2011, this paper selects 
1999–2010 period as the pre-intervention years and 2011–2016 period as the post-
intervention years.
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4  Analysis of the effect of policy implementation by synthetic 
control method

4.1  SCM method

In random experiments, once the outputs of the control group and the treatment 
group are observed, the treatment effect can be calculated. But the difficulty in 
practice is that, only the outputs of the control group can be observed, and the 
outputs of the group that does not accept the treatment cannot be observed. The 
Synthetic Control Method (SCM) elaborated by Abadie and Gardeazabal [1] can 
be used to overcome this limitation.

In the present study the treatment group is combined by Beijing, Tianjin, 
Shanghai, Guangdong, Chongqing and Hubei and the control group is made up 
by other 24 provinces including Hebei, Shanxi, Liaoning, Jilin, Heilongjiang, 
Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hunan, Hainan, 
Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Guangxi, Guangxi, Inner 
Mongolia, and Ningxia. Since there are six provinces and municipalities to con-
duct pilot experiments on carbon emissions trading system, these six provinces 
and municipalities are eliminated from the control group. Due to the lack of data, 
Tibet is eliminated from the control group too. Hong Kong and Macao instead 
are not included in this study due to their peculiar political situation. The number 
of samples is 5940, while the number of samples in the control group is 4554. In 
order to eliminate the endogenous and autocorrelation effects of variables, endo-
geneity and autocorrelation are tested on data.

Let YNS
it

 be the outcome variable observed for province i at time t  with no 
carbon emission trading system (NS), and YS

it
 be the outcome variable with 

system(S). Yit indicates the observed actual carbon emissions in province i , YNS
it

 
represents the hypothetical carbon emissions in province i that are unobservable.

Suppose the general model for the potential outcomes of all the provinces is as 
represented by the following Eq. (1):

Here, i stands for province  and t  stands for the year. For the six pilot prov-
inces and municipalities, if t ≥ 2011 , then Dit = 1 , �it = Yit − YNS

it
 . �it stands for 

the policy effect.
Several provinces in the control group can be linearly combined to construct 

as the counterfactual. This counterfactual can be estimated by the linear factor 
model as indicated in the following Eq. (2):

In Eq. (2), �t represents a constant time fixed effects which assumes the same 
value for all provinces i,Zi is the control variable which can be observed in prov-
ince i with coefficients �t ; �i is the local fixed effect that cannot be observed and 
changes over time.�it is a vector of white noise.

(1)Yit = YNS
it

+ �itDit

(2)YNS
it

= �
t
+ �tZi + �t�i + �it
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To further estimate the weight of the control group, it is needed to suppose that 
X1 are the K kinds of pre-intervention eigenvectors for the treatment group and X0 
are the K kinds of pre-intervention eigenvectors for the control group. The weight 
vector W∗ = (w∗

2
,… ,w∗

J+1
)� is calculated by minimizing the distance function 

‖X1 − X0W‖V =
√
(X1 − X0W)�V(X1 − X0W) [2, 49]. In addition, there in the dis-

tance function, wj ≥ 0(j = 2,3,… , J + 1) and w2 + w3 +⋯ + wJ+1 = 1,V  is a sym-
metric positive semi-definite matrix and stands for the relative importance of dif-
ferent feature vector X in structuring weight. The weight of the control group W∗ 
depends on V  , and the latter is selected by Root Mean Square Prediction Error 
(RMSPE), which enables synthetic control individuals to best approximate the tra-
jectories of individual before policy. Through these calculations, the optimal weights 
of linear combination are found. These optimal weights are based on the data and 
avoid the randomness of the researchers’ subjective selection of treatment groups.

Before the implementation of carbon emission trading system, the synthetic con-
trol provinces can be estimated as:

After the implementation of carbon emission trading system, the counterfactual 
can be estimated as:

Then the treatment effect for province i can be calculated by:

The basic idea of this SCM model is that several provinces in the control group 
can be linearly combined to construct more suitable synthetic control provinces. 
Although each province in the control group is not similar to the province in the 
treatment group, a synthetic province that is very similar to the real province in 
the treatment group can be constructed by weighted average. This approach is data 
driven, the difference between the average outcome of the treatment group and the 
synthesis control group can estimate the average effect of the policy.

4.2  Results of the SCM and discussions

Comparison between predictive measures in real provinces and synthetic prov-
inces is shown in Table 2. It reveals that the synthetic areas are quite similar to 
the real ones. The difference is relatively large between research and trade, this 
is firstly because research input and trade between provinces and municipalities 

(3)Yit =

J+1∑

j=2

w∗

j
Yjt, t = 1999, 2000,… , 2010, Z1 =

J+1∑

j=2

w∗

j
Zj

(4)Ŷit =

J+1∑

j=2

w∗

j
YNS
it
, t = 2011, 2012,… , 2016

(5)
̂

Effect = Yit −

J+1∑

j=2

w∗
j
YNS
it
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are obviously different from each other, second, in the process of synthesis, the 
pilot provinces and municipalities are eliminated from the control group. These 
pilot provinces and municipalities, such as Beijing and Shanghai, tend to have 
greater similarity in terms of economic development and population density, for 
this reason their elimination affects the synthetic result. But except for research 
and trade, other synthetic results such as the level of economic development and 
underground economy do not register large differences.

The following Table  3 shows the weight of synthetic composition in differ-
ent provinces and municipalities. In Beijing’s carbon dioxide emissions city syn-
thesis, the synthetic provinces consist of 0.794 Hainan, 0.095 Heilongjiang and 
0.111 Liaoning. It indicates that situation in Hainan is close to Beijing in terms 
of  CO2 emissions. Chongqing City is hard to simulate due to its peculiarities. 
Notwithstanding the SCM finds that Guangxi is near to the situations in Chong-
qing in terms of  CO2 emissions.

Based on the comparison between the treatment group and the control group, 
the carbon emission trading system has a positive effect on carbon emissions for 
the pilot provinces and municipalities. Figure 2 show carbon dioxide emissions 
from six pilot areas for carbon emission trading system and their respective syn-
thetic provinces. After the implementation of the carbon emission trading sys-
tem in 2011, the difference in carbon emissions between the synthetic provinces 
and the real provinces has been further expanded. Figure 3 illustrates the differ-
ence in carbon emissions between the synthetic provinces and the real provinces 
and its along the analyzed period. It highlights a sharply decreasing trend after 
the implementation of CET system. The latter has exacerbated the difference 
especially in Tianjin region, for which the value for the difference reaches 10 in 
2011. This circumstance demonstrates a strong positive effect for the implemen-
tation of CET system.

In general, discussing Figs.  2 and 3 together, the CET system has a more 
relevant effect in Beijing, Tianjin, Hubei and Chongqing, where difference 
gaps have enlarged after 2011. Before the implementation of the CET system, 
in these provinces, carbon emissions for the real province and the synthetic 
province assumes similar values, while after the implementation differences 
increase. Figures 2 and 3 also show that the effect of CET system in Shanghai 
and Guangdong is not strictly in line with the other pilot provinces due to the 
province’s own development perspective. Although it is not consistent as others’, 
yet a decreasing trend of carbon emissions in the real provinces compared to the 
synthetic provinces is still presented. Anyway, the results show a better outcome 
of implementation of CET system, since the latter reduces the carbon emissions 
to some extent.

Unfortunately, the decreasing trend does not come to be steady and it does not 
last long. Particularly in Guangdong Province the carbon emissions for the real 
province and synthetic province assumes similar values in 2016. This is partially 
due to the fact that CET system has been implemented for about 5 years, but it 
is still in the experimental stage. The policy may not have been implemented 
vigorously, and there are other factors which can strongly affect its persistence 
effect, as discussed in Sect. 5.
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4.3  Placebo test

Whether the decrease of carbon emissions after the implementation of carbon emis-
sion trading policy is a random phenomenon or a nationwide phenomenon can be 
tested through the placebo test. SCM models usually use placebo test to check the 
robustness of results [2, 3]. The test is based on permutation methods. The effect on 
the CET implementation is estimated separately for each of the provinces in the con-
trol group. A permutation distribution can be obtained by iteratively reassigning the 
treatment to the provinces in the donor pool and estimating “placebo effects” in each 
iteration. Test every region in the control group and calculate the carbon emissions 
difference between the real and synthetic provinces. If the difference between the 
placebo-tested provinces and the other provinces in the control group is significant, 
the implementation of the carbon emission trading system is effective. All leave-
one-out estimates closely track the  CO2 emissions series for Chinese provinces 
before CET implementation in 2011. The resulting estimates for the years after the 
implementation are all negative and centered around the result produced using the 
entire donor pool.

Figure 4 reports the results of a leave-one-out re-analysis of the CET implemen-
tation, taking from the sample one-at-a-time Bejiing and Shangai provinces that 
contribute to the synthetic control. The main conclusion of a negative estimate of 
the CET system implementation on  CO2 emissions is robust to the exclusion of any 

Fig. 2  Carbon dioxide emission of real provinces and synthetic provinces.  CO2 emissions on the y-axis 
are expressed in 10,000 ton of standard coal. Solid lines represent real provinces while dotted lines repre-
sent synthetic provinces
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Fig. 3  Trends in carbon dioxide emissions: real provinces vs synthetic provinces.  CO2 emissions on the 
y-axis are expressed in 10,000 ton of standard coal. Solid lines represent the difference between real 
provinces and synthetic provinces while dotted lines point out the year 2011

Fig. 4  Placebo test for Beijing and Shanghai. The orange line is a placebo-tested province and dotted 
lines point out the year 2011
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particular province. As shown in Fig. 4, After the test, the effect of the CET system 
is still found remarkable. Although the situation in Guangdong is not as good as oth-
ers, as pointed out in the previous subsection, the carbon emissions goes the same 
for Guangdong and its synthetic provinces.

The implementation of CET system can really reduce carbon emissions in China. 
The SCM results show a relevant effect of the implementation of CET system. A 
significant difference trend is revealed before and after the implementation. This 
is in line with previous scientific literature [22, 43], which found evidence of the 
positive effect originated by CET system in China. However, CET system can fully 
achieve its purpose of reducing the carbon emissions only when the trend tends to 
be steady [18]. Yet there are many factors affecting this trend and the effect of CET 
system which have to be in-depth analyzed.

5  Analysis of causal effect by regression discontinuity

5.1  Regression discontinuity model

The results of Synthetic Control Method show that the implementation of carbon 
emission trading system has brought a breakpoint effect on carbon emissions. Fig-
ure 5 illustrating the polynomial fit of the order one, order two, order three and order 
four for the six pilot provinces and municipalities, reveals a breakpoint in 2011.

To avoid the direct regression estimation will make the result deviate from the 
real value, regression discontinuity model is used to identify the causal effect of car-
bon emission trading system and the causal analysis is used to deduce the persis-
tence of the effect of policy implementation. Regression discontinuity can be used 
to identify the causal relationship before and after specific events. The premise of 
its application is to identify which variables have caused breakpoints. In the pre-
sent study, the relationship between carbon dioxide emissions and other variables is 
investigated in a narrow time window before and after the implementation of carbon 
emission trading system by using the following regression discontinuity model:

In Eq. (6), Dt is a dummy variable which identify the implementation of the car-
bon emission trading system. Before the implementation of carbon emission trad-
ing system, Dt is assumed equal to 0. After the implementation of carbon emission 
trading system, Dt is instead equal to 1. t is the treatment variable for the regres-
sion discontinuity and measures the length of time for the implementation of carbon 
emission trading system. It assumes a negative value before the implementation of 
carbon emission trading system, and a positive value after implementation. ti is a 
polynomial function for t . X is a set of control variables which includes the level 
of economic development, the level of economic openness, industrial level, trade 
level and so on. These variables are consistent with the variables used in synthetic 
control method and all values are in logarithmic specification. In order to check the 

(6)Ln
(
CO2

)
= �0 + �Dt + Dt

k∑

i=1

�it
i + �X + t
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robustness of the results of regression discontinuity, this study changes the order of 
the polynomial and tests the results of the regression at different bandwidth levels, 
and finds that the results have not changed obviously, thus the results are robust.

5.2  Results of the RD analysis

Table 4 shows the results of regression discontinuity and its robust test. The results 
of the order three and order four processing are omitted because they assumed simi-
lar values to those of the first two orders. From the coefficient, the continuous impact 
of factors on carbon emissions can be easily identified. Here factors influencing 
the carbon emissions are constructed according to IPAT model, Kaya identity and 
STIRPAT theory. Causal effects of factors are revealed in Table 4. In general, factors 
including level of economic development, level of economic openness, research, 
population density and environmental regulation intensity have positive impact on 
reducing carbon emissions in China, while underground economy, industrial level, 
energy consumption and trade level have negative impact on reducing carbon emis-
sions, playing a decisive role in increasing air pollution.

Whether level of economic openness has a positive or a negative impact on 
carbon emission reduction is still debated by scholars. Some of them believe that 

Fig. 5  Regression function fit for order 1, order 2, order 3 and order 4
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FDI promotes the technology of carbon emissions reduction in the host countries, 
thereby reducing effectively their carbon emissions [33, 39]. Jorgenson [23] instead 
found that, in order to attract foreign direct investment, the host countries loosen 
environmental regulations, generating an increase the carbon emissions. In Table 4, 
FDI plays a positive role in reducing the carbon emissions. A variation of a percent-
age unit in FDI can reduce the carbon emissions by almost one percentage unit. This 
means the technology spillover effect caused by FDI is better absorbed by the six 
provinces and municipalities in China and has a certain inhibitory effect on carbon 
emissions.

China’s economic growth has gradually transformed into an intensive mode of 
economic growth. While rising income, demand for durable goods increases, which 
generally increases carbon emissions. With the improvement of the economic devel-
opment level, the extensive economy is gradually decreasing, and the consump-
tion of energy is lower. Therefore, the increase of the GDP level has a significant 
positive impact on carbon emission reduction. Contrary to expectations, population 
density has a positive impact on reducing carbon emissions. The six provinces and 
municipalities including Beijing and Tianjin are densely populated and have a high 
economic development level. So high population density also means a much higher 
economic development level and more attention paid to the reduction of the carbon 
emissions.

In addition, governmental research expenditure and regulation also play an 
important role in reducing carbon emissions. A percentage unit increase of research 
expenditure can reduce the carbon emissions by almost 0.3 percentage units. Tech-
nology progress can effectively reduce the intensity of carbon emissions (Copeland 
and Taylor, 2003). Thanks to China’s development and government intervention 
policy model also environmental regulation can restrain the increase of carbon emis-
sions. A percentage unit increase of government’s environmental regulation inten-
sity can restrain the carbon emissions by almost 0.1 percentage units, demonstrating 
the role that government regulation plays effectively in reducing carbon emissions.

Instead, the increase in the industrial level, i.e. the output of the secondary indus-
try to GDP and the increase of energy consumption inevitably cause a large increase 
in carbon emissions. The secondary industry needs more energy consumption than 
the primary and tertiary industries. The more energy consumes, the more carbon 
emissions produce.

Trade also is one of the reasons for the carbon emission increase. Exports of 
high-carbon-intensive products even increase more carbon emissions in China [27]. 
A percentage unit increase in trade can even cause carbon emissions to increase by 
about 0.4 percentage units.

It is worth pointing out that the role that underground economy plays in terms of 
carbon emissions. A percentage unit increase of underground economy increase the 
carbon emissions by almost 0.8 percentage units, enlightening the importance of the 
underground economic control. As calculated above, China’s underground economy 
scale is relatively large. Underground economy can avoid governmental regulation 
increasing carbon emissions.

The coefficients revealed in Table 4 show that the reduction of energy consump-
tion, the upgrading of the industrial structure and the transformation of the economic 
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development model have the most relevant influence on the carbon emission reduc-
tion. Changing the form of economic development, improving the efficiency of 
energy use and optimizing the industrial structure are still the most effective policies 
which could allow the achievement of carbon emission reduction targets in China.

6  Conclusions and policy suggestions

China has committed itself to reduce its carbon emissions by 40–45% over 2005 
levels by 2020 and to reach the 20% rate of renewable energy in primary energy 
sources by 2030. Chinese government should strive to promote the implementation 
of carbon emission trading system to realize these targets.

In this study the integrated approach based on SCM and RD is proposed as a 
novel framework to conduct policy analyses. In particular the empirical approach is 
applied to analyze the carbon emission trading system in China, to study the case of 
six provinces and municipalities, to present the effect of implementation of policy 
and to investigate the causal factors which ensure the policy persistence effect.

Our findings, in line with the scientific literature in the field [50, 51], indicate that 
CET system has been effective in China, but there are many factors which could influ-
ence its effect henceforth. Results of SCM models analyzed in Sect. 4.2 reveal that 
CET system play a positive role in reducing the carbon emissions and that China has 
obtained important outcomes from CET system implementation. Notwithstanding, 
due to the regional difference, the implementation effect varies in the six provinces 
and municipalities. Recently, Zhang et al. [50] found that provinces in eastern China 
have better-matured carbon emission trading market, therefore, witnessed a significant 
decrease in carbon emission reduction but not in other provinces (middle and west-
ern), suggesting a lack of active carbon trading market. For this reason, regional differ-
ence should be taken into account when implementing the CET system.

A flexible mechanism has great significance for the establishment and development 
of CET system, especially during its initial stage [42]. Flexible mechanisms of CET sys-
tem should be adopted, taking into consideration regional differences, including differ-
ent economic development models and different carbon dioxide emission intensities. For 
instance, the use of carbon offsets with different proportionate limits and different safety 
values, involving ceiling and floor prices, could be recommended as an ideal method.

According to the results discussed in Sect. 5.2, the government should pay atten-
tion to the technological effect of FDI, increase the R&D expenditure related to low-
carbon technology to achieve their own technological innovation and reduce the car-
bon emissions intensity.

Besides, exports of high-carbon-intensive products aggravate the deterioration of 
trade structure. By reducing the proportion of high-carbon emissions exports and 
increasing the proportion of low-carbon emissions exports, stable export growth can 
be adequately maintained without increasing carbon emissions. At the same time, 
the government needs to upgrade the export product structure through policy guid-
ance and to promote the transformation of trade model to environment friendly.

In addition, the government should strive enterprises to meet resource-conserving 
and environment-friendly targets. In order to achieve sustainable economic and social 
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development, the industrial substrate needs to accept the challenge of turning from 
coal-based energy sources to an environment-friendly one. Shen and Peng [36] found 
that the industrial agglomeration exerted an apparent spatial spillover effect due to the 
effects of external economies of scale and scope, but the deterioration of environmental 
quality was not an inevitable outcome of the agglomeration of industry.

The government should promote clean production, gradually change the coal-
based high-consumption and high-pollution energy consumption structure, reduce 
the energy intensity and optimize the energy structure, and promote the substantial 
transformation of economic growth mode. Since the Chinese transport sector is char-
acterized by high energy consumption, implementing reasonable pathways to reduce 
energy intensity of different provinces’ transport sectors are of great significance 
for the sustainable development in China [45]. Most of the existing regional emis-
sion reduction policies are decomposed from the state to the provinces, cities and 
counties. However, the objective existence of inter-regional economic links deter-
mines that more attention should be paid to inter-regional horizontal joint emission 
reduction, in order to avoid carbon leakage caused by the break of production chain. 
Policy modeling and implementation cannot ignore local conditions and contextual 
variables. Because of the differences in economic, geographical, technological and 
environmental conditions in various areas [37], each provincial government should 
formulate a targeted policy according to local conditions, ensuring an economic and 
environmentally sustainable growth in the future.

Investigating the carbon emission outcomes at a provincial level, on one hand 
strengthens the findings from previous studies, but on the other hand, lacks detailed 
information on the sources of carbon emission reduction by sectors and industries. 
This originates the need for further research efforts aiming to examine the share of 
carbon emission reduction by different sectors and to identify the most responsive 
sectors to the carbon emission trading systems.
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