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Abstract
Air quality, especially haze pollution, has become an important issue that threatens the sustainable
development and health of human beings. To study and formulate effective environmental regulations to
control and reduce the concentration of PM2.5 in the air, especially to clarify the effect of the relevant
emission trading system on the emission reduction of air pollutants is a research topic with important
practical significance and theoretical value. Previous studies on the environmental effects of emissions
trading system (ETS) generally focused on carbon emission and their intensity, instead of focusing on the
synergistic governance effects between ETS and PM2.5. Based on the PSM-DID method, this paper selects
PM2.5 damage and other related data from 147 countries in the World Development Index (WDI)
database. This paper examined whether the EU ETS has a spillover effect on PM2.5 damage reduction,
and further discussed the related impact mechanisms and approaches. The research results show that
the EU ETS has promoted the reduction of PM2.5 damage, and at different stages of implementation, the
impact of the EU ETS on the reduction of PM2.5 damage has a dynamic effect. After discussion, it is
found that ETS mainly affects PM2.5 emission reduction through two channels: pollution industry
transfer, industrial structure upgrading and green technology innovation. Finally, this paper gives relevant
policy suggestions, which can encourage companies to achieve carbon emission reduction targets while
helping to reduce PM2.5 emissions, and eventually achieve a win-win situation between economic growth
and environmental improvement.

Introduction
Air pollution has become an important issue that threatens the sustainable development and health of
human beings. As an important component of air pollutants, PM2.5 is the culprit. PM2.5 is also the main
air pollutant that causes haze (Dong et al., 2019a). A research report in the "Environmental Research
Bulletin, 2013" shows that the number of deaths caused by air pollution in the world is about 2.1 million
each year. The main cause of death is the increase in the concentration of suspended particulate matter
such as PM2.5 in the atmosphere, which causes damage to the human lungs .The "Global Environment
Outlook 5" (2012) pointed out that nearly 2 million premature deaths were related to particulate pollution.
The report from the European Union Environment Agency (2016) also pointed out that about 85% of
Europeans are exposed to the harmful environment of PM2.5 particles recognized by the World Health
Organization. Although these fine particles cannot be seen or smelled, they do have devastating effects
on the human body, including causing or aggravating heart disease, asthma and lung cancer (Xu et al.,
2019). Therefore, to study and formulate effective environmental regulations to control and reduce the
concentration of PM2.5 in the air, especially to clarify the effect of the relevant emission trading system on
the emission reduction of air pollutants is a research topic with important practical significance and
theoretical value.
A reasonable ETS program can not only promote the progress of energy saving and emission reduction,
but also an important starting point for collaborative environmental management (such as air pollution)
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(Yan et al., 2020), it can effectively control air pollution and climate change, and accelerate the
effectiveness of environmental and ecological governance (Zhang, 2015; Li et al., 2019). As it is well
known, greenhouse gas and air pollutant arise from the same source, both are mainly caused by the
combustion of coal, oil, and natural gas. Therefore, the actions to reduce CO2 and PM2.5 emissions are
consistent, and the realization of coordinated control of air pollutants and greenhouse gas emissions
also has a realistic basis (Xian et al. al., 2018). In the process of reducing greenhouse gas emissions, the
emission of atmospheric pollutants PM2.5 can be effectively controlled. The resulting environmental
health benefits will offset the emission reduction costs and improve the cost efficiency of the
implementation of ETS (Yang et al ., 2013). Therefore, the establishment of an effective ETS can not only
reduce carbon emissions, but also coordinately curb air pollution and improve air quality. Based on this,
study the impact of the ETS on PM2.5 emission, especially to clarify the differences of the impact in the
three stages of the implementation of the EU ETS, will be an effective supplementary study on the
effectiveness of collaborative governance of the current EU ETS, and will also enrich the research content
and scope of the current ETS.
With the implementation of ETS, its impact has aroused widespread concern in previous studies.
Preliminary research mainly focused on the environmental effects of ETS, such as researches on the role
of ETS in carbon emission reduction (Laing et al., 2014; Muûls et al., 2016; Li et al., 2019). In addition,
scholars continue to study the spillover effects of ETS, such as changes in corporate profits (Smale et al.,
2006), energy prices (Kara et al., 2008), industrial investment (Laing et al. , 2014) and low-carbon
consumption et al. There are also researches that focus on studying the role of ETS in industrial structure
adjustment, such as Zang (2020) based on the PSM-DID method, using EU carbon emission data from
2000 to 2018 to investigate whether the implementation of ETS has spillover effects on the industrial
structure upgrade. However, as PM2.5 governance is an important part of environmental regulation, few
scholars have studied it from the perspective of environmental regulation theory (Lv et al., 2015; Liu et al.,
2020). By combing through the literature on PM2.5, we found that research on PM2.5 at this stage most
focuses on the analysis of the composition of PM2.5, source, hazards, pathogenic mechanism and other
issues. The literature that directly studies the effect of ETS on PM2.5 emission reduction is even rarer.
Only a few scholars such as Yan et al. (2020) have tested the cooperative control effect of the ETS on air
pollution based on the ETS pilot with Chinese characteristics. In view of the shorter implementation time
of the Chinese ETS compared to the EU ETS, its implementation stage is still in the first stage, and the
Chinese ETS has not yet established a nationally unified trading system, which is far behind the EU ETS
in terms of content, coverage and maturity. Therefore, this study takes the EU EST as the core research
subject, in order to obtain more convincing research results, and we believe it will provide more valuable
suggestions for the subsequent system design, implementation and improvement of other related ETS.
In summary, in order to fill the above research gaps, this paper selected PM2.5 damage and other related
data from 147 countries in the World Development Index (WDI) database, based on the PSM-DID method,
we examined whether there is a spillover effect of EU ETS on PM2. 5 damage reduction. The main
contributions of this paper are as follows: 1. In terms of research background, this is the first empirical
study on the effect of the EU ETS pilot on the coordinated control of air pollution, as the previous studies
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mostly focused on the carbon emission reduction and environmental effects of ETS; 2. In terms of
research scope and data collection, most of the research on emissions trading is limited to the provincial
or industry level, and most of the PM2.5 data uses concentration data and lacks total emissions data.
This paper has obtained actual PM2.5 damage data from 147 countries, which is helpful to fully evaluate
and compare the different situations of pilot countries and non-pilot countries before and after the
implementation of the policy; 3. In terms of research methods, this paper accurately evaluates the "net
effect" before and after the implementation of ETS by constructing a PSM-DID model. In particular, we
have clarified the effect of EU ETS on the reduction of PM2.5 damage in the pilot countries, and the
changes in its impact at different implementation stages.

Literature Review
Together with practical advance of ETS, its direct or indirect outcomes continued to be studied. Prior
studies on the outcomes of ETS mainly followed four cues. The first cue is regard to its direct effects on
emission reductions (e.g., Laing et al., 2014; Muûls et al., 2016; Li & Jia, 2016). The second cue focused
on the contingent effect of ETS on economic indicators (Wang, 2012; Hoffmann, 2007; Abrell et al., 2011;
Anger and Oberndorfer, 2008; Zhang and Wei, 2010). The third cue investigated the positive effects on
carbon productivity (Cui et al., 2014; Zhang et al., 2017). Finally, the fourth cue investigated the potential
impacts of ETS on technology innovation (Porter, 1996; Porter and Linde, 1995; Van and Mohnen, 2017;
Cerin, 2006). However, as PM2.5 governance is an important part of environmental regulation, few
scholars have studied it from the perspective of environmental regulation theory, especially the related
research on the relationship between EU ETS and PM2.5 emission reduction, and the research on its
influence mechanism are even rarer (Lv et al., 2015; Liu et al., 2020).
Through combing the current research on PM2.5, we found that current researches mainly focus on the
influencing factors, composition, harm and pathogenic mechanism of PM2.5, the formation of PM2.5
mainly affected by meteorological conditions and human activities. Research such as Shao et al. (2016)
found that although the frequent occurrence of haze pollution is affected by climatic factors to some
extent, the extensive economic development mode, unbalanced industrial structure, low energy efficiency
and low environmental governance efficiency is, the the ultimate influencing factors. Therefore, from the
perspective of socio-economic influencing factors to analyze the causes of haze has gradually become
the mainstream direction. Based on the STIRPAT model, Xu and Lin (2016) found that these factors such
as economic development, urbanization, private car ownership, coal consumption and energy efficiency
have significant differences in the impact of PM2.5 emissions in different regions. Some scholars also
study on PM2.5 emission reduction from the perspective of policy tools, common policy tools include
resource tax (Sancho, 2010), sulfur tax (Xu & Masui, 2009), carbon tax (Allan et al., 2014). While, due to
the lack of specific PM2.5 emission data, the current research is mainly based on PM2.5 concentration
data (Dong et al., 2019b). This leads to the inability to effectively analyze the specific emission reduction
path and impact mechanism of PM2.5, especially the inability to accurately assess its dynamic changes
with the implementation of the policy over time. Which is also an obvious shortcoming of current
research.
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At the same time, a large number of studies have confirmed the synergistic effect of greenhouse gas
emission reduction on air pollution mitigation. Xue et al. (2015) quantitatively evaluated the synergistic
benefits of wind power generation based on the life cycle analysis method. Vennemo (2009) et al.
compared the benefits and costs of three different CO2 emission strategies (including intensity, total
emission, and industry intensity), and concluded that intensity control has the greatest environmental
synergy. In addition, a number of studies have confirmed that greenhouse gas reduction strategies will
improve air pollution and bring public health benefits (Haines et al., 2009; Nemet et al., 2010 Groosman et
al., 2011;). However, the existing studies on the synergistic effects of air pollutants and greenhouse gas
emissions mostly use complex models for simulation analysis, there are too many assumptions and
constraints, and the results of quantitative analysis can only be regarded as predicted values or
theoretical values, without detailed analysis of historical data. At the same time, previous studies on the
environmental effects of ETS generally focused on carbon emission and its intensity, rather than focusing
on the synergistic governance effects between ETS and PM2.5 (Li & Zhang, 2017).
So far, the research on PM2.5 governance from the perspective of environmental regulation theory is still
a gap that needs to be filled urgently, and it is rarely to find studies that use ETS as an explained variable.
Preliminary studies such as Lv et al. (2015) analyzed the dilemma of PM2.5 governance in China based
on the perspective of environmental regulation theory, and gave relevant policy recommendations, they
pointed out that the problem of PM2.5 governance is manifested as weak environmental law
enforcement. Zhang (2017) built a spatial interaction model of urban pollutant emissions, the study
found that although the total amount of pollutant emissions in Chinese cities has been reduced, the
concentration of PM2.5 in the air has not shown a significant decline. He further pointed out that the
magnitude and scope of the impact of current environmental regulations need to be further strengthened,
especially in key industries and related industries. Liu et al. (2020) studied the relationship between
environmental regulations, spatial spillover effects and urban air pollution by constructing a spatial Dubin
model, they identified the effectiveness of air pollution control in the city. It can be seen that the previous
studies are mostly based on the perspective of general environmental regulation to study the effect of
PM2.5 governance. Only a few scholars, such as the latest research by Yan et al. (2020), have studied the
relationship between China’s ETS and air pollution by constructing an empirical model for the first time.
As mentioned above, the implementation time of Chinese ETS is shorter than that of EU ETS, and its
content, coverage and maturity are far less than EU ETS. Moreover, the PM2.5 data used in the study by
Yan et al. are speculative data, not actual emission data. Therefore, based on the historical data of PM2.5
damage in 147 countries of the World Bank, this paper constructs a regression model to quantitatively
analyze the impact of ETS on PM2.5 emission reduction, we believe that more convincing evidence will
be obtained.

Research Design
3.1 Data collection
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This part of the analysis mainly involves objective data such as PM2.5 emission damage and related
economic indicators in various countries, these data come from the World Development Indicators (WDI)
database of the World Bank. The WDI database collects and compiles hundreds of indicator data related
to global development, covering various countries and regions around the world, and the data source is
authoritative and accurate. The economic development indicators of the countries (regions) involved in
this part of the study include: Gross domestic product (GDP), per capita GDP, gross domestic income
(GDI), consumer price index (CPI), the proportion of secondary and tertiary industry output in GDP,
employment status, and airborne fine particulate matter (PM2.5) emissions index. Due to the availability
of WDI data, the time span of panel data studied in this section is from 2000 to 2017. After excluding
countries or regions with missing data, a total of 147 countries and regions are left.
3.2 Research method
This paper uses the difference-in-difference (DID) method based on propensity score matching (PSM) to
study the spillover effects of ETS on environmental pollution damage. DID is a commonly used quasiexperimental method to estimate the causal effects of specific public policies (such as the ETS studied in
this article) (Stuart et al., 2014). Since the implementation of a public policy is usually not affected by the
subject, the implementation of the policy can be regarded as an exogenous "intervention" for the subject,
therefore, the implementation of the policy can also be regarded as a quasi-experiment. The DID method
is to estimate the net effect of policy implementation by comparing the result changes between the
intervention group and the control group before and after the policy implementation. The principle is
shown in Figure 1 below. Therefore, DID analysis can eliminate the estimation bias caused by timevarying factors (Stuart et. al, 2014). However, DID analysis also faces the endogenous problem caused by
sample selection bias, that is, the samples in the control group are usually selected randomly. If the result
trend or sample composition varies over time due to various confounding variables, it will lead to
estimation bias.
The PSM-based DID method can solve the problem of sample selection bias caused by confounding
factors (Caliendo and Kopeinig, 2008). PSM is a counterfactual causal inference method, it uses the
common characteristics of a set of intervention groups and control groups, to match the intervention
group to a similar control group sample as a new control group. This reduces the estimation bias caused
by the confounding factor, and makes the comparison of the DID regression results of the intervention
group and the new control group more reasonable. Therefore, the PSM-based DID method can effectively
estimate the impact of specific policies on related results.
3.3 Variable measurement
1. Dependent variable
The dependent variable of this study is the damage caused by airborne fine particulate matter (PM2.5)
emissions, which referred to as PM2.5 emission damage. Measured by the World Bank's statistical
indicators for PM2.5 emission damage, that is, calculated according to the natural logarithm of PM2.5
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emission damage (priced in US dollars). The World Bank's specific description of PM2.5 emission
damage is "Particulate emissions damage is the damage due to exposure of a country's population to
ambient concentrations of particulates measuring less than 2.5 microns in diameter (PM2.5), ambient
ozone pollution, and indoor concentrations of PM2.5 in households cooking with solid fuels. Damages are
calculated as foregone labor income due to premature death. Estimates of health impacts from the
Global Burden of Disease Study 2016. Data for other years have been extrapolated from trends in
mortality rates".
1. Independent variable
The independent variable of this study is the implementation of the ETS. Refer to the double difference
analysis method, we construct two dummy variables and . Among them, indicates that the sample
country or region belongs to the intervention group or control group. If the i-th country or region joins the
ETS, then the country’s is equal to 1. On the contrary, if the country or region has not joined the ETS, the
country’s is equal to 0. indicates the time dummy variable for the implementation of the ETS. If the ETS is
implemented in year t, in the current year and subsequent years is equal to 1, and in the previous year is
equal to 0. It should be pointed out that since the EU ETS was implemented step by step in three phases
from 2005 to 2017, the specific content of implementation at each stage has gradually deepened, and a
small number of non-EU countries have joined the EU ETS in each implementation stage. Therefore, for
these countries that join in the later stage, their in the early stage is equal to 0, and after joining, their is
correspondingly equal to 1. According to this, the independent variable of the double difference regression
analysis is the cross product of and , namely *.
2. Control variable/covariate
With reference to previous research, this research controls for economic variables related to outcome
variables (Apergis, 2016; Cheng, Li and Liu, 2017; Li and Lin, 2015; Yang et al., 2015). Firstly, the economic
scale and degree of development of a country or region are often closely related to the emission of air
pollutants, which will affect PM2.5 emissions. Therefore, we control the gross national product (GDP), per
capita gross national product (per capita GDP), gross domestic income (GDI), and consumer price index
(CPI) of each country or region. In order to reduce the dimensional influence, the natural logarithm of GDP,
GDP per capita, and GDI is taken. Secondly, the industrial structure level of a country or region is also an
important factor that affects the emission of fine air particles. Therefore, this paper controls the
proportion of the output value of the secondary and tertiary industries in GDP and the employment
situation (measured by the employment rate). Thirdly, it should be pointed out that, consistent with
previous studies, this article also uses these control variables as covariates for the propensity score
matching analysis when analyzing the sample countries.
The following table provides the symbols, definitions, and descriptive statistical analysis results
corresponding to the above variables.
Table 1. Variable symbol definition and descriptive statistical analysis
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Variable name

Variable
symbol

Number of
samples

Mean

Maximum

Minimum

Standard
deviation

GDP

lnGDP

2623

24.49

30.60

19.13

2.15

GDP per capita

lnpergdp

2623

8.36

11.69

4.73

1.61

GDI

lnGDI

2515

27.21

36.83

19.21

3.09

Employment

labour

2646

0.92

0.99

0.63

0.059

Proportion of
secondary industry

service

2394

0.53

0.96

0.05

0.13

Proportion of tertiary
industry

industry

2554

0.29

0.83

0.02

0.15

CPI

CPI

2421

0.976

27.40

0.07

0.63

PM2.5 emission
damage

lnEMD

2536

18.69

24.27

14.10

1.72

3.4 Regression model
The EU ETS is actually implemented step by step in three phases: The first phase is from 2005 to 2007,
during which a total of 25 EU countries joined, mainly implement carbon emissions trading for power
production and energy-intensive industries in these countries. At the same time, all carbon emission
allowances are issued for free; The second phase is from 2008 to 2012. During this phase, Iceland,
Liechtenstein and Norway joined, and related emission requirements were further strengthened, for
example, nitrous oxide emissions are included in the emission reduction target, and the fines for violating
emission regulations have also increased from 40 euros/ton to 100 euros/ton; The third stage is from
2013 to 2020. Based on the previous implementation experience, the emissions trading system has been
adjusted significantly in this stage. The single emission cap within the EU replaces the previous
independent cap system of participating countries, and at the same time, it covers a wider range of
emissions. For example, include CO2 emissions from the aviation industry and perfluorocarbons (PFCs)
from the aluminum production industry into the emissions trading system. It can be seen that different
implementation stages may have significantly different consequences. Therefore, it is necessary to study
the environmental governance effects of the EU ETS on PM2.5 emissions damage according to the
specific conditions of each stage.
Refer to the research of Zang et al. (2020), regarding the environmental governance effects before and
after the implementation of the EU ETS at each stage (ie. PM2.5 emission damage), this part uses double
difference regression, and the regression model is as follows: see formula 1 in the supplemetary files.
In the above formula, represents the outcome variable, that is, the PM2.5 emission damage of each
sample country or region before and after the implementation of the ETS, it is expressed as the natural
logarithm of PM2.5 emission damage (priced in US dollars) and the proportion of PM2.5 emission
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damage to gross national income. As mentioned earlier, is a dummy variable that reflects the
implementation of ETS. , respectively represent the individual fixed effect and time fixed effect of the
country or region. is the control variable mentioned above, including the gross national product (GDP), per
capita gross national product (per capita GDP), gross domestic income (GNI), consumer price index (CPI),
the proportion of the output value of the second/tertiary industry in GDP, and the employment situation.
represents the random interference items.
In addition, in the regression model of each stage, the time range of the sample panel data is the first five
years of the intervention year of this stage to the year before the intervention year of the next stage (Due
to the limitation of WDI data accessibility). Therefore, that is, the time range of the panel data of the first
stage regression is 2000 to 2007, the time range of the panel data of the second stage regression is 2003
to 2012, and the time range of the panel data of the third stage regression is 2008 to 2017 . At the same
time, the intervention group and control group samples added to formula (1) are all samples after
propensity score matching.

Empirical Results And Discussion
4.1 Propensity score matching analysis results
Since it is necessary to perform regression estimates on the governance effects of the EU ETS on PM2.5
emissions damages according to three different stages, and in the three stages, the countries of the
intervention group also changed. Therefore, it is necessary to conduct propensity score matching analysis
for the three stages to obtain the control group samples. K-nearest neighbor matching (K=4) is used here,
and the covariates of propensity score matching are as described in the previous section.
After propensity score matching analysis, the intervention group and control group countries or regions of
the three phases of EU ETS implementation are shown in Table 2. Among them, in the first stage (the
intervention year is 2005), after matching, there are 15 countries in the intervention group and 36
countries or regions in the control group. In the second stage (the intervention year is 2008), after
matching, there are 18 countries in the intervention group and 20 countries or regions in the control group.
In the third stage (the intervention year is 2013), after matching, there are 20 countries in the intervention
group and 25 countries or regions in the control group.
Table 2. Intervention group and control group countries and regions obtained by matching propensity
scores
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Group

Country

Quantity

Intervention
group

Cyprus、Czech Republic、Denmark、Estonia、Greece、Hungary、Latvia、
Lithuania、Malta、Poland、Portugal、Slovak Republic、Slovenia、Spain、
Sweden

15

Control
group

Bulgaria、Croatia、Romania、Albania、Australia、Bahamas, The、Botswana、
Brazil、Brunei Darussalam、Ecuador、El Salvador、Hong Kong SAR, China、
Israel、Japan、Jordan、Korea, Rep.、Liberia、Macao SAR, China、Macedonia,
FYR、Mauritius、Mexico、Montenegro、Morocco、New Zealand、Norway、
Panama、Peru、Saudi Arabia、Singapore、South Africa、Sudan、Switzerland、
Turkey、United States、Uruguay、West Bank and Gaza

36

Intervention
group

Bulgaria、Cyprus、Czech Republic、Estonia、Germany、Greece、Hungary、
Ireland、Latvia、Lithuania、Malta、Poland、Portugal、Romania、Slovak
Republic、Slovenia、Spain、Iceland

18

Control
group

Croatia、Australia、Bahamas, The、Botswana、Brazil、Brunei Darussalam、
Canada、Hong Kong SAR, China、Israel、Liberia、Macao SAR, China、
Montenegro、New Zealand、Saudi Arabia、Singapore、Sudan、Switzerland、
Turkey、United Arab Emirates、United States

20

Intervention
group

Bulgaria、Croatia、Cyprus、Czech Republic、Estonia、France、Germany、
Hungary、Ireland、Italy、Latvia、Lithuania、Malta、Poland、Portugal、Romania、
Slovak Republic、Slovenia、United Kingdom、Iceland

20

Control
group

Albania、Australia、Bahamas, The、Botswana、Brazil、Brunei Darussalam、
Canada、Hong Kong SAR, China、Israel、Japan、Macao SAR, China、
Macedonia, FYR、Montenegro、New Zealand、Oman、Qatar、Serbia、
Singapore、South Africa、Switzerland、Turkey、United Arab Emirates、United
States、Uruguay、Venezuela, RB

25

Phase1
(Year of
intervention:
2005)

Phase 2
(Year of
intervention:
2008)

Phase 3
(Year of
intervention:
2013)

After the propensity scores are matched, it is usually necessary to perform a balance test on the samples
of the intervention group and the control group to ensure that there is no sample selection bias. Dcmald
(1983) pointed out that after matching, the difference between the intervention group and the control
group should be significantly reduced, and the absolute value of the deviation of the sample on each
covariate should not exceed 20. At the same time, the t-test after matching should not be significant (that
is, the p-value corresponding to the t-statistic is greater than 0.05). It can be seen from Table 3 that after
the matching analysis of the three stages, the absolute value of the deviation value of each covariate is
basically less than 20, and the p-values after matching all exceed 0.05, which meets the requirements of
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the balance test. Therefore, after matching, there is no significant difference between the intervention
group and the control group in the three stages, which meets the requirements for further analysis.
Table 3. Balance test results of propensity score matching

Page 11/25

Variable

Un-matched
（U）

Mean

Deviation

Deviation
reduction
rate

T test

Matched（M）

Experimental
group Control
group

lnGDP

U

25.525

23.612

99.5

92.2

M

24.707

24.856

-7.8

-0.18

0.855

lnpergdp

U

9.6890

7.4415

189.3

98.6

M

9.2624

9.2932

-2.6

-0.07

0.941

lnGDI

U

26.269

27.327

-37.6

M

25.887

26.120

-8.3

78.0

-0.20

0.842

labour

U

0.9168

0.9076

16.1

97.1

0.64

0.524

M

0.9046

0.9043

0.5

0.01

0.991

service

U

0.6123

0.5014

119.0

91.1

4.43

0.000

M

0.5960

0.6058

-10.5

-0.23

0.816

industry

U

0.2528

0.2871

-36.9

-1.36

0.176

M

0.2582

0.2527

6.0

83.7

CPI

U

0.8135

0.6466

130.2

M

0.7815

0.8082

-20.8

84.0

-0.66

0.518

lnGDP

U

25.768

23.976

94.0

73.6

4.19

0.000

M

25.096

25.568

-24.8

-0.77

0.448

lnpergdp

U

10.023

7.8014

185.2

95.6

7.68

0.000

M

9.5998

9.5032

8.1

0.27

0.791

lnGDI

U

26.459

27.54

-38.8

-1.64

0.103

M

25.949

26.387

-15.7

59.5

t p>| t |
Phase1 (Year
of
intervention:
2005)

0.15

4.24

0.000

7.22

0.000

-1.50

0.135

0.881
4.86

0.000

Phase2 (Year
of
intervention:
2008)
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-0.56

0.582

labour

U

0.9257

0.9139

23.3

70.8

M

0.9168

0.9134

6.8

0.22

0.826

service

U

0.6039

0.4985

101.4

98.6

M

0.5855

0.5840

1.4

0.04

0.971

industry

U

0.2684

0.2959

-23.9

M

0.2856

0.2729

11.0

53.7

CPI

U

0.8607

0.7510

112.2

M

0.8307

0.8137

17.3

84.5

0.50

0.619

lnGDP

U

26.021

24.521

80.9

88.1

3.66

0.000

M

25.682

25.504

9.6

0.27

0.789

lnpergdp

U

10.266

8.2396

176.5

95.4

7.28

0.000

M

9.9631

10.057

-8.2

-0.39

0.700

lnGDI

U

26.535

27.739

-43.7

-1.88

0.063

M

26.295

26.573

-10.1

76.9

-0.35

0.728

labour

U

0.9110

0.9231

-23.9

74.8

-1.02

0.311

M

0.9065

0.9034

6.0

0.18

0.858

service

U

0.6254

0.4971

112.5

94.1

4.64

0.000

M

0.6135

0.6211

-6.7

-0.19

0.849

industry

U

0.2509

0.3002

-37.8

-1.59

0.114

M

0.2637

0.2650

-0.9

97.5

CPI

U

0.1009

0.1011

-9.6

M

0.1010

0.1009

4.9

49.2

0.30

0.94

0.347

4.10

0.000

-1.01

0.313

0.769
4.84

0.000

Phase3 (Year
of
intervention:
2013)

-0.03

0.978
-0.38

0.46

0.707

0.650

4.2 Double difference regression analysis results
Based on the sample of intervention group and control group obtained by propensity score matching, by
using double differential regression, we analyzed the environmental governance effects of the EU ETS on
PM2.5 emissions damage. This part first conducts an overall regression analysis of the effects of each
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stage, and then analyzes the dynamic effects of each stage. The specific empirical analysis results are as
follows.
4.2.1 Overall regression analysis: emission reduction effect of ETS on PM2.5
The results of double difference regression based on propensity score matching are shown in Table 4.
Models 1, 2, and 3 respectively correspond to the first, second and third stages of the implementation of
the EU ETS. The results of Model 1 show that through the implementation of the first phase of the trading
system, the degree of damage to PM2.5 emissions in EU countries has increased compared to before the
implementation (, <0.01). The results of Model 2 show that the PM2.5 emission damages before and after
the implementation of the second phase trading system are not significant. The results of Model 3 show
that after the implementation of the EU ETS in the third phase, the PM2.5 emission damage of each
member country has been significantly reduced (, <0.01).
Table 4. Double difference regression results
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Phase 1

Phase 2

Model 1

Model 2

Model 3

0.08**

0.007

-0.07**

(2.53)

(0.24)

(-2.24)

lnGDP

0.71*

0.88***

1.59***

(1.81)

(5.25)

(5.04)

0.19

0.08

-0.66**

(0.48)

(0.43)

(-2.17)

0.04

-0.03

0.10

(0.32)

(-0.30)

(0.57)

0.53

-0.31

0.005

(1.00)

(-1.19)

(0.01)

1.05

-1.64***

-1.07

(1.60)

(-3.56)

(-1.29)

0.05

-1.23***

-1.80

(0.07)

(-3.70)

(-1.45)

-0.55***

-0.30***

0.03

(-2.97)

(-3.45)

(1.05)

N

371

352

395

0.915

0.887

0.770

lnpergdp

lnGDI

labour

service

industry

CPI

Phase 3

4.2.2 Robustness analysis: the dynamic effects of ETS on PM2.5 emission reduction
The dynamic effect analysis of double difference regression is to test the changes in the results of policy
implementation over time, which helps to grasp the effect of policy implementation more clearly. Through
the regression analysis of the dynamic effects of the three implementation stages of the EU ETS (see
Table 5), after the implementation of the first phase of the EU ETS (Model 4), the emissions damage of
PM2.5 from 2005 to 2007 showed an upward trend year by year; After the implementation of the second
phase (Model 5), the PM2.5 emission damage only increased significantly in 2008, and then showed a
downward trend (the dynamic effect regression coefficient decreased year by year after 2008, but not
significant); After the implementation of the third phase (Model 6), from 2013 to 2017, PM2.5 emission
damage continued to decrease year by year, and both were significant at the 5% confidence level. In
addition, from the regression coefficient of the dynamic effect in the third stage, it can be found that the
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absolute value of the coefficient is increasing year by year, and the degree of significance also shows an
upward trend. This shows that EU ETS has gradually played a role in reducing PM2.5 damage in the third
stage, and it is more and more conducive to the reduction of PM2.5 damage.
Table 5. Regression analysis results of dynamic effects
Phase 1

Phase 2

Phase 3

Model 4

Model 5

Model 6

0.07**

0.06*

-0.05*

(2.48)

(1.88)

(-1.80)

0.08**

0.05

-0.06*

(2.46)

(1.47)

(-1.95)

0.11**

-0.003

-0.08**

(2.36)

(-0.08)

(-2.00)

-0.05

-0.11**

(-1.21)

(-2.43)

-0.10**

-0.10**

(-2.22)

(-2.02)

Control variables

YES

YES

YES

N

371

352

395

0.916

0.894

0.772

From the results of the above-mentioned holistic analysis and dynamic effect analysis, it can be seen that
the results of the dynamic analysis further support the conclusion of the holistic analysis. Specifically, the
impact of EU ETS on PM2.5 damage did not play its due role in the first stage, and the degree of PM2.5
damage has increased. In the second stage of ETS implementation, it can be seen from the result
analysis that this stage is a transitional stage. Although the regression analysis results are not significant,
the degree of PM2.5 damage still changes from rising to falling. And in the later stage of the
implementation of the second stage, ETS began to exert an inhibitory effect on PM2.5 damage, and it
became significant at the end of the second stage. The third stage is the stage when ETS is fully
functional. No matter from the point of view of significance and regression coefficient, ETS has played a
significant effect on the reduction of PM2.5 damage.
4.2.3 Impact mechanism analysis: further discussion of the analysis results
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By reviewing the specific system design content and actual implementation of the three stages of EU ETS,
combined with previous studies by relevant scholars, we can further explain the above analysis results.
Specifically, the first phase of the EU’s implementation of ETS is the pilot phase, and the EU’s emission
limits are also difficult to determine; At the same time, most of the emission allowances allocated by
member states to market entities are free (about 95%), most allowances (especially those in Eastern
Europe) cannot enter the market, and the allowance prices is fluctuate (Wng, 2009). At the same time, its
initial scope of implementation was limited to large energy-consuming companies and carbon dioxide
emissions, and did not expand to more industrial fields, smaller-scale production companies, and other
types of greenhouse gases. This may be the main reason why the first phase of ETS did not work (Zang
et al., 2020). With the implementation of the second phase, related emission requirements have been
further strengthened, more countries and greenhouse gas emissions have also been included in the
scope, and the degree of punishment has been increased. As a result, it led to a change in the degree of
PM2.5 damage in the second phase. After the accumulation of experience in the first two stages of
implementation, the ETS in the third stage has been greatly improved, and the system has gradually
matured. Therefore, in the third stage, its effect on PM2.5 emission reduction has been most effectively
exerted (Yan et al., 2020).
So what is the possible impact mechanism of ETS on PM2.5 damage reduction? Based on previous
studies, this paper believes that the effect of ETS on PM2.5 reduction is mainly through the following two
ways. 1. Industrial transfer and industrial structure upgrade approach. EU ETS is an effective marketbased environmental regulation, which will follow the "pollution paradise" hypothesis. That is to say, its
implementation will directly affect the industrial transfer of relevant heavy pollution industries, transfer to
other countries or regions with lower environmental requirements, or directly cause the shutdown of
relevant heavy pollution enterprises (Fan et al. 2017; Xuan & Qian, 2020 ). At the same time, related
studies have also confirmed that the implementation of EU ETS will promote the upgrading of the
industrial structure of EU member states, prompt enterprises to increase green total factor productivity,
and thereby reduce polluting gas emissions (Zang et al., 2020; Xian et al., 2018 ; Yang et al., 2013). As
mentioned in the introduction and the review section of this paper, carbon reduction, greenhouse gas
reduction and PM2.5 reduction have a synergistic effect. Therefore, it is necessary to believe that the
transfer of polluting industries and the upgrading of industrial structure will promote the reduction of
PM2.5 damage. 2. Green technology innovation approach. Green technological innovation can be said to
be the essential factor of ETS affecting PM2.5 emission reduction. Previous research has shown that
market-based environmental policy tools have a stronger effect of technological progress (Harrison et al.
2015). Studies from many countries have also proved that environmental regulation will force companies
to further optimize resource allocation, improve energy efficiency and productivity by promoting green
innovation, to promote productivity growth and technological progress by replacing, updating and
upgrading equipment and technologies. For example, studies from the European Union (Jaraite and
Maria, 2012), the United States (Rassier and Earnhart 2015) and China (Wang et al. 2016). The latest
research by Yan et al. (2020) directly proves that green technology innovation has played a completely
intermediary role between ETS and air pollution.
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Conclusions And Policy Implications
To study and formulate effective environmental regulations to control and reduce the concentration of
PM2.5 in the air, especially to clarify the effect of the relevant ETS on the emission reduction of air
pollutants is a research topic with important practical significance and theoretical value. Based on the
PSM-DID method, this paper selects PM2.5 damage and other related data from 147 countries in the
World Development Index (WDI) database. This paper examined whether the EU ETS implementation has
a spillover effect on PM2.5 damage reduction, clarified the ETS impact effect at its different
implementation stages, and further discussed the related impact mechanisms and approaches. The
following research conclusions are obtained:
First, this study found that the degree of PM2.5 damage in countries participating in the EU ETS has
changed from an increase in the first phase to a transition in the second phase then to a significant
reduction in the third phase. Therefore, the EU ETS has an important spillover effect on the reduction of
PM2.5 emission damage in the pilot area. Combined with an in-depth study of the phased
implementation of the EU's ETS, it is found that there is only a relatively strict ETS (Such as covering more
energy-consuming industries, more air emissions, and stricter emission targets, etc.) can really play a role
in reducing PM2.5 emission damage. Otherwise, it will not really effectively reduce PM2.5 emission
damage.
Second, in each stage, the EU ETS has a dynamic effect on the reduction of PM2.5 damage. Looking at it
separately, with the passage of policy implementation time, the effect of the EU ETS on the reduction of
PM2.5 damage has shown a slow increase until it stabilizes. The policy effect also changed from the
weak effect in the first stage to the strong effect in the third stage. Therefore, adhere to the pilot work of
the ETS and further improve and enrich the connotation and scope of the ETS. It also has important
reference value for other countries outside EU, especially for the improvement of air quality in developing
countries.
We can also draw some useful policy implications from these conclusions:
Firstly, the research conclusions of this paper are an effective supplement to the previous researches on
the environmental effects of ETS, indicating that the implementation of EU ETS can not only be used as
an important market-based environmental regulatory tool to improve climate change, but also can
effectively reduce the concentration of smog and maximize the efficiency of coordinated governance of
air pollution. In other words, effective ETS can realize the coordinated management of CO2 emissions
and PM2.5 emissions in the natural environment. Therefore, other countries can follow the
implementation experience of the EU ETS, vigorously promote the exploration and innovation of ETS, and
form a unified national carbon market trading system as soon as possible.
Secondly, other policies and investment on reducing energy consumption intensity, carbon emission
intensity, smog density, and energy saving technologies, can be designed in conjunction with the ETS
system to further expand the effectiveness of collaborative governance. At the same time, it should be
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noted that, in order to avoid possible overlap in management and evaluation between the current energysaving or emission-reduction policies and the emissions trading system, so is necessary to strengthen
overall planning and research, and strengthen the management of the connection between emission
reduction policies and the ETS.
Finally, the prerequisite for environmental regulation to produce economic or environmental effects is the
effective implementation of policy tools. In addition, the effectiveness of the effects of the ETS is also
related to differences in economic characteristics such as resource endowments and regional
development levels in the pilot areas. The flexible application of the “common but differentiated
responsibilities” principle among EU member states can provide a reference for other countries with
uneven domestic development to formulate emission reduction policies. At the same time, the
government should focus on improving the supporting policies and infrastructure for the operation of the
emissions trading market system to fully activate the emissions trading market and give full play to the
governance effects of the policies.
This research still has certain shortcomings. This paper examines the EU ETS policy and its effects from
the national level, however, compared with the country as the main body of PM2.5 emissions, various
industries, especially different types of enterprises, and even different types of lifestyles, should be
directly studied and analyzed, we believe that the conclusion of the analysis will be more objective and
universal. In addition, although this paper discusses the possible ways that ETS affects PM2.5 emission
reduction, due to space and data, this paper does not construct an analysis model for further testing.
When the data is available in the follow-up research, the relevant discussions of this research can be
further explored in order to obtain stronger evidence.
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