Pol. J. Environ. Stud. Vol. 29, No. 5 (2020), 3273-3284

DOI: 10.15244/pjoes/115212

ONLINE PUBLICATION DATE: 2020-03-27

Original Research

How Carbon Trading Reduces China’s Pilot

Emissions: An Exploration Combining
LMDI Decomposition and Synthetic
Control Methods

Xiaoyuan Qi*, Ying Han

School of Business Administration, Northeastern University, Shenyang, China

Received: 22 October 2019
Accepted: 10 December 2019

Abstract

Carbon trading is an effective market emission reduction mechanism. In order to formulate effective
market policy, it is necessary to access a deep understanding of carbon trading policy implementation.
So based on the panel data of 30 regions in China from 2001 to 2016, we investigated the factors of
carbon emissions through LMDI decomposition approach, and then discuss the effect of policy
implementation in eight pilots using synthetic control methods. The main conclusions are as follows:
The distribution tendency of carbon emissions in China is obviously high in the east and low in the west,
and the proportion of these regions’ emissions to the total are respectively around 48.7%, 34.0% and
17.3%. The total carbon emissions effect can be divided into five parts, which respectively are energy
structure, energy intensity, economic development, urbanization and population size. The gap between
real and synthetic carbon emissions in each pilot is enlarged after implementation. The probability of
the real policy effect is 4.35%, which at a 5% significant level refuses the original assumption that
there is no policy effect, and shows that the carbon trading policy can effectively reduce emissions and
achieve the goal of total control.

Keywords: carbon emissions, carbon trading, implementation effect, LMDI decomposition, synthetic
control methods

Introduction costs, weakening political resistance,

Compared with the means of administrative order
control, the mechanism of market-oriented emission
reduction has the advantages of saving transaction

*e-mail: xiaoyuanqi_neu@]163.com

technical innovation and mobilizing the enthusiasm
of economic subjects [1-4]. The focus of the debate
on market-oriented emission reduction mechanisms is
on which is more effective between price control and
quantity control [5, 6]. In theory, they are equivalent
under deterministic conditions [7]. But in practice,
uncertainty and market defects make them significantly
different [8, 9]. As an effective quantitative control tool,
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emission trading has its long-term advantages gradually
highlighted in environmental governance [10, 11]. The
essence of emission trading is to take pollution as a
negative external problem, and then achieve emission
abatement through the internalization of external costs.
Recently, carbon trading is one of the mainstream
flexible mechanisms in global climate governance, and
it can achieve effective emission reduction at a lower
cost.

As the largest carbon emitter in the world, China has
carried out pilot carbon trading in Beijing, Shanghai,
Guangdong, Shenzhen, Tianjin, Hubei, Chongqing and
Fujian, while launching the national unified carbon
market at the end of 2017. China's carbon market is
expected to become the world's largest carbon market,
surpassing the EU ETS. China clearly presents the goal
that “carbon intensity will be reduced by 40-45% by
2020 and 60-65% by 2030”. China has already achieved
the 2020 goal, and it is of great significance to achieve
the 2030 goal in order to build a perfect and unified
carbon market. Therefore, it is necessary to investigate
the policy implementation of carbon trading in the
operation of the pilots, which is of great significance
to formulate a perfect national unified carbon market
mechanism.

In fact, the most direct measurement of carbon
reduction is carbon emissions, and the factors of carbon
emissions can become the actual transmission path
of emissions. As for the factors of carbon emissions,
different scholars refer to different factors, such as
energy consumption, energy structure and economic
development [12]. The methods adopted by scholars
mainly focus on the structural decomposition method
[13-17], the exponential decomposition method [18-20]
and the self-set measurement model. In this paper, the
LMDI exponential decomposition method is mainly
used to decompose the main driving factors of carbon
emissions due to the advantages of LMDI, which can not
only completely decompose the object, but also cannot
be disturbed by the remaining problems. Moreover, it
can handle the problem of zero and negative values in
the data while being applicable to the analysis of most
cases.

Literature mainly discusses the effect of carbon
trading policy implementation from a macro
perspective. The application of methods to evaluate
the implementation of carbon trading mainly includes
the situation analysis method, CGE model, DEA
method, difference-in-difference (DID) method and a
combination method of PSM and DID. More and more
scholars have evaluated the policy effect of carbon
trading based on the computable general equilibrium
method, and believe that the application and promotion
of the carbon-trading market can effectively reduce
regional carbon emissions, promote regional economic
development and reduce costs of carbon abatement
[21-25]. In recent years, with the development of
experimental economics, research on the effect of policy
implementation by using quasi-natural experiments has

emerged and has been used in carbon trading policy [26-
29]. The DID method needs to meet the four hypotheses,
including the common trend hypothesis, the common
interval hypothesis, the exogenous hypothesis and the
non-interactive effect hypothesis. Only in this case can
this method effectively identify the policy intervention
effect. The common trend hypothesis is the key of DID.
It is a semi-parameter identification strategy because of
its functional dependence, so it is subjective. This paper
studies the effect of carbon market policy by using
the synthetic control method (SCM) from the macro
perspective. SCM, as an effective and objective policy
evaluation tool, can carry out the anti-fact structure to
the experimental group by giving the optimal weight
of the control group. After the policy intervention, the
difference between the experimental group and the
control group is the effect of the policy intervention.
This approach can make up for the deficiency of DID.
And there is no literature currently to evaluate the
implementation of carbon trading in China using the
method combining LMDI and SCM, which not only
investigates the implementation of carbon trading
objectively, but also completely decomposes the carbon
emissions.

Therefore, this paper actually proposes a more
systematic research framework as follows. Based on
the panel data of energy consumption in 30 regions
of China, this paper first measures carbon emissions
in each region, and then decomposes driving factors
of carbon emissions using the LMDI method. Finally,
the inverse facts are simulated by SCM using the
decomposed driving factors, and the counter-fact
of the pilot carbon market experimental group is
synthesized by using the weight of the control group.
So it can judge the implementation effect of carbon
market policy and provide empirical support for the
formulation of more effective carbon market policy in
the future.

Methodology and Data
Variable Selection and Data Source

Energy consumption: The main source of carbon
emissions is fossil energy consumption, so it uses
energy consumption in regions. Data is from the China
Energy Statistics Yearbook.

Carbon emissions: Carbon emissions are calculated
by the following step. First deduct industrial use as raw
materials, and thermal power processing conversion
and thermal energy processing conversion from various
energy consumption, and then multiplied by carbon
emission coefficients. Data is from the China Energy
Statistics Yearbook and the IPCC National Greenhouse
Gas Inventory Guide.

Energy structure: Given that coal is still the main
fossil fuel for energy consumption, a proportion of coal
consumption is used to indicate the energy structure.
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Table 1. Descriptive statistics for variables.
Vairable Obs Mean Std.Dev. Min Max
Energy intensity 480 0.0001135 0.0002302 0 0.0020338
Economic development 480 17255.95 9554.967 5267.42 57691.7
Urbanization 480 0.8667246 0.2635148 0.1052559 1.732696
Population size 480 433.052 2612.268 523.1 10999
Energy structure 480 0.3256745 0.1444853 0 0.9441753
Co, 480 24968.7 68764.83 0 1434350
The higher the proportion of coal consumption, the Model

greater the carbon emissions, the more unfavorable to
control emissions. And the data are derived from the
China Energy Statistics Yearbook.

Energy intensity: the ratio of energy consumption to
economic development of the region. Energy intensity,
as a common index of energy comprehensive utilization
efficiency, not only reflects the economic and technical
efficiency of energy utilization, but also can be used to
compare the dependence of economic development on
energy in different regions. Reducing energy intensity
in the production process is the core goal of effectively
controlling carbon emissions [30]. It uses the proportion
of energy consumption to the disposable income of the
population to indicate energy intensity. Data is derived
from the China Energy Statistics Yearbook and the
China Household Survey Yearbook.

Economic development: The relationship between
economic development and carbon emissions has long
been the focus of scholars’ attention, which is mainly
discussed regarding the existence, shape and inflection
point of the environmental Kuznets curve [31-33]. So
economic development is an important driving factor of
carbon emissions. This paper uses per capita disposable
income to indicate the level of economic development,
and the data comes from the China Household Survey
Yearbook.

Urbanization rate: a common index of urbanization
level. China’s urbanization mode has changed from
the previous rapid but inefficient mode to the high-
quality mode whose services and free markets play
a greater role [34]. The promotion of urbanization
is very important to effectively control emissions.
This paper uses the proportion of urban population to
the total population at the end of the year to indicate
urbanization, and the data comes from the China Urban
Statistical Yearbook.

Population size: Carbon emissions from human
activities that exceed environmental carrying capacity
are the direct causes of global warming and climate
change. So population size is an important factor of
carbon emissions. The total population of the region
is used as a measure of population size, and the data
comes from the China Statistical Yearbook.

More details about the descriptive statistics for
variables can be seen in Table 1.

A Model for Calculating Carbon Emissions

In this paper, The 20061PCC Guidelines for National
Greenhouse Gas inventories prepared by the United
Nations Intergovernmental Panel on Climate Change
(IPCC) are used to estimate carbon emissions according
to the amount of fuel burned and the default emission
factors. Due to the incomplete data in Tibet, it selects
the relevant energy consumption data of 30 regions in
China from 2001 to 2016 to estimate carbon emissions.
Carbon emissions are the product of all kinds of energy
consumption and energy carbon emission coefficient.
The specific estimation methods are as follows:

Co, = Z Co,, = Z EC,-NCV,-CEF, n

CEF, = CC,-COF, -(44/12) o)

...where CO, is the total amount of carbon emissions.
i is a variety of energy fuels, i = 1,..,8, and they
represent eight kinds of energy fuels, respectively:
coal, coke, crude oil, gasoline, kerosene, diesel oil, fuel
oil and natural gas. EC, represents a variety of energy
consumption. In order to avoid double calculation, it
uses the energy balance table of 30 regions from 2001
to 2016 to eliminate the input, loss in the process of
energy and conversion as well as the part of industrial
production used as raw materials and materials in each
region year by year. Finally, the net energy consumption
of each region is obtained. NCVis average low calorific
value of various sources of energy. CEF, is carbon
emission coefficients of various sources of energy. CC,
is the carbon content of the unit heat value of various
energy. COF, is carbon oxidation factor or carbon
oxidation rate of various energy. (44/12) is the molecular
weight ratio of carbon dioxide to carbon. The specific
reference values are shown in Table 2.

Decomposition Model of Influencing Factors
of Carbon Emission

According to Briannlund et al. [35], the basic
decomposition model is as follows:
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Table 2. Coefficient of carbon emissions from various of energies.
Energy categories Raw Coke erde Gasoline Fu.el Natural D1e.sel Kerosene
coal oil oil gas oil
Average low fever (KJ/kg) 20908 | 28435 | 41816 43070 | 41816 | 38931 42652 43070
Standard coal measures (kgce/kg) 0.7143 10.9714| 1.4286 | 1.4714 | 1.4286 1.33 1.4571 | 14714
Carbon content per unit calorific value 2637 | 295 | 201 | 189 | 211 | 153 | 202 | 195
(ton carbon / TJ)
Carbon oxidation rate 0.94 0.93 0.98 0.98 0.98 0.99 0.98 0.98
Carbon dioxide emission coefficient (kg-CO,/kg) | 1.9003 |2.8604 | 3.0202 | 2.9251 |3.1705| 2.1622 | 3.0959 | 3.0179

Source: data from China Energy Statistics Yearbook, IPCC National greenhouse Gas inventory guidelines
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...where i = 1,2,...,30, respectively indicating the regions in the
sample. j = 1, ...,8 respectively represent eight kinds of energy
sources, including coal, coke, crude oil, gasoline, kerosene,
diesel oil, fuel oil, and natural gas. DC, represents carbon
emissions from the consumption of category j energy in area
i. DE, represents the amount of j energy consumption in area
I DEl. represents regional energy consumption; L,- represents
regional disposable income; R, represents the number of
urban population at the end of the year; P, represents the total
population of the region at the end of the year.

Order:
DC, DE . DE. L. R,
F/: U;S/_/: U;PE[: ’;M[:J;Hizi’
' DE,”"" " DE, L, R, P

The underlying model can be represented as:

DC, =) F,-S;-PE,-M,-H,-P,
/ “)

In the formula, F represents the carbon emission
coefficient of energy, and it is usually taken as a
constant. So in the process of decomposition, the
contribution value of F, is always 0, and the contribution
rate is always 1, which cannot be used as a factor for
evaluation. S,-,- indicates the proportion of type j energy
consumption in area i to its total energy consumption,
that is, energy structure. PE, represents the amount of
energy spent on the purchase of disposable income by
the residents of region i, that is, energy intensity. M,
represents regional per capita disposable income, that
is, economic development. H, indicates the proportion
of urban population to the total population at the end of
the year, that is, urbanization rate. P, expresses the total
population at the end of the region i, that is, population
size. Other symbols have the same meaning as formula
3.

According to the need of this paper, the form
of additive decomposition is adopted in the LMDI
decomposition method. And the model can be expressed
as follows:

ADC, = ADCS” +ADC,; +ADC), +ADC, +ADC,

ADC, S,
=i (lpk
A(nDC) = S

it it it

B,
+In—=)

Fa )

+In +1n +In
PE

7.0 00 i0 i0
Evaluation Model of Carbon Trading Policy
Implementation Effect

In this paper, a new policy evaluation method
— synthetic control — is proposed by Abadie and
Gardeazabal [36] and Abadie et al. [37], which is
applied in evaluating the effectiveness of the pilot
carbon market in China.

The basic idea of the synthetic control method is as
follows. Although any individual in the control group is
not similar to the intervention group, a synthetic control
group is constructed by giving an individual weight
to each control group and a synthetic control group is
constructed after weighted average. The behavior of the
synthetic control group is very similar to that before
the policy intervention in the intervention group, so it
is expected that if there is no policy intervention in the
treatment group, the behavior of the intervention group
will still be very similar to that of the synthetic control
group. That is to say, the ex post factor results of the
synthetic control group can be used as the counter
factual results of the individuals in the intervention
group, and the difference between the treatment group
and the synthetic control group is the influence of
policy intervention.

Unlike the DID approach, there is only one
individual in the treatment group in SCM, usually a city,
region or country. The causal effect for an individual is
shown in formula (6).

ejj’” =Ylit_Y0ir’ izl,...,N+1, tzl,...,T (6)

Assume that area 1 is subject to policy intervention
after phase T,. i means the number of areas. ¢ indicates
time. eff, represents the policy effect of region i in
period ¢, that is, the individual causality effect. Y,
indicates the potential outcome of the individual i's
acceptance of policy intervention at the ¢ period. Y,
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represents the potential outcome of an individual
who is not subject to policy intervention during period
t. In addition, the intervention state of individual i in
period ¢ is represented by D, , where D, = 1 is subject to
policy intervention during period ¢ for an individual i,
otherwise takes 0. And it is shown in formula (7).

1 i=11>T,
D, =
0, other )

Then the observation results of individual i in period
t can be expressed in formula (8).

Y =D

it it =it

Y, +(1=-D)Y, =Y, +effy, D, (3)

The evaluated effect of the target policy is as
follows.

eff, - llt 011 Y;t _K)lt

...where Y, can be represented by the following factor
model, as shown in formula (9):

Y, =0,+0Z +Au+¢,, i=1..N+1, T=1..T

©

...where the first term ¢, represents the time fixed effect,
and 0 Z represents the observable vector, which is not
affected by policy intervention and does not change with
time. Au, denotes the unobservable “interactive fixed
effect”, that is, the product of individual fixed effect and
time fixed effect [38]. ¢, denotes random disturbance
term, and other variables have the same meaning as
above.

The selection of weight W is the key to SCM.
Then consider the N*1 dimension weight vector
W = (w,,....w,,,), which needs to satisfy wj=0, j = 2,..,N+1,
and w,,...w, = 1. Each specific weight matrix vector
W represents a specific synthesis control, and for the W,
SCM shown in formula (10):

N+ N+l N+l N+l
2 wY, =0, +62w Z,+2 ZW M+ E,
=2 (10)
Suppose there exists a weight W = (w",,...w", ), so
that formula (11) is shown as follows:
N+1 N N+1 N N+1 N+1 N
PITRSTED WAAESIN AR R
=2 = =
(11)

T

If 2:4 ©"n is not strange, there exists a relationship
in formula (12):
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N+l N+l T ! )
Olr z ] Jt ZW Zﬂ“ z ﬂ’y(gjy _gl.v)
" (12)
Synthetic control ~weight W = (W',.w" )
minimizes the following distance:
X, = X | = X, X V(X, - X )
M
= \/zvm(le _XOmW)2
m=1 (13)

...where v is a symmetric positive definite matrix of
M*M, which is usually a diagonal matrix. Diagonal
element v , m = 1,..,M, is a weight, which reflects the
relative importance in the difference of covariables
between the intervention group and the control group.
X, is the m covariate of individual j. The selection of
v,...,v, reflects the prediction capability of the covariates,
and the matrix V" that minimizes the prior mean square
prediction error (MSPE) can be selected, that is, select
V' to minimize equation (14), thereby determining the
weight matrix W,
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Fig. 1. Estimation of carbon emissions in sub-regions from 2001
to 2016.
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Fig. 2. Carbon emissions from the sub-regions of eastern, central
and western China.
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Results and Discussion

Results and Analysis of Carbon Emission
Measurement

The results of carbon emissions are shown in
Fig. 1. The comparative results of carbon emissions

in the eastern, central and western parts of China are
shown in Fig. 2.

As seen in Fig. 1, carbon emissions show a gradual
increasing trend, and after 2011 the carbon emissions
have a significant downward trend, which may be caused
by the effective implementation of the government's
policies on emission reduction control. With the
development of the economy, energy consumption is
still dominated by fossil fuel, and carbon emissions
still show an overall upward trend. In Fig. 2, the overall
trend of carbon emissions from the perspective of east
to west shows that the eastern carbon emissions are

Table 3. Comparison of the trend of carbon emissions and their influencing factors in each region

Regions Carbon emission | Energy intensity df:;ﬂ;ﬁ; ¢ Urbanization People scale Energy structure
Beijing Rise and then fall fall rise Fall and then rise | Rise and then fall fall
Tianjin Rise and then fall fall rise Fall and then rise rise Fall and then rise
Hebei Rise and then fall | Rise and then fall rise rise rise fall
Shanxi Rise and then fall fall rise Rise and then fall rise Rise and then fall
Neimenggu | Rise and then fall rise rise Rise and then fall rise Fall and then rise
Liaoning Rise and then fall | Rise and then fall rise rise Rise and then fall | Fall and then rise
Jilin Rise and then fall fall rise Rise and then fall rise Fall and then rise
Heilongjiang rise Rise and then fall rise rise Rise and then fall rise
Shanghai Rise and then fall | Rise and then fall | Fall and then rise fall rise Rise and then fall
Jianhsu Rise and then fall | Rise and then fall rise Fall and then rise | Fall and then rise fall
Zhejiang Rise and then fall | Rise and then fall rise fall rise Rise and then fall
Anhui rise fall rise Rise and then fall | Fall and then rise | Rise and then fall
Fujan Rise and then fall fall rise rise rise Rise and then fall
Jiangxi rise fall rise rise rise Rise and then fall
Shandong rise Rise and then fall rise Fall and then rise rise fall
Henan Rise and then fall | Rise and then fall rise rise fall fall
Hubei Rise and then fall fall fall rise rise Rise and then fall
Hunan rise Rise and then fall rise Rise and then fall | Fall and then rise | Rise and then fall
Guangdong | Rise and then fall | Rise and then fall rise fall rise rise
Guangxi Rise and then fall | Rise and then fall rise rise Fall and then rise | Rise and then fall
Hainan Rise and then fall fall rise rise rise Fall and then rise
Chongqing | Rise and then fall | Rise and then fall rise Rise and then fall rise fall
Sichuan Rise and then fall fall rise rise fall fall
Guizhou Rise and then fall | Rise and then fall rise rise fall Rise and then fall
Yunnan Rise and then fall fall rise rise rise Rise and then fall
Shan’xi rise Rise and then fall rise rise rise Rise and then fall
Gansu Rise and then fall | Rise and then fall | Fall and then rise rise Fall and then rise fall
Qinghai rise Rise and then fall rise rise rise fall
Ningxia rise fall rise Rise and then fall rise rise
Xinjiang rise fall rise rise rise Fall and then rise
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higher than the central, and the western is the lowest.
Their proportion of carbon emissions in the regions
to the total are respectively around 48.7%, 34.0% and
17.3%. The reason for increasing carbon emissions
in central and western China year by year lies in the
fact that the policies for promoting the development of
the western regions and the rise of the central regions
stimulate regional economic growth, which brings
about an increase of carbon emissions at the same time.
From the perspective of industrial transfer, the eastern
regions first develop, and the policy in the eastern
regions may lead to some high-emission industries
transfer to the central and western regions, which may
promote the economic development of the central and
western regions. And then the central and western
regions may become the "pollution of heaven". In order
to avoid them becoming the "pollution paradise" and
promote the high quality development of China, it is
urgent to analyze the key factors of carbon emissions.

Decomposition Results and Analysis of Carbon
Emission Factors in Different Regions

According to the above setting of LMDI
decomposition model, taking 2003 as the base period,

Table 4. Weight determination of each synthetic pilot region.

the total effect of carbon emissions can be decomposed
into energy intensity, economic development,
urbanization, population size and energy structure.
The comparative results of carbon emissions and
their influencing factors in each region are shown in
Table 3, according to which, compared with the base
period, most of the total effects of carbon emissions
in each region are increasing year by year, and the
contribution of energy intensity effect and economic
development effect to regional carbon emissions is
relatively obvious, followed by energy structure effect,
population size effect and urbanization effect. The
increasing state of the total effect reflects that the
effect of current carbon emission control is still much
higher than that in the base period. It also indicates
that the local government has taken better measures to
reduce carbon emissions, which have been effectively
controlled.

Evaluation Results and Analysis of Carbon Market
Policy Implementation

SCM proposed by Abadie et al. (2003 and 2010)
are used to estimate the policy effect. The pilots are
eliminated in the same period, and other regions without

Weight Syn@etic Syntheti(f Synthetic Sypth?tic Synthet.ic Synthet}c Synt'l}etic
Beijing Shanghai Guangdong Tianjin Hubei Chongqing Fujian
Yunnan 0 0 0 0 0 0.109 0
Neimenggu 0 0 0 0 0 0 0
Jilin 0 0 0 0 0 0 0.207
Sichuan 0 0 0418 0 0.119 0 0.31
Ningxia 0 0 0 0 0 0 0.385
Anhui 0 0 0 0 0.327 0.155 0
Shandong 0 0 0.101 0 0 0 0
Shanxi 0 0.251 0 0 0.086 0 0.071
Guangxi 0 0 0 0 0 0 0
Xinjiang 0 0 0 0 0 0 0
Jiangsu 0 0 0.481 0 0 0 0
Jiangxi 0 0 0 0 0 0 0.002
Hebei 0 0 0 0 0.002 0 0
Henan 0 0 0 0 0.098 0 0
Zhejiang 0.202 0.217 0 0.125 0 0.076 0
Hainan 0 0 0 0 0.064 0 0.022
Hunan 0 0 0 0 0 0 0
Gansu 0.039 0 0 0.473 0 0 0
Guizhou 0 0 0 0 0 0 0
Liaoning 0 0 0 0 0.304 0 0
Shan’xi 0 0 0 0 0 0.085 0.003
Qinghai 0.759 0.532 0 0.297 0 0.575 0
Heilongjiang 0 0 0 0.105 0 0 0
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Fig. 3. Real Beijing and synthetic Beijing carbon emissions.
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Fig. 5. Real Guangdong and synthetic Guangdong carbon
emissions.

carbon trading are used as the control group areas. The
control group is used to fit the anti-factual state of
carbon trading in pilots, and then the carbon emissions
in pilots are compared with those in real pilots so as to
obtain the emission reduction effect in pilots. Shenzhen
belongs to Guangdong Province, which cannot peel
away from Guangdong, so consider them together. The
key to SCM is to determine the specific weight of the
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Fig. 6. Real Tianjin and synthetic Tianjin carbon emissions.
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Fig. 7. Real Hubei and synthetic Hubei carbon emissions.

CO,

T T T T
2000 2005 2010 2015
y

Chongging ———-—- synthetic Chongging ‘

Fig. 8. Real Chongqing and synthetic Chongqing carbon
emissions.

control group, and the results are shown in Table 4. The
real and synthetic indicators in each pilot are shown in
Table 5.

Using the carbon emission drivers decomposed by
LMDI and the carbon emissions in 2001, 2005, 2009 and
2012 as explanatory variables of the synthetic control
model, it draws the estimated results of the real pilots
and the synthetic pilots. Table 5 shows the comparison
between the real pilots and the synthetic pilots. 2013 as
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Fujian ————- synthetic Fujian ‘

the policy implementation year, its real and synthetic
indicators are better in fitting effect, which can be a
better counter-factual state after the synthesis. The
policy effect of each pilot can be intuitively expressed by
Figs 3-9, which show 2013 as the policy implementation
year, which better fits the synthetic pilots before
the implementation of the overall effect of carbon
emissions. It indicates that SCM can better replicate the
growth path of carbon emissions in pilots. The amount
of synthetic control after the implementation of the
policy is higher than the real carbon emissions, and the
difference is gradually becoming larger. The difference
is the effect of emission reduction, and the pilots have
an obvious emission reduction effect, which indicates
that carbon emissions have been generally reduced after
the implementing the carbon trading policy in Beijing,
Tianjin, Guangdong, Hubei, Chongqing and Fujian.

Placebo Test

From the results in the previous section, we
concluded that the policy effect of China’s pilot carbon
trading policy is significant. Fig. 10 takes Guangdong
(Shenzhen) as an example to carry out the corresponding

1000000 1500000
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500000
L
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I

500000

T T T T
2000 2005 2010 2015
years

Fig. 10. Placebo test of carbon trading policy effect (taking
Guangdong as an example).

significance test, in which the black solid line is the
policy effect of the pilot carbon market in Guangdong,
and the other light-colored lines are the pseudo-policy
effects obtained by the pseudo-intervention individuals
in other 22 regions. If the original assumption that the
carbon trading policy has no impact on the carbon
emissions in pilots is valid, the estimated policy effect
path should be more likely to appear. But in Fig. 10,
the black solid line is in the more extreme part of all
the path distributions, and only one region is under
the black solid line. So in the absence of the original
assumption, the probability of the real policy effect
should be 1/23, that is, 4.35%, which is significant at the
significance level of 5% and it can reject the original
assumption that there is no policy effect. In this paper,
the screening conditions selected in the placebo test are
as follows. The mean square prediction error (MSPE)
before intervention is less than twice as much as the
MSPE in the treatment area. The placebo test results
of carbon trading policy in Guangdong (Shenzhen) are
shown in Fig. 10, and the placebo test results in other
pilots are omitted here.

Conclusions

Conclusions can be drawn as follows. Firstly, carbon
emissions in China show an increasing trend year by
year, and there is obviously a state of high in the east
and low in the west. As the largest carbon emitter in the
world, energy consumption in China is still dominated
by coal, which is bound to lead to an increase in carbon
emissions year by year. China's development strategy
is “to take the lead in developing the eastern region,
to promote the large-scale development of the western
region as a whole, to revitalize the northeast in an all-
around way and to rise in the central region”. Therefore,
in the developed regions energy consumption is
relatively large and its population density is high, which
makes the carbon emissions in the eastern regions
larger than those in the central or western regions. With
the development of national strategy, inter-regional
economic coordination and the promotion of low-carbon
concepts, the growth rate of carbon emissions will
slow down, while the difference of carbon emissions
among regions will be gradually reduced. Secondly, the
driving factors of carbon emissions in this paper are
mainly energy structure, energy intensity, economic
development, urbanization and population size.
They have great contributions on carbon emissions.
Driving economic development, promoting technical
progress, reducing energy intensity, accelerating the
process of urbanization and giving full play to the
advantages of population size are very important for
low-carbon development in regions. Thirdly, after
China implementing the pilot carbon market policy, the
carbon emissions in pilots generally show a downward
trend, which indicates that the policy of carbon trading
is effective. And it is of great significance for carbon
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abatement to establish and improve the perfect national
unified carbon market in China. In order to perfect the
national unified carbon market we can fully consider the
regional characteristics and factors of carbon emissions
to formulate regional carbon trading policy.

Recommendations are as follows. Firstly, it should
speed up the coordinated development among regions,
and consider the effective control while paying attention
to economic development. It can give full play to
the advantages of the regions, promote the emission
reduction of backward areas from the advanced areas,
form a benign situation of economic development and
ecological security, and avoid the old road of "pollution
first and then controlling". Secondly, the key to
effective governance of carbon abatement is to clear the
important drivers of carbon emissions in these regions.
There are obvious individual characteristics in different
parts of China, so the contributions of the factors to
carbon emissions in different regions is different under
the complete decomposition of LMDI. It is necessary
for the local government to provide specific emission
reduction rules on the basis of the overall reduction
strategy of the central government so as to achieve the
goal of global climate temperature control. Thirdly,
in the process of popularizing the carbon market, it
can improve carbon trading mechanisms according to
the developing characteristics and emission reduction
policies in each region. It is necessary to make full
use of carbon trading to realize the effective control of
emissions, which is a method for low transaction cost
and high emission reduction efficiency.
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