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Evaluation of the carbon trading strategy is of great importance to
improve the policy design to reduce carbon emissions and mitigate
climate change. To significantly eliminate estimation bias, we
employed a Difference in Difference in Difference model (DDD) to
evaluate the emission reduction effect of carbon trading policy and
conducted heterogeneity analysis and impact channel discussion, on
the back of three-dimensional data from 15 industrial sectors in
China’s 30 provinces from 1999 to 2019. The results show that the
emission trading scheme (ETS) has a significant across-the-board
impact on emission reduction, yet regional and industry
heterogeneity is unmistakably visible. The channel analysis indicates
that the effects are mostly attained through lowering overall energy
consumption and increasing energy efficiency. Nevertheless, there is

no change in the energy structure.
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l. Introduction

Taking current environmental degradation into account, we can’t keep a blind
eye to the reality of the greenhouse effect, after all, it exerts a massive impact on
the economic and social development. To address this problem, several
governments have implemented a deluge of policies to reduce carbon emissions,
including administrative regulations and laws (the EU Climate Act), market
economy policies (carbon tariffs), and social engagement policies (promoting
energy conservation). The Emission Trading Scheme (ETS), a market-based effort
turns out to be a crucial tool in reducing carbon emissions worldwide. It is
conducive to the effectiveness of emission reduction, cost-effectiveness, political
acceptability, incentives for low-carbon energy and technology, and coordination
with other global integration systems (Fu et al. 2022; Long et al. 2022; Hua, Cheng,
and Wang 2011; Godal, Ermoliev, and Klaassen, n.d.). On top of the Kyoto
Protocol, the global carbon market with the EU emission trading scheme (EU ETS)
as its representative claims currently the world's oldest and largest carbon market
(Guoetal. 2020; L. Liu et al. 2015). At present, 25 carbon markets are in operation
throughout the world, such as the New Zealand emissions trading system (NZ ETS)
in Asia & Pacific(Rontard and Reyes Hernandez 2022) and the Regional
Greenhouse Gas Initiative (RGGI) in Northern America (M.-K. Kim and Kim
2016).

China, the largest carbon emitter, has also been committed to addressing
climate change in the long run and has implemented a suite of measures to reduce
greenhouse gas (GHG) emission, such as the approval of the Clean Development
Mechanism (CDM) and introduction of the concept of carbon trading in 2004. The
year 2013 saw China officially launch the ETS, covering seven regions (Beijing,
Shanghai, Tianjin, Chongqging, Guangdong, Shenzhen, and Hubei). The
establishment of Fujian's carbon market in 2016 makes the province into China's



eighth pilot for carbon emission pricing. For each region, the industries covered by

China ETS are different. Fig 1 depicts the scope of the ETS policy in China.
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FIGURE 1. THE ETS PILOTS IN CHINA

In terms of ETS policy, a considerable amount of literature published makes
two major issues the centerpiece - the design of the ETS policy and the evaluation
of its economic and environmental effects. The previous study of the design of the
ETS mainly put emphasis on allowance allocation(Goulder, Hafstead, and
Dworsky 2010; Burtraw et al. 2001; Neuhoff, Martinez, and Sato 2006; L&fgren et
al. 2018), cap setting(Stavins 2008a; 2008b), carbon prices(Ackerman and Stanton
2012; Arlinghaus 2015; Kirat and Ahamada 2011), and enforcement of
compliance(Hovi and Holtsmark 2006). Especially, emission allowance prices vary
significantly with the sector specific price elasticity of allowance demand, and
further produce a rippling effect on the holistic emission reduction effect of
society(Link et al. 2012).

Carbon markets can help decrease emissions despite low prices(Haites 2018;
Bayer and Aklin 2020). Also, other researchers argued that in order to maintain the
effectiveness of the carbon market, the allowance should be distributed at a higher
price(L&rgren et al. 2018). The second most studied field is the evaluation of the



ETS policy. Several studies have shown that the ETS has effectively reduced
emissions both at the enterprise and industry levels(Kirat and Ahamada 2011; Link
et al. 2012; Haites 2018; Bayer and Aklin 2020; Klemetsen, Rosendahl, and
Jakobsen 2016; Clarkson et al. 2015; Dechezlepré&re, Nachtigall, and Venmans
2018; Heiaas 2021). Save for environmental impacts, it has been proved that ETS
has the potential to change the framework for doing business in the power sector
and other energy-intensive industries(Martin, Muds, and Wagner 2016), to exhort
the purchase and use of industrial efficiency equipment(Hamamoto 2021), and to
harm international trade(Dijkstra, Manderson, and Lee 2011; H. S. Kim and Koo
2011) and to affect firm competitiveness(Chan, Li, and Zhang 2013). Branger et al.
pointed out the negative impacts of EU ETS, such as emission abatement being
small, innovation being insufficient, competitiveness losses, distributional effects
having indeed been unfair, and fraudulent(Branger, Lecuyer, and Quirion 2015).
As a result, a few studies have centered on the topic of ETS reform, including the
implementation of price limits and the development of complementary
policies(Taschini, Kollenberg, and Duffy 2014; Rickels et al. 2021).

The previous studies about the ETS in China mainly focus on environmental
and economic impacts. The environmental impacts of ETS are reflected in carbon
emissions and carbon intensity. A number of empirical studies have revealed that
the ETS significantly reduces carbon emissions at the provincial, prefecture, or
industrial level respectively(S. Chen, Shi, and Wang 2020; Hu et al. 2020; Xuan,
Ma, and Shang 2020; H. Zhang, Duan, and Deng 2019; W. Zhang et al. 2020). The
ETS reduces carbon intensity by increasing the share of the output value of the
tertiary industry in GDP and reducing energy consumption(Zhou et al. 2019; Tang
et al. 2021). Economic effects are often explored in combination with
environmental effects to test whether the ETS policy supports the Potter
hypothesis(Z. Chen, Zhang, and Chen 2021). The main findings are that ETS has
not led to the Potter hypothesis in the short term, but in the long term, ETS can



produce sustainable economic dividends and environmental dividends(Tan and Lin
2022; W. Zhang et al. 2020; Dong et al. 2019). In addition, some research revealed
that the ETS can expand employment, improve low-carbon innovation, boost low-
carbon technological advances, sharpen the international competitiveness of the
industry, and reduce the land supply of energy-intensive industries, but it fails to
bolster Chinese enterprises to increase their R&D investment(Yang, Jiang, and Pan
2020; M. Liu et al. 2021; Zhu et al. 2019; Qi et al. 2021; Huang and Du 2020).
Given that China gives off the largest carbon emissions, it is of great importance
to systematically evaluate emission reductions of China ETS. This study tries to
distinguish from the previous literature the following aspects: 1). A far cry from
most studies with a focus on one representative region or enterprise-level data for
some big enterprises, we estimate the total emission reductions of the ETS policy
in China using a three-dimensional panel (province, industry, year). In addition,
taking advantage of the data structure, heterogeneity effects for different regions,
as well as different industries, could be easily evaluated; 2). The Difference in
difference in differences (DDD) method was employed to greatly eliminate
estimation bias due to omitted variables, such as time-varying and time-invariant
city characteristics (incl. local public policy and business cycle), time-varying and
time-invariant industry characteristics (incl. technology changes in industries and
industrial policies); 3). Based on the empirical model, we analyze the channel of
the ETS policy from perspectives of energy structure, energy consumption, and

energy efficiency.
Results

A. Total emission reductions of ETS.

Table 1 presents the results of total emission reductions of China ETS. In columns

1 to 4, different model specifications are used to estimate. The estimation



coefficients of the ETS variable of the model in columns 1 to 3 are quite different,
indicating that there exists a bias caused by omitted variables in the estimation. In
the fourth column, the most rigorous model specification was applied to control for
the three sets of interactive fixed effects simultaneously. It gives us, as a result, the
most truthful results in emission reductions. The results in column 4 clearly
illustrate that the coefficient of ETS is negative at a 1 percent significance level,
suggesting that the ETS policy has effectively reduced carbon emissions. From the
economic point of view, the implementation of the ETS can annually reduce 8.139
million tons of CO- for each province-industry pair, accounting for 36.88 percent
of the average CO2 emissions in each pair in 2019 (22.04 million tons of CO>).
Similarly, columns 5-8 produce the results of the impacts of the ETS policy on
carbon intensity. In column 8, the estimation coefficient is -1.827, significant at a
1 percent level, meaning that the ETS averagely decreases the carbon intensity of

each province-industry pair by about 182.7 tCO./CNY annually.

TABLE 1— MODELS TO ESTIMATE THE IMPACT OF ETS ON CARBON EMISSION

Carbon Emission (MtCO,) Carbon Intensity (MtCO./10,000CNY)
() 2 ®) 4) () 2 @ @)
-0.375 -12.21" 1.253 -8.139™" -2.879™" -2.415™ 41727 -1.827""
ETS (1.030) (2.770) (2.735) (1.377) (0.332) (0.522) (0.619) (0.385)
14.00™ 14.37" 13.95™ 14.25™" 4.823™ 4.806™ 4869 4,785
_cons (0.194) (0.315) (0.334) (0.150) (0.0376) (0.0811) (0.0804) (0.0367)
Fixed effects
Year FE Yes Yes
Province FE Yes Yes
Industry FE Yes Yes
ProvincexIndustry
Yes Yes Yes Yes
FE
Year=Industry FE Yes Yes Yes Yes
ProvincexYear FE Yes Yes Yes Yes
Number of
. 9289 9289 9289 9289 8158 8158 8158 8158
observations
R? 0.8371 0.6198 0.5547 0.9211 0.9233 0.6666 0.6637 0.9406

Notes: Specifications, coefficient estimates, and their statistical significances are shown for individual models. Standard errors
are reported in parentheses under the coefficient estimates. Statistical significance level: * p <0.05, **p <0.01 and *** p <
0.001. R?, indicates the proportion of the variance for dependent variable explained by the independent variables of the model.

B. Heterogeneity effects by different regions.



Bearing in mind significant differences in economic development level,
topography, and climate among different regions, we analyzed the regional
heterogeneous effects of the ETS policy. Fig.2 describes the estimation results of
the heterogeneity analysis. The ETS policy significantly reduces carbon emissions
in Tianjin, Shanghai, Fujian, Chongqging, and Hubei. The carbon intensity of
Chongging and Hubei has been remarkably lowered under the policy interventions.
Based on the estimation coefficients, the ETS policy has the greatest effect on
emission reductions in Chongging, the second is Hubei. The interesting finding is
that the ETS has decreased total emissions in Shanghai while increasing its carbon
intensity. The implementation of the ETS policy in some regions, such as Beijing

and Guangdong, is less successful.

Carbon Emission Carbon Intensity
Pilots Coefficient  95%Cl  P-value Pilots Coefficient  95%Cl  P-value|
Beijing ] 0.78 [ 3.24, 4.80] 0.7 Beijing [ -0.53 [1.38, 0.32] 0.219
Tianjin —a— 529 [- 8.80,-1.78] 0 Tianjin — 044 [1.97, 1.09] 0.57
Shanghai  p—— -10.6  [-15.03,-6.16]<0.001 Shanghai ] 1.28 [0.67, 1.88'<0.001
Fujian —— -3.39 [- 7.31, 0.52] 0.09 Fujian . 0.53 [-0.06, 1.13] 0.076
Guangdong —a— 021 [ 3.67, 3.24] 0.91 Guangdong —a— -0.35 [-1.36, 0.65] 0.494
Chongging F——8— -9.56 [-14.54,-4.58]<0.001 Chongging F—— -3.73  [6.08,-1.37] 0.002
Hubei - 469 [- 6.66, 2.72]<0.001 Hubei —a— 265 [-3.65,-1.65]<0.001
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95%CI means 95% Confidence Interval

FIGURE 2. REGIONAL HETEROGENEITY IN EFFECT OF ETS POLICY ON CARBON EMISSION(A) AND CARBON INTENSITY(B)
Notes: Fig.2 reports coefficients from equation (1) (Equation 1 will be mentioned in the Methods part.) The dependent variable is the
implementation of ETS Policy. The displayed coefficients and their corresponding 95-percent level confidence intervals are for
indicators of number of Carbon Emission(a) and Carbon Intensity(b).

C. Heterogeneity effects by different industries.

Fig.3 indicates the results of industry heterogeneity effects under the ETS policy
intervention. According to the different features of different industries, all

industries fall into five categories in the analysis.



Carbon Emission Carbon Intensity

Sectors Coefficient  95%Cl  P-value Sectors Coefficient 95%Cl  P-valuel
g:zg‘;gi'oy:"“em‘a‘ — -26.28 -34.92,-17.63 <0.001 E:Zﬂ‘;igf‘"e""a' —_ 293 [5.02,:0.84] 0.006
;’;‘:L?a‘!ﬁmg = 305 [1.28, 4.83]<0.002 fn::‘:?a'zamg He—i 04  [-0.29,1.10] 0.254
Z:ﬁ;};‘;"ﬁn‘;‘ﬁz‘es —— 361 [5.27,-1.95]<0.003 l[:j;“‘n"g“f"'dhﬁthnes i 087 [1.59,-0.14] 0.019
Light Industries - 179 [0.67 , 2.90]<0.004 Light Industries e 0.3 [0.28, 0.88 0.309
Resource extraction et 1.16 [-1.53, 3.85]<0.005 Resource extraction T -2.48 [-6.25, 1.30] 0.199

(a) (b)

95%Cl| means 95% Confidence Interval

FIGURE 3. INDUSTRY HETEROGENEITY IN EFFECT OF ETS POLICY ON CARBON EMISSION(A) AND CARBON INTENSITY(B)
Notes: Figure 3 reports coefficients from equation (1) (Equation 1 will be mentioned in the Methods part.) The dependent variable
is the implementation of ETS Policy. The displayed coefficients and their corresponding 95-percent level confidence intervals are
for indicators of number of Carbon Emission(a) and Carbon Intensity(b).

Industry classification is described as follows: Electricity & thermal production—the production and supply of electricity, thermal
energy, diesel fuel, and water; Traditional high-carbon industries—building materials, petrochemicals, and the smelting and pressing
of metals; General conventional manufacturing sectors—food, beverage, and tobacco processing, textile, papermaking, and other
manufacturing; Emerging manufacturing sectors—transportation equipment manufacturing, information technology, biomedicine,

electrical and mechanical equipment manufacturing, and metal products and equipment manufacturing; Resource extraction—mining.

In electricity & thermal production and traditional high-carbon industries, the
estimation coefficients for both carbon emissions and carbon intensity are
significantly negative, marking that the implementation of the ETS policy has
significantly reduced both the total carbon emissions and the carbon intensity.
Among them, the electricity & thermal production industry has the largest effects
of emission reductions led by the ETS policy. However, for the general
conventional manufacturing industry and emerging manufacturing industry, the
estimated coefficient of the ETS policy is positive, demonstrating that the ETS has
increased the total emissions of these two categories. All these findings show that
the ETS policy may transform the industrial structure of a region from high-energy-

consuming manufacturing to less-energy-consuming.

The total emission reduction contributed by the ETS policy in China is shown in
Fig. 4, which was computed by using the estimated results of the analysis. The

emission reduction effects of electricity &thermal production and traditional high-



carbon industries are obviously more significant than the negative impact of other
industries. With the increase in pilot areas and the expansion of industry scope, the

net emission reduction shows an increasing trajectory year by year.
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FIGURE 4. CARBON EMISSION REDUCTION FROM THE IMPLEMENTATION OF ETS POLICY.
Notes: The annual net emission reduction is calculated using the accumulated emission reductions made by each industry
over time.

D. The impact mechanism by which ETS policy affects carbon emissions.

In China emission reductions are often in combination with energy control, such
as reducing total energy consumption, improving energy efficiency, and upgrading
energy structure. To explore how ETS policy reduces total carbon emissions, these
three channels were tested by empirical analysis.

The estimated results of the impact of ETS on energy control are shown in Fig.5.
It reveals that the implementation of ETS annually reduces overall energy
consumption by 0.842 million tons of standard coal and lowers energy intensity by
74.2g/CNY for each province-industry pair. Reducing total energy consumption

and energy intensity, therefore, are essential channels for the ETS policy. The most



striking finding is that the ETS has decreased the portion of clean energy. In other
words, the third channel generates the opposite effect. Next, we will further analyze

the impact of the ETS policy on different kinds of energies.

Energy meFilatlon coefficient  95% confidence interval P value
Consumption variables
Eneray 1 6642 [-1.474,-0.210] 0.009
Emission Consumption
Trading Energy
Scheme Intensity
Energy
Intensity 0.742 [-1.372,-0.113] 0.021
Clean Energy
Clean proportion | %5 [-0.072,-0.027] 0.000
Energy

Proportien
FIGURE 5. THE RELATIONSHIP BETWEEN ETS AND ENERGY CONTROL ON CARBON REDUCTION

The impact of the ETS policy on different energies is shown in Table 2. The
results clearly show that the ETS policy has significantly decreased the total
consumption of electricity and coal, whereas no influence on oil and gas. However,
when it comes to the consumption share of different energies, the estimation
coefficients for electricity and coal are opposite. Specifically, the ETS policy has
reduced the share of electricity and increased the share of coal. It further suggests

that the ETS incentivizes industry to drastically cut electricity use to reduce

emissions.
TABLE 2— MECHANISM ANALYSIS - ENERGY CONSUMPTION BY VARIETY
Total consumption of different energies(Mt) Proportion of consumption of different energies
electricity oil coal gas electricity  oil coal gas
ETS -0.324™ 0.144 -0.527™ -0.110 -0.0594™ 0.00761 0.0315™ 0.00975
(0.0637) (0.0822) (0.186) (0.0959) (0.0110) (0.00816) (0.0107) (0.00876)
_cons 0.751"" 0.327 1.977 0.449™ 0.335™ 0.115™ 0.366™" 0.0925™
(0.00590) (0.00545) (0.0203) (0.00985) (0.00113) (0.000847)  (0.00125) (0.000771)
Number of
observation 9316 9316 9316 9316 9316 9316 9316 9316
S
R? 0.8859 0.8839 0.8917 0.7502 0.7918 0.7264 0.8336 0.7526

Notes: Specifications, coefficient estimates, and their statistical significances are shown. Standard errors are reported in parentheses
under the coefficient estimates. Statistical significance level: * p <0.05, **p < 0.01 and *** p < 0.001. R?, indicates the proportion of the variance

for dependent variable explained by the independent variables of the model.



Discussion

We find that the ETS policy in China has significantly reduced carbon emissions.
For each province-industry pair, the total carbon emissions yearly decrease by
8.139 million tons CO2eq on average and the carbon intensity decreases by 182.7
tons CO2eg/CNY. There also exists a significant difference in the reduction effects
among regions and industries. The reduction effects of the ETS are obvious in
Hubei, Chongging, Shanghai, and Tianjin. The carbon emissions intensity of Hubei,
Chongging has plummeted. From the perspective of the industry, the
implementation of the ETS has significantly reduced the total carbon emissions and
carbon intensity of the power and high-carbon industries. Whereas the carbon
emissions of emerging industries and traditional manufacturing industry are
increasing under the ETS policy. Further, we explore the impact channels of the
ETS policy from energy structure, energy consumption, and energy efficiency. Our
findings suggest that the ETS policy reduces emissions primarily by lowering
overall energy use and enhancing energy efficiency, whereas the energy structure
channel has not contributed to emission reductions.

Following the policy recommendations put forward based on the results of the
analysis: a. Considering the significant emission reduction effect of the ETS, to
achieve the goal of carbon neutrality, China should further expand the regions and
the scope of industries covered by carbon trading policy in the future; b. Since there
are differences in policy impacts among regions and industries, the characteristics
of different regions and industries should be taken into consideration for the further
improvement of the policy. For instance, more details about emission quota
allocation and transaction mechanisms could be set in a more specific way, c. The

ETS policy reduces carbon emissions by decreasing the total energy consumption



and the energy intensity while keeping the energy structure unchanged.
Additionally, it has caused a decline in the share of renewable energy use. Therefore,
the ETS policy should be preferably combined with other energy policies,
particularly in the field of renewable energy, such as modest subsidies for
renewable energy, d. The emerging manufacturing industry is the main direction in
the process of industrial upgrading in the future. However, the ETS policy has not
reduced the carbon emissions of the sector as a whole. The emerging manufacturing
industry will further expand its scale, which needs us to reconsider the allocation
of carbon quotas in this industry to avoid a rapid increase in carbon emissions in

the future.
Methods

Data. Energy consumption and carbon emission data are derived from China
Carbon Emission Accounts & Datasets (CEADS). In this paper, the data of 39
industrial categories in the data list of CEADs are grouped into 15 industries:
Production and supply of electricity/thermal/gas and water, Building materials
industry, Petrochemical industry, Smelting and pressing of metals, Processing of
food/beverage and tobacco, Textile industry, Papermaking, Transportation
equipment manufacturing, Information technology, Biomedicine, Electrical and
mechanical equipment manufacturing, Metal products and equipment
manufacturing, Mining, Waste resources utilization, and other manufacturing
industries.

The data about the ETS POLICY comes from the list of major emission control
enterprises published on the government websites of each pilot area. For example,
the Beijing Ecological Environment Bureau, Tianjin Ecological Environment
Bureau, Chongqging Ecological Environment Bureau, Shanghai Ecological

Environment Bureau, Guangdong Province Ecological Environment Commission,



Fujian Province Ecological Environment Bureau, and Hubei Province Ecological
Environment Bureau.

The output value is from the provincial statistical yearbooks from 1999 to 2019,
and the constant price is based on 2000 (the base period). The selected time interval
is from 1999 to 20109.

Excluding the missing data, 30 provincial administrative regions and 15
industries are retained, with a total of 9,450 observations. The data structure is
based on the province-industry-year three-dimensional observation.

Modelling approach. The Difference in Difference in Differences model (DDD)
is applied in this paper to help us to investigate the carbon emission reduction
effects and influence channels of the ETS policy. The baseline model is given as

follows:

(1) yije =X +BDije + 055 + i + e + €ije
Where y is the explained variable, total carbon emissions, and its subscripts i, j, and
t represent province, industry, and year. D, is the core explanatory variable of the
model. Only when j industry in i province has implemented the ETS policy in t year,

the value is 1, otherwise is 0. & is a province-industry fixed effect, which

eliminates the influence of the factors that do not change with time at the industry
level of the province, such as the inherent characteristics of different industries in

different provinces; &,

is industry-year fixed effect, which captures time-varying
and time-invariant industry characteristics, such as industry technology change,

industry policy and etc. s, is the province-year fixed effect, which controls time-

varying and time-invariant city characteristics, such as local public policy, business

cycle etc., s, is the random disturbance term.
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