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Abstract 

This study leverages the implementation of China's pilot Emissions Trading Scheme (ETS) policies as a quasi-natural 

experiment. Utilizing panel data from 284 prefecture-level and above cities in China spanning 2003 to 2017, we employ a 

multi-period difference-in-differences (DID) approach to empirically investigate the carbon reduction effects, underlying 

mechanisms, and heterogeneity associated with the ETS pilots. The findings reveal that: (1) The ETS effectively reduces both 

the total carbon emissions and carbon intensity in the pilot regions through dual channels of aggregate control and efficiency 

improvement. This conclusion remains robust after a series of rigorous tests. (2) The ETS achieves carbon reduction in pilot 

cities through the combined action of market mechanisms and administrative interventions. While the role of market 

mechanisms is relatively limited, administrative interventions contribute significantly. (3) The carbon reduction effects of the 

ETS exhibit significant heterogeneity. From the perspective of urban resource endowment, non-resource-based cities 

outperform resource-based cities in carbon reduction effectiveness. Regarding allowance allocation methods, regions 

employing a hybrid approach combining free allocation with auction and fixed-price sales demonstrate superior carbon 

reduction outcomes compared to those using solely free allocation or a combination of free allocation and auction. In terms of 

carbon price, the ETS policy demonstrates greater effectiveness in reducing total carbon emissions in high-carbon-price 

regions than in low- and medium-carbon-price regions, but its effectiveness in reducing carbon intensity is weaker in 

high-price regions compared to low- and medium-price regions. This study provides empirical evidence and policy insights for 

China to tailor the implementation of its ETS to local conditions, thereby advancing the achievement of its "dual carbon" goals 

(carbon peaking and carbon neutrality) and fostering green transition development. 
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1. Introduction 

With the increasingly severe global climate change, gov-

ernments, enterprises, and residents worldwide have become 

more aware of the importance of addressing climate change, 

regarding it as a common cause of all mankind. A growing 

number of countries, regions, cities, and enterprises have 

made net-zero emission or carbon neutrality commitments. 

On September 22, 2020, General Secretary Xi Jinping an-

nounced at the 75th United Nations General Assembly Gen-

eral Debate that China will strive to peak carbon dioxide 

emissions by 2030 and achieve carbon neutrality by 2060 [1]. 

Cities, as the main areas of various greenhouse gas emis-

sions, play a crucial role in decarbonization transformation in 

addressing climate change. In October 2011, the General 

Office of the National Development and Reform Commission 

issued the "Notice on Carrying out Pilot Work on Carbon 

Emission Rights Trading" (Fagai Ban Qihou [2011] No. 2601), 

approving seven provinces and cities to carry out carbon 

emission rights trading pilots. Shenzhen, Beijing, Shanghai, 

Tianjin, and Guangdong Province officially launched carbon 

emission rights trading in 2013; Chongqing and Hubei Prov-

ince in 2014; and Fujian Province in 2016. Theoretically, the 

carbon price should be equal to the marginal cost of carbon 

emission reduction. However, due to significant differences in 

emission reduction costs across regions, industries, and 

technologies, and the difficulty in quantifying emission re-

duction costs, short-to-medium-term carbon prices are mainly 

determined by the market supply and demand of carbon 

quotas among enterprises. In practice, there are still many 

controversies regarding whether China's carbon emission 

rights trading pilot policy has effectively achieved the ex-

pected effect of driving carbon emission reduction and 

whether the market mechanism has fully played its role, 

which requires further discussion. 

2. Literature Review 

The theoretical basis of carbon emission rights trading 

originates from the emission rights trading theory based on 

Coase's theorem. The emission rights trading theory regards 

environmental pollution as a property right granted by the 

government to enterprises, and believes that externalities can 

be solved through market transactions of pollution rights [2]. 

Under carbon emission rights trading, enterprises adjust their 

production behaviors according to received market signals 

and the law of value, improve production efficiency, 

strengthen green structural transformation, and participate in 

market competition. Some theoretical literatures use ex-ante 

data simulation to demonstrate the effectiveness of carbon 

emission rights trading under equilibrium models [3, 4]. 

The launch of carbon market pilots in seven regions from 

2013 to 2014 provides a good quasi-natural experimental 

basis for testing the effectiveness of China's carbon market. In 

terms of empirical testing, scholars have generally focused on 

carbon emissions, economic effects, energy consumption, 

industrial structure, etc. [5-8]. From the perspective of im-

pacts on micro-enterprise performance, studies have focused 

on enterprise carbon emission reduction effects, enterprise 

R&D innovation, market value of listed companies, etc. 

[9-12]. Regarding the impact on regional carbon emissions 

and carbon emission intensity, most scholars support the pos-

itive effect of carbon trading on carbon emission reduction 

and carbon emission efficiency, while some scholars argue 

that the pilot policy has not effectively reduced carbon emis-

sion intensity [13, 14]. There are still controversies in research 

conclusions, which require further discussion. 

Regarding the mechanism by which the carbon trading 

system promotes carbon emission reduction, scholars have 

focused on possible channels such as GDP growth, enterprise 

output, capital market valuation, and technological innovation. 

Most studies have focused on industrial structure. Carbon 

emission rights trading can cause changes in industrial 

structure and differences in industrial structure between re-

gions, thereby producing differentiated emission reduction 

effects. Some scholars have proposed from the perspective of 

energy structure that carbon emission rights trading can force 

enterprises to adjust their energy structure and improve energy 

efficiency, thereby reducing carbon emissions [15, 16]. In 

terms of technological progress, some scholars believe that 

carbon emission rights trading drives low-carbon transfor-

mation of industrial economy by encouraging enterprise 

technological innovation, encouraging regions to actively 

increase carbon sinks, and guiding capital to flow to green and 

low-carbon sectors [17, 18]. 

In summary, existing research results are quite rich, but 

there are still deficiencies and challenges. First, few scholars 

have considered the overall policy effect of carbon emission 

rights trading policy on both the carbon absorption side and 

the carbon emission side from the perspective of carbon neu-

trality. Second, existing literatures focusing on China mostly 

examine the policy effect of carbon emission rights trading 

pilots at the provincial level, lacking relevant empirical evi-

dence at the city level; on this basis, most literatures studying 

the impact of carbon trading pilots on regional carbon emis-

sion reduction use provincial panel data, provincial industrial 

panel data, etc., which cannot well satisfy the parallel trend 

assumption required by the DID model and have endogeneity 

problems. Third, due to the low development level of the 

current carbon trading market and poor availability of mi-

cro-data, existing studies have insufficiently examined the 

mechanism by which the carbon emission rights trading pilot 

policy drives energy conservation and emission reduction. 

Fourth, existing studies on the heterogeneity of the emission 

reduction effect of carbon emission rights trading policy are 

relatively simplistic. In view of this, the possible marginal 

contributions of this paper are: First, based on city-level data, 

considering both total carbon emission reduction and effi-
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ciency, to examine the emission reduction effect of carbon 

emission rights trading policy from multiple perspectives; 

second, based on the perspective of the role of market 

mechanisms and administrative intervention, to demonstrate 

the mechanism and policy effect of the carbon market in 

promoting carbon emission reduction; third, to incorporate 

carbon emission rights quota allocation models and carbon 

prices into heterogeneity analysis, and explore the emission 

reduction effect of carbon emission rights trading policy un-

der different carbon emission rights quota allocation models 

and carbon prices. 

 

3. Research Design and Data Sources 

3.1. Model Construction 

Since the eight pilot regions launched carbon markets at 

different times, this paper uses the multi-period differ-

ence-in-differences method to estimate the impact of carbon 

markets on regional carbon emissions and carbon intensity. 

On the basis of controlling other factors unchanged, the mul-

ti-period DID method can test whether there are significant 

differences in carbon emissions and carbon intensity between 

pilot regions and non-pilot regions before and after the launch 

of the carbon market. The corresponding multi-period DID 

model is as follows: 

𝑌𝑖𝑡 = 𝛼0 + 𝛼1(𝑡𝑟𝑒𝑎𝑡𝑖 × 𝑝𝑜𝑠𝑡𝑖𝑡) + α2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡                             (1) 

In the equation, subscripts i and t denote region and year, 

respectively; Yitis the dependent variable, representing either 

regional carbon emissions or carbon intensity; treati ×

postit is the core explanatory variable, namely the mul-

ti-period difference-in-differences (DID) term, where 

treati indicates the treatment group status and postit  indi-

cates the post-treatment period; Controlit represents control 

variables affecting carbon emissions or carbon intensity that 

vary across regions i and over time t; μidenotes region fixed 

effects, controlling for time-invariant region-specific factors 

affecting carbon emissions or carbon intensity; δt  denotes 

time fixed effects, controlling for time-varying factors com-

mon to all regions; and εit is the error term. If the carbon 

market significantly reduces local carbon emissions or carbon 

intensity, α1 is expected to be statistically significantly neg-

ative. 

3.2. Variable Selection 

3.2.1. Dependent Variables 

The dependent variables in this paper are regional carbon 

emissions and carbon intensity, both in logarithmic form (lny1, 

lny2). In the process of low-carbon development, the goal is to 

reduce carbon emissions while achieving economic growth, 

realizing a win-win situation between carbon emission re-

duction and economic development. The carbon emission 

intensity indicator can not only take into account both carbon 

emission reduction and economic growth, but also is more in 

line with China's national conditions. Therefore, the emission 

reduction level of pilot regions is measured from both the total 

amount and efficiency of carbon emission reduction. 

3.2.2. Explanatory Variable 

The core explanatory variable in this paper is 𝑡𝑟𝑒𝑎𝑡𝑖 ×

𝑝𝑜𝑠𝑡𝑖𝑡 , indicating whether city i implemented an emissions 

trading scheme (ETS) in year t. Its estimated coefficient 𝛼1 is 

used to measure the implementation effect of the ETS policy. 

The assignment rule for 𝑡𝑟𝑒𝑎𝑡𝑖is: When i represents pre-

fecture-level cities within Beijing, Tianjin, Shanghai, 

Chongqing, as well as Guangdong, Hubei, and Fujian prov-

inces, 𝑡𝑟𝑒𝑎𝑡𝑖  takes the value 1, constituting the treatment 

group. When i represents other regions, 𝑡𝑟𝑒𝑎𝑡𝑖  takes the 

value 0, constituting the control group. 

The assignment rule for 𝑝𝑜𝑠𝑡𝑖𝑡 is: When i represents pre-

fecture-level cities under the jurisdiction of Beijing, Shanghai, 

Tianjin, and Guangdong and t≥2013; or when i represents 

prefecture-level cities under the jurisdiction of Chongqing 

and Hubei and t≥2014; or when i represents prefecture-level 

cities under the jurisdiction of Fujian and t≥2016, 𝑝𝑜𝑠𝑡𝑖𝑡 

takes the value 1. Conversely, 𝑝𝑜𝑠𝑡𝑖𝑡  takes the value 0. 

3.2.3. Control Variables 

Referring to the studies of Cao and Su (2023) [20], Dong 

and Wang (2021) [19], and Xu and Cui (2020) [21], the fol-

lowing control variables are selected: (1) Urban economic 

density, specifically the ratio of real GDP to urban area (gdp); 

(2) Urbanization level, specifically the ratio of urban perma-

nent popu ation to total permanent population (pop); (3) In-

dustrial structure, specifically the proportion of the secondary 

industry (sec) and the proportion of the tertiary industry (ter); 

(4) Energy structure, specifically the ratio of coal consump-

tion to total energy consumption (es); (5) Market scale, spe-

cifically the logarithm of total retail sales of social consumer 

goods (consump) and the logarithm of the number of indus-

trial enterprises above designated size (enterprise); (6) Degree 

of opening up, specifically the logarithm of the ratio of actu-

ally used foreign capital to GDP in the current year (fdi); (7) 

Innovation level, specifically the logarithm of the number of 

patents granted in the region in the current year (inv). 

3.3. Data Sources 

Considering that the national carbon trading market for the 

power industry was officially established in December 2017, 

to meet the premise assumption of the DID model, this paper 
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sets the sample period to end in 2017. Considering the 

availability and continuity of data, panel data of 284 prefec-

ture-level and above cities in China from 2003 to 2017 are 

selected as the research sample. Among the above variables, 

carbon emission data are derived from the county-level car-

bon emission inventory of the China Emission Accounts and 

Datasets (CEADs), and CO2 emissions are estimated by 

unifying the scale of DMSP/OLS and NPP/VIIRS satellite 

images using the Particle Swarm Optimization-Back Propa-

gation (PSO-BP) algorithm [22]. This data takes into account 

the significant ability of vegetation to sequester and reduce 

CO2 emissions, and further calculates the carbon sequestra-

tion of terrestrial vegetation at the county level, thereby es-

timating more accurate net carbon emissions, which is closer 

to the connotation of carbon neutrality. City-level data are 

aggregated from county-level data. Data related to carbon 

emission rights trading pilot policies such as carbon prices 

and trading volume are derived from the Wind database; pa-

tent data are from CNRDS (China Research Data Services 

Platform); other data are from the "China City Statistical 

Yearbook" over the years. 

4. Empirical Results and Analysis 

4.1. Baseline Regression Results 

Table 1 reports the baseline regression results of equation 

(1). All regression results control for year fixed effects and 

city fixed effects. Columns (1), (2), (3), and (4) of Table 1 all 

report cluster standard errors at the city level. Columns (1) 

and (2) do not add control variables, while columns (3) and (4) 

add control variables. It can be seen from Table 1 that when 

only year fixed effects and city fixed effects are controlled, the 

DID coefficients affecting carbon emissions and carbon in-

tensity are significantly negative at the 1% level, with coeffi-

cient values of -0.107 and -0.134, respectively. After adding 

control variables, the DID coefficients affecting carbon 

emissions and carbon intensity are still significantly negative 

at the 1% level, with coefficient values of -0.087 and -0.084, 

respectively. Therefore, the carbon market reduces both car-

bon emissions and carbon intensity in pilot regions. 

Table 1. Baseline Regression Results. 

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

 Carbon emissions Carbon intensity Carbon emissions Carbon intensity 

 lny1 lny2 lny1 lny2 

treati×postit -0.107*** -0.134*** -0.087*** -0.084*** 

 (0.018) (0.025) (0.015) (0.022) 

Control variables No No Yes Yes 

Constant term Yes Yes Yes Yes 

Year fixed effects Yes Yes Yes Yes 

City fixed effects Yes Yes Yes Yes 

Observations 4,260 4,260 4,002 4,002 

R2 0.988 0.943 0.990 0.958 

Note: Values in parentheses are cluster standard errors at the city level. ***, **, and * indicate significance at the 1%, 5%, and 10% levels, 

respectively. 

4.2. Robustness Tests 

4.2.1. Parallel Trend Test 

The premise of the effectiveness of the multi-period DID 

method is that the treatment group and the control group have 

a consistent trend before the policy implementation. This 

paper refers to the research methods of Zhang, Tong, and Li 

(2019) [23] and Wu, Qi, and Xian (2021) [24] to test the par-

allel trend assumption based on event study. The specific 

model is as follows: 

𝑌𝑖𝑡 = 𝜃 + 𝜃𝑘 ∑ (𝑡𝑟𝑒𝑎𝑡𝑖 × 𝑦𝑒𝑎𝑟𝑖𝑘)
≥1
𝑘≤−1;𝑘≠0 + 𝛾𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡                               (2) 
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If city i is in the k-th year after or before the implementation 

of the carbon emission rights trading pilot policy, yearikis 1; 

otherwise, it is 0; θk represents the impact of carbon emis-

sion rights trading on carbon emission reduction in pilot re-

gions. This paper takes 7 years before the implementation of 

the carbon emission rights trading pilot policy as the com-

parison benchmark, considering 6 years before the pilot pol-

icy implementation, the year of implementation, and 4 years 

after implementation. Other variables are defined the same as 

in model (1). 

The results of the parallel trend test are shown in Figure 1. 

The corresponding coefficients of carbon emissions from 1 

year to 5 years before the implementation of the carbon 

emission rights trading pilot policy are not significant, indi-

cating that there is no significant difference between the 

treatment group and the control group from 1 year to 5 years 

before the implementation of the pilot policy; the corre-

sponding coefficients of carbon emissions from 1 year to 3 

years after the implementation of the pilot policy are signifi-

cant, indicating that there is a significant difference between 

the treatment group and the control group from 1 year to 3 

years after the implementation of the pilot policy, satisfying 

the parallel trend assumption. 

However, there is a certain negative correlation trend be-

fore the implementation of the carbon emission rights trading 

pilot policy, which may be due to the existence of an expected 

effect of the policy in pilot regions [25, 26]. In the stage before 

the official operation of the carbon market, although the 

formulation and discussion of relevant policies have not been 

transformed into specific regulatory measures and are still in 

the stage of policy design and discussion, enterprises may 

adjust their production methods and models in advance based 

on psychological expectations of future policy implementa-

tion, especially high-carbon emission enterprises pay close 

attention to carbon market policy information. Such antici-

patory adaptive behaviors may lead to a reduction in enter-

prises' carbon emissions in advance. Regarding the explana-

tion of the trend before the implementation of the carbon 

emission rights trading pilot policy, there may be other factors. 

The pilot policies were mainly implemented in 2013 and 2014, 

and the previous year was 2012 and 2013. During this period, 

which was the early stage of the "12th Five-Year Plan", China 

officially set the carbon intensity reduction target as a binding 

indicator, and economically developed regions such as Bei-

jing, Shanghai, and Shenzhen may have taken the lead in 

low-carbon transformation. Thus, this trend may not reflect 

the expected policy effect of the carbon market, but the role of 

the "12th Five-Year Plan" policy in promoting low-carbon 

economic transformation in economically developed regions. 

Since the empirical model constructed in this paper has not 

included variables such as energy conservation and emission 

reduction targets of various regions during the "12th 

Five-Year Plan" period, this trend does not exclude the impact 

of the "12th Five-Year Plan" and requires further research and 

data analysis for verification. 

 
Figure 1. Results of Parallel Trend Test. 
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4.2.2. Placebo Test 

To enhance the credibility of the baseline regression results, 

this paper uses the non-parametric permutation test method 

for placebo test. When using multi-year data for DID empir-

ical analysis, there may be standard error bias caused by serial 

correlation, which may lead to excessive rejection of the null 

hypothesis in regression tests [27]. The operation of the pla-

cebo test in this paper is as follows: conduct a placebo test by 

randomly assigning pilot cities and randomly selecting the 

implementation time of the carbon emission rights trading 

policy. Each time, 8 provincial regions and their correspond-

ing random policy time points are selected, and the cities 

corresponding to the selected 8 provincial regions are taken as 

the virtual treatment group, and the remaining cities as the 

virtual control group. The entire process is repeated 500 times. 

The regression results are shown in Appendix I, which pass 

the placebo test. 

4.2.3. Eliminating the Impact of Other Policies 

Policies such as the emission rights trading pilot starting in 

2007 and the low-carbon city pilot starting in 2010 may affect 

carbon emissions and carbon intensity in pilot regions [28], 

thereby interfering with the identification of the policy effect 

of the carbon market pilot. This paper conducts multi-period 

DID regression tests after excluding city samples of emission 

rights trading pilots. The regression results are shown in Table 

2: after excluding the emission rights trading pilot policy, the 

regression coefficients are significantly negative at the 1% 

and 5% levels, indicating that the baseline regression results 

of this paper are robust. This paper only retains city samples 

of low-carbon city pilots for multi-period DID regression tests. 

The regression results are shown in Table 3: after excluding 

the impact of the low-carbon city pilot policy, the regression 

coefficients are significantly negative at the 1% level, indi-

cating that the baseline regression results of this paper are 

robust. 

Table 2. Regression Results After Excluding the Impact of Emission 

Rights Trading Pilot Policy. 

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

 lny1 lny2 lny1 lny2 

DID -0.114*** -0.091*** -0.082*** -0.064** 

 (0.025) (0.030) (0.020) (0.027) 

Control 

variables 
No No Yes Yes 

Constant 

term 
Yes Yes Yes Yes 

Year fixed Yes Yes Yes Yes 

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

 lny1 lny2 lny1 lny2 

effects 

City fixed 

effects 
Yes Yes Yes Yes 

Sample 

size 
2,625 2,625 2,427 2,427 

R2 0.985 0.936 0.988 0.955 

Note: Values in parentheses are cluster standard errors at the city 

level. ***, **, and * indicate significance at the 1%, 5%, and 10% 

levels, respectively. 

Table 3. Regression Results After Excluding the Impact of 

Low-Carbon City Pilot Policy. 

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

 lny1 lny2 lny1 lny2 

DID -0.123*** -0.125*** -0.111*** -0.076*** 

 (0.023) (0.031) (0.019) (0.026) 

Control 

variables 
No No Yes Yes 

Constant 

term 
Yes Yes Yes Yes 

Year fixed 

effects 
Yes Yes Yes Yes 

City fixed 

effects 
Yes Yes Yes Yes 

Sample 

size 
1,830 1,830 1,734 1,734 

R2 0.989 0.945 0.991 0.962 

Note: Values in parentheses are cluster standard errors at the city 

level. ***, **, and * indicate significance at the 1%, 5%, and 10% 

levels, respectively. 

4.2.4. Excluding Samples of the 2008 Financial 

Crisis 

The 2008 financial crisis had an adverse impact on the 

overall economy. To exclude the possibility of policy evalua-

tion bias caused by its impact on regression results, this paper 

excludes samples during the financial crisis and retains sam-

ples from 2009 onwards for re-conducting baseline regression. 

The regression results are shown in Table 4: after excluding 

the impact of the financial crisis, the regression coefficients 
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are significantly negative at the 1% level, and the carbon 

emission rights trading policy can still significantly reduce 

carbon emissions and carbon intensity, further indicating that 

the research results are robust. 

Table 4. Regression Results After Excluding Samples of the 2008 

Financial Crisis. 

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

 lny1 lny2 lny1 lny2 

DID -0.056*** -0.125*** -0.056*** -0.070*** 

 (0.013) (0.018) (0.012) (0.016) 

Control 

variables 
No No Yes Yes 

Constant 

term 
Yes Yes Yes Yes 

Year fixed 

effects 
Yes Yes Yes Yes 

City fixed 

effects 
Yes Yes Yes Yes 

Sample 

size 
2,556 2,556 2,436 2,436 

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

 lny1 lny2 lny1 lny2 

R2 0.993 0.962 0.994 0.976 

Note: Values in parentheses are cluster standard errors at the city 

level. ***, **, and * indicate significance at the 1%, 5%, and 10% 

levels, respectively. 

5. Mechanism Tests 

5.1. Test of "Market Mechanism" 

Due to the current imperfections in the development of 

China’s carbon market, the market mechanism may exhibit 

functional deficiencies. As a result, the observed carbon 

emission reduction effects in pilot areas may not be solely 

attributable to carbon trading. To assess the extent to which 

emission reductions are achieved through the market mecha-

nism, this study draws on the methodologies of Cao et al. 

(2021) [29] and Wu et al. (2021) [24], designing the following 

test equation for the "market mechanism": 

𝑌𝑖𝑡 = 𝛼3 + 𝛽1𝐷𝐼𝐷𝑖𝑡 + 𝛽2𝐷𝐼𝐷𝑖𝑡 ×𝑀𝑎𝑟𝑘𝑒𝑡𝑖𝑡 + 𝛾1𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡                      (3) 

In equation (3), 𝑀𝑎𝑟𝑘𝑒𝑡𝑖𝑡represents the relevant the mar-

ket mechanism indicators, specifically carbon price, market 

liquidity and relative market transaction scale, the logarithm 

of annual average carbon price, the logarithm of annual 

trading days and the proportion of carbon trading volume in 

carbon emission are selected respectively to meas-

ure;DIDitcorresponds totreati × 𝑝𝑜𝑠𝑡𝑖𝑡 in equation (1), the 

interaction term between𝐷𝐼𝐷𝑖𝑡and𝑀𝑎𝑟𝑘𝑒titessentially func-

tions as an enhanced carbon trading variable that incorporates 

more comprehensive information.; After adding the interac-

tion term of 𝐷𝐼𝐷𝑖𝑡and 𝑀𝑎𝑟𝑘𝑒𝑡𝑖𝑡, the coefficient 𝛽1captures 

the carbon market effect under the condition that the market 

mechanism does not exist at all, and the coefficient 𝛽2reflects 

the heterogeneous carbon emission reduction effect brought 

by the carbon trading pilot; Within the model, the coeffi-

cient𝛽2serves as the key coefficient to judge whether the 

market mechanism is effective; The definitions of other 

symbols remain consistent with those in Equation (1). 

Tables 5 and 6 present the empirical results for the analysis 

of the "market mechanism": Column (1) of Table 5 and 

Column (1) of Table 6 report the regression results for carbon 

emissions and carbon emission intensity, respectively, where 

the market mechanism is operationalized by carbon price. In 

both model specifications, the interaction term between the 

DID variable and carbon price is significantly negative at the 

1% level. This finding indicates that the market mechanism, 

as proxied by the carbon price, exerts a significant inhibitory 

effect on carbon emissions. Columns (2) of Tables 5 and 6 

display the regression results when market liquidity serves as 

the measure of the market mechanism. In these specifications, 

the interaction term between the DID variable and market 

liquidity is statistically insignificant for both carbon emis-

sions and carbon intensity, suggesting that the market mech-

anism, as measured by liquidity, does not have a significant 

effect. Columns (3) of Tables 5 and 6 provide the regression 

results using relative market transaction size as the proxy for 

the market mechanism. The interaction term is statistically 

insignificant in the model for carbon emissions but exhibits a 

significant positive relationship with carbon intensity at the 5% 

level. This implies that the market mechanism, when meas-

ured by relative transaction size, does not effectively drive 

emission reductions. 

In conclusion, the observed reductions in carbon emissions 

within pilot regions can be partially attributed to the market 

mechanism anchored in carbon trading. Specifically, a higher 

carbon price is associated with a more pronounced emission 

reduction effect. In contrast, neither market liquidity nor rel-

ative market trading volume demonstrates a significant role in 

enhancing the effectiveness of the carbon market in driving 

emission reductions. Overall, the empirical evidence suggests 

that the market mechanism operating within China’s pilot 

carbon markets exerts a limited impact on emission reduction. 
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This finding indicates that the observed declines in carbon 

emissions are likely driven not solely by carbon trading but 

also by complementary non-market mechanisms. 

Table 5. Regression results of carbon price, market liquidity and relative market transaction size on carbon emissions. 

 (1) (2) (3) 

 Carbon price Market liquidity Relative market transaction size 

 lny1 lny1 lny1 

DID   -0.087*** 

   (0.017) 

Market1 -0.054***   

 (0.011)   

Market2  0.006  

  (0.005)  

Market3   -0.029 

   (0.443) 

Control variable Yes Yes Yes 

Constant term Yes Yes Yes 

Year fixed effect Yes Yes Yes 

Urban fixed effect Yes Yes Yes 

Number of samples 151 151 4,002 

R2 0.999 0.999 0.990 

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

Table 6. Regression results of carbon price, market liquidity and relative market transaction size on carbon intensity. 

 (1) (2) (3) 

 Carbon price Market liquidity Relative market transaction size 

 lny2 lny2 lny2 

DID   -0.099*** 

   (0.022) 

Market1 -0.060***   

 (0.012)   

Market2  -0.003  

  (0.008)  

Market3   1.018** 

   (0.415) 
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 (1) (2) (3) 

 Carbon price Market liquidity Relative market transaction size 

 lny2 lny2 lny2 

Control variable Yes Yes Yes 

Constant term Yes Yes Yes 

Year fixed effect Yes Yes Yes 

Urban fixed effect Yes Yes Yes 

Number of samples 151 151 4,002 

R2 0.997 0.997 0.958 

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

5.2. Test of "Administrative Intervention" Mechanism 

The test equation of "administrative intervention" in this paper is designed as follows: 

𝑌𝑖𝑡 = 𝛼4 + 𝛽3𝐷𝐼𝐷𝑖𝑡 + 𝛽4𝐷𝐼𝐷𝑖𝑡 × 𝐺𝑜𝑣𝑒𝑟𝑛𝑖𝑡 + 𝛽5𝐺𝑜𝑣𝑒𝑟𝑛𝑖𝑡 + 𝛾2𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑖𝑡 + 𝜇𝑖 + 𝛿𝑡 + 𝜀𝑖𝑡            (4) 

In Equation (4), Governitdenotes the relevant indicators of 

administrative intervention, drawing on the methodological 

approach of Shao et al.(2022) [30], the selected indicators 

include the proportion of state-owned enterprises and the 

proportion of fiscal expenditure, which are respectively the 

proportion of state-owned fixed assets of industrial enter-

prises above designated size, fiscal expenditure after deduct-

ing education and science as a proportion of GDP; After in-

corporating the interaction term of𝐷𝐼𝐷𝑖𝑡and𝐺𝑜𝑣𝑒𝑟𝑛𝑖𝑡into the 

model, the coefficient𝛽3 reflects the carbon market effect 

under the hypothetical scenario of complete absence of ad-

ministrative intervention. In contrast, the coefficient𝛽4cap-

tures the heterogeneous carbon emission reduction effect 

induced by administrative intervention measures; Within this 

analytical framework, the coefficient𝛽4is the key coefficient 

to judge whether administrative intervention is effective; The 

definitions of other symbols remain consistent with those in 

Equation (1). 

Table 7 presents the empirical results of "administrative 

intervention." Specifically, Columns (1) and (3) of Table 7 

respectively report the regression results for carbon emission 

and carbon emission intensity when administrative interven-

tion is measured by the proportion of state-owned enterprises. 

In these specifications, the interaction term between the DID 

variable and the proportion of state-owned enterprises is sig-

nificantly negative at the 5% level for both carbon emissions 

and carbon intensity, which means that administrative inter-

vention measured by the proportion of state-owned enter-

prises is effective. Columns (2) and (4) of Table 7 display the 

regression results for carbon emission and carbon emission 

intensity when administrative intervention is proxied by the 

proportion of fiscal expenditure respectively. In these models, 

the coefficients are statistically insignificant, which means 

that administrative intervention measured by the proportion of 

fiscal expenditure is ineffective. 

In summary, the carbon emission reduction effect of pilot 

carbon markets is partially mediated by administrative inter-

vention mechanisms. Specifically, a higher proportion of 

state-owned enterprises is associated with a more pronounced 

enhancement of the carbon market’s emission reduction ef-

ficacy. 
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Table 7. Regression results of proportion of state-owned enterprises and fiscal expenditure on carbon emissions and carbon intensity. 

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

 
Proportion of 

state-owned enterprises 

Fiscal expenditure as a 

percentage 

Proportion of 

state-owned enterprises 

Fiscal expenditure as a 

percentage 

 lny1 lny1 lny2 lny2 

DID 0.017 0.291 0.060 0.606 

 (0.046) (0.314) (0.062) (0.427) 

Govern1 -0.274**  -0.378**  

 (0.122)  (0.167)  

Govern2  -0.026  -0.046 

  (0.022)  (0.029) 

Control variable Yes Yes Yes Yes 

Constant term Yes Yes Yes Yes 

Year fixed effect Yes Yes Yes Yes 

Urban fixed effect Yes Yes Yes Yes 

Number of samples 4,002 4,002 4,002 4,248 

R2 0.990 0.990 0.958 0.968 

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

6. Heterogeneity Analysis 

6.1. Heterogeneity of Urban Resource 

Endowment 

The carbon emission reduction effects of carbon markets 

are associated with urban resource endowments. Re-

source-based cities tend to rely on high-carbon energy sources 

and heavy industries, excessive consumption of such re-

sources not only contributes to environmental pollution but 

also exposes these cities to more severe challenges in emis-

sion reduction, posing an obstacle to sustainable development. 

The National Plan for the Sustainable Development of Re-

source-Based Cities (2013–2020) (Guofa〔2013〕No. 45) 

designates a list of 126 resource-based cities. Drawing on this 

classification, this study categorizes cities into resource-based 

and non-resource-based types. To examine the heterogeneous 

impacts of carbon trading policies across different urban re-

source endowments, the policy interaction term in the base-

line regression model is sequentially decomposed for sub-

group analysis. 

Table 8 presents the regression results for carbon emissions 

and carbon emission intensity across cities with different 

resource endowments. Specifically, for both resource-based 

and non-resource-based cities, the estimated coefficient of the 

policy interaction term is significantly negative at the 1% 

level, which indicates that no matter what kind of resource 

endowment, carbon trading pilot policies can significantly 

reduce carbon emissions, reduce carbon emission intensity, 

and achieve better carbon reduction and increase sinks. Ad-

ditionally, a Chow test was conducted to examine differences 

in regression coefficients between groups. The p-values de-

rived from Table 8 are all significant at the 1% level, con-

firming the presence of strong inter-group heterogeneity as-

sociated with urban resource endowment. An analysis of the 

specific coefficients reveals that the effects of reducing carbon 

emissions and carbon emission intensity are more pronounced 

in non-resource-based cities than in resource-based cities. 

This observed discrepancy may be attributed to the heavy 

dependence of resource-based cities on fossil energy, an irra-

tional industrial structure dominated by secondary industries, 

and path-dependent characteristics in urban development. For 

instance, the reinforcement of existing technologies dimin-

ishes incentives for developing new technologies, while en-

terprises are reluctant to incur additional costs for adopting 

new technologies, collectively placing greater pressure on the 

low-carbon development of resource-based cities. 
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Table 8. Heterogeneity test of urban resource endowment. 

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

 Resource-based city Non-resource city Resource-based city Non-resource city 

 lny1 lny1 lny2 lny2 

DID -0.121*** -0.137*** -0.142*** -0.155*** 

 (0.023) (0.023) (0.051) (0.024) 

Control variable Yes Yes Yes Yes 

Constant term Yes Yes Yes Yes 

Year fixed effect Yes Yes Yes Yes 

Urban fixed effect Yes Yes Yes Yes 

Number of samples 1,584 2,418 1,584 2,481 

R2 0.849 0.860 0.587 0.631 

Chow test 68.37 56.92 

P-Value 0.0000*** 0.0000*** 

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

6.2. Heterogeneity of Quota Allocation Model 

The allocation method of carbon emission rights exerts a 

significant influence on the supply structure of carbon al-

lowances, which in turn affects carbon trading prices. Simul-

taneously, it is closely related to the liquidity of the carbon 

emission rights trading market and the enthusiasm of entities 

to fulfill greenhouse gas emission reduction obligations. 

Therefore, the allocation mode serves as the foundation of 

provincial carbon trading policies and plays a decisive role in 

determining their implementation effectiveness. The carbon 

trading market in China has been developed mainly by the 

free allocation method, supplemented by paid allocation, 

among which paid allocation methods include bidding auc-

tions, pricing sales and so on. Currently, the allocation mode 

of carbon emission right quota of the carbon trading policy in 

each province is relatively different. The allocation mode of 

Shanghai City, Tianjin City, Chongqing City and Fujian 

Province only adopts the free allocation mode; the allocation 

mode of Guangdong Province includes free allocation and 

bidding auction; the allocation mode of Beijing City, Shen-

zhen City and Hubei Province includes free allocation, bid-

ding auction and fixed price sale [31]. Based on these distinct 

allocation models, the policy interaction term in the baseline 

regression model is sequentially decomposed to examine the 

heterogeneous impacts of carbon trading policies under the 

three quota allocation frameworks. 

Table 9 and Table 10 report the regression results of carbon 

emissions and carbon emission intensity under different al-

location modes: the interactive term estimation coefficients of 

the three allocation modes are significantly negative at the 

level of 1%, which indicates that no matter which allocation 

mode combination, the carbon trading pilot policy can sig-

nificantly reduce carbon emissions, reduce carbon emission 

intensity and achieve better carbon emission reduction and 

sink increase effects. To further examine inter-group differ-

ences, a supplementary Chow test was conducted. The 

p-values obtained from Table 9 and Table 10 are significant at 

the 1% level, which indicates that the difference between 

groups under the heterogeneity of quota allocation mode was 

strong. A comparison of coefficient magnitudes reveals that 

the carbon emission reduction effect is most pronounced in 

regions employing a combined allocation mode that integrates 

free allocation, bidding auctions, and fixed-price sales, out-

performing the other two modes. The possible reason is that 

although the free allocation method does not increase the 

burden of enterprises too much, it can ensure the participation 

of enterprises to a certain extent, but it is easy to lead to ex-

cessive quota issuance, market distortion and fairness prob-

lems; In contrast, the paid mode such as auction mechanism 

can realize higher economic efficiency, which is more con-

ducive to promoting the marketization of the carbon price, 

improving the enthusiasm of greenhouse gas emission reduc-

tion obligation subjects, and promoting the liquidity of carbon 

emission rights trading market. 
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Table 9. Heterogeneity test for quota allocation model (carbon emissions). 

 Free distribution model 
Free distribution, bidding auc-

tion 

Free allotment, auction and 

fixed price sale 

 (1) (2) (3) 

 lny1 lny1 lny1 

DID -0.180*** -0.063*** -0.196*** 

 (0.030) (0.018) (0.022) 

Control variable Yes Yes Yes 

Constant term Yes Yes Yes 

Year fixed effect Yes Yes Yes 

Urban fixed effect Yes Yes Yes 

Number of samples 180 294 180 

R2 0.920 0.868 0.899 

Chow test  6.13  

P-Value  0.0001***  

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

Table 10. Heterogeneity test of quota allocation model (carbon emission intensity). 

 Free distribution model 
Free distribution, bidding auc-

tion 

Free allotment, auction and 

fixed price sale 

 (1) (2) (3) 

 lny2 lny2 lny2 

DID -0.229*** -0.147*** -0.239*** 

 (0.030) (0.019) (0.025) 

Control variable Yes Yes Yes 

Constant term Yes Yes Yes 

Year fixed effect Yes Yes Yes 

Urban fixed effect Yes Yes Yes 

Number of samples 180 294 180 

R2 0.807 0.788 0.871 

Chow test  14.23  

P-Value  0.0000***  

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 
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6.3. Carbon Price Heterogeneity 

The implementation effect of carbon trading policy is 

closely related to the transaction price of carbon emissions. 

Considering the difference in carbon price in different pilot 

cities, the average transaction price of 8 pilot provinces is 

divided into three categories: high carbon price, medium 

carbon price and low carbon price. High carbon price areas 

include Beijing City and Shanghai City, medium carbon price 

areas include Guangdong Province, Hubei Province and 

Tianjin City and Chongqing City, and low carbon price areas 

include Fujian Province and Shenzhen City. According to the 

above carbon price differences, the policy interaction terms in 

the benchmark regression model are sequentially decomposed 

to investigate the differential effects of carbon trading policies 

under three carbon prices. 

Table 11 reports the regression results of carbon emissions 

under different types of carbon prices: the interaction estima-

tion coefficients for low carbon price regions and medium 

carbon price regions are not significant, and the interaction 

estimation coefficients for high carbon price regions are sig-

nificant at th2e 10% level, indicating that the higher the car-

bon price, the stronger the effect of carbon trading pilot poli-

cies on reducing carbon emissions. This may be because, on 

the one hand, the high economic pressures facing companies 

can prompt them to invest more in research and development 

to seek technologies and processes with lower carbon emis-

sions; on the other hand, the government's role in the carbon 

trading market includes maintaining carbon prices stable and 

promoting them gradually within reasonable and effective 

ranges [32]. When carbon prices are high, the government can 

more actively intervene in the market, strengthen manage-

ment and guidance, and effectively promote the implementa-

tion of carbon trading policies, thus enhancing the effective-

ness of carbon trading policies in reducing carbon emissions. 

Table 11. Heterogeneity test for carbon prices (carbon emissions). 

 Low carbon price region Medium carbon price region High carbon price region 

 (1) (2) (3) 

 lny1 lny1 lny1 

DID -0.059 -0.012 -0.278* 

 (0.051) (0.023) (0.041) 

Control variable Yes Yes Yes 

Constant term Yes Yes Yes 

Year fixed effect Yes Yes Yes 

Urban fixed effect Yes Yes Yes 

Number of samples 150 506 30 

R2 0.929 0.886 0.829 

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

Table 12 presents the regression results of carbon emission 

intensity under different types of carbon prices: the interaction 

estimation coefficients of low carbon price and medium car-

bon price regions are significant at the 1% level, and the in-

teraction estimation coefficients of high carbon price regions 

are significant at 10%, which indicates that the higher the 

carbon price, the weaker the effect of carbon trading policy on 

reducing carbon emission intensity. A potential explanation 

for this pattern lies in the relatively higher economic devel-

opment levels and larger economic scales observed in high 

carbon price regions. By definition, carbon emission intensity 

declines when the growth rate of carbon dioxide emissions is 

lower than the growth rate of GDP. In high carbon price re-

gions, the relatively faster GDP growth may exert an offset-

ting influence on the overall carbon emission intensity effect. 

Consequently, while carbon trading policies can effectively 

reduce absolute carbon emissions through higher carbon 

prices, their impact on carbon emission intensity may be 

mitigated by the countervailing effects of rapid economic 

growth. 
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Table 12. Heterogeneity test of carbon price (carbon emission intensity). 

 Low carbon price region Medium carbon price region High carbon price region 

 (1) (2) (3) 

 lny2 lny2 lny2 

DID -0.124*** -0.126*** -0.239* 

 (0.022) (0.016) (0.025) 

Control variable Yes Yes Yes 

Constant term Yes Yes Yes 

Year fixed effect Yes Yes Yes 

Urban fixed effect Yes Yes Yes 

Number of samples 150 506 30 

R2 0.940 0.911 0.983 

Note: The values in parentheses are the cluster standard errors at the city level, and *, **, and *** represent significance levels of 10%, 5%, and 

1%, respectively. 

7. Conclusions and Policy 

Recommendations 

Based on the panel data of 284 prefecture-level cities and 

above in China from 2003 to 2017, this paper empirically 

examines the emission reduction effects, mechanisms and 

heterogeneity of trading pilot projects by using the mul-

ti-period double difference method. The research results are as 

follows: (1) Carbon emissions trading can effectively reduce 

the total carbon emissions and carbon emission intensity in 

the pilot areas in terms of total volume and efficiency. This 

conclusion is still valid after passing a series of robustness 

tests;(2) Carbon emissions rights trading can effectively 

achieve carbon emission reduction in pilot cities through 

market mechanisms and administrative intervention, of which 

the role of market mechanisms is relatively limited, and ad-

ministrative intervention plays a certain role;(3) The emission 

reduction effects of carbon emissions trading are heteroge-

neous. From the perspective of urban resource endowment, 

the carbon emission reduction effect of non-resource-based 

cities is better than that of resource-based cities. From the 

perspective of quota allocation mode, the carbon emission 

reduction effect of the region adopting the comprehensive 

mode of free allocation, bidding auction and fixed price sale is 

better than that of the region adopting the single free alloca-

tion mode and the comprehensive mode of free allocation and 

bidding auction. From the perspective of carbon price, the 

effect of the carbon trading pilot policy in high carbon price 

areas on reducing carbon emissions is better than that in low 

carbon price and medium carbon price areas, and the effect on 

reducing carbon emission intensity is weaker than that in low 

carbon price and medium carbon price areas. 

According to the above conclusions, this paper puts for-

ward the following suggestions: (1) The government should 

intensify efforts to promote the carbon trading system, with 

the long-term goal of establishing a unified national carbon 

market that incorporates participation from diverse industries. 

(2) The carbon trading market must leverage the positive role 

of market mechanisms to prevent market failures and price 

distortions. Concurrently, the government should employ 

macroeconomic controls effectively, ensuring a balanced 

approach between administrative intervention and market 

mechanisms. A clear and scientifically defined boundary 

should be established between government oversight and 

market operations.(3) Increased financial assistance should be 

directed toward resource-based cities to reduce their devel-

opmental reliance on fossil fuels. This can be achieved by 

optimizing industrial structures and providing funding for 

corporate R&D and innovation, thereby breaking path de-

pendence.(4) The quota allocation system under carbon trad-

ing policies should be refined by increasing the proportion of 

valuable quotas, such as auctioned allowances. A hybrid al-

location model integrating multiple methods should be 

adopted to enhance efficiency and fairness.(5) The carbon 

trading policy must accelerate improvements to its price 

mechanism, ensuring that carbon prices effectively signal the 

cost of emissions reduction. A well-designed pricing structure 

will strengthen the incentive for enterprises to adopt 

low-carbon practices. 
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DID Differences-in-Differences 

GDP Gross Domestic Product 

PSO-BP Particle Swarm Optimization - Backpropagation 

ETS Emissions Trading Scheme 
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Appendix 

Placebo test results are shown in Figures 2-7. 

 
Figure 2. Placebo test-kernel density estimates of coefficients 

(carbon emissions). 

 
Figure 3. Placebo test-kernel density estimates for t values (carbon 

emissions). 

 
Figure 4. Placebo test-kernel density estimation plot for P values 

(carbon emissions). 

 
Figure 5. Placebo test-kernel density estimates of coefficients 

(carbon intensity). 

 
Figure 6. Placebo test-kernel density estimates for t values (carbon 

intensity). 
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Figure 7. Placebo test-kernel density estimation plot for P values 

(carbon intensity). 
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