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Abstract 
 

 

Establishing a carbon trading market is supposed to be one of the several effective means 

to solve the externality of global warming. This thesis uses both the synthetic control 

method and the difference-in-differences model to evaluate the impact of the carbon 

trading policy based on the panel data from 27 provinces in China from 1999 to 2019. This 

thesis also introduces an instrument variable to avoid selection bias. I find that the effect 

of the policy has regional heterogeneity: Beijing’s emissions trading scheme has achieved 

the desired reduction effect, whereas the implementation of the policy in other areas did 

not reduce the CO2 emissions effectively. Through the DID model analysis, I find that the 

impact of the carbon trading policy on reducing carbon emissions is statistically significant 

but not economically. This study confirms that policy support is necessary to reduce 

regional CO2 emissions and that these policies should be adapted to local conditions.  
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Chapter 1  Introduction 

CO2 (Carbon dioxide) is one of the main components of greenhouse gases that play a 

crucial role in the Earth's carbon cycle. However, human activities such as burning fossil 

fuels and deforestation have caused a significant increase in CO2 levels in the atmosphere. 

This increase has led to a phenomenon known as climate change, which is characterized 

by rising global temperatures, changing precipitation patterns, and more frequent extreme 

weather events. Furthermore, the excessive emission of carbon dioxide has contributed to 

the exacerbation of air pollution. These impacts are widespread and severe, affecting 

ecosystems, human health and the global economy.  

Ahmed Bhuiyan [1] utilized country-level panel data to demonstrate that excessive 

emissions of CO2 have significant negative impacts on biodiversity in both high-income 

and low-income countries. Lelieveld et al. [2] discovered that outdoor air pollution caused 

by excessive levels of PM2.5 particulate matter results in 3.3 million premature deaths 

annually, with a particularly severe impact observed in the Asian region. Fisher et al. [3] 

employed the hedonic approach in their article to investigate the impact of global warming 

on agriculture, holding the location where the crops are grown fixed. Their findings 

indicate that if global warming proceeds at a relatively slower pace, crop yields are 

predicted to decrease by 30%-46% by the end of the century. However, if global warming 

trends accelerate, this figure is expected to rise to 63%-82%. 
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   In the past century, there have been several significant international efforts to address 

climate change and reduce greenhouse gas emissions. These efforts include the adoption 

of the Kyoto Protocol in 1997, which was the first international agreement to set binding 

targets for reducing greenhouse gas emissions. The Protocol required developed countries 

to reduce their emissions by an average of 5.2% below 1990 levels by 2012. The United 

Nations Framework Convention on Climate Change (UNFCCC) was adopted in 1992 as a 

framework for international cooperation on climate change. The UNFCCC has held annual 

conferences of the parties (COP) since 1995 to assess progress in addressing climate 

change and negotiate new agreements. The Copenhagen Conference, held in 2009, was 

intended to result in a successor to the Kyoto Protocol, but the conference ended without 

a legally binding agreement. However, it did lead to the creation of the Copenhagen Accord, 

which recognized the need to limit global warming to 2°C above pre-industrial levels and 

included voluntary emissions reduction targets from major emitters. The Durban 

Conference, held in 2011, resulted in the Durban Platform for Enhanced Action, which 

established a new process for negotiating a post-2020 climate agreement. This process led 

to the adoption of the Paris Agreement in 2015, which is considered as the most significant 

of these conferences. It set a goal of limiting global warming to well below 2°C above pre-

industrial levels and pursuing efforts to limit the temperature increase to 1.5°C. Overall, 

these international efforts have been important in raising awareness of the need to address 
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climate change and reduce greenhouse gas emissions. The primary measures for limiting 

carbon emissions include the following three: 

 

Command-and-control regulation: This approach requires the government set specific 

standards on carbon emissions. Command-and-control regulation was widely used in the 

United States during the 20th century to control the emission of sulfur dioxide. However, 

Stavins [4] argued that the cost incurred by command-and-control far exceeds the potential 

economic benefit that can be obtained. Burgess et al. [5] also pointed out the effectiveness 

of this regulatory measure would be weakened without strong and effective monitoring 

measures.    

 

Setting a carbon tax: This involves the imposition of a tax on carbon emissions to provide 

an economic incentive for companies to reduce their emissions. 

 

Establishing a cap-and-trade market: This approach involves setting a cap on overall 

emissions and allowing companies to trade emissions permits, creating a market-based 

incentive for companies to reduce their emissions. 

Pigou [6] found out that setting tax prices based on the marginal damages that 

businesses impose on the environment and individuals can ensure the efficient operation 

of the market. Coase [7] argued that when low transaction costs and property rights exist 
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simultaneously, private negotiations can replace direct government intervention and bring 

an efficient price to the market.  

As one of the world's largest carbon-emitting countries, China has implemented a 

carbon trading market as a measure to reduce carbon emissions1. In 2013, China introduced 

carbon trading policies in seven pilot provinces, and as of July 2021, it has established a 

national carbon emission trading system2. This is also the world's largest carbon trading 

market. Fig. 1 shows the geographical distribution of seven pilot provinces in China and 

the time of policy implementation. The colors of the pilot provinces, varying from light to 

dark, indicate the chronological order of the implementation of the carbon trading policy. 

The policy was introduced in most regions in 2013, except for Hubei province which 

implemented the policy in 2014 and Fujian in 2016. Pilot provinces and municipalities are 

mainly concentrated in the central and southern regions of China, which suggests that the 

selection of policy implementation locations is not random.  

In this thesis, the synthetic control method and the difference-in-differences model 

(DID) are introduced to examine the impact of carbon trading policies on the carbon 

emissions of pilot provinces and cities. The empirical analysis is divided into two stages.  

__________________________ 

1National Development and Reform Commission Energy Research Institute stated that China would not 
introduce a carbon tax in the short term. This is because, as a developing country, a carbon tax would invisibly 
increase the cost of living for ordinary people and lead to a deterioration in economic conditions. 
2At the end of 2011, the National Development and Reform Commission of China announced that Beijing, 
Shanghai, Guangdong, Tianjin, Chongqing, and Hubei would become pilot provinces (or municipalities) of 
carbon trading policy. Subsequently, Fujian also became a pilot province for carbon trading at the end of 
2016. 
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In the first stage, I use the synthetic control method to evaluate the achievements of 

emissions reduction at the provincial level. Subsequently, a placebo analysis is conducted,  

revealing that the carbon trading policy only significantly reduces carbon emissions in 

Beijing. In the second stage, I create an indicator for the implementation of the carbon 

trading policy in pilot provinces (municipalities) and use the DID model to estimate the 

impact of the policy. The results indicate that the implementation of the carbon trading 

policy has statistically significantly reduced the annual carbon emissions of pilot cities. 

Furthermore, robustness tests are carried out and reveal that the impact is significant when 

the carbon trading policy is implemented, but not significant when comparable placebo 

policies are introduced. However, this thesis does not provide further explanations for the 

heterogeneity observed across regions. 

My analysis relies on multiple data sources. On the one hand, I use data from Carbon 

Emissions Accounts and Datasets (CEADS), which record the annual CO2 emissions of 

some provinces and cities in China. On the other hand, I use the statistical yearbooks 

disclosed annually by city governments in China, which record various statistical 

indicators of regions. 

The contributions of this thesis are as follows: (1) existing related literature has only 

used the synthetic control method or general equilibrium models to conduct research and 

did not introduce the use and discussion of the DID model; (2) the data used in this thesis 

covers the period from 1999 to 2019, including all available time before the outbreak of 
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the pandemic; (3) the results are analyzed from both graphical and numerical perspectives, 

while previous research could only study from a single side, thus provides more 

comprehensive information and enhances the credibility of the results through cross-

validation; (4) the thesis addresses the issue of the synthetic control method's inability to 

effectively deal with potential spillover effects. 

 
 
 
 
 

 
 
Fig. 1. The distribution of pilot provinces 

 

Notes: The geographical distribution of pilot provinces for carbon trading and the implementation year of 
the policy. 
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Chapter 2  Literature review 

Prior to the establishment of a carbon trading market in China, Europe, known for 

having the world's most mature carbon tax system, garnered significant scholarly attention. 

However, due to a dearth of available data during the initial stages of policy 

implementation, scholars at that time faced challenges in conducting quantitative 

predictions and analyses of the outcomes resulting from carbon trading policies. Therefore, 

part of the research has taken a different approach, choosing to analyze the policy impact 

at the theoretical level or through simulation models. Gottinger [8] used a computable 

general equilibrium model (CGE model) to simulate the impact of carbon trading policies 

on energy conservation and emission reduction in Europe and confirmed that the market 

trading structure of carbon emission permits right can effectively reduce greenhouse gas 

emissions. Ellerman [9] took advantage of installation-level data and conducted a 

comparison between the 2002 baseline emission data and the aggregation emission data 

published by EU member states for the years 2005-2006. The results showed that the 

implementation of carbon trading policies led to a reduction of 3.1% in emissions for the 

EU23 countries in 2005 when compared to the baseline emissions data. Subsequently, the 

researchers established a counterfactual model to investigate the impact of GDP growth on 

carbon emissions and estimated that emissions decreased by 7% to 10% in 2005, which 

was a statistically significant result. However, it is important to note that the data was 

supplied by companies operating the installations, which could potentially introduce 
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inherent errors that may affect the accuracy of the experimental results. Jean [10] 

constructs a general equilibrium model, encompassing multiple regions and sectors, was 

established, and it was concluded that if this policy were to be adopted globally, the carbon 

emissions of countries worldwide could be significantly reduced.  

Nowadays, many researchers use computable general equilibrium (CGE) or new 

models based on CGE models to study China's carbon trading policies. Liu et al. [11] used 

the Sino-Term CO2 model to study the separated market and linked market. Their results 

show that a linked market can improve social welfare and reduce carbon emission intensity, 

but this system may have more uneven welfare distribution among different industries. In 

2016, they [12] used the term CO2 model to study the economic structure of Hubei 

Province before and after the policy and find that the carbon emissions decreased by 1% 

due to the policy, followed by a decrease of 0.06% in the total GDP, a decrease of 0.09% 

in the employment rate, a decrease of 0.33% in the investment rate, and a growth of 0.35% 

in household consumption. It is concluded that a carbon trading policy can effectively 

reduce carbon emissions. Although it may bring side effects, the impact is very limited.  

Abadie et al. [13] created the synthetic control method and completed the policy 

analysis of the California anti-smoking program. In the article, they used price, GDP per 

capita, and other control variables to establish a comparison between the tobacco 

consumption per capita of real California and synthetic California before and after the anti-

smoking act, confirming that the anti-smoking act has played a solid role. This method was 
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also quickly accepted and widely used in policy research. Chen et.al [14] studied the carbon 

trading policy using the synthetic control method and found that the carbon trading policy 

effectively helped China's pilot provinces reduce sulfur dioxide emissions.  

In addition, once the DID model has access to rich and available data support, it can 

play an important role in research. Woldfagel [15] used the DID-design method and came 

to the conclusion that 40%-50% of the wage gap caused by the gender gap between men 

and women can be attributed to women's marital status and whether they have children. 

Furthermore, the emergence of maternity leave has guaranteed women's right to work, 

making it easier for women to return to their original posts after childbirth, and to use 

policy subsidies to make up for the losses caused by having children. Angrist [16] 

investigate the effects of the Americans with Disabilities Act. He came to a solid 

conclusion: after the bill protecting the rights of the disabled, the employment rate of the 

disabled decreased, and this was not enough to be explained by the increase in the number 

of people receiving disability transfers. Burgess [17] consider the impact of worker-

friendly labor regulations on growth in a developing country. Their result suggests that 

policies that attempt to balance the power between capital and labor can end up hurting 

poverty. Mirenda [18] employed a Fixed-effects model to analyze the impact of mafia 

infiltration on firms with a short founding date and under-performing performance, 

establishing a binary variable for the presence of mafia activity in a region. Concluded that 

mafia activities lead to the revenue of the company increasing significantly, but at the same 
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time it also deteriorates the financial situation and eventually makes these firms quit the 

market. This result is consistent with the real society background. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

11 

Chapter 3  Empirical Methods  

This thesis employs the synthetic control method and the DID model to test whether 

the carbon trading policy, implemented in seven pilot provinces in China, has effectively 

reduced carbon emissions from both the province level and city level. Guide the 

implementation plan that may be carried out in China nationwide in the future through the 

post-experience impact assessment. When using the synthetic control method, it is 

important to be aware of certain issues. The synthetic control method is not effective in 

addressing potential spillover effects3, which can introduce bias into the results. As such, 

to address this challenge, I continue to use the DID model after applying the synthetic 

control method. When using the DID model, it is important to acknowledge that the 

decision to implement the carbon trading policy in each region involves the policymaker's 

subjective judgment, given that the initial level of carbon emissions of the treatment group 

and the control group may not be equivalent. The determination of whether to implement 

the policy in a particular location is based on several factors, including geographic location, 

economic development, and industrial structure, among others. This aligns with the reality  

of policy implementation, which generally starts with pilot demonstration areas that have 

_______________________ 

3When carbon trading policies are implemented in a pilot province, it is possible that local companies will 
relocate their production activities to neighboring provinces and cities, leading to an increase in carbon 
emissions in the surrounding areas and weakening the effectiveness of the policy. It is also possible that local 
companies will reduce their production levels and demand for products, leading to an exaggeration of the 
policy's achievements. 
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relatively high economic development levels. Consequently, the utilization of instrumental 

variables is introduced to address these issues. 

 

3.1   Synthetic control method 
 

The synthetic control method is based on Rubin's counterfactual framework. Its 

essence is to find one or more appropriate control groups for the treatment group. The 

synthetic control method is to select a control group with similar characteristics to the 

treatment group and is not subject to policy intervention. By using a linear combination of 

multiple provinces in the control group, a synthetic control area is constructed to 

approximate the treatment group: for the donor pool (control group) not affected by the 

policy, each province is assigned a non-negative value, which forms a non-zero vector, 

used to simulate the treatment group. The elements in the weight vector sum to 1. The 

specific research method is as follows: Assume there are J+1 observations, without loss of 

generality, let the first observation (𝑌!) be the treatment group affected by the policy, and 

the other individual's 𝑌"  (j=2,…, J+1) be in the control group, indicating that the 

observations have not affected by the policy. Time 𝑡	ranges between 0 and T, and the 

observation value of 𝑌" 	at time 𝑡 is 𝑌"# . 𝑌"#(0) represents no policy intervention, and 

𝑌"#(1) represents 𝑌" receives treatment at time 𝑡. The treatment effect at time t we want 

to observe can be expressed as 𝜏# = 𝑌!#(1) − 𝑌!#(0). Since 𝑌!#(1) is observable, we 

need to build a counterfactual observation: 
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																																																														𝑌!#$ (0) = ∑ 𝑤"𝑌"#(0)"%&                        (1) 

 

Therefore 𝜏# = 𝑌!#(1) − 𝑌!#(0) ≈ 𝑌!#(1) − 𝑌!#$ (0) , and treatment effect on the treated 

can be further obtained. Denote 𝑥! as a 𝐾 ∗ 1 matrix represents the characteristics of the 

treatment group, 𝑋' as a 𝐾 ∗ 𝐽 matrix represents the characteristics of the control group. 

𝑤 is a 𝐽 ∗ 1 matrix that represents the weight vector, the problem can be described as 

follows:  

 

										min
(
(𝑥! − 𝑋'𝑤)′𝑉(𝑥! − 𝑋'𝑤) 					𝑠. 𝑡. 𝑤" ≥ 0	(𝑗 = 2, . . , 𝐽 + 1);	∑ 𝑤" = 1"%&    (2) 

 

Using the synthetic control method introduced above, I establish synthetic provinces 

for all seven pilot provinces: Beijing, Chongqing, Guangdong, Hubei, Shanghai, Fujian, 

and Tianjin to simulate and predict the CO2 emissions before and after the carbon trading 

policy. I showed the difference in CO2 emissions between the seven pilot provinces and 

the corresponding synthetic provinces. Subsequently, because local governments may 

already have introduced similar policies to curb CO2 emissions before releasing the carbon 

trading policy, I re-set the treated year as the year in which the government released 

official documents that imposed restrictions on the local industry. Finally, I conduct a 

series of robustness checks and placebo analyses to confirm that my estimated impact on 

the carbon trading pilot is meaningful and effective. 
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3.2   Difference-in-Difference model 
 

To further support the validity of the result, generated from the synthetic control 

method. I resort to the DID model in the following text, as it could present the research 

results in a quantitative manner and address potential defects in the synthetic control 

method. 

The DID model is a statistical technique that has been widely used in econometrics and 

quantitative research in the social sciences that attempts to mimic an experimental research 

design using observational study data, by studying the differential effect of a treatment on 

a 'treatment group' versus a 'control group' in a natural experiment. It calculates the effect 

of a treatment (i.e., an explanatory variable or an independent variable) on an outcome (i.e., 

a response variable or a dependent variable) by comparing the average change over time 

in the outcome variable for the treatment group to the average change over time for the 

control group.  

   I first exploit city-level panel data to deal with endogeneity, arguing that it has to do 

with time-invariant unobserved heterogeneity and time-varying pilot status. Based on this 

assumption, I established the following DID model, more specifically, the fixed effect 

model, which can be formally written as: 

  
			𝑦)# = 𝛼 + 𝛽𝐷)# + 𝑢) + 𝑣# + 𝜖)#                           (3) 
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where 𝑦)# represents city performance (CO2 emissions); 𝐷)# is a binary variable, equals 

1 if a city belongs to a pilot province from time t and onwards. In this given situation, time 

t is set to the year 2013. 𝛽 is the coefficient I am interested in, which measures the effect 

of the carbon trading policy implemented in pilot cities. 

In the following discussion, I added more control variables to the original regression 

equation in order to enhance the internal validity of the study by limiting the influence of 

confounding and other extraneous variables, to further establish a causal relationship. The 

revised equation can be formally written as below: 

 
																																𝑦)# = 𝛼 + 𝛽𝐷)# + 𝛿𝑋)# + 𝜎𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟)# + 𝑢) + 𝑣# + 𝜖)#           (4) 
 

Where 𝑋)# is a set of control variables including total population, the share of people 

working in secondary industry, city area, GDP, the proportion of the secondary industry 

in GDP, fixed asset, annual investment in fixed asset, income per capita, greening 

coverage rate, and park size for the treated city i in year t and on. The Appendix provides 

a detailed account of the definitions and units of these variables. 𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟)# is a binary 

variable, designed to avoid the potential spillover effect which hasn’t been solved in the 

previous synthetic control method. It equals 1 if the province where the city belongs is 

adjacent to a pilot province and 0 otherwise. 
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Chapter 4  Data Description 

For the first research using the synthetic control method, the key outcome variable I 

focus on is the CO2 emissions each year. To this end, I collected data from CEADS from 

1999 to 2019, which have been widely used for research purposes, to a certain extent 

ensuring the authenticity and accuracy of data. Since almost all the pilot provinces 

implemented the carbon trading policy in the year 2013, except Hubei in the year 2014 and 

Fujian in the year 2016. I set the year 2014 as the treatment year for Hubei, 2016 for Fujian 

and 2013 for all other pilot provinces. The sample period starts in 1999 because this is the 

first year of CEADS data on energy consumption for all our control provinces, which 

provides data for up to 15 years before policy interventions. This thesis utilizes the carbon 

emission data up to the year 2019. Although CEADS provides data up to 2021, due to the 

epidemic, the Chinese government successively took lockdown measures in Wuhan, Hebei, 

Shanghai, and Beijing provinces from 2020 to 2022, which caused serious endogeneity 

problems.  

I construct a counterfactual synthetic model for the seven pilot provinces that reflects 

the values of their respective CO2 emissions before and after the introduction of the carbon 

trading system. Table 1 presents the details of the CO2 emissions predictors4. I choose the 

___________________________ 

4Auffhammer [19] suggests the decomposition of the industry could be a good estimator of predicting CO2 
at the provincial level. Adeleye [20] proved "income has a strong influence on carbon emissions via energy 
usage".  
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share of the secondary industry in GDP, the total output value of the secondary industry in 

log form, and the indispensable income per capita as a consistent standard of implementing 

the synthetic control method across the seven pilot provinces. 

For the second research using the difference-in-differences model, CEADS provides 

carbon emissions data for 290 cities from 1999 to 2018 at the city level. However, unlike 

the provincial data, there are many missing data in the city-level data on carbon emissions. 

When processing the data, I removed those cities that had no carbon emission data records 

in the previous six years from the sample set. After this step, there are 146 cities left in the 

data set, providing a total of 2,906 observations. 22% of cities belong to the treatment 

group. The second source is the statistic yearbook of each city. The variables involved have 

been discussed above. Similar to the problems in CEADS, there are a large number of 

missing data in the statistical yearbook published by the municipal government, I use the 

Lagrangian interpolation formula5 to fill in the missing data. Table 2 shows the relevant 

data on the urban characteristics of cities in carbon trading pilot provinces before the 

implementation of the policy and compares them with the data of all other cities. It is not 

difficult to find that cities in pilot provinces have a larger population, owned fixed assets 

and annual investment. The economy is also more active. This suggests that pilot 

___________________________ 

5For k+1observations (x0, y0), …, (xk, yk), assuming for any different i and j, xi≠xj then the Lagrangian 

interpolation polynomial obtained by applying the Lagrangian interpolation formula is given by: 

𝐿(𝑥) = ∑ 𝑦!"
!#$ 𝑙!(𝑥), where 𝑙!(𝑥) = ∏ %&%!

%"&%!

'(!
'#$  
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provinces have a higher level of economic development than non-pilot provinces. This 

result needs to be interpreted cautiously because it means that the selection of pilot 

provinces is not completely random, and they have some qualitative differences compared 

with non-pilot provinces. This endogenous problem is also the focus of the DID model. 

Interestingly, on the contrary, cities in non-pilot provinces have a lower average proportion 

of secondary industry, which seems to indicate that the government is cautious about 

whether the carbon trading policy can be implemented smoothly. 

 
 
 

Table 1 Predictors of CO2 emissions 
 

Predictor Data source Mean value for non-pilot Mean value for pilot  

GDP in secondary 
industry (log) 

China Statistical 
Yearbook 

8.0255 8.449  

Share of GDP in 
secondary industry 

(%) 

China Statistical 
Yearbook 

0.455 0.433 

 

 

Income per capita 
(log) 

National Bureau 
of Statistics 

9.383 9.891 
 

 

Average CO2 
emissions  

CEADS 286.443 165.761 
 

 

Note: The secondary industry generally refers to businesses that are involved in the manufacturing, 
processing, and construction sectors of the economy. 
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Note: Column (1) and Column (2) report the mean values of relevant indicators for non-pilot cities and 
pilot cities respectively before the policy was implemented. Column (3) reports the p-value for the t-
test whether the means of the two data sets are the same. GDP is measured in 1 million CNY. The fixed 
asset is measured in 10,000 CNY. The annual investment is measured in 10,000 CNY. The income per 
capita is measured in 1 CNY.***p<0.01, **p<0.05, *p<0.1. 

 

 

 

 

 

 

 

 

Table 2 Comparison of urban characteristics before the policy 
 

  (1) (2)        (3) 
 Control Treated p-value 

Emissions 30.397 29.965 0.826 
Population (log) 5.987    6.090  0.005*** 
Share of people in secondary industry(%) 43.497 44.389 0.2575 
Area 12835.740  12209.480  0.370  
GDP  11.41 15.80 2.8·10-7*** 
Secondary industry GDP proportion(%) 49.592 46.857 7.3·10-8*** 
Fixed asset 53021.9 91440.74 2.1·10-7*** 
Annual investment 61340.630  81082.970  0.004*** 
Income per capita 21053.78 22161.22 0.1236 
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Chapter 5  Result 

5.1 Applying the synthetic control method 

As introduced above, I create seven synthetic pilot provinces as a linear combination 

of provinces in the donor pool6, which is considered as most closely representative of the 

CO2 emissions of real pilot provinces. Figure 2 shows the simulation results. This group of 

figures records the actual data and synthesis of CO2 emissions of the seven pilot provinces 

before and after the carbon trading policy was implemented. According to the preliminary 

research results, I have divided this group of pictures into three graphs. The first group 

contains only Chongqing this is also the group that the carbon trading policy has achieved 

a remarkable result. Following the implementation of the carbon trading policy, it has been 

observed that the trend of carbon emissions in the real province has gradually decreased, 

whereas the trend of carbon emissions in the synthetic province has shown a gradual 

increase. It should be noticed that a disparity is observed prior to the implementation of 

the policy, indicating that the local government may have imposed restrictions on carbon 

emissions beforehand. The second group includes Tianjin Hubei Guangdong and Fujian. 

After the implementation of the carbon trading policy, the carbon emission trends of the 

real province and synthetic province show a parallel relationship. Even in Fujian province, 

the carbon trading policy has an unintended consequence on carbon emissions. Based on 

empirical evidence, it can be concluded that the carbon trading policy implemented in these 
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four provinces has not been successful in reducing carbon emissions. The third group 

includes Beijing and Shanghai. Within this group, it can be observed that prior to the 

implementation of the carbon trading policy, the synthetic province does not conform to 

the trend exhibited by the real province, which suggests that it is difficult to produce 

accurate predictions with the synthetic control method based on the existing 

standards. Table 3 compares the pretreatment characteristics of the pilot provinces with 

that of the synthetic provinces. The whole process is completed by using synth in Stata. 

Table 4 shows the weight of each control member in the donor pool. Take Beijing as an 

example, the weights reported in Table 4 suggest that the CO2 emissions and the changing 

trend in Beijing before the carbon trading policy can be restored to the greatest extent by 

Hainan (0.853) and Liaoning (0.147). Fig 3 shows the results of the synthetic control 

method after I modify the treated year by studying the official reports issued by the local 

government7. Take Beijing as an example, it is not difficult to see that before the policy is  

________________________________ 

6Tibet, Hongkong, and Taiwan are not included due to their geographical location and special political 
reasons.  
7The Beijing Municipal Environmental Protection Bureau and the Beijing Municipal Bureau of Quality and 
Technical Supervision jointly issued standards for limiting pollutant emissions in 2005. The Fujian 
Provincial People's Government required energy conservation and emission reduction measures throughout 
the province in response to climate change in 2007. The Tianjin Provincial People's Government issued a 
notice in 2008 to limit the emission of polluting gases from the agricultural sector. The Guangdong Provincial 
People's Government limited greenhouse gas emissions in 2009 based on the State Council's "Eleventh Five-
Year Plan". The Hubei Provincial People's Government issued a notification in 2010 requiring mining 
enterprises to adjust their industrial structure and reduce pollutant emissions. The Chongqing and Shanghai 
Municipal People's Government restricted industrial pollution in 2012 and limited greenhouse gas emissions 
and energy planning based on the State Council's "Twelfth Five-Year Plan". 
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implemented, the trend of CO2 emissions in synthetic provinces and real pilot provinces is 

almost consistent. After the local government promulgates relevant regulations to restrict 

carbon emissions, the CO2 emissions in the real provinces begin to decline, while those in 

synthetic provinces continue to grow. This feature has also been reflected in the other three 

pilot provinces. This phenomenon provides evidence that China's efforts to restrain carbon 

emissions have been effective in these four provinces, although it is not possible to 

disentangle the influence of other measures from the control of synthetic methods alone. 

Appendix Fig 1-Appendix Fig 3 shows the result of the three remaining pilot provinces. 

As shown in these three figures, I cannot get good synthetic results. Therefore, I cannot 

say anything about their respective performances yet.  
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Figure 2 CO2 emission in pilot provinces versus synthetic pilot provinces   
                 

Beijing       Shanghai 

    

               Chongqing                              Tianjin 

   

 

          Fujian                Guangdong                   Hubei 

   

*CO2 emission is measured in metric tons. The vertical axis represents the annual carbon emissions of the 
region. 
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Table 3 Comparison of social characteristics between actual and synthetic pilot provinces 
 

 
Note: CO2 emissions are measured in million tons. 
 
 

 

Province Variables Treated Synthetic 

Beijing 

Share of Secondary industry 0.2728807 0.4225477 

GDP of the secondary industry (log) 7.554235 7.254254 

Income per capita (log) 10.0221 8.936381 

Average CO2 emissions before policy 80.6698 80.69612 

Tianjin 

Share of Secondary industry 0.5150818 0.5036219 

GDP of the secondary industry (log) 9.578486 8.864125 

Income per capita (log) 7.671836 6.682906 

Average CO2 emissions before policy 92.66015 92.58672 

Chongqing 

Share of Secondary industry 7.414002 7.411884 

GDP of the secondary industry (log) 0.4461545 0.4350966 

Income per capita (log) 9.021892 8.974194 

Average CO2 emissions before policy 92.68112 92.67151 

Fujian 

Share of Secondary industry 0.4923842 0.4794003 

GDP of the secondary industry (log) 8.493865 8.152602 

Income per capita (log) 9.556709 9.314156 

Average CO2 emissions before policy 139.0418 141.6533 

Hubei 

Share of Secondary industry 8.337082 8.337515 

GDP of the secondary industry (log) 0.4942954 0.4802777 

Income per capita (log) 9.080424 9.080506 

Average CO2 emissions before policy 197.7615 197.7658 

Shanghai 

Share of Secondary industry 8.356991 7.934664 

GDP of the secondary industry (log) 0.4479916 0.4762495 

Income per capita (log) 10.07796 9.104713 

Average CO2 emissions before policy 133.2781 133.2171 

Guangdong 

Share of Secondary industry 9.341305 8.639677 

GDP of the secondary industry (log) 0.4862495 0.4862947 

Income per capita (log) 9.493322 9.375976 

Average CO2 emissions before policy 306.8291 306.511 
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Table 4  Weight for each synthetic pilot 

Provinces 
synthetic 

Beijing 

synthetic 

Tianjin 

synthetic 

Chongqing 

synthetic 

Fujian 

synthetic 

Hubei 

synthetic 

Shanghai 

synthetic 

Guangdong 

Anhui 0 0 0 0 0 0 0 

Chongqing 0 0 0 0 0 0 0 

Fujian 0 0 0 0 0 0 0 

Gansu 0 0 0 0 0 0 0 

Guangdong 0 0 0 0 0 0 0 

Guangxi 0 0 0 0 0 0 0 

Guizhou 0 0 0 0 0 0 0 

Hainan 0.853 0 0.142 0 0 0 0.135 

Hebei 0 0 0 0 0 0 0 

Heilongjiang 0 0.249 0 0 0 0 0 

Henan 0 0 0 0 0.154 0 0 

Hongkong —— —— —— —— —— —— —— 

Hubei 0 0 0 0 0 0 0 

Hunan 0 0 0 0 0 0 0.065 

Inner 

Mongolia 
0 0 0 0 0 0 0 

Jiangsu 0 0 0 0 0 0 0.661 

Jiangxi 0 0.188 0.806 0.827 0.279 0.769 0 

Jilin 0 0 0 0 0 0 0 

Liaoning 0.147 0 0 0 0 0 0 

Ningxia 0 0 0 0 0 0 0 

Qinghai 0 0.563 0 0 0 0 0 

Sha'an xi 0 0 0 0 0 0 0 

Shandong 0 0 0 0 0 0 0 

Shanghai 0 0 0 0 0 0 0 

Shanxi 0 0 0 0 0 0 0 

Sichuan 0 0 0 0 0.399 0 0 

Taiwan —— —— —— —— —— —— —— 

Tianjin 0 0 0 0 0 0 0 

Tibet —— —— —— —— —— —— —— 

Xinjiang 0 0 0 0 0 0 0 

Yunnan 0 0 0 0 0 0 0 

Zhejiang 0 0 0.052 0.173 0.168 0.231 0.139 

Note: The blank means relevant data is not available due to political and geographical issues 
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Figure 3 Revised results after dating back the treated year 
 

                 Beijing                            Tianjin                                 

  

 

                Chongqing                          Hubei                            

  

Note: The vertical dotted line represents the time when each pilot province takes to implement the carbon 
trading policy. The treated year is redefined according to the relevant documents published by local 
government.           
 
    

5.1.1 Placebo analysis 
 

Since the synthetic control method itself does not provide the regression coefficient 

and the related standard error, I cannot draw any further conclusions on this basis other 

than whether the implementation of the carbon trading policy in the pilot province has 
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reduced the carbon emissions of the pilot province. In order to test whether the carbon 

trading policy has solid and effective results, I perform the placebo analysis test according 

to Abadie et.al (2010). The basic idea is to replace all the provinces in the donor pool with 

the pilot provinces one by one, continue to use the same standard to carry out the synthetic  

 
 
 
 

Figure 4 Placebo analysis 
 

Beijing                                 Tianjin                           

               
Chongqing                                 Hubei                                 

  
Note: Annual CO2 emissions in pilot provinces and placebo simulations in 23 control provinces. The 
vertical dotted line represents the time when each pilot province takes to implement the carbon trading 
policy          
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control method, estimate the placebo effect of each control province, and then compare the 

difference between the placebo effect and the real effect. A significant policy effect is 

indicated if the placebo effect is smaller than the treatment effect or if their signs (positive 

or negative) are opposite, and vice versa.  

   As shown in Figure 4, the orange line represents the treatment effect received by the 

real pilot province and other grey lines represent the fake treatment effect, calculated by 

replacing the pilot province with each unaffected province in the donor pool. As explained 

above, the treatment effect can be considered significant if and only if the orange line is 

placed at the bottom. The rate of change in CO2 emission intensity in the pilot provinces 

except Beijing has always remained at the middle level of all other provinces. Thus, the 

results show that the limitation of carbon dioxide emissions has achieved significant results 

only in Beijing and the policies have achieved negligible effects in other pilot provinces. 

Despite the conclusion from the synthetic control method indicating that the impact of 

the carbon trading policy is not significant, it is premature to draw a definitive conclusion, 

given the inherent limitations of the synthetic control method. To further explore the issue, 

I subsequently employ the DID model in the following analysis. 
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5.2 Difference-in-Difference model 
 

In order for the DID model to prove the causality relationship, the first thing that needs 

to be tested is the parallel trend assumption. Figure 5 shows the comparison of CO2 

emissions between the treatment group and the control group when the carbon trading 

policy has not been implemented. These two graphs present the growth trend of carbon 

emissions during the period of 1999 to 2012. The first graph depicts the growth trend of 

CO2 emissions in the pilot cities, whereas the second graph illustrates the growth trend in 

non-pilot cities. Although the starting and ending points of the curves in these two graphs 

are different, they exhibit a pronounced similarity, namely, carbon emissions have 

displayed an increasing trend over the years during this period, and the growth rate has 

been accelerating since 2009. Therefore, the growth trend of these two graphs is parallel 

to some extent, and a DID model can be constructed to investigate whether the carbon 

trading pilot policy has a significant impact on CO2 emissions.  

 

5.2.1 Effects on carbon trading policy 
 

Table 2 shows the relevant data on the urban characteristics of cities in carbon trading 

pilot cities before the implementation of the policy and compares them with the data of all 

other cities. It is not difficult to find that cities in pilot provinces have a larger population 
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and a more active economy, owned fixed assets and annual investment. This proves that 

pilot provinces have a higher level of economic development than non-pilot provinces. 

This result needs to be interpreted cautiously because it means that the selection of pilot 

provinces is not completely random, and they have some inherent differences compared 

with non-pilot provinces. This endogenous problem is also the focus of the DID model. 

Interestingly, on the contrary, cities in non-pilot provinces have a lower average proportion 

of secondary industry, which seems to indicate that the government is cautious about 

whether the carbon trading policy can be implemented smoothly. Thus, determining the 

impact of carbon trading policies on city performance is a challenging task. In fact, treated  

cities may differ from other cities in many dimensions, most of which may be related to 

the variable of interest.  

 
 

5.2.2 Main results   

Table 5 reports the baseline estimation results without adding other control variables. 

Estimated coefficients and the corresponding statistic value are generated by three separate 

regressions. Column (1) only controls for time-fixed effects. The variable of interest 𝐷)# 

will lead to a 3.196 million tons decrease in CO2 emissions in pilot cities and the coefficient 

is statistically significant. In column (2), the city-fixed effect is added, resulting in a slight 

increase of the coefficient to -3.19. However, the result is still very similar. In column (3),  

I reweight the observations by using the total population, and the result decreased to -5.795. 



 

 

31 

People should not be surprised by this result considering that the design of the carbon 

trading policy is intended to reduce carbon emissions. However, this result is still not 

economically significant. Given the average CO2 emissions among the sample is 35.35 

million tons, the elasticity is only 0.164.  

Although the magnitude of the decline in reducing city performance may not be 

significant enough to have substantial implications for the environment, it can bring 

significant economic benefits to society. Using an estimate for the social cost of emitting 

 
 
 
 
Fig. 5 Comparing the parallel trend 

 
Note: The time span is from 1999 to 2012, during which the carbon trading policy has not yet started. The 
left image (pilot = 0) represents the average annual CO2 emissions of the control group, and the right image 
(pilot=1) represents the average annual CO2 emissions of the treatment group 
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one ton of CO2  ($51/ton, published by U.S federal), I discover from the previous 

regression analysis that the establishment of a carbon trading market has the potential to 

generate a substantial amount of economic benefits, estimated at around $300 million per 

year. If calculated based on the latest SCC (Social Cost of Carbon), which is $185/ton 

provided by Rennert et al [21], this number would increase to $1 billion. This series of 

results also indicate that even minor reductions in carbon emissions can bring significant 

economic benefits to today's environment. 

 
 
 

Table 5 Baseline estimation 
 

 (1) (2) (3) 
Dit -3.196** -3.19** -5.795*** 
 (-2.39) (-2.38) (-4.80) 
    

Year-of-sample fixed effects (20 years) Yes Yes Yes 
City fixed effects (146 cities) No Yes Yes 
Observations weighted by population No No Yes 
    

Observations 2,908 
Notes: This table reports estimated coefficients and the corresponding statistic value corresponding of a 
binary variable which indicates cities where the carbon trading policy has been implemented from three 
separate regressions. In all regressions, the dependent variable is the log value of CO2. emissions. The sample 
includes 2,908 observations for 146 cities. ***p<0.01, **p<0.05, *p<0.1. 

 
 

Table 6 reports the estimated result. Column (1) shows the coefficient estimated from 

the most basic regression equation. The coefficient on 𝐷)# is still statistically significant, 

which is consistent with the previous regression results. Most of the control variables do 
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not have any impact on CO2 emissions. While a ten thousand increase in the total 

population would lead to a 0.007 million tons reduction in CO2 emissions and a one billion 

CNY increase in fixed assets will lead to a 0.013 million tons increase in carbon emissions. 

Column (2) shows the result after adding 𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟)# into the regression equation. It is 

worth noting that, except for the newly added variable, the coefficients, and the 

corresponding statistic value in column (2) are the same as those in column (1), and the 

coefficient on 𝑁𝑒𝑖𝑔ℎ𝑏𝑜𝑟)# is not statistically significant. Various evidence suggests that 

although the implementation of carbon trading policy theoretically may lead to a decrease 

in production activity in the pilot provinces and cause some production activity to shift to 

neighboring provinces, ultimately resulting in an increase in carbon emissions in the 

surrounding provinces without addressing the endogeneity problem, the migration of 

production activities does not have a significant impact on CO2 emissions.  

Column (3) shows the regression results after introducing an instrumental variable to 

address the endogeneity problem8. After careful consideration, I have decided to use an 

indicator 𝐶𝑜𝑙𝑙𝑒𝑔𝑒)#  as the instrument variable. Firstly, colleges are often built several 

decades or even centuries ago, the construction process has long been completed. Colleges 

are designed primarily to provide opportunities for students to receive advanced education 

_____________________________ 

8𝐷') as a binary endogenous regressor, cannot be regressed using the traditional linear model in the first 
stage of 2SLS. Therefore, I use a probit model to transform it into a continuous variable with values ranging 
from 0 to 1, representing the probability of city i being selected as a pilot province in time t. 
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and to provide an environment and resources for scientific research. They do not engage 

in production activities themselves, so their CO2 emissions are relatively low compared to 

other businesses, or in other words, the direct relationship between the two variables is 

weak. Secondly, the number of colleges, as an indicator of educational resources, to some 

extent also represents the level of economic activity in a region. As shown in Table 2, pilot 

cities have higher levels of economic development compared to non-pilot cities. Column 

(4) presents the regression results with the Weighted-Least-Square method applied on top 

of column (3), to address the bias caused by heteroskedasticity. Comparing column (3) and 

column (4) can lead us to some interesting conclusions: The two columns both obtained  

significant estimates for the coefficient on 𝐷)#, indicating that the carbon trading policy 

has indeed achieved statistically significant results. Specifically, for each city that 

increases the probability of becoming a pilot city by 1%, carbon emissions will be reduced 

by 0.1864 (million tons) while holding other regressors as constant. While the elasticity is 

only 0.03, suggesting the magnitude is so small to be considered practically helpful. This 

implication is also consistent with the previous result obtained from the synthetic control 

method.  

To calculate the average treatment effect on the treated (ATT), I proceeded to exclude 

all non-pilot cities from the sample and re-conducted the regression analysis following the 

steps outlined in Table 6 column(4). The results of the regression analysis are presented in 

Table 7. The coefficient on 𝐷)# measures the effect of the carbon trading policy in the 
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pilot cities. Compared to the previous results without controlling for the pilot, this number 

has decreased significantly. This indirectly confirms that heterogeneity across regions 

should be a crucial focus in studying China's carbon trading market. Although the 

coefficient is only significant at the 95% confidence level, it is still strong and robust 

evidence to support the argument. At the same time, the elasticity of this coefficient is only 

0.05, which is not economically significant. This is consistent with the previous research 

findings mentioned earlier. At this point, I have conducted multiple experiments from 

different perspectives to demonstrate that while China's carbon trading policy does have a 

suppressive effect on carbon emissions, the effect is not as remarkable as expected. Relying 

solely on this approach may not be sufficient to achieve the ambitious goals of energy 

conservation and emission reduction. In addition, the spillover effects observed are highly 

significant both statistically and economically, suggesting the presence of a series of 

negative feedback mechanisms underlying the carbon trading policy that have attenuated 

its effectiveness. Nevertheless, the potential economic benefits associated with energy 

conservation and emission reduction are significant enough to serve as a strong impetus 

for further progress. 
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5.2.3 Robustness check 
 

In the preceding section, I explored the effects of the carbon trading policy and the 

potential influence of spillover effects on its benefits. To further validate my result, I 

conduct two placebo analyses.  

In the first placebo test, I set 2017 as a fake-treated year and carry out a regression 

following the steps conducted in Table 7 exactly. The idea is, after the year 2017, no new 

cities are designated as pilot cities for implementing the carbon trading policy. Thus if the 

estimated equation is well defined, the coefficient on the variable of interest should be 

insignificant. Otherwise, it reveals that some important variables are omitted thus could 

cause bias in the result. Table 8 shows the regression result for the placebo tests. The 

coefficient on the variable of interest is not statistically significant, indicating that the 

previous regression results are valid.  

Still, some may raise concerns regarding whether the pilot provinces had already 

implemented similar measures prior to the introduction of the carbon trading policy, and 

whether these previous actions may lead to the exaggeration of the policy effect. To 

investigate this, I repeat the specification from Table 7, but add another binary indicator 

𝑃)#9 represents a new type of trend. 𝑃)# equals 1 if city i adopts certain regulatory measures  

_____________________________ 

9I assume 𝑃') is an exogenous variable. The value of Pit is strictly determined by the year in which the pilot 
provincial government's actions prior to the implementation of carbon trading policies were taken, as 
described in the section on the synthetic control method. 
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to limit CO2 emissions in year t and onwards and equals 0 otherwise. Table 9 displays the  

research result for this issue. The results presented in column (2) demonstrate that a series 

of measures taken by different cities prior to the implementation of carbon trading policies 

does effectively mitigate CO2 emissions, as evidenced by statistically significant findings. 

Nevertheless, this initiative does not compromise the efficacy of carbon trading policies. 

The coefficient on the variable of interest remains highly significant at a confidence level 

of 99%, and it only varies by 0.9% compared to the results that did not take the pre-existing 

actions into account. Thus, it can be concluded that the pre-existing actions do not 

undermine the effectiveness of the carbon trading policy. 

 
 
 
 

 
Table 6 Effects of carbon trading policy on city’s performance. 

 
 (1) (2) (3) (4)  
Dit -4.552*** -4.552*** -17.479*** -18.640***  
 (-3.71) (-3.71) (-4.13) (-4.36)  
      

Total population  
  

-0.007*  -0.007*  -0.007* -0.010** 
 

 (-1.83) (-1.83) (-1.82) (-2.51)  
Share of people in 
secondary industry (%) 

-0.010 -0.010 0.033 0.057** 
 

 (-0.32) (-0.32) (0.95) (1.90)  
Area (km2) 
  

0.000 0.000 0.000 0.000* 
 

 (1.57) (1.57) (1.64) (1.73)  
GDP  
  

-0.032 -0.032 0.004 0.037 
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 (-1.23) (-1.23) (0.13) (1.20)  
The proportion of the  
secondary industry in GDP 
(%) 

-0.064 -0.064 -0.116** -0.201*** 
 

 (-1.25) (-1.25) (-2.25) (-5.17)  
Fixed asset  
  

0.013*** 0.013*** 0.012*** 0.010*** 
 

 (20.86) (20.86) (18.36) (14.75)  
Annual investment  
  

0.000 0.000 0.000 0.000 
 

 (0.56) (0.56) (0.69) (1.11)  
Income per capita  
  

-0.190 -0.190 0.646 1.572*** 
 

 (-0.37) (-0.37) (1.19) (3.40)  
Greening coverage rate (%) 
  

-0.018 -0.018 -0.007 0.030 
 

 (-0.46) (-0.46) (-0.18) (0.85)  
Park size (km2)  0.000 0.000 0.000* 0.000  
 (1.16) (1.16) (1.79) (1.46)  
      

Neighbor  
 5.210 5.970 26.166***  

  (0.65) (0.74) (3.46)  
Year fixed effects  Yes Yes Yes Yes  
City fixed effects  Yes Yes Yes Yes  
Addressing spillover effect No Yes Yes Yes  
Instrument variable No No Yes Yes  
Observation weighted by 
population 

No No No Yes 
 

      

Adjusted-R2  0.897 0.897 0.8966 0.9336  
Observations 2,899   

Note: The data of park size in some cities is missing, leading to a decrease in the sample size.***p<0.01, 
**p<0.05, *p<0.1. 
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Table 7 Controlling for pilot cities 
 

 (1) 
Dit -4.546** 
 (-2.18) 
  

Total population (10k) -0.001 
 (-0.43) 
Share of people in secondary industry (%) -0.048 
 (-1.58) 
Area (km2) 0.0007 
 (0.51) 
GDP (million) -0.062*** 
 (-3.25) 
The proportion of the secondary industry in GDP 
(%) 

0.131** 

 (2.49) 
Fixed asset (billion) 0.002*** 
 (3.57) 
Annual investment (billion) 0.004*** 
 (11.01) 
Income per capita (10k) 1.35** 
 (2.10) 
Greening coverage rate (%) 0.068** 
 (2.23) 
Park size (million m2) 0.141*** 
 (9.28) 
  

Neighbor 1.315*** 
 (4.72) 
Year-of-sampel fixed effects  Yes 
City fixed effects  Yes 
Addressing spillover effect Yes 
Instrument variable Yes 
Observation weighted by population Yes 
  

Adjusted-R2  0.9786 
Observation     637 

Note: To calculate the average treatment effect on the treated, only pilot cities are included. 
***p<0.01, **p<0.05, *p<0.1. 
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Table 8 The placebo test of setting a fake treated year 
  

(1)   

D2017it -2.481 
 

Year-of-sample fixed effects 
City fixed effect 

Addressing spillover effect 
Instrument variable 

Weighted by observation 

(-1.06) 
Yes 
Yes 
Yes 
Yes 
Yes  

Adjusted-R2  0.9785 
Obervations 637 

Note: Same control variables are included in the regression equations but omitted. Since they’re not important.    
in this case. ***p<0.01, **p<0.05, *p<0.1. 

 
 
 
 
 

Table 9 Robustness check 
 

 (1) (2) 

Dit -4.546** -4.503** 
 (-2.18) (-2.15) 
Pit  1.442 
  (0.89) 
   

Total population  -0.001 -0.001 
 (-0.43) (-0.43) 
Share of people in secondary industry (%) -0.048 -0.047 
 (-1.58) (-1.55) 
Area (km2) 0.00007 0.00008 
 (0.51) (0.51) 
GDP  -0.062*** -0.062*** 
 (-3.25) (-3.27) 
The proportion of the secondary industry in GDP 
(%) 

0.131** -0.13** 
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 (2.49) (2.46) 
Fixed asset  0.002*** 0.002*** 
 (3.57) (3.61) 
Annual investment  0.004*** 0.004*** 
 (11.01) (11.01) 
Income per capita  1.35** 1.36** 
 (2.10) (2.12) 
Greening coverage rate  0.068** 0.069** 
 (2.23) (2.27) 
Park size (million m2) 0.141*** 0.142*** 
 (9.28) (9.31) 
   

Neighbor 1.315*** 1.291*** 
 (4.72) (4.61) 
R2  0.9336 0.9345 
Observations 2.899 

Note: ***p<0.01, **p<0.05, *p<0.1. 
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Chapter 6  Conclusions and policy implications 

Climate change is a major global challenge that has had serious impacts around the 

world. As one of the world's largest emitters of CO2, China can not only help mitigate the 

impact of climate change, but also protect the environment and potentially benefit 

economically by reducing carbon emissions. Additionally, many countries have made 

commitments to reduce carbon emissions under the Paris Agreement. By reducing 

emissions, China can fulfill these commitments and avoid potential international sanctions 

or penalties. Therefore, accurately assessing the effectiveness of China's carbon trading 

policy is of significant policy importance for global air pollution control. 

In this study, based on panel data from 29 provinces in China from 1999-2019, the 

implementation of carbon trading policy was evaluated using the synthetic control method, 

with the time of each province (municipality) being approved as a national pilot unit as the 

policy time node. The empirical results show that although carbon trading policy did 

reduce CO2 emissions in most regions, the effect was not significant and, in some provinces, 

there was no effect or even a negative impact. Specifically, the CO2 emission intensity in 

Beijing has significantly decreased. The emission reduction effects in the three pilot 

provinces (cities) of Tianjin, Chongqing, and Guangdong were not significant. The 

implementation of the carbon trading policy failed to lower the carbon dioxide emission 

intensity in Guangdong and Hubei. It is worth mentioning that the synthetic control method 
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failed to successfully simulate Shanghai. Finally, based on the placebo test, I am able to 

ensure the reliability of the research results. 

In further research on carbon trading policy using city-level data, I find that although 

the effect of the carbon trading policy is statistically significant, its economic impact is not 

significant (elasticity is approximately 0.03), which means that although the policy has 

achieved some results, however, whether this policy is effective is still open to question, 

which is consistent with the results estimated by the synthetic control method. Based on 

the above empirical results, the following policy suggestions can be proposed. Initially, 

provincial governments must uphold the market-determined role of carbon trading as a 

means to reduce CO2 emissions. Market mechanisms should be employed to continually 

adjust the interest mechanism of companies with surplus and insufficient CO2 emission 

rights. To advance efforts aimed at reducing carbon dioxide emissions, it is necessary that 

the cost associated with such emissions should be integrated into the cost-benefit analysis 

conducted by enterprises. Thus, enable this cost to be regarded as a crucial factor in 

determining the profitability of enterprises, thereby incentivizing reductions in carbon 

dioxide emissions. Additionally, China should consider regional differences and enhance 

the market environment according to local conditions when controlling carbon dioxide 

emissions. Due to regional disparities in the implementation of carbon trading policies, 

identical policies may yield different outcomes across different regions. Every trading pilot 

must establish local supporting rules and guarantee mechanisms, improving the 
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construction of the carbon dioxide emission rights trading market. Ultimately, other 

regions should learn from the successful pilot areas. The value inherent in successful pilots 

for carbon emission trading is derived from their ability to achieve quantifiable objectives 

pertaining to emission reduction, explore efficient and sustainable strategies for reducing 

emissions, and accrue diverse experiences. Consequently, it is imperative that the 

authorities in Beijing should persist in their efforts to fortify the impact of the carbon 

trading policy on emission reduction, while simultaneously promoting the cultivation of a 

high-quality economy. Similarly, it is incumbent upon other regions to expeditiously 

modify their policies in accordance with the successful practices of pilot areas, while 

preserving the original purpose and intent. However, there are still some issues that have 

not been effectively resolved in this article: (1) The reasons for the heterogeneity of carbon 

trading policy regions have not been explained; (2) When dealing with data at the city level, 

I found a large number of missing data issues, which may not only be statistical bias but 

also involve endogenous issues within some cities, ultimately leading to estimation bias. 

These potential problems also point out directions for future related research articles. 
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Appendix 1 

 

The main data source for CO2 emissions is abbreviated as CEADS for Carbon Emission 

Accounts and Datasets (for emerging economies). The data source of control variables is 

the statistical yearbooks published annually by government. 

 

CEADS variable 

CO2 emissions Also referred to as carbon emissions, measured in million tons 

Statistical yearbooks variables 

Total Population： The total number of residents living within the jurisdiction as of 

the end of the year. Measured in 10 thousand people. 

The share of people working in the secondary industry: The proportion of 

employees in the secondary industry within the jurisdiction. (%) 

City area: Land area of the administrative region. Measured in km2. 

GDP: Gross Regional Product. The original data is measured in 1 million CNY and is 

converted to 1 billion CNY for use.  

The proportion of the secondary industry in GDP: The proportion of Gross 

Regional Product of the secondary industry to the total Regional Product. (%) 

Fixed asset: Average annual net value of fixed assets balance. The original data is 

measured in 10,000 CNY and is converted to 1 billion CNY for the use of regression. 
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Annual investment in fixed assets: Total annual investment in fixed assets. The 

original data is measured in 10,000 CNY and is converted to 1 billion CNY for the use of 

regression. 

Income per capita: Average wage of employees. The original data is measured in 1 

CNY and is converted to 10,000 CNY for the use of regression. 

greening coverage rate: Greening coverage rate of developed areas. (%) 

park size: Area of public park green space. The original data is measured in km2 and 

is converted to million m2 for use. 
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Appendix 2 

 

 
Fig A 1. Comparison of emissions in Shanghai 

 
Note: The vertical dotted line represents the time when each pilot province takes to implement the carbon 
trading policy    
 

Fig A 2. Comparison of emissions in Guangdong 
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Note: The vertical dotted line represents the time when each pilot province takes to implement the carbon 
trading policy    

 
Fig A 3. Comparison of emissions in Fujian 

 

 
 
 
 
Note: The vertical dotted line represents the time when each pilot province takes to implement the carbon 
trading policy    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


