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ABSTRACT 

 

As the world cooperates to combat climate change, China, as the biggest greenhouse gas 

emitter, announced that it would launch a national carbon emission trading scheme (ETS) in 

2017. Before this national ETS, China had already had seven pilots operated since 2013. These 

seven pilots are: Beijing, Tianjin, Shanghai, Chongqing, Guangdong, Hubei, Shenzhen, and they 

are running different ETS system according to their regional specific characteristics. Though the 

pilots have run for three years, there is limited quantitative research on their environment 

abatement effect. Most of the existing studies are qualitative and focusing on policy 

recommendations. This study tries to fill this gap and explore the ETSs impact on CO2 emission 

reductions quantitatively. I compare ETS pilots with non-ETS provinces, using a fixed effect 

model and synthetic control methods, to understand the effect of the pilot program on CO2 

emissions. My regression results do not show a statistically significant negative relationship 

between being as ETS and the CO2 emissions. The synthetic control method suggests a negative 

relationship and a policy effect, after 2011 when the ETS was first announced. 
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 Introduction and Background 

 

Climate change is one of today’s most important and urgent global issues. In 2005, 192 

countries signed The Kyoto Protocol, agreeing that global warming exists and it is caused by 

man-made CO2 emissions. Later, the Paris Agreement set a goal of “keeping a global 

temperature rise this century well below 2 degrees Celsius above pre-industrial levels and to 

pursue efforts to limit the temperature increase even further to 1.5 degrees Celsius.” Countries 

implement different policies and use various methods to address this issue, and carbon emission 

trading is one of the common methods for countries to meet their climate change obligations. 

Countries and regions, such as Australia, New Zealand, the European Union, and Japan are 

implementing emission trading systems.  

Since 2006, China has been the world’s largest greenhouse gas (GHG) emitter. However, 

China also promises to take climate change actions and becomes the main player in this field.  In 

the 2009 Copenhagen Accord, China pledged to “endeavor to lower its carbon dioxide emissions 

per unit of GDP by 40-45% by 2020 compared to 2005 level” (National Development and 

Reform Commission of China 2009). On November 11, 2014 in Beijing, in the U.S.-China Joint 

Announcement on Climate Change, China announced two new goals: “China intends to achieve 

the peaking of CO2 emissions around 2030 and to make best efforts to peak early and intends to 

increase the share of non-fossil fuels in primary energy consumption to around 20% by 2030” 

(The White House 2014). In addition, in its Intended Nationally Determined Contribution 

(INDC), China also promised to reduce carbon intensity to 60-65 percent below 2005 levels by 

2030 (INDC 2015).  
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In late October 2011, Chinese policymakers announced its intention to develop a 

domestic carbon emission trading scheme, which is part of their Twelfth Five-Year Plan (2011 to 

2015) (2011). The government selected five cities and two provinces as the ETS pilots, they are: 

Beijing, Tianjin, Shanghai, Chongqing, Hubei, Guangdong and Shenzhen (See figure 1). The 

pilots were to begin before the end of 2013 and be fully functional before the end of 2015 (Zhang 

et al. 2014). Furthermore, president Xi announced that China would launch a national level 

carbon emissions trading scheme in 2017. 

Figure 1. Locations of China’s seven ETS pilots  

The seven ETS pilots cover five cities and two provinces that together produced 26.7 

percent of China’s 2014 GDP, covering roughly 19 percent of the country’s population, and 

accounting for 20 percent its energy consumption and 16 percent of its CO2 emissions. The seven 

pilots are mainly located along the coast line which are relatively developed areas in China. As 
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Figure 2 shows, the pilot areas per capital GDP ranks are higher than other areas. Also, the pilots 

have higher urbanization rates, higher per-capita GDP, and lower coal consumption intensity 

compared with national averages. Moreover, all of them had been selected as low carbon 

development pilots in 2010 from 2012 (NDRC, 2010).  

Figure 2. China’s provincial level of GDP per capita (2015) 

Source: National Bureau of Statistics of China 

The differences in the seven pilots relate to the economic scale, (as Hubei and 

Guangdong are provinces while the five other cities are urban centers); GDP per capita, and 

industry structure. Hubei, as the inland province, has a high heavy industry share in economic 

structure, while Beijing, Shanghai and Shenzhen are mainly home to tertiary industry. These 

differences explain the different ETS design in each pilot. (See figure 3.) 
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Figure 3. Economic structure in the seven pilot regions (2015) 

Source: National, Beijing, Tianjin, Shanghai, Guangdong, Chongqing, Hubei, Shenzhen 2016 

Year book. 

 

Details of ETS Pilots 

All seven pilots are currently operating. Shenzhen was the first to implement in June 

2013, followed by Shanghai in November 26, 2013, Beijing in November 28,2013, Guangdong 

in December 19, 2013, Tianjin in December 26, 2013, Hubei in April 2, 2014, and Chongqing in 

June 1, 2014. Each pilot aims at reducing carbon intensity of its region by 17% and 21%. Table 1 

gives basic information on each pilot. 
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Table 1. Seven pilots’ basic information 

Indicator China Beijing Shanghai Tianjin Chongqing Guangdong Hubei Shenzhen 

Administration level Nation Municipalit

y 

Municipalit

y 

Municipalit

y 

Municipalit

y 

Province Province City 

GDP (CNY billion) 682635.1 23014.7 25123.5 16538.2 15717.3 72812.55 29550.19 17502.9 

GDP per capital 49992 106497 103795 107960 52321 67503 50654 157985 

Urbanization rate 

(urben/total population) 

56.1 86.5 87.6 82.6 60.9 68.7 56.9 - 

Energy Consumption 

(10,000 tons of SCE) 

430000 6852.6 11387.44 8078.04 8068.14 30145.49  3909.91 

Energy Structure (proportion 

of coal in primary energy, %) 

70.6* 29.5* 41.8* 51.4* 67.4* 48.0* 75* - 

CO2 intensity target 

2020compared to 2015 

-17.0% -20.5% -20.5% -20.5% -19.5% -20.5% -19.5% -45% 

(2005) 

Resources: National, Beijing, Tianjin, Shanghai, Guangdong, Chongqing, Hubei, Shenzhen 2016 Year book, and China Energy Statistic Year 

Book. International Carbon Action Partership website. 

Notes: 1. Most numbers in the table are 2015 data, “*” indicates 2012 data. 

            2. “tce” is ton of coal equivalent.  

            3. “-” indicates that the data could not accessed in official statistic publication. 
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The ETS has a threshold that determines which enterprises are included in the system. 

This threshold is always decided by the enterprises’ carbon emissions. A higher threshold means 

only big emitters will be included; while a lower threshold means that more enterprises will be 

included. For example, from Table 2 we can see that Hubei has the highest threshold, 60,000 

tCO2 per year, and Shenzhen has lowest threshold 5,000 tCO2. 138 entities are covered in Hubei, 

but 635 entities are covered in Shenzhen.  

The covered sectors are different too. The seven pilots all include heat and electricity 

production, and the iron and steel, nonferrous metals, petrochemicals and chemicals, paper, and 

cement sectors. While Tianjin includes oil and gas exploration; Shenzhen focuses on building 

sector; and Hubei, as the third largest ETS, also has refining and power generation. Moreover, 

the seven pilots also have different caps. (Cap means the total amount of permits issued, and is 

very important for the ETS). Shenzhen has the lowest cap, 33 million tons per year, while 

Guangdong has the highest, at 388 million tons per year. The seven pilots together cover 7% of 

China’s total carbon emissions. These difference as mentioned previously are caused by the 

difference among seven pilots, such as the differences in industry structure. (See Table 2.) 

The allowance is another important part of ETS. The seven pilots’ allowances were set by 

the 12th Five Year Plan (2011 to 2015). In China, the initial allowances are allocated at a zero 

price, because this will reduce the burden on the entities and have less impact on economic 

development. Allocation methodologies are also very different across these seven pilots. The 

different provinces choose their own reference year. For example, Beijing set 2009-2012 as its 

reference, and Hubei choose 2010-2011. The data for consideration is different too; some pilots 

use historical data, and others may use benchmark or expected emissions.  
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Table 2. Summary of seven ETS pilots’ policy design 

 Beijing Shanghai Tianjin Guangdong Shenzhen Chongqing Hubei 

Baseline 

year 

2009-2012 2009-2011 2009-2012 2010-2012 2009-2011 2010 to 

2014 

2010-2011 

Sector Power, heat 

supply, cement, 

petrochemical, 

other industrial 

sectors, service 

Industrial 

sectors (iron 

and steel, 

power, textile, 

rubber, 

materials, 

petrochemical, 

chemical, non-

ferrous metals, 

etc.) 

 

 

 

Non-

industri

al 

sectors 

(airline

s, 

airports

, ports, 

hotels, 

etc.) 

 

 

 

Iron and 

steel, 

chemical, 

power, 

heating, 

petrochemi

cal and 

exploitatio

n and those 

of civil 

buildings 

Power, 

cement, iron 

and steel, 

ceramic, 

petrochemical

, textile, non-

ferrous 

metals, 

plastics, and 

paper 

Industri

al 

sectors 

(26 

sectors 

such as 

power, 

manufa

cturing, 

etc.); 

Buildi

ng 

Iron and 

steel, 

power, 

textile, 

rubber, etc. 

Power, 

Steel, 

Petrochemic

al, Cement, 

Auto 

production, 

Nonferrous 

metal, 

Glass, 

Paper, etc. 

Threshold 10,000 tons 20,000 tons 

 

10,000 

tons 

20,000 tons 20,000 tons 5,000 

tons 

10000/

20000 

m2 

20,000 tons 60,000 tons 

Covered 

entities 

415 191 114 184 635 242 138 

Annual cap 

(million 

tons) 

78 160 160 388 33 130 324 

Covered 

emission  

49% 57% 60% 50% 54% 35-40% 35% 

Auction 5% No No 3% in 2013, 

10% in 2015 

>3% from 2014  2.4% 

Source: Huizhi Wang, Evaluating Regional Emissions Trading Pilot Schemes in China’s Two Provinces and Five Cities, 2016.
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Literature Review 

The idea of emissions trading, or cap and trade, first appeared in 1968 (Dales 2002). 

Since then, the idea has been implemented in the real world by many countries for addressing 

pollution issues. For example, the US Acid Rain Program, implemented in 1990, was a 

successful policy that reduced sulfur dioxide emissions at a low cost (Zeller 2009). In addition, 

places such as Australia, New Zealand, California, Quebec, Tokyo, the northeastern United 

States, South Korea, and China have also established regional or national level carbon emission 

trading systems. This section provides an overview of the literature that assesses the 

effectiveness of these different carbon trading schemes.  

The purpose of a carbon emissions trading scheme is to reduce CO2 emissions. EU ETS 

is the world’s first and biggest carbon market by far. Ellerman suggests that from 2005-200 the 

EU ETS reduced emissions by 2-5% relative to a business as usual scenario, or by roughly 210 

million tonnes (Ellerman, Convery, and De Perthuis 2010). Similarly, Anderson and Maria 

(2011) said that the EU ETS achieved a total of 247 million tonnes of CO2 abatement during 

2005 to 2008. And Egenhofer et al. (2011) show EU carbon emission intensity decreased by 

3.35% per year from 2008 to 2009. 

Smaller ETSs, also show an emission reduction effect, though it is not very significant. 

For example, Bertram and Terry (2010) suggest that New Zealand ETS, launched in 2008, is 

likely to have little impact on emissions. And Sinner et al. (2008) argued that New Zealand’s 

ETS need to include the agriculture sector to get a big emission abatement. Aldy and Stavins 

(2012) note that, in 2009, 10 northeastern states in the US started a regional ETS called the 

Regional Greenhouse Gas Initiative (RGGI) covering only power sector. They point out that 

RGGI failed to reduce emissions partly because of the 2008 recessions and also because it was 



9 

 

not binding. However, China has been more successful. The World Resources Institute’s study of 

Beijing pilot’s greenhouse gas emissions project, estimated that Beijing ETS reduced CO2 

emissions by 0.60%, 2.25% and 4.19% of from 2013 to 2015 compared with business as usual 

scenario (Zhu, Song and Wang 2015).  

China announced seven ETS pilots at the end of 2011, so there is limited quantitative 

research on the program environment effect. Rather, most studies are about ETS designs, 

comparing the seven pilots and giving policy recommendations. Studies prior to 2011, followed 

on the benefits and feasibility for China to have an ETS (Ping and Zhennan 2011), and the 

trading scheme design (Yang et al. 2011). After most of the ETS were implemented, studies were 

more about summarizing the history and current status of the seven pilots, and identifying the 

key challenges in implementation as well as suggesting next steps (Zhang et al. 2014). Based on 

the Hubei and Guangdong pilots simulation, several studies have suggested that, a national level 

ETS will improve social welfare and achieve emissions abatement target (Liu et al. 2013). Lo 

(2013) reached a similar conclusion that a national level ETS may lead to positive environmental 

outcomes. In addition, Zhou et al. (2013) suggested that an inter-provincial ETS would reduce 

the total abatement costs by over 40 percent. In contrast, Wang’s research, was about the 

economic impact of the Guangdong pilots rather than ETS’s environment impact. They argued 

that on ETS would reduce the economic costs of achieving China’s climate change targets 

(Wang et al. 2015).  

The many quantitative studies on the environment impact of ETSs around the world, 

show that different regions have different outcomes. For example, the EU ETS has better 

emissions abatement effects than New Zealand’s and the US northeastern states’ RGGI. For 

China’s ETS pilots, the environment effect research is very limited. In order to fill this gap, my 
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study explores the emission abatement effect of China’s seven ETS pilots and their lessons for 

national level ETS design.  

   

Conceptual Framework 

Figure 4 presents my conceptual model explaining the various factors that may influence 

the effects of the carbon emissions trading system on ETS carbon emissions in China’s seven pilot 

programs, and how experience in the pilot regions compares to the rest of China. Included in this 

model are important elements of the ETS policy itself.  

CO2 emissions are associated with many human activities and issues of industry structure 

that cannot be controlled by the ETS system; for example, population. Province with large 

populations will have higher CO2 emissions. A second factor is the nature resource situation; 

provinces with a lot of fossil fuel may attract more heavy industries with higher emissions. 

Another is Weather; temperature and precipitation will influence CO2 too. While some sources of 

CO2 emissions are covered by ETS schemes, for example, heat and electricity production, and 

the iron and steel, nonferrous metals, petrochemicals and chemicals, paper, and cement sectors. 

But some sources are not covered--e.g., agriculture and food products. 

As explained above, the ETS system sets the thresholds and the covered sectors to 

determine how many entities to be included in the system. Entities that are covered by the ETS 

have an annual allowance for emissions, and when their emissions exceed the allowance, they 

have to either purchase pollution rights or reduce their emissions. Therefore, I compare the 

emissions of ETS pilots and the non-ETS provinces to estimate the ETSs’ environment effect.  
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Figure 4. Conceptual Framework 

 

Data and Methods 

My dependent variable is per capita CO2 emissions, calculated from total CO2 emissions, 

measured in equivalent kilotons, throughout China between 2000 and 2014. The data used in this 

analysis come from China Emission Accounts and Datasets (CEADs) which use the IPCC 

Sectoral Emission Accounting Approach. This approach organizes data for China into 45 

production sectors and 2 residential sectors by province and city. China has 34 provincial-level 

administrative divisions, classified as 23 provinces (including Taiwan Province), four 

municipalities, five autonomous regions, and two Special Administrative Regions (Hong Kong 

and Macao). In this paper, I do not include Taiwan, autonomous Tibet, and two Special 

Not covered by ETS 

 Population 

 Weather 

 Agriculture activities 

 Scrap and waste 

 Resource situation  

 Food production 

Covered by ETS 

 Heat and electricity production  

 Iron and steel 

 Nonferrous metals 

 Petrochemicals and chemicals 

 Paper 

 Cement sectors.  
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pilots Non-ETS 

province 
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Administrative Regions; in other words, I include 30 provincial-level administrative division in 

this research, and call them all provinces for convenience. The emissions data are collected from 

the Chinese Statistics Bureau 2015 energy data. These data measure carbon emissions from 45 

economic sectors, for example, the “non-metal and metal production,” “smelting and 

machinery,” and “power generation” sectors which are three main contributors to total carbon 

emission. 

My first independent variable is a dummy variable; the treatment here is whether the 

province implemented ETS. Of the 7 pilot programs, four are in municipalities: Beijing, 

Shanghai, Tianjin and Chongqing. Two are in provinces: Guangdong and Hubei. And one is in a 

city: Shenzhen. Since Shenzhen is a city belonging to Guangdong province, and all the data are 

provincial level, I set 6 province level administrative regions as ETS implementation places, 

including Beijing, Shanghai, Tianjin, Chongqing, Guangdong and Hubei. While the other 24 

provinces are non-ETS provinces. 

The control variables are identified from the sectors covered in each ETS pilot. Since the 

six pilots I analyze in this paper have different individual structures, the covered sectors are 

different too. So I picked control variables from the common sectors: heat and electricity 

production, iron and steel, nonferrous metals, petrochemicals and chemicals, paper, and cement. 

For the heat and electricity production sector, I used Thermal Power Generation data; for iron 

and steel sector, I used output of Pig Iron, output of Crude Steel, and output of Rolled Steel; for 

petrochemicals (crude oil refining and processing and ethylene) and chemicals (methanol, 

ammonia, and carbide) sector, I used output of ethylene, and output of Crude Petroleum Oil; for 

the paper sector, I used output of Machine-made Paper and Paperboard; for the cement sectors: I 

use output of cement. All the data are annual provincial data, and I convert them to per capita for 
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analysis, as different provinces’ productions varies a lot and per capita gives a better 

measurement. All these data are from National Bureau of Statistics of China website. 

In this study, I use two different models: Ordinary Least Squares (OLS) and Synthetic 

Control. I compare an OLS specification with province and year fixed effects, to an OLS and 

random effects. Province fixed effects can control for the unobserved province characteristics 

that are constant over time; for instance, the cultural features and natural resource endowments 

which will influence the dependent variable. Year fixed effects can control unobserved 

characteristics that change over time but are common to all provinces in a given year; for 

instance, the national policies encouraging renewable energy or climate change that will 

influence the CO2 emissions. The province and year fixed effects help reduce the extent of 

omitted variable bias in my independent variables. The regression model estimated for this study 

is: 

LgCO2C = β0 + β1ETS + β2IronC + β3CrudeSteelC+ β4RolledSteelC+ β5Thermalpow~C +    

                   β6EthyleneC + β7PaperC + β8CementC + β9OilC + αi + γt + μit 

Where the subscript i denotes each province, the subscript t represents each year, αi 

stands for province fixed effects, γt corresponds to year fixed effects and μit is the error term.  

My second method was Synthetic Control, which can facilitate comparative case studies 

when there is no good untreated unit to make comparisons. In my study, it is hard to find a non-

ETS province that has characteristics identical to the ETS pilots to make a good comparison. The 

comparison unit is selected as the weighted average of all potential comparison units that best 

resemble the features of the case we interested in. In my study, I generate a new “province” 

called “ETS”, which is the average value of the six pilots. The control group is the other 24 non 
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ETS province. And the comparison units are same control variables I used in my fixed effect 

model. 

 

Descriptive Statistics 

Table 3 provides descriptive statistics for all variables included in my analysis at the 

provincial level. All the variables are per capita.  

Table 3. Descriptive statistics for dependent and key independent variables 

Variable Description Mean Std. Min Max 

Dependent Variable     

CO2 pc 
Per capita total CO2 Emission 
(ton).  5.59 3.78 0.13 24.96 

      

ETS 
=1 if a province is ETS pilots; =0 
otherwise. 0.20 0.40 0.00 1.00 

IronC 
Per capita Pig Iron production 
(ton). 0.33 0.39 0.00 2.32 

CrudeSteelC 
Per capita Crude Steel production 
(ton). 0.35 0.41 0.00 2.57 

RolledSteelC 
Per capita Rolled Steel production 
(ton). 0.44 0.63 0.00 4.82 

ThermalPow~C 
Per capita Thermal Power 
Generation (kWh). 2269.73 2152.30 222.27 15745.08 

EthyleneC 
Per capita Ethylene production 
(ton). 0.01 0.02 0.00 0.10 

PaperC 
Per capita Machine-made Paper 
and Paperboard production (ton). 0.04 0.05 0.00 0.31 

CecemtC 
Per capita Cement production 
(ton). 1.05 0.63 0.19 3.20 

OilC 
Per capita Crude Oil production 
(ton). 0.21 0.42 0.00 2.57 

From 2000 to 2014, CO2 emissions in China range from 0.13 tons to 24.96 ton per capita. 

Different provinces have different economic structures. Some province rely on heavy industry, 

while some rely on tertiary industry and therefore have less emissions. For energy use and 
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industry product output, different provinces vary greatly. Some provinces do not have any pig 

iron, steel, ethylene and oil production, some have major factories in these sectors. 

Figure 5 compare ETS covered sectors’ production in all Chinese provinces in 2014. The 

purple lines are the ETS pilots, the grey lines are other provinces. 

 

Figure 5. Energy and industrial production in all Chinese provinces (2014) 

The figure 5 shows that pilots have relatively lower CO2 emissions and higher per capita 

GDP than other provinces. For energy and industry production, pilots have less output in these 

sectors though the various GDPs in pilots themselves are large. The pilots with higher CO2 

emissions, have higher iron, steel, thermal power, and ethylene production. While pilots with less 

CO2 emissions have lower productions in energy and industry sectors.  
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Figure 6. Total emissions trends in China, ETS pilot and non-ETS provinces 

Figure 6 shows that, the ETS pilots’ total emissions have a flatter rate of increase than 

non ETS provinces.  
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Empirical Result 

Regression results: 

In order to test the influence of ETS on provinces’ CO2 emissions, I first use a Kernel 

density estimate to test whether per capita CO2 emissions is linear or not.  

                        (a)                                                                              (b) 

Figure 7. Kernel density estimates 

As Figure 7 (a) shows, the Kernel density estimate of my dependent variable is very 

skewed. This suggests that some transformation of the variable may be necessary. I use log 

transformation to adjust the variable, and the transformation does seem to help correct the 

skewness greatly, as Figure 7 (b) shows. Therefore, I use logCO2 as my dependent variable. 

To further assess the relationship between ETS and CO2 emission, I estimate a series of 

OLS regression models. Table 4 present my regression results using the two different 

approaches. In Model 1, I present a raw correlation between ETS and per capita CO2 Emissions 

without any control variables. In Model 2, I regress per capita CO2 Emissions on ETS and a full 

set of control variables, which includes the ETS covered sectors energy and industry production. 

In Model 3, I use province and time fixed effects to show the relationship between ETS and my 

dependent variable without any control variables. And in Model 4, I included all control 
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variables in the province and time fixed effects regression. In contrast to Model 4, Model 5 uses 

random effect strategy to measure the effect of ETS on per capita CO2 Emissions. Completed 

regression results can be found in my Appendix 1. 

Table 4 reports the results from the regression of per capita CO2 emissions on the ETS 

from 2000 to 2014. Model 1 shows that, without any control variables included in the regression, 

being selected as an ETS pilot is associated with a statistically significant increase of 

approximately 31.5 percent increase in CO2 emissions. However, this raw correlation does not 

account for other factors that may be associated with CO2 emissions; for example, energy 

consumptions. More coal consumption will generate more CO2 emissions. So Model 2, controls 

for the ETS covered sectors, and the coefficient of ETS falls to 7.44 percent increase and is 

statistically insignificant. This result means that being selected as an ETS province is associated 

with 7.44 percent increase in per capita CO2 emissions.  

However, different provinces have very different policies and economic structures, which 

bias the result. To address this problem, I include province and year fixed effects, which control 

for fixed differences between provinces and time-varying differences that are constant across 

provinces. Model 3 shows that without any control variables but with province and time fixed 

effects, being an ETS pilot is associated with a statistically significant decrease of 44.5 percent 

of per capita CO2 emissions. When I include control variables in my fixed effects model, Model 

4, the coefficient of ETS drops to 1.27 percent and it is not statistically significant. Model 5, use 

random effects strategy, and the results show that the average effect of being as ETS province 

decreases per capita CO2 by 5.83 percent, when ETS status changes across time and between 

provinces.  
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Table 4. Effect of ETS on CO2 emissions 

Dependent variable Log CO2 Emissions per capita (lgCO2C) 

  (1) (2) (3) (4) (5) 

ETS 0.315** 0.0744 -0.445*** -0.127 -0.0583 

 (2.78) (1.32) (-3.53) (-1.05) (-0.47) 
      
Pig Iron pc  0.819***  0.591 0.537 

  (4.71)  (1.92) (1.85) 
      
Crude Steel pc  -0.153  -0.671* -0.243 

  (-0.83)  (-2.33) (-0.89) 
      
Rolled Steel pc  -0.375***  0.0939 -0.198 

  (-5.01)  (0.73) (-1.69) 
      
Thermal Power pc  0.000144***  0.000119*** 0.000129*** 

  (10.38)  (8.20) (9.38) 
      
Ethylene pc  9.047***  -2.768 0.866 

  (7.81)  (-1.39) (0.49) 
      
Paper pc  -0.141  1.664** 1.270* 

  (-0.45)  (2.63) (2.15) 
      
Cement pc  0.343***  0.307*** 0.229*** 

  (7.39)  (5.03) (3.77) 
      
Oil pc  0.400***  -0.372* 0.135 

  (7.80)  (-2.20) (1.15) 
      
Year Fixed Effect N N Y Y Y 
      
Constant 1.511*** 0.608*** 0.818*** 0.627*** 0.532*** 

 (46.47) (9.95) (13.20) (9.39) (6.36) 

t statistics in parentheses     
* p<0.05,  ** p<0.01,  *** p<0.001" 

To decide between fixed or random effects, I run a Hausman test, where the null 

hypothesis is that the preferred model is random effects, while the alternative hypothesis is that 

fixed effects is better. The test shows Prob>chi2 = 0.0000< 0.05. So I reject the null hypothesis 

and conclude that the fixed effect model is more suitable for my analysis. The test result can be 

found at Appendix 2. 
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Synthetic control result 

1. ETS pilots as a group 

Figure 8 plots the trends in per capita CO2 emissions in the ETS pilots and the rest of 

China’s provinces. As the figure suggests, the rest of the China may not a good comparison 

group for the ETS pilots to study the effects of being selected as ETS pilots on CO2 emissions. 

Even before the ETS program were implemented, their per capita CO2 emissions differed from 

each other beginning in 2008, and the differences have grown larger since then.   

 

Figure 8. Per capita CO2 emission trend in ETS provinces and non-ETS provinces 

I construct a synthetic ETS as the combination of provinces in the donor pool (Non-ETS) 

that most closely resembles ETS provinces in terms of iron, crude steel, rolled steel, thermal 

power, ethylene, paper, cement, and oil production and 2008 and 2012 per capita CO2 emissions. 

The results are shown in Table 5, which compares the ETS provinces with synthetic ETS, and 
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the average of the 24 provinces in the donor pool. The synthetic ETS in a better match with the 

real one than the other provinces.  

Table 5. Per capita CO2 emissions predictor means 

   ETS pilots Average of 

24 control 

provinces Variables Real Synthetic 

Iron pc 0.50 0.50 0.30 

CrudeSteel pc 0.56 0.56 0.31 

RolledSteel pc 0.96 0.83 0.36 

ThermalPower pc 2285.52 3476.45 2320.09 

Ethylene pc 0.04 0.01 0.01 

Paper pc 0.06 0.22 0.04 

Cecemt pc 0.91 1.96 1.11 

Oil pc 0.38 0.03 0.18 

CO2 pc(2008) 6.08 6.07 6.10 

CO2 pc(2012) 6.80 6.85 8.32 

Note: All variables except lagged per capita CO2 emissions are averaged for 2008-2012 period.  

Table 6 displays the weights of each control province in the synthetic ETS. The weights 

reported shows that per capita CO2 emissions is best reproduced by a combination of Hebei, 

Liaoning and Zhejiang. All other provinces are assigned zero weight in the donor pool. 

Table 6. Province weights in the synthetic ETS 

Province Weight Province Weight Province Weight 

 Beijing -  Zhejiang 0.78  Hainan 0 

 Tianjin -  Anhui 0 

 

Chongqing - 

 Hebei 0.155  Fujian 0  Sichuan 0 

 Shanxi 0  Jiangxi 0  Guizhou 0 

 Inner Mongolia 0  Shandong 0  Yunnan 0 

 Liaoning 0.066  Henan 0  Shaanxi 0 

 Jilin 0  Hubei -  Gansu 0 

 Heilongjiang 0  Hunan 0  Qinghai 0 

 Shanghai -  Guangdong -  Ningxia 0 

 Jiangsu 0  Guangxi 0  Xinjiang 0 
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Figure 9 shows the average per capita CO2 emissions in the ETS pilots and their synthetic 

counterpart during 2008-2014. Compared with the average per capita CO2 emissions in Non-ETS 

provinces shows in Figure 9, the synthetic control unit has a better fit with the real ETS pilots 

from 2008 to 2011, but separates from them in 2011. After 2013, the difference between the real 

and synthetic unit becomes larger. And ETS contributes to approximately 0.4 tons of CO2 

emissions reduction per capita in 2014. 

 

Figure 9. Per capita CO2 emission trend in ETS pilots and the synthetic unit 

 

2. Hubei 

Figure 10 (a) plots the trends in per capita CO2 emissions in the Hubei pilot and the rest 

of the China. As this figure suggests, the rest of the China may not be a good comparison group 

for Hubei to study the effects of being selected as an ETS pilot on CO2 emissions. Their per 

capita CO2 emissions differed from each other from the beginning, and the difference became 

larger after 2011.   
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The synthetic result is shown in Appendix 3, which compares the Hubei with the 

synthetic Hubei, and the average of the 24 provinces in the donor pool. The synthetic ETS has a 

better match with the real one than the other provinces. Figure 10 (b) shows the average per 

capita CO2 emissions in Hubei and its synthetic counterpart during 2008-2014. The synthetic 

control unit does not have good fit with the real Hubei pilots from 2009 to 2014. After 2013, the 

difference between synthetic unit and the real pilot becomes less. And ETS contributes to 

approximately 0.7 tons of CO2 emissions reduction per capita in 2014. 

(a)                                                                            (b) 

Figure 10. Per capita CO2 emission trend in Hubei pilot 

3. Chongqing 

Figure 11 (a) plots the trends in per capita CO2 emissions in Chongqing and the rest of 

the China. The Figure suggests, that the rest of the China may not a good comparison group for 

Chongqing to study the effects of being selected as ETS pilots on CO2 emissions. Their per 

capita CO2 emissions differed from each other from the beginning, and became larger over time.  
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The synthetic result is shown in Appendix 4, which compares the Chongqing pilot with 

the synthetic Chongqing, and the average of the 24 provinces in the donor pool. The synthetic 

ETS is a better match with the real pilot than the other provinces. 

Figure 11 (b) shows the average per capita CO2 emissions in Chongqing and its synthetic 

counterpart during 2008-2014. The synthetic control unit has a good fit with the real Chongqing 

pilot from 2008 to 2012. After 2012, however, there is a huge dip in Chongqing’s CO2 

emissions, but they rise sharply in 2013. And ETS contributes approximately 0.1 ton of CO2 

emissions reduction per capita in 2014. 

(a)                                                                            (b) 

Figure 11. Per capita CO2 emission trend in Chongqing pilot 

4. Tianjin 

Figure 12 (a) plots the trends in per capita CO2 emissions in Tianjin and the rest of the 

China. The figure suggests that the rest of the China may not be a good comparison group for 

Tianjing to study the effects of being selected as ETS pilots on CO2 emissions. Their per capita 

CO2 emissions differed from each other from the beginning.  
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The synthetic result is shown in Appendix 5, which compares the Tianjin pilot with the 

synthetic Tianjin, and the average of the 24 provinces in the donor pool. The synthetic ETS is a 

better match with the real pilot than the other provinces. 

Figure 12 (b) shows the average per capita CO2 emissions in Tianjin and its synthetic 

counterpart during 2008-2014. The synthetic control unit has a good fit with the real Tianjin pilot 

from 2008 to 2012. After 2012, however, the difference becomes larger. And ETS contributes 

approximately 1.2 ton of CO2 emissions reduction per capita in 2014.  

                                         (a)                                                                       (b) 

Figure 12. Per capita CO2 emission trend in Tianjin pilot 

5. Guangdong 

Figure 13 (a) plots the trends in per capita CO2 emissions in Guangdong and the rest of 

the China. The figure suggests that the rest of the China may not a good comparison group for 

Guangdong to study the effects of being selected as an ETS pilot on CO2 emissions. Their per 

capita CO2 emissions differed from each other from the beginning, and became larger over time.  

The synthetic result is shown in Appendix 6, which compares the Guangdong pilot with 

the synthetic Guangdong, and the average of the 24 provinces in the donor pool. The synthetic 

ETS is a better match with the real pilot than the other provinces. 
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Figure 13 (b) shows the average per capita CO2 emissions in Tianjin and its synthetic 

counterpart during 2008-2014. The synthetic control unit has a good fit with the real Guangdong 

pilots from 2008 to 2014. There is no apparent difference between real and synthetic Guangdong. 

And ETS contributes approximately zero ton of CO2 emissions reduction per capita in 2014. 

                          (a)                                                                  (b) 

Figure 13. Per capita CO2 emission trend in Guangdong pilot 

6. Shanghai 

Figure 14 (a) plots the trends in per capita CO2 emissions in Shanghai and the rest of the 

China. The figure suggests that the rest of the China may not a good comparison group for 

Shanghai to study the effects of being selected as an ETS pilot on CO2 emissions. Their per 

capita CO2 emissions differed from each other from the beginning, then shrank afterwards and 

difference became larger after 2013.   

The synthetic result is shown in Appendix 7, which compares the Shanghai with the 

synthetic Shanghai, and the average of the 24 provinces in the donor pool. The synthetic ETS has 

a better match with the real one than the other provinces. 

4
4
.2

4
.4

4
.6

4
.8

5

C
O

2
C

2008 2010 2012 2014
Year

treated unit synthetic control unit



27 

 

Figure 14 (b) shows the average per capita CO2 emissions in Shanghai and its synthetic 

counterpart during 2008-2014. The synthetic control unit does not have a good fit with the real 

Shanghai pilot from 2008 to 2014. After 2013, the difference between the real and the synthetic 

unit becomes larger. And ETS contributes to approximately 1.0 tons of CO2 emissions reduction 

per capita in 2014. 

                                    (a)                                                                           (b) 

Figure 14. Per capita CO2 emission trend in Shanghai pilot 

7. Beijing 

Figure 15 (a) plots the trends in per capita CO2 emissions in Beijing and the rest of the 

China. As this graph suggests, the rest of the China may not be a good comparison group for 

Beijing to study the effects of being selected as ETS pilots on CO2 emissions. Their per capita 

CO2 emissions differed from each other from the beginning, and became larger afterwards.  

The synthetic result is shown in Appendix 8, which compares Beijing with the synthetic 

Beijing, and the average of the 24 provinces in the donor pool. The synthetic ETS is a better 

match with the real pilot than the other provinces. 

Figure 15 (b) shows the average per capita CO2 emissions in Beijing and its synthetic 

counterpart during 2008-2014. The synthetic control unit does not have good fit with the real 
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Beijing pilot from 2008 to 2014. After 2013, the difference between the two becomes 

larger. And ETS contributes approximately 1.0 ton of CO2 emissions reduction per capita in 

2014. 

(a)                                                                            (b) 

Figure 15. Per capita CO2 emission trend in Beijing pilot 

 

Discussion 

This study examines the relationship in China between being a carbon emission trading 

scheme pilot and the CO2 emissions measured by per capita CO2 emissions at the province level. 

Since China will have a national ETS this year, the results of the study are well-timed to inform 

policy decisions on the national ETS scheme design. 

Using regression analysis to control for observed ETS covered sector production, as well 

as unobserved fixed differences between provinces and time-varying differences that are 

constant across provinces (Model 4), I find that there is no statistically significant relationship 

between being an ETS pilot and CO2 emissions. However, though the results with controls are 

not statistically significant in my fixed effect model, the fixed effect model without controls 

shows a negative relationship between ETS and CO2 emissions.  
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The synthetic control methodology can give us a better measure of the ETS policy 

impact. But due to the fact that ETS policies vary across pilots, the results differentiate between 

pilots. For the ETS pilots as a group, and comparing them with Non-ETS provinces, the results 

show differences before and after 2013 when the ETS started to be implemented, which means 

being an ETS pilot influences per capita CO2 emissions. However, the real group and synthetic 

ETS separate beginning in 2011, which is consistent with the ETS announced year. One possible 

explanations is that the announcement sent out a market signal which influenced the industries. 

Another possible explanation is that a policy change, or social, or economic change made the 

ETS group have less emissions in 2011. I conduct synthetic control analysis for each pilot, and 

pilots like Beijing and Shanghai failed to get a good synthetic group, which is reasonable. Since 

Beijing and Shanghai are the top two most developed cities in China, with very high urbanization 

rates and per capita GDPs, it is hard to get a match from other provinces. Tianjin, Chongqing and 

Hubei, all get a good synthetic match, similar to the real ETS pilots. The separation point starts 

from 2012, and the ETS announced at the end of 2011, which also can be a reason for it. Also 

they all shows emissions reduction since then. Guangdong, gets a very good match from the 

control unit, but shows no ETS influence on emission reductions.  

This study sheds new light on the limited existing literature that test the ETS environment 

abatement effect on CO2 emissions in China. Though there is a lot of research testing the ETS 

environment effect, it is still very limited research about China’s seven pilots.  

My study has several key limitations. The first is that, I could not get the direct CO2 

emission data. Instead, I use the IPCC data which is calculated based on human activity, which 

will have a bias compared with the real emissions data. Also, I use total emissions as the 

dependent variable, but the policy only covers specific sectors and varies in each pilot. For 
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example, Shanghai includes the textile, rubber, and materials sectors; while Beijing does not 

cover these three. The problem here is that I cannot measure the policy impact very accurately 

which may underestimate the policy impact, since the ETS may only reduce emissions in 

covered sectors, but I test the total emissions.  

Second, each pilot has different ETS policies and covers different sectors. I chose the 

common sectors as the control variables. However, it cannot give the best measure of the ETS as 

a group. Also, I get only a limited number of control variables from the common covered sectors. 

For example, I could not find nonferrous metals sector production data. Moreover, the variables I 

identified from the covered sectors are very general, and do not covered all potential variables 

due to the limited information and data. For example, I could not find a proper variable to 

represent the heating sector. 

Third, though I adopt different models and methodologies to conduct my study, none of 

them are perfectly suitable. My data are annual data, and the ETS pilots started at different times-

some of them started at late 2013, while some of them started at early 2014. While there is only a 

one- or two-month gap, I have to treat them as happening in different years, which causes my 

study to be inaccurate. Also, I only have data through 2014, which means there are only two 

years of data available after the treatment.   

Each of these limitations points to a potential direction for improvement. In future 

analysis, as more years, and data become available, and more variables are identified from the 

covered sectors, better measures of the CO2 abatement could be examined. Further research 

might also identify better ways to eliminate other policies influences on CO2 emissions. In 

addition, I hope future studies focus more on the environment effect of the ETS, and develop 

suitable methods for different ETS schemes. 



31 

 

The results of this study may provide useful ideas for policy makers. Overall, my 

regression results do not show a statistically significant relationship between being an ETS pilots 

and CO2 emissions. However, synthetic control methods do suggest a negative relationship 

between ETS and the CO2 emissions. The result could be helpful to policymakers when making 

decisions about adopting a specific model of national ETS. 
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Appendices 

Appendix 1. Effect of ETS on CO2 emissions 

Dependent 

variable Log CO2 Emissions per capita (lgCO2C) 

  (1) (2) (3) (4) (5) 

ETS 0.315** 0.0744 0.445*** -0.127 -0.0583 

 (2.78) (1.32) (-3.53) (-1.05) (-0.47) 
      
Pig Iron pc  0.819***  0.591 0.537 

  (4.71)  (1.92) (1.85) 
      
Crude Steel pc  -0.153  -0.671* -0.243 

  (-0.83)  (-2.33) (-0.89) 
      
Rolled Steel pc  -0.375***  0.0939 -0.198 

  (-5.01)  (0.73) (-1.69) 
      
Thermal Power pc  0.000144***  0.000119*** 0.000129*** 

  (10.38)  (8.20) (9.38) 
      
Ethylene pc  9.047***  -2.768 0.866 

  (7.81)  (-1.39) (0.49) 
      
Paper pc  -0.141  1.664** 1.270* 

  (-0.45)  (2.63) (2.15) 
      
Cement pc  0.343***  0.307*** 0.229*** 

  (7.39)  (5.03) (3.77) 
      
Oil pc  0.400***  -0.372* 0.135 

  (7.80)  (-2.20) (1.15) 
      
Yr2   0.0489 0.00627 0.0148 

Yr3   0.0538 0.00701 0.00212 

Yr4   0.366*** 0.246** 0.247** 

Yr5   0.499*** 0.331*** 0.344*** 

Yr6   0.631*** 0.416*** 0.417*** 

Yr7   0.740*** 0.455*** 0.458*** 

Yr8   0.824*** 0.469*** 0.480*** 

Yr9   0.876*** 0.512*** 0.528*** 

Yr10   0.933*** 0.479*** 0.515*** 

Yr11   1.006*** 0.478*** 0.502*** 

Yr12   1.116*** 0.456*** 0.497*** 

Yr13   1.139*** 0.442*** 0.502*** 

Yr14   1.190*** 0.352** 0.421*** 

Yr15   1.228*** 0.362** 0.430*** 

      
Constant 1.511*** 0.608*** 0.818*** 0.627*** 0.532*** 

 (46.47) (9.95) (13.20) (9.39) (6.36) 

t statistics in parentheses     
="* p<0.05,  ** p<0.01,  *** p<0.001" 
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Appendix 2. Hausman test result 

  (b) (B) (b-B)  sqrt(diag(V_b-V_B)) 

  fixed random Difference S.E. 

ETS -0.127 -0.0583 -0.0687 - 

Pig Iron pc 0.591 0.537 0.054 0.10088 

Crude Steel pc -0.671 -0.243 -0.428 0.085029 

Rolled Steel pc 0.0939 -0.198 0.2919 0.054309 

Thermal Power pc 0.000119 0.000129 -1E-05 4.55E-06 

Ethylene pc -2.768 0.866 -3.634 0.92232 

Paper pc 1.664 1.27 0.394 0.228247 

Cement pc 0.307 0.229 0.078 0.007016 

Oil pc -0.372 0.135 -0.507 0.121866 

Yr2 0.00627 0.0148 -0.00853 - 

Yr3 0.00701 0.00212 0.00489 - 

Yr4 0.246 0.247 -0.001 - 

Yr5 0.331 0.344 -0.013 - 

Yr6 0.416 0.417 -0.001 - 

Yr7 0.455 0.458 -0.003 - 

Yr8 0.469 0.48 -0.011 - 

Yr9 0.512 0.528 -0.016 - 

Yr10 0.479 0.515 -0.036 - 

Yr11 0.478 0.502 -0.024 - 

Yr12 0.456 0.497 -0.041 - 

Yr13 0.442 0.502 -0.06 - 

Yr14 0.352 0.421 -0.069 - 

Yr15 0.362 0.43 -0.068 - 

b = consistent under Ho and Ha; obtained from xtreg 

B = inconsistent under Ha, efficient under Ho; obtained from xtreg 

 

Test:  Ho:  difference in coefficients not systematic 

                 chi2(22)    = (b-B)'[(V_b-V_B)^(-1)](b-B) 

                                   =       61.45 

                Prob>chi2  =      0.0000 

                (V_b-V_B is not positive definite) 
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Appendix 3. Per capita CO2 emissions predictor means for Hubei 

  ETS pilots Average of 24 control 

provinces Variables Real Synthetic  

Iron pc 0.39 0.50 0.30 

CrudeSteel pc 0.44 0.56 0.31 

RolledSteel pc 0.51 0.83 0.36 

ThermalPower pc 1233.81 3476.45 2320.09 

Ethylene pc 0.00 0.01 0.01 

Paper pc 0.03 0.22 0.04 

Cecemt pc 1.46 1.96 1.11 

Oil pc 0.01 0.03 0.18 

CO2 pc(2008) 4.45 6.07 6.10 

CO2 pc(2012) 6.36 6.85 8.32 

 

 

 

 

 

 

 

Appendix 4. Per capita CO2 emissions predictor means for Chongqing 

  ETS pilots Average of 24 control 

provinces Variables Real Synthetic  

Iron pc 0.15 0.25 0.30 

CrudeSteel pc 0.16 0.25 0.31 

RolledSteel pc 0.26 0.27 0.36 

ThermalPower pc 1146.93 1453.74 2320.09 

Ethylene pc 0.00 0.00 0.01 

Paper pc 0.05 0.05 0.04 

Cecemt pc 1.52 1.35 1.11 

Oil pc 0.00 0.06 0.18 

CO2 pc(2008) 4.45 4.43 6.10 

CO2 pc(2012) 5.60 5.56 8.32 
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Appendix 5. Per capita CO2 emissions predictor means for Tianjin 

  ETS pilots Average of 24 control 

provinces Variables Real Synthetic  

Iron pc 1.43 1.12 0.30 

CrudeSteel pc 1.60 1.09 0.31 

RolledSteel pc 3.44 1.14 0.36 

ThermalPower pc 3881.69 3366.37 2320.09 

Ethylene pc 0.06 0.02 0.01 

Paper pc 0.07 0.01 0.04 

Cecemt pc 0.59 1.15 1.11 

Oil pc 2.14 0.20 0.18 

CO2 pc(2008) 9.40 9.16 6.10 

CO2 pc(2012) 11.22 11.24 8.32 

 

 

 

 

Appendix 6. Per capita CO2 emissions predictor means for Guangdong 

  ETS pilots 
Average of 24 control 

provinces Variables Real Synthetic  

Iron pc 0.08 0.23 0.30 

CrudeSteel pc 0.12 0.24 0.31 

RolledSteel pc 0.26 0.29 0.36 

ThermalPower pc 2415.12 1576.59 2320.09 

Ethylene pc 0.02 0.00 0.01 

Paper pc 0.13 0.09 0.04 

Cecemt pc 1.07 1.39 1.11 

Oil pc 0.12 0.05 0.18 

CO2 pc(2008) 4.22 4.10 6.10 

CO2 pc(2012) 4.76 4.87 8.32 
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Appendix 7. Per capita CO2 emissions predictor means for Shanghai 

  ETS pilots 
Average of 24 control 

provinces Variables Real Synthetic  

Iron pc 0.81 0.81 0.30 

CrudeSteel pc 0.92 0.82 0.31 

RolledSteel pc 1.01 0.97 0.36 

ThermalPower pc 3708.20 4064.17 2320.09 

Ethylene pc 0.09 0.01 0.01 

Paper pc 0.04 0.12 0.04 

Cecemt pc 0.33 1.57 1.11 

Oil pc 0.00 0.05 0.18 

CO2 pc(2008) 8.38 7.62 6.10 

CO2 pc(2012) 8.19 8.92 8.32 

 

 

 

Appendix 8. Per capita CO2 emissions predictor means for Beijing 

  ETS pilots 
Average of 24 control 

provinces Variables Real Synthetic  

Iron pc 0.14 0.20 0.30 

CrudeSteel pc 0.15 0.23 0.31 

RolledSteel pc 0.29 0.37 0.36 

ThermalPower pc 1327.36 2234.41 2320.09 

Ethylene pc 0.05 0.00 0.01 

Paper pc 0.01 0.15 0.04 

Cecemt pc 0.50 1.65 1.11 

Oil pc 0.00 0.00 0.18 

CO2 pc(2008) 5.60 4.78 6.10 

CO2 pc(2012) 4.70 5.42 8.32 
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