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ABSTRACT 

 

Emission reduction and energy conservation is a long-term and 

essential problem faced by the Chinese government. Carbon emission 

trading enables financial markets to price the right to emit greenhouse 

gases into the atmosphere. However, according to the research, there is 

still a considerable gap between the actual market efficiency situation and 

government goals presently. Therefore, this study is aiming to predict 

whether the current Chinese carbon emission trading market has reached 

the weak form of market efficiency. We focus on three related factors: 1) 

days of carbon price change, 2) transaction price, and 3) trading volume. 

Based on the results, we can conclude that there are regional differences 

in markets of carbon emissions trading. For instance, Beijing and Shanghai 

have the highest transaction prices, while Guangdong has the highest 

transaction volume. To sum up, the carbon trading market of China has 

achieved the efficiency of weak form on the whole, but due to the imperfect 

and immature factors in Fujian, the market is still inefficient, which reflects 

there is still a long way to go for the construction of the current market. 
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Introduction 

 

Nowadays, climate change leads to the ecological environment to 

become more and more unhealthy. It not only affects everyone’s life quality, 

but also has a profound impact on the economy all over the world as well 

as sustainable development in human society. In order to deal with 

environmental problems due to climate change, the United Nations used to 

hold conferences on climate change many times to discuss the effective 

responses to actively deal with these worldwide environmental issues. Then, 

carbon emission trading is therefore considered to be a key means to 

mitigate climate change (Liu et al., 2015). According to the data from the 

International Energy Agency (IEA), the carbon emissions released due to 

fuel combustion increased by 23% from 2004 to 2013. In order to keep the 

change of global temperature lower than 2℃  compared with the pre-

industrial level, these emissions need to be significantly reduced (Cong & 

Lo, 2017). 

As one of the largest carbon emitters in the world, China is accounting 

for twenty-eight percent of the total amount of the world's carbon emissions 

in 2013 (Cong & Lo, 2017). But actually, China has gone a long way in 

building its carbon trading market. New political tools to enhance its efforts 

to greenhouse gas reduction has been implemented in China. In the past 
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decade, China's climate policy preference has changed from a traditional 

"command and control" approach to a market-based approach. Recently, 

seven provinces and cities have occurred emission trading schemes, which 

can represent a watershed in China's climate policy history. Thus, the use 

of ETSs in China is considered to be a decisive step to effectively mitigate 

the impact of global greenhouse gases. According to the Chinese 

government, China is trying to deduct per unit of GDP in terms of carbon 

emission intensity by less than 50% in 2009. In March 2011, the twelfth Plan 

of Five-Year referred to the establishment of the market in carbon emission 

trading, announcing that the carbon trading in China is about to leave the 

last period of voluntary emission reduction and officially enter a new stage 

of compulsory emission reduction (Zhou et al., 2019). Nevertheless, China 

has raised concerns and discussions about the defects and efficiency of the 

current national market of carbon emissions trading.  

At present, the ETS pilot project just started in China has exposed a 

series of systematic problems, such as lagging legislation, imperfect trading 

mechanism, and inaccurate quota distribution and so on (Zhao et al., 2016). 

Thus it can be seen that in China, the use of market-oriented measures to 

control greenhouse gas emissions is a fairly new try, and there is a long way 

for China to establish a mature market economy. Therefore, this research 
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aims to measure the carbon trading market of eight main cities in China and 

explore the relationship between carbon emission trading market efficiency, 

price, and market scale. The hypotheses that have been proposed are such 

as the market of Chinese carbon emission trading is in the form of weak 

efficiency; market scale and trading volume are negatively related to the 

trading of carbon emission’s market efficiency, etc. 
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Literature Review 

The situation of carbon emission trading market in China 

Emission reduction and energy conservation is a long-term and 

essential task faced by the Chinese government. According to research, 

total carbon dioxide emissions in China increased from 13.46 million tons 

to 36.23 million tons during 1981 and 2002. In other words, it has increased 

by 202%. Since 2002, carbon dioxide emissions in China have increased 

by 50% to attain 54 million tons in 2006.  

In 2007, the United States was surpassed by China as the largest 

greenhouse gas emitter in the world (Liu et al., 2015). In 2008, the Chinese 

government first put forward the establishment of a carbon exchange. Then, 

after two years, the Pilot Program Notice was released. In 2010, the State 

Council proposed to build and improve the emission trading system (Zhao 

et al., 2016). Based on the National Development and Reform Commission, 

there are 8 pilots of carbon emission trading in Tianjin, Shenzhen, Shanghai, 

Hubei, Fujian, Guangdong, Beijing, and Chongqing has been established 

since 2011 (Zhou et al., 2019).  

Therefore, considering the market situation, the Chinese government 

has proposed some emission reduction and energy-saving targets. For 

instance, at the end of 2015, the intensity of energy and carbon would 

decrease by 17% lower than 2010 levels respectively, and the consumption 



 

5 
 

of primary energy would be less than 4.2 billion tons of normal coal. At the 

end of 2020, the Chinese government would pledge to achieve the hyper-

aggressive carbon intensity target, which is 35-45% lower than the 2005 

level. In addition, renewable energy should account for at least 15% of 

primary energy. Furthermore, at the end of 2030, renewable energy is 

anticipated to occupied by 20% of primary energy. The pilot program has 

become one of the most effective methods to reach these goals (Zhao et 

al., 2016). Nevertheless, there is a considerable gap between the actual 

situation and these goals presently. The current situation is still severe, and 

great effort is needed to achieve these targets. 

 

Carbon emission and emission reduction potential in China 

Carbon emission trading enables financial markets to price the right to 

emit greenhouse gases into the atmosphere (Cong & Lo, 2017). The rapid 

development of China's economy is supported by the energy of coal and 

power systems. The establishment and development of urbanization and 

industrialization have accelerated the rigid demand for China’s energy 

growth and promoted the growth of energy-related CO2 emissions (Liu et 

al., 2015). It can be predicted that the status of coal-based energy is difficult 

to change, and China's coal market share will not decline rapidly in the short 



 

6 
 

term. 

Nevertheless, by the end of 2017, China's carbon dioxide emission 

intensity of GDP was 45% lower than that of 2005, and it fulfilled the 

commitments of the 2009 Copenhagen emission reduction conference 

three years ahead of schedule. Based on the 13th five-year plan made by 

the Chinese government, with the reduction of carbon energy consumption 

elasticity, energy structure’s optimization, and the economic growth rate, the 

carbon dioxide intensity of GDP is still very likely to decline before 2025. In 

addition, according to McKinsey’s analysis on the overall Chinese carbon 

emission reduction potential by 2030, under the benchmark scenario, the 

carbon emissions may be 14.5GtCO2eq in 2030, the carbon emission 

reduction scenario to be 7.8GtCO2eq, and 6.7 gtco2eq for the emission 

reduction potential (Woetzel et al., 2009). In addition, the potential of 

emission reduction will mainly be enhanced through advanced technologies, 

such as the extensive use of nuclear or renewable energy in the field of 

electricity (Liu et al., 2015). 

 

Market efficiency of carbon emission trading  

In 2017, since the promotion and operation of a unified carbon emission 

trading system, it has been closely dependent on the Chinese current 
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carbon trading market’s effectiveness (Zhao, Wu, & Li, 2017). With the 

practice of carbon emission trading and market scale expansion, the market 

efficiency issue has attracted more and more attention. In particular, the 

evaluation of the market efficiency of the Chinese carbon emission market 

has gradually been widely concerned. Some researches reveal the market 

inefficiency of Chinese ETS by exploring the dynamics of prices. The 

characteristics of these price dynamics include the wandering effect of 

working days, short-term memory, and jumping and non-stationary behavior 

(Fan et al., 2019). Most available information in the carbon market can be 

reflected by the price discovery process extent, which is an effective 

indicator of market efficiency (Ibikunle, Gregoriou, Hoepner, & Rhodes, 

2016). In addition, the absence of a cost-of-carry relationship can also be 

used to prove the inefficiency of carbon trading markets (Gronwald & 

Hintermann, 2015).  

Based on the theory of the modern efficient market, the carbon 

emission trading market efficiency refers to all information related to carbon 

emissions, which can be reflected by price (Veld-Merkoulova & Viteva, 

2016). Zhao, Jiang, Nie, and Chen (2016) proposed that market efficiency 

can be divided into three levels in terms of price information. They are the 

weak-form efficiency, the semi-strong form efficiency, and the strong form 
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efficiency. In order to test and identify the form of efficiency in Chinese 

carbon emission trading market, Ibikunle and Gregoriou (2018) proposed 

that a variety of methods, such as random run test, traditional variance ratio 

test, rescaled range analysis, and the unit root test could be conducted to 

analysis. Considering the dynamic factors affecting market efficiency, this 

research focuses on exploring the relationship between carbon emission 

trading market efficiency, price, and market scale. 
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Methodology 

 

Data Collection  

In order to analyze the characteristics of several representative cities 

in the Chinese carbon trading market and predict its market efficiency, we 

developed three independent variables, including days of carbon price 

change, transaction price, and trading volume. A run test was utilized to 

examine whether the carbon emission trading market of China has reached 

a weak form of efficiency. Data was collected from China's carbon 

emissions trading website (www.tanpaifang.com), one of the most official 

and popular carbon trading websites in mainland China. We randomly 

sampled 5433 pieces of related data from eight representative cities, 

including Tianjin, Shenzhen, Shanghai, Hubei, Fujian, Guangdong, Beijing, 

and Chongqing, since these cities are not only distributed in the east, south, 

west, and north of China, covering a wide range of representative areas, 

but also have more plentiful data and the trading volumes are greater. The 

sample of this study covers the period from 2 January 2018 to 20 

September 2019. This yields 420, 419, 423, 420, 420, 2492, 420, and 419 

observations respectively, and the sum of total observations is 5433. We 

used this full sample of data for further analysis. 

 

http://www.tanpaifang.com/
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Statistical Treatment  

In this research, China's carbon emission trading market efficiency 

model was built based on the run test, will examine the market efficiency in 

the weak form of the current Chinese carbon emission trading market. By 

using the run test, it can help to realize the advantages of overcoming the 

defects of being easily affected by the extreme value and having limited 

variance. Under the assumption of random walk, when the sample size is 

large, the total runs (Q) obeys the normal distribution. The test statistics can 

be defined as follows: 

 

 

 

N represents the total days of carbon price change, n1 is the days of carbon 

price increase, and n2 is the days of carbon price decrease. If the test 

statistic Z is greater than the critical value, the carbon emission trading 

market will not reach the weak form of market efficiency. 

In this study, the run test was used to examine the degree of market 

efficiency of China's carbon emissions trading market through the annual 

method. In addition, this research aims to confirm the growth of China's 
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carbon trading market and improve China's carbon emission trading laws 

and regulations. The run test can make a contribution to provide a clear 

framework for evaluating the development of the carbon emission trading 

market in China. 
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Results and Discussion 

In this research, we tested the current form of efficiency in the Chinese 

carbon emission trading market by using the run test. Because the size of 

the sample is large and under the null hypothesis, the total number of runs 

in a sequence of several elements is a random variable and follows the 

normal distribution, we can apply the run test as an effective model to test 

the data.  

The results of carbon emission trading in terms of the transaction price 

are shown in table 1 and figure 1. Based on them, we can find that of the 

eight cities, Beijing has the highest grand mean of 65.73 and the highest 

standard deviation of 13.75 but Chongqing has the lowest grand mean of 

11.31 and Tianjin with the lowest standard deviation of 1.65. The results are 

supported by the China carbon emissions trading website, which implies 

that Beijing's carbon transaction price is the most volatile, while the price in 

Tianjin is low but very stable.  
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Cities Mean Std.Dev. Min Max 

Beijing 65.73 13.75 30.32 87.50 

Fujian  20.29 5.41 8.18 30.05 

Guangdong 17.64 4.07 9.80 26.09 

Hubei  26.44 8.35 14.07 53.85 

Shanghai  36.99 4.21 27.32 44.88 

Shenzhen 28.98 11.41 3.30 58.91 

Tianjin 11.90 1.65 8.51 13.98 

Chongqing  11.31 8.65 2.24 31.93 

Total  28.01 16.19 2.24 87.50 

Table 1. The transaction price of carbon emissions trading 

 

 

Figure 1. The graph of transaction price trend 
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In addition, table 2 and figure 2 reflect the results of the carbon emission 

trading market in terms of the trading volume. According to them, we can 

find that of the eight cities, Guangdong has the highest grand mean of 

51060.08 and the highest standard deviation of 110328.29 but Tianjin has 

the lowest grand mean of 103.97 and the lowest standard deviation of 

2038.23. The results are based on data from January 2018 to the present, 

suggesting that Guangdong's carbon trading volume is huge and the most 

volatile, while Tianjin's is less but very stable. 

 

Cities Mean Std.Dev. Min Max 

Beijing 7382.50 25621.66 0 137773 

Fujian  14119.47 46761.20 0 389450 

Guangdong 51060.08 110328.29 0 1357750 

Hubei  25728.57 53066.71 0 414692 

Shanghai  9058.33 21342.03 0 165738 

Shenzhen 753.12 4698.26 0 145240 

Tianjin 103.97 2038.23 0 41764 

Chongqing  875.06 9976.48 0 199600 

Total  9264.60 40506.41 0 1357750 

Table 2. The trading volume of carbon emissions trading 
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Figure 2. The graph of trading volume trend 

 

Furthermore, table 3 reflects the results of the run test. Based on it, we 

can observe that Fujian’s carbon emission trading associated probability 

parameter is less than the critical value from January 2018 to the present. 

Therefore, the test result rejects the null hypothesis, which indicates that 

Fujian’s carbon emission trading market does not achieve the weak form of 

market efficiency in the past two years. It’s may because until 2016, Fujian 

Province has established the carbon emission report and verification 

system, quota management and distribution system, carbon emission 

trading operation system and other basic support systems to realize the 

formal operation of the carbon emission trading market, which started 

relatively late, and the market mechanism is not perfect. Due to the problem 
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of information barrier, inaccurate quota distribution and irrational 

participants, the trading index cannot reflect the information correctly. As a 

result, Fujian’s carbon emission trading market has not achieved weak 

efficiency at this stage. 

On the contrary, the other seven cities, including Beijing, Guangdong, 

Hubei, Shanghai, Tianjin, and Chongqing’s carbon emission trading 

associated probability parameter is greater than the critical value in 2018 

and 2019. Thus, the null hypothesis can be accepted, and it means these 

seven cities’ carbon emission trading markets have reached the weak form 

of market efficiency in the past two years. The carbon trading markets in 

these cities was established earlier and has developed to a certain scale. 

With the gradual recognition of the market by the public and the increase of 

trading volume, the market is more and more active, and the market liquidity 

is also greatly enhanced.  

Overall, the results of run test indicate that the null hypothesis cannot 

be rejected in all Chinese cities. The Chinese carbon emission trading 

market has already achieved the form of weak efficiency.  
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Cities Z-score P-value 

Whether or not achieve the weak 

form of market efficiency 

Beijing 0.373 0.709 Yes 

Fujian  2.010 0.044 No 

Guangdong 0.371 0.711 Yes 

Hubei  0.216 0.829 Yes 

Shanghai  0.432 0.666 Yes 

Shenzhen 1.616 0.106 Yes 

Tianjin 0.418 0.676 Yes 

Chongqing  0.569 0.569 Yes 

Total  0.655 0.512 Yes 

Table 3. The results of the run test 

 

 

 

 

 

 

 

 



 

18 
 

Conclusion 

 

Contribution  

Due to carbon emission reduction and energy conservation is becoming 

an essential and long-term problem faced by the Chinese government, the 

emergence and development of carbon trading markets have important 

practical significance. Therefore, it is vital to find effective methods to know 

well about the current situation of market efficiency, so as to find a targeted 

way to strengthen the construction of national ETS pilot cities, decrease 

carbon emissions, and improve the low-carbon economy. 

In this study, the market efficiency of carbon emission trading in China 

was tested by the run test. The testing results are based on eight main 

markets, including Tianjin, Shenzhen, Shanghai, Hubei, Fujian, Guangdong, 

Beijing, and Chongqing in mainland China, from the sample periods 

January 1, 2018 to September 20, 2019. According to this, it is concluded 

that the carbon emission trading market in China has achieved the weak 

form of efficiency on the whole, but due to the imperfect and immature 

factors in Fujian, the market is still inefficient. It reflects that there is still a 

long way to go for the construction of China's carbon emission trading 

market.  

In addition, there are also some policy implications. For instance, it’s 
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necessary to strengthen enterprises' cognition of carbon trading and 

understanding of carbon policies; improve the information update and 

disclosure system of carbon trading market to facilitate investors' decision-

making and improve market efficiency; Build a diversified and multi-level 

carbon financial market system to promote the price stability of carbon 

finance and enhance the enthusiasm of market participants.  

 

Limitation  

The following limitations are listed regarding the prediction of Chinese 

carbon emission trading market efficiency.  

First of all, because of the large amount of information posted and 

updated every second on China's carbon emissions trading website, it was 

difficult to obtain a probability sample that can fully represent the public 

analytic of the current form of market efficiency.  

Next in line, according to the results, days of carbon price change, 

transaction price, and trading volume can be used to effectively indicate the 

current market efficiency of Chinese carbon emissions trading. Although we 

used the run test to examine the weak-form efficiency in the Chinese carbon 

emission trading market, it lacks a numerical value to distinguish between 

efficiency and inefficiency in this test. In addition, this study does not provide 
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methods to measure the specific level of market inefficiency. 

Furthermore, because this paper only focuses on the market efficiency 

of China's carbon emission trading, so the results may not be applicable to 

other countries' carbon trading markets or other industries' markets. 
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