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Abstract 

 

Using quantile regression approach is to discover the impact of variables on 

carbon trading price. This paper’s conclusion indicated, specifically, carbon trading 

price negatively affects by domestic (Chinese) stock market across quantiles, while 

the foreign (European) stock market shows positively impact at lower quantiles and 

be negatively at higher quantiles. Furthermore, the negative relationship between 

Chinese energy market and carbon trading market is discovered, while positively 

in foreign energy market. Besides, foreign carbon trading price shows a negative 

influence on Chinese market. In addition, we tested another carbon trading market 

in Shanghai and had similar results.  

 

Keywords: carbon trading price; stock market index; energy price; quantile 

regression  

 

1. Introduction 
 

  Recent years, China has turned out to be the largest CO2 emitted country in the 

world. Beijing, Shanghai, Guangdong, Shenzhen, Tianjin, Hubei and Chongqing 

have established their carbon emissions allowance trading market as pilot provinces 

since 2013. On February 18, 2019, the Central Committee of the Communist Party 

of China and the State Council issued the Outline of the Development Planning for 

Guangdong-Hong Kong-Macao Greater Bay Area. Carbon finance is also one of 

the objectives of financial construction in Guangdong, Hong Kong and Macao. The  
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topic of CO2 emission allowance has grabbed people’s attention during the last 

decade.  

However, there has been few researches studying the relationship among the 

carbon trading market, stock markets and energy markets in China. The necessity 

of applying non-linear models to test relationship between variables has been 

showing in the previous research (e.g. Daskalakis et al. 2005, Paolella and Taschini 

2008, Gil-Alana et al. 2016). On the other hand, researchers are focus on what 

drives CO2 trading market, such as extreme temperature (Mansanet-Bataller et al. 

2009), energy’s prices (Hammoudeh et al. 2014), and stock market (Zhu et al. 2018) 

and so on. Therefore, this paper regards Guangdong carbon trading market as the 

research target.  

This paper contributes in three aspects as following. First of all, applying 

quantiles regression model explored the relationship of stock markets and energy 

markets on Guangdong’s carbon trading market. Secondly, we discovered that the 

Chinese stock market negatively affects carbon trading price, while foreign market 

has positive impact and turns negatively at higher quantiles. In addition, domestic 

energy market exhibits negative influence on carbon trading price, while a positive 

relationship between foreign energy market and Chinese carbon trading market. 

What’s more, domestic carbon trading market is negatively influenced by foreign 

carbon trading market. Thirdly, we compared Guangdong and Shanghai markets’ 

results as a robust test. 

The paper organizes as following: We discuss data source and method in part two, 

while analyzing the empirical results in part three and concluding in part four. 

 

2.  Data and methodology 

 
2.1 Data 

This paper proceeds its study based the daily data from Guangdong carbon 

emission trading scheme pilot during 2014 - 2019. Explained variable denoted by 

Carbon trading price, and represented by the closing price in the Guangdong 

province from the China Stock Market & Accounting Research Database (CSMAR). 

The explanatory variables include energy futures price and stock market index, and 

foreign carbon trading price, which definitions are provided in Table 1. 

Table 1 Variables’ definition 
Variable Definition Source 

Carbon trading 

price 

lcp 
Chinese carbon trading market’s closing price and 

logarithmic 

CSMAR 

database 

lec 
European carbon trading futures market’s closing price 

and logarithmic 

Investing.com 

 

Stock market 

index 

lcsi300 
Shanghai and Shenzhen stock markets’ index (CSI300) 

and logarithmic 

leu600 
European stock market’ s index (STOXX600) and 

logarithmic 

Energy price 
lef 

Coking coal futures’ closing price in Dalian Commodity 

Exchange (DJMc1) and logarithmic 

lbo Brent Oil Futures’ closing price (LCOJ9) and logarithmic 
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2.2 Methodology 

Koenker and Gilbert (1978) raised quantile regression, which can depict a series 

of conditional distribution by quantiles. Since the goal of this paper is to emphasize 

on observing the various relationships between stock markets, energy markets and 

foreign carbon trading market and domestic carbon trading market, quantile 

regression model can show more about their connection. Supposing its form as 

follow: 

𝐸𝑡 = 𝑋𝑡𝛽 + 𝑢𝑡                                                  (1) 

where Et is the carbon trading price of a country; Xt is k×1 regressors, which is 

stock price, energy futures price and foreign carbon trading price in this paper; β is 

the constants that needs to estimate; and ut is error term. Suppose the conditional 

mean of E is μ(X)=X'β, and OLS is to estimate the mean, 

 

min
𝜇𝜖𝑅

∑ (𝐸𝑡 − 𝜇)2𝑛
𝑡=1                                           (2) 

That is: 

min
𝛽𝜖𝑅𝑝

∑ (𝐸𝑡 − X𝑡
′β)2𝑛

𝑡=1                                            (3) 

Solving Eq. (3) obtains the estimation of median quantile. τ denotes quantile 

variable for the other quantiles, and its conditional quantile equation shows as 

QE(τ|X) = X'β(τ). To attain estimation of the conditional quantile function is to solve 

the following equation: 

min
�̂�

τ∑ |𝐸𝑡 − �̂�𝑋𝑡| + (1 − τ)∑ |𝐸𝑡 − �̂�𝑋𝑡|𝐸𝑡<�̂�𝑋𝑡𝐸𝑡≥�̂�𝑋𝑡
              (4) 

where  X𝑡
′ β̂τ donates an approximation to the τth quantile. When τ is close to zero 

(one), it symbolizes the performance of E at the left (right) tail. 

 

3. Empirical result and analysis 

 
Table 2’s summary statistics shows that the numerical value of median and mean 

of every variable are similar, while the skewness is mostly about 0 and kurtosis is 

about 3. From the Augmented Dickey–Fuller (ADF) Test, it suggests that all the 

variables are unstable, while their first order difference are significant stationary in 

Table 3. Furthermore, the Johansen Cointegration Test shows that the variables 

have a long-run equilibrium in Table 4, which suggests that the results are 

dependable. The coefficients in Pearson correlation table are smaller than 0.8 from 

Table 5, which implies not strongly related. 
Table 2 Summary statistics 

Variable Obs Mean Std. Dev. Min Mid Max Skewness Kurtosis 

lcp 566 2.892 0.468 2.152 2.713 4.344 1.767 5.354 

lcsi300 566 8.135 0.198 7.643 8.150 8.582 -0.692 3.788 

lef 566 6.907 0.337 6.336 7.005 7.475 -0.097 1.535 

lbo 566 4.120 0.262 3.418 4.058 4.745 0.586 3.201 

leu600 566 5.908 0.067 5.733 5.927 6.026 -0.416 2.018 

lec 566 2.030 0.432 1.470 1.964 3.228 1.133 3.371 
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Table 3 Unit Root test (Augmented Dickey–Fuller (ADF) Test) 

Variable lcp lcsi300 lef lbo leu600 lec 

level 

ADF t-Statistic -1.482* -1.960 -1.582 -2.255 -2.986** 0.225 

First difference 

ADF t-Statistic -26.683*** -22.167*** -23.962*** -22.725*** -17.936*** -24.793*** 

Note: * p < 0.1, ** p < 0.05, *** p < 0.01 

 

Table 4 Johansen Cointegration Test 

Unrestricted Cointegration Rank Test (Trace) 

Hypothesized Eigenvalue Trace Statistic 0.05 Critical Value Prob. 

None 0.086419 122.7593 117.7082 0.023 

At most 1 0.050845 72.41598 88.8038 0.4148 

Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 

Hypothesized Eigenvalue Max-Eigen Statistic 0.05 Critical Value Prob. 

None 0.086419 50.34336 44.4972 0.0104 

At most 1 0.050845 29.06589 38.33101 0.3841 

 

Table 5 Pearson correlation coefficient table 
 lcp lcsi300 lef lbo leu600 lec 

lcp 1      

lcsi300 -0.6271 1     

lef -0.354 0.1348 1    

lbo 0.683 -0.448 0.0804 1   

leu600 -0.345 0.7672 0.2456 -0.1102 1  

lec -0.0689 0.1305 0.1726 0.3768 0.174 1 

 

3.1 Quantiles regression result 

 
Table 6 Empirical result of Guangdong market 

variables OLS 

Quantiles levels 

Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9 

lcsi300 -0.83*** -1.02*** -0.88*** -0.91*** -0.75*** -0.71*** -0.68*** -0.65*** -0.51*** -0.45** 

leu600 0.85*** 2.14*** 1.61*** 1.38*** 0.72*** 0.51* -0.20 -0.85** -1.06*** -1.05* 

lef -0.49*** -0.34*** -0.38*** -0.40*** -0.47*** -0.55*** -0.59*** -0.61*** -0.62*** -0.66*** 

lbo 1.17*** 1.23*** 1.16*** 1.36*** 1.40*** 1.36*** 1.24*** 1.12*** 1.11*** 1.04*** 

lec -0.25*** -0.37*** -0.36*** -0.42*** -0.41*** -0.39*** -0.32*** -0.28*** -0.17** -0.09*** 

_cons 3.66*** -3.72** -1.08 0.11 2.94* 4.57** 9.23*** 13.41*** 13.54*** 13.52*** 

Note: * p < 0.1, ** p < 0.05, *** p < 0.01 
From Table 6 and figure 1’s results, they reveal that domestic stock market 

negatively impacts carbon trading price, and turning weaken across quantiles. 

Carbon trading prices is positively influenced by foreign stock market below the 

60th percentile and gets weaker at lower quantiles, while becomes negatively at 

higher quantiles and has a stronger negative impact across 70th percentile and 

higher quantiles. 

Domestic energy futures market exhibits a negative stimulus on carbon trading 

price and gets stronger along the whole quantiles. Domestic carbon trading price is  
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positively influenced by European energy futures market, while the positive impact 

between them is getting weaker at 40th and higher quantiles. Besides, domestic 

carbon trading price is significantly negatively related with foreign carbon trading 

price, and the association becomes weaker and weaker.  

 
Figure 1 Empirical result of Guangdong market  

Note: Quantiles regression estimation in green line while 95% confidence interval denotes by grey area. The coefficient 
estimates of variables represents in the vertical axe. The quantile levels illustrate in the horizontal axe. The OLS estimations 

signifies by red parallel dash doc line and 95% confidence interval in blue. 

3.2 Comparisons with Shanghai market  

 
Table 7 Empirical result of Shanghai market 

variables OLS 
Quantiles levels 

Q0.1 Q0.2 Q0.3 Q0.4 Q0.5 Q0.6 Q0.7 Q0.8 Q0.9 

lcsi300 -0.87*** -0.92*** -1.16*** -1.21*** -1.21*** -1.09*** -0.89*** -0.80*** -0.61*** -0.55*** 

leu600 4.53*** 6.79*** 7.30*** 6.67*** 5.88*** 4.97*** 3.88*** 2.57*** 1.03*** 0.63** 

lef 0.81*** 1.05*** 1.04*** 0.84*** 0.76*** 0.72*** 0.70*** 0.53*** 0.38*** 0.27*** 

lbo 1.07*** 1.65*** 1.39*** 1.02*** 0.83*** 0.77*** 0.78*** 0.50*** 0.16 -0.01 

lec -0.10*** -0.38*** -0.32*** -0.20*** -0.12*** -0.10*** -0.10*** -0.05* 0.03 0.07** 

_cons -26.21*** -43.04*** -42.89*** -36.01*** -30.11*** -25.18*** -20.23*** -10.87*** -0.96 2.34 

Note: * p < 0.1, ** p < 0.05, *** p < 0.01 

 

Table 7 and Figure 2 display similar discoveries in Shanghai carbon trading 

market price, which sustains the findings from previous case, such as stock market, 

which is carbon trading price is negatively influenced by domestic stock market, 

and positively by European. In addition, the energy market shows similar influence 

as previous: the impact of both domestic and foreign energy futures market on 

carbon trading price tend to be weakened when it is positive and be stronger when 

the impact is negative.  
 

Figure 2 Empirical result of Shanghai market 

Note: Quantiles regression estimation in green line while 95% confidence interval denotes by grey area. The coefficient 

estimates of variables represents in the vertical axe. The quantile levels illustrate in the horizontal axe. The OLS estimations 

signifies by red parallel dash doc line and 95% confidence interval in blue. 
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3.3 Empirical result analysis 

From the conclusion, domestic carbon trading price is negatively influenced by 

Chinese energy futures market. Therefore, we suppose that when energy futures 

price rises, it means the consumption of energy would decrease, which caused the 

demand of carbon trading decrease and carbon trading price falls too. 

Carbon trading market is influenced negatively by Chinese stock market, but 

decreasing its strength across quantiles. Because the financial role of China's carbon 

trading market forms capital competition with stock market, the demand for carbon 

emissions would squeeze by the stock market. Besides, the foreign carbon trading 

market also shows a negative effect on domestic carbon trading price whiles getting 

weaken along the increase of quantiles. We speculate that Chinese carbon trading 

market is merely perfect at low quantiles, which implies domestic market would be 

squeezed by foreign carbon market and caused a strong negative influence. The 

negative impact is weakened when its financial function is more perfect. 

 

4. Conclusions 

 
Exploring the impact of stock markets, energy markets and foreign carbon 

trading market on carbon trading price by applying quantile regression is the 

purpose of this paper. The empirical results and robustness test results reveal that 

Chinese stock market negatively impacts across quantiles from empirical results, 

while foreign positively at lower quantiles and turn into negative at high quantiles. 

The domestic energy futures market parades a negative influence on carbon trading 

market, and gets stronger. But carbon trading market is positively influenced by 

European energy market, and getting weaken along the quantiles. Furthermore, the 

foreign carbon trading market shows negatively impact on Chinese carbon trading 

market, and weakened along whole quantiles. 
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