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Abstract 

Transitioning away from coal supply is a cost-effective path to a low-carbon economy. Although many articles have 

considered the issue of manufacturers' production and emission of pollution. Few papers have discussed the 

interrelations among CO2 emissions, economic growth and coal supply on the cost of environmental degradation.This 

paper seeks to fill this gap by using some empirical tests including unit root, ARDL bounds test and impulse effect to 

check the causality among carbon emission, economic growth and coal supply The time series used in the model ranged 

from 1990 to 2016. We specifically take China as a case to analyze. The main results show that there exist only 

one-way positive causality between LGDP (dependent variable) and LCO2 (independent variable), in addition, we show 

China's GDP growth in recent years has gradually decoupled from CO2 emissions, in other words, the current growth of 

China's economy is not at the cost of worsening the environmental degradation, Furthermore, we outline that the 

generalized impulse response between LCO2 and LGDP is higher than that of LCOALSUPPLY and LGDP.  

JFL Classification: H23, H26, P43,Q 53 

Keywords: China, carbon emission, unit root, bounds test, cointegration  

1. Introduction  

According to the WHO statistics, air pollution poses a major threat to health and climate. The combined effects of 

ambient (outdoor) and household air pollution cause about 7 million premature deaths every year. More than 80% of 

people living in urban areas that monitor air pollution are exposed to air quality levels that exceed the WHO guideline 

level, with low- and middle-income countries suffering from the highest exposures.The major outdoor pollution sources 

include vehicles, power generation and industry.Many of the drivers of air pollution (i.e. combustion of fossil fuels) are 

also sources of high CO2 emissions. Some air pollutants such as ozone and black carbon are short-lived climate 

pollutants that greatly contribute to climate change. Since the early 2000s, Asia was the dominant source of emissions, 

reaching 17.4 GtCO2 in 2016, twice the level of the Americas and three times that of Europe. China accounted for more 

than one half of emissions in Asia in 2016 followed by India with 12%. Li et al.(2019) utilize data envelopment 

analysis(DEA) to measure the total level of ecological construction in China and find that the total level of ecological 

construction of China is still low. According to the International Energy Agency (IEA)statistics, in 2016, global CO2 

emissions from fuel combustion were 32.31 GtCO2, broadly similar to levels in 2015. Looking back further, emissions 

have more than doubled since the early seventies and increased by around 40% since 2000. According to the analysis of 

International Energy Agency(IEA), most of these increases are linked to increased economic output. Despite emissions 

being relatively stable between 2013 and 2016, initial IEA analysis showed that in 2017 emissions increased by around 

1.5%, led by China, India and the European Union.  

The remainder of this paper is organized as follows. Section 2 discuss the causality and interrelations among CO2 

emissions, economic growth and coal supply in China’s case, the time series used in the model ranged from 1990 to 

2016. Section 3 examines the long-term stability and the impulse response effect . Section 4 concludes and discussion. 

2. Literature Review 

Stern's report (2006) shows that if the world invested 1% of GDP per year to combat global warming, it would avoid 5% 

to 20% of GDP loss per year in the future. 

Panayotou(1997) samples data from 30 countries from 1982 to 1994 and found that low-income policies had a positive 

effect on improving the environment, with the increase of income level, the effect became more obvious. However, the 
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faster the economic growth, the higher the population density, the higher the environmental cost of economic growth. 

Harbaugh et al.(2002) show that the link between economic growth and environmental pollution is not only influenced 

by economic factors, but also by sample selection and research methods. Bruyu(1997) selectes data from developed 

countries in the 1980s to analyze, which showed that changes in economic structure had no significant effect on SO2 

emissions, but in the high-income stage, environmental policies formed by international agreements could well explain 

the negative correlation between environment and income. Grossman(1995) regards urban air pollution and oxygen 

content in river water as environmental indicators. Through regression analysis, it is concluded that economic growth 

causes deterioration of environmental indicators in the low-income stage, and improves with economic growth in a 

certain stage, and the inflection point occurs at the income level of $8,000 (some examples are Sherry 2008, David 2004, 

Gurluk 2009 ). Copeland (2004) analyzes the relationship among economic growth, international trade and 

environmental pollution, and found that on the inverted U-shaped curve of economic growth and environmental 

pollution, international trade and capital flow had a great impact on environmental pollution. Llorca and Meunie(2009) 

obtain the N-curve relationship between SO2 emission and per capita income. In addition, due to the concentration of 

PM2.5 are regularly measured from fixed-site, population-oriented monitors located within the metropolitan areas. 

Although PM is measured at many thousands of locations throughout the world, the amount of monitors in different 

geographical areas vary, with some areas having little or no monitoring. Annual urban mean concentration of PM2.5 is 

estimated with improved modelling using data integration from satellite remote sensing, population estimates, 

topography and ground measurements. Therefore, it is acknowledged that the estimates of PM2.5 for data-poor 

countries may be relatively imprecise, measurements of PM2.5 are not available, and this imprecision can result in 

apparently abrupt changes in air pollution levels at borders with data-poor countries. For enhanced accuracy of 

modelled data it is important that countries continue and/or improve their ground measurements. Thus, unlike the bulk 

of the literature, this paper intends to use CO2 emissions, the main gas responsible for global warming, as an indicator 

of air pollution in a country (Jeyhun et al.,2018). 

3. Methodology and Analyses 

Being carbon neutral is increasingly seen as good corporate or state social responsibility and a growing list of 

corporations, cities and states are announcing dates for when they intend to become fully neutral. As we know, many of 

China's energy needs are directly derived from the supply of coal. Thus, reducing carbon emissions while keeping a 

high pace of economic growth lies at the heart of China's sustainable development plan. Zhang and Da (2015) indicate 

that economic growth appears as an important driver of carbon emissions increase in the past decades, while the 

decrease of energy intensity and the cleaning of final energy consumption structure play significant roles in curbing 

carbon emissions; Koretelainen(2008) proposed to use EPI to evaluate the effectiveness of environmental and economic 

policies, but EPI only considers environmental quality and neglects economic growth. In contrast with the traditional 

dynamic eco-efficiency analysis (Kuosmanen and Kortelainen,2005, 2007; Anderson and Peterson, 1993;Korhonen and 

Luptacik,2004 ), we focus on the correlation between carbon dioxide emissions and economic growth rate and coal 

production, and the prediction of dynamic time series of carbon dioxide /GDP.We use empirical analysis to discuss the 

effects of the above variables on carbon dioxide emissions, where carbon emissions are measured in 

production-basedemissions, MtCO2 and GDP are measured in USD billion in 2010. In addition, energy supply from 

coal is measured in Ktoe, respectively. The input data of GDP, coal supply and CO2 emissions in this paper are mainly 

referred to the International Energy Agency. 

Initially, the time series of carbon emissions, gross domestic product and coal energy supply are logarithmic as shown 

in Figure 1, denoting that the time series of all three variables present an increasing trend, and those sequences show 

that the mean values are varying in different periods, we then judge that the sequences are non-stationary.     

 

Figure 1. Time trend data on CO2 emissions, GDP, Coal Supply in logarithmic form for China, Source. International 

Energy Agency 
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In figure 1, LGDP, LCO 2 and LCOAL SUPPLY represent the logarithmic functions of GDP, CO2 and COALSUPPLY, 

respectively. Granger and Newbold (1974) proposes false regression. Nelson and Plosser (1982) find that many of the 

original sequences have non-stationary characteristics. Therefore, before conducting empirical research on time series 

analysis, it is essential to tackle with unit root problems as follows. (Dickey and Fuller,1979; Enders,2010; Phillips and 

Perron,1988; Kwiatkowski, et.al,1992 ).  

3.1 Unit Root Test 

At first we use the period 1990 to 2016 as an analysis period to verify the existence of unit root. The results of unit root 

tests are presented in Table 1.We use ADF and PP unit root methods, the LCO2 appeares stationary at the 

2st-differenced form under 1% significant level, depicting the logged variables are I(2), and the LGDP also appeares 

stationary at the 2st-differenced form under 1 % significant level, explaining the logged variables are also I(2). 

Furthermore, we use the KPSS unit root method, the LCoalSupply appeares stationary at I(0) under 5 % and 10% 

significant level, respectively . In theory, the linear combination mode produced by the same order sequence may form 

a co-integration relationship with the original sequence of different orders. Since the order of the ADF and PP unit root 

test are I(2), whereas the order of KPSS unit root test is I(0). Thus, we can not proceed with Johansen co-integration test. 

(Engle and Granger,1987; Johansen and Juselius,1990).  

 

Table 1. Performance of unit root test of LCO2, LGDP, COALSUPPLY 

1990          to          2016 

                ln CO2                       ln GDP                  ln COALSUPPLY 

Variable 

        level     1st dif    2st dif        level    1st dif     2st dif      level    1st dif     2st dif       

ADF   - 2.08757   - 2.49132   -7.43882***    -1.93061   -2.29657  -5.79872***   -1.60678   -2.01389     -4.66084*** 

    (0.5212)    (0.3290)    (0.0000)       (0.3137)   (0.4204)   (0.0001)      (0.7611)    (0.5659 )     (0.0000) 

PP     -1.47529   - 2.50477   -7.41603***    -1.59628   -2.46612   -5.57815***   -1.87843  -2.13855     -4.66276***  

        (0.7449)    (0.3231)    (0.0000)      (0.7666)    (0.3402)   (0.0007)      (0.6366)    (0.5009)     (0.0056) 

KPSS   0.10567*                           0.07545*                          0.741691   0.143547*   

        (0.1190)                            (0.1190)                           (0.4630)    (0.3470)                                                

Notes: Variables in logarithmic form ; when adopting ADF test and PP test, *** stand for rejection of null hypothesis at 1% 

significance level, respectively, when adopting KPSS test, * stand for acceptance of null hypothesis at 10% significance level. 

 

3.2 ARDL Bounds Test 

Nevertheless, Pesaran et al (2001) propose the ARDL bounds test for different order of variables, the advantage is the 

order of variables need not be considered in the co-integration process, that is, whether I(0) of the stationary state or I(1) 

and I(2) with a unit root will not affect the testing results, and it can also clearly distinguish between the two variables 

which are endogenous and which are independent. The boundary test proposed by Pesaran et al. (2001) is not restricted 

by the order of variables. It can clearly judge whether there exists a long-term equilibrium relationship only by the 

critical value, and can distinguish which is endogenous variable and which is independent variable. There are five 

models for the boundary test method. In this paper, the more general Case III model is adopted as follows. 
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Eq.(1) denotes that LGDPLGDP and 22LCOLGDPLCO are long-term parameters, tw is a virtual vector of exogenous 

variables, the normal and deferred values of LGDP and LCO2 are short-term dynamic structures. According to 

ARDL model, it is assumed that there are two variables in the economic system, and the long-term relationship between 
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them can not be known from previous information. Thus, we list the Eq.(2) and Eq.(3) as dependent variables, 

respectively.    
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Clearly, other causal analysis of LCO 2 and LCOALSUPPLY, and the casuality between LCOALSUPPLY and LGDP 

can also be derived from this concept. Taking the bounds test as an example, the null hypothesis is that there is no 

co-integration relationship among variables. Referring to Keho (2010b), we utilize ADRL bounds test for Pesaran 

co-integration verification,and test the cointegration approach among those variables for China over a time period 

ranging from 1990 to 2016. 

From Table 2, we show that under a significant level of 5%, when LCO 2 is dependent variable, it is impossible to 

reject the null hypothesis that there is no co-integration, and under a significant level of 5%, when LGDP is dependent  

variable, the F-statistic of joint verification is 10.09618 higher than the upper critical value of 5.73, indicating a 

significant rejection of null hypothesis, which means that there is a unidirectional co-integration causality between 

LGDP and LCO2.  

Hypothesis 1: At 5% significant level, F (LCO 2/LGDP) LCO 2 is 3.3593, which is lower than the lower critical value 

of 4.94, but F (LGDP/LCO 2) LGDP is 10.0962, which is higher than the upper critical value of 5.73, indicating that  

only one-way positive causality exists between LGDP (dependent variable) and LCO2 (independent variable).   

Hypothesis 1 shows that when Johansen's co-integration relationship does not exist between LCO 2 and LGDP, the 

ARDL Bounds test displays that at a significant level of 5%, co-integration exists only in the regression equation with 

LGDP as the interpreted variable. That is to say, when we utilize ADRL bounds test for Pesaran co-integration 

verification,testing the cointegration approach among those variables for China over a time period ranging from 1990 to 

2016, we find that LCO2 affect LGDP, but the causality does not work in reverse . That is to say, as LGDP is a 

dependent variable, it has one-way co-integration with LCO2, the independent variable.  

In addition, when LGDP and LCOALSUPPLY are mutually dependent variables, yet the F-statistic value of LGDP is 

1.2838 and the F-statistic value of LCOAL SUPPLY is 2.7629, they are lower than the threshold value of 5% 

significant level of 4.94, which means that the statistics are not significant and the null hypothesis that there is no 

co-integration can not be rejected, that is, there does not exist long-term equilibrium relationship between LGDP and 

LCOALSUPPLY.  

Next, we discuss that when LCO2 and LCOALSUPPLY are mutually dependent variables, there exist a co-integration 

relationship between them. In the following we discuss whether there exist long-term relationship among LGDP , LCO 

2 and LCOALSUPPLY.  
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Table 2. ARDL bounds test result 

1990     to     2016 

Dependent  Variable F- Statistics value co-integration 

Case1 DLCO2 3.3593 No 

DLGDP 10.0962* Yes 

Case2 DLGDP 1.2838 No 

DCOALSUPPLY 2.7629 No 

Case 3 DCOALSUPPLY 10.3233* Yes 

DLCO2 8.9187* Yes 

                                boundary  values  at  different  levels 

Significant level 1% 5% 10% 

Order of  

variables 

LCB UCB LCB UCB LCB UCB 

Case FIII: 

Limited intercept terms; no trend. 

6.84 7.84 4.94 5.73 4.04 4.78 

1. F- Statistical Value of Pesaran et al. 2001 Case III Analysis 

2. * represents rejection of null hypothesis at 5% significant level 

3.LCB is lower critical bound; UCB is upper critical bound 

 

3.3 Long-Term Interrelation Analysis 

As can be seen from Eq.(4), the long-term correlation coefficient between LGDP and LCO 2 is
1
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 : and the 
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Other causal analysis of LCO 2 and LCOALSUPPLY, and the causality between LCOALSUPPLY and LGDP can also 

be derived from this concept. Due to the lack of Johansen relationship among those variables, we estimate the long-term 

relevance by using OLS and ARDL bounds test (see Pesaran et al,2001). During 1990-2016, when LGDP is the 

dependent variable, the long-term relevance estimated by utilizing LGDP as the dependent variable and LCO2 as the 

independent variable, the result is listed in table 3 which shows that LGDP and LCO 2 have a long-term positive 

relevance at the 1% significant level under both OLS and ARDL bounds test . In other words, from a long-term 

perspective , LGDP and LCO 2 present a one-way long-term positive relevance, the increase of LCO 2 leads to the 

increase of LGDP, but an increase in LGDP does not necessarily lead to an increase in LCO2.  

As we observe China's CO2 emissions in 2013, 2014, 2015 and 2016 are 9191, 9125, 9103 and 9057 tons respectively, 

showing a decreasing trend year after year. GDP based on billion 2010 USD, in 2013, 2014, 2015, 2016 are 7767, 8333, 

8908 and 9505 respectively, showing an increasing trend year after year, denoting that China's GDP growth in recent 

years has gradually decoupled from CO2 emissions, our analytic results correspond to the concept of absolute 

decoupling between economy and environment proposed by Brown (2003) and Mikayilov et al. (2018). 

The above GDP, Coal Supply and CO2 data coming from International Energy Agency(IEA) are consistent with our 

analysis in Table 3. Nevertheless, the third case in Table 3 shows that when CO2 is a dependent variable, both ARDL 

and OLS methods show that Coal Supply has a significant positive correlation with CO2 emissions. 
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Table 3. Estimation of long-term relationship 

1990   to   2016 

 OLS ARDL 

Dependent  Variable Independent Variable Independent Variable 

Case 1 LGDP LCO2 LCO2 

4.1371*** 

(7.424118) 

1.2144*** 

(3.608659) 

Case 2 LCOAL SUPPLY LCO2 LCO2 

0.8909*** 

(8.906293) 

1.8079*** 

(3.769119) 

Case 3 LCO2 LCOAL SUPPLY LCOAL SUPPLY 

 0.9149*** 

(8.906293) 

  0.6890** 

(2.931563) 

1. OLS is estimated by the least square method and ARDL long-term relationship coefficient is estimated by bounds test 

equation. 

2.variables in logarithmic form ; *,**,*** stand for at 1%,5% and 10% significance level; the number in brackets is the 

t-statistic of the estimated parameter  

 

Figure 2 and Figure 3 show that the proportion of CO2/GDP decreases year by year, and the proportion of 

COALSUPPLY/GDP decreases year by year, respectively. The empirical results indicate that China may have made 

some improvements in environmental protection in recent year, especially in carbon emission control, it could be that 

higher income levels lead to increased demand for environmental protection (Michael,1995). 

As mentioned above, we show that China's CO2 emissions has gradually decoupled from GDP, which is consistent with 

the Kuznets Curve(Grossman and Krueger,1991) and The International Energy Agency statistical data. In addition, 

Table 4 shows the rising and falling trend of the four cycles. The flunctuation of the third and fourth cycles in Figure 2 

show that it may be related to the implementation of automatic monitoring of urban air quality in China cities at the end 

of 2005 and the formal incorporation of environmental protection expenditure into the national budget since 2006.  

Hypothesis 2: In comparison with IEA(International Energy Agency) data and our empirical results about China's 

economic growth and CO2 emissions in the past four years(2013-2016), see Table 3 and Figure 2, showing up the 

proportion of CO2/GDP decreases year by year, and the proportion of COALSUPPLY/GDP decreases year by 

year,respectively,depiciting that China's GDP growth in recent years has gradually decoupled from CO2 emissions. 

 

 
Figure 2. Bandpass Filter Decomposition of CO2/GDP,China,1990-2016 
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          Figure 3. Bandpass Filter Decomposition of COALSUPPLY/GDP,China,1990-2016 

 

Table 4. Estimation of long-term relationship 

1990     to    2016 

CO2/GDP       unit: (kg CO2/2010 USD) Variable : COALSUPPLY/GDP 

BP interval trend BP interval trend 

First 

cycle 

1993.1-1998.2    increasing First 

cycle 

1993.2-1995.1 increasing 

1998.3-1999.3 decreasing 1995.2-1997.2 decreasing 

Second 

cycle 

1999.4-2001.2 increasing Second 

cycle 

1997.3-1998.11 increasing 

2001.3-2004.4 decreasing 1998.12-2002.7 decreasing 

Third 

cycle 

2004.5-2005.1 increasing Third 

cycle 

2002.8-2005.1 increasing 

2005.2-2006.3 decreasing 2005.2-2008.2 decreasing 

Fourth 

cycle 

2006.4-2009.8 increasing Fourth 

cycle 

2008.3-2011.11 increasing 

2009.9-2014.11 non-decreasing 2011.12-2014.12 decreasing 

 

4. Impulse Effect Test 

Next, we discuss the interaction between LCO2, LGDP and LCoal Supply, respectively. As mentioned earlier, due to 

the order of integration among those variables are not the same order. Thus, we utilize structural VAR (Vector 

Autoregressive ) and treat all variables as endogenous variables to overcome the doubts about the identification of 

endogenous and exogenous variables problem (Sims,1980). Owing to Sims (1980) method has the problem of variable 

ranking, that is to say, the order of variables entering VAR model will lead to different results for impulse response 

function analysis or prediction error variance decomposition. This is so called the ranking problem in the relevant 

literature. Whereas the general prediction error variance decomposition (Koop, Pesaran, Potter, 1996) and the general 

impulse response analysis (Pesaran and Shin, 1998) can solve the ranking problem. On the other hand, when a shock is 

applied to the error term of each variable in each equation, the effect of the shock on structural VAR can be observed 

over a period of time. Then, if the VAR system is stable, the shock will gradually disappear over time. It is known that 

when LCOALSUPPLY and LGDP are mutually dependent variables, there is no co-integration relationship. 

Nevertheless, LGDP is dependent variable, LCO2 is independent variable, there exist a long-term, stable and one-way 

integration. From Figure 4, we can see that the impact of LCO 2 on LGDP is zero at the beginning, except for the 

negative impact effect of the second period. After the third period, the impact of LCO 2 on LGDP obviously maintains 

a positive proportional correlation. Even though it is the tenth period, the impact of LCO 2 on LGDP still exists and 

does not decrease gradually. On the other side, we can see from Figure 5, even though it is the tenth period, the impact 

of LCOALSUPPLY on LCO2 still exists and does not decrease gradually. So we can get the following Hypothesis 3. 
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             Figure 4. Impulse of LCO2 on LGDP         Figure 5. Impulse of LCOALSUPPLY on LCO2  

       

Hypothesis 3: The unexpected impact variation of LCO2 on LGDP is higher than that of LCOALSUPPLY on LGDP, 

even though it is the tenth period, the impact of LCO 2 on LGDP still exists and does not decrease gradually.  

Hypothesis 3 is explored using a generalized variance decomposition method(Koop et. al, 1996). As we know, 

prediction error variance decomposition can estimate the proportion of prediction error variation of a variable which is 

explained by the prediction error variation of other variables. Although the shock response function is similar to the 

information provided by the prediction error variance decomposition, the difference is that the prediction error variance 

decomposition is estimated under the condition of a given factor variable, calculating the magnitude of the change when 

it is impacted by itself and other variables. (Lütkepohl, 2007). 

  {𝑒𝐿𝐺𝐷𝑃,𝑡} =
𝜎
𝐿𝐺𝐷𝑃[𝛹𝐿𝐺𝐷𝑃𝐿𝐺𝐷𝑃(0)

2+𝛹𝐿𝐺𝐷𝑃𝐿𝐺𝐷𝑃(1)
2+⋯+𝛹𝐿𝐺𝐷𝑃𝐿𝐺𝐷𝑃(𝑛−1)

2]
2

𝜎𝐿𝐺𝐷𝑃
2 (𝑛)

                (5) 

{𝑒𝐿𝐶𝑂2,𝑡} =
 𝜎
𝐿𝐶𝑂2[𝛹𝐿𝐺𝐷𝑃𝐿𝐶𝑂2(0)

2+𝛹𝐿𝐺𝐷𝑃𝐿𝐺𝐶𝑂2(1)
2+⋯+𝛹𝐿𝐺𝐷𝑃𝐿𝐶𝑂2(𝑛−1)

2]
2

𝜎𝐿𝐺𝐷𝑃
2 (𝑛)

                (6) 

{𝑒𝐿𝐶𝑂𝐴𝐿𝑆𝑈𝑃𝑃𝐿𝑌,𝑡} =
 𝜎
𝐿𝐶𝑂𝐴𝐿𝑆𝑈𝑃𝑃𝐿𝑌[𝛹𝐿𝐺𝐷𝑃𝐿𝐶𝑂𝐴𝐿𝑆𝑈𝑃𝑃𝐿𝑌(0)

2+𝛹𝐿𝐺𝐷𝑃𝐿𝐶𝑂𝐴𝐿𝑆𝑈𝑃𝑃𝐿𝑌(1)
2+⋯+𝛹𝐿𝐺𝐷𝑃𝐿𝐶𝑂𝐴𝐿𝑆𝑈𝑃𝑃𝐿𝑌(𝑛−1)

2]
2

𝜎𝐿𝐺𝐷𝑃
2 (𝑛)

          (7) 

Eq.(5), (6), (7) are the decomposition of predictive error variance of     𝑡 which adds up to 100%. It can be 

that how much percentage of     𝑡 predicts future n period variance comes from its own     𝑡 and how much 

percentage comes from     𝑡 and             𝑡. If the     𝑡 and            𝑡 shocks do not explain the 

prediction error variance of      𝑡 at all during the prediction period, then the VAR vector *    𝑡+ sequence is an 

exogenous variable. Conversely, if the     𝑡  and             𝑡  shocks fully explain the prediction error 

variance of     𝑡 the VAR vector *    𝑡+ sequence is an endogenous variable. Through the VAR analysis, we can 

see from Table 5, the unexpected impact variation of LCO2 and LCOALSUPPLY on LGDP, respectively. At the 

beginning, the percentage of LGDP explained by LCO2 and LCOALSUPPLY is small, when looking forward to the 

forecast of eighteenth period. LCOALSUPPLY can explain only 2.62% of the variation of LGDP prediction errors. but 

LCO2 can explain 30.22% of the variation of LGDP prediction error, indicating that the LCO2 has a higher correlation 

with LGDP. 
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Table 5. Variance Decomposition of DLGDP (Ordering for Cholesky) 

Period S.E. DLCO2 DLCOALSUPPLY DLGDP 

1 0.011191 0.00000 0.00000 100.0000 
2 0.015148 5.577518 0.158847 94.26363 
3 0.018204 17.06364 0.173849 82.76251 
4 0.020090 21.57332 1.104533 77.32215 
5 0.021362 26.79366 1.775456 71.43089 
6 0.021985 29.01971 2.220768 68.75952 
7 0.022226 29.82650 2.510608 67.66289 
8 0.022306 30.16703 2.589579 67.24339 
9 0.022321 30.21047 2.616454 67.17307 
10 0.022322 30.21611 2.620449 67.16344 
11 0.022322 30.21596 2.620448 67.16360 
12 0.022323 30.21757 2.620455 67.16197 
13 0.022323 30.21828 2.620740 67.16098 
14 0.022323 30.21889 2.620895 67.16021 
15 0.022323 30.21907 2.620945 67.15998 
16 0.022323 30.21909 2.620965 67.15994 
17 0.022323 30.21910 2.620967 67.15993 
18 0.022323 30.21910 2.620967 67.15993 

5. Conclusions and Discussion 

In comparison with traditional literature, the major findings of this paper can be listed as follows: Clearly, when LGDP 

is a dependent variable, it has one-way co-integration with LCO 2, the independent variable, as we think, it could be 

that higher income levels lead to increasing demand for environmental protection. Next, we show the increase of LCO2 

emissions at the initial stage results in the decrease of LGDP, the relationship between them appears as a "J-curve" 

shape on a time-series graph. However, whether the deterioration of air quality attributed to the reduction of outgoing 

consumption at the initial stage. So far, due to lack of relevant consumption environment empirical research in 

discussing the matter, thus, we consider this is the focus of future research . In addition,during the past four years, we 

find, although the CO2 emission in China has gradually decoupled with the GDP, the rise in income level still increases 

emissions more or less. In this regard, how the effectiveness of environmental protection tax implemented since 2018 in 

China is an important index worth studying in the future. 
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