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Abstract. Energy resources are important sources used in production. The consumption of energy 

resources is closely linked to the economic development and the environmental quality. In this paper, 

empirical analyses are conducted to reveal how energy consumption can affect economic growth (GDP) 

directly and indirectly through its impact on environmental quality. The study is focused on China, an 

economy that is highly energy intensive and the second largest economy in the World. Applying linear 

and threshold cointegration tests, our results reveal significant long-run relationship in the model with 

GDP as dependent factor and the regressors of energy consumption and carbon dioxide emissions. Our 

estimation results show that energy consumption has direct positive effect on economic growth but it may 

have larger negative effect on economic growth indirectly through higher carbon dioxide emissions.  

Keywords: GDP, environmental degradation, threshold cointegration, asymmetric effect 

Introduction  

Energy resources are important sources for production which may stimulate 

economic growth especially for countries that are highly energy intensive. On the other 

hand, energy consumption through industrial activities may generate toxic wastes and 

gases which are harmful to environmental health and cleanliness.  

The research on the impact of energy consumption on economic growth is broad and 

there are on-going researches on this topic because previous studies found no consensus 

on the relationship between energy consumption and economic growth. Previous results 

reported different results for different countries, time periods, methodology applied and 

variables used. Such differences may also due to country specific characteristics.  

In this study, we specify the investigation in China, a country that emphasizes on 

industry development and is highly energy intensive. Our main objective is to reveal is 

there any long-run relationship between energy consumption and growth in China. In 

addition, we also investigate how energy consumption affects economic growth directly 

and indirectly. Applying the linear and threshold cointegration tests, we detect long-run 

relationship in our model. Our threshold regression and cointegrating model reveal that 

energy consumption has positive direct impact to stimulate growth. However, it has 

larger negative impact on growth through carbon dioxide emissions in the long-run.  

The remaining paper is organized as follows: section 2 provides review on literature; 

section 3 explains the data and methodology; section 4 discusses the results and section 

5 summarizes the findings.  

Literature review 

Theoretical review 

According to economic theories, energy (consumption) and economic activities/ 

growth are closely related. Amadeh and Kafi (2015) provided a theoretical review on 
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the relationship. As indicated in biophysical growth model by Ayres and Nair (1984), 

energy is the only driver of growth as both labor and capital need to consume energy to 

be functioning. Conversely, neoclassical economists stated that energy has no direct 

effect on economic growth but has indirect effect through labor and capital. Both labor 

and capital are the main factors but energy only plays a small role as intermediate input. 

However, highly consuming energy resources such as fossil fuels to boost economic 

growth may cause to higher pollution. The air pollution through carbon dioxide 

emissions is one of the greenhouse gasses emissions due to fuel consumption in 

manufacturing, trade, service and housing sectors (Amadeh and Kafi, 2015). In the 

neoclassical framework by Stern and Cleveland (2004) discussed the relationship 

between energy and production may influenced by substitution between energy and 

other inputs, changes in technology, changes related to energy factor combination, 

products combination and also changes in other inputs combination.  

Also, as discussed in Bozkurt and Akan (2014), energy related factors (energy 

production, consumption, density, status and price of energy) have crucial impacts on 

the trend of carbon dioxide emissions. These factors are the engine of industrial 

development and growth but they may cause to reverse effect on environment 

(Alkhathlan and Javid, 2013). In the progress of growth, economy encounters with the 

environmental degradation and climate change which may be harmful to the nature, 

people and economies. Such trade-offs necessitate environmental policy actions to be 

implemented at local, national and global levels to reduce the adverse effect of energy 

consumption and growth. The environmental policies research has led to the formation 

of environmental Kuznets curve theory on the relationship between economic growth 

and environmental degradation (Grossman and Krueger, 1991). This theory formulates 

the impact of economic growth on environmental degradation in an inverted-U curve, 

i.e. higher growth leads to higher environmental degradation until reaching the optimum 

point. After this point, higher income per capita is associated with lower environmental 

deterioration (Niu and Li, 2014). EKC can be explained by production scale input rates, 

types of industries, changes in input variety and emission changes in input (Stern, 

2003). 

 

Empirical findings 

The relationship among energy consumption, gases emissions and economic growth 

has attracted many researches and attentions for environmental issue/ policy analysis 

and sustainable growth. The literature studies in this area can be classified into three 

main strands (Amadeh and Kafi, 2015; Bozkurt and Akan, 2014; Acaravci and Ozturk, 

2010). The first strand focused on the relationship between economic growth and 

environmental pollution on testing the validity of EKC hypothesis. Grossman and 

Krueger (1991) were the first to conduct testing on the EKC hypothesis for the data of 

U.S. Since then, the EKC hypothesis was carried out broadly using linear and nonlinear 

approaches, panel and time series analyses and variety of emissions across countries and 

time frames. However, this strand of studies leads to inconclusive findings. Some 

studies reveal inverted-U curve of EKC (among them are Galeotti and Lanza, 1999;  

Franklin and Ruth, 2012; and Karakas, 2014). Other studies fail to detect the validity of 

EKC (for instance Boopen and Vinesh, 2011; Huang et al., 2008; and Charfeddine and 

Ben Khediri, 2015). Some studies investigated the causal relationship between GDP and 

carbon dioxide emissions. Many studies used carbon dioxide emissions to proxy for 

environmental degradation and observed that such emissions accounted for 60% of the 
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greenhouse gases emissions effect (Ozturk and Acaravci, 2010). Other variables used to 

proxy for environmental degradation include sulphur dioxide per capita, particle 

pollution (PM10), air pollution and water pollution.  

The second strand focused on the relationship between economic growth and energy 

consumption. This strand of studies was pioneered by Kraft and Kraft (1978) and a 

review on the related literature was given in Payne (2010) and Ozturk (2010). Ozturk 

(2010) discussed the four types of hypothesis on the relationship: (1) neutrality 

hypothesis – no causal relationship; (2) conservation hypothesis - uni-directional 

causality effect from economic growth to energy consumption; (3) growth hypothesis - 

uni-directional causality effect from energy consumption to economic growth; (4) 

feedback hypothesis - bi-directional causality between energy consumption and 

economic growth. Only few papers reported no relationship in their studies, for instance 

Halicioglu (2009) and Soytas and Sari (2009). The second category relationship was 

found in Aqeel and Butt (2001) and Narayan and Smyth (2005). The third group 

relationship was revealed in Tsani (2010), Menyah and Rufael (2010), and Lee and 

Chien (2010). The bi-directional relationship was found in studies by Ansgar et al. 

(2010), Erda et al. (2008) and Apergis and Payne (2009). 

The third strand studies the output-energy or output-pollution relationship, the 

combination of the first and second strand of studies.  Investigating on the relationship 

on these three variables, previous studies reported different results. However, majority 

studies detect cointegrating relationship in their models. Among them, Bloch et al. 

(2012) and Jafari et al. (2012) found that both GDP and energy consumption contribute 

to positive effect on pollution (carbon dioxide emissions). On the other hand, Omri 

(2013) reported a positive impact from GDP but negative impact from financial 

development and capital on carbon dioxide emissions in MENA countries. Alam et al. 

(2014) reported that energy consumption and financial development cause to higher 

carbon dioxide emissions in Malaysia. Other recent researches that detect relationship 

among the three variables include Wolde (2016), Alege et al. (2016) and Chindo et al. 

(2015). 

The differences results found in previous studies may due to data, estimation 

approaches and omitted variables bias (Stern and Common, 2001; Toman and 

Jemelkova, 2003; Dinda, 2004; Stern, 2004; and Yang and Zhao, 2014). According to 

Ozturk (2010), the differences may also due to country characteristics.  

 

Background study – China 

China as the second largest economy in the world has experienced rapid growth of 

more than 9% per year since the ‘reform and opening-up’ policy has implemented in 

late of 1980s (Wang et al., 2014). However, such rapid growing progress poses 

challenges in terms of sharp increases in energy consumption which causes to the 

increasing of carbon dioxide emissions. As reported by International Energy Outlook 

(2016), U.S. and China are the two largest energy-related carbon dioxide emitting 

countries which accounted for 40% of the globally emissions in 2012. As discussed in 

Leggett (2011), the World Bank has approximated the loss caused by air and water 

pollution in China to be US$100 billion per year or 5.8% of GDP in year 2007. Such 

causes and consequences have triggered the ultimate need for the government to take 

immediate action in balancing the economic growth and quality of life/ environmental 

quality by monitoring the energy consumed. The government has realized on the 

importance to reduce the greenhouse gases emissions and pollution problems due to 
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energy-related activities and human activities through its national and international 

policies. At national planning, China has slowly moved to less energy-intensive 

industries. China has also integrated its climate action into its Five-Year Economy Plan 

in achieving a ‘harmonious society’ with lesser environmental problem through slower 

economic growth.  

China also committed to the international climate policies. China has committed to 

the Intended Nationally Determined Contributions (INDCs) in reducing the greenhouse 

gases emissions by targeting its peaks on carbon dioxide emissions by 2030 and trying 

effort to achieve an earlier peak if possible. China also seeks to achieve the target of 

20% nonfossil energy use in 2030. China has obliged to the 2009 Copenhagen Accord 

to achieve reduction of 40-45% in carbon intensity by year 2020. As reported in 

International Energy Outlook (2016), the energy efficiencies through technology in 

building and transportation sectors help to curb the rate of energy consumption in China 

(Leggett, 2011). 

Data and methodology 

The study focuses the analyses on China. Three variables are used which include 

carbon dioxide emissions (kt) (CO2), as a proxy for environmental degradation, gross 

domestic product (US$) (GDP) proxy for economic development and primary energy 

consumption (millions tons of oil equivalent) (EC). The data are in yearly basis, ranging 

from year 1966 to 2015. All data are collected from Datastream and are transformed 

into log form for consistency (LCO2, LEC and LGDP). Figure 1 shows the plots of 

these three variables in levels and logarithms form. Panel (a) shows that the carbon 

dioxide emissions in China before 1970’s were very low. The emissions show 

increasing trend since after 1970’s and the increment was larger in early 2000’s. On the 

other hand, panel (b) and panel (c) respectively show that energy consumption and GDP 

exhibit extraneous increment since early 2000’s. Such increments are clear using levels 

data but not so clear using logarithms or percentage increment. Combining these plots, 

we observe some similarities on these three variables, i.e. they show increasing trend; 

they show large increment in early 2000’s. These similarities suggest a close 

relationship on these variables and further investigation should be conducted through 

regression analysis. 

To proceed with our analysis, we conduct the regression based on the following 

condition: 

 

 , 2t t tLGDP f LEC LCO
 

 

This leads to the following long-run relationship: 

 

 0 1 2 2t t t tLGDP LEC LCO u     
    

 

The investigation is divided into two parts. In the first part, we perform both linear 

and threshold cointegration tests to detect possibly long-run relationship in (Eq.1). Prior 

to the cointegration tests, unit-root tests are performed to check the properties of the 

variables. If all variables are stationary at first differenced and integrated with the same 

(Eq.1) 
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order, i.e. I(1), one may proceed to test for the long-run relationship using cointegration 

tests.  In the second part, we proceed with the estimation on the long-run relationship.  

Before conducting the preliminary tests and estimations, all data are transformed into 

log form for consistency (LCO2, LGDP and LEC). Prior to the estimation, unit-root 

tests of Phillips-Perron (PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) are 

performed to check for the stationarity of variables. In case the variables are 

nonstationary at levels and show the same number of integration, we may proceed with 

the testing of cointegration, i.e. whether the combination of these variables are 

stationary. For such purpose, the cointegration tests of Engle-Granger (EG) and 

Phillips-Ouliaris (PO) are performed to detect the long-run relationship between 

dependent variable (LCO2) and independent variables (LGDP and LEC). Both EG and 

PO are linear cointegration tests by assuming symmetric in the adjustment process to 

the long-run level, such tests may have low power in the detection of cointegration in 

the presence of asymmetric adjustments. For better comparisons, the asymmetric 

cointegration tests of threshold autoregreesive (TAR) and momentum threshold 

autoregressive (MTAR) developed by Enders and Granger (1998) and Enders and 

Siklos (2001) are conducted. Based on the results of these cointegration tests, we 

proceed with the estimation on the long-run relationship. 
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Figure 1. Annual values of carbon emission [kt], energy consumption [millions tons of oil 

equivalent], and GDP [US$] on normal and logarithmic scales in the period of 1965-2015 
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Threshold cointegration– Enders-Siklos (ES) test 

Two non-stationary variables that are I(1) are cointegrated if the linear combination 

of them is stationary or I(0). Such linear combination is termed as a long-run 

equilibrium relationship. In our case with three variables, LGDP, LCO2 and LEC in 

(Eq.1) are said to be cointegrated if the linear combination of them 

0 1 2 2t t t tu LGDP LEC LCO       is stationary or (0)tu I . The idea of 

cointegration test is to test if the error term is I(0). Previous studies applied the linear 

cointegration tests (for instance, Johansen test and Engle-Granger test) to detect the 

long-run relationship in the model. These tests assume symmetric adjustment in the 

error term. Therefore, in the presence of asymmetric adjustment in the error term, the 

linear cointegration tests may have low power to weakly detect long-run relationship in 

the model. To overcome this problem, the threshold cointegration test developed by 

Enders and Granger (1998) and Enders and Siklos (2001) are conducted. The threshold 

cointegration test is based on the threshold autoregressive (TAR) and threshold 

autoregressive (MTAR) models which assume the asymmetric adjustment in the error 

term.  

Under the ES test, the error term is specified as follow: 

 

  1 1 2 1

1

1
k

t t t t i t i t

i

u u I u u     



          (Eq.2) 

 

where  20,t iid  is the error term obtained from the long-run relation in equation 

(1); tu  with lags k are used to correct for the error terms  to avoid correlation in error 

terms;  tI  is the Heaviside indicator used to indicate the asymmetric adjustment in error 

terms following the function defined. Under the TAR model, the function of error term 

is defined to be: 

 

1

1

1 if

0 if

t

t

t

u
I

u










 


 

 

where the changes of error term is adjusted based on its lagged one value determined by 

the threshold value,  . On the other hand, the function of error term under MTAR 

specification assumed to depend on the changes in the error term: 

 

1

1

1 if

0 if

t

t

t

u
I

u









 
 

 
 

 

1  and 2  show the speed of asymmetric adjustments of the changes of error term to its 

long-run equilibrium level according to the function of error term defined by TAR and 

MTAR models. The ES test permits hypothesis on cointegration and asymmetric 

adjustment in (Eq.2) using joint F-test: 

(1) Hypothesis for cointegration: 0 1 2: 0H    : no cointegration 

(2) Hypothesis for asymmetric adjustment: 0 1 2:H   : symmetric adjustment 
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The significance of the F-statistic in cointegration test can refer to the critical values 

stated in Enders and Siklos (2001). The rejection of null hypothesis indicates that one of 

the coefficient or both 1  and 2  are smaller than zero which leads to the detection of 

the long-run relation in (Eq.1). Once the long-run relation is detected, one can continue 

testing for asymmetric adjustment in the error term. Since the null hypothesis is 

symmetric adjustment, the rejection of the null hypothesis means the existence of the 

asymmetric adjustment in the error term.  

 

Estimation approaches 

In the presence of long-run relation in (Eq.1), the dynamic ordinary least square 

(DOLS) is a better choice to replace the traditional least square approach (OLS) as this 

approach includes leads and lags of first differenced regressors in the equation to 

control for regressor endogeneity and error serial correlation problems. Under the 

specification of DOLS, (Eq.1) can be estimated as: 

 

 0 1 2 1 22 2
k k

t t t i t i i t i t

i k i k

LGDP LEC LCO LEC LCO u    
 

 

 

        
 

(Eq.3) 

 

1

k

i

i k






 and 2

k

i

i k






 are the coefficients for the leads and lags of first differenced regressors 

but they are not given/ interpreted as they act as endogeneity and serial correlation 

corrector. Previous studies show that DOLS performs better compare to OLS and 

FMOLS (Kao and Chiang, 2000 and Stock and Watson, 1993).  

Apart from DOLS, we also consider the threshold regression by considering the 

effects of breakdates. The breakpoint threshold regression is performed in searching 

breaks in the sample and can be written as:  

 

 

 

 

 

1 1 0 0,1 0,2

2 1 2 1 1,1 1,2

3 2 2 2,1 2,2

2

          1 2

          1 2

t t t

t t

t t t

LGDP I t k c a LEC a LCO

I k t k c a LEC a LCO

I k t T c a LEC a LCO u







     

       

        

   (Eq.4) 

 

for two breakdates model where 1k  and 2k  are the breakdates. In this study, the 

sequential determination approach by Bai (1997) is used for searching up to 2 

breakdates. The breaks of date 1k  and 2k  have divided the sample period into three 

sub-periods, i.e.  1t k
 
,  1 21k t k   and  2 1k t T   . 

Results 

Prior to the estimation, unit-root tests and cointegration tests are conducted to check 

for the properties of variables. Table 1. summarizes the results of unit-root tests. The null 

hypothesis for Augmented Dicky-Fuller (ADF) test is the series contains unit-root while 

the null hypothesis for Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test is the series has 

no unit-root. Therefore, the rejection of null hypothesis indicates that the series is 
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stationary under ADF test but not stationary under KPSS test. As observed from Table 1., 

all series/ variables are not stationary at levels but stationary at first differenced. This 

means that all variables are integrated with the same order, i.e. I(1). This allows us to 

proceed with the cointegration to find out if the combination of these variables is 

stationary using linear and threshold cointegration tests. The null hypothesis states that no 

cointegration exists in (Eq.1). Table 2. summarizes the results of linear cointegration tests 

of Engle-Granger (EG) and Phillips-Ouliaris (PO) by assuming linear adjustment in the 

error term. The Phillips-Ouliaris test (z-statistic) is able to reject the null hypothesis at 

10% significance level to signify the long-run relationship while Engle-Granger test fail 

to detect any long-run relationship. If the symmetric adjustment of error term is released, 

will the result change? In answering this question, we compare the results of linear 

cointegration with the threshold cointegration test based on TAR and MTAR models. 

Table 3. shows the results of threshold cointegration. The results show the detection of 

long-run relationship (reject no cointegration) using MTAR specification but not TAR 

specification. The MTAR specification is also able to reject the null hypothesis of 

symmetric adjustment, indicating to the asymmetric adjustment in the error term. Since 

both linear and threshold cointegraton tests lead to the same result, i.e. the existence of 

long-run relationship in (Eq.1) and there appear possibility on the asymmetric or threshold 

effect in the relationship, we continue with the estimation by comparing linear 

cointegrating regression of DOLS and breakpoint threshold regression.   

 

Table 1. Unit-root tests 

Variable 
ADF test statistic KPSS test statistic 

Level 1
st
 differenced Level 1

st
 differenced 

LCO2_CHINA 

LGDP_CHINA 

LEC_CHINA 

-0.8101 

2.5932 

0.3361 

-3.5844** 

-5.3629*** 

-3.3210** 

0.8228*** 

0.8114*** 

0.8216*** 

0.2304 

0.1006 

0.1468 

 

 

Table 2. Linear cointegration tests 

Engle-Granger test Phillips-Ouliaris test 

tau-statistic z-statistic tau-statistic z-statistic  

-2.9624 -14.0334 -3.7730 -24.9575* 

 

 

Table 3. Threshold cointegration test 

Model   1  2  
Cointegration Asymmetric  

1 2 0    1 2   
TAR 

MTAR 

-0.1674 

0.0602 

-0.3566*** 

-0.9798*** 

-0.1910 

-0.2208** 

4.5102 

8.7618* 

0.9800 

8.1162** 

 

 

The last column in Table 4. is the result using DOLS estimation. The result shows 

that higher energy consumption stimulates higher economic growth. However, this 

positive effect is relatively low compared to the negative effect of carbon dioxide 
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emissions on growth. As research findings and institutional reports show that energy 

consumption is the primary factor contributing to higher pollution and greenhouse gases 

emissions problem, our result implies that energy consumption has a positive direct 

effect on economic growth (GDP) but its negative indirect effect on growth through 

higher carbon dioxide emissions leads to larger adverse effect on growth. The total 

effect of higher energy consumption on growth is negative. However, this result is 

based on symmetric relation. In order to investigate if the result changes due to 

threshold effect, we also perform the threshold breakdate regression. Using the 

sequential determination searching, two breakdates are detected which break our sample 

into three sample sub-periods (1966-1994, 1995-2007 and 2008-2015). The results of 

breakdate regression are summarized in Table 4. As observed, the result still remains 

the same, i.e. energy consumption has smaller positive direct effect on growth but its 

carbon dioxide emissions (indirect effect of energy consumption) has very large 

negative effect on growth. This result holds for all three sub-sample periods. Both 

effects on growth are the highest during 1995-2007 due to the industrialized activities 

and booming of economic in China. However, the effect of carbon dioxide emissions on 

growth has declined significantly during 2008-2015 as a result due to the success of the 

policy maker in controlling the environmental pollution problem.  

 

Table 4. Long-run estimates  

Variable 
Coefficient – threshold regression Coefficient-DOLS 

1966-1994 1995-2007 2008-2015  

C 

LEC 

LCO2 

45.4943*** 

4.0071*** 

-21.9708*** 

116.7173*** 

10.7203*** 

-77.8738*** 

25.1739*** 

3.8087*** 

-11.6098*** 

73.0672*** 

7.2840*** 

-45.7833*** 

R-square 0.9982 0.9982 0.9982 0.9913 

Conclusion  

China is the largest carbon dioxide and greenhouse gases emitting country and also 

has the second largest economy after U.S. The environmental issue and pollution 

problem is always the concern of the government as such problem leads to large losses 

to the economy and negatively affects the economic growth in China. In this paper, 

empirical analyses are conducted to reveal the direct and indirect impacts of energy 

consumption on economic growth in China. In particular, we seek to investigate if 

energy consumption and carbon dioxide emissions can have long-run determination on 

economic growth in China. Applying linear and threshold cointegration tests, our results 

reveal possibly long-run asymmetric relation in the model. The results from DOLS and 

breakdate threshold regression show that energy consumption has significant positive 

long-run effect on economic growth directly. However, such effect is relatively small 

compared to the strong negative effect from carbon dioxide emissions (indirect effect of 

energy consumption) on economic growth. The results hold under different time frames. 

We also observe the decline in the determination effect of carbon dioxide emissions on 

growth, indicating the success of the policymaker in controlling environmental problem 

and the commitment of China to the international climate policies and obligations. 
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