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Abstract 

Most of the existing literature dealing with the relationship between carbon emissions, energy consumption and eco-

nomic growth either suffers from ignoring relevant variables such as trade openness or investment, or suffers from 

using econometric methods that are unable to distinguish between short and long-term causality and are not robust to 

the degree of integration of time series used for the analysis. This paper suggests using the autoregressive distributed 

lag (ARDL) approach along with additional explanatory variables such as measures of trade and investment to shed a 

new light on the link between emissions, energy consumption and income in the two largest and energy-intensive 

developing economies: China and India. Our results, over the 1971-2009 period, provide evidence that investment 

plays a major role in shaping the relationship between carbon emissions, energy consumption and income in China 

while this is not the case in India. Furthermore, trade openness is found to play a key function in the short-term in 

China but does not contribute to the emissions-energy-growth scenario in India. 
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1. Introduction 

This paper fills a gap in the economic literature as it looks, for the first time, to the relationship 

between carbon emissions, energy consumption and income for the two largest and energy-inten-

sive developing economies in the world – China and India – using a robust econometric method-

ology and controlling for both trade openness and investment level. More specifically, the auto-

regressive distributed lag (ARDL) model we rely on is able to analyze both the short-run and the 

long-run causal relationships between emissions, energy and economic growth while taking into 

account the order of integration of the time series under investigation. In addition, we include trade 

openness and investment level in our analysis thereby dealing with the so-called “omitted-varia-

ble-bias” often thought as responsible of mixed empirical evidence in existing studies (see, e.g., 

the discussion in Dinda (2004) and Huang et al. (2008)). Conjugating the ARDL method and con-

trol variables makes our analysis innovative with respect to the current literature. 

Our study is also motivated by the fact that over the past two decades, climate change due to global 

warming has risen in prominence as one of the most significant challenges facing the world. Fac-

tors such as increased population, rapid economic growth in developing countries, and lifestyle 

changes are driving the global increase in atmospheric carbon dioxide (CO2) concentrations. For 

instance, CO2 emissions are recognized as a major component of greenhouse gases (GHGs) which 

cause the global warming. Efforts by governments worldwide have been made to address these 

challenging issues of climate change, among which the Kyoto Protocol, signed in 1997 within the 

United Nations Framework Convention on Climate Change (UNFCCC) has been a first-ever im-

portant initiative. The Protocol aims at reducing the GHG emissions of 39 industrialized countries 

and the European Union by around 5% below the 1990 levels by 2012. By 2009, 187 countries 

have signed and ratified the Kyoto Protocol. Among recent developments, the climate change con-

ference in Durban (South Africa) resulted in a legally binding agreement to establish a new treaty 

on limiting CO2 emissions, to be prepared by 2015 and to take effect in 2020.     

While reducing CO2 emissions may not appear to be constraining for their economic growth thanks 

to their ability to improve energy efficiency and resources to develop clean technology, emerging 

and developing countries face a compromising situation as energy is intensively consumed to sup-

port their economic growth and development program (Han and Chatterjee (1997). This is partic-

ularly true for China and India, the two largest countries in the world, which have experienced 

high rates of economic growth in recent years. Indeed, both economies have witnessed rapid eco-

nomic growth throughout the 1990s and 2000s with annual average growth rate around 10% for 

both economies. China has recently overtaken the U.S. as the world’s largest economy and by 

2020 India is projected to become the world’s third largest economy.   

The main problem faced by China and India is that their high rates of economic growth have been 

associated with high levels of energy use and carbon dioxide emissions. This is mainly due to the 

structure of their economy which is not, in the current state, highly service-oriented. For the 2005-

2009 period, energy consumption in China and India grew by an annual average rate of 11% and 

4%, respectively (Diener and Frank (2010)). In 2006, they also contributed to 21.5% (1st largest) 

and 5.3% (5th largest) of global CO2 emissions, respectively, indicating the weight of their emis-

sions. In India, energy supply is expected to increase by a factor of 3 to 4 by 2031 based on current 
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trends and 2003 as a base year, with coal being the dominant source of energy due to its afforda-

bility and availability.1 Similarly, the U.S. Energy Information Agency (EIA) projects that the 

installed coal-fired generating capacity in China will double in level from 2008 levels by 2035.2 

In summary, to maintain high economic growth rates, developing economies heavily rely on en-

ergy consumption and are likely to generate more and more carbon emissions. In this context, 

enhancing our understanding of the intimate relationship between carbon emissions, energy con-

sumption and economic growth is crucial to provide policy-makers with necessary tools to curb 

national environmental policy orientations and to foster policy coordination at the international 

level. 

The view that future economic growth in developing countries will increase emissions level is, 

however, challenged by economic theory. The pioneering work of Kuznets (1955), which origi-

nally hypothesized the existence of an inverted U-shaped relationship between economic growth 

and income inequality, has been adapted to test a comparable relationship between economic 

growth and environmental quality.3 More precisely, the Environmental Kuznets Curve (EKC) hy-

pothesis states that environmental degradation will initially increase as per capita income rises. At 

some point, however, the degradation will begin to decline, thereby forming an inverted U-shaped 

curve. In the context of carbon emissions, this indicates that emissions might decrease as further 

economic development occurs and more resources should be allocated to fight against pollution 

through the development of energy-efficient technologies and renewable (zero-pollution) energy 

sources. 

There is a huge empirical literature testing for a possible EKC4 but existing work leads to mixed 

and somewhat contradictory results. Studies make use of a large set of pollutants and data sources 

for a single country or a set of countries. Importantly, a central distinction exists between studies 

looking at a single country and studies examining a panel of countries. Our choice to limit our 

analysis to two countries is in line with recent research which criticizes the panel data analysis of 

the EKC (see Dinda (2004), Stern (2004) or Wagner (2008), among others) in light of the hetero-

geneity of the economic development process for different countries or a set of regions as in the 

early, and seminal, contribution of Grossman and Krueger (1995). For instance, Stern (2004) note 

that despite the EKC is an empirical phenomenon, the econometric methodology used to investi-

gate this issue is, most of the time, called into question. Moreover, the empirical validity of the 

EKC is itself debatable as several variables may play a role in shaping the relationship between 

carbon emissions and economic growth and these variables may be different for the various coun-

tries analyzed. So far, the literature has considered energy consumption as a major factor impacting 

the EKC but other variables have been added such as industry structure, demographic structure, 

labor force, capital and foreign trade, among others. 

																																																													
1 Integrated Energy Policy, Planning Commission of India, http://planningcommission.nic.in/reports/genrep/rep_in-

tengy.pdf, accessed 16 July 2012.  
2 International Energy Outlook 2011 Highlights, US EIA, http://www.eia.gov/forecasts/ieo/more_high-

lights.cfm#world, Accessed 16 July 2012. 
3 Dinda (2005) and Kijima et al. (2010) provide excellent surveys of theoretical developments around the environ-

mental Kuznets curve concept and its microeconomic underpinnings. Dasgupta et al. (2002) provide an interesting 

view on assumptions and implications of the existence of an EKC. 
4 See Stern (2004), Dinda (2004), Dinda and Coondo (2006), Carson (2010) and references therein for an excellent 

presentation and discussion of existing studies. 
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This paper deals with both the robustness of the econometric approach and the “omitted-variable-

bias” issues by considering the global relationship between carbon emissions, energy consump-

tion, income, trade openness and investment. We do so in an econometric model allowing for short 

and long-run effects where all variables are considered as endogenous and where variables can 

indifferently be integrated of order one or zero. To our best knowledge, our paper is the first one 

making use of this methodology for both China and India over such an extended time period (1971-

2009) and controlling for variables such as foreign trade and investment, thereby allowing for a 

rigorous comparison with existing studies including additional variables to the standard emissions-

energy-growth nexus. 

Our main findings are as follows: over the period 1971-2009, we obtain support for the major role 

played by investment in shaping the relationship between carbon emissions, energy consumption 

and income in China but not for India. Moreover, trade openness is found to play a key role in the 

short-term in China but does not contribute to the emissions-energy-growth scenario in India. 

The remainder of this paper is structured as follows: the next section provides a review of the 

recent literature dealing with the emissions-energy-growth nexus and further extensions where 

additional variables have been considered in the empirical analysis. Section 3 describes the econ-

ometric approach. In Section 4, we first present the data and then provide the empirical results. 

Section 5 summarizes our results, discusses policy implications and suggests new avenues for 

future research. 

 

2. Relevant literature 

 

2.1 Empirical evidence for China and India  

The analysis of the relationship between carbon emissions, energy consumption and economic 

growth emerges as the conjunction of contributions in two different research areas. In the first one, 

researchers have attempted to investigate the existence of an EKC in various contexts (see Gross-

man and Krueger (1991, 1995), Shafik (1994), Dinda and Coondoo (2006), Heil and Selden 

(1999), Coondoo and Dinda (2002), Friedl and Getzner (2003), Barassi and Spagnolo (2012), and 

others) leading to inconclusive results. The second research area deals with the link between en-

ergy consumption and income and aims at establishing the direction of causality between these 

two variables (see Yu and Jin (1992), Shiu and Lam (1994) and Glasure and Lee (1998) as illus-

trative examples of the empirical results provided in the literature).5 

An important limitation of the literature linking emissions to income is that relevant variables may 

be omitted thereby hiding some important features of the intimate relationship between environ-

mental quality and economic growth. The idea then emerges to consider energy consumption as 

an additional variable in the analysis of the EKC giving rise to a growing and very active literature 

dealing with the new emissions-energy-growth nexus. 

																																																													
5 Ozturk (2010) provides an excellent – and highly exhaustive – survey to this literature. See also the Table 1 in Al-

Mulali et al. (2015) which report the main features of the many numerous studies dealing with this issue. 
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A central aspect of characterizing China’s and India’s energy-income-emissions nexus is the di-

rection of causality between the components. Auffhammer and Carson (2008) suggest that the 

anticipated path of China’s CO2 emissions has dramatically increased over the last five years. The 

magnitude of the projected increase in Chinese emissions out to 2010 is several times larger than 

reductions embodied in the Kyoto Protocol. But what can be the causes of such a path for carbon 

emissions? To answer this question, Ang (2009) attempts to explore the determinants of CO2 emis-

sions in China using aggregate data for more than half a century applying an analytical framework 

that combines the environmental literature with modern endogenous growth theories. The results 

indicate that carbon emissions in China are negatively related to research intensity, technology 

transfer and the absorptive capacity of the economy to assimilate foreign technology. The findings 

also indicate that more energy use, higher income and greater trade openness tend to cause more 

CO2 emissions. 

Chang (2010) uses multivariate cointegration Granger causality tests to investigate the relation-

ships between carbon dioxide emissions, energy consumption and economic growth in China. The 

discussion of his findings explains how the exclusive pursuit of economic growth might increase 

energy consumption and CO2 emissions. 

Liu et al. (2007) investigate the existence of an EKC for Shenzhen using environmental monitoring 

data dating back to 1980s. Recall that Shenzhen is the first special economic zone established in 

China in 1980. Interestingly, the authors note that: “[…] production-induced pollutants support 

EKC while consumption-induced pollutants do not support it.” (p. 559) However, the fact that an 

EKC should exist in very economically specific region – at the regional level – remains an open 

question. 

A few studies attempts to analyze the empirical validity of the EKC over a longer period (see 

Markandya et al. (2006), Lindmark (2002) or Fosten et al. (2012)). While the basis for statistical 

analysis in these papers is better as more observations are in hand, this kind of analysis is not likely 

to be possible for developing economies where the data does not often exist in a far past. In this 

regard, our work makes use of the largest data set available for China and India. 

2.2 The contribution of additional control variables 

A possible explanation for mixed results from EKC tests is that, beyond energy consumption, other 

relevant variables are omitted from the analysis. Carson (2010) emphasizes this point and mentions 

it as a major source of misspecification in current econometric studies looking at the EKC.6 As a 

consequence, researchers have focused not only on energy, emissions and income, but they have 

extended their analyses to include other variables such as the level of trade openness of a country. 

The literature concerning the relationship between CO2 emissions and foreign trade considers the 

idea that developed economies have a higher specialization in human or physical capital which is 

less emission-intensive than those activities pursued by developing countries. Trade may therefore 

result in increased pollution in developing countries due to the increased production of emission-

																																																													
6 Another source of misspecification highlighted in Carson (2010) is the functional form bias. This is also a central 

point in Musolesi and Mazzanti (2014) and we refer the interested reader to this article for references on this particular 

issue. In using the ARDL approach, we adopt a richer specification than in most of existing studies which make use 

of co-integration analysis.  
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intensive goods for export to developed nations. The study performed by Grossman and Krueger 

(1991) is pioneering in this regard, while additional research along this line of inquiry has also 

been addressed by Wyckoff and Roop (1994), Suri and Chapman (1998), and others. The results 

of these studies, however, are inconclusive in terms of the relationship between trade and environ-

mental quality. 

In a more recent study, Halicioglu (2009) documents that for the Turkish economy, income was 

the most crucial determinant of carbon emissions, followed by energy consumption and trade. 

Applying the ARDL approach of cointegration in a log linear quadratic relationship between per 

capita CO2 emissions, per capita energy use, per capita real income, the square of per capita real 

income and the openness ratio, the author finds that there is both short and long-run bidirectional 

causality between carbon emissions and income in Turkey. 

Soytas et al. (2007) investigate energy consumption, output and carbon emissions for the U.S. 

using the augmented vector autoregression (VAR) approach of Toda and Yamamoto (1995) (TY) 

after incorporating gross fixed capital formation and labor force into the model. They found no 

causal relationship between income and carbon emissions, or between energy use and income. 

However, the study found unidirectional Granger causality running from energy consumption to 

carbon emissions. 

Using the same approach, Soytas and Sari (2009) obtain similar evidence of a link between income 

and carbon emissions in Turkey as well, but the unidirectional Granger causality ran from carbon 

emissions to energy consumption in the long-run. This implies that the U.S. and Turkey can reduce 

their carbon emissions without sacrificing economic growth. Sari and Soytas (2009) investigate 

the relationship between carbon emissions, income, energy and total employment in five OPEC 

countries by employing the autoregressive distributed lag (ARDL) model of cointegration. Coin-

tegration among these variables has been established only for Saudi Arabia. The study established 

that none of countries studied, namely Algeria, Indonesia, Nigeria, Saudi Arabia and Venezuela, 

need to sacrifice economic growth in order to reduce carbon emissions. 

Closest to our paper, Zhang and Cheng (2009), using the TY scheme, investigate the existence and 

direction of Granger causality between economic growth, energy consumption, and carbon emis-

sions in China over the period 1960–2007. The authors control for capital and urban population 

and obtain results that suggest a unidirectional Granger causality running from GDP to energy 

consumption, and a unidirectional Granger causality running from energy consumption to carbon 

emissions in the long run. Evidence shows that neither carbon emissions nor energy consumption 

leads economic growth. Therefore, the government of China can purse conservative energy policy 

and carbon emissions reduction policy in the long run without impeding economic growth. Jalil 

and Mahmud (2009) have similarly found that carbon emissions are primarily determined by in-

come and energy consumption, but trade had no significant impact on emissions. Also, the authors 

do not consider investment as a potential control variable in the regression analysis.  At a more 

detailed level, however, Anderson et al. (2010) found that exports from China played an important 

role in generating emissions within the transport sector, which was greater than emissions attribut-

able to imports. Incorporating endogenously determined structural breaks, Jayanthakumaran et al. 

(2012) found that CO2 emissions were influenced by per capita income, structural changes and 

energy consumption. 
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Recent multivariate studies specific to India have found somewhat differing results.  Ghosh (2010), 

using an autoregressive distributed lag (ARDL) bounds testing approach and Johansen-Juselius 

maximum likelihood procedure, found that carbon emissions and economic growth have short-run 

bidirectional causality, but none in the long-run. Importantly, while the author does control for the 

role of population growth, he does not control for trade openness.  Jayanthakumaran et al. (2012) 

found that CO2 emissions were influenced by per capita income and energy consumption, but not 

by structural changes.  The same study found that, unlike China, trade openness had no significant 

long-run impact on carbon emissions. 

Yuan et al. (2007) applies the cointegration theory to examine the causal relationship between 

electricity consumption and real GDP (Gross Domestic Product) for China during 1978–2004. Our 

estimation results indicate that real GDP and electricity consumption for China are cointegrated 

and there is only unidirectional Granger causality running from electricity consumption to real 

GDP but not the vice versa. Using a neo-classical aggregate production model, Yuan et al. (2008) 

investigates for the existence and direction of causality between output growth and energy use in 

China at both aggregated and disaggregated levels. Using the VEC specification, the short-run 

dynamics of the interested variables are examined, indicating that there exists Granger causality 

running from electricity and oil consumption to GDP, but does not exist Granger causality running 

from coal and total energy consumption to GDP. On the other hand, short-run Granger causality 

exists from GDP to total energy, coal and oil consumption, but does not exist from GDP to elec-

tricity consumption.  

Sari and Soytas (2006) investigates the temporal relationship between the growth rates of energy 

consumption and GDP in China in a multivariate framework and evidence suggests that China 

may consider reducing the growth of energy consumption without significantly hampering eco-

nomic growth. Wolde-Rufael (2004) investigates the causal relationship between various kinds of 

industrial energy consumption and GDP in Shanghai for the period 1952–1999 and evidence from 

disaggregated energy series seems to suggest that there was a uni-directional Granger causality 

running from coal, coke, electricity and total energy consumption to real GDP but no Granger 

causality running in any direction between oil consumption and real GDP. Agras and Chapman 

(1999) find no significant evidence for the existence of an EKC within the range of current incomes 

for energy in the presence of price and trade variables. Using the input–output analysis (IOA), Ang 

(2009) findings also indicate that more energy use, higher income and greater trade openness tend 

to cause more CO2 emissions. 

 

3. Econometric approach 

 

3.1 Data 

Our empirical analysis relies on annual data which is the best frequency for which such data is 

available. More specifically, we consider the annual data for China and India on CO2 emissions 

(CO2) in metric tons per capita, energy consumption (ENG) in kg of oil equivalent per capita, real 

GDP (GDP) in constant 2000 US$ per capita, openness ratio (OPN) which is used as a proxy for 

foreign trade defined as the sum of exports and imports divided by the value of GDP in US$, and 
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gross fixed capital formation (INV) in constant 2000 US$ which is used as a proxy for investment. 

All time series were collected from World Bank’s well-known publication World Development 

Indicators (WDI-2013). 

Although the output and CO2 emissions series starts in 1960, the energy use series only begins in 

1971 in the WDI.  We thus choose the year 1971 as the starting year for our empirical work. The 

analysis was performed on the 1971-2009 period which is the largest sample period for such stud-

ies so far. 

Table1. Descriptive statistics 

 China  India 

  LCO2 LENG LGDP LINV LOPEN  LC02 LENG LGDP LINV LOPN 

 Mean 0.792 6.651 6.084 25.760 3.291  -0.288 5.895 5.785 24.877 2.909 

 Std. Dev. 0.466 0.338 0.896 1.150 0.692  0.433 0.205 0.382 0.773 0.506 

 Skewness 0.281 0.674 0.173 0.173 -0.638  -0.195 0.284 0.562 0.397 0.430 

 Kurtosis 2.314 2.843 1.737 1.776 2.477  1.728 1.914 2.163 2.095 2.410 

Notes: LC02 is the log of carbon emissions, LENG is the log of energy consumption, LGDP is the log of real GDP 

per capita, LOPN is the log of the trade openness ratio as proxy for foreign trade, and LINV is the log of real gross 

fixed capital formation as a proxy for investment. Source: World Bank Indicators. 

All the series were converted into logarithmic form. Descriptive statistics on CO2 emissions, en-

ergy utilization, real GDP, trade, and real investment for China and India are presented in Table 1. 

Overall, most of the series are almost normally distributed. 

3.2 Methodology 

The EKC is increasingly called into question on the ground of weak econometric methods used to 

test its presence. Dinda (2004) and Huang et al. (2008) discuss this issue for the study of the envi-

ronmental Kuznets curve and the investigation of the relationship between energy consumption 

and economic growth, respectively. Researchers have often made use of cointegration analysis 

keeping in mind that some series may be cointegrated thereby leading to spurious regressions re-

sults if standard methods were adopted. 

To deal with the aforementioned issue, we use the ARDL modeling approach which was developed 

in Pesaran and Shin (1999) and later extended by Pesaran et al. (2001). This approach proposes to 

test for the existence of a relationship between the variables in levels in the system. It has a number 

of advantages compared to other cointegration techniques such as those developed in Engle and 

Granger (1987), Johansen (1988), Johansen and Juselius (1990) and Johansen (1996). First, it re-

quires a smaller sample size. Second, it does not require variables to be integrated of the same 

order. It can be used regardless of whether the variables are purely I(0), purely I(1), or mutually 

cointegrated. As has been shown above, our data include a mix of I(0) and I(1) variables thereby 

strongly arguing for the use of the ARDL approach. Third, even though some of the model regres-

sors are endogenous, the ARDL methodology provides unbiased long-run estimates and valid t 

statistics. And last, but not least, the ARDL modeling permits to estimate the short-run and long-

run effects of one variable on the other simultaneously. The procedure relies on the well-known 

F-statistic to test the significance of the lagged levels of the variables in the representation of the 

ARDL model. 

Our base model is as follows: 
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In a first step, a bound-testing procedure is implemented so as to check for the existence of coin-

tegrating relationship between pairs of variables. In so doing, we explore whether any dependent 

variable is linked in the long run to an explanatory (forcing) variable. At this stage, the F-statistic 

is used to test for the significance of the estimated coefficients for lagged variables. The test is 

applied for all possible regression combinations, each of which takes one variable as the dependent 

variable and the remaining variables as independent variables (Eqs. (1)–(5)). If a particular regres-

sion yields a significant F-statistic, then the variables are said to have a long-run relationship (be 

cointegrated), the regressors being the long-run forcing variables for the dependent variable. 

Importantly, the F-statistics have to be compared with the lower and upper critical values. The null 

hypothesis of no cointegration cannot be rejected if the test statistic for the variable falls below the 

lower critical value. On the other hand, the null hypothesis will be rejected if the statistic is greater 

than the upper level critical value. When the statistic lies between the lower and upper bounds the 

test result is inconclusive. 

The ARDL bounds test approach is to estimate Eqs. (1)-(5) using the ordinary least squares (OLS) 

method. The F-test is used in a bounds test for the existence of the long-run relationship (Pesaran 

et al, 2001), and it tests for the joint significance of lagged level variables involved. For each 

equation, the null hypothesis of the non-existence of a long-run relationship is that all estimated 

slope parameters are not significantly different from zero. For instance, for Eq. (1), the null hy-

pothesis is (H0: ∀	𝑖 = 1,… ,5	𝜋*+ = 0) against the alternative hypothesis (H1: 	∃𝑖 ∈ {1, … ,5}	𝜋*+ ≠

0). Similarly, we compute F-statistics when considering the other four variables in turn as the 

dependent variables.  
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In the second step, we determine the optimal lag length for each variable in each equation on the 

basis of the Schwarz-Bayesian Criterion (SBC) which is preferred to the Akaike Information Cri-

terion (AIC) on the basis of the findings in Narayan (2004) and Pesaran and Shin (1998) who argue 

that the SBC-based ARDL model performs better than the AIC-based model. 

Finally, the third step is dedicated to the investigation of short-run dynamics through the estimation 

of error-correction models. The estimated models are given in Eqs. (1)-(6) and follow from the 

results in the first step about the cointegration analysis for each variable. Note that to ensure con-

vergence of the dynamics to the long-run equilibrium, the sign of the coefficient for the lagged 

error correction term (ECT) must be significantly negative. 

A general error-correction model is then formulated as follows: 
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where λj (j=c,e,g,v,o) is the speed of adjustment parameter and ECTt-1 is the residual obtained from 

the estimation of Eqs. (1)-(5). In order to ensure that the correct statistical methods are applied to 

the model, diagnostic and stability tests are conducted. The diagnostic tests include testing for 

serial correlation, function form, normality and heteroscedasticity (Pesaran and Pesaran, 1997). In 

addition, the stability tests of Brown et al. (1975), which are also known as the cumulative sum 

(CUSUM) and cumulative sum of squares (CUSUMSQ) tests based on the recursive regression 

residuals, were employed to that end. 
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4. Empirical findings 

The F-statistics to gauge the presence of cointegration in Eqs. (1)-(5) are reported in Table 2 for 

both China and India. Because our sample size is moderately large and does not conform to con-

ditions for the use of asymptotic values, we compute new relevant critical values for the sample 

size and the number of explanatory variables that are of interest in our empirical work. The critical 

values for the F-test are computed using simulations (20000 replications) and are reported in the 

Appendix. 

Table 2. Bounds-testing Procedure for China and India 

Cointegration hypothesis 
F-statistics 

China India 

F(LCO2t|LENGt, LGDPt, LINVt, LOPNt,) 5.236*[5] 6.189*[4] 

F(LENGt|LC02t, LGDPt, LINVt, LOPNt,) 4.247**[3] 7.408*[5] 

F(LGDPt|LC02t, LENGt, LINVt, LOPNt,) 5.482*[4] 4.608**[5] 

F(LOPNt| LC02t ,LENGt, LGDPt, LINVt) 4.682*[3] 2.448[5] 

F(LINVt | LC02t , LENGt, LGDPt, LOPNt) 15.097*[5] 2.502[5] 

Notes: The critical value bounds are computed by stochastic simulations using 20000 replications. * and ** indicate a 

rejection of the null hypothesis of no cointegration at the 5% and 10% level of significance (simulated values are 

reported in the appendix), respectively. The lag order is shown in brackets. 

 

Results in Table 2 provide evidence of cointegrating relationships for all variables taken as the 

dependent variable in the case of China, as the Wald F-statistics all are above the simulated upper 

bound critical value. For India, the results show that there is evidence of cointegration when the 

CO2 emissions, energy utilization and real GDP are taken as dependent variables in the model.  

However, when trade openness and real investment are taken as the dependent variable, the results 

of the bounds testing approach show that there is no cointegration relationship among the varia-

bles, as the Wald F-statistics are below the simulated lower bound critical value. 

Therefore, the CO2 emissions, energy utilization, real GDP, trade, and real investment equations 

were estimated with error-correction terms for China, and the CO2 emissions, energy utilization 

and real GDP equations were estimated for India. 

4.1 Long-run estimates 

We now consider the ARDL procedure to estimate the coefficients of the long-run relationships. 

Results are reported in Table 3. The significant F-test indicates the presence of co-integration and 

suggests a model in which the forcing variables are the independent variables. In ARDL models, 

each independent variable has a lag. To determine the appropriate lag length for bounds testing 

procedure, given our sample size, the SBC is preferred to the AIC for selection of the lag. The 

long-run coefficients of the selected ARDL models based on the SBC are presented in Table 3 for 

both China and India. 

We first discuss the empirical findings for China. According to the SBC model specification, the 

coefficient of energy utilization is highly significant and positive when carbon emissions is the 

dependent variable, and the coefficient of carbon emissions also is positive and significant, while 

to a lesser extent, when energy use is the dependent variable. This relationship between pollution 

and energy consumption is found in most of the existing literature as, for instance in Soytas et al. 

(2007), Soytas and Sari (2009), Jalil and Mahmud (2009) or Zhang and Cheng (2009). It can also 

be noted that with income as the dependent variable, all the coefficients are significant.  Then, 
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specific to our study, the coefficients of energy use and real income are significant when openness 

is the dependent variable. Nevertheless, with respects to long-run estimates, investment and open-

ness seem to play a role in shaping the relationship between carbon emissions, energy consumption 

and income in China. 

Table 3. Estimated Long-run Coefficients for China and India 

Model selection Dependent 

variable 
INPT LCO2t LENGt LGDPt LINVt LOPNt 

ARDL(1,2,1,0,1) 
LC02t CH 

-2.900 

[2.750] 
--- 

0.537*** 

[0.151] 

0.301 

[0.205] 

-0.079 

[0.154] 

0.075 

[0.054] 

ARDL(1,1,0,0,0) 
LENGtCH 

3.957 

[10.472] 

1.654* 

[0.853] 
--- 

-0.366 

[0.784] 

0.189 

[0.578] 

-0.358 

[0.335] 

ARDL(1,0,0,0,0) 
LGDPt CH 

-6.654** 

[2.599] 

0.798** 

[0.326] 

-0.749** 

[0.315] 
--- 

0.654*** 

[0.050] 

0.107* 

[0.059] 

ARDL(2,0,0,1,0) 
LINVt CH 

13.720*** 

[2.076] 

-0.645* 

[0.335] 

0.655** 

[0.310] 

1.354*** 

[0.065] 
--- 

-0.022 

[0.059] 

ARDL(5,5,5,4,4) 
LOPNt CH 

-5.264 

[14.910] 

4.087** 

[1.619] 

-4.522* 

[1.999] 

-2.775 

[2.079] 

2.009 

[1.436] 
--- 

ARDL(2,3,1,0,2) 
LC02t IN 

-21.351*** 

[2.247] 
--- 

3.236*** 

[0.489] 

-1.862*** 

[0.430] 

0.513*** 

[.174] 

0.010 

[0.125] 

ARDL(5,5,2,5,5) 
LENGt IN 

-0.425 

[8.437] 

0.018 

[0.298] 
--- 

0.375 

[0.267] 

0.182 

[0.403] 

-0.131 

[0.167] 

ARDL(5,4,2,0,4) 
LGDPt IN 

-12.266*** 

[1.907] 

-0.302** 

[0.136] 

1.087** 

[0.479] 
--- 

0.461*** 

[0.140] 

0.051 

[0.058] 

Notes: Standard errors are shown in brackets. *, **, and *** indicate significance at the 10%, 5% and 1% levels, re-
spectively. 

 

As for India, all the coefficients are significant except openness when emissions are the dependent 

variable. In particular, the investment variable is significant at the 1% level, thereby emphasizing 

the important role of this covariate as a control variable.  In terms of the energy equation, none 

coefficient is significant at any threshold, which does not exclude the existence of potential causal 

relationships as found in Ghosh (2010) in the case of India. Finally, for the income as the depend-

ent variable, all the coefficients are highly significant except openness. 

Overall, our results point to a weak role of foreign trade for both China and India as an explanatory 

variable. This lack of explanatory power for trade openness is in line with the findings in Hali-

cioglu (2009) for the case of Turkey. Along with the fact that openness is only partly – and weakly 

– explained by energy use and emissions level for China and not explained by any variable con-

sidered in our study, we can conclude that foreign trade plays a minor role in the energy-pollution-

growth nexus. This is an important result in light of the large share of exports for both countries. 

As for the investment level, the results are noticeably different for each country. Indeed, while the 

capital variable is not explained by any covariate in the case of India, emissions, energy consump-

tion and GDP explain investment for China. This highlights a specific feature of China, partly 

raised in Zhang and Cheng (2009), that capital accumulation is caused by energy use while energy 

use is quite inoperative for India. Possible explanation for this finding is the size of the financial 

sector in China, which is far larger than in India, and facilitates corporate financing.      

More generally, we emphasize a large number of long-run relationships between selected varia-

bles. Residuals from models defined in Eqs. (1) to (5) will be used as the error-correction-term 

(ECT) to estimate the short-term specifications defined in Eqs. (6) to (10). 
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4.2 Short-run estimates 

Results from the error-correction models are reported in Table 4 with the panel A being dedicated 

to China and the panel B being devoted to India. 

Table 4. Error correction representation for the selected ARDL models 

Panel A: China 

Variables in 

equation 

Dependent 

variable (CO2) 

Dependent 

variable (ENG) 

Dependent 

variable (GDP) 

Dependent 

Variable (INV) 

Dependent 

Variable (OPN) 

∆LCO2t --- 
0.679*** 

[0.070] 

0.297** 

[0.113] 

-0.155 

[0.287] 

0.689 

[0.833] 

∆LCO2(t-1) --- --- --- --- 
-3.342*** 

[1.025] 

∆LCO2(t-2) --- --- --- --- 
-5.341*** 

[1.293] 

∆LCO2(t-3) --- --- --- --- 
-4.484*** 

[1.417] 

∆LCO2(t-4) --- --- --- --- 
-3.552*** 

[1.025] 

∆LENGt 
0.853*** 

[0.113] 
--- 

-0.279** 

[0.109] 

0.546** 

[0.264] 

1.702 

[1.073] 

∆LENG(t-1) 

0.446*** 

[0.122] 
--- --- --- 

5.200*** 

[1.332] 

∆LENG(t-2) 
--- --- 

--- --- 4.859** 

[1.583] 

∆LENG(t-3) 
--- --- 

--- --- 6.509*** 

[2.025] 

∆LENG(t-4) 
--- --- 

--- --- 3.126** 
[1.337] 

∆LGDP   
0.482*** 

[0.161] 

-0.037 

[0.081] 

--- 1.129*** 

[0.189] 

2.942*** 

[0.812] 

∆LGDP(t-1) --- --- 
--- --- 1.740* 

[0.954] 

∆LGDP(t-2) --- --- 
--- --- 2.499** 

[1.049] 

∆LGDP(t-3) --- --- 
--- --- 3.566*** 

[0.901] 

∆LINV 

-0.031 

[0.064] 

0.019 

[0.060] 

0.243*** 

[0.050] 

--- -0.620 

[0.406] 

∆LINV(t-1) 
--- --- 

--- 0.407*** 

[0.126] 

-0.828* 

[0.423] 

∆LINV(t-2) 
--- --- 

--- --- -1.119** 

[0.398] 

∆LINV(t-3) 
--- --- 

--- --- -1.564*** 

[0.364] 

∆LOPEN 
-0.025 

[0.033] 

-0.036* 

[0.018] 

0.040* 

[0.021] 

-0.019 

[0.050] 

--- 

∆LOPEN(t-1) --- --- 
--- --- 0.490** 

[0.199] 

∆LOPEN(t-2) --- --- 
--- --- 0.113 

[0.227] 

∆LOPEN(t-3) --- --- 
--- --- 0.129 

[0.243] 

∆LOPEN(t-4) --- --- 
--- --- -0.530** 

[0.179] 

ECMt-1 

-0.399*** 

[0.114] 

-0.101 

[0.106] 

-0.372*** 

[0.063] 

-0.834*** 

[0.137] 

-0.600** 

[0.261] 

CUSUM [Stable] [Stable] [Stable] [Stable] [Stable] 

CUSUMSQ [Stable] [Stable] [Stable] [Stable] [Stable] 
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Panel B: India 

Variables in 

equation 

Dependent 

variable (CO2) 

Dependent 

Variable (ENG) 

Dependent 

Variable (GDP) 

∆LCO2 --- 
0.009 

[0.202] 

0.447*** 

[.123] 

∆LCO2(t-1) 
-0.575***  

[0.155] 

-0.344 

[0.221] 

.526*** 

[0.093] 

∆LCO2(t-2) --- 
0.232 

[0.196] 

--- 

∆LCO2(t-3) --- 
0.599** 

[0.217] 

--- 

∆LCO2(t-4) --- 
0.497*** 

[0.131] 

--- 

∆LGDP 
0.233 

[0.261] 

0.159 

[0.270] 

--- 

∆LGDP(t-1) 
0.609*** 

[0.189] 

0.413 

[0.247] 

-0.082 

[0.175] 

∆LGDP(t-2) 
0.334* 
[0.177] 

--- 
-0.344** 
[0.145] 

∆LGDP(t-3) --- --- 
-0.153 

[0.110] 

∆LGDP(t-4) --- --- 
-0.284** 

[0.101] 

∆LENGt 
-0.079 

[0.311] 
--- 

-0.063 

[0.145] 

∆LENG(t-1) --- 
0.858 

[0.677] 

-0.840*** 

[0.244] 

∆LENG(t-2) --- 
0.281 

[0.538] 

-0.521** 

[0.233] 

∆LENG(t-3) --- 
0.299 

[0.507] 

0.439* 

[0.236] 

∆LENG(t-4) --- 
-0.999** 

[0.345] 

--- 

∆LINVt   
0.212** 

[0.098] 

0.120 

[0.102] 

0.210*** 

[0.053] 

∆LINV(t-1) --- 
-0.263*** 

[0.083] 

--- 

∆LINV(t-2) --- 
-0.218** 

[0.093] 

--- 

∆LINV(t-3) --- 
-0.251*** 
[0.075] 

--- 

∆LINV(t-4) --- 
-0.117* 

[0.060] 

--- 

∆LOPNt                     
0.037 

[0.063] 

-0.076 

[0.054] 

-0.113*** 

[0.034] 

∆LOPN(t-1) 
-0.163** 

[0.068] 

0.058 

[0.068] 

0.123*** 

[0.040] 

∆LOPN(t-2) --- 
-0.003 

[0.079] 

-0.070* 

[0.034] 

∆LOPN(t-3) --- 
-0.009 

[0.068] 

-0.088** 

[0.039] 

∆LOPN(t-4) --- 
0.187** 

[0.073] 

--- 

ECMt-1                    
-0.414*** 

[0.117] 

-0.666 

[0.755] 

-0.455* 

[0.220] 

CUSUM [Stable] [Stable] [Stable] 

CUSUMSQ [Stable] [Stable] [Stable] 

Notes: Standard errors are shown in the square brackets under each coefficient. *, **, and *** indicate significance 

at the 10%, 5% and 1% levels, respectively. 
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The results of short-run models are reported based on the bounds testing procedure. For China, we 

observe that the variation in energy consumption and growth has a positive and highly significant 

impact on the change in carbon emissions. This dynamics is supported by the coefficient of the 

ECT, which is, as expected, negative and statistically significant. These results are in line with 

those in Zhang and Cheng (2009), among others. Also, CO2 growth and the variation in trade 

openness impede energy consumption. Next, in the short-run, all coefficients are statistically sig-

nificant when the economic growth is the dependent variable. Moreover, we show Granger cau-

sality from CO2 emissions, energy use, investment and openness to the output in the long-run, as 

is shown from the coefficient of the ECT, which is negative and statistically significant. Then, the 

scenario for investment is impeded by energy consumption change and growth and the negative 

sign of the ECT confirms the expected convergence process in long-run dynamics of investment 

model for China. Finally, and most interestingly, the openness taken as the dependent variable 

leads to all variables being highly significant at all lags thereby pointing out to strong relationships 

between pollution, energy use, income, investment and trade openness in the short-run. 

In the case of India, we find growth, trade openness and investment to have a significant impact 

on the current CO2 variation and the dynamics is supported by the coefficient of the ECT. This is 

similar to Ghosh’s (2010) results at least for growth and investment as openness is not present in 

his study. Only the short-run lagged coefficients are significant for investment in the energy equa-

tion but this is not validated through an insignificant parameter estimate for the ECT. This confirms 

the intuition from the estimation of long-run model where investment does not play a central role 

in India. Finally, as is the case for China, we obtain highly significant parameter estimates for most 

of selected variables in the growth equation, while with a mixed support from the ECT estimate, 

which only is marginally significant. 

Overall, results confirm empirical findings from the previous section where investment is a key 

variable in China but not in India. Moreover, while openness only plays a minor role in the long-

run in China but a fairly noteworthy function in the short-run, the picture is radically different in 

India. Indeed, Indian trade openness does contribute neither in the long-run nor in the short-run to 

the dynamics of our set of variables. 

4.3 Robustness analysis 

The ARDL technique requires a series of diagnostic and stability tests to gauge the robustness of 

the results. We check for serial correlation and functional form by utilizing the Lagrange Multiplier 

test of residual serial correlation and Ramsey’s RESET test. The normality hypothesis is assessed 

through the examination of both the skewness and the kurtosis of residuals. Finally, for constant 

variance, we look at the regression of squared residuals on squared fitted values. The diagnostic 

tests reveal no important evidence of misspecification and autocorrelation at the 5% level.  The 

adjusted R-squared values are in the vicinity of 50 percent, signifying a good fit of the models. 

Finally, we test for structural stability by employing the cumulative sum of recursive residuals 

(CUSUM) and the cumulative sum of squares of residuals (CUSUMSQ). No serious problems 

have been identified. The plots7 of the CUSUM and CUSUMSQ statistics are well within the crit-

ical bounds, implying that all coefficients in the ECM model are stable over the sample period 

																																																													
7 The figures are not presented but are available upon request. 
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1971-2009. The results of the diagnostic tests suggest that the underlying desirable assumptions 

are fulfilled. 

Table 5. Diagnostic tests 

Panel A: China 

 

Dependent varia-

ble (CO2) 

Dependent 

variable (ENG) 

Dependent 

variable (GDP) 

Dependent 

variable (INV) 

Dependent 

variable (OPN) 

Serial correlation F(1,23)=0.350 

[0.560] 

F(1,28)=2.925 

[0.098] 

F(1,28)=0.017 

[0.899] 

F(1,26)=0.259 

[.615] 

F(1,5)=39.946 

[0.001] 

Functional form F(1,23)=2.025 

[0.168] 

F(1,28)=6.106 

[0.020] 

F(1,28)=.258 

[0.616] 

F(1,26)=2.318 

[0.140] 

F(1,5)=0.174 

[0.694] 

Normality χ
2(2)=1.107 

[0.575] 

χ
2(2)=1.299 

[0.522] 

χ
2(2)=1.435 

[0.488] 

χ
2(2)=4.180 

[0.124] 

χ
2(2)=0.277 

[0.871] 

Heteroscedasticity F(1,32)=0.426 

[0.518] 

F(1,34)=0.019 

[0.891] 

F(1,33)=0.656 

[0.424] 

F(1,33)=0.147 

[0.704] 

F(1,32)=0.358 

[0.554] 

Panel B: India 

 

Dependent varia-

ble (CO2) 

Dependent 

variable (ENG) 

Dependent 

variable (GDP) 

Serial correlation F(1,21)=0.212 
[0.650] 

F(1,6)=1.596 
[0.253] 

F(1,13)=0.142 
[0.712] 

Functional form F(1,21)=3.146 

[0.091] 

F(1,6)=2.759 

[0.148] 

F(1,13)=5.677 

[0.033] 

Normality χ
2(2)=0.813 

[0.666] 

χ
2(2)=2.856 

[0.240] 

χ
2(2)=.706 

[0.702] 

Heteroscedasticity F(1,33)=3.348 

[0.076] 

F(1,32)=0.220 

[0.642] 

F(1,32)=0.007 

[0.934] 

Notes: P-values are shown in the square brackets under each coefficient 

4.4 Potential extensions 

As potential extensions to the present work, the contribution of Rothman (1998) who makes use 

of consumption-based measures – such as municipal wastes – of environmental impact may deliver 

a different picture of the EKC in the context of developing economies. Other measures of envi-

ronmental, such as the Ecological Footprint (EF) used in Caviglia-Harris et al. (2009), may also 

be used in this regard. Another possible extension is to include additional control variables such 

as energy prices. Agras and Chapman (1999) test the energy-income and CO2-income relation-

ships using EKC framework. They find that the income is no longer the most relevant indicator of 

environmental quality when prices are included as additional control variables. 

 

5. Conclusion 

In this paper, we conduct an econometric analysis of the relationship between carbon emissions, 

energy consumption and income. Our results, over the 1971-2009 period, provide evidence that 

investment plays a major role in shaping the relationship between carbon emissions, energy con-

sumption and income in China, while this is not the case in India. Furthermore, trade openness is 

found to play a key function in the short-term in China but does not contribute to the emissions-

energy-growth scenario in India. 

This finding potentially comes from the difference in economic structure and policies in China and 

India. While China has, over the last three decades, made huge investments in manufacturing in-

dustries and gradually sought constant technological improvements to enhance energy efficiency 
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and reduce carbon emissions, India still has a commodity-based economy and remains lagged be-

hind with respect to technologies. 

Our results also provide policy implications such as the effort to be made by India to make its 

energy use more effective with respect to capital accumulation. In this vein, Ghosh (2010) notes 

that “India must boost its energy-related research and development for the diffusion of cleaner 

technologies in the future (p. 3013)”. As for China, because energy use Granger-causes emissions 

while the relationship does not go the other way around, obvious recommendations for the Chinese 

government would be to encourage the use and development of cleaner energy sources. The recent 

positioning of China at the COP21 in Paris (December 2015) may be helpful in this respect. On 

this occasion, the Chinese government promised indeed to modernize its coal power plants by 

2020 in order to cut their pollutant emissions by 60% or about 180 million tons of CO2 emissions 

each year.   

 

 

  



18 
	

References 

Agras, J., Chapman, D., 1999. A dynamic approach to the Environmental Kuznets Curve hypothesis. Ecological 

Economics 28, 267-277. 

Al-Mulali, U., Saboori, B., Ozturk, I., 2015. Investigating the environmental Kuznets curve hypothesis in Vi-

etnam. Energy Policy 76, 123-131. 

Andersen, O., Gössling, S., Simonsen, M., Walnum, H.J., Peeters, P., Neiberger, C., 2010. CO2 emissions from 

the transport of China's exported goods. Energy Policy 38, 5790-5798. 

Ang, J.B., 2009. CO2 emissions, research and technology transfer in China. Ecological Economics 68, 2658-
2665. 

Auffhammer, M., Carson, R.T., 2008. Forecasting the path of China's CO2 emissions using province-level infor-

mation. Journal of Environmental Economics and Management 55, 229-247. 

Barassi M.R., Spagnolo, N., 2012. Linear and nonlinear causality between CO2 emissions and economic growth. 

Energy Journal 33, 23-38   

Brown. R.L., Durbin, J., Evans, J.M., 1975. Techniques for testing the constancy of regression relationship over 

time, Journal of Royal Statistical Society, B37, 149-1491. 

Carson, R.T., 2010. The environmental Kuznets curve: seeking empirical regularity and theoretical structure. 

Review of Environmental Economics and Policy 4, 3-23. 

Caviglia-Harris, J., Chambers, D., Kahn, J.R., 2009. Taking the “U” out of the Kuznets: A comprehensive analysis 

of the EKC and environmental degradation. Ecological Economics 68, 1149-1159. 

Chang, C.C., 2010. A multivariate causality test of carbon dioxide emissions, energy consumption and economic 

growth in China. Applied Energy 87, 3533-3537. 

Coondoo, D., Dinda, S., 2002. Causality between income and emission: A country group-specific econometric 

analysis. Ecological Economics 40, 351-367. 

Dasgupta, S., Laplante, B., Wang, H., Wheeler, D., 2002. Confronting the environmental Kuznets curve. Journal 

of Economic Perspectives 16, 147-168. 

Diener, B.J., Frank, W.P., 2010. The China-India challenge: A comparison of causes and effects of Global Warm-

ing. International Business & Economics Research Journal 9, 21-26. 

Dinda, S., 2004. Environmental Kuznets curve hypothesis: A survey. Ecological Economics 49, 431-455. 

Dinda, S., 2005. A theoretical basis for the environmental Kuznets curve. Ecological Economics 53, 403-413. 

Dinda, S., Coondoo, D., 2006. Income and emission: A panel data-based cointegration analysis. Ecological Eco-

nomics 57, 167-181. 

Engle, R. F., Granger, C.W., 1987. Co-integration and error correction: Representation, estimation, and testing. 

Econometrica 55, 251-276. 

Friedl, B., Getzner, M., 2003. Determinants of CO2 emissions in a small open economy. Ecological Economics 

45, 133-148. 

Galeotti, M., Lanza, A., Pauli, F., 2006. Reassessing the environmental Kuznets curve for CO2 emissions: A 

robustness exercise. Ecological Economics 57, 152-163. 

Ghosh, S., 2010. Examining carbon emissions economic growth nexus for India: A multivariate cointegration 

approach. Energy Policy 38, 3008-3014. 

Glasure, Y.U., Lee, A.-R., 1998. Cointegration, error-correction, and the relationship between GDP and energy: 

The case of South Korea and Singapore. Resource and Energy Economics 20, 17-25. 

Grossman, G.M., Krueger, A.B., 1991. Environmental impacts of a north American Free Trade Agreement. Na-
tional Bureau of Economic Research, Working Paper Series no. 3914, Cambridge, MA. 

Grossman, G.M., Krueger, A.B., 1995. Economic growth and the environment. Quarterly Journal of Economics 

110, 353-377. 

Halicioglu, F., 2009. An econometric study of CO2 emissions, energy consumption, income and foreign trade in 

Turkey. Energy Policy 37, 1156-1164. 



19 
	

Han, X., Chatterjee, L., 1997. Impacts of growth and structural change on CO2 emissions of developing countries. 

World Development 25, 395-407. 

Heil, M.T., Selden, T.M., 2001. Carbon emissions and economic development: Future trajectories based on his-

torical experience. Environment and Development Economics 6, 63-83. 

Huang, B., Hwang, M.J., Yang, C.W., 2008. Causal relationship between energy consumption and GDP growth 

revisited: A dynamic panel data approach. Ecological Economics 67, 41-54. 

Jalil, A., Mahmud, S.F., 2009. Environment Kuznets curve for CO2 emissions: A cointegration analysis for China. 

Energy Policy 37, 5167-5172. 

Jayanthakumaran, K., Verma, R., Liu, Y., 2012. CO2 emissions, energy consumption, trade and income: A com-
parative analysis of China and India. Energy Policy 42, 450-460. 

Johansen, S., 1988. Statistical analysis of cointegrating vectors. Journal of Economic Dynamics and Control 12, 

231-254. 

Johansen, S., 1996. Likelihood-based inferences in cointegrated vector autoregressive model, second ed. Oxford 

University Press, Oxford. 

Johansen, S., Juselius, K., 1990. Maximum likelihood estimation and inference on cointegration with application 

to the demand for money. Oxford Bulletin of Economics and Statistics 52, 169-210. 

Kijima, M., Nishide, K., Ohyama, A., 2010. Economic models for the environmental Kuznets curve: A survey. 

Journal of Economic Dynamics and Control 34, 1187-1201. 

Kuznets, S., 1955. Economic Growth and Income Inequality. American Economic Review 45, 1-28. 

Lindmark, M., 2002. An EKC-pattern in historical perspective: Carbon dioxide emissions, technology, fuel prices 

and growth in Sweden 1870–1997. Ecological Economics 42, 333-347. 

Liu, X., Heilig, G.K., Chen, J., Heino, M., 2007. Interactions between economic growth and environmental qual-

ity in Shenzhen, China’s first special economic zone. Ecological Economics 62, 559-570. 

Markandya, A., Golub, A., Pedroso-Galinato, S., 2006. Empirical analysis of national income and SO2 emissions 

in selected European countries. Environmental and Resource Economics 35, 221-257. 

Musolesi, A., Mazzanti, M., 2014. Nonlinearity, heterogeneity and unobserved effects in the carbon dioxide emis-

sions-economic development relation for advanced countries. Studies in Nonlinear Dynamics and Econometrics, 

in press. 

Ozturk, I., 2010. A literature survey on energy-growth nexus. Energy Policy 38, 340-349. 

Pesaran, B., Pesaran, M.H., 2009. Time Series Econometrics Using Microfit 5.0. Oxford University Press. 

Pesaran, M.H., 1997. The role of economic theory in modeling the long-run. Economic Journal 107, 178-191. 

Pesaran, M.H, Shin, Y., 1999. An autoregressive distributed lag modeling approach to cointegration analysis. In: 
Strom, S. (Ed), Econometrics and Economic Theory in the 20

th
 Century: The Ragnar Frisch centennial sympo-

sium. Cambridge University Press, Cambridge, 371-413. 

Pesaran, M.H., Shin, Y., Smith, R.J., 2001. Bounds testing approaches to the analysis of level relationships. Jour-

nal of Applied Econometrics 16, 289-326. 

Rothman, D.S., 1998. Environmental Kuznets curves – real progess or passing the buck?: A case for consumption-

based approaches. Ecological Economics 25, 177-194. 

Sari, R., Soytas, U., 2009. Are global warming and economic growth compatible? Evidence from five OPEC 

countries. Applied Energy 86, 1887-1893. 

Shafik, N., 1994. Economic development and environmental quality: An econometric analysis. Oxford Economic 

Papers 46, 757-773. 

Shiu, A., Lam, P.-L., 2004. Electricity consumption and economic growth in China. Energy Policy 32, 47-54. 

Soytas, U., Sari, R., 2006. Can China contribute more to the fight against global warming? Journal of Policy 

Modeling 28, 837-846. 

Soytas, U., Sari, R., 2009. Energy consumption, economic growth, and carbon emissions: Challenges faced by an 

EU candidate member. Ecological Economics 68, 1667-1675. 

Soytas, U., Sari, R., Ewing, B.T., 2007. Energy consumption, income, and carbon emissions in the United States. 

Ecological Economics 62, 482-489. 



20 
	

Stern, D.I., 2004. The rise and fall of the environmental Kuznets curve. World Development 32, 1419-1439. 

Suri, V., Chapman, D., 1998. Economic growth, trade and energy: Implications for the environmental Kuznets 

curve. Ecological economics 25, 195-208. 

Toda, H.Y., Yamamoto, T., 1995. Statistical inference in vector autoregressions with possibly integrated pro-

cesses. Journal of Econometrics 66, 225-250. 

Wagner, M., 2008. The carbon Kuznets curve: A cloudy picture emitted by bad econometrics? Resource and 

Energy Economics 30, 388-408. 

Wolde-Rufael, Y., 2004. Disaggregated industrial energy consumption and GDP: The case of Shanghai, 1952–

1999. Energy Economics 26, 69-75. 

Wyckoff, A.W., Roop, J.M., 1994. The embodiment of carbon in imports of manufactured products: Implications 

for international agreements on greenhouse gas emissions. Energy Policy 22, 187-194. 

World Development Indicators, 2013. The World Bank, 

Yu, E.S.H., Jin, J.C., 1992. Cointegration tests of energy consumption, income, and employment. Resources and 

Energy 14, 259-266. 

Yuan, J.H., Kang, J.G., Zhao, C.H., Hu, Z.G., 2008. Energy consumption and economic growth: Evidence from 

China at both aggregated and disaggregated levels. Energy Economics 30, 3077-3094. 

Yuan, J., Zhao, C., Yu, S., Hu, Z., 2007. Electricity consumption and economic growth in China: Cointegration 

and co-feature analysis. Energy Economics 29, 1179-1191. 

Zhang, X.P., Cheng, X.M., 2009. Energy consumption, carbon emissions, and economic growth in China. Eco-

logical Economics 68, 2706-2712. 

  



21 
	

Appendix: Asymptotic critical value for F-tests 

Cointegration hypothesis Asymptotic 

critical value 

95% CV 90% CV 

I(0) I(1) I(0) I(1) 

FCH(LCO2t|LENGt, LGDPt, LOPNt, LINVt) F(5,2) 3.300 4.678 2.748 3.905 

FCH (LENGt|LC02t, LGDPt, LOPNt, LINVt) F(5,14) 3.302 4.665 2.719 3.939 

FCH (LGDPt|LC02t, LENGt,  LOPNt, LINVt) F(5,8) 3.316 4.700 2.742 3.921 

FCH (LOPNt| LC02t ,LENGt, LGDPt, LINVt) F(5,14) 3.302 4.665 2.719 3.939 

FCH (LINVt | LC02t , LENGt, LGDPt, LOPNt) F(5,2) 3.300 4.678 2.748 3.905 

FIN(LCO2t|LENGt, LGDPt, LOPNt, LINVt) F(5,8) 3.316 4.700 2.742 3.921 

FIN (LENGt|LC02t, LGDPt, LOPNt, LINVt) F(5,2) 3.300 4.678 2.748 3.905 

FIN (LGDPt|LC02t, LENGt,  LOPNt, LINVt) F(5,2) 3.300 4.678 2.748 3.905 

FIN (LOPNt| LC02t ,LENGt, LGDPt, LINVt) F(5,2) 3.300 4.678 2.748 3.905 

FIN (LINVt | LC02t , LENGt, LGDPt, LOPNt) F(5,2) 3.300 4.678 2.748 3.905 

 

 

  

 


