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Abstract: 
This study examines the dynamic relationship between natural gas consumption, output, and 

trade in a sample of fifteen emerging economies using quarterly data for the period of 1990-

2012. We employ the robust panel cointegration techniques and a heterogeneous panel 

causality test. Our findings confirm the presence of long-run association between natural gas 

consumption, output and trade. The short-run heterogeneous panel causality test suggests that 

natural gas consumption has feedback effect between economic growth and international 

trade. These findings have important implications for energy and environmental policies. The 

conservation policies that are designed to reduce natural gas consumption have an adverse 

effect on both economic growth and trade. We suggest future energy policies should focus on 

improving energy supply, and formulate appropriate channels to attract investments into 

renewable energy production with greater involvement of public-private partnership 

initiatives.  
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1. Introduction  

Energy plays a significant role in economic growth as it is a crucial and mostly non-

replaceable input for production. Natural gas is one of the most important non-renewable 

energy sources in both developed and developing countries. In 2012, the share of natural gas 

is the second largest (15.2%) in total energy consumption, while oil and coal are the first 

(40.7%) and third (10.1%) largest, respectively (IEA, 2014). Moreover, in terms of reserves 

to production (R/P) ratio, natural gas ranks second among the non-renewable fuels. British 

Petroleum (BP) indicates that R/P ratios for oil, natural gas and coal are 41, 65 and 162 years, 

respectively (BP, 2006). Furthermore, it is predicted that natural gas will have the fastest 

growth rate among other fossil fuels in the next couple of decades. The consumption of 

natural gas will increase to 169 trillion cubic feet by 2035, maintaining an average growth of 

1.6% per year (EIA, 2011).  

Natural gas is generally used for industrial production and electricity generation 

worldwide due to its unique characteristics viz. less carbon-intensive than the other fossil 

fuels, efficient and flexible in operation, and it’s wide geographical distribution of reserves 

across regions.
1
 Therefore, the choice of natural gas as a fuel has been increasing rapidly 

from an environmental and economic point of view.  

The growing consumption of natural gas has triggered interest to empirically examine 

the direction of causal linkages between natural gas consumption and economic growth since 

the existence or lack of causality has significant implications in the formulation of effective 

energy policies. Following such motivations, we investigate the dynamic relationship 

between natural gas consumption and economic growth in major natural gas consuming-

emerging countries. We select fifteen emerging countries viz. Algeria, Argentina, China, 

Egypt, India, Indonesia, Malaysia, Mexico, Pakistan, Romania, Thailand, Turkey, Ukraine, 

                                                           
1
In 2011, CO2 emission from coal combustion accounted 44% (13.7 giga tons or Gt CO2) while CO2 emission 

from oil and natural gas were for 35% (11.1Gt CO2) and 20% (6.3Gt CO2), respectively (EIA, 2011).  
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Uzbekistan and Venezuela which contributed 22.38% of total global natural gas consumption 

in 2012 (EIA, 2014). The selection of our sample countries is based on the following two 

criteria. First, the country has consumed on an average at least 700 billion cubic feet of 

natural gas per year during the period of 1990-2012. Second, the country met the status of a 

developing economy following the World Bank. 

The main innovations in this study compared with the existing literature on the 

relationship between natural gas consumption and economic growth are threefold. First, to 

our knowledge, this is the first study that investigates the relationship between natural gas 

consumption and economic growth considering major natural gas consuming-emerging 

countries. To our knowledge, there is only one study in existing literature which utilises panel 

estimation technique. Apergis and Payne (2010) examine the relationship between natural gas 

consumption and economic growth in the context of a range of sixty-seven developed, 

developing and least developed economies. Their study conducts the analysis by grouping 

together countries that are at different stages of economic development. Hence, the findings 

of this study fail to provide policy guidelines appropriate for emerging countries since the 

nature of energy consumption, pace of economic growth, quality of institutions and usage of 

technology in emerging countries are significantly different from developed countries 

(Mahadevan and Asafu-Adjaye, 2007). For example, energy use including natural gas in 

emerging (non-OECD)countries is projected to grow by 2.2% per year compared to 0.5% per 

year in developed (OECD) countries, and the share of emerging countries’ energy use is 

expected to rise from 54% of total world energy use in 2010 to 65% in 2040 (EIA, 2013)
2
. At 

the same time, the pace of economic growth in emerging countries is rapid and vigorous. For 

instance, the GDP growth rate of emerging economies in 2012 was 5.1% while the rate was 

                                                           
2
The Organisation for Economic Co-operation and Development (OECD) is an organization for sharing a 

commitment to democratic government and the market economy. The OECD is also widely known as the 

‘developed countries club’. Conversely, non-OECD countries refer to any countries not part of this developed 

countries organization and usually considered as ‘developing and emerging economies’. 
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only 1.4% for the advanced economies (IMF, 2013). The growth will be even greater in the 

emerging economies in the next few decades (ECB, 2014). Therefore, investigating the 

relationship between natural gas consumption and growth of major emerging countries is 

important and the findings would be vital for energy economists and policy analysts. 

Second, all of the existing studies except Apergis and Payne (2010) use time series 

analysis. However, the panel estimation technique has unique advantages over time series 

models as this approach allows for heterogeneity across the cross-sections to increase the 

reliability of results (Narayan and Smyth, 2005). Moreover, the panel method is better able to 

catch the cointegrated relationships since a pooled level regression uses cross-section 

information in the data when estimating cointegrated coefficients (Lee and Chang, 2008). 

Hence, like Apergis and Payne (2010), we also use panel framework to investigate the 

dynamic relationship among natural gas consumption, output and trade in emerging 

economies. However, our study is significantly different from that of Apergis and Payne 

(2010) as we have adopted recently developed econometric techniques. For instance, to 

identify whether our sample data has a cross-sectional dependence or independence, we apply 

Pesaran (2004) cross-sectional dependence (CD) test and cross-sectionally augmented panel 

unit root test developed by Pesaran (2007). Further, to investigate the long-run equilibrium 

relationship among these variables, we employ three robust panel cointegration models viz, 

Pedroni (1999, 2004), Kao (1999) and Fisher-Johansen (Maddala and Wu, 1999)) panel 

cointegration tests. In the final step, we apply a recently developed heterogeneous non-

causality test, by Dumitrescu and Hurlin (2012), to examine the causal relationship among 

the variables. This test allows for heterogeneity across cross-sections. This is not considered 

within the traditional Granger causality tests. Moreover, we use quarterly data instead of 

annual data, which allows us to increase the number of observations to achieve robust 

findings.  
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Our final contribution is to employ a multivariate framework instead of a bivariate 

model into the natural gas consumption-growth nexus literature. Following Stern (2000), Oh 

and Lee (2004), and others, we investigate the dynamic relationship considering multivariate 

framework. Along with the traditional inputs such as capital, labor and natural gas, we 

introduce trade to our production function. International trade involves a significant amount 

of imported and exported goods and services which may decrease or increase energy use. For 

example, exports increase energy consumption since exporting promotes more economic 

activities including industrial production and transportation. Likewise, imports can also 

intensify energy use, as importing goods into a country requires a well-connected 

transportation system to distribute the products to their destinations (Sadorsky, 2011). 

Conversely, imports may reduce the demand for energy replacing production of 

manufacturing and services from foreign countries (Suri and Chapman, 1998).  

The remainder of this paper is organized as follows. The next section presents the 

critical review of the literature focusing on methods and findings. Section-3 discusses the 

proposed methodology and econometric methods adopted. Section-4 presents the nature of 

the data with descriptive statistics of variables while Section-5 provides the empirical results. 

Finally, Section-6 presents the conclusions and policy implications from the research. 

 

2. Literature Review 

The nexus between energy consumption and economic growth has been extensively 

investigated over the last few decades. Even so, there seems to be no consensus on the 

direction of the causality. The four hypotheses of conservation, growth, feedback and 

neutrality have been developed over time and each of these hypotheses is supported by 

prevailing literature. The conservation hypothesis argues that a unidirectional causality runs 

from economic growth to energy use and therefore undertaking an energy conservation policy 
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would not result negatively on economic growth (Zhang and Cheng, 2009; Oh and Lee, 

2004). Conversely, the growth hypothesis advocates that energy consumption influences 

GDP growth and the reduction of energy use will hamper economic growth (Asafu-Adjaye, 

2000; Shiu and Lam, 2004). The feedback hypothesis suggests that economic growth and 

energy consumption Granger cause each other (Wolde-Rufael and Menyah, 2010; Tsani, 

2010), while the neutrality hypothesis proposes that there is no causality between these two 

variables and, therefore, environment-friendly policies are appreciated (Alam et al. 2011).  

The review of empirical studies regarding the relationship between natural gas consumption 

and economic growth also suggests that four kinds of causality exist: (i) unidirectional 

causality from natural gas consumption to economic growth, (ii) unidirectional causality from 

economic growth to natural gas consumption, (iii) bidirectional causality, and (iv) no 

causality.The unidirectional causality from natural gas consumption to economic growth 

suggests that increase (shortage) in natural gas consumption has a positive (adverse) effect on 

economic growth through more (less) electricity generation and industrial production. A 

number of studies such as Yang (2000), Lee and Chang (2005), Ewing et al. (2007), 

Reynolds and Kolodziej (2008), Clement (2010) and Shahbaz et al. (2013, 2014) have 

supported this argument.  

Yang (2000) investigates the causal relationship between GDP and the aggregate as 

well as disaggregate categories of energy consumption, including coal, oil, natural gas, and 

electricity for the period of 1954-1997. Using the Granger causality technique, the study finds 

that natural gas consumption leads to GDP growth in Taiwan. However, Lee and Chang 

(2005) claim that Taiwan has undertaken some economic reforms including the 

implementation of export promotion and financial liberalization policies between 1960 and 

1980. Therefore it is essential to consider structural breaks into the econometric analysis. 

However, even after considering the structural breaks, the study also confirms the findings of 
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Yang (2000). Ewing et al. (2007) examine the effect of disaggregate energy consumption on 

industrial production for the US economy. By employing a generalized variance 

decomposition approach, they document that natural gas consumption has significant and 

positive impact on industrial output.  

Reynolds and Kolodziej (2008) investigate the impact of natural gas production on 

economic growth in the former Soviet Union. Their findings suggest that natural gas 

production induces GDP growth. Clement (2010) also inspects the same relationship for the 

Nigerian economy over the period of 1970-2005. The empirical exercise confirms that 

unidirectional causality is running from gas consumption to economic growth. Recently, 

Kum et al. (2012) explore the relationship among natural gas energy consumption, capital 

and economic growth in G-7 countries including Canada, France, Italy, Japan, Germany, the 

UK and the US. Their Granger causality results expose that natural gas consumption Granger 

causes economic growth for Italy. Shahbaz et al. (2013) report that shock in natural gas 

consumption causes economic growth. 

The unidirectional causality running from economic growth to natural gas 

consumption infers that economic growth increases natural gas consumption. The economic 

rationality to support this argument is that an economy is expected to consume more natural 

gas consumption particularly in electricity generation and industrial production when its 

economic activities significantly increase. Yu and Choi (1985) is probably the first empirical 

study to discover the unidirectional causality running from economic growth to natural gas 

consumption. Considering the US, the UK and Poland as case studies, the study provides the 

empirical evidence that growth in gross national product (GNP) leads to an increase in the 

use of natural gas. Das et al. (2013) make an attempt to examine the dynamics of natural gas 

consumption and economic growth in Bangladesh for the period of 1980-2010. Their 
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empirical evidence indicates the unidirectional causality running from economic growth to 

natural gas consumption.  

The feedback relationship between natural gas consumption and economic growth 

suggests the exploration of new energy sources for sustainable economic development. A 

number of studies such as Zamani (2007), Hu and Lin (2007), Apergis and Payne (2010), 

Heidari et al. (2013), Shahbaz et al. (2014) and Farhani et al. (2014) find the feedback 

relationship between the both variables. Zamani (2007) explores the relationship between 

aggregate as well as disaggregate energy consumption and economic activity for the Iranian 

economy by using the vector error-correction model (VECM) framework. The results show 

the bidirectional causal relationship between economic activities and natural gas consumption 

in the long-run and similar results are also found by Heidari et al. (2013). Likewise, Hu and 

Lin (2007) examine the impact of oil, coal and gas consumption on the Taiwanese economy. 

Their empirical findings indicate that, in Taiwan, natural gas consumption and economic 

growth Granger cause each other. Using the data of sixty-seven countries, Apergis and Payne 

(2010) attempt to examine the short-run and long-run relationship between natural gas 

consumption and economic growth and report the bidirectional causality between the both 

variables. Shahbaz et al. (2014) explore the relationship between natural gas consumption and 

economic growth in Pakistan and report that economic growth is cause of natural gas 

consumption and in turn, natural gas consumption is cause of economic growth in Granger 

sense. Moreover, Farhani et al. (2014) also confirm the presence of feedback effect between 

both variables in Tunisia. Furthermore, Bildirici and Bakirtas (2014) also confirm that the 

relationship between natural gas consumption and economic growth is bidirectional for 

Brazil, Russia and Turkey. 

 Finally, some studies find no causal relationship, which implies that reduction in 

natural gas supply does not have any adverse impact on economic growth. For example, 
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Aqeel (2001) for Pakistan, Fatai et al. (2004) for New Zealand and Australia and, Kum et al. 

(2012) for Japan and Canada find the neutral effect between natural gas consumption and 

economic growth. 

 We conclude that the relationship between natural gas consumption and economic 

growth is not uniform across countries due to the differences in time periods, estimation 

methods, and model specifications considered in literature. As indicated earlier, we focus on 

fifteen emerging economies with a dynamic panel structure into our analysis in investigating 

the dynamic relationship between natural gas consumption, economic growth and trade.  

 

3. Methodology 

3.1 Model specification  

We investigate the short and long-run relationship between natural gas consumption, capital, 

labor, trade and output in the neo-classical production function framework where energy, 

capital, labor and trade are considered as independent factors of production. The similar 

approach is adopted by Lean and Smyth (2010) who include only exports along with energy 

generation, capital, and labor to examine their impact on aggregate output. Sadorsky (2012) 

uses a neo-classical production function to study the relationship between energy, capital, 

labor, trade (exports or imports) and output.
3
 Therefore, we use output as a function of 

capital, labor, natural gas consumption, trade and a country specific variable.  

 

outputit = f(capitalit ,laborit, ngcit, tradeit, vi)    (1) 

                                                           
3
 The inclusion of trade variable such as; exports or imports into the production function has a long history e.g. 

see the earlier studies by Balassa (1978) and Sheehey (1992). Further, a study by Makki and Somwaru (2004) 

has included total trade (exports and imports) into their production function. They argue trade as a significant 

factor in production function.   
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where, output, capital, labor, ngc and trade are output, capital, labor, natural gas 

consumption and trade respectively. Taking natural logarithms we write Equation (1) as 

follows: 

Ln (outputit) = β1iLn (capitalit)+β2iLn (laborit) +β3iLn (ngcit)+β4iLn (tradeit)+ vi+ εit (2)

  

In Equation (2), countries are denoted by the subscript i ( ),......,1( Ni  and t  denotes time 

period ),.......,1( Tt  . This equation is a fairly general specification, which accounts for 

individual fixed country effects and a stochastic error term .  

 

3.2 Estimation techniques 

In this study, we first aim to examine whether our sample data has a cross-sectional 

dependence or independence. For this purpose, we employ CD test by Pesaran (2004). This is 

an important issue to be addressed before the application of panel unit root tests. The 

conventional unit root tests are ineffective, due to lower power, when they are applied on the 

series that has a cross-sectional dependence. Therefore in this study, based on Pesaran (2004) 

CD test, we apply Pesaran (2007) CIPS unit root which is established on the assumption of 

cross-sectional dependence. This unit root test is employed to investigate the order of 

integration of the variables. This is a prerequisite for applying panel cointegration models. If 

all of the variables are integrated of order I (1), then this evidences that all of the variables are 

non-stationary at levels and stationary at their first order differentials. Hence, this suggests 

that these variables, as a group, may have a long-run equilibrium relationship. The following 

sections provide a detailed discussion on the cointegration methodology.  

3.2.1 Panel cointegration techniques 

We employ panel cointegration techniques to examine the long-run equilibrium relationship 

among natural gas consumption, capital, labor, trade and output in a sample of fifteen 
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emerging economies. The panel cointegration techniques are more useful if the time series 

dimension of each cross-section is shorter. Due to these advantages, a number of researchers 

have been recently using panel cointegration models to investigate the relationship between 

energy consumption and output (see Lee and Chang, 2008; Lee et al. 2008; Mehrara, 2007; 

Sadorsky, 2011, 2012). To explore the cointegration relationship among these variables, we 

employ panel cointegration models (e.g. Pedroni, 1999, 2004; Kao, 1999; and Fisher-

Johansen (Maddala and Wu, 1999)). The first two cointegration tests are based on the Engle 

and Granger (1987) two-step (residual-based) cointegration procedure, while the third one is 

based on the Johansen combined test. 

The Pedroni (1999, 2004) panel cointegration test provides seven statistics for tests of 

the null hypothesis of no cointegration in heterogeneous panels. These seven tests can be 

classified into two parts; within-dimension (panel tests) and between-dimension (group tests). 

The within-dimension estimator assumes a common regression coefficient vector across all 

cross-sections while between-dimension estimators assume the regression coefficients vary 

across cross-sections and thus it allows for greater heterogeneity. These seven tests will be 

performed based on the residuals from Equation (2). The null hypothesis of no cointegration 

( i 1 for all i ) is tested against the alternative hypothesis of 1 i for all i  for the 

within-dimension. Similarly, in the case of the group means approach, it is less restrictive as 

it does not need a common value of  under the alternative. Therefore, for the group-means 

approach, the alternative hypothesis is ii   for all i . As previously mentioned, the between-

dimension tests are less restrictive, therefore they allow for the heterogeneous parameters 

across the countries. 

The Kao (1999) panel cointegration test follows the same approach as the Pedroni 

cointegration test. However, Kao test specifies definite intercepts for cross-sections and 
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homogenous coefficients on the first-stage regressors. Kao (1999) has described the bivariate 

regression model as follows: 

ititiit xy                                                                                                                   (3) 

tiitit yy ,1                                                                                                                             (4) 

tiitit exx ,1                                                                                                                             (5) 

Where and are assumed to be integrated of order one i.e. I (1), i and t denote for country 

and time period, respectively. The first-stage regression can be carried out using Equation (3) 

and necessitating i to be heterogeneous and i  to be homogenous across cross-sections and 

it is the residual term. The Kao cointegration test utilizes an augmented version of Dickey-

Fuller test for testing the null hypothesis of no cointegration against the alternative hypothesis 

of cointegration.  

Fisher (1932) developed a combined test that utilizes the results based on the 

individual independent tests. Maddala and Wu (1999) utilize Fisher’s results to propose an 

alternative method to examine the long-run equilibrium relationship in panel dataset by 

combining tests from individual cross-sections to acquire a test statistic for the entire panel. 

For example, if i  is the p-value from an individual cointegration test for a cross-section i , 

the panel under the null hypothesis is as follows: 

2

2

1

)log(2 N

N

i

i x 


                                                                                                              (6) 

Where 2x value is based on the MacKinnon et al. (1999) p-values for Johansen’s trace  and 

imummax  tests.  

3.2.2 Long-run output elasticities  

We also estimate a single cointegrating vector, based on the Equation (2), to investigate the 

long-run output elasticities. In the context of panel dataset, the application of ordinary least 
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squares (OLS) on Equation (2) is asymptotically biased and its distribution depends upon 

nuisance parameter. Pedroni (2001a, 2001b) argues that the nuisance parameters are 

regressors that are not part of the true data generating process but could introduce unwanted 

endogeneity and serial correlation into the model. Therefore, to address these issues, there are 

several possible approaches including dynamic OLS (DOLS) and fully modified OLS 

(FMOLS). The first method, viz. DOLS is based on the parametric approach (by including 

leads and lags of the differences of the right hand side variables) to overcome from the 

endogeneity and serial correlation. Similarly, the second method is FMOLS. This model uses 

a non-parametric approach to address the issue of endogeneity and serial correlation. 

Therefore in this paper we employ DOLS and FMOLS to estimate long-run output 

elasticities. 

 

3.2.2 Heterogeneous panel causality test 

We test for short-run bivariate panel causality among output, capital, labor, ngc and trade 

variables. We examine the causal relationship among these variables using the model that 

allows for heterogeneity of the dynamic models across the cross-sections. Dumitrescu and 

Hurlin (2012) propose a simple approach for testing the homogeneous non-causality (HNC) 

hypothesis against an alternative of heterogeneous non-causality (HENC). This test is applied 

within a stationary vector autoregressive (VAR) framework with fixed coefficients. The VAR 

models for the different cross-sections are allowed to have a dissimilar lag structure, as well 

as heterogeneous unconstrained coefficients under both the null and the alternative 

hypotheses. The null hypothesis implies no causality in any cross-section against the 

alternative of causality for some non-negligible segment of the cross-sections. For instance, 

we assume that x and y is two covariance stationary processes generated by a VAR 

framework:   
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,                                                                                 (7) 

It is important to mention that the individual effects of i are fixed and beginning values of 

ity and itx are observed. Further, 
)(k

i  and 
)(k

i may differ across cross-sections. For each 

cross-section the error term it are assumed to be ),0.(.. 2

idii  and independently distributed 

across cross-sections. Where t denotes the time period dimension of the panel, and i  denotes 

the cross-sectional dimension. Humitrescu and Hurlin (2012) proposes a test for 

homogeneous non-causality between x  and y : 

0:0 iH  Ni ,...,1                                                                                                           (8) 

Where
')()1( ),...,( p

iii   . In the case of alternative hypothesis, there is causality from x to y  

for at least one cross-section: 

0:1 iH  1,...,1 Ni  0i NNNi ,...,2,1 11                                                 (9) 

Where 1N is unknown and .1 NN   

The Wald statistics for testing Granger non-causality are computed for each cross-

section separately. Then the panel statistic is obtained by taking the cross-sectional average of 

individual Wald statistics. Dumitrescu and Hurlin (2012) argue that this statistic converges to 

a normal distribution under the homogeneous non-causality hypothesis when T tends to 

infinity first and then N tends to infinity. A standardized statistic, ,,

HNC

TNZ  can also be 

constructed.  

The vector auto-regressive (VAR) model in Equation (7) has heterogeneous 

unconstrained coefficients under both the null and alternative hypotheses. Hence, rejecting 

null hypothesis of homogeneous non-causality implies that the causal relationships are 
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allowed to be heterogeneous across cross-sections. This is a significant feature of this test. 

Further, the power of this test significantly outperforms the conventional time series Granger 

causality test for small values of (even in the presence of cross-sectional dependence). This 

causality test (Dumitrescu and Hurlin, 2012) requires stationarity of the variables. Therefore, 

for the variables found to be non-stationary at their levels, we apply the test after first 

differencing the series. 

 

4. Data and preliminary statistics 

We use a balanced panel with data from fifteen emerging economies for the period of 

1990Q4-2012Q4. We have used the Interpolation Method to convert all annual series into 

quarterly frequency. Indeed, by increasing the number of observations in the sample will 

increase the power of statistical tests and provide robust results (Zhou, 2001). The quarterly 

interpolation technique has been widely used in many empirical studies (e.g. Baxter and 

King, 1999; Tang and Chua, 2012; Shahbaz et al. 2014). 

Output is measured by real GDP (constant 2005 US dollars), capital is measured by 

real gross capital formation (constant 2005 US dollars), labor is measured using the total 

number of people in the labor force, natural gas consumption (ngc) is measured by billion 

cubic feet, and real trade (trade) is measured using the sum of exports and imports (constant 

2005 us dollars). Data on natural gas consumption is obtained from the U.S. energy 

information administration (EIA) and data on capital, labor, output and trade variables are 

collected from the World Development Indicators (WDI) online data source maintained by 

the World Bank. We transformed all of the variables into natural logarithms and follow 

Equation (2) for empirical purposes. In this respect, we follow the prevailing literature (e.g. 

Shahbaz and Lean, 2012; Zeshan, 2013) supporting the log-linear specification can produce 

better findings compared to the linear functional form of the model.   
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Figure 1 displays the time series graphs of natural gas consumption (in logarithm) for 

each of the sample emerging economies. These graphs indicate that the natural gas 

consumption in most of the countries has been trending upwards except in the case of 

Romania and Ukraine. Further, it is found that the consumption of natural gas is not 

consistent in the case of Indonesia and Venezuela. Among all of these emerging economies, 

the highest natural gas consumers are Ukraine, China, Mexico and Uzbekistan, while the least 

consumers are Turkey, Romania and Malaysia.    

 

[Insert Figure 1 Here] 

 

Table 1 reports average annual growth rates (in percentage) for all of the countries 

over 1990-2012.
4
 The highest average growth rates in output (real GDP) belong to China 

(10.09), India (6.49) and Malaysia (5.89), while Ukraine (-1.17) and Romania (1.45) have the 

lowest average growth rates. This indicates that all of the countries have positive growth rates 

except Ukraine. Further, this indicates that China is the fastest growing economy while 

Ukraine is the slowest growing emerging economy in our sample. Average growth rates for 

capital show that Uzbekistan (136.16), Venezuela (16.27) and China (12.13) have the highest, 

while Ukraine (-4.15) has the lowest. Similarly, Pakistan (3.23), Algeria (3.11) and 

Venezuela (3.02) have the highest average labor growth rates, while Ukraine (-0.45) and 

Romania (-0.35) have the lowest. In the case of average natural gas consumption growth 

rates, Turkey (12.69), China (11.49) and Thailand (10.47) have the highest and Romania (-

3.96) and Ukraine (-1.74) attained the lowest. Finally, the highest average growth rates for 

trade belong to China (16.28) and India (13.72) and the least (i.e. negative) growth rates were 

achieved by Ukraine (-0.43). Overall, these average growth rates for all of the emerging 

                                                           
4
 Growth rates are calculated using original data (before converting into natural logarithms).  
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economies indicate that only the Ukraine possesses negative average growth rates for all 

variables. 

[Insert Table 1 Here] 

 

The unconditional correlations between the panel data variables are reported in Table 

2.
5
 Table 2 displays that output is highly positively correlated with capital (0.939), trade 

(0.883) and labor (0.735), while it has the lowest correlation with natural gas consumption. 

Capital is positively correlated with all of the variables and has the highest correlation with 

output and trade. Similarly, labor is also positively correlated with all of the variables and has 

the higher correlation with output and capital. Natural gas consumption has highest 

correlation with trade and labor. Finally, trade has higher correlation with output and capital. 

It is important to mention that all of the variables are positively correlated with each other 

and have significant association with output. Further, our findings on unconditional 

correlations confirm that these correlations are statistically significant.  

 

[Insert Table 2 Here] 

 

The conventional panel unit root tests assume cross-sectional independence. These unit root 

tests have lower power if applied on the data sets that have cross-sectional dependence. In 

order to address this issue in the paper, the Pesaran (2004) CD test is used to examine for 

cross-sectional dependence. The CD test results are presented in Table 3. Findings show that 

the null hypothesis of cross-sectional independence is strongly rejected for all of the variables 

(output, capital, labor, ngc and trade) at 1% significance level. We establish all of our 

considered variables are with cross-sectional dependence; hence we do not apply the panel 

                                                           
5
Unconditional correlations are calculated using data in natural logarithms.   
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unit root tests which assume cross-sectional independence. Therefore, we apply a panel unit 

root test with cross-sectional dependence by Pesaran (2007). The CIPS test results are 

reported in Table 4. The findings reflect at levels, the null hypothesis of unit root cannot be 

rejected at 5% significance level for all variables. However, at first difference, the null 

hypothesis of unit root can be rejected at 1% significance level for all variables. The CIPS 

tests are estimated with constant and trend terms with two lags. These findings therefore 

confirm that all of the variables have a unit root at levels and stationary at their first 

difference. In other words, all variables are integrated of order I (1). These findings suggest 

that there may be a cointegration relationship among output, capital, labor, ngc and trade 

variables. This is explored in the following sections using panel cointegration techniques.  

[Insert Table 3 Here] 

 

5. Empirical Findings and Discussion 

We empirically examine the long-run equilibrium relationship between output, capital, labor, 

ngc and trade employing three different panel cointegration techniques. We also examine the 

long-run output elasticities by applying dynamic OLS (DOLS) and fully modified OLS 

(FMOLS). Further, we explore the direction of causality among these variables using 

heterogeneous panel causality test.  

 

5.1 Findings from cointegration tests 

The findings of panel unit root test on output, capital, labor, natural gas consumption and 

trade show that these variables are integrated of order (1). This indicates that all considered 

variables are non-stationary at levels, and stationary at their first-order differences. Hence, we 

can apply panel cointegration techniques to examine whether any long-run equilibrium 

relationship exists among the dependent variable (output) and independent variables (capital, 
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labor, ngc and trade).  As mentioned earlier, we employ three alternative panel cointegration 

techniques viz. Pedroni (1999, 2004), Kao (1999) and a Fisher type test using the approach 

developed by Johansen (Maddala and Wu, 1999).   

 

[Insert Table 4 Here] 

 

Table 4 presents the empirical results of Pedroni panel cointegration test. For this 

analysis we choose the Schwarz information criterion (SIC) and confirmed with 

autocorrelation Lagrange–Multiplier (LM) test that the selected lag length residual are 

random. The findings of Pedroni test show that out of seven statistics, we find that test 

statistic (capturing within-dimension) rejects the null hypothesis of no cointegration at 10% 

level of significance, while test statistic reflecting between-dimension) reject the null 

hypothesis of no cointegration at 5% level. These findings suggest that there is a long-run 

dynamics between output, capital, labor, natural gas consumption and trade.  

 

[Insert Table 5 Here] 

 

We also investigate the long-run equilibrium relationship among the variables by 

employing Kao (1999) panel cointegration test and findings are reported in Table 5. The 

approach and application of this cointegration test is similar to that of Pedroni (1999, 2004) 

test; however, Kao test defines specific cross-section intercepts and homogenous coefficients 

on the first-stage of regressors. The optimal lag length for this test is also selected based on 

the SIC. The empirical results of Kao (1999) test display that the null hypothesis of no 

cointegration is strongly rejected at 1% level of significance. This result confirms the 
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existence of a long-run dynamics between output, capital, labor, natural gas consumption and 

trade.     

Further, we apply a Johansen-Fisher panel cointegration test to examine the long-run 

relationship among the variables. As above, the appropriate lag length for this test is selected 

based on the SIC. The results of this test on both trace and maximum eigen tests are reported 

in Table 6. These findings show that the null hypothesis of no cointegration is strongly 

rejected and indicates that capital, labor, natural gas consumption and trade have a long run 

equilibrium relationship with output. Overall, our three panel cointegration test results 

confirm that there is a significant long-run cointegration relationship among these variables in 

a sample of fifteen emerging economies.  

[Insert Table 6 Here] 

 

5.2 Long-run output elasticities  

All of the variables are measured in natural logarithms; therefore the estimated coefficients 

from the long-run cointegrating vector can be interpreted as long-run elasticities. The long-

run output elasticities are estimated using dynamic OLS (DOLS) and fully modified OLS 

(FMOLS) models. The empirical findings of these models are presented in Table 7. The two 

approaches produce very similar results for each variable in terms of sign and significance, 

however in terms of magnitude they vary slightly. For the DOLS results, a 1% increase in 

capital increases output by 0.07%. Also, 1% increase in labor increases output by 0.530%. 

Similarly, a 1% increase in natural gas consumption increases output by 0.069% while a 1% 

increase in trade increases output by 0.338%.  

For the FMOLS results, a 1% increase in capital increases output by 0.090%. A 1% 

increase in labor increases output by 0.365%, a 1% increase in natural gas consumption 

increases output by 0.102%, and finally a 1% increase in trade increases output by 0.358%. 
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Each of the variables in DOLS and FMOLS are statistically significant at 1% level. The 

findings on long-run output elasticities suggest that both labor and trade have a significant 

impact on the output growth along with natural gas consumption and capital in emerging 

economies.  

[Insert Table 7 Here] 

5.3 Heterogeneous panel causality test 

The aim of this section is to present findings on the direction of causality among output, 

capital, labor, natural gas consumption and trade in emerging economies. For this purpose, 

we employ pairwise Dumitrescu and Hurlin (2012) panel causality test. The significance of 

this approach is that it assumes all the coefficients to be different across cross-sections. This 

test requires variables to be stationary; we therefore apply on the first difference of the series. 

The short-run pairwise causality test results show the evidence of a feedback (bidirectional) 

relationship between 1) natural gas consumption and output, 2) trade and output, and 3) trade 

and natural gas consumption. Further, findings show that output also has a feedback 

relationship with capital and labor. We find the unidirectional causality runs from capital and 

labor to natural gas consumption. Finally, the unidirectional causality is also found from trade 

to capital; and bidirectional causality is running between trade and labor.  

 

[Insert Table 8 Here] 

 

The short-run causality test results demonstrate the feedback relationship between 

output, natural gas consumption and trade. These findings suggest that an increase in output 

leads to consume more natural gas consumption and intensify international trade (exports and 

imports). Likewise, higher consumption of natural gas leads to higher output growth and 

trade. Greater openness leads to more output growth and higher natural gas consumption. 
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This reflects significant dynamic feedback relationship exist among these variables. In 

addition our findings show that higher output leads to higher capital and labor growth and 

vice versa. Increase in capital and labor leads to higher natural gas consumption. Finally, 

increase in trade exerts a positive effect on capital formation and labor force, and larger labor 

force is also associated with higher volume of trade.   

 

6. Concluding remarks with policy implications  

There is extensive empirical literature that investigates the relationship between energy 

consumption-economic output, trade- economic output and energy consumption-trade. There 

is, however, very little empirical literature available that brings these three separate streams 

of literature together to examine the relationship among economic output, energy 

consumption (i.e. natural gas consumption) and trade in the perspective of emerging 

economies. To achieve the study objectives, we employ robust panel cointegration techniques 

and heterogeneous panel causality test in a multivariate framework using quarterly data for 

the period of 1990-2012.  

Empirical findings from three alternative panel cointegration tests confirm the long-

run equilibrium relationship among output, capital, labor, natural gas consumption and trade 

in emerging economies. These findings indicate that the considered variables share a 

common trend in the long-run. Further, findings from our short-run heterogeneous panel 

causality test depict the evidence of a bidirectional causal relationship between 1) natural gas 

consumption and output, 2) trade and output, and 3) trade and natural gas consumption. The 

findings therefore suggest that there is a significant dynamic feedback relationship among 

natural gas consumption, output and trade in these emerging economies. We also establish 

that output has a bidirectional relationship with capital and labor. There is evidence of 

unidirectional causality running from capital and labor to the natural gas consumption; 
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however no evidence of reverse causality is found. The feedback relationship is observed 

between trade and labor, and one-way causality is identified from trade to capital.   

The major inferences from this empirical analysis are as follows. Findings from the 

short-run causality test suggest a dynamic feedback relationship between natural gas 

consumption and output, trade and output, and trade and natural gas consumption. These 

findings have important policy implications for energy and environmental policies. First, the 

economic policies that are designed for higher economic growth have a positive impact on 

natural gas consumption, and higher natural gas consumption also leads to higher economic 

growth. We argue that the conservative policies which are aimed at reducing natural gas 

consumption have an adverse effect on economic growth. If the predictions for future natural 

gas consumption are made without considering the targeted economic growth rates, gas 

consumption demands will be underestimated. This will eventually lead to demand shortages 

and supply disruptions as a result of future decisions about gas supply being lower than the 

gas consumption demand. The second implication is that the trade policies designed for 

higher international trade (exports and imports) increase natural gas consumption and vice 

versa. Hence, when the predictions for future gas consumption are made, the policy makers 

should also consider the expected international trade growth rates so that the differences 

between gas supply and demand can be minimized. The final implication is that the 

conservative environmental policies aimed at reducing natural gas consumption will 

adversely affect economic growth and international trade. 

Consequently, we argue that a better energy and environmental policies have to be 

designed in such a way that it will facilitate a rise in demand for natural gas consumption by 

increasing the share of renewable energy relative to non-renewable energy. This suggests that 

the policy makers should formulate appropriate policies to attract investments into renewable 

energy production through the public or private or public-private partnership initiatives. 
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Finally, our study findings offer significant contributions to the body of knowledge on natural 

gas consumption, economic growth and international trade in the perspective of major natural 

gas consuming-emerging economies in the world and act as a catalyst for essential policy 

implications. Besides these policy implications, our study provides direction for future 

research. Researchers may also explore the dynamic relationship among natural gas 

consumption, economic growth and CO2 emissions; particularly in the perspective of major 

natural gas consuming economies.  
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Table 1: Average annual growth rates over 1990-2012 (percent)  

Countries output capital labor ngc trade 

Algeria 2.87 3.63 3.11 3.18 2.32 

Argentina 4.40 8.21 1.62 3.95 8.29 

China 10.09 12.13 1.00 11.49 16.28 

Egypt 4.34 4.82 2.17 9.50 6.91 

India 6.49 9.28 1.75 7.97 13.72 

Indonesia 4.97 4.70 2.14 4.44 7.41 

Malaysia 5.89 7.01 2.72 6.11 7.89 

Mexico 2.85 4.21 2.46 4.58 8.51 

Pakistan 4.03 2.45 3.23 5.32 4.09 

Romania 1.45 3.95 -0.35 -3.96 8.45 

Thailand 4.44 3.55 0.93 10.47 7.18 

Turkey 4.01 6.45 1.52 12.69 8.23 

Ukraine -1.17 -4.15 -0.45 -1.74 -0.43 

Uzbekistan 3.87 136.16 2.73 2.57 7.93 

Venezuela 3.01 16.27 3.02 1.13 2.87 

Note: Growth rates are calculated from original data 

 

Table 2: Correlations for the panel data set 

 output capital labor ngc trade 

output 1 0.939*** 
(99.501) 

0.735*** 

(39.547) 
0.090*** 

(3.297) 
0.883*** 

(68.688) 
capital  1 0.698*** 

(35.576) 
0.062** 

(2.269) 
0.872*** 

(64.938) 
labor   1 0.138*** 

(5.070) 
0.590*** 

(26.709) 
ngc    1 0.201*** 

(7.497) 
trade     1 

Note: Variables are in natural logarithms. Where *** & ** indicates statistical significance at 1% and 5% levels, 

respectively and t-test values are presented in parentheses.  
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Table 3:Tests for cross-sectional dependence and unit root 

Variable output capital Labor ngc trade 

Pesaran CD test 79.535*** 52.493*** 50.313*** 31.382*** 79.816*** 

P-value 0.000 0.000 0.000 0.000 0.000 

The unit root test with cross-sectional dependence   

CIPS test (level) -2.175 -1.950 -1.652 -0.966 -2.703 

CIPS test (first difference) -2.939*** -3.793*** -2.910*** -3.498*** -3.444*** 

Note: The critical values (constant and trend) of CIPS (Pesaran, 2007) test at 1% and 5% -2.92 and -2.75, respectively. 

Where ‘***’ indicates the rejection of null hypothesis of cross-sectional independence (CD test) and the null hypothesis of 

unit root at 1% significance level, respectively.       
 

Table 4: Pedroni panel cointegration test results 

Alternative hypothesis: common AR coefficients. (within-dimension) 

 Statistic Prob. Weighted Statistic Prob. 

Panel v-Statistic -1.168 0.879 -0.062 0.525 

Panel rho-Statistic 2.425 0.992 2.005 0.978 

Panel PP-Statistic 1.821 0.966 1.895 0.971 

Panel ADF-Statistic -1.411* 0.079 -1.733** 0.042 

     
Alternative hypothesis: individual AR coefficients. (between-dimension) 

 Statistic Prob. 

Group rho-Statistic 3.354 1.000 

Group PP-Statistic 3.009 0.999 

Group ADF-Statistic -1.668** 0.048 

Variables: output, capital, labor, ngc & trade; 
Trend assumption: No deterministic trend; 
Lag selection: Automatic based on SIC with a max lag of 11; 
Newey-West automatic bandwidth selection with Bartlett kernel; 
** & * denotes rejection of null hypothesis of no cointegration at 5% and 10% significance levels, respectively. 

 

Table 5: Kao residual panel cointegration test results 

ADF   t-Statistic Prob. 

   -3.162*** 0.001 

Residual variance   0.000  
HAC variance   0.000  

Variables: output, capital, labor, ngc & trade; 

Trend assumption: No deterministic trend; 
Lag selection: Automatic based on SIC with a max lag of 11; 
Newey-West automatic bandwidth selection with Bartlett kernel; 
*** denotes rejection of null hypothesis of no cointegration at 1% significance level. 
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Table 6: Johansen Fisher panel cointegration test results 

Ho Fisher Stat.
a Fisher Stat.

a 

(from trace test) Prob. (from max-eigen test) Prob. 

None 218.600*** 0.000 107.300*** 0.000 

At most 1 132.900*** 0.000 65.750*** 0.000 

At most 2 86.740*** 0.000 51.320*** 0.009 

At most 3 60.940*** 0.001 47.460** 0.022 

At most 4 55.070*** 0.004 55.070*** 0.004 

Variables: output, capital, labor, ngc & trade; 
Trend assumption: Linear deterministic trend; 
Lag selection: Based on SIC; 
aProbabilities are computed using asymptotic Chi-square distribution; 
*** & ** denotes rejection of null hypothesis of no cointegration at 1% and 5% significance levels, respectively. 

 

Table 7: Panel data analysis of long-run output elasticities  

Dependent variable: output 
Variables DOLS FMOLS 

Coefficient t-Statistic Prob.   Coefficient t-Statistic Prob.   

capital 0.069*** 7.556 0.000 0.090*** 30.047 0.000 

labor 0.530*** 15.323 0.000 0.365*** 697.755 0.000 

ngc 0.069*** 5.790 0.000 0.102*** 100.070 0.000 

trade 0.338*** 33.665 0.000 0.358*** 341.292 0.000 

R-squared 0.998 0.995 

*** denotes the significance level at 1%. Where, DOLS and FMOLS are the dynamic and fully modified ordinary least 

square methods, respectively.    
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Table 8:Heterogeneous panel causality test 

Null Hypothesis: Zbar-Stat. Prob.  

capital does not homogeneously cause output 2.617*** 0.009 

output does not homogeneously cause capital 3.175*** 0.002 

labor does not homogeneously cause output -1.963* 0.050 

output does not homogeneously cause labor -1.856* 0.064 

ngc does not homogeneously cause output 3.152*** 0.002 

output does not homogeneously cause ngc 2.602*** 0.009 

trade does not homogeneously cause output 38.897*** 0.000 

output does not homogeneously cause trade 18.816*** 0.000 

labor does not homogeneously cause capital -1.655* 0.098 

capital does not homogeneously cause labor -2.984*** 0.003 

ngc does not homogeneously cause capital -0.237 0.813 

capital does not homogeneously cause ngc -2.234** 0.026 

trade does not homogeneously cause capital -2.096** 0.036 

capital does not homogeneously cause trade -0.340 0.734 

ngc does not homogeneously cause labor -0.902 0.367 

labor does not homogeneously cause ngc -1.932* 0.053 

trade does not homogeneously cause labor -2.528** 0.012 

labor does not homogeneously cause trade -1.654* 0.098 

trade does not homogeneously cause ngc -2.442** 0.015 

ngc does not homogeneously cause trade 1.781* 0.075 

Note: ***, **& * denotes rejection of null hypothesis at 1%, 5% and 10% significance levels, respectively. 


