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Abstract 

Understanding the impact of energy consumption on economic growth is 
an important consideration in the formulation of both energy and environmental 
policies. Motivated by this development, this paper empirically re-examines the 
direction of causality and the sign (in the panel sense) between energy con-
sumption (EC) and the gross-domestic product (GDP) for seventeen selected 
Asian countries. Results reveal long-run stable equilibriums in these countries, 
while the EC brings about a positive impact on GDP. Causality runs from EC to 
GDP in the short-run, while the long-run causal linkage exists from GDP to EC. 
This indicates that energy is a force for economic growth in the short-run, but in 
the long-run, the EC is fundamentally driven by economic growth. Efficient coor-
dination and cooperation towards the implementation of energy conservation 
policies to support sustainable economic development should be in the regional 
agenda. 
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1. Introduction 

Energy consumption has steadily increased over the past few decades in 
Asian countries due to the population increment and industrial expansion

1
. En-

ergy consumption is expected to increase to 159.3 quadrillion BTU in 2015, 
187.8 quadrillion BTU in 2020, 217.0 quadrillion BTU in 2025, 246.9 quadrillion 
BTU in 2030 and 277.3 quadrillion BTU in 2035. The average annual percentage 
change from 2007 to 2035 in Asia is 2.8 percent, which is higher than other re-
gions, such as the Middle Eastern countries (2.2 percent), Central and South 
America (1.8 percent), and Africa (1.8 percent) (EIA, (2010; Table 1, pp. 9).  

The major users of energy were China and India, who continue to lead the 
world in relation to economic growth and energy demand growth. Together, 
China and India accounted for about 10 percent of the world’s total energy con-
sumption in 1990 and 20 percent in 2007 (EIA, 2010). China and India’s other 
significant increases include a fast-paced growth in population, rapid economic 
growth and industrial expansion into other areas of the Asian region.  

The episodic energy crisis, coupled with depleting energy sources, envi-
ronmental costs and high-energy consumption, has forced governments around 
the globe to more intently monitor and manage energy markets (ECSSR, 2004). 
Growing concerns had attracted the interest of the government in Asian coun-
tries. These measures include cooperation for energy conservation and the effi-
cient usage of energy policies. In this context, the long-run relationship between 
energy consumption and economic growth has been a lively topic of empirical 
assessment. In the energy economics literature, the direction of causality as to 
whether the adoption of energy savings inhibits or stimulates economic growth 
has been a much debated matter

2
.  

Understanding the impact and causality patterns of energy consumption 
on economic growth is an important consideration in the formulation of both en-
ergy and environmental policies. Accordingly, Squalli (2007, pp. 1193–1194), 
Payne (2010a, pp. 54–55) and Ozturk (2010, pp. 340–341) provide excellent de-

                                                           
1
 According to EIA (2008), Asia’s total primary energy consumption in 1990 was 

47.4 quadrillion British Thermal Units (BTU). This number doubled to about 127.1 quadril-
lion BTU in 2007 
2
 Literature about the energy-growth causality was coined from the seminal work of Kraft 

and Kraft (1978). Since then, impressive volumes of papers were dedicated to this genre. 
Ozturk (2010) and Payne (2010a) conducted an excellent survey, while Payne (2010b) 
and Narayan et al. (2010) investigated the electrical consumption and growth literature. 
On the Asian side, Yu and Choi (1985), Masih and Masih (1996, 1998), Asafu-Adjaye 
(2000) Soytas and Sari (2003) and Lee and Chang (2008) were among the champions.  
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scriptions of four hypotheses related to the relationship between energy con-
sumption and economic growth. Briefly, the four patterns include: (1) The 
«growth» hypothesis, where the causality runs from energy consumption to 
growth. This pattern exists in energy dependent countries (Yu and Choi, 1985 
for the Philippines, Masih and Masih, 1996 for India, Asafu-Adjaye, 2000 for In-
dia and Indonesia, Soytas and Sari, 2003 for Turkey, France, Japan and Ger-
many, Lee, 2005 for a panel of eighteen developing countries and Tsani, 2010 
for Greece); (2) The «conservation» hypothesis, where GDP Granger-causes 
energy consumption (Kraft and Kraft (1978) for the United States (US), Abose-
dra and Baghestani (1989) for the US, Cheng and Lai (1997) for Taiwan, Cheng 
(1999) for India, Ang (2008) for Malaysia and Zhang and Cheng (2009) for 
China). For this purpose, policies such as the reduction in greenhouse emis-
sions designed to reduce energy consumption and waste may not adversely af-
fect real GDP. (3) The «neutrality» hypothesis views the absence of Granger-
causality between energy consumption with GDP (Yu and Hwang (1984); Altinay 
and Karagol (2004); Halicioglu (2009) and Payne (2010a). (4) The «feedback» 
hypothesis suggests that energy consumption and GDP are interdependent and 
support the existence of bi-directional causality (Hwang and Gum, 1991; Yang, 
2000; Oh and Lee, 2004; Climent and Pardo, 2007; Apergis and Payne, 2009 
and Ozturk and Acaravci 2010). The literature has not come to a general 
agreement on the nature of causal relationships between energy consumption 
and economic growth. In this context, policies aiming at the gradual curtailing of 
energy need to consider the potential causal linkages between economic growth 
and energy consumption. 

Motivated by this development, the goal of this study is to empirically re-
examine the direction of causality and sign (in the panel sense) between energy 
consumption (EC) and real GDP for seventeen Asian countries. Once the cau-
sality is ascertained, appropriate energy development policies in these countries 
can be adopted. As such, the structure of the rest of this paper is as follows. A 
brief and intuitive account of the econometric methodology employed is provided 
in Section 2, before discussing the results in detail in Section 3. Some policy im-
plications and conclusions are made in Section 4. 

 

 

2. Econometric Modeling 

 

2.1. Panel Unit Root and Stationary Tests 

The first step in the estimation of dynamic panels is to test whether the 
variables at hand contain unit roots. Studies that have used joint panel unit root 
tests include Maddala and Wu (1999, MW), Hadri (2000, HADRI), Levin et al., 
(2002, LLC) and Im et al. (2003, IPS). The null hypothesis in all joint panel unit 
root tests, except the HADRI test, is that the panel series has a unit root (non-
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stationary). Unlike the augmented Dickey Fuller (ADF) test, the HADRI test is 
similar to the Kwiatkowski, Phillips, Schmidt, and Shin (KPSS – based LM) sta-
tistic, which has a null hypothesis of level (trend) stationarity and an alternative 
of difference stationarity in the panel. A comparison of the results obtained from 
the wide range of panel unit root tests can provide some insight into the station-
arity properties of the data. If both procedures fail to reject the null hypothesis (or 
if both reject), we have mixed results and can only conclude that the data are not 
informative enough. On the other hand, if an ADF type panel unit root test re-
jects the null and the KPSS type test fails to reject it, we have greater confidence 
that the series under consideration is in fact stationary. As these panel-based 
unit root tests are becoming common in the literature, interested readers may re-
fer to their original articles for a more comprehensive discussion.  

 

 

2.2. Panel Cointegration 

We then proceed to examine whether there exists any long-run equilib-
rium relationship between the variables under investigation. We resort to 
Pedroni (1999, 2001, 2004) and Kao (1999) panel cointegration tests. Pedroni 
considers seven different statistics, four of which are based on pooling the re-
siduals of the regression along the within-dimension (panel test) of the panel. 
The other three are based on pooling the residuals of the regression along the 
between-dimension (group test) of the panel. The within-dimension tests take 
into account common time factors and allow for heterogeneity across countries. 
The between-dimension tests are the group-mean cointegration tests, which al-
low for the heterogeneity of parameters across countries.  

Kao (1999) proposed Dickey Fuller (DF) and ADF-type tests for itε , 

where the null is specified as no cointegration. In this study, we only report the 
ADF-type test. The details of these tests are discussed in Appendix 1. 

 

 

2.3. Panel Fully Modified OLS (FMOLS) Estimates 

To obtain the long-run estimates for the cointegrating relationship (the co-
efficients of EC), we adopt the panel group mean Fully Modified OLS (FMOLS), 
following the work by Pedroni (2000). The FMOLS procedure accommodates the 
heterogeneity that is typically present, both in the transitional serial correlation 
dynamics, and in the long-run cointegrating relationships. The FMOLS estimator 
is described in detail in Appendix 1. 
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2.4. Granger Causality Tests 

To test for panel causality, we estimate a panel based vector error correc-
tion model (VECM) with a dynamic error correction term based on the analysis in 
Holtz-Eakin et al. (1988, 1989). The empirical models are as follows: 
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where: ∆  is the lag operator and p  denotes the lag length. The specification in 

Equation 1 allows for testing the causality direction. For example, in the short-

run, the EC does not Granger cause GDP where :0H ip12π 0=  for all i  and p , 

while i1µ 0=  in Equation (1a)
3
. The rejection implies that EC →  GDP, sup-

porting the growth hypothesis. Similar analogous restrictions and testing proce-
dures can be applied in testing the hypothesis that GDP does not Granger cause 

movement in EC, where the null hypothesis H0: 022 =ipπ  for all i  and p , while 

i2µ 0=  in Equation (1b).  

 

 

3. Empirical Results 

 

3.1. Data sources 

Annual data from 1980 to 2006 for the 17 Asian countries were utilized for the 
study

4
. Per capita total primary energy consumption (EC) data were obtained from 

the International Energy Annual 2006 of Energy Information Administration (EIA). 
Real GDP data were obtained from the World Development Indicators (WDI) 2008 
of the World Bank. All variables were transformed into the logarithmic form.  

                                                           
3
 The F-test or Wald χ

2
 of the explanatory variables (in the first differences) indicates the 

short-run causal effects ( 012 =ipπ for all i  and p ), while the long-run causal ( i1µ =0) re-

lationship is implied through the significance of the lagged ECT, which contains the long-
run information. 
4
 The Asian countries included Bangladesh, Bhutan, Brunei Darussalam, China, Hong 

Kong, India, Indonesia, Japan, Korea, Malaysia, Maldives, Nepal, Pakistan, Philippines, 
Singapore, Sri Lanka, and Thailand. 
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3.2. Panel Unit Root and Stationary Results 

The results, made available upon request, illustrate that the series of the vari-
ables are of an I(1) process, as the pooled data are stationary in their first differ-
ences. These results enable us to test the cointegration among EC and GDP. 

 

3.3. Panel Cointegration Results 

From the panel cointegration results in Table 1, we find strong evidence to 
reject the null hypothesis of no cointegration for all seven statistics provided by 
Pedroni (1999, 2001, 2004). Similarly, we reject the null hypothesis of no cointe-
gration using the ADF-type statistics from the Kao (1999) panel cointegration 
tests, suggesting that that the two-dimensional model for the Asian countries is 
cointegrated and moves together in the long-run. Thus, we find that GDP and 
EC are cointegrated in the multi-country panel setting for the sample period.  

 

3.4. Panel FMOLS Estimates 

Having established cointegration in the long-run, we estimate the long-run 
parameters of the model by using the FMOLS technique. The FMOLS corrects 
the standard OLS for bias induced by the endogeneity and serial correlation of 
the regressors (Lee, 2005). The elasticity of energy consumption is important for 
understanding the past and assessing future economic dynamics. It represents 
the weights with which the marginal relative changes of the energy consumption 
contributes to the relative change of output (Lee et al., 2008). 

Table 2 reports the results of the long-run estimates for seventeen Asian 
countries and the panel estimates based on Pedroni’s group mean FMOLS es-
timator. The panel results of the regression equation with GDP as the dependent 
variable illustrate that the coefficient of the EC is positive and statistically signifi-
cant at the 5 percent significance level. A one percent increase in energy con-
sumption leads to a 0.21 percent increase in GDP for these seventeen Asian 
countries. This positive coefficient on EC implies that more energy results in 
greater outputs, as suggested by Lee, (2005), Narayan and Smyth (2008), Lee 
and Chang, (2008) and Ozturk, (2010).  

Turning to the country specific evidence, the results also indicate a posi-
tive and significant relationship between EC and GDP for all countries. The elas-
ticity estimates range from 0.10 (Hong Kong) to 0.94 (Philippines). The results 
suggest that the EC contributes most to the Philippines’ output, whereas it con-
tributes least to Hong Kong’s output. Having inelastic coefficients on EC sug-
gests that the vulnerability of energy prices would not have a significant impact 
on the consumption patterns in these countries, as it would be considered ne-
cessities for the society as a whole.  
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3.5. Panel Granger Causality Test Results 

Once the long-run estimates have been determined, we turn to the cau-
sality linkages. The empirical results presented in Table 3 illustrate that the coef-
ficient of the error correction term (ECT) is not statistically significant in the GDP 
equation, indicating the absence of a long-run causality relationship running from 
EC to GDP. However, we note the existence of a significant short-run causal re-
lationship running from EC to GDP, since the estimated coefficients of the ex-
planatory variables are statistically significant. The short-run results are sup-
ported by Asafu-Adjaye (2000), Soytas and Sari (2003), Lee (2005), Narayan 
and Smyth (2008) and Tsani (2010), who established evidence of a short-run 
Granger causality running from EC to GDP.  

On the other hand, we find evidence of the existence of a long-run rela-
tionship running from GDP to EC, in which the coefficient of the error correction 
term (ECT) is statistically significant in the EC equation. This result illustrates 
that energy consumption is determined by economic growth; supporting the con-
servation hypothesis. This pattern is similar to results from developing countries 
(Cheng and Lai, 1997; Cheng, 1999; Mahadevan and Asafu-Adjaye, 2007; Ang, 
2008 and Ozturk, 2010).  

 

 

4. Concluding remarks 

Using panel estimation for seventeen Asian countries, this paper empiri-
cally examines the relationship between energy consumption and the gross do-
mestic product (GDP). We find that the variables were in a stationary fashion in 
their first differences or were in an I(1) process. The panel cointegration results 
reveal a long-run equilibrium relationship among the two variables. The results 
of the FMOLS show that the energy consumption variable has a positive sign. 
This indicates that an increase in GDP would lead to a greater use of energy. 
From the Granger causality test, there is a short-run unidirectional causal rela-
tionship running from energy consumption to GDP. This implies that in the short-
run, energy consumption leads to economic growth, since the economies in 
these 17 Asian countries are energy-dependent economies. Additionally, in the 
long-run, GDP Granger causes energy consumption for the panel. This provides 
additional evidence in support of the proposition that energy consumption is a 
result of economic activity, rather than being an essential input to production.  

In the short-run, the implementation of energy conservation policies might 
lead to a significant, but temporary, negative impact on economic growth in 
these Asian countries. However, economic development in the Asian countries 
is less dependent on energy in the long-run. Cooperation for energy conserva-
tion policies among the Asian countries would be an imperative move that would 
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not harm GDP. Proactive agendas of research and development on renewable 
technologies in response to depleting supplies of energy sources would be an-
other avenue that could be used to improve energy transportation facilities and 
infrastructure development to improve delivery efficiency. Niu et al. (2011)

5
 ar-

gued that developing countries may benefit from their developed nations coun-
terparts, where they may fetch advanced technology and capital to facilitate effi-
cient energy use, while reducing energy consumption and carbon emissions. Ef-
forts have also been made in pursuit of more environmentally-friendly and re-
source-saving societies to promote energy efficiency in the face of concern 
about the effects of global warming for the Asian region (Chang, 2010; Lean and 
Smyth, 2010 and Li et al., 2011). With the recent experience of unprecedented 
high levels of energy prices, depleting energy sources and international initia-
tives such as Kyoto protocol, the commitment needs to be established to facili-
tate successful energy conservation policies.  
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Appendix 1 

 

Panel Cointegration and Fully Modified OLS  

Pedroni panel cointegration test 

There are in all seven panel cointegration tests. Detailed description of the 
formulae for the seven panel cointegration statistics, are given in Pedroni (1999: 
660–661).  

A. Within-dimension (panel tests): 

a) Panel ν-Statistic 

b) Panel Phillip-Perron (PP) type ρ -Statistics  

c) Panel Phillips-Perron (PP) t -Statistic (non-parametric)  

d) Panel Augmented Dickey Fuller (ADF) t -Statistic (parametric) 

B. Between-dimension (group tests): 

e) Group Phillip-Perron (PP) type ρ -Statistics 

f) Group Phillips-Perron (PP) t -Statistic (non-parametric) 

g) Group Augmented Dickey Fuller (ADF) t -Statistic (parametric) 

These seven statistics are based on the estimated panel cointegration re-
gression residuals of the likely cointegrating vector 

titiiiti ECtGDP ,,1, εβφα +++=     (A.1) 

varying across countries, thus permitting full heterogeneity ( iβ ), fixed effects 

( iα ) and individual specific deterministic trends ( tiφ ) across individual members 

of the panel 

Pedroni (1999) shows that under appropriate standardization based on 
the moments of vector of Brownian motion function, each of these statistics con-
verges weakly to a standard normal distribution when both the T and N of the 
panel grow large. The standardized distributions for the above mentioned seven 
panel and group statistics can be expressed in the form of  

)1,0(
,

N
Ne TN ⇒

−

ν

µ
    (A.2) 

where NTe  is the respective panel/group cointegration statistic and µ  and ν  are 

the expected mean and variance of the corresponding statistics. They are com-
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puted by Monte Carlo stochastic simulations and tabulated in Pedroni (1999, 
Table 2).  

 

Kao panel cointegration test 

Unlike Pedroni test, Kao (1999) test specifies cross-section specific inter-
cepts and homogeneous coefficients on the first-stage regressors. In this case, 
we specified the panel regression model as  

itititit zxy εγβ ++= ''      (A.3) 

where ity  and itx  are I(1) and non cointegrated. For itz  = }{ iµ  Kao (1999) pro-

posed DF and ADF-type unit root tests for itε  where the null is specified as no 

cointegration. 

The DF-type test can be calculated from this regression of:  

ititit νερε += −1ˆˆ      (A.4) 

while the augmented version of the pooled specification: 

itp

p

j

jitjitit νεϕερε ∑
=

−− +∆+=
1

1 ˆˆˆ     (A.5) 

where βε ˆ~~ˆ ititit xy −=  and .~
iit yyy −=  The OLS estimate of ρ and the t-statistics 

are given as  

∑ ∑
∑ ∑
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= = −
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t itit

1 2

2

1 2 1

ˆ
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ε

εε
ρ  and 

( )

ε
ρ

ερ

s
t

N

i

T

t it∑ ∑= = −−
=

1 2

2
1ˆ1ˆ

. 

In this case, ( )∑ ∑= = −−=
N

i

T

t itit
NT

s
1 2

2
1

2 .ˆˆˆ
1

ερεε Under the null of no cointegration, 

Kao (1999) shows that following the statistics: 

( )
2.10

31ˆ NTN
DF

+−
=

ρ
ρ     (A.6) 

NtDF pt 875.125.1 +=     (A.7) 
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where 12 ˆˆˆˆ −ΣΣ−Σ= xxyxyyνσ  and 12
0

ˆˆˆˆ −ΩΩ−Ω= xxyxyyνσ . For ADF can be constructed as:  
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     (A.10) 

where ADFt  is the t-statistics of ρ  in equation A.5.  

 

Fully Modified OLS Estimates 

Following Pedroni (2000, 2001), we consider the following cointegrated 
system for panel data of 

  ititiiit XY µβα ++=      (A.11) 

ittiit eXX += −1,      (A.12) 

where, Ni ,...,2,1=  countries over the time period of Mt ,...2,1= . In addition, 

)',( ititit XYZ = ~ )1(I  and )',( ititit eµζ = ~ )0(I  with covariance matrix of 

,'0
iiii Γ+Γ+Ω=Ω  where i

0Ω  is the contemporaneous covariance, iΓ  is the 

weighted sum of autocovariances while 'iii LL=Ω  in which iL  is the lower trian-

gular decomposition of iΩ . For simplicity, we assume that Y = GDP while X [EC] 

of A.1 in this study. The panel FMOLS estimator for coefficient β  is given as: 
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where 
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Likewise, the associated t-statistics for the estimator can be constructed as: 
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