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TRADE, ENERGY AND GROWTH IN G7 COUNTRIES

The main aim of this paper is to investigate the relationship between energy consumption and
trade by using econometric analysis for G7 countries covering the period 1960-2010, as those
countries are very important actors of the global economy since they all together represent around
90% of global GDP and 80% of global trade. Time series analysis is used to examine the relations
between the variables. The present study investigates that real income and international trade are
important determinants of energy consumption in G7 countries. The evidence found in this paper
could be used to shape the energy policies in G7 countries.
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TOPTIBJIA, EHEPTETUKA I PO3BUTOK
Y KPATHAX "BEJIMKOI CIMKH"

Y cmammi 3a 0onomozoro eKoHOMempu“020 AHAAIZY PO32AAHYMO 3AACHCHICHb MIXNC
EHeP20CNONCUGAHHAM | mopeieaero 6 Kpainax "seauxoi cimku " 3a nepiod 1960-2010 pp., ockitvku
yi Kpainu — 6axcausi yuacHuKu ceimoeoi ekoHoMiKu, pazom 6oxnu npedcmaeasioms 6ausvko 90%
ceimocoeo BBII i 80% ceimosoi mopeieai. /lasa docaioxncenns 3asexncnocmi mixe 3miHHUMU
suKopucmano anaiiz wacosux paoie. Iloxazano, wo peasvruii 0oxio i mincnapoona mopzieisn —
ANCAUGL GU3HAUAALHI YUHHUKU eHEeP20CNONCUGAHHA 6 Kpainax "éeauxoi cimku". [lani cmammi
MOXCymb Gymu UKOPUCMAHI npu nepezisdi eHepeemu4Hol NoAIMUKU yux Kpain.

Karouoei caosa: enepeocnoscusanus; mopeiens; eKOHOMIMHUL PO36UMOK, NPUYUHHICIY, KPaiHU
"eenuroi cimxu”.

Camu Katupmxkuorny, Iunoep Txarnap, /Iemer Beron Kaamas

TOPTOBJIA, DHEPTETUKA 1 PA3SBBUTHUE
B CTPAHAX "BOJIBIIION CEMEPKU"

B cmambe ¢ nomoupro 3K0HOMempuHecK020 aHAAU3A PACCMOMPEHA 3A6UCUMOCITD MeNCOy
JHepeonompebaenuem u mopeosaeli ¢ cmpanax "6oavuioli cemepru ' 3a nepuod 1960-2010 e.e.,
NOCKOABKY MU CIMPaHbl — BAJCHble YHACMHUKU MUPOBOU 3IKOHOMUKU, 6Mecme OHU
npedcmasasarom okoao 90% muposozo BBII u 80% mupoeoii mopeoeau. J{as uccaedosanus
3agucumocmu mexcoy nepemMeHHbIMU UCHOAB306AH AHAAU3 8peMeHHbIx pados. Tlokazano, umo
PeasvHblli 00X00 U MeNCOYHAPOOHAsT MOP208Asl — 6AJCHble onpedeasrouiue Gakmopot
3nepeonompebaenus 6 cmpanax "Goavwoli cemepku”. Jlannvie cmamou mozym 6Ovimo
UCNO0Ab306AHBL NPU NEPECMOMPe IHEPLeMUHECKOll NOAUMUKY IMUX CIPAH.

Karouesvle caosa: snepeonompebnerue; mopeoéis; 3KOHOMUMECKOe pA3eumue; PUHUHHOCHb;
cmpannvl "601buUL0T cemepKu”.

Introduction. Investigation on energy issues, environmental pollution and eco-
nomic growth has found considerable attention of researchers. However, the rela-
tionship of energy with particular segments or sectors of the economy deserves atten-
tion. International trade is one of them. For some countries it is found that interna-
tional trade is the engine of economic growth while it hasn't been investigated so in
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some others (Katircioglu, 2009). A development in international trade not only con-
tributes to the income of economies but also leads to an increase in the level of ener-
gy especially in energy-importing countries. It is likely that international trade might
be statistically related to energy consumption.

The purpose of this paper is to investigate the long-run equilibrium relationship
between international trade, real income and energy consumption. This study is
important due to two reasons. Firstly, empirical relationship between trade and ener-
gy consumption deserves more investigation in the literature, and secondly, G7 coun-
tries comprise 50.4% of the global nominal GDP, therefore, the results of the present
study will be important for policy makers. To analyze the impact of trade and real
income on energy demand in G7' countries the bounds tests and conditional error
correction models are employed. Empirical models are estimated by using time-series
data for each country separately covering the years between 1960 and 2010. The fol-
lowing sections of the paper set out the summary of the literature on trade and ener-
gy consumption, theoretical setting, data and methodology, empirical results and
conclusion.

Literature Review. Even though there have been several studies focusing on the
relationship between energy consumption and economic growth and the relationship
between trade (import-export) and economic growth, there are few studies analyzing
the relationship between trade and economic growth.

There are two different results found in literature about the relationship
between energy consumption and economic growth. The first group of these results
showed no causal relationship exists between energy consumption and economic
growth (Akarca and Long, 1980; Erol and Yu, 1987; Yu and Hwang, 1984; Yu and
Choi, 1985; Masih and Masih, 1996; Cheng, 1996; Stern, 1993, 2000; Soytas and
Sari, 2003; Lee, 2006; Joyeux and Ripple, 2007). The second group of those stud-
ies found a causal relationship between those variables but the way of Granger
causality between energy consumption and economic growth differs among the
studies depending on countries and methodologies under consideration. Those
studies gained importance with the study of Kraft and Kraft in 1978. They estimat-
ed unidirectional causality from economic growth to energy consumption by using
the USA data covering the time period between 1947 and 1974. In some of those
studies unidirectional causality from economic growth to energy consumption esti-
mated (Erol and Yu, 1987; Abosedra and Baghestani, 1989; Cheng and Lai, 1997,
Jumbe, 2004; Al-Irani's, 2006; Lee and Chang's, 2008; Mehrara's, 2007; Huang et
al., 2008; Akinlo, 2008; Chiou-Wei et al, 2008), while the results of other studies
indicated that energy consumption causes economic growth (Erol and Yu, 1987;
Masih, 1996; Glasure and Lee, 1997; Masih and Masih, 1997; Soytas, Sari and
Ozdemir, 2001; Soytas and Sari, 2003; Lee, 2005; Mahadevan and Asafu-Adjaye,
2007; Narayan and Smyth, 2008; Chiou-Wei et al., 2008; Lee and Chang, 2008;
Apergis and Payne, 2009). On the other hand the rest of those studies estimated
bidirectional relationship between the variables (Nachane et al., 1988; Masih, 1997,
Yang, 2000; Oh and Lee, 2004; Paul and Bhattacharya, 2004; Ghali and EI-Sakka,
2004; Lee and Chang, 2008).
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Even the literature on energy consumption and economic growth is plenty
there are only few studies analyzing the relationship between trade and energy con-
sumption. The studies examining the relationship between trade and energy con-
sumption were started by Narayan and Smyth in 2008, by taking electricity con-
sumption as a variable instead of total energy consumption. They examined the
relationship between electricity consumption and exports for 6 Middle East coun-
tries using the panel data covering the years between 1974 and 2002. As a result of
the study for short-run analysis, they found a Granger causality running from ener-
gy consumption to real income and real income to exports. They also found a
Granger causality relationship running from exports and electricity consumption to
real income and from exports and real income to electricity consumption. The first
study that examined the relationship between trade, economic growth and total
energy consumption was carried by Sadorsky in 2011. He examined the relationship
between economic growth, energy consumption and exports/imports for 8 Middle
East by using a panel data covering the years 1980 and 2007. The estimation results
for short-run analyses showed a Granger causality running from income to energy
and from exports to energy for the energy equation, from energy consumption to
income and from exports to income for the income equation, and, income to
exports for the export equation.

Theoretical Setting. To investigate the relationship between energy consumption
and economic growth and trade, we treated the energy consumption as the function
of economic growth, imports and exports separately:

Ee=f (Y My, Xp), (1)
where E denotes the total energy consumption, while Yis the real GDP, M indi-
cates the value of total imports, X denotes value of total exports and the subscript t
denotes the time period.

The model estimating the long term relationship between the dependent and
independent variables are produced by taking the natural logarithms of the variables
and adding a random error term as follows;

INE; =B¢ +B1INGDP; +B, InM; +B5InX; +¢ )

In equation (2) the subscript 7 denotes the time period while a stochastic error
term is denoted by €. Error correction model (ECM) is applied to investigate the
long-run relations so that the long-run behavior of the endogenous variables to con-
verge to their long-run relationships is restricted while allowing for short-run adjust-
ment dynamics. The additional term included into the model is called the error cor-
rection component which corrects the deviations from long-run equilibrium through
a series of partial short run adjustments. In other words, the error component includ-
ed into the model indicates how much the difference of the long run and short run
energy consumption will be decreased by the changes in imports, exports and GDP
growth.

Data and Methodology.

Data. The data we have employed in this study are time series data. For France
and the USA the data covering the time period from 1960 to 2010 is applied since the
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data for those years are available from the World Development indicators, while for
the other countries the available data covers the years between 1970 and 2010. We
have used 4 variables for the G7 countries. These are:

E, = energy use (kt equivalent) at time #;

GDP, = real gross domestic product at time #;

X, = real exports of goods and services at time #;

M, = real imports of goods and services at time .

Energy consumption is measured by energy use in kt of oil equivalent per capi-
ta, real GDP per capita is measured in constant international dollars. The data for
exports and imports of goods and services are measured in constant US dollars.

The growth trend of the related variables suggesting that long-run relationship
has high probability to exist in the study since all the series tend to move very closely
together over time in all the countries. Energy consumption shows an increasing
trend in Canada, France, Italy, Japan and USA. In Italy and Japan even the trend of
energy consumption is increasing, it is found that there had been a slight decrease
between the years 2007 and 2010, starting to increase in 2010 again. On the other
hand the growth of energy consumption in Germany and the UK shows a stable
trend. Exports are found to be increasing between 1970 and 2010 in France and
Germany, while in other countries it is observed that even the value of the exports
increased till 2007, it showed a decreasing trend till 2010. Imports are increasing for
all the countries but except from Canada, Germany and France it is observed to
decrease between 2007 and 2010. GDP showed an increasing trend for all countries
under consideration of this paper.

The variables used in this study are similar to those used in the paper by Sadorsky
(2011). The variables are transferred to their natural logarithms to be able to make the
first differences to approximate their growth rates. The logarithmic forms of the vari-
ables are illustrated by putting 'In' in front of each variable, such as In E,, In GDP,, In
X,, and In M,. The first differences of the variables are determined by putting 'd' in

front of each of them.

Unit Root Tests for Stationarity. The first step before starting the empirical
analysis of the model applied to estimate the relationships among variables is to test
the stationarity of the variables. Stationarity test is very important to test the integra-
tion level and the possible cointegration among variables. The stationarity of the vari-
ables are tested by applying the Kwiatkowski-Phillips-Schmidt-Shin (KPSS) (1992)
unit root test. Different methods are available in the literature to test stationarity. The
most popular ones are the augmented Dickey-Fuller (ADF), Phillips-Perron and
Phillips-Schmidt-Shin (KPSS) (1992) unit root test. In this study the KPSS unit root
test is applied to test whether the variables are stationary or not. The reason to choose
KPSS is that this test is superior to PP and ADF tests. Table 1 reports the KPSS test
results for stationarity in the selected series. Tests results indicate that dependent vari-
able, which is the energy variable, for all countries are integrated of order one at 5%
critical value except the UK. The dependent variable for the UK is integrated of order
one at 10% critical value. The independent variables, GDP, imports and exports, are
mix order of integration across the G7 countries.
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Table 1. The KPSS Test for Unit Roots: with constant and trend

Test statistics & Critical Values &Integration levels

LnEnergy LnGDP LnExports LnImports
Variables | KPSS Integra- KPSS Integra- KPSS Integ- KPSS Integra-
(test tion (test tion (test ration (test tion
stat) levels stat) levels stat) levels stat) levels

Canada | 0.213 I1) 0.099 1(0) 0.111 1(0) 0.097 1(0)

France | 0.211 I(1) 0.227 1(1) 0.184 | 1(1) | 0.179 I(1)

Germany | 0216 | I(1) 0.190 1(1) 0188 | I(1) | 0178 I(1)

Ttaly | 0.190 (1) 0.236 I(1) 0.156 | 1(1) | 0.126 1(0)

Japan | 0.202 (D) 0.209 I(1) 0.191 | I(1) | 0.097 1(0)

UK | 0123 | 1(1) 0.108 1(0) 0073 | 1(0) | 0.147 1(1)

USA 0.165 I1) 0.184 I1) 0.095 1(0) 0.073 1(0)

Bounds Tests. Since regressors of the present study are mixed ordered of integra-
tion, bounds tests as developed by Pesaran et al. (2001) under the ordinary least
squares (OLS) based autoregressive distributed lag (ARDL) approach is applied to
test the level relationships. The following model will be estimated in this respect:

n n n
AINE; =ay_+Y b AINE; 1+ c;_ AINGDP,_;+).d; AInX,_;+
i=1 i=1 i=1

n
e, AInM, +0_InE,_;+
i=1
Gy, INGDP;_;+ 0635, INX;_1+0,4, INM;_1+¢&y

n n
AINGDP; =ay_,,, + Y \b;. ,AINGDP,_;+Y c; AINE, +) d;.  AInX, ;+
j i=1 i=1

1 lcppP lpp

z;e,GDPAIn M;_ +64,, INGDP,_; +
/=
INE;_1+03,,, INX;_1+04,,, INM;_; +&5

G26pp
n n n
i=1 i=1 i=1
n
Y.e, AlnM,_;+6; InX; 4+
i=1
Gy, INE;_1+03, INGDP;_+0,, INM;_; +¢&y

n n n
AInM, =a,, +3'b;, AINM,_+Y'c; AINE, ;+Y d; AINGDP,_;+
i=1 i=1 i=1

n
214e,-MAInXt_1 +0y,, INM,_; +
i=

Gy, INE; 1 +03, INGDP;_;+ 04, InX;_; +¢&y
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Each equation from (3a) to (3d) applied for 7 times separately for each country
under consideration since the subscript i is used to indicate the each of G7 countries
(i=1,.....,7). Bounds test consists of two main stages. The first stage is to examine the
long-run relationship of the variables by estimating the unrestricted error correction
regressions given by equations (3a) (3b) (3c) and (3d), with respect to equation (2).
These equations are estimated for long-run without informing us about the direction
of the relationships. F-test is used for hypothesis testing. The null hypothesis indi-
cates no long-run relationship among the variables, while the alternative hypothesis
indicate there is a long-run relationship existing among the variables.

Hypothesis testing for equation (3a), (3b), (3c) and (3d);

HO :G1y =62y =63y =64y =0,

H,:04, #65, #03, #0y, #0,

The critical values for the F-test are taken from Narayan and Narayan (2005),
which is a generated form of the critical values developed by Pesaran et al. (2001),
since the critical values developed by Pesaran et al. (2001) cannot be applied in case
of small sample sizes. If the computed F-statistics is inbetween upper and lower lim-
its of the F-critical values then the analysis is said to be inconclusive. If the empirical
analysis shows that the estimated F-statistics is lower than the lower bound of the crit-
ical values, then the null hypothesis of no long run relationship is not rejected, while
if the estimated F-statistic is upper than the upper bound of the critical values then
the null hypothesis is rejected indicating long-run relationship among the variables.
If there is no long-run relationship among the variables it is denoted by a, if the test
result is inconclusive then it is denoted by b and if there is a long-run relationship
between the variables it is denoted by c in Table 2.

There are 5 different cases taken under consideration during the bounds tests. In
this paper only 3 of those are considered since only those 3 give reliable results. Case
I1I indicates that the test is applied by excluding the trend and including unrestricted
intercept. Case IV includes intercept and restricted trend, while case V applies the test
by including intercept and unrestricted trend. T-statistics are only used for cases II1
and V to test whether we should include restriction on trend, so t-statistics can only
be applied in case either if there is an unrestricted trend or no trend.

According to the bounds tests results, as presented in Table 2, there is no long-
run relationship found among the variables for Germany and the UK, which indi-
cates GDP, exports and imports are not in long-run relationship with energy con-
sumption for those two countries. On the other hand, there is a long-run relationship
of the independent variables with energy consumption found for Canada, France,
Italy, Japan and the USA.

Table 2. The Bounds Tests for level relationship under 3 scenarios
After the long-run relationship among variables is found, the conditional ECM
using the ARDL approach is employed to estimate the short-run deviation of the
series from its long-run equilibrium path. The model can be written as follows:
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q-1
Y B AINX;,_; +0AZ, +Y(LP)ECT, 4 +u,
=1

p-1

=1

i=1

K k
o;AInY; ; + ZBiOAInX” +y

i=1

4

A is the first difference operator, while ¢, 8; and ¢ are used to denote the coef-
ficients relating to the short-run dynamics of the model's convergence to the equilib-
rium. y(1, p) indicates the speed of adjustment. Long-run relationship is a sign for a
causal relationship among variables at least in one direction. Since there is no prior
information about the direction of the long-run relationship among the variables, to
estimate the direction of the causal relationship the conditional Granger causality test
is carried out under the ECM model taking each of the variables in turn as a depend-

ent variable as described by equations (5a), (5b), (5¢) and (5d).

Table 2. The Bounds Tests for level relationship under 3 scenarios

With With Intercept and Without Conclusion
Intercept and | Unrestricted Trend | Deterministic Trend
Restricted and with
Trend Unrestricted
Intercept

Variables F'“v F\, ty F]ii tiii H 0
(1)Canada 8,317¢c 9,360c -5,172¢ 11,314c¢ -5,395¢ | Rejected
Fe(E/GDP,X,M)
(2)France 3,93¢ 4,88¢ -3,963a 3,614b -2,454a Rejected
F.(E/GDP,X,M)
(3)Germany 2,136a 2,467a -3,000b 2,765a -3,082¢ Not
F.(E/GDP,X,M) Rejected
(%)Italy 4921c | 6007c | 4756c | 3,971c | -3684c | Rejected
F.(E/GDP,X,M)
(5)Japan 3,884c | 3,896b -2,679a 5,084¢ -2,808a | Rejected
F.(E/GDP,X,M)
(6)UK 2,245a | 2,804a -2,286a 2,846a -2,583a Not
F.(E/GDP,X,M) Rejected
(7)USA 5,254¢ 3,650b -3,419¢ 5,277c -2,879b Rejected
F.(E/GDP,X,M)

The Granger causality test is regressed by using the following equations:

q
AInEj; = oy +z(p11jAEit—/ +

j=1

q
2(912/AGDPft—j +
=1

q q
Z(ijAXit—/ + Z(Pm/'AMit—/ +0ECT ¢+ Uy
j=1 j=1

q g

q
2(923,-AX
j=1

j=1

j=1

q
it-j T 2@24/AM#—/ +OECT); 1 + Uy

j=1
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q q
AlnX; = oug; + Z(P31jAXit—j + 2(P32jAGDPit7j +
=1 =1

(5¢)
q q
Y ©a3;AE;r_j + X P34 ;AM;,_; +8ECT;_y +Ugy
j=1 j=1
q q
AINM;, =044 + Y @41AMjy_j + D 942, AGDP,_; +
= j= (5d)

q q
Z(P43jAXit—j + Z(P44jAEit—j +OECT;_1 + Uy
j=1 j=1

Each equation from (5a) to (5d) applied 7 times separately for each country
under consideration since the subscript i is used to indicate each of G7 countries
(i=1,.....,7). The empirical results of the Granger causality test is summarized in
Table 3.

As it was mentioned before, according to the bounds tests there is no long-run
relationship found among the variables for Germany and the UK, which indicates
that GDP, exports and imports are not in long-run relationship with energy con-
sumption for those two countries. Since there is no causal relationship found for those
countries, the Granger causality test is run for Canada, France, Italy, Japan and the
USA. According to the estimation results energy consumption is found to converge to
its long-term equilibrium level at a high degree by the contribution of GDP, imports
and exports in those countries under consideration. Highest convergence is obtained
for Canada (200%).

Empirical Results. The estimation results are summarized on each of the follow-
ing tables where each table gives the estimation results for the equations (5a), (5b),
(5¢) and (5d) where the dependent variable varies according to the model. Table 3
gives the estimation results for ECT coefficient, t-statistics for ECT in Granger
causality and level coefficients for the independent variables where energy consump-
tion was taken as the dependent variable.

Table 3. Energy Consumption is the dependent variable

Null Hypothesis ECT t-stat for ECT Level Coefficient
- in Granger

coefficient causality GDP X M
Canada o N i e . ] N
F.(E/GDP, X, M) 2.00 2.120 0.464 0.018 0.076
France
F.(E/GDP, X, M) -0.237* -2.954%* 1.049* -0.081 0.146
Germany i ] ] ) -
F.(E/GDP, X, M)
Ttaly
Fu(E/GDP, X, M) | 0431 -2.099** -0.320 0.193%** | 0.412*
Japan ) . ]
F.(E/GDP, X, M) 0.273* 4437* 0.866* 0.373* 0.312*
UK ) i ] ] ]
F.(E/GDP, X, M)
USA
F.(E/GDP, X, M) -0.110* -3.688* 0.195 0.239 0.721*
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Table 4 summarizes the estimation results for ECT coefficient, t-statistics for
ECT in Granger causality and level coefficients for the independent variables where
GDP growth was taken as the dependent variable.

Energy consumption converges to its long-term equilibrium level at high levels
by the contribution of GDP, exports and imports for all the countries except
Germany and the UK in the models that energy consumption is taken as dependent
variable. Highest convergence estimated for Canada (200%). Elasticity of GDP and
imports are statistically significant for energy consumption in Canada indicating that
1% change in GDP increases energy consumption by 0.46% in the long run while
change in imports leads to 0.076% increase in energy consumption in Canada. In case
of France elasticity of GDP is statistically significant for energy consumption sug-
gesting that 1% increase in GDP promote the increase in energy consumption by
1.05% in the long run. According to the estimation results it is found that both elas-
ticity of exports and imports are statistically significant in Italy having positive effect
on energy consumption. It is found in Japan that all the coefficients are statistically
significant. Increase in imports and GDP lead to an increase in energy consumption
while 1% increase in imports decreases energy consumption by 0.37%. In the USA
only the elasticity of imports found to be statistically significant indicating that 1%
increase in imports will increase the energy consumption by 0.72%.

Table 4. GDP is the dependent variable

Null Hypothesis ECT t-stat for ECT in Level Coefficient

coefficient | Granger causality | ENERGY X M

Canada _ . _ sk *xk

Fapp(GDP/E, X, M) 0.135 1.724 0.639 0.035 0.040

France % } * ® . s

Fpo(GDP/E, X, M) -0.160 1.738 0.369 0.129 0.426

Germany

Fepp(GDP/E, X, M) ) ) ) ) )

Fopo(GDP/E, X, M) -0.047 -2.247 -0.026 0.187 0.166

Japan - * - * * ~ * %

B (GDP/E. X, M) 0.108 3.490 0558 0498* | -0.401

UK ) ] i ] i

Fepp(GDP/E, X, M)

USA

Fopp(GDP/E, X, M) -0.137* -1.879%** -0.051 0.215 0.265

According to the estimation results where exports was taken as dependent vari-
able as summarized in Table 5, GDP converges to its long-term equilibrium level at
high levels by the contribution of energy consumption, exports and imports for all the
countries except Germany and the UK in the models that GDP is taken as depend-
ent variable. In Canada only the elasticity of energy consumption found to be signif-
icantly has a positive effect on GDP while in France both energy consumption and
imports have significant and positive effects on GDP growth rate. For Italy and the
USA none of the variables found to have any statistically positive effect on GDP
growth in the long run. In Japan it is estimated that elasticity of both exports and
imports have statistically significant effect on GDP growth. 1% increase in exports
leads to 0.50% increase in GDP growth while 1% increase in imports estimated to
decrease GDP growth by 0.40%.
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Table 5. Exports is the dependent variable

Null Hypothesis ECT t-stat for ECT in Level Coefficient

coefficient | Granger causality | ENERGY GDP M

Canada ) N i ] ]

FAX/GDP, E. M) 0.041 1554 9.124 2.230 0.762

France ] « _ ”

F(X/GDP, E, M) 0.204 0.455 0.603 0.354 0.666

Germany

F«(X/GDP, E, M) } - - - -

Ttaly

F(X/GDP, E, M) -0.453* 2.214%* 1.652%* | 1045** | 0.086

Japan

F(X/GDP, E, M) -0.104* 0.589 0.199 1.073 0.770

UK

F«(X/GDP, E, M) } B - - -

USA

Fy(X/GDP, E, M) -0.444* -2.013** 1.031* 0.398 -0.904*

According to the estimation results where exports is used as dependent variables,
exports converges to its long-term equilibrium level at high levels by the contribution
of energy consumption, GDP and imports for all the countries except Germany and
the UK. In Canada and Japan no statistically significant effect of variables found on
exports, while in France only the elasticity of imports is found to have significant pos-
itive effect on exports suggesting that 1% increase in imports leads to 0.66% increase
in exports. In Italy both energy consumption and GDP estimated to have statistical-
ly significant coefficients which have positive effect on exports. The estimation results
for the USA are statistically significant suggesting that as energy consumption
increase by 1% causes exports increase by 1.03% and as imports increase by 1%,
exports decrease by 0.90% in the long term.

Table 6. Imports is the dependent variable

Null Hypothesis ECT t-stat for ECT Level Coefficient
= in Granger

coefficient causality ENERGY GDP X
Canada ) * _ s _
F...u( GDP/E, X, M) 0.185 1.965 10.365 4.515 0.172
France
Fepo( GDP/E, X, M) -0.294* -0.436 -0.243 0.818 0.800*
Germany
Fenp(GDP/E, X, M) . . . . .
Ttaly
Foo( GDP/E, X, M) -0.602* -0.736 0.862* 0.967* -0.027
Japan . . . N
Foo( GDP/E, X, M) 0.376* 0.523 2.026* 0.879** 0.009
UK . B ) . )
Fouo( GDP/E, X, M)
USA
Feop( GDP/E, X, M) -0.181* -1.007 0.146 2.049* -0.009

The estimation results of the model where imports is used as dependent variables
are summarized in Table 6. It is estimated that imports also converges to its long-term
equilibrium level at high levels by the contribution of energy consumption, GDP and
exports for all the countries except Germany and the UK. In Canada none of the
variables are found to have a statistically significant effect on imports in the long run.
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In France only the elasticity of exports found to be statistically significant for imports
and suggests that 1% increase in exports leads to 0.80% increase in imports in the long
run. Both in Italy and Japan energy consumption and GDP growth found to be sta-
tistically significant. In both countries it is estimated that increase in energy con-
sumption leads to increase also in imports, however, GDP estimated to have positive
effect in Italy while it has negative effect in Japan on imports in the long run.
According to the estimation results for the USA elasticity of GDP is statistically sig-
nificant for imports and it suggests that 1% change in GDP will lead to a 2.05%
change in imports in the same direction.

According to the estimation results of Granger causality test for energy con-
sumption, exports, imports and GDP in Canada, it is found that there are 4 bilateral
Granger causality relationships. Those causality relationships indicate there exists
bidirectional causality between imports and GDP, between imports and exports,
between energy consumption and GDP, and between energy consumption and
exports. In addition to those bidirectional relationships between variables in Canada,
there is also unidirectional casual relationship running from energy consumption to
imports. In case of France there is no causal relationship found between variables
while there is only imports to energy consumption unidirectional causal relationship
found in Italy. For Japan there is a bidirectional causality found between imports and
energy consumption. It is also estimated that there are unidirectional causal relation-
ships from exports to imports, GDP to imports, GDP to energy consumption and
from exports to energy consumption. The estimation results of the Granger causality
test for the USA suggest there are a bidirectional causal relationship between imports
and exports, and between exports and energy consumption. The results also showed a
unidirectional causal relationship from GDP to energy consumption and from ener-
gy consumption to exports.

Conclusion. The present study investigates econometric relationship between
energy consumption, trade, and growth in G7 countries for the 1960-2010 period.
The latest econometric techniques are employed with this respect. Bounds tests to
level relationships suggest that energy consumption in G7 countries are in long-term
relationship with real income and international trade; this means that real income,
exports, and imports are long-term determinants of energy consumption in G7 coun-
tries. This finding is also the same when GDP is dependent variable and when exports
are dependent variable; that is energy consumption and international trade are long-
term determinants of real income of G7 countries. Secondly, conditional error cor-
rection models of the present study reveal that energy consumption in G7 countries
converge to its long-term level significantly by the contribution of real income and
international trade. Furthermore, real income also converges to its long-term level by
the contribution of energy consumption and international trade in G7 countries.
And, exports also converge to its long-term level by the contribution of GDP, energy
consumption, and imports. Finally, results of conditional Granger causality tests con-
firm the existence of various long-term causalities between energy consumption, real
income, and international trade in G7 countries. If summarized, energy consump-
tion, real income, and international trade are long-term determinants of each other
in G7 countries and they do possess feedback relationship.
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