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Relationship between GDP Growth and Oil and Natural
Gas Consumption in EU Countries®
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Abstract

Crude oil and natural gas, as energy carriers forming the basis of European
Union countries energy mix, are nowadays at the heart of policy measurements
aiming at lowering their consumption with respect to environmental and security
threats associated with them. In this article we used Granger causality test in
order to examine whether there exists the possibility of negative consequence
related to the implementation of such policy for economic devel opment of the EU
countries. Based on results we conclude the persistence of continuing existence of
environmental risks in relation to restarting economic growth. The absence of
mor e significant influence of oil and gas consumption on economic growth can be
perceived positively.
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1. Introduction

Crude oil and natural gas has dominated to enerigyof almost every de-
veloped country in the world during last six deadeuring this period the pace
of economic development gained unprecedented spegdherefore the legiti-
mate question of relationship between fossil fueElasumption and economic
growth have aroused. The research aimed at this Isas become the important
part of energy economics discipline. However thenemic theory itself still
does not provide the definite answer to this paldic question of mutual rela-
tionship between the economic growth and oil artdmahgas consumption.

The current mainstream neoclassical school ofghitsusees energy as one of
many inputs that are subject to process of subetituits availability is deter-
mined by price signals which basically eliminatg aonstraints that could scarce
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resources put on production in broader view (Sqllb®74; Hotelling, 1931). This
approach to energy is found flawed by so calledogical economists (Barleet
and Gounder, 2010). We need to emphasize thas¢hisol of thoughts has been
for a long time an integral part of economic stadis confirms work of S. Podo-
linsky (1883), F. Soddy (1925), F. Cottrell (19%#)later by N. Georgescu-Roe-
gen (1975). The growing interest for further reskavas caused byl criss dur-
ing 1970's and 1980's and previous economists jeigied by R. Kimmel (1981),
R. Ayres and B. Warr (2009), who enriched the mesithoughts for deeper
mathematical analysis supporting their stand. Afsarh this, oil crisis has clearly
shown the importance of energy for economy as aberof oil in western econo-
mies deepened the negative effect of economicraystansformation of that time.

Multiple studies examining relationship betweenremmic growth and ener-
gy consumption have led to contradictory conclusid@orrelation, causality and
even results itself differ with respect to coungyamined period or used meth-
odology and variables. The controversy of empircalisality testing, respec-
tively the intense of its importance therefore remsaalthough the need to un-
derstand mutual relationship between these twoc#tdis is of a high im-
portance because implications to economic polieysabstantial.

Eddrief-Cherfi and Kourbali (2012) declared existe of 4 options, that can
exist between variables describing energy consump(EC) and economic
growth (EG). These arenidirectional causality running from EC to EG; dini
rectional causality running from EG to BE@j causalitybidirectional causality.

According to Sa’ad (2010) the conclusion of uredtronal causality running
from EC to EG implies that the country is energpeatedent. Therefore in case
of disruption of energy supplies or due to poliagyenting further growth of
energy consumption via higher taxes or any otherefib limitation of energy
consumption can negatively affect economic grov@h.the other hand, unidi-
rectional causality running from EG to EC indicaleser energy dependence.
This implies that lack of energy or political stegisned at savings in energy
consumption should not negatively influence ecomogriowth. Bidirectional
causality between energy consumption and econornisth is known as-eed-
back hypothesis (Eddrief-Chefri and Kourbali, 2012) and indicateatual inter-
dependence of indicators development. To concladefirmation of causality
non-existence is known as neutral hypothesis. ¢h sase EC and EG are mutu-
ally independent and economic policy aimed at camghg the energy con-
sumption can be implemented without impacts on egin growth.

Barleet and R. Gounder (2010) stated that from diteation of economic
policy point of view, the most important causabkt&nship is that running from
EC to EG, since energy supplies disruption or imgetation of policy aimed at
reduction of energy consumption can negativelygriice the whole economy.



251

The goal of this paper is to identify mutual relaship between natural gas
and oil consumption and economic growth betweeividdal countries of EU.
As EU long-run declared energy goal is to limit gyedependence of its econ-
omy and limit the fossil fuels usager se, this is an important issue that needs
to be addressed with respect to identificationw&nenot so obvious challenges
possibly resulting from this intention if succedfurealized. To our best
knowledge, testing for Granger causality on thisaseEU countries and varia-
bles was not realized so far.

2. Literature Review on Causality Relationship between Energy
Consumption and Economic Growth

The research of relationship between energy copsam and economic
growth was firstly examined in seminal paper byfKaad Kraft (1978), who used
standard Granger causality test (Granger, 1968h#&tyze the variables in case of
United States for 1947 — 1974. They came to commiusf existence of unidirec-
tional causality heading from Gross National Prod@NP) to energy consump-
tion indicating that growth of national income wobdéad to higher consumption
of energy and policy aimed at reduction of energigstimption would not nega-
tively affect economic growth of the country. Thenclusions of this study were
consequently contradicted by study of Akarca andg_(1979), who (by using
different methodology) realized the research foAU& the period 1950 — 1968
and found the non-existence of causality betweeiablas. Yu, Chow and Choi
(1988) confirmed the non-existence of causal mistiip between examined vari-
ables however discovered that energy consumptigatively affects the rate of
employment. The research was obviously not limtibed.S. example only.

Yu and Choi (1985) used standard test of Grangesadiy to analyze causal-
ity between GNP and various sources of energy ersémple of multiple coun-
tries during 1954 — 1976. Their empirical studyi@ates unidirectional causality
leading from economic development to energy consiempn case of Korea,
from energy consumption to income for Philippines,relationship was discove-
red in case of U.S., Poland and United Kingdom! Bnal Yu (1987) discovered
unidirectional causality leading from economic gtiovio income for Western
Germany, bidirectional for Italy and no evidencedto$ relationship was discov-
ered in Great Britain, Canada and France. Apan fitwat, they came to conclu-
sion of causality leading from energy consumptmedonomic growth for Japan
during period of 1950 — 1982.

By using the method of cointegration and ECM (Er@orrection Model)
modification of Granger causality (Engle and Grand987), Cheng (1995)
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discovered the presence of unidirectional causalitgning from economic

growth to energy consumption in India. What moregsM and Masih (1996)

discovered the existence of cointegration betwe®® @Gnd energy for India,

Pakistan and Indonesia, although the cointegratias not confirmed in case of
Malaysia, Singapore and Philippines. By applyingtde Error Correction Model

(VECM) they discovered unidirectional causality mgpifrom energy consump-
tion for Indonesia, unidirectional causality of opgfie direction for India and

bidirectional in case of Pakistan. They also appktandard Granger test for
Malaysia, Singapore and Philippines with conclusiémon-existence of Gran-
ger causality. Pirlogea and Cicea (2012) examimedldng term relationship

between GDP/p.c. and energy consumption of varmegsgy sources on aggre-
gated level of EU-27 countries with conclusion xiSeence of causality between
renewable energy sources, oil and GDP/p.c. Thevimerof results of some

further studies in this field is summarized in Tl

Table 1

Results of Studies Examining the Relationship betves Energy Consumption (EC)
and Economic Growth (EG)

Authors Year Findings Subject of research
Kraft and Kraft 1978 EG-> EC | USA
Yu and Choi 1985 EG> EC | South Korea
EG+« EC | Philippines
Erol and Yu 1987 EG~EC| USA
Masih and Masih 1996 EG ~EC| Malaysia

EG— EC | India
EG<— EC | Indonesia
EG«— EC | Pakistan

Glasure and Lee 1998 EG EC | South Korea
EG«+ EC | Singapor
Asafu-Adjaye 2000 EG- EC | India and Indonesia
EG« EC | Thainland & Philippines
Hondroyiannis et al. 2002 EG EC | Greece
Soytas and Sari 2003 EG EC | Italy & Korea
EG<— EC | Turkey, France, Germany & Japan
Paul and Bhattacharya 2004 EGEC | India
Lee 2005 EG— EC | 18 developing countries
Francis, Moseley and lyare 2007 EGEC | Caribean countries
Bowden and Panye 2009 EGEC | USA
Sharma 2010 EG- EC | Europe and Central Asia
Noor and Siddiqi 2010 EG> EC | South Africa
Magazzino 2011 EG» EC | Portugal & ltaly
Dergaides et al. 2011 EG EC | Greece

Zikovi¢ and Vlahiné-Dizdarevi 2011 EG— EC | Slovakia, Czech Republic, Austria
EG— EC | Sweden, Denmark, Norway, Ireland
Fuinhas and Marques 2012 EGEC | Greece, Spain, Turkey

Zahradnik 2012 EG-> EC | Finland, France, Japan, Germany, Portugal
EG«— EC | Iceland, Austria, Canada

EG«— EC | Greece, Ireland, Iceland, India, Egypt
EG ~ EC | Australia, Korea, USA, UK, Iran, Indsize

Source: Pirlogea and Cicea (2012); Zahradnik (2012); Zikend Vlahiné-Dizdareve (2011).
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3. Methodology

Our goal was aimed at finding the relationshipMeetn oil and natural gas
consumption and economic growth of individual EWmties. We decided to
realize the statistical testing on disaggregatedgiof countries long expressing
common goal of creation the single energy markettduwo pragmatic reasons.
Firstly, the aggregated data for our testing inunesgl quality were simply not
available. Secondly and more importantly, this apph allowed us to compare
the importance of oil and natural gas for econogrmwth of individual coun-
tries and therefore it could help us to answerghestion whether the common
energy policy aimed at ensuring the energy securayossil fuels consumption
reduction have same importance for all EU membsest Hypothetically, if in
case of country ,A“ we discover the causality rurgnfrom oil and natural gas
consumption to GDP and in case of country ,B* tleeitnality hypothesis is val-
id, the energy policy aimed at improving of enespcurity situation will be
more valued in county ,A“ than in country ,B“.

For our statistical testing in case of oil andunat gas consumption we used
aggregated value of O&G in individual countries werted to units enabling
aggregation of these two fuels. GDP growth (diffeed and logarithm GDP
values) is expressed in constant prices of 2005difsrent sources provide
time series of different length we decided to uaeious sources in order to
make each individual time series long enough taiobas robust results as
possible.

The times series we used in our statistical tgstiere obtained (in case of
0&G) from U.S. Energy Information Administration I, BP Statistical Re-
view 2012 and EU statistical portal Eurostat. Therses of time series on GDP
were the database of World Bank — World Developmiedicators (WDI),
online statistical database of UN and Eurostabrhbter to keep data coherent,
we did not combine data from different sourcesifatividual variables. The
main criterion for selection the source of the dages the length of time series.
In final step we did the statistical testing on@funtries of EU as we did not
manage to obtain the data for Cyprus in requirealityu Before testing itself
we transferred the data to their natural logaritvmiues. Using log transfor-
mation of GDP and energy consumption indicatorsagsoxy values when
examining relationship between energy consumptiwh @onomic growth can
be considered to be a standard procedure and wa®psly used for instance
by Sa’ad (2010), Eddrief-Chefri and Kourbali (201&glo (2009), Altunbas and
Kapusuzoglu (2011) or Bekhet and Yusop (2009). dsi the model we used
EViews software package.
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3.1. Causality

Granger causality is based on simple assumptiah ghst could not have
been affected by future. In other words, if we have events (,A* and ,B*) and
event ,A“ took place before event ,B“, then evet“,might had caused the
occurrence of event ,B“ but in no cagiee versa. This causality then basically
means that historical values of one variable cawige us information that
could help to explain the development of some otlaeiables (Granger, 1969).
For our purposes this idea can be expressed ineimpdel consisting of two
equations:

m n
AINGDP =@, +» BAINGDR_ +> A, AINO&G_; +v, (1)

i=1 j=1

m n
AINO&G=a,+) yAINO& G+ 6,An GDR_; +&  (2)

i=1 =1
where

a,, a, —constants;

Vi, & — white noise;

i, ] — lag length;

t — time period.

The null hypothesis supposes the non-existencawdality. In case the esti-
mators A andd are statistically significant, we reject the nulfplothesis and
accept the alternative hypothesis of the existafig@ranger causality. In equa-
tion (1) O&G affects GDP in such case when curteties of GDP can be pre-
dicted more precisely by including past values &QJcompared to alternative
of not including them into equation. The equati@h an be explained analogi-
cally. If present values of GDP can be predictedenmwecisely when past values
O&G are included then O&G affects GDP.

3.2. Vector Error Correction Model

Engle and Granger (1987) proved that Granger daygahi or both direc-
tional) between two variables exists in such chsetivo time series are cointe-
grated (variables have common stochastic trendtifige for Granger causality
on time series of the same integration orderedefextor that stationary 1(0))
must therefore be done only after execution of tegjration analysi.In case
that cointegration assumption proved valid, VECMd®to be employed to do
the testing for Granger causality. The advantagaioh procedure lays in ability
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of VECM to capture, at the same time, both sharntdynamics and via the
estimator of Error Correction Term (ECT) also tketes of long-run equilibrium
between the time series of variables (Bekhet argbjgu2009). The ECT is basi-
cally one lag length value of residues obtainednfrocointegration regression
equation and represents the long-run relationséipéen variables. The estima-
tor of ECT has negative sign and it is also knowrcaefficient of short term
adaptation. When its value is closing to 1 it metas$ convergence to state of
equilibrium and values close to 0 mean slow coraecg. The model with ECT
includes in it specification the variables in itsgnal level value as well as its
differentials, therefore after its correct speecifion it is considered to be
a model delivering better prognosis results congpéaee others econometric
models (Lukéik and Pekar, 2006).
In our case the VECM can be defined as follows:

m n
AINGDP =g, +» BAINGDR_ +Y AAIN0& G_; +GECT_, +v, (3)

i=1 =1

m n
AINO&G=a,+) yAIn0& G + > J,An GDR_; +0,ECT, , +& (4)

i=1 j=1
where
a, a, — constants;
A, J, B, y — coefficients of short-run causality;
oy, O, — coefficients of long-run causality;
Vi & — residuals.

As we already noted, in such specified model 2aasuof Granger causality
can be observed — long-run and short-run. Shortralateral causality running
from O&G — GDP will be confirmed in equation (7), if value df# 0 and

long-run causality is determined by conditian # 0. Unilateral causality in
direction from GDP— O&G can be observed in equation (8). Short-rursakty

will depend on conditiord; # 0 and long-run oro, #0. To confirm the presence
of causality, the estimators,, resp.o, must reach negative values and be sta-

tistically significant. In case both variables (O&®Bd GDP) mutually Granger
causes each other we can say there exists bidinattausal relationship.

To conclude, in case of cointegration existeneeBE8T must be incorporated
into system of equations, otherwise the model $ipation might be incorrect or

2 Generally, a variable is said to be integratedrdird, written by [d), if it turns out to be
stationary after differencing times. The variable is integrated of order gretitan or equal to 1 is
non-stationary.
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might omit some sources of causality. In such thseGranger causality testing
will be realized in accordance with VECM procedubgherwise in case of ab-
sence of cointegration the standard method of &racgusality testing needs to
be applied (Altunbas and Kapusuzoglu, 2011).

4. Empirical Results

Testing for Granger causality requires data tostagionary. Stationarity in
strict sense means that the joint statistical idistion of the time series variables
never depends on time (Luikova and Lukéik, 2008). For practical research
the time series can be considered stationary wiein mean, variance and co-
variance do not depend on time. Economic time saften includes trend and
are therefore often non-stationary with respectntan. If this trend is linear
simple first differencing data will restore stataity. In order to establish the
order of integration of the variables, we employesl conventionally used Aug-
mented Dickey-Fuller (ADF) and Phillips-Perron (Rt root tests. In case of
ADF test we used Schwarz information criteria teesethe lag length and in
case of PP unit root test the Newey and West me(h®87) was applied to
choose the optimal lag lengths. When consideringtiadr to confirm or reject
the null hypothesis of unit root existence we uSed level of significance. In
order to conclude the variables are integratedvid yequired both tests to yield
results supporting such outcome. In case timegsseare integrated of the same
order we continued along the VECGNhethodology. Otherwise we applied the
standard test of Granger causality.

4.1. Lag Length Selection

When testing for Granger causality, estimatiotagflength is a crucial aspect.
So far multiple studies have clearly shown thabh@gration test, VECM and cau-
sality test are very sensitive to the selectiotagflength. If chosen lag length is
less or more than the true lag length the restdtsileely to be biased (Gelo, 2009).
Eviews software tool, that evaluates optimal lagjike on the basis of lowest values
offers optimal lag lengths estimates under conati®sr according to the following
criteria: LR — test statistic; FPE — final predictierror; AIC — Akaike information
criterion; SC — Schwarz information criterion; HQHannan-Quinn information
criterion. In each individual case we considerecik& information criterion and
Schwarz information criterion to determine appratariag length.

 VECM could also used in case, when one time ssrietégrated of order I(l) and second of
order I(2). This can be considered as a statsaivamaly (Zahradnik, 2012).
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Table 2

Results of Unit Root Tests

Unit Root Tests:

ADF

Phillips-Perron

h

. . Level 1. difference Level 1. difference

Country Period | Variable
t-stat. | p-value¢ t-stat. | p-value t-stat.| p-valug t-stat.| p-valug
Austria 1965 — | LGDP -2.44€| 035z| -5.99z| 0.00C| -2.43¢| 0.35€| -5.97%| 0.00C
2012 | LO&G -3.16€| 0.10%| -5497| 0.00C| -3.08€| 0.121| -5.60z| 0.00C
Belgium 1980 — | LGDP -1.341| 0.85¢| -4.64C| 0.001| -1.874| 0.644| -4.62¢| 0.001
2012 | LO&G -3.058| 0.13%| -6.195| 0.00C| -3.44C| 0.064| -6.175| 0.00C
Bulgaria 1980 —| LGDP 0.74Z| 087C| -2.92z| 0.008| 1.27:Z| 0.94t| -2931| 0.00%
2012 | LO&G -248€| 0.33z| -3.631| 0.001| -1.95C| 0.60€| -3.631| 0.001
Czech 1990 — | LGDP -1.69%| 0.71¢| -5.10C| 0.001| -3.98z| 0.02t| -4.96%| 0.001
Republic 2012 | LO&G -1.254| 0.63z| -344€| 0.00z| -1.30€| 0.60€| -3.43¢| 0.00z
Denmark 1983 —| LGDP -2354| 0.16%| -4.034| 0.01€| -2.18z| 0.217| -3.91C| 0.02%
2012 | LO&G -0.53€| 047%| -4474| 0007| 0117| 0.71z| -4597| 0.00F
Estonia 1992 — | LGDP -2.36C| 0.38€| -2.30%| 0.024| -1.95z| 0591 -2.327| 0.02¢
2012 | LO&G -2.21€| 0.20€| -4.99%| 0.00C| —2.384| 0.15¢| -4.99€¢| 0.00C
Finland 1965 — | LGDP —2.63§ 0.26€| —4.29¢| 0.001| -1.581| 0.78€¢| -4.261| 0.00z
2012 | LO&G 1.307| 0.95C| -5.604| 0.00C| 0.80z| 0.88Z| -5.63t| 0.00C
France 1965 —| LGDP -2401| 0374| -5.05¢| 0.001| -2.327| 0.41z| -5.081| 0.001
2012 | LO&G 1.654| 097t| -3478| 0.001| 0.89C| 0.897| -3.35z| 0.001
Germany 1970 — | LGDP -1584| 0.78%| -5.21¢| 0.00C| -1.52€| 0.80%| -5.105| 0.00C
2012 | LO&G 055€| 0.83Z| -5.401| 0.00C| 0.55€| 0.83z| -5.37%| 0.00C
Greece 1965 —| LGDP -2.60€| 0.27¢<| -3.777| 0.027| -1.865| 0.657| -3.90C| 0.02C
2012 | LO&G -2.211| 0.20€| -5.48¢| 0.00C| -1.224| 0.894| -5.51¢| 0.00C
Hungary 1965 — | LGDP -2.284| 0.434| -2.958| 0.004 —2.33§ 0.40§ -2.95E | 0.004
2012 | LO&G -0.26€| 0.58t| -4.881| 0.001| 0.887| 0.897| -5.031| 0.001
Ireland 1970 —| LGDP -2.284| 0434| -2.95%| 0.004 —2.33§ 0.40§ -2.955| 0.004
2012 | LO&G -0.26€| 058t -2.13C| 0.03%| 0.887| 0.897| -3.25z| 0.00Z
Italy 1965 —| LGDP -1.175| 0904| -6.63z| 0.00C| -1.151| 0.90¢| -6.684| 0.00C
2012 | LO&G -3.033| 0.134| -2.381| 0.01¢| -2.80€| 0.201| -3.36€ | 0.001
Latvia 1990 — | LGDP -147¢| 0521| -2.65%| 0.011| -1.04€| 0.717| -2.49€¢| 0.01€
2011 | LO&G -2.75z| 0.22¢| -2.60C| 0.01z| -2.89¢| 0.18%| -2.60C| 0.01Z
Lithunia 1990 —| LGDP -0.395| 0.894| -2.208| 0.03C| -0.86€| 0.78C| -2.18z| 0.031
2012 | LO&G -3.721| 0.011]| -4.237| 0.01€| -6.72z| 0.00C | -4.237| 0.01€
Luxembourg 1980 — | LGDP 0.08¢| 0.99¢| -3.811| 0.007| -0.43€| 0.98z| -3.865| 0.00¢
2012 | LO&G -1.647| 0.751| -3.67€¢| 0.03¢| -1.33¢| 0.86C| -3.67&| 0.03¢
Malta 1980 —| LGDP -0.027| 0.994| -340€| 0.01¢| -0.72¢| 0.96z| -3.52¢| 0.014
2011 | LO&G -248z| 0.334| -7.24¢| 0.00C| -2.34%| 0.40C| -7.24¢| 0.00C
Netherlands 1965 —| LGDP -2.67¢| 025C| -3.92¢| 0.01€| -1.90C| 0.63€| -3.94z| 0.01¢
2012 | LO&G 2294 0994| -342F| 0.001| 1.25¢| 0.94£| -3.341| 0.001
Poland 1970 — | LGDP -1.64¢| 0.75t| -2.287| 0.02%| -1.657| 0.75%¢| -2.57%| 0.011
2012 | LO&G 122¢| 094z| -318z| 0.00z| 213C| 0.991| -3.131| 0.00:
Portugal 1965 —| LGDP 0.625| 0.847| -2.631| 0.01C| 3517 1.00C| -2.76<| 0.007
2012 | LO&G -1.16€| 0.90€| -3.471| 0.05€¢| -1.18S| 0.901| -6.897| 0.00C
Romania 1970 — | LGDP 0.75%| 0.87%| -2.66%| 0.00¢| 1.72¢| 097¢| -251E| 0.01:
2012 | LO&G -0.96z| 0.29%| -4.19€| 0.00C| -0.73€| 0.39C| -4.191| 0.00C
Slovakia 1984 —| LGDP 0.96C| 0.90€| -2.43z| 0.017| 1681 097t| -247z| 0.01€
2012 | LO&G -041z| 052€| -6.45%| 0.00C| -0.45%| 0.51C| -6.435| 0.00C
Slovenia 1990 — | LGDP 223€| 0991 -2.74z| 0.00¢| 1.90%| 0.98%| -2.74¢| 0.00¢
2011 | LO&G 0.677| 0.854| -4.41z| 0.00C] 0.63€| 0.84€| —-4.431| 0.00C
Spain 1965 — | LGDP -2118| 0524| -2.22¢| 0.02€¢| -2.27z| 0.441| -2.107| 0.03t
2012 | LO&G -0.151| 0.62€| -1.99¢| 0.04t| 1.98z| 0.98t| -3.60C| 0.001
Sweden 1965 —| LGDP -0.88€| 0.784| -5.27%| 0.00C| -0.865| 0.791| -5.15¢| 0.00C
2012 | LO&G -0.55€| 0.87C| -6.531| 0.00C| -0.76Z| 0.82C| -6.531| 0.00C
United 1965 — | LGDP -0.88C| 0.78¢| -4.51t| 0.001| -0.81€| 0.80t| -4.474| 0.001
Kingdom 2012 | LO&G 1544 096¢| -5.268| 0.00C| 1.20€| 0.94C| -5.27¢| 0.00C

Source: Authors, based on EViews outputs.
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4.2. Cointegration and Granger Causality Testing

Cointegration can be defined as the existenceomf-fun equilibrium be-
tween time series. In other words, it means that tw more variables have
common trend. The idea of cointegration came frargl& and Granger (1987)
who obtained a Nobel Prize for that (Bekhet and opus2009). They have
proved that if two or more time series are indialily integrated of the same
order, but their liner combination can bring a loveeder of integration, such
time series are called cointegrated. We followesl Eimgle and Granger (1987)
recommendation of a two-step procedure for coiatiégmn analysis. In first step
we estimated the long-run (equilibrium) equations:

INGDP =a, + a,In0&G +v,
and INO&G =a, + a,In GDP +u,

Afterwards in second step we tested the OLS (arglifeast squaresgsiduals
from these equations (which can be considered asure of disequilibrium) using
ADF test, with the MacKinnon (1991) critical valuadjusted for the number of
variables, in order to determine whether they taogary. In case Engle-Granger
test confirmed cointegration between GDP and O&te, ¢xamined variables
have common stochastic trend and long-run relatipnsetween them exists. In
order to determine the direction of causality betweariables we consequently
used VECM. Wald test was used in order to deterrtiaeshort-run causality.

5. Results

Statistical testing proved that consumption ofamitl natural gas expressed as
their aggregated combination can affect the GDRvtirandvice versa GDP
growth affects O&G consumption. Even though simguhel expected, however
important conclusion is that relationship betweariables is not the same in all
EU countries. Granger causality running in diratteDP— O&G was identi-
fied in case of 15 countries which were in 201lposesible for 68% of EU’s
natural gas consumption and 75% of EU’s oil condionp Countries belonging
to this group are Bulgaria, Estonia, Finland, Fear@ermany, Greece, Luxem-
bourg, Netherlands, Poland, Portugal, Slovakiaye3i@m, Spain, Sweden and
United Kingdom. In almost all of these countriesc@pt for Bulgaria and Greece)
we observed long-run relationship. This means sloatar the linkage between
fossil fuels consumption and economic growth hasheen interrupted and re-
mains challenge for EU policies aimed both at kiagsthe economic growth
and protecting environment. According to Zikoaind Vlahiné-Dizdareve (2011)



259

the explanation of this differs among countriesdifferent level of economic
development. In case of developed countries behgnigito this group, it can be
explained byJevons paradox or so called Rebound effect (Gross, 2012). The
growth of GDP affects the growth of oil and natugak consumption as a result
of cycle in which technology progress enabled desgen energy consumption
due to higher energy efficiency, but on the othamdthe raising living standard
— side effect of more efficient technologies — tedoverall growth of energy
consumption. In case of former Eastern bloc coestthis causality can be ex-
plained by other process. The reason of this depwsdis consequences of for-
mer orientation of economies towards large indestriequiring extensive
amount of energy during Soviet Union era. The ps#aof this economic bloc
caused that former sovisdtellite countries lost both access to their markets and
subsidized prices of energy — enablers of previpmuiod of large industry boom.
Decline in GDP and deindustrialization that follavked to lowering oil and
natural gas consumption which was largely impofteoh Russia.

Graph1
Summary of Granger Causality Testing

500 000
450 000
400 000
350 000
300 000
250000 +—
200000 +—
150000 +—
100000 +—

50000 +—

0O&G consumption in KToe
(2011)

P4

GDP—-0&G GDP—0&G GDP—O&G GDP~0&G
(X15 countries) (X2 countries) (26 countries) (X3 countries)

Natural gas consumption® Oil consumption

Source: Authors, based on tested model.

Causality running from O&G towards GDP was ideetifonly in two coun-
tries — Denmark and Romania. These were resporfsibEpproximately 3% of
oil and 4% of natural gas consumption in EU in 20Ifie obvious implication
of such causality would be that forced interruptidroil and natural gas supplies
or policies intended on reduction of oil and naltgi@s consumption could have
negative impact on GDP growth. Further analysisigimosuggests that conse-
guences might be only limited in these cases.
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Table 3
Individual Results of Granger Causality Testing
Country .5 Tested Hypothesis t-test(Long-run rel.) Wald test
IS (Short-run rel.) N
5 Direction
Q
kS HO H1 Std. of GC
3 Coef. |Error | t-stat | P-value P-value
Austria es| GDP does not GC 0&G  GDP GC 0&&D.341 0.084|-4.05q 0.000 P 0.461 | GpPL0&G
Yes| O&G does not GC GDF  0&G GC GDP0.024 0.017| 1.17Q 0.246 7 0.000
corium Ves| GDP does ot GC O&G]  GDP GC O&£50.454 0.127-3.60¢ 0.001 50901 [ o o
Samd
9 Yes| 0&G does not GC GDA  0&G GC GD[P0.055 0.048|-1.163 0.250 B 0.005
— |No | GDP does not GC O&G _ GDP GC 0&lG 0.055
Bulgaria | | 0&G does not GC GDH  0&G GC GDP 0.640 | CPP—0&C
Czech No | GDP does not GC O&F GDP GC 0&G 0.931 GDP-0&G
Republic No | O&G does not GC GDH 0&G GC GDP 0.644
No | GDP does not GC O&F _GDP GC 08 0774
Denmark |\ | 0&G does not GC GD  0&G GC GDP 0.033 | GPP—O&C
) Yes| GDP does not GC O&G _ GDP GC O&[30.514 0.151/-3.37 0.002 b 0.042
Estonia 5 | 0&G does not GC GDA  0&G GC GDP 0.496 | CPP—0O&C
) Yes| GDP does not GC O&G _GDP GC O&[30.188 0.045(—4.158 0.000 5 0.855
Finland 5 | 0&G does not GC GDH  0&G GC GOP 0.515 | GPP—0&C
Yes| GDP does not GC O&G _ GDP GC O&[50.238 0.054/—4.416 0.000 7 0.448
France |5 | 0&G does not GC GDH  0&G GC GDP 0.254 | GPPO&C
Yes| GDP does not GC O&G _GDP GC O&[50.263 0.084/—3.130 0.003 70.237
Germany iy | 0&G does not GC GDR 0&G GC GOP 0.413 | GPP—0&C
No | GDP does not GC O&F GDP GC 0&G 0.024
Greece o | 0&G does not GC GDA  0&G GC GOP 0.2096 | GPP—04C
No | GDP does not GC O&F _GDP GC 08 0.168
Hungary 5 | 0&G does not GC GDH  0&G GC GDP 0.208 | GPP~08G
No | GDP does not GC O&F _GDP GC 0&G 0.168
Irefand No | O&G does not GC GDH 0&G GC GDP 0.2098 | PP-0&6
No | GDP does not GC O&F GDP GC 0&G 0.254
ltaly No | 08G does not GC GDH  0&G GC GDP 0.457 | GPP~0&6
) Yes| GDP does not GC O&G _ GDP GC O&[50.346 0.086/—4.028 0.000 0776
Latvia Yes| 08G does not GC GDR  0&G GC GDR0.017 0.005/-3.773 0.001 0.506 | CPP—0&C
— No | GDP does not GC O&F GDP GC Og& 0.201
Lithunia 0 | 0&G does not GC GDH  0&G GC G| 0.9327] GPP~0&G
| embouraVéS| GDP does not GC 0&G GDP GC 0&[50.607 0.184/-3.274 0.002 770836 | oo oec
W
Yves| 08G does not GC GDA  0&G GC GDP0.151 0.101| 1.492 0.142 5 0.126
No | GDP does not GC O&F GDP GC Og& 0.901
Malta No | 0&G does not GC GDF  0&G GC GD 0.297 | GPP~0&6
Yes| GDP does not GC O&G _GDP GC O&[50.277 0.063|-4.390 0.000 50.004
Netherlands . | &G does not GC GDF|  0&G GC GDP0.014 0.010| 1.199 0.236 5 0.208 | COP~0&6
comng VeS| GDP doesnot GC 0&G  GDP GC 0&50.367 0.120/-3.054 0.003 10076 | on oec
o
Yes| 08G does not GC GDA  0&G GC GDP0.1320.078| 1.703 0.094 5 0.181
oouqYes| GDP doesnot GC O&G  GDP GC 0&f50.214 0.068[-3.104 0.003 b 0159 [~
-
9 No | 0&G does not GC GDF  0&G GC GD 0.482
— No | GDP does not GC 0&Q _ GDP GC O& 0.107
Romania o 0&G does not GC GDA  0&G GC GDR0.074 0.026|-2.871 0.005 7 0.645 | COP—0&C
— IYes| GDP does not GC O&F GDP GC 0&[50.354 0.143|—2.461 0.018 7 0.018
Slovakia 1| " 0&G does not GC GDH  0&G GC GD) 0.121 | GPP-0&C
Soverra _Yes| GDP does not GC 0&G GDP GC 0&50.4740.134[-3.564 0.001 70005 [ o o
No | 0&G does not GC GDF  0&G GC GD 0.308 -
4 Yes| GDP does not GC O&G _GDP GC O&[50.203 0.080|—2.530 0.014 5 0.953
Spain No | 0&G does not GC GDH  0&G GC GD 0.762 | GPPO&C
Yes| GDP does not GC O&G _GDP GC O&[30.185 0.066/-2.794 0.007 70.721
Sweden ||l 0&G does not GC GD  0&G GC GD) 0.785 | CPP—0&C
United Yes| GDP does not GC O&G _GDP GC O&[30.235 0.063|—3.719 0.000 o164 | o oo
. N
Kingdom No | O&G does not GC GDH 0&G GC GDO 0.515

Source: Authors,

based on tested model.
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While for Denmark the relationship was observely anshort-run and there-
fore having only limited implications for long terpolicies planning, the rela-
tionship in case of Romania seems to be of longratare. Such long-run rela-
tionship seems to prove valid as long similar resals identified also in paper
by Georgantopoulos and Tsamis (2011). On the dthed a simple look at the
0&G and GDP time series suggests that common tomjeof this development
has disappeared in recent decades, however aedetmlalysis (which is not
intention of this paper) of this relationship wolle needed in order to clarify it.

Neutral hypothesis of non-existence of causaligsvaccepted in case of
Czech Republic, Hungary, Ireland, Italy, Lithuaaiad Malta. The oil and natu-
ral gas consumption of these countries in 2011 w&aded for 16%, resp. 22% of
overall EU consumption. Since these countries mteshown any relationship
between fossil fuels consumption and economic drpwlie energy security
strategy aimed at lowering consumption of thesbarafuels and their replace-
ment by renewable energy sources could be adopteduv any risks of nega-
tive consequences for economy. Moreover, suchegyatvould not only lower
dependence on politically unstable exporters ofrbgarbons, but also have
positive effect on their trade balances.

The hypothesis of bidirectional causality provedid/in 3 countries, hamely
Austria, Belgium and Latvia. While statisticallygsificant long-run relationship
GDP — O&G was identified in all cases, the long-run tielaship in opposite
direction was either not statistically significaot value of ECT does not sug-
gested any strong relationship. However in casAusttria and Belgium short-
run Granger causality O&G» GDP seems to affect mutual relationship. Such
results seem acceptable as negative impacts ahdilnatural gas supply inter-
ruption for economic growth in short-runs are omehe primary concerns for
energy security policies to address.

Conclusion

As was already stated, the direction of causaliyween oil and natural gas
consumption and economic growth has significantlizapons for creation of
economic and energy policies. As £@missions reduction and increase in re-
newable energy usage are primary objectives of @& Union energy policy,
the activities aimed at restrictions of fossil fushge are likely to become more
pressing in near future. Findings of our paper amdnfirms that impulses for
growth of economy that EU seeks will likely negatyaffect its environmental
commitments since long-run linkage between econgmwth and oil and natu-
ral gas consumption still seems to prove valid.liRaton of this is and decision
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on what is currently more important for EU is ba#licseen also in EU environ-
mental targets for period till 2030, when (plann4@%6 reduction of greenhouse
gases emissions is basically only 8 percentagdgabove so called business as
usually scenario and binding renewable targets78b zare as J. M. Barosso
claimed the function of previous goal and only Isilig above the 24% of busi-
ness as usual trajectory.

On the other hand, the positive findings are nastence of Granger causality
for 6 countries and limited existence of Grangarsedity in direction O&G—
GDP, suggesting that artificially set cap on constion of oil and natural gas (as
significant energy sources and £€nitting energy carries) should not have major
implications for economic growth of most of EU ctues, at least in long term as
signal countries where feedback hypothesis proaéd.v

We are aware that due to the high level of aggi@yaur results are not are
not absolutely conclusive but they clearly sugdkat before creation of actual
energy policy itself a more detailed study on chiysan level of individual ener-
gy consuming segments and individual energy sowftesld be considered. Such
approach would ensure that policy aimed at eneoggumption reduction would
only be focused on segments where this was safedomnomic point of view.

At the same time we also note the main bias df ¢nty) our research which
is variables selection. Variable describing totaérgy consumption is hence
omitting one important fact — how much of consureedrgy was actually effec-
tively used (so calledxergy). However in reality this exactly is the prime elet
minant defining the energy demand and can sigmifigaalter the relationship
between variables (Stafford, 2012) — explicitlyteem, if current energy efficient
machinery was used in past the energy demand ofithe would be much low-
er andvice versa, ceteris paribus nowadays oil and natural gas consumption
would be significantly higher if older and lessi@tnt technologies were used.
This would certainly influence the relationshipweén energy consumption and
economic growth. Such ideas were empirically elatsat by Ayres and Warr
(2009), Kummel (1981) and even though they aretim®tprime subject of re-
search they have significant influence on this @isse and must be taken into
account at all times.
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