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VZŤAH MEDZI SPOTREBOU ELEKTRICKEJ ENERGIE
A HOSPODÁRSKYM RASTOM V ŠTÁTOCH OECD:
PANELOVÁ KOINTEGRAČNÁ ANALÝZA
SO ZOHĽADNENÍM PRIEREZOVEJ ZÁVISLOSTI
THE RELATIONSHIP BETWEEN ELECTRICITY CONSUMPTION
AND ECONOMIC GROWTH IN OECD COUNTRIES:
PANEL COINTEGRATION ANALYSIS
UNDER CROSS-SECTIONAL DEPENDENCE
Tuba Baskonus Direkci 1 – Tuncer Govdeli 2
Predkladaná štúdia skúma vzťah medzi spotrebou elektrickej energie
a hospodárskym rastom v 28 štátoch OECD v období 1980-2012. Pri
zohľadnení prierezovej závislosti sa na analýzu údajov o spotrebe elektrickej
energie a hospodárskom raste používajú testy jednotkového koreňa druhej
generácie CADF a CIDS, pričom ich prvé diferencie sú stacionárne. Preto sa
v ďalšom texte použil Westermanom (2008) vyvinutý Durbinov-Hausmanov
test na preskúmanie kointegračného vzťahu medzi štatistickými radmi.
Empirické výsledky poukazujú na fakt, že spotreba elektrickej energie má
pozitívny vplyv na hospodársky rast.
Kľúčové slová: spotreba elektrickej energie, hospodársky rast, prierezová
závislosť, jednotkový koreň, panelová kointegrácia.
In the present study, the relationship between electricity consumption and
economic growth in 28 OECD countries for the period between 1980 and
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2012 was investigated. Under cross-section dependence, electricity
consumption and economic growth data were analyzed using second
generation CADF and CIPS unit root tests and found to be stationary at first
differences. Therefore, the cointegration relationship between the series was
examined by using Durbin-Hausman test developed by Westerlund (2008).
According to the empirical results, electricity consumption has a positive
effect on the economic growth.
Key words: electricity consumption, economic growth, cross-section
dependence, panel unit roots, panel cointegration.
JEL: C33, Q40

1 INTRODUCTION
The demand for energy has been increasing each passing day along with the
rapid development of technology, increasing population and changing standards of
living. After the oil crises experienced in the 1970s, countries turned towards
alternative energy sources. When the sources of energy are examined separately, it is
observed that electricity is the most efficient and top quality source and its share within
the total energy consumption has been increasing gradually. Electricity is followed by
natural gas, oil, coal and biofuels, respectively (Karagöl, Erbaykal and Ertuğrul 2007,
Stern and Cleveland 2004).
Although electricity is a clean and relatively safe form of energy, it has
environmental effects related to its production and transmission. Almost all power
plants have a certain effect on the environment.
The causality relationship between electricity consumption and economic
growth has important political implications based on four hypotheses. The first of these
is that if the causality is from electricity consumption to economic growth, protection
policies should be developed regarding electricity production. Otherwise, the decrease
in electricity consumption would have a negative effect on economic growth. In the
second case, if there is a causality relationship from economic growth to electricity
consumption, electricity consumption does not impede economic growth and electricity
conservation policies can be safely adopted. Third, in case of bidirectional causality
between electricity consumption and economic growth, since a decrease or increase in
electricity consumption would affect economic growth in the same direction, the
policies that will be implemented need to be determined jointly. Fourth and lastly, if
there is no causality relationship between electricity consumption and economic
growth, expansionary and conservation policies regarding electricity consumption do
not have an effect on economic growth (Öztürk and Acaravcı 2011, Shahbaz and Lean
2012, Jumbe 2004).
The goal of this paper is to investigate relationship between electricity
consumption and economic growth in 28 OECD countries for the period 1980-2012.

Journal of International Relations, 2015, no. 4 ○ 383

2 LITERATURE REVIEW
Kraft and Kraft (1998) conducted the first empirical study investigating the
causality relationship between energy consumption and economic growth. In the study
conducted on the US economy for the period between 1947 and 1974, a unidirectional
causality relationship was found from economic growth to energy consumption.
In another study, Chen, Kuo and Chen (2007) examined 10 Asian countries for
the period between 1971 and 2001 by using Johansen Cointegration Test and VECM
Granger Causality Test. Their analysis detected cointegration in all the countries except
for Malaysia. The results of the causality test showed the existence of bidirectional
causality between economic growth and electricity consumption in China, Indonesia,
Korea, Taiwan and Thailand, causality from electricity consumption to economic
growth was found in Hong-Kong and causality from economic growth to electricity
consumption was observed in India, Singapore, Philippines and Malaysia.
Yoo and Kwak (2010) examined the relationship between the real GDP per
capita and electricity consumption per capita for 7 South American Countries. In the
study conducted by using Johansen cointegration test, Hsiao Granger causality test and
ECM analysis, cointegration relationship was found in Colombia and Venezuela,
whereas no cointegration relationship was found to exist between the variables in
Argentina, Brazil, Chile, Ecuador and Peru. It was determined that there was
bidirectional causality between electricity consumption and economic growth in
Venezuela, there was causality from economic growth to electricity consumption in
Peru, and the direction of causality was from electricity consumption to economic
growth in Argentina, Brazil, Chile, Colombia and Ecuador.
Öztürk and Acaravcı (2011) conducted a study on 11 Middle Eastern and
North African countries covering the period between 1971 and 2006. The relationship
between the real GDP per capita and electricity consumption per capita was tested by
using ARDL and VECM Granger Causality Tests. The results indicated the existence
of a cointegration relationship between the variables in 4 countries (Egypt, Saudi
Arabia, Oman and Israel). A causality relationship from economic growth to electricity
consumption was found in Israel and Oman and the direction of causality was from
electricity consumption to economic growth in Egypt and Saudi Arabia.
Hossain and Saeki (2012) conducted an extensive study on 30 high income, 20
upper-middle income, 20 lower-middle income and 6 low income countries for the
period between 1960 and 2008. They used electricity consumption per capita and real
GDP per capita series, applying Panel Cointegration Test (KAO) and Panel Granger
Causality Test models. The findings indicated existence of cointegration in high
income and upper-middle income countries. Bidirectional causality was found between
economic growth and electricity consumption for high income and upper-middle
income countries, unidirectional causality was found from economic growth to
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electricity consumption for lower-middle income countries and no causality was found
for low income countries.
Niu et al. (2013) analyzed electricity consumption per capita, real GDP per
capita, consumption expenditures per capita, urbanization rate, life expectancy at birth
and the adult literacy rate data from 50 countries by using Panel Cointegration Test
(Pedroni) and Panel Granger causality test. The results indicated existence of
cointegration. Bidirectional causality was found between electricity consumption and
economic growth.
Al-Mulali et al. (2014) conducted a study on 18 Latin American countries
using the data for 1980-2010. Real GDP, electricity consumption from renewable
sources, electricity consumption from oil, natural gas and coal, labor, gross fixed
capital formation and total trade of goods and services series were analyzed by using
Panel Cointegration Test (Pedroni), Panel DOLS and VECM Granger causality test.
The results of the study revealed existence of cointegration and unidirectional causality
from electricity consumption to economic growth.
In another paper, Gao and Zhang (2014) analyzed the electricity consumption
per capita, real GDP per capita and CO2 emissions per capita series for 17 Sub-Saharan
African countries for the period between 1980 and 2009. The results obtained by using
Panel Cointegration Test (Pedroni), Panel FMOLS and Panel Granger Causality Test
showed the existence of cointegration. Bidirectional causality was found between
electricity consumption and economic growth.
3 METHODOLOGY
3.1 Cross-section dependence tests
In the study, first it is necessary to test cross-section dependence in order to
determine panel unit root tests. If the presence of cross-section dependence is rejected
in the panel data, first generation panel unit root tests can be used. However, if there is
cross-section dependence in the panel data, the use of second generation panel unit root
tests enables a more effective and stronger estimation.
The methods used for testing cross-section dependence in panel data sets are
Breusch and Pagan (1980) LM1 test and Pesaran (2004) CDLM2test, with the following
hypotheses:
H0: There is no cross-section dependence.
H1: There is cross-section dependence.
If the probability values are found to be smaller than 0.05 in the results
obtained from Breusch and Pagan (1980) LM1 test and Pesaran (2004) CDLM2 test, H0
is rejected at 5% level of significance and it is concluded that there is cross-section
dependence among the units forming the panel.
Journal of International Relations, 2015, no. 4 ○ 385
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ρ̂ij : shows the estimates of the cross-sectional correlations among residuals.
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Under H0 hypothesis, there is no cross-section dependence. Under H0
hypothesis, N is stationary and T→∞. The test statistics has a chi-square asymptotic
distribution with N(N-1)/2 degrees of freedom. LM1 test is used when the time
dimension is larger than the cross-section dimension (i.e., T>N).
1
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(3)

CDLM2 Pesaran (2004) test statistics shows standard normal distribution under
H0 hypothesis in case of T→∞ and N→∞. CDLM2 test is used when the time dimension
is larger than the cross-section dimension (i.e., T>N).
3.2 Panel unit root test
In the simple dynamic heterogeneous panel data model, the observation on the
th
i cross-section at time t is;
𝑦𝑖𝑡 = (1 − 𝜙𝑖 )𝜇𝑖 + 𝜙𝑖 𝑦𝑖,𝑡−1 + 𝑢𝑖𝑡 , i = 1, … . N; t = 1, … . , T

(4)

𝜇𝑖𝑡 = 𝛾𝑖 𝑓𝑡 + 𝜀𝑖𝑡

(5)

Here, 𝑓𝑡 is the unobserved common effect and 𝜀𝑖𝑡 is the individual specific
error. The two equations given above and unit root hypotheses can be written as
follows:
𝛥𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽𝑖 𝑦𝑖,𝑡−1 + 𝛾𝑖 𝑓𝑡 + 𝜀𝑖𝑡
𝛼𝑖 = (1 − 𝜙𝑖 )𝜇𝑖 ,
𝛽𝑖 = −(1 − 𝜙𝑖 )
𝜙𝑖 = 1 then 𝐻0 = 𝛽𝑖 = 0 for all i
and the alternative hypothesis is as follows:
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(6)
and

𝛥𝑦𝑖𝑡 = 𝑦𝑖𝑡 − 𝑦𝑖,𝑡−1
(7)

𝐻1 = 𝛽𝑖 < 0, 𝑖 = 1,2, … , 𝑁1 , 𝛽𝑖 = 0, 𝑖 = 𝑁1 + 1, 𝑁1 + 2, … , 𝑁

(8)

Here, the fraction of the stationary individuals is N1 /N → k such that 0 < δ ≤
1 as N → ∞.
Standard IPS test may lead to spurious inferences due to spillovers or common
shocks. For this reason, the cross-sectionally augmented IPS test proposed by Pesaran
(2007) is employed. This test is designed by augmenting the ADF regression with the
cross-sectional averages of lagged levels and first differences of the individual series
(Herzer 2014). Accordingly, the cross-sectionally augmented ADF (CADF) regression
is given by
𝑘

𝑘

𝑖
𝑖
𝛥𝑥𝑖𝑡 = 𝑧𝑖𝑡′ 𝛾 + 𝜌𝑖 𝑥𝑖𝑡−1 + ∑𝑗=1
𝜙𝑖𝑗 𝛥𝑥𝑖𝑡−𝑗 + 𝛼𝑖 𝑥̅𝑡−1 + ∑𝑗=0
𝜂𝑖𝑗 𝛥𝑥̅𝑡−𝑗 + 𝜈𝑖𝑡 (9)

where 𝑥̅𝑡 is the cross-section mean of 𝑥𝑖𝑡 and 𝑥̅𝑡 = 𝑁 −1 ∑𝑛𝑖=1 𝑥𝑖𝑡 . By taking the
simple average of the individual CADF statistics calculated for each cross-section, the
presence of a unit root in the panel is checked.
𝑁

𝑖
𝐶𝐼𝑃𝑆 = 𝑡 − 𝑏𝑎𝑟 = 𝑁 −1 ∑𝑖=1
𝑡𝑖 .

(10)

where 𝑡𝑖 , is the OLS t-ratio of 𝜌𝑖 in Equation 9. Critical values are tabulated by
using the table values in Pesaran (2007).
3.3 Durbin-Hausman panel cointegration test
In the present study, the cointegration relationship between the series was
analyzed by using the Durbin-Hausman (Durbin-H) panel cointegration test developed
by Westerlund (2008). Durbin-H test takes the common factors into account and makes
it possible to conduct cointegration analysis in case the independent variables are I(1)
or I(0) on condition that the dependent variable is I(1) (Westerlund 2008).
In Durbin-H method, Westerlund (2008) examined the existence of
a cointegration relationship by using two different tests. The first of these tests is
Durbin-H panel test and the second is Durbin-H group test. In Durbin-H group test,
Westerlund (2008) allows the autoregressive parameter to differ between crosssections. In this test, H0 hypothesis indicates that there is no cointegration, and the
alternative hypothesis indicates that there is cointegration relationship for at least some
cross-sections. In Westerlund’s (2008) Durbin-H panel test, the autoregressive
parameter is considered to be the same for all cross-sections. Panel data model is
specified as follows:
𝑦𝑖𝑡 = 𝛼𝑖 + 𝛽𝑖 𝑥𝑖𝑡 + 𝑧𝑖𝑡

(11)
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𝑥𝑖𝑡 = 𝛿𝑥𝑖𝑡−1 + 𝑤𝑖𝑡

(12)

It is assumed that the disturbance 𝑧𝑖𝑡 obeys the following set of equations that
allow for cross-section dependence through the use of common factors.
𝑧𝑖𝑡 = 𝜆′𝑖 𝐹𝑡 + 𝑒𝑖𝑡

(13)

𝐹𝑗𝑡 = 𝑝𝑗 𝐹𝑗𝑡−1 + 𝑢𝑗𝑡

(14)

𝑒𝑖𝑡 = 𝜙𝑖 𝑒𝑖𝑡−1 + 𝑣𝑖𝑡

(15)

For each j, 𝑝𝑗 < 1.
Where 𝐹𝑡 is a k-dimensional vector of common factors 𝐹𝑗𝑡 (j=1…k). 𝜆𝑖 is a
conformable vector of factor loadings.
To construct Durbin-H test, we take the first difference of Equation 13.
𝛥𝑧𝑖𝑡 = 𝜆′𝑖 𝛥𝐹𝑡 + 𝛥𝑒𝑖𝑡

(16)

If 𝛥𝑧𝑖𝑡 was known, then 𝜆𝑖 and 𝛥𝐹𝑡 could be estimated. However, 𝛥𝑧𝑖𝑡 is not
known. For this reason, it is necessary to apply principal components to its OLS
estimate instead, which can be written as follows:
𝛥𝑧̂𝑖𝑡 = 𝛥𝑦𝑖𝑡 − 𝛽̂𝑖 𝛥𝑥𝑖𝑡

(17)

The principal components estimator 𝛥𝐹𝑡 of 𝐹𝑡 is obtained by computing
√𝑇 − 1 times the eigenvectors corresponding to the K largest eigenvalues of the (T𝛥𝐹̂
1)x(T-1) matrix 𝛥𝑧̂ 𝛥𝑧̂ ′ . Here, 𝜆̂ is calculated with 𝜆̂ =

′ 𝛥𝑧

T−1

.

The first difference of the residuals can be stated as follows:
̂ and 𝜆̂𝑖 , the difference of the residuals is calculated as:
After calculating 𝛥𝐹
𝛥𝑒̂𝑖𝑡 = 𝛥𝑧̂𝑖𝑡 − 𝜆′𝑖 𝛥𝐹̂𝑡
𝑒̂𝑖𝑡 = ∑𝑡𝑗=2 𝛥𝑒̂𝑖𝑗

(18)

Testing the null hypothesis of no cointegration is asymptotically equivalent to
testing whether 𝜙𝑖 = 1.
𝑒̂𝑖𝑡 = 𝜙𝑖 𝑒̂𝑖𝑡−1 + 𝑒𝑟𝑟𝑜𝑟
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(19)

Another estimator needed for constructing the Durbin-H test is the kernel
estimator. The kernel estimator can be defined as:
𝜔
̂𝑖2 =

1
𝑗
∑𝑀𝑖 (1 −
) ∑𝑇𝑡=𝑗+1 𝜇̂ 𝑖𝑡 𝜇̂ 𝑖𝑡−1
𝑇−1 𝑗=𝑀𝑖
𝑀𝑖 +1

(20)

where 𝜇̂ 𝑖𝑡 is the OLS residual obtained from Equation (19). 𝑀𝑖 is a bandwidth
parameter. The value of 𝜔
̂𝑖2 is a consistent estimate of 𝜔
̂𝑖2 , the long-run variance of 𝜇̂ 𝑖𝑡 .
The corresponding contemporaneous variance estimate can be denoted by 𝜎̂𝑖2 . After
these estimates, the two variance ratios can be calculated:
2

𝑤
𝑆̂𝑖 = 𝜎4𝑖 and 𝑆̂𝑛 =
𝑖

2
𝑤𝑛

(21)

2

(𝜎𝑛2 )

where
1

1

𝜔
̂𝑖2 = 𝑛 ∑𝑛𝑖=1 𝜔
̂𝑖2 and 𝜎̂𝑖2 = 𝑛 ∑𝑛𝑖=1 𝜎̂𝑖2 .

(22)

After these calculations, the Durbin–Hausman test statistics can now be
obtained as:
2

2
𝐷𝐻𝐺 = ∑𝑛𝑖=1 𝑆̂𝑖 (𝜙̃𝑖 − 𝜙̂𝑖 ) ∑𝑇𝑡=2 𝑒𝑖𝑡−1
;

(23)

2
2
𝐷𝐻𝑝 = 𝑆̂𝑛 (𝜙̃𝑖 − 𝜙̂𝑖 ) ∑𝑛𝑖=1 ∑𝑇𝑡=2 𝑒𝑖𝑡−1
.

(24)

3.4 Testing the homogeneity of cointegration coefficients
In his study, Swamy (1970) determined whether the slope coefficients in the
cointegration equation were homogeneous. Pesaran and Yamagata (2008) contributed
to the literature by further developing the Swamy test. In this test, it is tested whether
𝛽𝑖 slope coefficients are homogeneous across cross-sections with a general
cointegration equation as follows:
𝑌𝑖𝑡 = 𝛼 + 𝛽𝑖 𝑋𝑖𝑡 + 𝜀𝑖𝑡

(25)

The hypotheses of the test are:
𝐻0 : 𝛽𝑖 = 𝛽Slope coefficients are homogeneous.
𝐻1 : 𝛽𝑖 ≠ 𝛽Slope coefficients are not homogeneous.
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The necessary test statistics are constructed through estimations firstly by
panel OLS and then by the Weighted Fixed Effects model. Pesaran and Yamagata
(2008) developed two different test statistics to test the hypothesis:
𝑁
For large samples: 𝛥̃ = √𝑁

−1 𝑆̃−𝑘

√2𝑘

For small samples: 𝛥̃𝑎𝑑𝑗 = √𝑁

𝑁 −1 𝑆̃−𝑘
√𝑉𝑎𝑟(𝑡,𝑘)

(26)

(27)

where N is the number of cross-sections, S is the Swamy test statistics, k is the
number of explanatory variables, and Var(t,k) is the standard error. If the obtained
probability values are smaller than 0.05, H0 hypothesis is rejected at a significance
level of 5%, and H1 hypothesis is accepted. In this way the homogeneity of the
cointegration coefficients is determined (Pesaran and Yamagata 2008).
3.5 Estimation of long term cointegration coefficients
In this part of the study, following the detection of cointegration between the
series, long term individual cointegration coefficients were estimated by using the
Common Correlated Effects (CCE) method developed by Pesaran (2006). CCE takes
cross-section dependence into consideration and it is an estimator that can produce
consistent results that show asymptotic normal distribution even when time dimension
is smaller or greater than cross-section dimension (Pesaran 2006). The stages of this
test are as follows:
𝑦𝑖𝑡 = 𝛼𝑖′ 𝑑𝑡 + 𝛽𝑖′ 𝑥𝑖𝑡 + 𝑒𝑖𝑡 ,

𝑖 = 1,2, … , 𝑁; 𝑡 = 1,2, … , 𝑁

(28)

Based on Equation 28, which belongs to the linear heterogeneous panel data
model;
𝑒𝑖𝑡 = 𝛾𝑖′ 𝑓𝑡 + 𝜀𝑖𝑡

(29)

where 𝑑𝑡 refers to observed common effects and 𝑓𝑡 refers to unobserved
common effects.
The model is maintained through the following transformation:
𝑥𝑖𝑡 = 𝐴′𝑖 𝑑𝑡 + 𝛤𝑖′ 𝑓𝑡 + 𝑣𝑖𝑡
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(30)

The advantage of CCE is that it provides a cointegration coefficient for each
cross-section. With the coefficients found for each cross-section, it is possible to make
respective interpretations for each country.
4 ECONOMETRIC ANALYSIS
4.1 Model and dataset
The model used in the present study is as follows:
𝐺𝐷𝑃𝑡 = 𝛼0 + 𝛼1 𝐸𝐿𝐶𝑡 + 𝜀𝑡

(31)

In Equation 31, 𝐺𝐷𝑃𝑡 represents real GDP in USD in 2005 prices, and 𝐸𝐿𝐶𝑡
represents electricity consumption (billion kWh). Real GDP data was obtained from
the World Bank and electricity consumption data was taken from the U. S. Energy
Information Administration. The logarithms of all the variables were taken and used in
the model estimation. In the study, 28 OECD countries were included in the analysis.
Annual data for the period between 1980 and 2012 were used in the model.
4.2 Testing cross-section dependence
The results of the cross-section dependence tests for OECD countries are
presented in Table 1. Since the p-value was smaller than 0.05, H0 hypothesis was
rejected and the alternative hypothesis stating that there is cross-section dependence
was accepted. Thus, it was concluded that there is cross-section dependence among the
countries constituting the panel.
Table 1: cross-section dependence test results for OECD countries
Variables
lnGDP
lnELC
Tests
LM1
(Breusch and Pagan 1980)
CDLM2
(Pesaran 2004)
Source: own elaboration.

Cointegration
Equation
Test statistics and p-value
687.958
551.354
2909.283
(0.000)
(0.000)
(0.000)
11.273
6.305
92.062
(0.000)
(0.000)
(0.000)

In case of the presence of cross-section dependence, the unit root tests and
cointegration tests to be used need to be those that take cross-section dependence into
account. For this reason, second generation panel unit root test and cointegration test
were used in the present study.
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Table 2: CADF and CIPS Unit Root Test Results for OECD Countries

Notes: The null hypothesis is that the panel has a unit root. Critical values are tabulated
by Pesaran (2007). Table I (b–c) and Table II (b-c), we report the ones for T = 33 and
N = 28. *** and ** indicates significance of the test at 1% and 5% level respectively.
Source: own elaboration.
392 ○ Journal of International Relations, 2015, no. 4

4.3 CADF unit root test results
In the present study, due to the presence of cross-section dependence among
the countries, the stationarity of the series was checked using the CADF unit root test,
which is one of the second generation panel unit root tests. The test results are
presented in Table 2.
According to the results of the unit root test that were calculated with constant
for OECD countries, since CIPS statistics were lower than table values at the level, H0
hypothesis was accepted. Thus, it was concluded that the entire panel had a unit root
(Table 2). According to the results of the unit root test that was conducted after taking
the differences of the series, H0 hypothesis was rejected and the alternative hypothesis
was accepted. The findings led to the conclusion that the series were stationary I(1).
After finding out that the series had a unit root at the level and the test carried
out after taking the differences showed that the series were stationary, Westerlund
Durbin-Hausman (2008) cointegration test was implemented.
4.4 Durbin-Hausman cointegration test results
In panel data analysis, the existence of cointegration between the series was
tested using Durbin-H Cointegration Test developed by Westerlund (2008), which
takes cross-section dependence and the heterogeneity of cross-section slope parameters
into consideration.
Table 3: Durbin-Hausman Cointegration Test Results for OECD Countries
Tests
Test statistics
Probability value
Durbin-H Group Statistic
5.859
0.000
Durbin-H Panel Statistic
1.397
0.081
Source: own elaboration.
Durbin-H Cointegration Test consists of two analyses. These are Durbin-H
Group Statistics and Durbin-H Panel Statistics. In both tests, H0 hypothesis indicates
that there is no cointegration. According to the results given in Table 3, probability
values were found to be 0 and 0.081 in these tests. In this case, H0 hypothesis is
rejected and the alternative hypothesis stating that there is cointegration in the country
groups and throughout the panel is accepted.
4.5 Test results for the homogeneity of the cointegration coefficients
The results of the homogeneity test are given in Table 4.
According to the results given in Table 4, since the probability values of the
tests were smaller than 0.05, H0 hypothesis was rejected and H1 hypothesis was

Journal of International Relations, 2015, no. 4 ○ 393

accepted. The variables of the empirical model were not homogeneous. In this case, the
cointegration interpretations for the entire panel were reliable (Pesaranand Yamagata,
2008).
Table 4: Homogeneity test results for OECD Countries
Tests
Test statistics
̃
60.183
𝛥
63.028
𝛥̃𝑎𝑑𝑗

Probability value
0.000
0.000

Source: own elaboration.
4.6 Estimation of long term cointegration coefficients
After the cointegration relationship between the series was detected, the long
term cointegration coefficients of the series were estimated using the CCE method. The
findings are presented in Table 5.
The long term effect of energy consumption on economic growth in OECD
countries was calculated by using the CCE method. According to the results in Table 5,
the increase in electricity consumption has a positive effect on economic growth and is
significant in Australia, Austria, Chile, Finland, Greece, Iceland, Ireland, Israel, Italy,
Japan, South Korea, Netherlands, New Zealand, Poland, Spain, Sweden, Switzerland
and Turkey. The results are consistent with our expectations and with the studies
conducted by Ciarreta and Zarraga (2010), Gurgul and Lach (2012), Acaravci and
Ozturk (2012), and Hossain and Saeki (2012).
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Table 5: Long term cointegration coefficients for OECD countries
Countries
Cointegration coefficients
t-statistics
Australia
0.481***
3.364
Austria
0.090***
4.500
Belgium
0.032
0.390
Canada
0.235*
1.284
Chile
0.695***
3.203
Denmark
0.100
0.649
Finland
0.345***
2.363
France
-0.025
-0.253
Germany
-0.332***
-4.882
Greece
2.244***
5.088
Iceland
0.089**
1.745
Ireland
1.339***
4.978
Israel
0.952***
5.770
Italy
0.522**
2.310
Japan
0.598***
3.602
Korea, South
0.369***
3.265
Luxembourg
-0.180
-1.000
Mexico
0.169
1.119
Netherlands
0.417***
3.363
New Zealand
0.512**
1.932
Norway
0.116
0.847
Poland
0.558***
3.282
Spain
0.284**
2.272
Sweden
0.381***
7.620
Switzerland
0.742***
6.235
Turkey
0.719***
4.858
United Kingdom
0.152*
1.448
United States
0.010
0.057
PANEL
0.415***
4.366
Notes: ***, ** and * refer to stationarity at significance levels of 1%, 5% and 10%,
respectively. t value is significant at a level of 1% if greater than 2.32, at a level of 5%
if greater than 1.65 and at a level of 10% if greater than 1.28.
Source: own elaboration.
5 CONCLUSION
In the present study, the relationship between electricity consumption and
economic growth in 28 OECD countries was investigated for the period between 1980
and 2012 using panel cointegration and panel causality tests under cross-section
dependence.
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Breusch-Pagan (1980) LM1 test, Pesaran et al. (2004) CDLM2 test, and Pesaran
et al. (2004) CDLM test were used for testing cross-section dependence between the
countries. The results showed existence of cross-section dependence between the
countries. Therefore, tests that take cross-section dependence into consideration were
used in the following stages of the study. Since it was found that there was crosssection dependence between the countries, it is inferred that a shock that occurs in one
country may also affect other countries. It is necessary for policy makers not to ignore
the changes in other countries when taking decisions.
The stationarity of the series was tested using the CADF unit root test. The
series, which were not stationary at the level, were made stationary by taking the
differences. In this way, it can be seen that the effects of economic shocks do not pass
quickly.
The cointegration relationship between the series was analyzed by using the
Durbin-Hausman Cointegration Test developed by Westerlund (2008), which takes
cross-section dependence into account. Cointegration was detected between the series.
The series move together in the long term. Thus, electricity consumption and economic
growth are coherent in the long term.
Long term individual cointegration coefficients were estimated by using the
CCE (Common Correlated Effects) model. According to the obtained estimation
results, as expected, energy consumption has a long-term relation with economic
growth in OECD countries throughout the panel. In the long run they have common
fluctuations.
It has been concluded that the increase in electricity consumption has a positive
effect on economic growth – the more electricity is consumed the more product is
generated. Because of this relationship between electricity consumption and economic
growth, economic policies should be compatible with electricity policies.
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