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Abstract: The current paper aims at investigating the relationship between CO  emissions, energy consumption,2

financial development and economic growth for Greece over the period 1960-2009. The stationary analysis is
conducted by applying Clemente - Montanes - Reyes unit root test while for co-integration we apply the ARDL
bounds testing approach developed by Pesaran - Shin - Smith. Our findings confirm the existence of three co-
integrating vectors among the variables in the presence of structural breaks. The VECM causality analysis
showed that both in the long and short run there is a unidirectional causal relationship between energy
consumption and CO  emissions as well as between economic growth and energy consumption. Finally, we2

used forecast error variance decomposition (FEVD) in vector autoregressive (VAR) system using Choleski
technique to test the strength of causal relationship between CO  emissions, energy consumption, economic2

growth and financial development. The findings of the study have significant policy implications for countries
like Greece as it is acknowledged that the contribution of economic growth and financial development on CO2

emissions is very small.
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Decomposition

INTRODUCTION living standards are manifested in increased agricultural

Energy plays an important role in economic growth transportation, adequate shelter, healthcare and other
on both developed and developing countries. Energy human services all requiring more energy consumption.
consumption is an inevitable component of growth, since Therefore, energy is considered as an important
energy is considered to be one of the important driving requirement for economic growth and is potentially an
forces in all economies. The question as to whether inhibitory factor to economic and social development [1].
energy consumption has positive, negative or neutral In spite of many and different opinions related to
impact on economic activities on the countries became the energy consumption and economic growth, it is proven
motive of economists and policy analysts in order to find that the use of fossil fuels changes the climate. The most
direction of causality between energy consumption and discussed issue on a global scale is the issue of climate
economic growth. change. The prevailing threat of global warming and

According to the National Energy Commission, climate change has brought to attention the relationship
insufficient supply of energy affects all aspects of between economic growth, energy consumption and
development, more specifically social, economic, environmental pollution to a new level. Attempts have
environmental and even quality of life. Improvements in been  made  to reduce the percentage of emissions in the

output, increased industrial output, provisions of efficient
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atmosphere. Emphasis on this issue was given in 1997, Tsani [7] investigated the causal relationship
under the Kyoto protocol. The International Energy between energy consumption and economic growth for
Agency suggests that current trends in energy supply Greece for the period 1960- 2006. Applying Toda and
and energy use are still economically, environmentally Yamamoto technique, the findings suggests unidirectional
and socially unsustainable. relationship between energy consumption and real GDP

However, many countries that face energy security at aggregate levels, running from total energy
and environmental challenges are forced to look for consumption to real GDP. 
energy alternatives to fossil fuels. Certain renewables like Sami [8] examined the relationship between exports,
hydropower, geothermal and biomass are reliable and electricity consumption and real income per capita in
easily predictable and thus there is no doubt about their Japan using time series data from 1960-2007. The empirical
contribution towards reduction of Green House Gases analysis indicated co-integration between the variables
(GHG). However, other popular renewables like wind and and the VECM Granger causality confirmed unidirectional
solar power create many challenges when it comes to causality running from exports and economic growth to
balancing of their supply [2]. energy use.

The rest of the paper is organized as follows. Section Shahbaz [9] investigated the relationship between
2 presents a brief review of the literature on causality link economic growth, energy intensity, financial development
between energy consumption, economic growth, financial and CO  emissions over the period of 1971-2009 in
development and CO2 emissions. Section 3 describes the Portugal. The stationary analysis is conducted by
data and methodology. Section 4 highlights the empirical applying Zivot-Andrews test while for co-integration test
results and the last section concludes and states the the ARDL bounds testing approach for long run
policy implications of the results. relationship between the variables is used. The VECM

Literature Review: The energy crisis in the 1970s and the between energy intensity and CO emissions and
rise in oil prices, has negatively influenced economic unidirectional causal relationship is found running from
growth mainly on developing countries. The relationship economic growth and financial development to CO
between energy consumption and economic growth has emissions.
been extensively investigated since the late 1970s. These Shahbaz, et al. [10] examined the relationship
studies show that the relationship between energy between energy, economic growth and financial
consumption and economic growth is still a controversial development, international trade and capital for China
issue. Different results have been found not only for over the period 1971-2011. For the long run relationship of
different countries but also for different time periods variables used in their paper, they apply the ARDL
within the same country. bounds test. The results of Granger causality analysis

Altinay, et al. [3] have examined causality between revealed that unidirectional causal relationship is running
GDP and energy consumption in Turkey for the period from energy use to economic growth. Also, the results
1950-2000. Using break unit root tests proposed by Zivot, show that there is a bidirectional causality between
et al. [4] and Perron [5] reveal that the series are financial development and international trade, between
stationary in first differences with a structural break. The international trade and energy demand and between
main conclusion of this study is that there is no evidence capital and energy demand, financial development and
of causality between energy consumption and GDP in economic growth as well as between international trade
Turkey for the examined period. and economic growth. 

Ghosh [6] investigated the relationship between Shahbaz et al. [11] investigated the dynamic causal
electricity supply, real GDP and employment for India for relationship between energy consumption, economic
the time span 1970 to 2006 using a multivariate framework growth and financial development in Lebanon over the
using autoregressive distributed lag (ARDL) bounds period 1993M1-2010M12. The results of their paper
testing approach of co-integration. The results of the test confirm the existence of co-integration among the
show that the causal Granger relationship is running from variables used. Finally, the VECM causality analysis
real GDP and electricity supply to employment without showed the feedback causality between energy
any feedback effect. consumption  and  economic  growth as well as between

2

causality analysis showed the feedback hypothesis
2

2
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Table 1: Causality relations among CO emissions (E), Energy2

Consumption (EC), Financial Development (FD) and Economic
Growth (Y)

Authors Period Country Results
[3] 1950 to 2000 Turkey EC < >Y
[6] 1970-2007 India Y EMP EC  EMP
[7] 1960-2006 Greece EC Y
[8] 1960-2007 Japan EXP EC Y EC
[9] 1971-2009 Portugal EC  CO2 Y CO2 FD CO2
[10] 1971-2011 China EC Y FD TR K EC

FD Y PT Y
[11] 1993M -2010M Lebanon EC Y Y FD FD EC1 12

Note: Y, E, EC, FD, EXP, K and EMP indicate GDP per capita, carbon
dioxide emissions, energy consumption, finance development per capita,
exports, capital and employment.  and  indicate unidirectional causality
and feedback hypothesis, respectively.

economic growth and financial development while the
results showed that there existed a unidirectional causal
relation with direction from financial development to
energy consumption.

Over the period 1960-1973 (first energy crisis) Greece
experienced high rates of economic growth. During this
period, economic growth was above 6% per annum, on
average and was accompanied by an impressive increase
of energy consumption by an annual average growth rate
of 9.4%, a rate considerably higher than the annual
growth rate of output. During the period 1973-1990
(second energy crisis) economic growth in Greece did not
exceed on average the level of 4.1% per annum. Lower
growth rates of total energy consumption over this period
seem to reflect the lower economic activity over the same
period with annual growth rates of output registering an
average growth of 1.87%. Finally, the period 1990-2009
output growth rates reached 3.1% per annum while the
increase of total energy consumption on average was
2.2% per annum for the same period. Overall energy
demand in Greece has risen. Energy demand in the
transport sector has been growing by 59%, in the
industrial sector by 16% and in other sectors (residential,
agriculture etc) by 88% in 2009 compared to 1990 prices.

With regards to energy forms, Greece has only minor
domestic reserves of oil and gas. The dependence on
energy imports for Greece was at the levels of 69% in
2000 and it is expected to reach the level 76% in 2030.
Taking into account the large dependence on energy
imports and the rising fuel prices, energy policy in Greece
is facing significant challenges regarding energy
conservation policies.

Moreover, Greece has to consider the obligations
after the commitments of the Kyoto protocol. For Greece
this is translated into a restriction of the average growth

of gas emissions to +25% compared to the levels of
1990’s. In order to meet the +25% target, Greece has to
implement a set of different actions at national and
European levels across different sectors of the economy
with special emphasis on the energy sector. Hence,
energy policy in Greece should be designed taking into
consideration competitiveness, energy saving and
environmental developments. In this context, the
identification of the relationships between energy
consumption and economic growth in Greece remains of
primary importance [7].

MATERIALS AND METHODS

Data: The variables used in this study are Energy
Consumption (EC) measured in kg of oil equivalent per
capita, CO2 emissions (E) measured in metric tons per
capita and GDP per capita measured in constant 2000 US$
(Õ) and financial development (FD) in constant 2000 US$.
The data sample of the present study is 1960-2009. All
variables come from the World Development Indicators
(WDI) [12] and employed in their natural logarithms. The
descriptive statistics of different variables are presented
in Table 2.

Econometric Methodology: After presenting the
descriptive statistics for the four variables, the paper
involves into the following objectives

The first is to examine the stationarity of the variables
using the traditional unit root tests as well as unit
root tests with structural breaks presented on the
variables.
The second is to examine the long run relationship
between variables using cointegration analysis of
ARDL bounds (Autoregressive Distributed Lag)
developed by [13] 
The third is to estimate the long run and short run
relationship between the variables of the examined
model.
The fourth aim is to estimate a dynamic vector error
correction model (VECM) in order to infer the causal
relationships and finally
The fifth aim is to estimate the model Variance
Decomposition Analysis using Choleski technique.

The general form of our empirical model can be
written as follows:

(1)



0 1 2 3ln ln ln lnt t t t tE EC Y FD u= + + + +
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Table 2: Descriptive statistics

LE LEC LY LFD

Mean 1.583 7.254 9.060 10.397

Median 1.766 7.416 9.146 10.427

Maximum 2.184 7.909 9.602 12.276

Minimum 0.122 5.666 8.127 8.015

Std. Dev. 0.605 0.645 0.371 1.066

Skewness -1.080 -1.095 -0.895 -0.198

Kurtosis 3.054 3.055 3.191 2.328

Jarque-Bera 9.738 10.014 6.766 1.268

Probability 0.007 0.006 0.033 0.530

Observations 50 50 50 50

where E is CO emissions (measured in kg of oil equivalent2

per capita), EC is energy consumption (measured in kg of
oil equivalent per capita), Y is real GDP per capita (used as
a proxy of economic growth) and FD is financial
development (we use M2 as a measure of financial
development).

We convert all series into natural logarithms to avoid
sharpness and variations in the data. The log-linear
specification provides efficient results as compared to
simple linear specification. Also, with the transformation
of all series into logarithms, we can attain directly the
elasticities of these series. The equation (1) is modeled as
follows:

(2)

where  u  is the standard error term assumed to bet

normally distributed with zero mean and constant
variance.

We assume that a rise in energy consumption and
economic growth will increase carbon dioxide emissions
so we get  > 0 and  > 0. The expected sign of  is1 2 3

mixed depending on the level of a country in economic
development stages. It is expected to be negative for
developed countries and may be positive in the case of
developing countries [14] 

Next  we  test  the  unit root properties of the
variables.   The  stationarity  level  of  the  variables is
very important for policy implications. According to
literature [10] if energy consumption is stationary at
levels, it shows that innovations in energy use have
transitory effects and series returns to its trend path
otherwise innovations show permanent effect on energy
consumption if energy consumption series is not
stationary.

RESULTS

Unit Root Analysis: We have applied ADF, by Dickey
and Fuller [15], P-P [16], KPSS by Kwiatkowski et al. [17],
DF-GLS by Elliott et al. [18] and ERS-Point Optimal Test
by Clemente et al. [19], unit root tests and the results are
disclosed in Table 3. 

The results on table 3 show that all variables have
unit root at their levels, while they become stationary at
first differences with intercept and trend. This indicates
that the series have unique order of integration I (1).

The results of these traditional tests may be biased
due to lack of information about structural break points.
These structural breaks would help policy makers in
designing economic policy in the long run period.

In order to solve the previous problem, we apply
according to literature [19] unit root test based on
literature [20] which allows one or two unknown structural
breaks arising in the variables. The results of unit root
tests with structural breaks are given on Table 4. 

From the results on table 4 we can see that all series
present unit root at their levels with one and two
structural breaks. Afterwards, all variables are stationary
at first differences accommodating single and two
unknown structural breaks. 

Cointegration Analysis: After testing the stationarity of
the series, we apply ARDL (Autoregressive Distributed
Lag) bounds testing approach developed by Pesaran and
Shin [21] to investigate co-integration for long run
relationship between carbon emissions, energy
consumption as well as economic and financial
development in the presence of structural breaks for the
Greek economy. This method has multiple econometric
advantages. For example, it seems flexible regarding the
stationarity properties of the variables). The bounds
testing ARDL is applicable irrespective of whether
variables are I(0) or I(1). Furthermore, the ARDL bounds
testing provides efficient and consistent empirical
evidence for small sample data. 

Thus, we choose the ARDL bounds testing because
there are structural breaks on time series and also
provides consistent results for small sample (see, [22]).

Moreover, a dynamic unrestricted error correction
model can be derived from the ARDL bounds testing
through a simple linear transformation. The dynamic
unrestricted error correction model integrates the short
run dynamics with the long run equilibrium. The dynamic
unrestricted error correction model is expressed as
follows:
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Table 3: Unit Root Analysis
Variable ADF P-P KPSS DF-GLS ERS
lnE -1.57(0) -2.16[18] 0.22[5]*** -0.53(0) 126.8(0)

lnE -8.25(0 )*** -8.44[5]*** 0.10[8] -7.73(0)*** 4.53(0)**
lnEC -2.09(0) -2.03[1] 0.21[5]** -0.65(1) 245.1(0)

lnEC -5.43(0)*** -5.45[2]*** 0.12[3]* -5.54(0)*** 3.85(0)***
lnY -2.28(1) -2.67[4] 0.17[5]** -0.98(1) 85.6(1)

lnY -4.99(0)*** -5.17[4]*** 0.18[4]** -4.64(0)*** 5.02(0)**
lnFD -1.72(2) -1.19[3] 0.21[5]** -1.44(2) 33.37(2)

lnFD -5.36(0)*** -5.38[2]*** 0.08[3] -5.17(0)*** 4.41(0)**

Table 4: Clemente-Montanes-Reyes structural break unit root analysis
Model: Trend Break Model

Level data First difference data
------------------------------------------------------------------------------- ---------------------------------------------------------------------------------

Variable TB1 TB2 Test statistics k TB1 TB2 Test statistics k
lnE 1971 -1.45 3 1974 -4.67** 2

1970 1988 -2.07 2 1974 1990 -5.23** 2
lnEC 1973 -2.91 2 1974 -7.23*** 3

1971 1988 -2.34 2 1974 1990 -8.34*** 4
lnY 1971 -3.18 4 1974 -4.22** 3

1970 2000 -2.25 2 1974 1997 -5.64** 3
lnFD 1994 -3.14 3 1981 -6.48*** 4

1975 1991 -2,98 2 1974 1981 -5.71** 3
Note: TB1 and TB2 are the dates of the structural breaks
 k is the lag length.
***, ** and * show significant at 1%, 5% and 10% levels respectively.

(3)

(4)

(5)

(6)

where  denotes the first difference operator, D is dummy
for structural break point and u is error term assumed tot

be independently and identically distributed.
Given that the computation of ARDL bounds testing

is known to be sensitive to lag length selection, for this
reason we use Akaike criterion. As such, inappropriate
selection of lag length may produce biased results. 

The      optimal lag   length   of   the   first
differenced regression is chosen on the basis of minimum
value of Akaike information criteria (AIC). Pesaran and
Shin [21] suggests F test for joint significance of the
coefficients of the lagged level of variables. The null
hypothesis of no cointegration among the variables in
equation (3) is:

 against the alternative hypothesis of cointegration
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Table 5: The results of ARDL cointegration test.
Bounds testing to cointegration Diagnostic tests
------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------
Estimated models Optimal lag length Structural Break F-statistics X X X X2 2 2 2

NOR ARCH RESET SERIAL

F (E/EC,Y,FD) 1,1,1,1 1974 9.037*** 23.47 0.005[1] 0.612[1] 2.551[1]E

F (EC/E,Y,FD) 1,1,1,1 1974 1.839 7.535 0.367[1] 0.803[1] 0.982[1]EC

F (Y/E,EC,FD) 1,1,1,1 1974 2.431 0.532 0.132[1] 0.067[1] 0.001[1]Y

F (FD/E,EC,Y) 1,1,1,1 1981 0.546 102.8 0.034[1] 0.250[1] 5.013[2]FD

Critical values (T = 50)
-------------------------------------------------------------------------

Significant level Lower bounds I(0) Upper bounds I(1)
1% level 7.337 8.643
5% level 5.247 6.303
10% level 4.380 5.350
Note. The optimal lag length is determined by AIC. [ ] is the order of diagnostic tests. Critical values are collected from [22] Narayan (2005). ***, ** and
* show significant at 1%, 5% and 10% levels respectively.

Which is denoted as . Estimation of Long and Short Run Relationship: The next

Similarly for equation (4)

against the alternative hypothesis of cointegration

Which is denoted as .

Similarly for equation (5)

 against the alternative hypothesis of cointegration

Which is denoted as .

Similarly for equation (6)

 against the alternative hypothesis of cointegration

Which is denoted as .

Table 5 reports the results of the ARDL bounds
testing approach to cointegration.

The results of Table 5 show that there is one
cointegrating vector (F-statistics seem to exceed upper
critical bounds at 1%) confirming the existence of long run
relationship among the examined series in the presence of
structural breaks. The ARDL models fulfill the
assumptions of normality, autoregressive conditional
heteroskedasticity (ARCH), functional forms and serial
correlation of models.

step is to examine the long run relationship between the
variables. We use the following equation:

(7)

where e is error term assumed to be normally distributed.t

Moreover, a dynamic error correction model can be
derived from the ARDL bounds test through a simple
linear transformation. The dynamic unrestricted ECM
integrates the short run dynamic with the long run
equilibrium.

The dynamic unrestricted error correction model is
expressed as follows:

(8)

where ECM is the error correction term. The coefficientt-1

of error correction term (ECM ) should be negative andt-1

statistically significant. This coefficient indicates the
speed of adjustment, how quickly the variables return to
the long run equilibrium. On Table 6 we present the
results of long and short relationship of the model’s
variables.

From the results of table 6 we can see that in the long
run function of CO  emissions, there is an increase of2

energy consumption by 1% which will lead to an increase
of  CO   by  0.43%,  while  an increase of GDP by 1% will2
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Table 6: Long run results.
Dependent variable = lnEt

Long run analysis
Variables Coefficient T-statistic
Constant 4.341*** 8.197
lnEC 0.433*** 16.857t

lnY 0.174** 1.95t

lnFD 0.009* 1.79t

R 0.9932

F-Statistic 218.7***
D-W 1.120
Diagnostic Test Probability
X  Normal 1.931 0.3802

X  Serial 8.269[2] 0.0152

X  ARCH 16.74[1] 0.0002

X  White 31.35 0.0032

X  Reset 1.140 0.2912

Short run analysis
Constant 0.005 0.606

lnEC 0.565*** 3.319***t

lnY 0.342** 1.821**t

lnFD 0.008* 1.694*t

ECM -0.525*** -4.001***t-1

R 0.5422

F-Statistic 13.041***
D-W 1.874
Diagnostic Test Probability
X  Normal 10.94 0.0142

X  Serial 0.358[1] 0.5492

X  ARCH 0.830[1] 0.3622

X  White 20.651 0.1102

X  Reset 0.781 0.3812

Notes: ***, ** and * show significant at 1%, 5% and 10% levels
respectively. Ä denotes the first difference operator, X  Normal is for2

normality test, X  Serial for LM serial correlation test, X  ARCH for2 2

autoregressive conditional heteroskedasticity, X  White for white2

heteroskedasticity and X  Reset for Ramsey Reset test. [ ] is the order of2

diagnostic tests.

Table 7: VECM Granger causality analysis.
Short run Long run

Dependent ------------------------------------------------------------- -----------
variable InEC InY InFD InEC ECMt-1 t-1 t-1 t-1 t-1

lnE 0.477* 0.170 0.004 -0.366*t

lnEC 0.105 0.630** 0.018 0.163t

lnY 0.014 0.234 0.001 0.018t

lnFD 0.621 0.561 1.492 0.250t

***, ** and * show significant at 1%, 5% and 10% levels respectively. Ä
denotes the first difference operator,

increase the CO  emissions by 0.17%. Finally, an increase2

in financial enlargement by 1% will increase the CO2

emissions by 0.009% ceteris paribus. 
In the short run we can see that energy consumption

has a positive sign on CO  emissions in 1% level of2

significance. The impact on CO  emissions are also2

positive both for economic growth and for financial
enlargement in 5% and 10% level of significance
respectively. The negative and statistically significant
estimation ECM by 0.525 lend support to a long runt-1

relationship among the series of the examined model. This
means that the short run deviations from the long run
equilibrium are being corrected by 52.5% each year.
Finally, the diagnostic tests show that error terms of short
run model are normally distributed and free of serial
correlation, heteroskedasticity and ARCH problem. The
Ramsey reset test suggests that functional form for the
short run model is well specified.

The parameters stability is checked by applying the
CUSUM CUSUMSQ tests and Recursive Residuals of the
long and short run parameters (Figures 1 - 6) proposed by
[23]

The VECM Granger Causality: Once the long run
relationship is established among the series, we test the
direction of causality using the following error correction
representation. Table 7 reports the results on the direction
of long and short run causality.

The results on table 7 support that in the short run
there is a unidirectional causal relationship between
energy consumption and CO  emissions with direction2

from energy consumption to CO  emissions as well as2

between economic growth and energy consumption with
direction from economic growth to energy consumption.

In long span of time, empirical evidence indicated that
the causal relationship is found between energy
consumption and CO  emissions. This implies that the use2

of modern technology increases energy intensity
resulting in the increase of CO  emissions during2

production process and vice versa. 
The appropriate knowledge about the direction of

causality between the variables helps policy making
authorities in articulating inclusive energy, economic,
financial and environmental policy to sustain economic
growth and improve the environmental quality in the long
run. Granger suggested that in the presence of
cointegration, once variables are found to be stationary at
unique order then VECM Granger causality framework is
an appropriate approach to detect the long-and-short runs
causal relationship between economic growth, energy
consumption, financial development and CO  emissions2

[9].

Variance Decomposition Method (VDM): We then used
forecast error variance decomposition (FEVD) in vector
autoregressive  (VAR)  system  to  test  the  strength   of
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Fig. 1: Plot of Cumulative Sum of Recursive Residuals (long run)

Fig. 2: Plot of Cumulative Sum of Squares of Recursive Residuals (long run)

Fig. 3: Plot of Recursive Residuals (long run)
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Fig. 4: Plot of Cumulative Sum of Recursive Residuals (short run)

Fig. 5: Plot of Cumulative Sum of Squares of Recursive Residuals (short run)

Fig. 6: Plot of Recursive Residuals (short run)
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Table 8: Variance Decomposition Approach
Variance Decomposition of lnEt

Period S.E lnE lnEC lnY lnFDt t t t

1 0.052464 100.0000 0.000000 0.000000 0.000000
2 0.064576 95.72934 4.079702 0.190752 0.000209
3 0.075404 91.17204 8.409187 0.169681 0.249090
4 0.084045 87.09128 12.28778 0.154123 0.466817
5 0.091357 84.08396 15.11721 0.131859 0.666980
6 0.097485 81.89498 17.15970 0.127963 0.817358
7 0.102679 80.28175 18.62237 0.179921 0.915961
8 0.107122 79.03740 19.68524 0.316020 0.961342
9 0.110966 78.02011 20.46792 0.552049 0.959920
10 0.114332 77.12936 21.05084 0.894315 0.925489

Variance Decomposition of lnECt

Period S.E lnE lnEC lnY lnFDt t t t

1  0.040609  27.34014  72.65986  0.000000  0.000000
2  0.065463  36.24549  57.90943  4.794542  1.050536
3  0.080651  39.69652  54.29898  5.007527  0.996974
4  0.091661  43.10606  51.30878  4.563334  1.021829
5  0.099989  45.68190  49.19158  4.028534  1.097977
6  0.106658  47.67258  47.55390  3.571776  1.201745
7  0.112161  49.20183  46.26786  3.230584  1.299719
8  0.116806  50.38661  45.22707  3.014880  1.371439
9  0.120790  51.30178  44.36566  2.926728  1.405832
10  0.124251  51.99777  43.63646  2.964356  1.401421

Variance Decomposition of lnYt

Period S.E lnE lnEC lnY lnFDt t t t

1  0.031885  21.91414  24.70638  53.37948  0.000000
2  0.046280  21.46061  27.86492  50.47659  0.197887
3  0.056605  22.98503  27.62406  49.24931  0.141608
4  0.064283  24.06533  26.98814  48.50971  0.436818
5  0.070500  24.88499  26.07419  47.70670  1.334125
6  0.075820  25.44397  25.02582  46.63955  2.890656
7  0.080597  25.78849  23.88544  45.24862  5.077453
8  0.085039  25.95076  22.69269  43.55210  7.804445
9  0.089273  25.96351  21.48055  41.60713  10.94881
10  0.093375  25.85831  20.27897  39.49015  14.37257

Variance Decomposition of lnFDt

Period S.E lnE lnEC lnY lnFDt t t t

1 0.234401 0.863050 1.408205 0.637379 97.09137
2 0.375881 0.479608 1.267423 0.491861 97.76111
3 0.476447 0.449654 1.382859 0.333803 97.83368
4 0.557518 0.568190 1.537138 0.258185 97.63649
5 0.626441 0.730763 1.645865 0.310598 97.31277
6 0.686503 0.917296 1.703464 0.485472 96.89377
7 0.739367 1.117644 1.720975 0.776797 96.38458
8 0.786089 1.327866 1.711080 1.181705 95.77935
9 0.827401 1.544802 1.683565 1.700107 95.07153
10 0.863864 1.765780 1.645336 2.332879 94.25600

causal relationship between CO2 emissions, energy
consumption, economic growth and financial
development. The forecast error variance decomposition
(FEVD) indicates the magnitude of the predicted error
variance for a series accounted for by innovations from
each of the independent variable over different time-

horizons beyond the selected time period. The main
advantage of this approach is that it is insensitive with
ordering of the variables because such ordering is
uniquely determined by VAR system. Further, of this
approach estimates the simultaneous shock affects. 

The results of variance decomposition approach are
described on Table 8.

The empirical evidence indicates that a 77.12% of CO2

emissions is contributed by its own innovative shocks
and one standard deviation shock in energy consumption
explains energy pollutants by 21.05%. The contribution of
economic growth and financial development to CO2

emissions is minimal and is 0.89% and 0.92% respectively.
On the contrary, a quite large portion of CO2 emissions is
explained by innovative shocks stemming in energy
consumption i.e. 21.05%.

Also, a 51.99% of energy consumption is explained
by one standard deviation shock in CO  emissions and2

43.63 per cent portion is contributed to energy
consumption by its own innovative shocks. A standard
deviation shock stemming in economic growth and
financial development attribute energy consumption by
2.96 and 1.40 per cent respectively. 

A 39.49% contribution exists in financial development
by shocks arising in economic growth. CO2 emissions and
energy consumption explain financial growth minimally
and one standard innovative shock stems in economic
growth explains itself by 14.37 per cent.

Finally, the contribution of CO  emissions, energy2

consumption and economic growth to financial growth is
1.76, 1.64 and 2.33% respectively and the rest is being
explained by its own standard innovative shocks.

The impulse response function is alternate of
variance decomposition approach and shows the reaction
in one variable due to shocks stemming in other variables.
Figure 7 plots the impulse responses of CO  emissions2

(lnE) energy consumption (EC) economic growth (Y) and
financial growth (lnFD) over a horizon of 10 years.
Standard errors are calculated by the Monte Carlo
method, with 100 repetitions (of ± 2 standard deviations).

Figure 7 is referred to the positive response in carbon
emissions due to standard shocks stemming from energy
consumption, with less of an increase for economic
growth and financial development. This means that
financial sector development contributes, in a minimum
level, to the increase of carbon emissions. The
contribution of carbon emissions and financial
development is positive to energy consumption while
economic growth declines with energy consumption due
to  the use of energy efficient technologies. The response
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Fig. 7: Impulse Response Function

of financial development is positive due to innovative financial development and economic growth has been
shocks which are evident in energy consumption sector examined by applying the model of vector error correction
and economic growth. (VECM) of Granger whereas for the test of dynamic causal

A standard shock occurs in energy consumption relationship we used forecast error variance
stimulating financial development while economic growth decomposition (FEVD). 
declines it. This shows that financial development Our results indicated that all variables are stationary
contributes to economic growth. This confirms that at first differences accommodating single and two
current financial crisis in Europe has decayed economic unknown structural breaks. The ARDL bounds testing
activity in Greece. showed that there is one cointegrating vector confirming

Conclusion and Policy Implications: This paper examined that we examine in the presence of structural breaks. The
the relationship between CO  emissions, energy empirical evidence showed that energy consumption as2

consumption, financial development and economic well as economic growth are major contributor to CO
growth, in Greece over the period of 1960-2009. We have emissions. On the contrary, financial sector development
applied unit root test accommodating single unknown shows that there is no relationship between financial
structural breaks stemming in the series. The ARDL development and CO  emissions. This validates the
bounds testing is applied in order to find out contribution of financial sector to improve the quality of
cointegrating vectors between the variables in the environment.
presence of structural breaks. The direction of causal The causality analysis showed that there is a
relationship between CO  emissions, energy consumption, unidirectional    causal     relationship     between   energy2

the existence of long run relationship among the series

2

2
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consumption  and  CO   emissions  as well  as    between 8. Sami, J., 2011. Multivariate cointegration and2

economic growth and energy consumption. This implies causality between exports, electricity consumption
that the use of modern technology increases energy and real income per capita: recent evidence from
consumption leading to CO  emissions during the Japan. International Journal of Energy Economics2

production process and vice versa. The unidirectional and Policy, 1(3): 59-68.
causal relation which was found to run from energy 9. Shahbaz, M., 2012. Multivariate Granger causality
consumption and economic growth to CO  emissions, between CO2 Emissions, energy intensity, Financial2

show that carbon emissions can be reduced at the cost of development and economic growth: Evidence from
economic  growth  or  energy  consumption  using Portugal, MPRA Paper No. 37774. 
efficient technologies that should be encouraged to 10. Shahbaz, M., S. Khan and M.I. Tahir, 2013. The
enhance domestic production with the help of financial dynamic links between energy consumption,
sector. economic growth, financial development and trade in

Finally, financial sector must determine its focus on China: Fresh evidence from multivariate framework
the allocation of funds to those firms which adopt analysis, Energy Economics, 40: 8-21.
environmental friendly technologies and encourage the 11. Shahbaz, M., S. Abosedra and R. Sbia, 2013. Energy
firms to use more energy efficient technology for Consumption, Financial Development and Growth:
production purpose and hence saving environment from Evidence from Cointegration with unknown
degradation. Structural breaks in Lebanon, MPRA, Paper
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