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Abstract
Using a panel data Vector Error Correction model (VECM), this paper
investigates the relationship between output and its main determinants
including energy consumption in the Middle East and North Africa (MENA)
over the period 1987-2008 within a multivariate framework. More
specifically, the model allows us to examine the short- and long-run causal
relationship between energy consumption and output growth when we
control for the presence of capital and labor inputs. The result confirms the
existence of a long-run equilibrium relationship among real GDP, energy
consumption, fixed capital formation, and employment. The panel Granger
causality tests reveal that there is bidirectional causal relationship between
real GDP and energy consumption. Our finding hence supports the feedback
hypothesis. The result suggests that an energy-conservation policy might
adversely affect output growth in MENA. This finding may have important
policy implications for policymakers and international organizations.
Furthermore, the Generalized Method of Moments (GMM) is used to
estimate the long-run elasticities. The estimation results show that the
elasticity of real GDP with respect to energy consumption is 0.38. Moreover,
a 1% increase in real GDP raises energy consumption by 0.60% in this
region. We might conclude that an energy policy that results in the
improvements of energy efficiency not only helps to conserve energy
consumption but also boosts the economic output in these countries.
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1. Introduction
Since the first oil shock in the early 1970s the role of energy consumption in
output growth has become the focus of many economic researches. Energy
has a direct link to a country’s GDP through consumption, investment,
exports and imports and hence can affect all components of aggregate
demand. Given a positive relationship between energy consumption and
economic growth, a negative shock to energy, such as an increase in energy
prices or energy conservation policies will negatively affect real GDP.
Since the work of Kraft and Kraft (1978) for the United States, numerous
researchers have examined the causal relationship between energy
consumption and output growth for various countries and regions. Most
researchers have used time series analysis to study the causality between
energy use and real GDP for an individual country.
The empirical result on causal relationship between energy consumption
and output growth is mixed. There are many studies that found
unidirectional causality running from GDP to energy consumption. These
include Kraft and Kraft (1978), Yu and Choi (1985), Abosedra and
Baghestani (1989), Cheng and Lai (1997), Soytas and Sari (2003), Lee
(2006), Zamani (2007), Chiou-Wei et al. (2008), Lee and Chien (2010).
In contrast, many researchers such as Yu and Choi (1985), Stern (1993,
2000), Soytas and Sari (2003), Oh and Lee (2004), Lee (2006), Adeniran
(2008), Belloumi (2009), Lee and Chien (2010) showed that the causality
runs from energy consumption to real GDP.
The above findings were challenged by many authors who found
bidirectional causality between energy use and real GDP many. They include
Yang (2000), Soytas and Sari (2003), Ghali and El-Sakka (2004), Oh and
Lee (2004), Lee (2006), and Belloumi (2009).
At the other extreme, Akarca and Long (1980), Yu and Hwang (1984),
and Cheng (1995), Masih and Masih (1996), Lee (2006), Payne (2009), Lee
and Chien (2010) and Ozturk and Acaravci (2011) found no causal
relationship between energy consumption and output growth.1
All of the above studies have used time series analysis and focused on an
individual country. More recently some researchers have investigated the
causal relationship between energy consumption and economic growth in
the context of panel data models. According to Baltagi (2005), the use of
panel data model has several advantage over using cross section or time
series models. Panel data control for individual heterogeneity and also give
more informative data, more variability, less collinearity among the variables
and more efficiency. Furthermore, panel data models are better able to
examine the dynamics of adjustment. Finally, they have advantage over
1. For a literature survey on energy–growth nexus see Ozturk (2010).
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cross-section or time-series models in constructing and testing more
complicated behavioral models.
The findings of panel data models are also mixed. For example, the
papers that found unidirectional causality running from GDP to energy
consumption include Lee and Chang (2007), Mehrara (2007), Huang et al.
(2008), and Ozturk et al. (2010).
Lee and Chang (2007) studied the interaction between energy
consumption per capita and real GDP per capita in 22 developed and 18
developing countries. They found unidirectional causality running from real
GDP to energy consumption in developing countries. Mehrara (2007) found
a unidirectional causality from economic growth to energy consumption for
a panel of 11 selected oil exporting countries and. Huang et al. (2008) used
panel data analysis to study this causal relationship in 82 countries. They
divided the countries into four categories: low income group, lower middle
income group, upper middle income group, and high income group. They
showed that there is unidirectional causality running from output growth to
energy consumption in both the middle and high income groups. Ozturk et
al. (2010) found the same relationship in high income countries.
The researchers that showed that the causality runs from energy
consumption to GDP for a panel of countries are Lee (2005), Lee and
Change (2010), Narayan and Smyth (2008), Apergis and Payne (2009),
Nondo and Kahsai (2009), and Apergis and Payne (2010a).
Lee (2005) used panel data error correction model to study energy-GDP
relationship for 18 developing countries. He showed that the causality runs
from energy consumption to GDP for these countries. Lee and Change
(2010) used a multivariate framework for 16 Asian countries and found a
long-run unidirectional causality running from energy use to economic
growth. However, they found no short-run causal relationship between these
two variables.
Narayan and Smyth (2008) used a panel data Vector Error Correction
Model (VECM) and showed that fixed capital formation and energy
consumption Granger cause real GDP in the long run for a panel of G7
countries. Apergis and Payne (2009) used a panel data error correction
model to study this relationship for six Central American countries within a
multivariate framework. They also showed that the causality runs from
energy consumption to economic growth in these countries. Nondo and
Kahsai (2009) found the same result for a panel of 19 African countries
(COMESA). Apergis and Payne (2010a) used an Error Correction Model
(ECM) within a multivariate framework to study the relationship between
energy consumption and economic growth for a panel of nine South
American countries. They confirmed the existence of long-run equilibrium
relationship between real GDP, energy consumption, labor force, and real
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gross fixed capital formation in these countries. Their results also revealed
that the causality runs from energy consumption to economic growth in these
countries.
The papers that used panel data analysis and found bidirectional causality
between energy consumption and GDP include Lee and Chang (2007),
Mishra et al. (2009), Ozturk et al. (2010), Apergis and Payne (2010b),
Apergis and Payne (2010c), and Eggoh et al. (2011).
Lee and Chang (2007) found a bidirectional causality between real GDP
and energy consumption for a group of 22 developed countries. Mishra et al.
(2009) also confirmed the same result for a panel of 9 Pacific Island
countries. Ozturk et al. (2010) examined this causality for low and middle
income countries and showed that there exists a bidirectional causal
relationship between these two variables in the middle income economies.
Apergis and Payne (2010b) studied the relationship between natural gas
consumption and economic growth for a panel of 67 countries and found a
short- and long-run bidirectional causality between these variables. Apergis
and Payne (2010c) also examined the relationship between renewable energy
consumption and economic growth for a panel of twenty OECD countries
and found bidirectional causality between renewable energy consumption
and economic growth in these countries. Eggoh et al. (2011) studied the
relationship between energy use and output growth for a group of 21 African
countries and found a long-run equilibrium relationship among energy
consumption, real GDP, prices, labor and capital in these countries.
Moreover, the result confirmed the existence of bidirectional causal
relationship between energy and output growth.
Finally, there are authors that found no causal relationship between
energy consumption and GDP in the context of panel data models. For
example, Lee and Change (2008) studied the causality between energy
consumption and economic growth in16 Asian countries and found no shortrun causal relationship between these two variables.1 Huang et al. (2008) 2
also examined this causality for 82 countries and found no relationship
between energy consumption and output growth in the low income group.
The empirical studies on energy-growth relationship preclude the Middle
East and North Africa (MENA) as a block. According to World Bank reports
(2003), about 57 percent of the proven world oil reserves and about 41
percent of the proven world natural gas reserves are in the Middle East and
North Africa. Many energy-rich countries such as Saudi Arabia, Iran, Iraq,
Kuwait and Qatar are located in this region and a high percentage of their
1. However, they found a long-run unidirectional causality running from energy consumption
to economic growth in these countries.
2. Based on the income levels defined by the World Bank, these authors divided the countries
into four income groups.
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international trade is devoted to oil and gas exports. For example, Iran which
possesses about 10 percent of proven world oil reserves and the second
largest country in the world in terms of natural gas reserves is located in this
region. Undoubtedly, this region is a key world energy pool.
The region faces some big challenges too. It has one of the highest
population growth rates and experiences a relatively low job creation.
According to the World Bank, high unemployment has been a problem in
MENA for years. High population growth and urbanization rates require
1
more energy consumption.
The question is how energy consumption interacts with output growth in
MENA. Moreover, one might be interested to know whether limiting energy
use through energy conservation policy would slow down economic growth,
investment and employment in this region. To answer these questions, it is
important to know the direction of causal relationship between real output
and energy consumption in this energy-rich region.
To the best of our knowledge, no research has used multivariate panel
Granger causality to study the interaction among gross domestic product
(GDP), energy consumption, fixed capital formation, and labour force in
MENA as a block. The main goal of this paper is to fill this gap in the
empirical literature. To this end, we follow Apergis and Payne (2009, 2010a,
2010b and 2010c) and use a panel data Vector Error Correction Model
(VECM) to investigate the short- and long-run causality between real output
and its main determinants including energy consumption in the Middle East
and North Africa within a multivariate framework. Provided a long-run
causal relationship exists between the variables, we use the Generalized
Method of Moments (GMM) to estimate the long-run elasticity of real GDP
(energy consumption) with respect to energy consumption (real GDP).
Our findings may have important policy implications for policymakers,
economists and international organization in this resource-rich region in
which most countries depend heavily on their revenue from exporting oil and
gas and also suffer from relatively high level of unemployment and low
economic growth.2 The article contains four sections. After the introduction,
the model is presented in Section two. Section three is devoted to data
description and results. The final section is the concluding remarks.
2. Theory and Model
Early neoclassical growth models considered capital and labor as primary
factors of production and ignored the role of energy in economic growth.
Energy was mostly considered as an intermediate input. The negative impact
1. World Bank reports (2003, 2007).
2. The result of this paper might be useful for policymakers in Iran and other MENA
countries in conducing policies that affect the main determinants of growth rate in this region.
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of the oil shocks of early 1970s and 1980s on output, employment and
investment showed the importance of energy for economic growth. In fact
energy is an input that cannot be produced or recycled from any other input.1
Hence, many researchers such as Hall et al. (1986) argue that labor and
capital are intermediate factors of production and energy is the primary
factor of production.
In the literature on energy-output relationship, one can find four different
hypotheses: growth; conservation; feedback; and neutrality hypotheses. The
growth hypothesis emphasizes on both the direct and indirect role of energy
in production. According to this hypothesis energy consumption leads to
output growth. Hence, an energy conservation policy will have negative
impact on real output and employment and may harm economic growth. The
conservation hypothesis underlines the importance of energy conservation.
According to this hypothesis the causality runs from real gross domestic
product (GDP) to energy consumption. It implies that an increase in output
causes an increase in energy use. The feedback hypothesis argues that
energy consumption and real GDP are interdependent and hence suggests
there is a bilateral causal relationship between them. According to this
hypothesis a shock to either one of these variables affects the other. Finally,
the neutrality hypothesis argues that there is no causal relationship between
energy consumption and output. It claims that energy consumption has little
impact on output and hence does not play an important role in production
process. Hence, an energy conservation policy does not affect real GDP.2
As will be explained shortly we follow Apergis and Payne ((2009),
(2010a)) to study the relationship among output growth, energy
consumption, investment and employment in MENA. Prior to presenting our
panel data vector error correction model, we use Ghali and El-Sakka (2004)
to introduce energy into the following continuous monotonic quasi concave
neoclassical one-sector production function:

୲ ൌ ݂ሺܭ௧ ǡ ܮ௧ ǡ ܧ௧ ሻǡ

డ

 Ͳǡ

డ

 Ͳǡ

డଢ଼

 Ͳ.

(1)
In which Y, K, L, and E are real domestic gross production (GDP), capital
stock, level of labor force and total energy consumption, respectively. The
subscript t denotes the time period. After taking the differential of Eq. (1)
and doing some simplification we obtain:
డ
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(2)

In which dot on top of each variable denotes the growth rate of that
variable and a, b, and c are elasticity of output with respect to capital, labor,
and energy, respectively.
1. Stern (1999), page 382.
2. For more details see Apergis and Payne (2009) and Lorde et al. (2010).
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Equation (1) describes a long run relationship between output and inputs.
Hence, it allows to examine the presence of long run equilibrium
relationship among these variables using a multivariate cointegration
framework. If we introduce the lagged values of variables into above
equations, we might also examine the short-run dynamics of the model. The
short-run behavior provides us with useful information about the role of each
input in predicting the change of real output and vice versa. Hence, it allows
us to study the causal relationship among variables using a multivariate
Granger-causality test.1
However, the direction of causality among the variables in equation (2) is
not resolved yet. Most empirical works have focused on bi-variate Granger
causality test between output and energy and ignored the role of investment
and employment in their models. This might be a source of specification
error in the models. To overcome this shortcoming, we follow the recent
literature and use a multivariate Granger causality test to study the
relationship among the mentioned variables for a block of MENA countries.
Given our goal, we follow Apergis and Payne ((2009), (2010a)) and use
Engle and Granger (1987) and Granger (1988) and among others to construct
and estimate a panel data Vector Error Correction Model (VECM). It allows
us to study the short- and long-run causal relationship among growth rates of
real output, investment, employment and energy consumption.2 The
following equation is used to study the long run relationship among the
variables.
୧୲ ൌ ɏ  ɏଵ ୧୲  ɏଶ  ୧୲  ɏଷ ୧୲  ɂ୧୲ ǡ i=1,…,N and t=1,…,T. (3)
In which LY is the logarithm of real domestic gross product, LE is the
logarithm of energy usage, LK is the logarithm of fixed capital formation
and LL is the logarithm of labour force. The subscript i stands for country
i=1,…,N and t for time period, t=1,…,T. ɂ୧୲ is the disturbance term and s
are the parameters. Equation (3) represents a long run relationship among
variables.
Provided a long-run equilibrium relationship exists among the variables, we
estimate the following vector error correction model (VECM):



οܻܮ௧ ൌ ߤଵ  σୀଵ ߙଵ οܻܮ௧ି  σୀଵ ߚଵ οܧܮ௧ି  σୀଵ ߛଵ οܭܮ௧ି 
σୀଵ ߠଵ οܮܮ௧ି  ߣଵ ܶܥܧ௧ିଵ  ݑଵ௧
(4a)



οܧܮ௧ ൌ ߤଶ  σୀଵ ߙଶ οܻܮ௧ି  σୀଵ ߚଶ οܧܮ௧ି  σୀଵ ߛଶ οܭܮ௧ି 
σୀଵ ߠଶ οܮܮ௧ି  ߣଶ ܶܥܧ௧ିଵ  ݑଶ௧
(4b)
1. See Ghali and El-Sakka (2004), page 228.
2. This approach is also used by Adjaye (2000), Lee (2005), Mishra et al. (2009), Narayan
and Smyth (2008), Oh and Lee (2004), Soytas and Sari (2003).
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οܭܮ௧ ൌ ߤଷ  σୀଵ ߙଷ οܻܮ௧ି  σୀଵ ߚଷ οܧܮ௧ି  σୀଵ ߛଷ οܭܮ௧ି 
σୀଵ ߠଷ οܮܮ௧ି  ߣଷ ܶܥܧ௧ିଵ  ݑଷ௧
(4c)



οܮܮ௧ ൌ ߤସ  σୀଵ ߙସ οܻܮ௧ି  σୀଵ ߚସ οܧܮ௧ି  σୀଵ ߛସ οܭܮ௧ି 
σୀଵ ߠସ οܮ௧ି  ߣସ ܶܥܧ௧ିଵ  ݑସ௧
(4d)
In which ߤǡ ߙǡ ߚǡ ߛǡ ߠ and ߣ are parameters, ECT is error correction term,
ο denotes the first difference of a variable and ସ୧୲ ǡ ଷ୧୲ ǡ ଶ୧୲  ଵ୧୲ are
the disturbance terms. We are now ready to estimate the short and long-run
models.
In order to study the causal relationships between energy consumption,
economic growth, fixed capital formation and labour force we first examine
whether each variable contains a unit root. If the variables are not stationary,
the second step is to test whether there is a long run cointegration
relationship among the variables. If a long-run relationship between the
variables is found, the next step is to estimate a panel vector error correction
model to examine the existence of the short- and long-run Granger causality
between the variables.
More specifically, prior to examine the causality, we should estimate the
long run model (i.e., equation (3)). Provided a long-run equilibrium
relationship exists among the variables, we use the first lag of estimated
disturbance term (ɂ௧ିଵ ) obtained from equation (3) and substitute it for
ECT in equations (4a)-(4d) and estimate our vector error correction model.
The Wald test is used to examine short-run Granger causality between
variables. For example, in order to test whether real GDP Granger causes
energy consumption in the short run, we estimate equation (4a) and test the
null hypothesis  ǣ Ⱦଵ୨ ൌ Ͳǡ ݆ ൌ ͳǡʹǡ͵ǡ ǥ ǡ  ݍ. If H0 is rejected, it means that
energy consumption Granger causes real GDP. Similarly, in order to see
whether real GDP causes energy consumption we estimate equation (4b) and
test the null hypothesis  ǣ Ƚଶ୨ ൌ Ͳǡ ݆ ൌ ͳǡʹǡ͵ǡ ǥ ǡ  ݍ. If H0 is rejected, it
means that real GDP Granger causes energy consumption. Provided the null
hypotheses for both equations (i.e. equations (4a) and (4b)) are rejected, we
conclude that there is a bilateral causality between real output and energy
consumption. However, if H0 is rejected for one but accepted for the other, it
means there is unidirectional causality. Finally, provided that the two null
hypotheses are not rejected, there is no Granger causality between these two
variables. Similar reasoning can be used for other pair of variables and other
equations. Moreover, if ECT in one equation is statistically significant, it
implies that there is also a long-run causality between the variables in that
equation.
If a long-run causal relationship is found between the variables, we
estimate the long-run models to obtain the elasticities. Given the possible

Iranian Journal of Economic Research / Vol. 18 / No. 57

35

correlation between the dependent variables and the disturbances in our
long-run model, the OLS method is no longer unbiased and consistent.1 The
use of Generalized Method of Moments (GMM) will allow us to get rid of
any endogeneity that may arise due to correlation between the individual
effects and the explanatory variables. Moreover, the GMM method can be
made robust to heteroscedasticity and autocorrelation. This method allows us
to select the parameters so that the correlation between the disturbance and a
set of instruments closes to zero.
3. Data Description and Results
Annual data are obtained from the World Development Indicators (WDI,
2011) for seventeen MENA countries. The data cover the 1987-2008 period.
LY is natural logarithm of real gross domestic product (GDP) in US dollar
(2000), LE is the log of total energy usages in equivalent kilo ton of crude
oil. LK is the log of gross fixed capital formation in US dollar (at constant
price of 2000), LL is log of employment. Hence, οܺܮ௧ is the growth rate of
variable X in country i at timet .
Prior to our estimation we use panel data unit root test proposed by Im,
Pesaran and Shin (IPS) (2003) to examine whether the variables are
stationary. The optimal lag for this test is chosen based on Schwarz criterion
(SIC). The result of IPS panel data unit root test is reported in Table (1).
Table 1. IPS panel data unit root test

variable

a

LY
LE
LK
LL

with constant and without trend
t-bar statistic
Level
First difference
7.4312
-12.3379a
5.0508
-15.0142a
5.2551
-8.6539a
3.4909
-3.2554a

with constant and trend
t-bar statistic
Level
First difference
-1.2212
-9.6978a
-0.2181
-12.856a
-8.6212a
0.4016
-2.4642a
1.1425

indicates statistical significance at 1 percent level or less.

The result of panel unit root test shows that LY, LE, LK, and LL are not
stationary at level. However, their first differences are stationary. It means
that all variables are integrated of order one, I(1). In order to avoid the
spurious regression we have to examine whether a long-run equilibrium
relationship exists among these variables. We use Pedroni ((1999), (2004))
Panel PP, Panel ADF, Group PP, and Group ADF statistics to examine the
presence of cointegration relationship among the variables. The results of
Pedroni tests within dimension and between dimension for both constant
1. For more detail see Hsiao (2003), page73.

36

Energy Consumption and Economic Growth in …

term without trend and constant term with trend tests are reported in Table
(2).
Table 2. Pedroni cointegration test
within dimension:
Test Statistic
with
with
constant
constant
and trend
-3.6770a
-4.8405a
-4.4200a
-6.1531a

Panel PP-stat
Panel ADF-stat
a

Group PP-stat
Group ADF-stat

between dimension:
Test Statistic
with
with
constant
constant
and trend
-3.4975a
-4.6155a
-4.1832a
-6.6397a

indicates statistical significance at 1 percent level or less.

The lag length for Pedroni test is selected based on SIC. The results of
Pedroni test show that the null hypothesis of no cointegration relationship
among LY, LE, LK, and LL is rejected. It means that there is a long-run
equilibrium relationship among these variables and hence there is no room
for possible spurious regression.1
The next step is to estimate the vector error correction model. In order to
choose between fixed and random effects model, we conduct the Hausman
test. A central assumption in random effects estimation is that the random
effects are uncorrelated with the explanatory variables.2 If the null
hypothesis of no correlation is rejected, the use of random effects method
becomes inconsistent. The result of Hausman test is reported in Table 3.
According to this result, the null hypothesis is not accepted. Hence, we use
the fixed effects method to estimate the model.
Table 3. Hausman test

Period
1987-2008
a

χ2
8.6524a

Prob.
0.03

indicates statistical significance at 5% level.

More specifically, feasible Generalized Least Squares (GLS) in the
context of cross section SUR with fixed effects method is used to estimate
the VECM (the equations (4a)-((4b)). The error correction term, ECT(-1) is
the first lag of estimated disturbance term obtained from the estimation of
the long run model (i.e., equation (3)). The estimation results of equations
(4a)-(4d) are reported in Table 4.3
1. We have also used Kao (1999) residual cointegration test. This test also confirms the
existence of long-run relationship among variables. The result of this test is not reported here
but is available upon request.
2. Baltagi (2005), page 66.
3. Given our limited sample period, we started with three lags, and find out that the models
with 2 lags give the most appropriate results. The lag length is chosen by Schwarz criterion.
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Table 4. The estimation result of the VECM

a

Dependent
Variable/coefficients
Intercept
Δ LY(-1)
Δ LE(-1)
Δ LK(-1)
Δ LL(-1)
Δ LY(-2)
Δ LE(-2)
Δ LK(-2)
Δ LL(-2)
ECT(-1)
Adjusted R-squared
F-statistic
Durbin-Watson stat

Δ LY

Δ LE
a

0.0359
-0.1564a
0.2447a
0.0577a
0.7893a
-0.0637a
-0.1516a
0.0432a
-0.5330a
-0.2304a
0.97
389.44a
2.15

Δ LK
a

0.0588
0.1271a
0.0400
-0.0511a
0.1965
-0.1114a
-0.2592a
0.1228a
-0.2364a
0.2337a
0.70
30.49a
2.07

Δ LL
a

0.0111
0.1769a
-0.0973a
-0.0084
1.1398a
0.0012
0.0472a
-0.1161a
0.1798a
0.0865a
0.91
138.3660a
2.03

0.0364a
0.1083a
-0.0530a
-0.0024a
0.1726a
0.0544a
-0.0708a
-0.0072a
-0.0040
0.0094a
0.9480
235.8887a
2.06

indicates statistical significance at the 1% level or less.

Next, we apply the Wald test to the estimated coefficients of lagged
explanatory variables of equations (4a)-(4d) to investigate the short-run
Granger causality. We start with the estimation result of equation (4a) (the
second column of Table 4). In order to examine whether the short-run
Granger causality is running from energy consumption, investment, and
employment to LY, we test the null hypotheses of  ǣ Ⱦଵ୨ ൌ Ͳǡ  ǣ ߛଵ ൌ
Ͳǡ  ǣ ߠଵ ൌ Ͳǡ݆ ൌ ͳǡʹǡ respectively. The results are reported in Table 5.
As it can be seen from the table, the null hypotheses of no short-run
causality are rejected for all cases. Hence, we confirm the existence of shortrun causality running from LE, LK, and LL to LY. It means that energy
consumption, fixed capital formation, and labor force can be used to predict
real GDP in MENA countries.
Table 5. Short run causality when Δ LY is dependent variable

Dependent Variable Δ LY
ǣ

Ⱦଵ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

ߛଵ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

Ʌଵ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

a

F-statistic
1382.794a
275.0011a
456.2677a

Causality direction
LE
LK
LL

indicates statistical significance at the 1% level or less.

LY
LY
LY
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Next, we use the estimation result of equation (4b) (the third column of
Table 4) to examine the Granger causality when LE is dependent variable.
The results of Wald test for this equation is reported in Table 6. The results
indicate that the null hypotheses of  ǣ ߙଶ ൌ Ͳǡ  ǣ ߛଶ ൌ Ͳǡ  ǣ ߠଶ ൌ
Ͳ ǡ ݆ ൌ ͳǡʹǡ are rejected. Hence, we conclude that a short-run causality runs
from LY, LK, and LL to LE. This means that real GDP, fixed capital
formation and labor force play an important role in predicting energy
consumption.
Table 6 . Short run causality when Δ LE is dependent variable

Dependent Variable Δ LE
ǣ

ߙଶ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

ɀଶ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

Ʌଶ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

F-statistic

Causality direction

21.0785a
102.5785a
3.8680b

a

LY
LK
LL

indicates statistical significance at the 1% level or less.
significance at the 2% level.

b

LE
LE
LE

indicates statistical

Similarly, the estimation result of equation (4c) (the forth column of
Table 4) is used to study the Granger causality between the variables when
LK is dependent variable. The result of Wald test applied to the coefficients
of lagged independent variables in equation (4c) is reported in Table 7. As it
can be seen from the result of this table, the null hypothesis of no short-run
causality is rejected for all cases. It means that a short-run Granger causality
runs from real GDP, energy consumption, and labor force to energy
consumption in MENA.
Table 7. Short run causality when Δ LK is dependent variable

Dependent Variable Δ LK

a

ǣ

ߙଷ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

ߚଷ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

Ʌଷ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

F-statistic
94.26071a
50.91297a
680.7340a

Causality direction
LY
LE
LL

LK
LK
LK

indicates statistical significance at the 1% level or less.

Finally, we use the estimation result of equation (4d) (the last column of
Table 4) to examine the causality when LL is dependent variable. The result
of Wald test is reported in Table 8. It indicate that the null hypotheses:
 ǣ ߙସ ൌ Ͳǡ ǡ  ǣ ߚସ ൌ Ͳǡ  ǣ ߠସ ൌ Ͳǡ݆ ൌ ͳǡʹǡ are rejected. It hence
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confirms the presence of a short-run causality running from real GDP,
investment and energy consumption to labor force.
Table 8. Short run causality when Δ LL is dependent variable

Dependent Variable Δ LL
ǣ

ߙସ ൌ Ͳǡ

 ൌ ͳǡʹ

ǣ

ߚସ୨ ൌ Ͳǡ

 ൌ ͳǡʹ

 ǣ ߛସ
a

ൌ Ͳǡ

 ൌ ͳǡʹ

F-statistic

Causality direction

929.9320a
547.5323a
54.61077a

LY
LE
LK

LL
LL
LL

indicates statistical significance at the 1% level or less.

To sum up, the results of Granger causality tests (Tables 5-8) show that
there is a short-run bilateral causal relationship between each pair of real
GDP, energy consumption, real fixed capital formation, and the labor force.
The estimated coefficients of error correction terms (ECTs) are used to
examine the presence of long-run causality. As it can be seen from Table 4,
the coefficients of error correction terms, ECT(-1) are statistically
significant. It hence confirms the existence of a long-run causal relationship
between the variables.
Hence, the Granger causality test results support the existence of a
bidirectional short- and long-run causal relationship between real output and
energy consumption. On the basis of the short-run and long-run energy-GDP
dynamics, we prove the feedback hypothesis. Our result verifies the findings
of Huang et al. (2008), Apergis and Payne (2010b, 2010c), and Ozturk et al.
(2010). The presence of bidirectional causality indicates that there is mutual
interdependence between the variables under consideration in the MENA
countries. More specifically, the result suggests that limiting energy use
through energy conservation policy would slow down economic growth in
this region.
Moreover, our results indicate that there is a bilateral causal relationship
between real fixed capital formation and real GDP and between labor force
and real GDP in MENA countries. In addition, we find out that real fixed
capital formation Granger causes labor force and labor force in turn Granger
causes fixed capital formation in both the short and long run. These results
support the findings of Apergis and Payne (2009, 2010c) for six Central
American countries and twenty OECD countries.
Given the existence of bilateral Granger causality between these
variables, any policy that changes the energy consumption, real fixed capital
formation and the labor force will finally change real GDP. Moreover, it
emphasizes the important role of output growth in predicting energy
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consumption, investment and employment. In other words, a feedback effect
exists between real GDP and its main determinants.
In order to find the long-run elasticities, we estimate two long-run
equations. First, we estimate equation (3) in which LY is treated as
dependent variable and LE, LK and LL are set to be explanatory variables.
Next, we estimate equation (5) in which LE is dependent variable and LY,
LK and LL are treated as independent variables.
୧୲ ൌ Ɂ  Ɂଵ ୧୲  Ɂଶ  ୧୲  Ɂଷ ୧୲  ୧୲ ǡ i=1,…,N and t=1,…,T. (5)
In which ୧୲ is the disturbance term and Ɂj is a parameter. The
Generalized Method of Moment (GMM) is used to estimate the long run
equations. The estimation results of equations (3) and (5) are reported in
Table (9). Since the variables are in logarithm, the coefficients are
interpreted as elasticity.
Table 9. The GMM estimation of long-run elasticity

a

Dependent Variable
LY
LE

Intercept
10.32
-12.03a

LY
0.60a

LE
0.38a
-

LK
0.22a
0.06a

LL
0.36a
0.39a

indicates statistical significance at the 1% level or less.

The first row of Table 9 presents the result of GMM estimation where LY
is the dependent variable. According to this result, a one percent increase in
energy consumption raises the real output by 0.38 percent. This means that
energy is an important source of economic growth in MENA countries
including Iran. This result is close to the findings of Lee and Chang (2008)
for 16 Asian countries and Lee (2005) for 18 developing countries. The
long-run elasticity of real output with respect to fixed capital formation is
0.22. Moreover, a one percent increase in employment raises the real output
by 0.36 percent.
The second row of Table (9) indicates that when the dependent variable is
LE, all coefficients are statistically significant. More specifically, it shows
that a one percent increase in real GDP raises energy consumption by 0.60
percent. The long-run elasticity of energy consumption with respect to
labour force is 0.39. However, a one percent increase in fixed capital
formation only raises energy consumption by 0.06 percent.
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4. Concluding Remarks
This paper uses a panel data Vector Error Correction Model (VECM) to
investigate the relationship between real gross domestic product (GDP) and
energy consumption in MENA countries over the period 1987-2008 within a
multivariate framework. This model allows us to examine the short- and
long-run causal relationship between energy consumption and output growth
when we control for the presence of capital and labor inputs. Generalized
Least Squares (GLS) method in the context of Seemingly Unrelated
Regression (SUR) with fixed effects model is used to investigate the
existence of causality between the variables.
The estimation result confirms the existence of a long-run equilibrium
relationship among energy consumption, fixed capital formation,
employment and real output in MENA. The panel Granger causality tests
reveal that there is a short- and long-run bidirectional Granger causality
between real GDP and its main determinants including energy consumption.
Our result is similar to the findings of
Lee and Chang (2007) for a group of 22 developed countries, Mishra et
al. (2009) for a panel of 9 Pacific Island countries, Ozturk et al. (2010) for
middle income economies, Apergis and Payne (2010b) for a panel of 67
countries, Apergis and Payne (2010c) for a group of twenty OECD
countries, and Eggoh et al. (2011) for a panel of 21 African countries.
The existence of bidirectional causal relationship between energy and real
GDP in MENA suggests that energy consumption promotes economic
growth and economic growth in turn affects energy consumption. Our
finding hence confirms the feedback hypothesis. It means that energy
consumption and real output are interdependent. Hence, a shock to either one
of these variables affects the other. It implies that energy can be considered
as a limiting factor to output growth in this important region. More
importantly, as Apergis (2009, p.212) has pointed out "if this is the case an
energy policy oriented toward improvements in energy consumption
efficiency would not adversely affect real GDP". This might have an
important policy implication for MENA countries including Iran.
Finally, the Generalized Method of Moments (GMM) is used to estimate
the long-run elasticities. The results show that the elasticity of real GDP with
respect to energy consumption is 0.38. This finding shows how important
could be the effect of energy shortages on the growth of output in Iran and
other MENA countries as a group. Moreover, a 1% increase in real GDP
raises energy consumption by 0.60% in this region. These findings may
have important policy implications for policymakers and researchers in
MENA countries and also for international organizations. We might
conclude that an energy policy that results in the improvements of energy
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efficiency not only helps to conserve energy consumption but also boosts the
economic output in these countries.
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