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1. Introduction

Since the oil shocks of the 1970s, the energy efficiency
is a major concern for all countries of the world, and a
growing interest in the study of the relationship between
energy consumption and GDP growth. Indeed the level of
economic and social development of a country is often
linked to the level of energy consumption per capita.
Energy plays an important role in the economic growth of
both developed and developing countries. The growth
hypothesis suggests that energy consumption is an
indispensable component in growth, directly or indirectly
as a complement to capital and labour as an input in the
production process (Mulegeta et al. 2010). Since
production and consumption activities involve energy as
an essential factor inputs, the relationship between energy
consumption and economic growth has been a subject of
greater inquiry as energy is considered to be one of the
important driving force of economic growth in all
economies (Abdulnasser and Manuchehr, 2005). The
question as to whether energy consumption has positive,
negative or neutral impact on economic activities has
motivated the interest of economists and policy analysts
hence the need to find out the impact and direction of
causality between energy consumption and economic
growth (Eddine, 2009).

In literature, the nexus between energy and economic
growth has attracted attention of researchers in different
countries for a long time. This nexus suggests that higher
economic growth requires more energy consumption and
more efficient energy use needs a higher level of
economic growth. Since the pioneer work of Kraft and
Kraft (1978), Granger causality test approach has become

a popular tool for studying the relationship between
economic growth and energy consumption in different
countries, e.g. Stern (1993), Altinay and Karagol (2004),
Omotor (2008) and Olusegun (2008), Belloumi (2009),
Pao (2009), Odularu and Okonkwo (2009), and Ghosh
(2010). However, Altinay and Karagol (2004) investigated
the causal relationship between electricity consumption
and real GDP in Turkey over the period of 1950-2000.
They showed that both used tests have yielded a strong
evidence for unidirectional causality running from the
electricity consumption to income. This implies that the
supply of electricity is vitally important to meet the
growing electricity consumption, and hence to sustain
economic growth in Turkey. Omotor (2008) and Olusegun
(2008) investigated the causality and long run relationship
between energy consumption and economic growth, the
work of Olusegun (2008) is particularly noteworthy as it is
one of the first to apply the ARDL bounds test approach to
co-integration. Belloumi (2009) has used a VECM Model
and showed that, in Tunisia, there is a causal relationship
between energy consumption and income over the period
of 1971-2004. Odularu and Okonkwo (2009) their study is
limited to the long run relationship between the energy
consumption and economic growth. Furthermore, studies
by However, the author did not consider coal consumption
as one of his respective independent variables. Therefore,
this study intends to fill this gap in the literature.

As we can see, the result of the above studies on the
relationship between energy consumption and GDP differ
from country to another and vary depending to the used
methodology (See Table 1). In fact, our paper investigates
the two-way between energy consumption and economic
growth in Tunisia over the period 1990-2011 using the
Johansen co-integration and Granger causality techniques.
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Table 1. Summary of empirical studies on energy consumption—growth nexus for country-specific studies

No. Authors Period Country Methodology Direction of Granger causality
1. Kraft and Kraft (1978) 1947-1974 USA Granger causality GDP—EC
2. Akarca and Long (1980) 1950-1970 USA Sim’s technique GDP- - - -EC
3. Yu and Hwang (1984) 1947-1979 USA Sim’s technique GDP- - - -EC
4. Yang (2000) 1954-1997 Taiwan Engle-Granger; Granger causality-VAR EC—GDP
5. Ageel and Butt (2001) 1955-1996  Pakistan \E/’E";‘Gra”ge“ Hsiao's test for causality-  p v
6. Jumbe (2004) 1970-1999 Malawi Engle-Granger; Granger causality~VECM EC—GDP
7. Ohand Lee (2004) 1970-1999 Korea Granger causality and error correction model EC—GDP
. . A modified version of Granger causality (Toda
8. Wolde-Rufael (2004) 1952-1999 Shanghai and Yamamoto) EC—GDP
9. Yoo (2005) 1970-2002 Korea Johansen-Juselius; Granger causality-VECM EC—GDP
10. Lee and Chang (2005) 1954-2003 Taiwan Johansen-Juselius, Co-integration, VEC EC—GDP
11. Yuan et al. (2007) 1978-2004 China Johansen-Juselius; Granger causality-VECM EC—GDP
12. Erdal et al. (2008) 19702006 Turkey Pair-wise Granger causality, Johansen co-  p._,onp
integration

13. Ang (2008) 1971-1999 Malaysia Johansen co-integration, VEC model GDP—EC

. ECM based F-test; Granger causality; Toda—
14. Tang (2008) 1972-2003 Malaysia yamamoto’s test for EC -GDP

. N - . EC«—GDP (in the long-run)

15. Belloumi, 2009 1971-2004 Tunisia Granger causality, VECM EC—GDP (in the short-run)
16. Zhang and Cheng (2009) 1960-2007 China Granger causality GDP—EC
17. Halicioglu (2009) 1960-2005 Turkey Granger causality, ARDL, co-integration GDP- - - -EC
18. Soytas and Sari (2009) 1960-2000 Turkey Toda—-Yamamoto causality test GDP- - - -EC
19. Odhiambo (2009) 1971-2006 Tanzania ARDL Bounds tests EC—GDP
20. Ouedraogo (2010) 1968-2003 Burkina-Faso ~ ARDL Bounds tests ELC—~GDP

. ARDL bounds testing; Engle-Granger;
21. Chandran et al. (2010) 1971-2003 Malaysia Johansen—Juselius; Grang EC—GDP
22. Jamil and Ahmad (2010) 1960-2008 Pakistan Johansen—Juselius; Granger causality-VECM GDP—EC
23. Lean and Smyth (2010) 1971-2006  Malaysia ARDL bounds _testing; Johansen—Juselius;,  p_;pp

Toda—Yamamoto test for

Note: EC—GDP means that the causality runs from energy consumption to growth.

GD—PEC means that the causality runs from growth to energy consumption.

EC—GDP means that bi-directional causality exists between energy consumption and growth.

EC----GDP means that no causality exists between energy consumption and growth.

Abbreviations are defined as follows: VAR = vector autoregressive model, VEC=vector error correction model, ARDL = autoregressive distributed lag,
EC = energy consumption, GDP = real gross domestic product. ECM= error correction model, and GMM = generalized method of moments.

Therefore, the major objective of this study is to
empirically examine the linkages between the impacts of
energy consumption on economic growth in Tunisia. In
order to achieve this objective, the paper is organized into
five sections including this introduction. The rest of the
paper is organized as follows: Section 2 briefly reviews
the related literature. Section 3 outlines the econometric
modeling approach and describes the data used. Section 4
reports and discussed the empirical results. Section 5
concludes the article and offers some policy implications.

2. Energy Consumption and Growth Nexus

Historically, in the literature concerning the scope of
our study, there are four generations of models (Mehara,
2007). Indeed, the first generation is based on the
traditional VAR model Sims and testing classic Granger
causality, it assumes that all macroeconomic series are
stationary (Kraft and Kraft, 1978; Akarca and Long, 1980,
Yu and Hwang, 1984, Yu and Choi, 1985). The second
and third generation augured non -stationary
macroeconomic series. They used cointegration as the
most appropriate technique. For the second generation,
once tested the degree of cointegration between the two
series, it estimates the error correction model. Finally, it
tests the causal relationship (Yang, 2000, Butt, 2001). In
addition, the third generation uses multivariate
cointegration approach based on the method of maximum

likelihood (Masih and Masih, 1996). The fourth
generation of the test procedures used in unit root and
cointegration based on panel data (Al- Iriani, 2006, Lee,
2007, 2008, Mahadevan and Asafu - Adaye, 2007).

From a study of Kraft and Kraft (1978), the analysis of
the link between energy consumption and economic
growth has been studied extensively over the past three
decades. However, the evidence is still controversial; the
literature of the energy economy has carefully considered
the nature of the causal relationship between energy
consumption and economic growth. However, there is no
consensus on the direction of causality; the findings of
empirical studies are divergent. In a study of two countries
Ebohon (1996) used to test Granger causality and showed
that there is a causal relationship between energy and
economic growth in Nigeria and Tanzania.

Asafu-Adjay (2000) in examining the causal
relationship between energy consumption, energy prices
and economic growth in India, Indonesia, the Philippines
and Thailand, uses cointegration techniques modeling
error correction. It shows that there is a unidirectional
causal relationship between the two series in India and
Indonesia. While, a bidirectional causality from energy
consumption to income for Thailand and Philippines.
However, evidence of two-way relationship is established
in the study of Yang (2000) on the Chinese province and
Taiwan.

Also, the study Soytas and Sary (2003) for G7 countries
and some emerging markets has led to varying
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conclusions. They suggest the presence of a bi-directional
causality in Argentina, unidirectional causality from GDP
to energy consumption in Italy and Korea and a
unidirectional causality from energy consumption to GDP
in Turkey, France, Germany and Japan. Application of
cointegration techniques and vector error correction on
data from Malawi for the period 1970 to 1999, Jombe
(2004) found bidirectional causality between electricity
consumption and economic growth, but a unidirectional
causality running from GDP power consumption. The
studies of Morimoto and Hope (2004) and Wolde- Rufael
(2004) in Siri Lanka and Shanghai have shown the
existence of a unidirectional causality from energy
consumption to GDP. Some other studies have yielded
conflicting findings, such as the Oh and Lee (2004) in
Korea study indicate a bidirectional causality relationship
in the long term and a unidirectional causality from energy
consumption to GDP in the short term. Similarly, Wolde-
Rufael (2005) also found contradictory and a
unidirectional relationship of energy consumption to GDP
for African countries results.

In the case of Malaysia, Ang (2008) found that
pollution and energy use were positively related to output
in the long-run with strong support for causality running
from economic growth to energy consumption, both in the
short-run and long-run. Bellouni (2009) apply the
Johansen cointegration technique to assess the causal
relationship between energy consumption and gross
domestic product per capita in Tunisia during the period
1971-2004. These results show a relationship of long-term
bidirectional causality between the two series and a
unidirectional causality in the short term from the energy
to GDP. For the same conclusion, Odhiambo (2009) found
that there is a unidirectional causal relationship running
from energy consumption to economic growth for
Tanzania. In contrast to the findings of Soytas and Sari
(2009); Halicioglu (2009) found that there was a bi-
directional Granger causality (both in short- and long-run)
running between carbon emissions and income in Turkey.
In a multivariate causality study for China, Zhang and
Cheng (2009) found a unidirectional Granger causality
running from GDP to energy consumption, and a
unidirectional Granger causality running from energy
consumption to carbon emissions in the long run but
neither carbon emissions nor energy consumption leads
economic growth.

These studies show that the results regarding the causal
relationship between energy consumption and economic
growth are sometimes conflicting and mixed across
different countries when time-series analysis is applied to
a single country data set as shown in Table 1.

3. Methodology, Model, and Data

3.1. Methodology

The methodology adopted is that of Ambapour and
Massampa (2005) using cointegration and error correction
model to study the relationship of cause and effect
between energy consumption and economic growth. The
notion of causality used is specified. It is based on the
definition of Granger believes that variable is caused by
another when there is information in the past, one that is

useful in predicting the other, and who are not already
contained in its past. Far from being exhaustive, this
definition is an essential step in a statistical study.

3.1.1. Causality in the Case of Cointegrated Variables

So far, we are limited to causal analysis in stationary
systems. However, over the past twenty years, many
articles note that most macroeconomic series are non-
stationary, in particular section of Nelson and Plosser
(1982). This implies that before applying any estimation
method, a thorough analysis of the properties of the series
is essential. The main objective is to identify the possible
non-stationary series. This is somehow the step of
determining their order.

3.1.1.1. Order of Integration of the Series

A non-stationary series X; is said to be integrated of
order d (X; ~ I (d)) if, having been differentiated d times, it
is stationary. In other words, X, ~ I (d) if and only if (1-L)
X;~ 1 (0). Most macroeconomic time series are integrated
of order one, they have a unit root. A unique
differentiation enough to make them stationary. The
simplest example of variable I (1) is the random walk. The
most powerful method to determine the order of
integration of a series is based on the unit root tests.

e Unit root tests

The unit root tests are used to detect the presence of
unit root in a series. Among the existing unit root tests, we
found the test Augmented Dickey-Fuller. This test is the
most widely used because of its simplicity. It involves
testing the null hypothesis Hy: p =1 against the alternative
hypothesis Hy: | p | <. It is based on the least squares
estimation of the following three models:

p-1
Ay =(p-1) Y+, jo AVt
Model 1: without constant without trend;
p-1
Ay, =(p-1) Ay + AV o+ g
Model 2: with constant without trend;
-1
Ayt = (p_l)Ayt +Z ;J:l ﬁAyt +ﬂt+a +€t

Model 3: with constant trend with.

Referring to the values Game Café by Fuller in 1976
and Fuller is sequentially into three stages from the model
(3) the model (1):

Step 1: Every time you start by testing the significance of
the trend of the model (3) by referring to tables of Dickey-
Fuller. If the trend is not significant, we move to the
model (2), and if the trend is more significant when we
test the null hypothesis of unit root in the manner
presented above, it appears that the series is non-stationary
must differentiate and start the test procedure on the series
in first difference. In this case, the testing process stops
and you can work directly on the X, series.

Step 2: where the model is estimated (2), we begin by
testing the significance of the constant. If the constant is
not significant is happening in model (1) in step 3. If,
against the constant is significant, it also tests the null
hypothesis of unit root and proceed in the same way as the
first step.

Step 3: we directly test the null hypothesis of unit root
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o Cointegration test

This is the next step after the preliminary tests to verify
non-stationary series.

According to "Engle and Granger" (1987), two non-
stationary series are cointegrated if their linear
combination follows an equilibrium path without ever
leaving its average long even if they have divergent
developments. In other words, there is a stable long-term
evolution of these series. The estimated relationship takes
the following form:

Yt = a'Xt + Zt (1)

Where; Y, is the dependent variable; a' is the vector of
coefficients of the explanatory variables; X, represents the
vector of explanatory variables; and Z, is the error term. Z,
can be written as a linear combination; a'X; normalized
with respect to Y, and can take the following form:

Zt = Yt - a'Xt (2)

The relation (2) is thus valid only if Xt and Y, are co-
integrated, that is to say Z; stationary. Since Z; stationary,
X;and Y, will tend to vary together in time and may suffer
momentary deviations, but cannot deviate without limits.
Relation (2) is as a long-term relationship or equilibrium
measurement and Z; the deviation from the equilibrium
value. Engle and Granger (1987), Engle and Yoo (1987)
proposed to determine the relationships existing
cointegration in a system with a two-step method.

In a first step, we regret the OLS level variables and we
see if the residue of this regression is stationary in a
second step. That said, for the test of cointegration
between integrated processes of order 1 is estimated by
OLS static long-run decline in the levels of variables and
then the unit root tests are applied to the estimated residue.

The co-integration test used in this study is that of
Johansen (1988, 1991). The Johansen procedure port on
the rank of matrix P which determines the number of
cointegrating vectors. Two statistics are available: the
trace test and the test of maximum eigenvector. Trace test
is a test report maximum likelihood of calculating the
following statistic:

TR=t3 1 log(1-4) 3)

The null hypothesis tested is r < q, which is to say that
there are at most r cointegrating vectors. This test amounts
to testing the rank of the matrix P, since testing the
existence of r cointegrating vectors in a test of the null
hypothesis: Rank (P) = r. On the maximum eigenvalue test,
the test statistic is given by:

VPyax =T loglog (l— q +1) (4)

There are three possibilities. First, r = 0 in the case
where all variables are non-stationary, but there is no
cointegration. Second, r = N (N is the number of variables
in the VAR model) where all the variables are stationary.
Third, 0 < r < N if it non-stationary linear combinations of
variables. The critical values of these statistics were
tabulated including Johansen (1988) and Johansen and
Jueslieus (1990).

According to the Granger representation theorem, any
cointegrated system implies the existence of a mechanism

that prevents error variables stray too far from their long-
run equilibrium adjustment.

In general, the error correction models are used to
model adjustments that lead to a situation of long-term
equilibrium. These are actually dynamic models that
incorporate both short-term developments and long-term
variables. The error correction model is written as follows:

k-1 k-1
AYp =g+ @AY+ BidX e+ AECi +4 (B)

k-1 k-1
AYy =ty + D GAY + D BAX +AEC  + & (6)

Where & and g are both white noise; EC,.; is estimated
from the cointegration residues delayed by a period, and
the coefficients A and A' are the respective adjustment
speeds. The cointegrating relationship reflects the long-
term equilibrium and short-run dynamics of the variables
into account fluctuations around the long-term relationship.

e Causality test

The concept of Granger causality is a theoretical
approach to causation which refers not to the theoretical
nature of causality (cause and effect), but the predictive
nature of the possible cause of the effect. According to
Granger, a variable X cause variable Y, if knowledge of
the lagged values of the same variable, and lagged values
of X that is considered causal variable.

A version of the Granger test directly after the previous
representation provides an estimate by the method of least
squares the following two equations:

Xe=a+y. " 85Xy +Z,P=1¢’j X +& (8

Test assumptions attached to conclude on the direction
of causality. X; and Y, causes in the Granger sense, if the
null hypothesis defined above can be rejected in favor of
the alternative hypothesis Hg:y =y, =...=5 =0 ;
Hiim =y #... 2y #0.

Similarly, Y, causes X; to Granger. If the null
hypothesis defined above, can be rejected in favor of the
alternative hypothesis: Ho: g =@ =...=¢ =0, Ho: au
moins un des ¢; = 0.

Engle and Granger (1991) showed that if the variables
are integrated, the classical Granger test based on the
VAR is no longer appropriate. They recommend making
use of the error correction model. In addition, the causality
test based on vector model for correcting this error the
advantage of providing a causal relationship even if no
estimated variable interest offset coefficient is significant.
Therefore we rewrite equations (7) and (8) the following
manner:

Yt =y + Zip:]_pth_l + Z E)le/j Xt + TZt_l + Vt (9)
Xe=a+y ! SXeq+y. JF’zlq)j X +AZy 4 +& (10)
Using the vector error-correction model, X; does not cause
Y. in the Granger sense if y =t = 0; Y, does not cause X; if

o =1=0.

3.2. Empirical Model
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The model we tested expressed a hypothesis which is
the link between energy consumption, the income
represented by economic activity and the relative price of
energy is introduced as an additional variable GDP = f
(EC, EP). The relationships built through this basic
proposal are:

GDP, = a®PF + gCPPEC, + 5 CPPEP, + ¢,
EC; = at© + SECGDP, + yECEP, + 14
EP, = o + gEPGDP, + yFPEC, + ¢

With GDP;: The level of income,
consumption and EP: The energy prices.

EC:: energy

3.3. Data Source and Descriptive Statistic

About our field of study, in most studies, it is often
difficult to collect statistics for a country. This finding is
particularly true when it comes to statistics on African
countries. These are either non-existent or published
occasionally so that it is often with limited data.

In many studies concerning the subject matter hereof,
the terms of economic growth, energy consumption and
energy prices are not clearly defined. A number of
variables are often used to represent them. As a proxy for

American Journal of Energy Research

economic growth, is most often used is the GDP, GNP,
and in some cases, national income and industrial
production. Regarding energy consumption, it is
considered to be the total consumption or an aggregate
index, weighted by the different energy sources. So far the
price of energy can be used as a proxy of the price of total
energy, or the index of consumer prices.

To study the relationship between energy consumption
and economic growth, annual data is extracted from World
Bank’s World Development Indicators 2012 and the National
Institute of Statistics 2009 for the period 1974-2011. This
paper uses annual time series data which include the real
GDP per capita (constant 2000 US$), energy consumption
(kg of oil equivalent per capita), and the price of energy
(the index of consumer prices) for Tunisia.

The descriptive statistics, the mean value, the standard
deviation, the Min and Max of different variables for
individuals and also for the panel are given below in Table 2.
This table provides a statistical summary associated with
the actual values of the used variables for Tunisia. The
highest means of GDP per capita (23.265), energy
consumption (6.093), and price of energy (3.979). The
highest standard deviation of GDP per capita (0.9643),
energy consumption (0.666), and price of energy (0.665).

Table 2. Descriptive statistics of variables

Variables Description Min Max Means Std. dev.
Ln GDP GDP (constant 2000us$) 21.245 26.719 23.265 0.9643
LnEC Energy use (kt of Oil equivalent) 4.938 6.971 6.093 0.666
Ln EP Consumer price index 2.827 4.858 3.979 0.665
Observations 38 38 38 38

Notes: Std. Dev.: indicates standard deviation, Means: indicates moyen, EC: indicates per capita energy consumption, GDP: indicates per capita real

GDP, and PE indicates energy price.
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4. Empirical Findings and Discussion

The causal relationship between energy consumption
and GDP has been studied extensively over the past three
decades. Large literatures reviewed in this area are
evidence of a unidirectional, bidirectional, or no causality
in the countries surveyed. However, in our Tunisian case,
we will see the result of causality between energy
consumption and GDP by applying the Granger causality
test.

4.1. Unit Root Test

The results of the unit root test are presented in Table 3.
The delays were optimized by both Akaike and Schwarz
criteria. The above table gives the results of unit root tests
that we performed.

Table 3. Results of unit root tests

Given the results of unit root tests, cointegration tests
were conducted to demonstrate the existence of a stable
long-term relationship between the level of GDP, energy
consumption (EC) and the price of energy (PE).

A preliminary step is to determine the number of delays
in writing the VAR model using information criteria to be
AIC and Schwarz. The results provided by these two
criteria are shown in the Table 4:

Table 4. The choice of the number of delay

Akaike Schwarz
P=1 -4,5 -3,98
P=2 -4,64 3,72
P=3 -4,67 -3,34
P=4 -4,29 -2,54

Variables  Retard P Model  t-stat ADF VC  Conclusion

Ln GDP -1,868 -2,94 1(0)
ALn 1 Model 2

GDP - 7,40 -2,94 1(1)

LnEC - 2,357 -2,94 1(0)
3 Model 2

ALn EC -3,844  -2,959 1(1)

Ln EP -2,59 -2,94 1(0)
2 Model 2

ALn EP -355 -2,94 1(1)

Table 3 provides information on the presence of a unit
root level for each of the cate series and no unit root dice
the first differentiation. So the three variables (GDP, EN,
and PE) are stationary in first differences. They are then
integrated of order 1 [I (1)]. The null hypothesis of unit
root is accepted at 5% level. It is therefore possible that
they are cointegrated.

4.2. Johansen Co-integration Test

According to this table the number of lags is optimized
K = 2. Remember that the different sub-models of the
tested model are as follows:

Model 1: There is no constant and linear trend in the VAR
and the cointegrating relationship does not include more
constant and linear trend.

Model 2: There is no constant and linear trend in the VAR,
but the cointegrating relationship includes a constant [no
linear trend].

Model 3: There are constant [no linear trend] in the VAR
and the cointegrating relationship includes a constant [no
linear trend].

Model 4: There are constant [no linear trend] in the VAR
model, the cointegrating relationship includes a constant
and a linear trend.

Model 5: There are constant and trend in the VAR and the
cointegrating relationship includes a constant and a linear
trend.

In testing these sub-models with a delay k = 2, we find
that the optimized model is the one (or constant or trend),
r =1, k = 2. The Johansen test will be conducted from this
model r = 1 with a delay k = 2. The test results are shown
in the Table 5.

Table 5. Results of cointegration test

Trace test Test Owen max value
Ho H. Trace VC 5% Ho H, Max VC 5%
r=1 r>l 37.30 2431 r=0 r=1 27.52 17.89
r<l1 r>2 9.77 12.53 r=1 r=2 9.66 11.44
r<2 r>3 0.11 3.84 r=2 r=3 0.11 3.84

This table shows that the null hypothesis (where more)
r = 0 [for the test track] or exactly r = 0 [for the maximum
eigenvalue test] is rejected at the 5% threshold 1 %. This
stems from the values calculated from these two statistics
[37, 30 for the Trace test and 27.52 for the maximum
eigenvalue test]. For cons, the null hypothesis r < 1 [for
testing trace] or r = 1 [for the maximum eigenvalue test]
cannot be rejected at the 5% and 1% for the two test
statistics Johansen are below the critical values associated
with them even for the null hypothesis r < 2 [for testing
trace] or r = 2 [for the maximum Eigen value test]. Both
Johansen co-integration tests thus confirm the existence of
one cointegrating relationship.

The standard relationship:

Ln GDP = 8365 LnEC-7.126 Ln EP

(17.87) (~10.81) )

The variables in parentheses represent the Student
statistic. In other words, a 1% increase in energy
consumption would lead to a long-term increase of 8.3%
of GDP. In contrast, a 1% increase in energy prices would
reduce GDP by 7.1%.

4.3. Estimation of the Model Error-correction

As a reminder, the representation theorem of Engle and
Granger shows that non-stationary series especially those
with a unit root, must be represented as a model for error
correction if they are cointegrated, that if there is a
stationary linear combination there between. The
estimation of the vector error-correction model requires
the determination of the long-term relationship below:

Ln GDP_; =9.25 Ln EC_; -10.25 Ln EP_; —38.75

(5 81) (=6, 36) 12
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The variables in parentheses represent the Student
statistic.

This co-integrating relationship shows that the EC
variable, which measures the energy consumption, has a
positive relationship with economic growth (LPIB). In the
long term, if the energy consumption by 1%, while
economic growth follows the same trend with a
percentage of 9% to ensure this cointegrating relationship,
which shows the decoupling of economic growth from the
energy consumption. However, when the energy price
increases of 1% economic growth falls by 10%. The
estimated error correction model is given in the Table 6.

Table 6. Result of test model error correction

Cointegrating Eq: CointEql
LGDP (-1) 1.000000
9.252579
LEC (-1) (1.58994)
[5.81946]
-10.25173
LEP (-1) (1.61183)
[-6.36029]
C -38.75776
Error Correction: D(LGDP) D(LCE) D(LPE)
-0.855904 0.146937 0.005989
CointEql (0.31207) (0.03881) (0.00684)
[-2.74264] [-3.78636] [0.87619]
-0.671399 0.117551 -0.010733
D (LGDP (-1)) (0.27613) (0.03434) (0.00605)
[-2.43146] [3.42341] [-1.77446]
-0.351223 0.024847 -0.009612
D (LGDP (-2)) (0.18404) (0.02289) (0.00403)
[-1.90843] [1.08570] [-2.38430]
3.760965 0.655200 0.047532
D (LEC (-1)) (2.68806) (0.33427) (0.05888)
[1.39914] [1.96012] [0.80726]
0.719616 0.664031 0.041429
D (LEC (-2)) (1.83939) (0.22873) (0.04029)
[0.39122] [2.90309] [1.02824]
-1.833760 0.832118 0.382702
D (LEP (-1)) (7.14479) (0.88847) (0.15650)
[-0.25666] [0.93657] [2.44533]
5.739986 -1.062884 0.376754
D (LEP (-2)) (6.76435) (0.84116) (0.14817)
[0.84856] [-1.26359] [2.54272]
-0.332264 -0.000704 0.008907
C (0.33435) (0.04158) (0.00732)
[-0.99376] [-0.01693] [1.21612]
R-squared 0.660283 0.530048 0.729341
Adj. R-squared 0.572209 0.408209 0.659171
Sum sqg. resids 12.81472 0.198160 0.006149
S.E. equation 0.688926 0.085669 0.015091
F-statistic 7.496856 4.350381 10.39381
Log likelihood -32.07966 40.88265 101.6576

Notes: Values in () are the standard errors; values in [ ] are the t-
statistics.
Standard errors in () & t-statistics in [ ].

The first line contains the endogenous variables and the
first column of the exogenous variables, the error
correction term, the coefficient of determination and the
Fisher statistic. The three estimated equations can be
written:

D (LnGDP)=0.33 + 3.76D (LnEC_,)-1833 (LnEP)
[-0.993][1399] [-0.256]
-0.67D (Ln GDP_, +0.71D (LnEC_,)

[-2.431] [0.391]
+5.73D(LEP_, )-0.35D (LGDP_, )-0.855Z, ;
[0.848] [-1908] [-2.742]

D (Ln EC)=-0.0007+0.11D (Ln GDP_;)

[~0.016][3.423]

+0.65 (Ln EC_;)+0.38D (LnEP_;)
[1960] [0.936]

+0.024D (Ln GDP_,)+0.66D (LEC_,)
[1085] [2.903]

~106D (LEP_,)+0.14Z; ,
[-1263] [-3.786]

D (Ln EP)=0.008—0.01D (Ln GDP_;)

[L216] [-1774]

+0.047D (Ln EC_;)+0.38D (LnEP_;)
[0.807] [2.445]

~0.009D (Ln GD_,)+0.041D (LnEC_,)
[-2.384] [1028]

+0.37D (Ln EP_,)+0.005Z;_4
[2542] [0.876]

The quality of the estimation of this model is good
under the Fisher statistic and the coefficient of
determination.

In reviewing this representation, we note that the error
correction term is negative and significant in the
relationship relative to GDP (first equation), thus
confirming the existence of a long-term relationship
between energy consumption and growth. The correction
model can be validated in this case. So the equation that
represents the short-term adjustments, (equation relative to
GDP) is the following:

D (LnGDP)=-0.33 + 376D(LnEC_;)
[-0.993][1399]
~1833D(Ln EP_;)-0.67D(Ln GDP_ )
[-0.256] [-2.431]
+0.71D (LnEC_,)+5.73D (LnEP_,)
[0.391] [0.848]
~0.35D (Ln GDP_,)-0.855Z;_;

[-1908] [-2.742]
This correction is made by the restoring force of 85.5%
remains significantly above that it is justified by the

Student statistic (-2.74). Therefore when there is deviation,
the system automatically comes to fix.

4.4. Granger Causality Test
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Most studies regarding our scope were primarily
designed to answer the question posed by Masih and
Masih (1989): "Does economic growth precedence take
over energy use, energy use or can be a stimulus Itself for
economic growth through the indirect channels of
effective aggregate demand and human capital, Improved
efficiency and technological progress? « In other words:

e GDP is it because of the energy consumption: LEC =

f (LGDP)?

e Energy consumption is it because GDP = f (LEC)?

In both cases, we added two other cases often
encountered:

e The existence of bidirectional causality between

GDP and energy consumption.

e The two variables are independent.

This causal relationship examined by using Granger is
based on the vector error correction model. The results of
this test are shown in the Table 7.

Table 7. Results of Granger causality test

Pairwise Granger Causality Tests

Ho: X ne cause pas Y Obs F-Statistic Probability

Ln EC does not Granger Cause Ln GDP 37 9.17214  0.00074
Ln GDP does not Granger Cause Ln EC 0.77691  0.46857
Ln EP does not Granger Cause Ln GDP 37 11.6819  0.00017
Ln GDP does not Granger Cause Ln EP 0.20005  0.81973
Ln EP does not Granger Cause Ln EC 37 554199 0.00876
Ln EC does not Granger Cause Ln EP 3.32623  0.04913

From this Table 7, six hypotheses were tested
simultaneously, namely the causality between the three
variables taken in pairs. We tested the hypothesis and to
know if the power consumption does not cause economic
growth and vice versa. The same assumptions have been
taken between the relative energy prices and economic
growth and between the relative price of energy and
energy consumption.

We note that 5% threshold; the Granger test suggests,
on the one hand, a two-way causal link between energy
consumption and economic growth, as well as between
energy consumption and price on energy. Secondly, a
unidirectional relationship between the relative energy
prices and economic growth. In other words, it is energy
that causes economic growth and not the reverse the price.

Our result for Tunisia is compatible with the flattering
idea that energy consumption has a causal effect on
economic growth. It was also confirmed the findings of
Stern (1993, 2000), Yang (2000) and Asafu-Adjaye (2000)
obtained similar results for other countries. In addition, he
rejects the neo-classical hypothesis which says that energy
to a neutral effect on economic growth.

5. Conclusion and Policy Implications

This paper has attempted to analyze empirically the
interaction between energy consumption and economic
growth for Tunisia. This study has demonstrated that the
causal relationship between the two variables in Tunisia is
mixed or conflicting. Our empirical results using the
standard Granger causality test reveal a bidirectional causal
relationship between energy consumption and growth.
However, based on the Johansen test, our results show
also a bidirectional causality relationship between GDP
and energy consumption in Tunisia. This significantly

rejects the neo-classical assumption of the neutrality of the
effect of energy on economic growth. As a result, energy
is a limiting factor for growth in Tunisia. In fact, any
shock in energy demand can affect growth. These results
are consistent with the findings of Cheng (1999) and
Asafu Adjaye (2000). These imply that energy is a
determinant factor of the GDP growth in Tunisia, and,
therefore, a high-level of economic growth leads to a high
level of energy demand and vice versa. As such, it is
important to take into account their possible negative
effects on economic growth in establishing energy
conservation policies. Indeed, the direction of causality
can help policy makers to make the most appropriate
decisions on climate policy: for example, evidence of
unidirectional causality from income to energy
consumption could assume full compatibility between
political energy conservations and policies for economic
growth, since the former can be continued without limit
seconds. Therefore, the Tunisian government should
encourage research and development on technological
innovation for energy savings. In doing so, we could
simultaneously reduce environmental degrading and also
enhance economic development in the Tunisian economy.
In addition to that, alternative energies such as solar power
and wind power should be considered because these
alternative energies are more environmental friendly
compare to fossil fuel.
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