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Abstract: The goal of this paper is to study the relationship between energy consumption and 
economic growth in Tunisia over the period 1971-2009. This study employs unit root tests, the 
augmented Dickey Fuller, Johensen Cointegration tests and Granger causality test within Error 
Correction Model. This analysis shows that there is causal relationship running from economic growth 
to energy consumption in Tunisia indicating that energy saving would not had adverse impacts on 
economic growth. 
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INTRODUCTION 

 
Energy plays a vital role, it is considered as a vector for social and economic development in nations. 

Causality between energy consumption and economic growth has been widely analyzed by many researchers for 
many several decades. 

The existence of relationship between energy use and economic development has received a great 
importance as long performed a debate subject by economists and policy makers, since it can help governments 
to formulate energy policies and also, it can performed an essential vector to reduce energy consumption and to 
fight the climate change caused by energy use. In other word, if causality does not exist or it runs only from 
GDP to energy use, in this case a policy of energy saving can be established since it will not have harmful effect 
in growth economic. Economy will not be affected if policy makers increase or decrease the amount of energy 
consumption in a country. And whether, there is causal link running from energy use to GDP or running in the 
two directions in this case also, it may implies that minimizing energy consumption is not advisable in the sense 
that, it can negatively affect the economic growth. It is therefore important to look for a model specification so 
as to assure an efficient estimating procedure so that the model can act as a useful tool for policy makers. 

In fact, there are four views exist regarding the causal relationship between energy consumption and 
economic growth: The first point shows that the growth economic affect energy consumption rather than vice 
versa. This idea was proved in many studies (Toman and Jemelkova (2003)). Many other researches proved the 
contrary of this hypothesis, and considered that energy is an essential factor of production in addition to labor, 
capital and materials and thus it appears as essential for growth. 

The third view supported the hypothesis that energy consumption and economic development affect each 
other. There is bidirectional causality between them. The fourth view defended the idea that there is no 
relationship between energy consumption and economic growth.  

The aim of this paper is to carry out causality tests among GDP and energy consumption. Based on the 
finding, it would then be possible to determinate, which policy is the most adequate for Tunisia. 

The paper is organized in the following manner: Section 2 highlights the literature review on causal 
relationship between energy consumption and economic growth. Subsequent sections provide data sources, 
procedures and tests for cointegration and empirical results. Final section ends with the main conclusions. 
 
2. Literature Review: 

The relation between energy consumption and economic growth has widely discussed and studied over the 
past decades, however the subject still remains controversial and the energy economics literature has extremely 
focused on the nature of causality between energy demand and GDP. 

Kraft and Kraft (1978) proved that there is a unidirectional relationship between GDP and energy use in the 
USA and during the period 1947-1974. They used in their study the Sims Granger methodology. The findings of 
their results reveal that energy saving policy can be established without harming economic growth. 

Abbasian, Nazari and Nasrindoost (2010) were looked for the nature of the relationship between energy 
demand and economic growth in Iran through the period 1967-2005. They applied in their study techniques of 
VAR version of Granger and also Toda Yamamoto approaches causality test. They found that the economic 
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growth causes total energy consumption as well as petroleum products and they, also, proved that there is no 
link between other energy carrier and economic growth. 

Yang (2000) studied the link between many types of energy consumption (oil, gas, coal, power) and 
economic development in Taiwan. He used in his research yearly data running from 1954 to 1997. He showed 
that the direction of causality between GDP and different kinds of energy consumption differ from one type to 
another. 

Hondroyiannis et al (2002) proved in their study of relationship between energy and economic growth and 
Consumer Price Index for Greece and using annual data during 1960-1996, that there is long term bidirectional 
causality between energy consumption and economic development. However, they concluded also, that there is 
no causality between residential use of energy and economic growth. 

Lise and Monfort (2007) revealed in their study of relationship between energy consumption and growth 
economic for Turkey over the period 1970-2003 and using a cointegration analyze. They found that there is a 
unidirectional causality running from economic development to energy demand. They proved, also, that energy 
saving policies can be established without having adverse effect on economic growth.  
 
3. Data and methodology:  
3.1 Method: 

Cointegration can be defined as existing long run equilibrium relationship between series. In other word, it 
means that two or more variables share common trend. The notion of cointegration was developed by Engel and 
Granger (1987). They proved in their famous paper which let them to receive the Nobel prize in 2003 that if 
independent series are integrated of the some order d (I(D)) and if the residuals of the linear regression among 
these series are integrated of the order d-b; (I(d-b)) then the series are said cointegrated of the order d,b 
(CI(d,b)). They have long run equilibrium relationships.  

The technique of cointegration includes three principal steps: The first one requires studying the stationarity 
of the series and then to determinate the order of integration of the variables of interest. 

In general, Unit Root Tests are essential in examining the stationary of time series. In the presence of non-
stationary variables, Granger and Newbold (1974) argues that the estimated coefficient by OLS does not 
converge to the true coefficients (biased regression) and therefore the usual tests t-Students and F-Fisher are not 
valid, we say in this case that the regressions are spurious. In the formation of econometric models, it is essential 
to test at the first time the stationarity of series. This step is very important to set up an appropriate methodology 
and estimation of correct model (Eagle and Granger (1987); Kim et Al (2006)). 

Many tests can be used to verify the stationarity of series and to determinate the integration order in case of 
presence Unit Roots. The most popular test is the Augmented Dickey Fuller (ADF) test based on H0: Xt is not 
I(0). 

The Three models used to develop this test are: 
 

Model [1]:                       

Model [2]:                       

Model [3]:                  

 
 
P: the number of lag length to be added in the regression to take into account the autocorrelation and thus 

whiten the residuals. It might be obtained by minimization of information criteria (Akaike, Schwarz, Hannan-
Quinn). 

If series are not stationary and have the same order of integration, in this case, it is important to verify if 
series are cointegrated or not. This is the case once the residuals are stationary. To do it, we can establish the 
Johensen maximum likelihood cointegration test which tests for the number of cointegrating relationship and 
estimates the parameters of those cointegrating relationships. Johensen (1988) proposes two likelihood ratio 
tests for cointegration rank, a maximum eigenvalue test and a trace test (Balaguer and Jorda (2002)). 
 

                                    Eq : [1] 

Once the residuals  of Eq : [1] are white noise, then there is one cointegrating factor which is a good 
predictor of the long term relationship among the variables (Havey (1990)). 

The third step, the short term variation can be predicted by using an error correction Model (ECM). It can 
be presented using the following model: 
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    Eq : [2] 
 
The causality between energy and GDP can be established using the Granger Causality test.  

 
3.2 Data: 

The sample period based in this study is over 1971-2009 and all the series is compiled from the World 
Development Indicators (WDI) online data base (www.worldbank.org). 

Data on energy consumption (EC) is based on yearly data and represented by energy use in thousand tons of 
oil equivalent (KTOE). Data on growth domestic product (GDP) is in constant price 2000 US $. All data are 
converted to natural logarithm amounts. The above data applied to study of causal relationships between energy 
consumption and economic growth.  

Figures in annex (Fig. 1 and Fig. 2) respectively describe the energy consumption and GDP over the period 
1971-2009. 

 

 
Fig. 1: Energy Consumption Evolution 

 

 
Fig. 2: Growth Economic Evolution 

 
4. Analysis and discussion: 

The aim of this study can be represented by this question: Does energy consumption affect economic 
development or the inverse is right? (GDP= f(EC) or EC= f(GDP)?). 

There are several models to test this relationship. In our study, we will use the notion of cointegration and 
Granger causality test. This technique will let to know if there is causality between energy use and growth 
economic and to determinate the direction of this relation. 

Table 1 reports the results of the ADF Unit Roots test for the EC and GDP: 
 

Table 1: Results of ADF Test Unit Roots 
Variables Level CV(LL)  First Difference  CV(LL) 
    Level   First Difference 
LEC -2,82259 -2,94342 -3,45668 -2,94584 
LGDP -0,91534 -2,945842 -3,58917 -2,9484 
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Note:CV represents the critical value which is at the 5% level; LEC represents the annual energy 
consumption in natural logarithms,  GDP expresses economic growth in natural logarithms; LL denotes for lag 
length which is selected basing on the Akaike Information Criterion (AIC); Tests for Unit Roots have been 
carried out on Eviews 5. 

The results of null Unit Root tests show that the null hypothesis of a Unit Root cannot be rejected and the 
two variables are not stationary at the level, while the first differences of the variables are stationary. The 
variables are integrated of the same order. 

Table 2 presents the number of lag length required in the VAR model using the information criteria (AIC, 
SC).  

 
Table 2: Summary of Lag Length Selection  

Lag 1 2 3 
AIC 
Akaike Information Criterion 

-5,3 -5,43 -5,36 

SC 
Schwarz Criterion 

-5,17 -5,214 -5,056 

 
The order 2 is the appropriate lag length for a VAR model. The next step was to test for cointegration using 

Johensen’s maximum likelihood. 
 

Table 3: Results of Johensen’s Cointegration Test 
Null  Alternative  Trace  Critical Value P-Value 
Hypotheses Hypotheses Statistic (-5%)   
H0 H1       
r = 0 r = 1 51,37185 20,26184 0,0000 
r ≤ 1 r = 2 8,651242 9,164546 0,00525 

 
Results of Johensen’s Cointegration Test (table 3) show that there is only one associate vectors between 

energy consumption and GDP. The maximum trace statistic is 51,37185 which is higher than that of the 5% 
critical value (20,26184). 

The cointegration relationships after normalization the first variable are represented by: 
LEC   =    -5,230665     +    0,90204   LGDP 
                  (0,06505)          (0,66194) 
 
Note: Values figures in the parentheses indicate standard deviations 
Since a cointegrating relationship is established, then an ECM can be estimated. The ECM will let to 

determinate the short run dynamic behavior of the variable around its equilibrium level. The ECM gives the 
following results: 

 

 

 
The speed of adjustment towards equilibrium is given by (-0, 232147). It can be seen that the error 

correction terms is significant (t-Value: [-3.61593]) and has the expected negative sign. 
Engel and Granger (1987) and Granger (1988) proved that if two variables are non stationary after first 

differencing and cointegrated, there is at least one directional Granger Causality. In other word, the energy 
consumption and the economic growth can be causally related at least in one direction. 

Table (4) gives the results of test the Granger Causality using the above error correction methodology. 
 

Table 4: The result of Error Correction Model: 
    Short Run Long Run 
Null Hypotheses ∆ EC ∆ GDP ECT 
    F-Statstic  T-Statstic  
EC does not cause GDP  0.39269 ---------------- -3,61593 
GDP does not cause EC ----------------  0.32076 -1,12677 

 
The above table presents the results of short and long run causality test based on the ECM. The results show 

that in the short term, the test is constructed using a joint F-Statistic for the exclusion of two variables from each 
equation. The result proves that there is no causality between energy consumption and economic growth and 
vice versa. 

The coefficient of the ECT indicates that the long run Granger causality is running from the economic 
growth to energy consumption but the reverse does not. 
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5.  Conclusions and Policy Implications: 
Studying the causality between energy demand and economic growth received a great attention for several 

decades. It remains a topical issue subject of debate by economists and policy makers. Looking for the direction 
of causality between energy use and economic growth plays a great role, since it can help governments to 
establish energy saving policies and then to reduce energy consumption and to attenuate the air pollutions. 

This paper exams the causal relationship between energy consumption and economic growth in Tunisia 
using cointegration and error correction model. The findings of this study reveal that there is a unidirectional 
causal relationship running from economic growth to energy use in the long term. This implies that policies of 
energy saving can be established since it will not harm and jeopardize the economic growth and then it will not 
have an adverse impact on the environment. Therefore, Tunisia can enhance the level of energy efficiency.  

From this study, it is suggested that Tunisia find methods of reducing consumer demand for energy through 
an appropriate energy taxes and subsides. Also the use of alternative energy and renewable energy can help to 
save energy and to protect the environment. 

 For the future study, the researchers could extend this study by adding other variables and setting different 
intervals of time to extract more powerful and efficient results about energy consumption and economic growth. 
As the awareness on climate change and the necessity to establish urgent policies protecting our environment 
and able to attenuate air pollutions become one of the most actual subject, researchers could seek for the 
linkages between energy consumption, economic growth and CO2 emissions in Tunisia and then compare the 
results to a panel of countries. 
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