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Abstract: This study examines the dynamic relationships between economic growth (GDP), emissions 
of CO2, temperature and precipitation for the case of Tunisia over the period 1974-2007, by using a 
multivariate error correction model, the causality tests between GDP and the various climate 
components mentioned above. The results from the Granger causality tests prove that the causality is no 
bidirectional for all variables which implies that Tunisia economy is not strongly dependent on energy.  
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INTRODUCTION 

 
  The causal relation between energy consumption and economic growth has been a well-studied topic. 
Energy is one of essential factors for any country’s economic development and therefore plays an important role 
in economy activities. Energy demand, supply and pricing have an impact on the socio-economic development, 
the living standards and the overall quality of life of the people (Iwayemi, A., 1998). On the other hand, higher 
level of economic development could induce more energy consumption.  
 Over the past three decades, a lot of studies – using the concepts of cointegration and Granger causality – 
focused on several countries and time periods. Since the pioneering study by ( Kraft, J. and A. Kraft, 1978), 
empirical findings are mixed and, for some countries, controversial (Ozturk, I., 2010). The results differ even on 
the direction of causality and the short-term versus long-term effects on energy policies. Depending upon what 
kind of causal relationship exists, its policy implications may be significant. 
 Until relatively recently there have been two parallel literatures on the relationship between economic growth 
and environmental pollution. The first set of studies has focused on the economic growth-environmental 
pollutants nexus and has been closely to testing the Environmental Kuznets Curve (EKC) hypothesis. The EKC 
hypothesis states that as income increases, emissions increase as well until some threshold level of income is 
reached after which emissions begin to decline. The EKC hypothesis specifies emissions as a function of income, 
which assumes a unidirectional causality runs from income to emissions. However, it is conceivable that 
causation could run from emissions to income whereby emissions occur in the production process and, as a 
consequence, income increases.  
 A second set of studies on the relationship between economic growth and environmental pollution has 
focused on the economic growth-energy consumption nexus, since pollution emissions are primarily generated by 
burning fossil fuels. Since the seminal study by (Kraft, J. and A. Kraft, 1978), a voluminous Granger causality 
literature has emerged examining the link between economic growth and energy consumption (Payne, J.E., 2009). 
 One of the limitations of this literature, similar to those Granger causality studies that have considered the 
link between economic growth and environmental pollutants, is that many of the studies consider the relationship 
between economic growth and energy consumption in a bivariate framework and thus suffer from omitted 
variables bias (Stern, D.I., 1993; Stern, D.I., 2000). 
 A three set of studies mixed these two literatures by the relationship between economic growth, energy 
consumption and pollution emissions that are considered within a Granger causality multivariate framework. 
Most recent studies concern single countries. 
 So, this paper examines the causality between real  GDP and some climate components  i.e. temperature, 
emission CO2 and precipitation in Tunisia for the period 1974-2007, using time series methodologies on 
stationary, cointegration and causality. The results might help to define and implement the appropriate energy 
development policies in Tunisia.  
 The outline of this paper is as follows. Section 2 provides a survey of the economic literature on the nexus 
between GDP, energy consumption, emission C02, Temperature and precipitation. Section 3 discusses 
methodology and our empirical results. Section 4 presents some concluding remarks.  
Review of Literature: 
 The causality relationship between energy consumption and GDP has been studied extensively over the past 
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three decades, however the evidence still controversial, and the energy economics literature has thoroughly 
examined the nature of causal relationship between energy use and GDP. However, there is no consensus on the 
direction of the causality; conclusions of these studies are diverged, ranging from unidirectional or bi directional 
to no directional causality. The studies in this literature review have no similar conclusion due to different 
countries, different methodologies and different period covered in different studies. The interest in the subject is 
dated back to a pioneering study of (Kraft, J. and A. Kraft, 1978) which provides evidence to support a 
unidirectional causality from GNP to energy consumption using the case of USA over the period 1947-1974 by 
using the Sims Granger methodology.  
 Recently, few studies have attempted to investigate the causal relationship between pollutant emissions, 
energy consumption and economic growth but there seems to be no consensus regarding the direction of 
causality. For instance, in the case of Malaysia, (Ang, J.B., 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. In the case of China, (Ang, J.B., 2008) found that more 
energy use, higher income and greater trade openness tend to cause more CO2 emissions. In a multivariate 
causality study for China, (Zhang, X.P. and X.M. 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. 
For Turkey, (Soytas, U. and R. Sari, 2009) found that carbon emissions seem to Granger cause energy 
consumption, but the reverse was not true. In Nigeria and Venezuela, (Sari, R. and U. Soytas, 2009) found a 
unidirectional causality running from economic growth to CO2.  
 In the case of the USA, (Sari, R. and U. Soytas, 2009) found that income does not Granger cause carbon 
emissions in the short-run but they found that there was a long-run causal relationship between energy use and 
carbon emissions. For a group of South American countries (Apergis, N. and J.E. Payne, 2009) using panel 
cointegration and panel causality tests found that energy use had a positive and a statistically significant impact 
on emissions where energy consumption and economic growth cause emissions in the short-run. In the long-run, 
(Apergis, N. and J.E. Payne, 2009) also found that there was evidence of a feedback between energy consumption 
and emissions but no feedback between real output and pollutant emissions. 
 Further, (Apergis, N. and J.E. Payne, 2009) for a group of Commonwealth of Independent States found that 
both energy consumption and economic growth cause carbon dioxide emissions in the short-run. In the long-run 
there appears to be bi-directional causality running between energy consumption and carbon dioxide emissions. 
Ref. (Odhiambo, N.M., 2009) found a bi-directional causality running between electricity consumption and 
economic growth in South Africa. Ref. (Omotor, D.G., 2008) also found a bi-directional causality between oil 
consumption and industrial production but for other forms of energy consumption, there was evidence in support 
of the energy neutrality hypothesis. 
 Ref. (Wolde-Rufael, Y., 2009) also found a unidirectional causality running from energy consumption to 
economic growth. The above conflicting evidence has major implications for abating CO2 emissions and 
economic growth. If there is a unidirectional Granger causality running from CO2 emissions to economic growth, 
where increases in CO2 emissions lead to increases in economic growth, then an energy policy that decreases 
CO2 emissions could lead to a fall in economic growth. This may imply that economic growth could be sacrificed 
in order to reduce CO2 emissions. On the other hand, if causality runs from economic growth to CO2 emissions, 
where increases in economic growth cause increases in CO2 emissions, an energy strategy that reduces CO2 
emissions may not have a negative impact on economic growth. It may be possible to reduce CO2 emissions 
without harming economic growth. On the other hand, if there is no causality running in any direction, the 
neutrality hypothesis is accepted, and reducing CO2 emissions may not affect income and CO2 emission 
reduction policies may not affect economic growth. In contrast, if there is a bi-directional causality running 
between the two, and if economic growth leads to more CO2 emissions, then this may increase the degradation of 
the environment. 
 The study for the case of Tunisian economy tries overcoming the shortcoming literature related with the 
linkage between economic growth, energy consumption and pollutant emissions under the same integrated 
framework, following the idea of (Ang, J.B., 2008). Tunisia appears to be an interesting case study given that it is 
one of the highest growth economies in Middle East and North Africa region and energy supply in this country is 
insufficient to meet the increasing demand. Also, this empirical country study may be useful to formulate policy 
recommendation from the point of view of energy conservation, emission reduction and economic performance. 
 Ref. (Chebby, H.E. and Y. Boujelbène, 2008) indicate that economic growth, energy consumption and CO2 
emission are related in the long-run and provide some evidence of inefficient use of energy in Tunisia, since 
environmental pressure tends to rise faster than economic growth. In the short run, results support the argument 
that economic growth exerts a positive “causal” influence on energy consumption growth. In addition, results 
from impulse response do not confirm the hypothesis that an increase in pollution level induces economic 
expansion.  
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 Ref. (Belloumi, M., 2009) examines the causal relationship between per capita energy consumption (PCEC) 
and per capita gross domestic product (PCGDP) for Tunisia during the 1971–2004 period. In order to test for 
Granger causality in the presence of cointegration among the variables, a vector error correction model (VECM) 
is used instead of a vector autoregressive (VAR) model. The estimation results indicate that the PCGDP and 
PCEC for Tunisia are related by one cointegrating vector and that there is a long-run bi-directional causal 
relationship between the two series and a short-run unidirectional causality from energy to gross domestic product 
(GDP). The source of causation in the long-run is found to be the error-correction terms in both directions. 
Hence, an important policy implication resulting from this analysis is that energy can be considered as a limiting 
factor to GDP growth in Tunisia. Conclusions for Tunisia may also be relevant for a number of countries that 
have to go through a similar development path of increasing pressure on already scarce energy resources. 
 
Methodology: 
A.  Variables and Model Specification: 
 We study the dynamic relationships between economic growth (GDP) CO2 emissions (EC), temperature (T) 
and precipitation (P) for the case of Tunisia over the period 1974-2007 using a multivariate analysis to correction 
Error, the causality test between GDP and the various components of the climate mentioned above. 
 We use temperature and precipitation data from databases of the National Institute of Statistic of Tunisia 
(INST) from 1974 to 2007. Regarding the CO2 emissions data, it comes from databases of the World Bank. We 
have records of emissions of CO2 in thousands of tons per year. GDP data are from the databases of the INS and 
the World Bank. We have for each year the amount of wealth expressed in Tunisian dinars over the period 1974 
to 2007 in Tunisia. 
Model to estimate is: 
 

),,( PTECfGDP =                                                                         (1) 
 

tttt PTECGPD εββββ ++++= 3210                                              (2)                                                                                                                                                                                                                                                       
 
B.  Test of Stationary:  
 In our empirical analysis, we first test for unit root stationary of the investigation of stochastic properties of 
the series considered, thus we use the test-Dukey-Fuller Augmented (ADF). The results of these tests are set forth 
in table (1) and show that the series (PL), (LEC), (LT) and (LP) are stationary (integrated of order 2) and it is 
possible to specify by through a VAR process. 
 To test for the presence of a unit root the most commonly used test is the Augmented Dickey-Fuller (ADF) 
test, which involves estimating a form of the following equation by OLS: 
 

0 1 1 1 ......t t t t q t qx t x x xγ γ ϕ ϕ ϕ− − −∆ = + + + ∆ + + + ∆                            (3) 
 
Table I: Stationary Test of Unit Root: the Augmented Ducky-FULLER Tests (ADF). 

variables ADF Test in levels Number of delays Stationary 
LGDP    non 
LEC    non 
LT    non 
LP    non 

variables ADF test in first difference Number of delays Stationary 
LGPD    no 
LEC    no 
LT    no 
LP    no 

variables ADF test in second difference Number of delays Stationary 
LGPD    yes 
LEC    yes 
LT    yes 
LP    yes 

 
II.  Analysis of Results: 
A.  Estimation of a VAR (1): 
 Subsequently, we estimated VAR process for various levels of p delay ranging from 1 to 4. For each model, 
we calculated the Akaike information criteria (AIC) and Schwarz (SIC) and the log-likelihood (LV). 
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Table II: VAR (2): 
 1 2 3 4 

AIC -12.52133 -11.86807 -12.22226 -12.31265 
SC -11.11436 -10.219 -9.816858 -9.136606 

Log likelihood 218.3520 225.8891 241.4450 252.6898 
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Fig. 1: Impulse response functions. 
 At this stage, we analyze the impulse response functions that represent the effect of an impact of innovation 
model variables in ten periods. 
 We note that if one makes a shock on the endogenous variable (PL), the effect is not immediate which is why 
the curve on (LEC) (LP) and (LT) leave behind. 
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 For the case of (LP), the effect of such shock is almost insignificant it shows that a shock on the (PL) 
generally does not alter the presence of other variables, which is not confirmed for Otherwise, that is to say, if we 
perform a shock to one of three variables, it creates an instant reaction of (PL) which increases during the first 
period, then it resumed its decline and amplitude but with a lower level until it pays for itself completely from the 
eighth period, implying that each variable contributes to the growth of the country. 
 As regards the response of (CEM) following a shock (PL), it sounds during the first year and then depreciate 
rapidly, however, the (GDP) reacts rapidly, shows that economic growth in Tunisia influence each other by 
polluting emissions. 
 For the answer to (LT) following a shock (LEC) is defined as instantaneous and decays to the fifth year, this 
shows that the effect of temperature on carbon emissions will be more significant for the opposite case: "The 
Mediterranean, particularly on its southern and eastern shores, will be particularly affected by climate change 
during the 21st century. The impacts of rising temperatures, declining rainfall, increasing the number and 
intensity of extreme events and the possible rise of sea level overlap and amplify the pressure on the natural 
environment from human activities”. 
 In Tunisia, human activities are causing the increase in CO2 emissions through the use of fossil energy 
sources, agriculture, livestock, forestry, transport and waste. Developed countries are participating in the two-
thirds of emissions of greenhouse gases against a third for developing countries. Many countries experiencing 
increasing industrialization, the amount of carbon dioxide sucked in Tunisia is increasing but more careful with 
respect to developing countries. The increased standard of living of the population and access to a number of 
consumer goods (cars, air conditioners, household appliances ...) help energy consumption and hence emissions 
of greenhouse gas emissions. 
 Tunisia's energy consumption depends on the basis of 54% of petroleum products while natural gas 
represents 45% and renewable do not exceed 1%. The Tunisian emits about 3 tones of greenhouse gas emissions 
while the world average is 4 tones per capita. The main source of greenhouse gas emissions in Tunisia is the 
energy sector (53.4%) followed by agriculture (20.2%), industrial processes (10, 3%), the forests (12.4%) and 
waste (3.7%).( A préciser les sources des données???) 
 
B.  Causality Test: 
 We study the causality, we note that a delay for p equal to one. 
 
Table III: Causality test.  

Null Hypothesis: Obs. F-Statistic Prob. 
LP does not Granger Cause LEC 33 13.2120 0.0010 
LEC does not Granger Cause LP 0.19366 0.6630 
LPIB does not Granger Cause LEC 33 4.58119 0.0406 
LEC does not Granger Cause LPIB 4.36412 0.0453 
LT does not Granger Cause LEC 33 0.49620 0.4955 
LEC does not Granger Cause LT 2.55136 0.1207 
LGPD does not Granger Cause LP 33 0.09769 0.7568 
LP does not Granger Cause LPIB 2.40627 0.1313 
LT does not Granger Cause LP 33 0.27736 0.6023 
LP does not Granger Cause LT 0.92264 0.3445 
LT does not Granger Cause LGDP 33 0.91222 0.3472 
LPIB does not Granger Cause LT 2.99193 0.0940 

 
 The existence of bidirectional causality is only between GDP and CO2 emissions (EC), between temperature 
(T) and EC and finally between temperature (T) and GDP. This test shows the energy and environmental situation 
of Tunisia: "Tunisia is a country with poor natural resources which is facing the development, facing the energy 
sector within the country and he knows the turmoil outside both the geopolitical, geo-economic and 
technological”. 
 Unidirectional causality between variables validates the idea that energy is a strategic sector unnecessary 
socio-economic development of Tunisia where the energy balance is in deficit, after four decades in surplus. 
Indeed, energy needs are growing at a remarkable pace. Domestic production is headed downward implying that 
the sustainable development of Tunisia is counted in the coming years on new sources of growth. 
 
C.  Variance Decomposition: 
 From the variance decomposition, we have reached the following results 
- The variance of the forecast error of CEM is 34.8% due to its own innovations, for 58.8% of those LGDP and 
5.71 to those of LP. 
- The variance of the forecast error is due to LP 79.9% to its own innovations, pour16, 08% that of CEM and 
0.9% of those LGDP. 
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- In the case of the error variance of PL, it is due to 89.9% to its own innovations, to 7.74% compared with CEA 
and 1.95% to those of LP. 
- The variance of the forecast error of LT is due to 56.87% to its own innovations, pour25, 60% than that of LP 
and 3.17% for those of LGDP. 
 
Table IV: Variance decomposition.  

LEC 
Period S.E. LEC LP LGDP LT 

1 0.040136 100.0000 0.000000 0.000000 0.000000 
2 0.054054 64.93263 14.69739 20.31055 0.059421 
3 0.065829 56.14265 11.40990 31.93595 0.511505 
4 0.074680 48.20289 8.903237 42.16893 0.724946 
5 0.080530 43.75472 7.658093 47.85326 0.733918 
6 0.084582 40.73938 6.942079 51.62417 0.694369 
7 0.087531 38.64497 6.482614 54.21794 0.654477 
8 0.089804 37.07627 6.158683 56.14276 0.622285 
9 0.091653 35.84827 5.912767 57.64152 0.597444 

10 0.093236 34.83901 5.714537 58.86895 0.577506 
LP      

Period S.E. LEC LP LGDP LT 
1 0.274682 15.10580 84.89420 0.000000 0.000000 
2 0.283126 16.35415 81.16470 0.260261 2.220894 
3 0.286712 16.09938 80.22890 0.843088 2.828632 
4 0.287012 16.09745 80.11596 0.884512 2.902077 
5 0.287199 16.08662 80.07350 0.893752 2.946133 
6 0.287265 16.08044 80.04454 0.893916 2.981098 
7 0.287308 16.07760 80.02766 0.894727 3.000010 
8 0.287343 16.07784 80.01368 0.897923 3.010555 
9 0.287373 16.07899 80.00014 0.904276 3.016601 

10 0.287397 16.08013 79.98804 0.911973 3.019860 
LPIB      
Period S.E. LEC LP LGDP LT 

1 0.024398 0.007312 0.146888 99.84580 0.000000 
2 0.042278 3.146401 9.282049 87.46880 0.102748 
3 0.060425 5.843959 7.303909 86.50888 0.343247 
4 0.076887 7.260764 5.122071 87.11702 0.500143 
5 0.090981 7.754341 3.928499 87.80089 0.516272 
6 0.102965 7.931157 3.205762 88.37428 0.488802 
7 0.113226 7.952228 2.724619 88.87359 0.449564 
8 0.122082 7.903688 2.387825 89.29808 0.410405 
9 0.129809 7.826458 2.142401 89.65570 0.375437 

10 0.136629 7.742198 1.956718 89.95541 0.345670 
LT      

Period S.E. LEC LP LGDP LT 
1 0.026772 5.894376 19.11258 0.967616 74.02542 
2 0.032409 7.653495 33.38416 0.664413 58.29793 
3 0.035526 11.86839 28.21014 1.755635 58.16584 
4 0.036777 13.03291 26.94866 2.527050 57.49138 
5 0.037464 13.79017 26.21410 2.897818 57.09791 
6 0.037775 14.12674 25.86440 3.094151 56.91470 
7 0.037907 14.28393 25.69838 3.153239 56.86445 
8 0.037955 14.33929 25.63759 3.156140 56.86698 
9 0.037971 14.35403 25.61536 3.154989 56.87563 

10 0.037980 14.35195 25.60319 3.174219 56.87064 
 
III.  Conclusion: 
 We studied in this paper the dynamic dependency between economic growth (GDP), emissions of CO2 (EC), 
temperature (T) and precipitation (P) for the case of Tunisia during the period 1971-2004, using the VAR model. 
From our econometric analysis, we conclude that the effect of (GDP) shock is not significant in the sense that the 
latter shock on one of three variables (EC), (T) and (P), creates an instant reaction of (PL) which increases during 
the first period, then it resumed its decline and amplitude but with a lower level until it damped completely from 
the eighth period, implying that each variable contributes to the growth of the country. Thus, causality is no 
bidirectional for all variables which approves that the Tunisia economy is not strongly dependent on energy. This 
result is consistent with reality, according to the ANME (National Agency for Energy Management). 
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