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I. Introduction 

The causal relationship between energy and GDP has attracted attention for almost three decades. Theoretically, 

the importance of energy to output and of output to energy has been established. On one hand, energy has been 

identified as an important input in the production process and some authors have advocated the inclusion of 

energy in the production function alongside other factors such as land, labor and capital (Ebohon, 1996; 

Chontanawat et al., 2006; Alam, 2006), while some other authors see energy as enhancing the productivity of 

other factors of production (Cheng and Lai, 1997). In addition to this, energy sector development is essential for 

economic development and improved quality of energy services are expected to increase economic productivity 

(Toman and Jemelkova, 2003).  

 Observing the rates of growth of oil exporting countries during the period 1960 to 2005 reveals two stylized 

facts. First, oil-exporters experienced lower average growth rates than the group of developing countries and the 

group of non-oil exporting countries. This phenomenon has been referred to in the literature as “the resource 

curse” or the “paradox of plenty”. Second, these countries had relatively high average growth in per capita 

income when oil prices were rising in the seventies, after a period of relatively stable prices. On the contrary, the 

two decades of adverse oil price shocks, in the 1980s and 1990s, witnessed a huge implosion in oil-exporters‟ 

average growth rates compared to non-oil exporters and other developing countries (Hausmann and Rigobon, 

2002). 

Following from the above discussion, energy development can cause economic growth and also, economic 

growth can cause energy development. Increased interest has been placed on the nature of the relationship 

between energy and economic development. A major reason for such interest in the energy-economic 

development nexus is because knowing the direction of causality will help in shaping environmental and energy 

policies. If energy causes economic development, this implies energy-dependence and low or falling energy 

would adversely affect income and energy conservation policies would lead to a fall in output (Lee, 2005; 

Akinlo, 2008; Apergis and Payne, 2009). This has been referred to in the literature as the growth hypothesis. On 

the other hand, if causality is found to run from economic development to energy, this supports the conservation 

hypothesis and such an economy is less energy-dependent and energy conservation policies can be implemented 

with little or no adverse effects on income (Jumbe, 2004; Lee, 2005). A similar conclusion is reached if no 

causal relationship is found between energy and economic development and energy conservation policies can be 

implemented without having an adverse effect on output. This is the neutrality hypothesis. Finally, the feedback 

hypothesis is supported if bi-directional causality is found, in which case economic development and value of 

petroleum exports are complementary and energy policies should be geared towards improving value of 

petroleum exports efficiency so as not to adversely affect income (Apergis and Payne, 2009). 

This paper contributes to the literature on the causal relationship between energy and GDP and improves on 

previous empirical research on OPEC countries by using panel data co-integration and causality tests. Previous 

studies on the energy-GDP relationship in OPEC countries have made use of single country time series unit root 

and co-integration tests which have been shown to have low power (Maddala and Wu, 1999). Using data for 13 
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countries in OPEC, we improve on existing studies on OPEC countries in 2 main ways. Firstly, we make use of 

panel unit root and co-integration tests and thereby address the low power criticisms of single country unit root 

and co-integration tests (Maddala and Wu, 1999). Secondly, by using a panel analysis, we exploit both the time-

series and cross-section dimension of our data thereby increasing the number of observations and degrees of 

freedom, thus improving the efficiency of causality tests (Hurlin and Venet, 2001). 

 

II. Literature review 

Most papers in the growth literature do not include natural resource abundant economies, in particular oil 

exporting countries, in their cross-country empirical analysis. Furthermore, the literature that specifically deals 

with resource abundant economies tends to treat revenues that flow from such resources as "intrinsically 

temporary", and only considers the short term effects. See, for example, van der Ploeg and Venables (2009). A 

number of early studies also considered the macroeconomic effects of the resource discovery and focused on the 

"Dutch disease" phenomenon first experienced in Netherlands after the large, but short-lived, discovery of gas in 

1960s. See, for example, Corden and Neary (1982), Krugman (1987), and Neary and van Wijnbergen (1986) 

among others. 

The more recent literature on resource abundance and economic growth focuses on the political economy 

considerations and argues that large windfalls from the resource create incentives for rent-seeking activities that 

involve corruption (Mauro (1995) and Leite and Weidmann (1999)), voracity (Lane and Tornell (1996) and 

Tornell and Lane (1999)), and possibly civil conflicts (Collier and Hoeffler (2004)). Some of these 

considerations have been recently formalized by Caselli and Cunningham (2009) where they attempt to 

characterize conditions under which an increase in the size of the resource rent leads to a decrease in real output, 

the so called "natural resource curse" hypothesis. Empirical support for this hypothesis was originally provided 

by Sachs and Warner (1995) who showed the existence of a negative relationship between real GDP growth per 

capita and different measures of resource abundance, such as the ratio of resource exports to GDP. The findings 

that resource rich countries tend to perform poorly when compared to economies that are not well endowed with 

natural resources is clearly paradoxical and require further explanations and naturally has led to a growing 

empirical literature. 

Most papers in the resource curse literature tend to follow Sachs and Warner’s cross-sectional specification 

introducing new explanatory variables, while others derive theoretical models that are loosely related to their 

empirical specification. Some of these papers confirm Sachs and Warner’s results, but there is an emerging 

literature, including Brunnschweiler and Bulte (2008), Cavalcanti et al. (2011a), and Cavalcanti et al. (2011b), 

which argues that the so-called resource curse paradox does not exist, and that while resource dependence does 

not affect growth, resource abundance in fact positively affects growth. Thus, from the empirical literature, there 

is no clear cut answer to whether natural resource abundance is a blessing or a curse. The recent theoretical 

work of Caselli and Cunningham (2009) is not conclusive either and, perhaps not surprisingly, can yield 

outcomes that are not compatible with the resource curse hypothesis. 

Lee (2005) employed panel data techniques to study the causal relationship between energy consumption and 

GDP in 18 developing countries over the period 1975 – 2001. Panel co-integration tests showed the presence of 

a long-run relationship between energy and GDP and the causality tests supported the growth hypothesis as 

unidirectional causality was found from energy consumption to GDP. 

Apergis and Payne (2009) examined causality between energy consumption and GDP using panel data 

techniques for 6 Central American countries: Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and 

Panama. Using data over the period 1980 – 2004, the authors included 2 additional variables in the causality 

testing framework: real gross fixed capital formation and labor force. The results showed that energy 

consumption causes economic growth in the panel of Central American countries. 

Narayan and Smyth (2008) used data for 7 developed countries over the period 1972 – 2002. The authors 

conducted panel co-integration tests using the ordinary Pedroni panel co-integration tests and panel co-

integration tests with structural breaks. While the Pedroni co-integration tests did not reveal any co-integration, 

the co-integration tests with structural breaks wooed the existence of co-integration and the authors then 

concluded that the series are co-integrated. The results of long-run causality tests showed that energy 

consumption causes real GDP in this panel of 7 developed countries, thereby supporting the growth hypothesis. 

 

III. Methodology 

A.  Panel unit root test 

It has been suggested that using panel data unit root tests can increase the low power of unit root tests based on 

single country time series (Maddala and Wu, 1999). A number of panel data unit root tests have been proposed 

such as: Maddala and Wu (1999), Choi (2001), Levin, Lin and Chu (2002), and Im, Pesaran and Shin (2003). 

These tests are generally based on the AR (1) process: 

 
  
  

 
      

 
 
    

     

 
(1) 
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Where t = 1, …,T is the number of periods and i = 1, …, N is the number of countries. τi is an individual trend, 

µi is the country specific fixed effect, ρi is an autoregressive coefficient, and εit is the error term. There is a unit 

root in γit if |ρi| = 1. 

Panel unit root tests are broadly classified into 2 based on their assumptions concerning whether ρi is constant or 

varying. The tests that assume that the autoregressive parameter ρi is constant across countries (ie. ρi = ρi) 

include Levin et al. (2002) while Maddala and Wu (1999), Choi (2001) and Im et al. (2003) assume that ρi 

varies across countries. The null hypothesis of the 2 types of panel unit root tests is the same, that is, there is a 

unit root in all series. The alternative hypothesis varies depending on whether ρi is assumed to be constant or 

varying. For the tests that assume that ρi is constant, the alternative hypothesis is that there is stationary of all the 

series. This is represented below: 

 

 
                              

                      
  

 

For the other group of tests that assume that ρi varies across countries, the alternative hypothesis is that there are 

unit roots in some (but not necessarily all) of the series. This is given by: 

 

 
                              

                             
  

 

In this paper, we have employed 2 panel unit root tests that have different alternative hypothesis which are the 

Levin et al. (2002) and Im et al. (2003) tests. 

In the Levin et al. test it is assumed that the autoregressive coefficient (which indicates whether or not unit roots 

are present) is homogenous. Although the autoregressive coefficient is assumed homogenous, the Levin et al. 

test allows for heterogeneity by allowing fixed effects and country-specific time trends. 

The Im et al. (2003) test involves computing the ADF test for each individual country and the mean of all 

countries’ ADF statistics gives the overall t-test statistic. 

 

B.  Panel cointegration test 

Once the order of stationary has been defined, we would apply Pedroni’s co-integration test methodology. 

Indeed, like the IPS and MW panel unit root, the panel co-integration tests proposed by Pedroni (1999) also take 

heterogeneity into account by using specific parameters which are allowed to vary across individual members of 

the sample. Since it is illogical to assume that vectors of co-integration are the same for individual countries in 

the panel, taking into account heterogeneity is essential in the analysis of panel data. 

The implementation of Pedroni’s co-integration test requires estimating first the following long run relationship: 

 

            
  
         

 
          

 

For i=1,…,N; t=1,…,T; m=1,…,M 

Where N refers to the numbers of individual members in the panel; T refers to the number of Observation over 

time; M refers to the number of exogenous variables. The structure of estimated residuals is follows: 

 

     
 
          

Pedroni (1999) has shown that there are seven different statistics for this test. They are panel statistic, panel 

statistic, panel PP-statistic, Panel ADF-statistic, group-statistic, group PP-statistic, and group ADF-statistic. The 

first four statistics are known as panel co-integration statistics and are based on the within approach. The last 

three statistics are group panel co-integration statistics and are based on the between approach. In the presence 

of co-integrating relationship, the residuals are expected to be stationary. The panel v- test is a one sided test 

with the null of no co-integration being rejected when the test has a large positive value. The other statistics 

reject the null hypothesis of no co-integration when they have large negative value. 

The finite sample distribution for the seven statistics has been tabulated by Pedroni via Monte Carlo simulations. 

The calculated statistic tests must be smaller than the tabulated critical value to reject the null hypothesis of 

absence of co-integration. 

 

C.  Panel causality test 

The concept of Granger-causality goes back to Granger (1969) and is widely used to study causal effects 

between time series variables. The idea is that a cause cannot come after an effect, which means that the past 

can only predict the future but not vice versa. Therefore the causal relationship between two variables (bivariate 

case) can be determined by examining the way they move with respect to each other over time. In that sense a 

(2) 

(3) 

(4) 

(5) 
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process Xt is said to Granger-cause another process Yt if future values of Yt can be predicted better using past 

values of Xt and Yt than using the past of Yt only. 

Of course this concept is not free of any criticism. Granger-causality does not imply true causality because it is 

only a necessary but not a sufficient condition for causality. So the post hoc ergo propter hoc fallacy is possible. 

The concept of Granger causality is only a weak concept and is telling merely about predictability than 

causality. Despite its imperfection the concept of Granger-causality is a standard tool for evaluating the 

character of the causal relationship between two variables and in this investigation the test of predictability is 

absolutely sufficient. 

Recently, econometricians modified these Granger-causality tests to incorporate panel data. As pointed out in 

Hurlin and Venet (2001), the introduction of a panel data dimension allows using both cross-sectional and time-

series information to test the causal relationships between two variables. A major advantage is the larger number 

of observations in this framework which increases the degrees of freedom and reduces the collinearity among 

the explanatory variables. Therefore the efficiency of Granger-causality tests can be improved notably. Besides, 

panel data allow for considerably more flexibility in the modeling of the behavior of Cross-sectional units than 

conventional time series analysis (Greene (2008)). 

When the Granger causality test is applied in the panel data framework two important inferential issues arise, 

both concerning the potential heterogeneity of the individual cross-sections. The first potential type of cross-

section variation is due to distinctive intercepts, and this type of variation is addressed with a fixed effects 

approach. The other more problematic type of heterogeneity (causal variation across units) requires a more 

complex analytical response. Until recently, this type of heterogeneity was ignored (with unknown results). 

Today there are diverse methods for causality tests in panel data models available. Erdil and Yetkiner (2005) 

classify mainly two types of approaches. The first one is pioneered by Holtz-Eakin et al. (1985) which let the 

autoregressive coefficients as well as the coefficients slopes be variable across cross section units. This method 

is applied in a similar way by Holtz-Eakin et al. (1985), Hsiao (1986), Weinhold (1996), Weinhold (1999), Nair-

Reichart and Weinold (2001), and Choe (2003). This type of literature largely ignores the second type of 

heterogeneity. The second approach treats the autoregressive coefficients and the regression coefficients as 

constant. This approach is used by Hurlin and Venet (2001), Hurlin (2004a), Hurlin (2004b) and Hansen and 

Rand (2004). This strain of literature explicitly addresses the latter type of heterogeneity and is therefore used in 

this paper. In their 2001 paper Hurlin and Venet distinguish four kinds of possible causal relationships, 

homogenous non-causality, homogenous causality, heterogeneous non-causality and heterogeneous causality. 

The econometric framework considers two covariance stationary variables x and y, observed for T periods and N 

individuals. For each individual       xi,t is said to Granger cause yi,t if past values of xi,t have a significant 

impact on yi,t. 

Following Hurlin and Venet (2001) the most general panel data solution is to test the causality from the variable 

x observed for individual i to the variable y observed for individual j, with i = j or i ≠ j . The second solution 

suggests testing causal relationships only for a given individual. This solution is more restrictive and cross 

sectional information is only used to improve the power of the tests. Hurlin and Venet note that in practice it is 

impossible to use completely optimal predictors and therefore they use only linear ones. Hence a time-stationary 

VAR representation is considered, adapted to a panel data context. They propose a model with fixed coefficients 

in the following style: 

For each individual i,         : 

 

                  
            

 
   

 
    

 

 

With             , where εi,t are i.i.d.(0,   
 ) and the individual effects αi are assumed to be constant. 

Furthermore they make two main distinctions to the work mentioned above belonging to the first type of 

approaches e.g. applied by Nair-Reichert and Weinhold (2001): 

1. The autoregressive coefficients    are assumed to be constant for all k=1,...,p and 

2. The regression coefficients   
  are assumed to be constant for all k=1,...,p. 

 Additionally they assume that 

3. The parameters    are identical for all individuals and 

4. The regression coefficient slopes   
  can have an individual dimension. 

With these parameter settings both types of heterogeneity are controlled for Individual intercepts αi avoid the 

problem of potentially biased slope estimates which might lead to wrong inference in causality tests. The 

second, more crucial type of possible heterogeneity is related to the parameters  
 . As Pesaran and Smith (1995) 

point out, estimates under the wrong assumption             are biased. Imposing the homogeneity of   
  can 

then lead also to wrong inference according to causality. It is possible that the causal relationship exists only for 

a subgroup of the whole sample. If the heterogeneity is ignored in this case probably the test represents only the 

(6) 
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outcome for the larger subgroup of the sample. To avoid this loss of power problem a nested test procedure has 

been imposed by Hurlin and Venet (2001) with the following main steps: 

 

a) Homogenous non causality (HNC) hypothesis 

This hypothesis implies that there is no causal relationship for all individuals. Therefore the slope coefficients 

associated with xi,t are tested to be zero for all individuals i and all lags k. 

The corresponding hypothesis test is defined as: 

 

 
      

                        

            
    

  

 

To test these Np linear restrictions the following Wald statistic is computed: 

 

     
                

                  
 

 

RSS1 represents the sum of squared residuals of model (6) and RSS2 denotes the sum of squared residuals of the 

restricted model. If the realization of this statistic is not significant, the HNC hypothesis is accepted which 

means that variable x is not causing y in all cross section units. If this is the case, the test procedure stops at this 

step. If the HNC hypothesis can be rejected, the homogeneity of the sample has to be investigated. 

 

b) Homogenous causality (HC) hypothesis 

The HC hypothesis is accepted if all the coefficients   
  are identical for all lags k and are different from zero. 

Formally the H0 is the following: 

 

               
                

                           
    

  

 

The corresponding Wald test is 

 

    
                  

                  
 

 

Where RSS3 corresponds to the sum of squared residuals of the restricted model where one imposes the 

homogeneity for each lag k of the coefficients associated to the variable xi,t-k. If this Wald statistic is not 

significant the conclusion would be that variable x is causing variable y in the N cross sections in a totally 

homogenous manner. If the HC hypothesis can be rejected this does not imply that there is no causal 

relationship at all, it only implies that the process is non homogenous and that no homogenous causality can be 

found. Hence a next necessary step is the heterogeneous non causality test. 

 

c) Heterogeneous non causality (HENC) hypothesis 

This test assumes that the non-existence of a homogenous causal relationship between two variables does not 

imply per se that there is no causal relationship at all. It might be the case that there exists such a relationship for 

at least one individual. Thus the third step in the testing procedure is to test for causality for each individual of 

the panel. 

      
     

  
        

    

                       
    

 

The corresponding Wald test is: 

 

     
  

                 

                   
 

 

Where RSS2,i corresponds to the realization of the residual sum of squared obtained in model (6) when one 

imposes the nullity of the k coefficients associated to the variable xi,t-k only for individual i. A significant 

outcome indicates that x Granger causes y for individual i of the panel. If      
  the test statistic is not significant 

the HENC hypothesis cannot be rejected for individual i which implies that there does not exist a causality 

relationship between x and y for this panel unit. 

However, if suggested by theory, grouping of the panel units is possible and another HENC test can be done. In 

this case, the slope coefficients of a subgroup are tested against the null hypothesis of being zero. Furthermore 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 
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one can test the HNC hypothesis and the HC hypothesis group wise to gain deeper insights into the structure of 

the causality between the two variables. 

 

IV. Data and empirical results 

Annual data over the period 2003 to 2011 for 13 OPEC countries has been used in this study1. All data is from 

the OPEC annual statistic bulletin. Value of petroleum exports is use in billion Dollars and GDP per capita is in 

U.S. dollars.  

We first conducted panel unit root tests for all variables and the results are presented in Table 1. The results 

show that with the exception of the Levin et al. statistic with and without trend, both variables contain a panel 

unit root in levels but are stationary in first differences. We can then conclude that both variables are integrated 

of order one and we can proceed to the panel co-integration test. 

 
Table 1: panel Unit root tests 

Variables 
Levin et al. Im et al. 

Without trend With trend Without trend With trend 

GDPC 
0.4866 

[0.6867] 

-8.6168 

[0.0000] 

2.4488 

[0.9928] 

-0.6298 

0.2644] 

PEX 
-2.2544 
[0.0121] 

-5.0730 
[0.0000] 

-2.1308** 
[0.8703] 

0.0712 
[0.5284] 

D(GDPC) 
-10.0091 

[0.0000] 

-7.8184 

[0.0000] 

-3.9571 

[0.0000] 

-3.4528** 

[0.3290] 

D(PEX) 
-5.8208 
[0.0000] 

-7.9894 
[0.0000] 

-2.3572 
[0.0092] 

-3.4528** 
[0.3370] 

Notes: 

** indicates statistical significance at the 5% level. Values in [] are p-values. 

 

 
Table 2: Panel co-integration test 

Statistic Without trend With trend 

Panel v-stat 0.3384[0.3675] -2.9091[0.9982] 

Panel rho-stat -0.5940[0.2762] 2.5375[0.9944] 

Panel pp-stat -3.8103[0.0001]* -3.8415[0.0001]* 

Panel ADF-stat -3.8717[0.0001]* -2.7910[0.0026]* 

Group rho-stat 1.6075[0.9460] 3.2643[0.9995] 

Group pp-stat -2.1711[0.0150]*** -2.7158[0.0033]* 

Group ADF-stat -2.7574[0.0029]* -1.0461[0.1477] 

Notes: 
The first test is a right-tail test while other tests are left-tail tests. * rejects the null of no co-integration at the 1% level, ** rejects the null of 

no co-integration at the 5% level, *** rejects the null of no co-integration at the 10% level. P-values are in [] 

 

The results of the panel co-integration test are presented in Table 2. Except for the panel pp-statistic and panel 

ADF-statistic with and without trend, all other statistics do not reject the null of no co-integration. Since the half 

of the test statistics shows any evidence of co-integration, we conclude that value of petroleum exports and GDP 

per capita are co-integrated and so have a stable long-run relationship. 

The fact that we find co-integration between value of petroleum exports and GDP per capita means that 

causality exists between them. We proceed to conduct causality tests between value of petroleum exports and 

GDP per capita by making use of the Hurlin and Venet methodology. The equations to be estimated will then 

take the form below: 

 

                                        
 
   

 
    

                                         

 

   

 

   

 

 

The hypothesis to be tested in equation 13 is as follows: we test the null hypothesis of no causality from value of 

petroleum exports to economic growth by H0: χ2j = 0 and acceptance of H0 implies that value of petroleum 

exports does not cause economic growth. We test the null hypothesis of no causality from economic growth to 

value of petroleum exports using H0: Ψ1j = 0, and acceptance of H0 implies that economic growth does not cause 

value of petroleum exports. 

The results of panel causality tests are presented in Tables 3 and 4. The first stage of the Hurlin and Venet 

(2001) panel causality test is the Homogenous Non Causality Test and this is presented in Table 3. The upper 

part of the table tests the hypothesis that Value of petroleum exports does not cause GDP per capita and 

homogenous non causality hypothesis is rejected at lag 1 implying that value of petroleum exports granger 

causes economic growth for at least one member of the panel. A similar conclusion can be drawn from the 

(13) 
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bottom part of Table 3 where also at lag 1; we find that economic growth granger causes value of petroleum 

exports for at least one member of the panel. The implication of this finding is that for at least one member of 

the panel there is bi-directional causality between value of petroleum exports and GDP per capita. 

 
Table 3: Panel homogenous non causality tests 

H0: PEX does not Granger cause GDPC 

Lags Fhnc 

1 0.02* 

2 0.002 

3 0.001 

 

H0: GDPC does not Granger cause PEX 

Lags Fhnc 

1 0.32* 

2 0.30 

3 0.31 

Note: 

* indicates statistical significance at the 1% level, 

 

Rejection of the homogenous non causality hypothesis means that we can go on to the next stage of the Hurlin 

and Venet test which is to test for homogenous causality across all members. The results of panel homogenous 

causality tests are presented in Table 4 and the hypothesis that causality is homogenous across all members of 

the panel is accepted. We find that causality runs both from value of petroleum exports to GDP per capita, and 

from GDP per capita to value of petroleum exports. Our results therefore support the feedback hypothesis. 

 
Table 4: Panel homogenous non causality tests 

H0: PEX Granger cause GDPC 

Lags Fhc 

1 0.57* 

2 0.23* 

3 0.02 

 

H0: GDPC Granger cause PEX 

Lags Fhc 

1 0.29* 

2 0.31* 

3 1.53 

Note: 
* indicates statistical significance at the 1% level, 

** indicates statistical significance at the 5% level. 

 

V. Conclusion 

This paper conducted an empirical investigation of the causality between value of petroleum exports and GDP 

per capita using data for 13 OPEC countries for the period 2003 – 2011. We made use of panel unit root and co-

integration tests to address the low power criticism of single country tests and panel causality tests were 

conducted so as to give more efficient results. 

We found a stable long-run relationship between value of petroleum exports and GDP per capita. The results of 

panel causality tests supported the feed-back hypothesis as we found a bi-directional causal relationship between 

value of petroleum exports and GDP per capita for all members of the panel. These results are not in line with 

previous studies on OPEC countries.  

Note 

1. The countries have been selected based on data availability and are Algeria, Angola, Ecuador, Iran, Iraq, 

Kuwait, Libya, Nigeria, Qatar, Saudi Arabia, UAE, Venezuela and OPEC. 
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