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This  article uses data from the West African Economic and Monetary Unions 
(WAEMU) zone for the period 1979-2010 to examine the causal 
relationships between GDP per employee and energy consumption on one 
hand, and the relationship between employment and energy on the other 
hand. The importance of energy consumption in the WAEMU zone is derived 
from the inadequacy of energetical resources compared with needs of 
economic activities. Therefore, for the robustness of the empirical results, 
we used Phillips-Perron tests to determine the level of integration of 
variables. The results drawn from these tests led to the conclusion that the 
series are stationary with the exception of GDP per employment which is 
integrated in order 1. The Hsiao’s Granger causality method show the 
existence of a one-way relationship between GDP per employee on one hand, 
and between energy consumption and the variables employment and 
consumption of energy on the other hand. This is a good reference for policy 
makers to well define the energy strategies of the WAEMU zone. 
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INTRODUCTION  
 
Energy use in developing countries is increasing rapidly. 
The factors leading to this rapid increase of energy use 
include population growth, economic growth, and 
urbanization. Generally, energy including electricity is 
identified as the one playing a significant role in economic 
development, not only because it increases the productivity 
of capital, labor and other factors of production, but also 
because its greater consumption, particularly commercial 
energy is synonymous with high economic status of a 
country. 

Many studies have shown that energy consumption is 
correlated with economic growth hence, for example, 
countries with a higher per capita GDP were found to have 
high energy consumption per capita (Burney, 1995; 
Anderson 1973; Samoilidis and Mitrolopulos, 1984; Gowen, 
1987). Does economic development drive to a greater 

energy consumption?Or is energy itself a stimulus for 
economic development? These questions have led and 
motivated curiosity and interest amongst economists and 
policy analysts over the past decade to study the direction 
of causality between energy consumption and economic 
variables such as GDP, income, employment or energy 
prices (Nan and Murray, 1990; Glaze and Lee, 1997; Cheng 
and Lai, 1997; Masih and Masih, 1997; Asafu-Adjaye, 2000; 
Yang, 2000).This is because the direction of causality has 
significant policy implications. For example, the conclusion 
of a unidirectional causality running from energy 
consumption to GDP means an energy dependent economy 
such that energy is a stimulus for the growth of GDP which 
implies that the lack of energy may negatively affect 
economic growth or may cause poor economic 
performance.  However, continued  causality  running  from  
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GDP to energy consumption means a less energy dependent 
economy such as energy conservation policies (electricity 
rationing) can be implemented with little or no deleterious 
effect on the level of economic activity (GDP). If there is no 
causality between energy consumption and GDP known as 
the assumptions of neutrality (Yu and Choi ,1985), it 
implies that energy consumption is not correlated with GDP 
and as such, policies for energy conservation can be 
pursued without compromising the economy. However, the 
direction of causality between energy consumption and 
economic variables remains empirically elusive and 
controversial across time, countries and methodologies. For 
example, using the Hsiao Granger causality, Cheng and Lai 
(1997) reported a continuous causality running from GDP 
to energy consumption in Taiwan using data from 1954 to 
1993. Yang (2000) used data from 1954 to 1997 and 
Granger-causality techniques for the same country 
(Taiwan) and obtained a bi- directional causality between 
energy consumption and GDP. Glazure and Lee‘s work 
(1997) in South Korea and Singapore used error correction 
models and co-integration and reported a bi-directional 
causality between GDP and energy consumption in the 
countries studied. However, continuous causality running 
from energy consumption to GDP and no causality were 
reported respectively for Singapore and South Korea when 
the standard method of Granger -causality was used. Masih 
and Masih (1997) reported that real income, energy 
consumption and energy prices were jointly interactive in 
the causal chain in Korea and Taiwan using error correction 
and co- integration methods. Asafu-Adjaye’s work (2000) 
on the causality between energy consumption, energy 
prices and income in India, Indonesia, Thailand and the 
Philippines used co-integration and electronic counter- 
measurement techniques that produced controversial 
results. A bi-directional Granger-causality between energy 
consumption and income was reported for the Philippines 
and Thailand, and a Granger’s continued causality working 
from energy consumption to income was reported for India 
and Indonesia. Other researchers (Jumbe, 2004) in Malawi 
who used standard techniques of model error correction 
and Granger-causality found a bi-directional causality 
between electricity consumption (kWh) and GDP, but a 
continued causality working from non-agricultural GDP to 
KWH. However, it was reported that energy prices, energy 
consumption and income are mutually correlated in 
Thailand and the Philippines. Despite variations in 
empirical results, these studies demonstrate the existence 
of a causality relationship between energy consumption 
and economic variables. 

Except studies on supply and demand for energy 
companies in Sub-Saharan African (SSA) countries, there is 
generally little empirical research published on causality 
between energy consumption and economic variables 
reported for SSA countries (Munasinghe, 1980; Abdel- 
Khalek, 1988). The first contribution on the causality 
between energy consumption and economic variables for 
these African countries was carried out by Jumbe (2004) in  

 
 
 
 
Malawi. Kane (2009) uses the vector error correction 
model (ECM) and data from heterogeneous non-stationary 
panel to investigate the relationship between energy 
demand and economic growth in the WAEMU region in 
order to determine the explanatory variables of energy 
intensity in gross domestic product.  
Another study analyzed the meaning of causality between 
economic growth and energy consumption, but also the 
nature of the relationship between energy sources for a 
panel of four WAEMU countries: Benin, Cote d' Ivoire, 
Senegal and Togo over the period of 1970 to 2005 (Okey , 
2010). Other studies have also been carried out individually 
on some WAEMU and Sub-Saharan African countries (Ivory 
Coast, Mali and Congo) to understand the causality between 
economic growth and energy consumption (Timité, 2010) 
consumption growth (Sacko, 2004; Ambapour and 
Massamba, 2005; Timité, 2010). These studies have 
targeted some specific sources of energy such as electricity, 
petroleum products and have used panel data for estimates. 

The specificity of this study compared to those already 
made on WAEMU lies on the use of aggregated data 
(including all sources of energy expressed in tons of oil 
equivalent) in all WAEMU countries.  

The objective of this study is to examine the co-
integration and the meaning of causality between energy 
consumption, employment and GDP by using the 
techniques of error correction and co-integration on data in 
WAEMU countries. This is mainly to show that the 
increased level of activity (GDP) and therefore the fight 
against unemployment in this area is closely linked to 
energy consumption. The focus is specifically: 
 

1. To check the existence of a relationship between 
energy consumption and economic growth; 

2. To determine the direction of causality between these 
variables in order to make suggestions on how energy 
issues could be addressed in the future in the WAEMU zone. 

3. To provide optimal economic and energy policies for 
member countries of the WAEMU zone. 
 
These research objectives answer the following 
research question:  
 
Is there a long-term relationship between energy 
consumption and increasing level of economic activity in 
the WAEMU zone? 

Which naturally leads us to the hypothesis: there is a 
sustainable link between energy consumption and 
economic growth in the WAEMU zone. 
 

 
 

MODEL ANALYSIS AND THE METHODOLOGY 

 
Here we adopt the Granger causality test for its simplicity 
and its suitability criteria for small samples in applied 
economics. Indeed,  the  works  reported by  Guilkey Salemi  



 

 

 
 
 
 
(1982) and Geweke et al. (1983) showed that the 
application of the Monte Carlo method advocates the 
Granger causality test among alternative techniques. Thus, 
the Granger causality test poses that a variable causes to 
Granger if the prediction of the current value is enhanced 
by the use of lagged values. 
 
The model 
 
In modeling the function of energy consumption and 
economic growth variable (or the fight against 
unemployment) in previous studies, all variables 
considered were expressed in natural logarithm. Therefore, 
the equation linking economic growth (or unemployment) 
and the energy consumption is specified as autoregressive 
model. Considering Y as GDP per employee (GDPE) and x is 
the variable energy consumption (EC) thus: 
 
log y = f (logx) 
 
its autoregressive general form becomes: 
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where L is the delay operator, L= d-1 is the difference 
operator with the first difference given by: 
 

1)1(  ttt yyyL
 

By specifying the equation:  

ttt zxy  10 
                                                                                       

(3) 

tz
 is the stationary residue of the co-integration equation        

                                                                                                                       
The determination of causality 
 
Here we adopt the Granger causality method in its 
developed version according to Hsiao (1981).This method 
is built around a two-step procedure to determine the 
optimum number of crossword lag terms and own lags and 
the direction of causality between two or more lags by 
using the criterion of prediction error or final error 
prediction (FPE or final error prediction) according to 
Akaike (1969). 
Resuming a truncated version of Equation (1) in the 
manner of autoregressive models, we obtain: 
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          (4)                                                   

Considering ty
 

initially as a one-dimensional 

autoregressive process, and taking N as the maximum lag 

length of the controlled variable ty . 

According to the Hsiao procedure, the first step is to 

regress ty  on ity  to take the sum of squared errors (SSE) 
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with i = 1, 2, .... , N, and then calculate the FPE. The latter 
(FPE) is the delay seen in the following equation: 

 

T
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          (5)                                                                        

With T denotes the total number of observations, n is the 
order of the delay varying from 1 to N, and SSE is the sum of 
squared errors. Thus, if i = 10 [Equation (4)], there are 10 
FPES. The order of delay must then be chosen in order to 
obtain the smallest FPE denoted thus: 

FPE(n*). 
The following equation will be the second step according 

to the Hsiao procedure: 
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    (6)                                    

Where ty  is considered as the control variable with a 

delay of order fixed at n* and tx as a variable subject to 

manipulation. From Equation (6) we calculate the SES by 
varying the order of lags from 1 to M to get the order that 
gives the smallest FPE, denoted by m*. The corresponding 
two FPE dimensions are given by: 
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     (7)                                             

 
with m denoting the order of lags of x(t) varying from 1 to 
N, and n* is the optimum number of lags determined from 
Equation (5).  

The following conclusion is drawn: energy ( tx ) Granger-

causes employment ( ty ), if FPE (n*, m*) < FPE (n*). The 

direction of causality employment and energy consumption 
can be estimated by repeating the same procedure and 
using the energy equations below: 
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Thus, with the combination of the definition of Granger 
causality and the criterion of FPE, Hsiao (1981) method 
could allow to enter two or more variables in the equation 
with different numbers of lags. The result is that we reduce 
the number of lags to estimate. 
 
Integration, stationarity and co-integration 
 
Hsiao's version of Granger causality requires that all 
variables are stationary. Hence the first step is to test the 
stationarity of variables. The Phillips-Perront (1988) test 
determining  the  level  of  integration  is  used  in this study  
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Tables 1. tests on the levels of integration of the different 
variables of the study 

 
Variables PP value Critical values 
GDPE -2.228930           -2.6395  
CE 4.646218*                                        -2.6395 
EP 3.135149*      -3.657 

 

* Significant at 1% 

 
 

Table 2. Results of unit root tests of Phillips-Perron with 
first differenced data. 

 
Variables PP value Critical values 
GDPE -5.275409    -2.6423* 

 

* Significant at 1% 

 
 
 
Table 1 and 2. The Phillips-Perron (PP) test allows to take 
into account both autocorrelation and heteroscedasticity of 
errors, for which it is robust for a variety of serial 
correlation and time-bound heteroscedasticities. 

Problems associated with artificial regression always 
impose to carry out stationarity verification tests of the 
series before the estimation process. 

The approach of Engle and Granger (1987) first 

recommends testing the levels of integration  tx  and ty    to 

ensure the stationarity of each variable. In case of non-
stationary of variables, the level must be differentiated 
according to the order of integration before estimating 
using the stationary series. The concept of co-integration 
may be defined as a joint movement over a long period of 
two or more economic variables.  

According to Engle and Granger (1987), when two 

variables   tx  and ty  are each integrated of order 1, i.e. I 

(1), one would expect a linear combination and hence a 
random walk. However, its particular property may occur 
that their linear combination is stationary, i.e., I (0), in 

which case the two variables tx  and ty  are called co-

integrated. The test of co-integration is carried out using 
Equation (3) above. Also, Granger representation theorem 
states that when two variables are co-integrated (i.e. a long-
term equilibrium relationship exists between them), then 
the imbalanced relationship at short term between the two 
variables can always be represented by a model correction 
error. 
 
Data used 
 
Before presenting the empirical results, we describe the 
data used. The data are annual and concern the GDP per 
employee or GDP per person employed i.e. the gross 
domestic product (U.S. $ constant 1990 PPP) divided by 
total employment in the economy (GDPE), employment (EP 
) i.e. ratio of employment to population of people aged over 

15 years, and energy consumption (EC) or energy use (kt of 
oil equivalent). Series that are aggregated data of WAEMU 
member countries from 1979 to 2010 were obtained from 
the World Bank’s database. The curves below show the 
evolution of the respective variables.  

Figure 1. above shows the evolution of the three variables 
used in the study. It does not appear a perfect set of 
movement between these variables. However, the variables 
Employment and energy consumption show a certain 
similar evolution. More elaborated tests are performed to 
identify the relationship between these different 
macroeconomic variables. 
 

 
RESULTS 

 
Tests of Granger causality  

 
Tables 3 and 4 show the results of the Granger causality 
tests between the variables GDP per employment (GDPE) 
and Energy Consumption (EC) on one hand, and the Energy 
consumption and Employment (EP) on the other hand. The 
test used is the Hsiao version of the Granger causality tests. 

We ran the model with different levels of lags, which 
often led to conflicting results. This arbitrary choice of 
ranges of lags and / or pre-filtering remains an open 
question. To overcome this failure, the Hsiao approach 
(1981) is used in this study. The results are reported in 
Tables 3 and 4 while the results on the Fischer statistics are 
reported in Tables 5 and 6. 

As stated above, when FPE (n*, m*) < FPE (n*), then the 
product per job (GDPE) Granger causes energy 
consumption. In Table 3, the results show that since energy 
consumption is 227.954.196 < 236.213.542 therefore GDPE 
causes to the Granger the energy consumption. This result 
is confirmed by the statistical F test in Table 5 indicating 
that economic activity significantly affects energy 
consumption   (at 1%). Conversely,   for  the GDPE  equation  
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Figure 1: Comparative evolution of the series that are involved in the study  
                                     Source: Database of the World Bank (2012)  

 
 

Table 3. Results of the Hsiao version of the tests of Granger causality 
 

The equation of GDPE:                                
148832.167 (3) > 142296.854(1)            EC does not cause GDPE                                            
The equation of the energy consumption: 
227954.196 (1)  <  236213.542 (8)                GDPE causes EC 

 

The values in the parentheses represent the optimal lags   

 
 

Table 4. Results of the Hsiao’s version of the tests of Granger causality 
 

The equation of employment:  
4.782 (1) > 4.722  (1)                                      CE does not cause  EP 
The equation of the energy consumption: 
227954.196 (1)  <  236213.542 (8)                               EP causes EC 

 

The values in the parentheses represent the optimal lags. 

 
 
 
(Table 3), 148832.167 > 142296.854, therefore it appears 
that energy consumption does not cause GDPE in the sense 
of Granger. 

The results in Table 3 indicate that the GDPE variable 
causes the Granger to cause the variable energy 
consumption. The results in Table 4 show that the variable 
employment causes the Granger energy consumption, 
which reveals the direction of causality between the 
different variables. However, the lack of causality 
relationship in  both  directions  indicates  no co-integration 
relationship   between   different   variables.   This    appears 

 clearly in the results of tests of co-integration. 
Through the same procedure, we perform the test of 

causality between employment and energy consumption in 
the WAEMU area. The results reported in Table 4 indicate 
the equation of employment; energy consumption does not 
cause the employment Granger. However, for the equation 
of energy consumption (Table 4), the employment causes 
the Granger energy consumption. The results in Table 5 are 
further confirmed by the F test statistics in Table 6, which 
indicate that employment affects energy consumption at 
1%. Therefore in Tables 5 and 6,  the  variable GDPE  causes  
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Table 6: The F tests of employment equation   
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                                 0.15511                8817.51     
                                  (0.97059)             (0.00829)* 

 

The values between parentheses are of p values. 
* Significant at 1%. 

 
 
 
energy consumption and employment also causes energy 
consumption. 
 
 
DISCUSSION 
 
This study examines the phenomenon of causality of 
aggregated macroeconomic variables of the WAEMU area 
such as GDP per employee, employment and energy 
consumption. Research has allowed identifying 
unidirectional relationship between the product per 
employment and energy consumption but also between 
employment and energy consumption. The results obtained 
in this document are in line with the results of similar 
studies on the relationship between energy consumption 
and the level of economic activity (GDP), in particular the 
one of Kraft and Kraft (1978) which finds causality going in 
the direction from GDP to energy consumption for the 
United States. It is the same for Yu and Choi (1985) who 
conducted a study on the Philippines and South Korea. 

Other studies in Southern Sahara Africa on the 
relationship between energy consumption and economic 
growth lead to the same results. This is the case of Timite’s 
work (2010), Ambapour Massamba (2005) and Jumbe 
(2004), which respectively indicate a unidirectional 
causality from GDP to electricity consumption in Côte 
d’Ivoire , Congo and Malawi. However, the results of some 
studies such as those of Okey (2009) on Benin, Ivory Coast, 
Senegal and Togo reveal a lack of causality between 
electricity consumption and economic growth. 

This unidirectional causality from GDP towards energy 
consumption can be explained by the fact that economic 
growth in general generates a higher income per inhabitant 
and therefore an increase in overall consumption as 
stipulated in the psychological law of Keynes. Timite (2010) 
in the case of Côte d'Ivoire maintains that energy products 
are goods of necessity, any increase in the national income 
lead to higher consumption of these products. This result 
also indicates that prior information of GDP help make 
better forecasts on energy consumption in the WAEMU 
area. 

Unidirectional causality from GDP to energy consumption 
could also mean statistically that energy saving policies can 
be implemented without compromising economic 
development (Wolde-Rufael, 2006). The lack of causality of 

energy consumption to economic growth also has its origin 
in the low access of the rural population (70% of the 
workforce) in the WAEMU area to most of the conventional 
energy sources whereas they constitute the vast majority 
(Kane, 2009; Timité, 2010): these populations essentially 
live on non-mechanized agriculture, particularly 
subsistence agriculture. 

Concerning the relationship where employment causes 
uni-directionally energy consumption, research conducted 
by Akarca and Long (1979) and Murray and Nan (1990) 
reach the same conclusion for the United States. Other 
studies including Erol and Yu (1987b) and Yu et al. (1988) 
using data from industrialized countries have not led to the 
causal relationship between energy consumption and 
employment. This leads to think that the economic 
activities of developed countries are not highly intensive in 
energy, probably because they are more efficient in their 
energy consumption.  

This result "employment causes uni-directionally energy 
consumption" can be explained mainly by the fact that any 
increase in employment in the economy goes with an 
increase in the production of enterprises, which means 
economic growth. Since economic growth increases 
national income; it will therefore result in the sense of 
Keynes psychological law an increase in energy 
consumption which is a necessity in general. It should be 
noted that the various tests showed that the variables are 
not co-integrated, which did not require the use of error 
correction model. 
 
 
Conclusion and Recommendations 
 
This article reviews the Granger causality between energy 
consumption on one hand and GDP per employment, and 
the consumption of energy and employment on the other 
hand for the WAEMU zone. We used the Hsiao’s version of 
Granger’s causality method and Akaike FPE criterion to 
determine the optimal lags. This helped obtain a better 
estimation of   links of causality between the two pairs of 
variables considered. The results indicate a relationship of 
unidirectional causality on one hand and GDP per 
employment to energy consumption and variable 
employment to energy consumption on the other hand for 
the WAEMU area. 



 

 

 
 
 
 
Unidirectional causality from GDP towards energy 
consumption could statistically mean that energy saving 
measures can be taken without compromising economic 
development (Wolde-Rufael, 2006). However, he points out 
that reduced electricity consumption in populations who 
have difficult access to this resource (including rural 
populations in the WAEMU area), is not an option. African 
countries have not yet reached a level of energy 
independence (poor infrastructure) to allow a reduction in 
their consumption but they can prevent the negative 
consequences related to the increased consumption of 
energy and its inefficient use. Instead, by making different 
conventional energy sources more accessible to all, it could 
not only contribute to reduce poverty but also to improve 
the quality of life of populations and thus lead to economic 
growth in the two senses of causality. That means economic 
growth improves the quality of life and vice versa.  

For the fact that energy consumption does not cause 
economic growth reveals  low access of rural populations in 
the WAEMU countries to different energy sources, it should 
convene to promote agro-business and mechanization of 
agriculture in these countries (Kane, 2009). It then appears 
that energy is an important factor for the development of 
the WAEMU zone.  Therefore, energy policy in this area 
must take into account the various productions in the  
domains of industry, manufacturing , construction , 
transport etc., which requires a great deal of energy to 
achieve economic and social development of the area which 
naturally requires  a strengthening of the energy 
infrastructure. 
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