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Abstract 

This study seeks to determine the direction of causality between 
energy consumption (EC) and economic growth (EG), using annual data 
from 1971 to 2007. In our empirical analysis, we implement a bounds-
testing approach to co-integration and an augmented form of the Granger 
causality test to identify the direction of the relationship between these 
variables both in the short and long run. Our findings suggest 
bidirectional causality between EG and EC in the short run; in the long 
run we find unidirectional causality from EG to EC. EC does not lead to 
EG in the long run because higher energy prices (oil prices) increase the 
cost of business, leading to a negative effect on EG. Additionally, when 
energy prices fluctuate, they create uncertainty that also affects economic 
growth. The study recommends direct investment in local energy resources. 
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1. Introduction and Literature Review 

Energy plays a crucial role in the economic development of a 
country. It enhances the productivity of factors of production and increases 
living standards. It is extensively recognized that economic development and 
energy consumption are interdependent.1 The energy crisis of the 1970s and 
persistently high energy prices, particularly oil prices, have had a significant 
impact on the economic activity of developing economies. The key question 
in energy economics, however, is whether economic growth (EG) leads to 
energy consumption (EC) or whether EC leads to EG. Although the causal 
relationship between EC and economic growth (EG) has been widely studied 
over the last 3 decades, the empirical evidence is not without controversy. 
Using regression analysis, Pachauri (1977) and Tyner (1978) found that there 
was a strong correlation between economic development and EC in India. 
                                             
* Applied Economics Research Centre, University of Karachi. 
1 See Alam and Butt (2002). 
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Yu and Choi (1985) estimated the casual relationship between the EC and 
gross national product (GNP) of five countries, concluding that there was 
unidirectional causality from EC to GNP in the Philippines, and reverse 
causality from GNP to EC in South Korea, but no causality in the USA, UK, 
and Poland. Cheng (1995 and 1997), employing a multivariate approach, 
concluded that there was no evidence of causality from EC and capital to 
EG in the USA, Mexico, and Venezuela. Stern (2000) found a co-integrated 
relationship between gross domestic product (GDP), capital, labor, and EC 
in the USA.  

In the case of Pakistan, Riaz (1984) investigated the relationship 
between EC and EG using log linear regression analysis. The regression 
analysis of the energy-growth relationship has shown independence 
between socioeconomic variables and EC. Masih and Masih (1996) found a 
co-integrated relationship between EC and GDP in India, Pakistan, and 
Indonesia, but no such evidence in the case of Malaysia, Singapore, and 
the Philippines. Yang (2000) investigated the causal relationship between 
GDP and EC—including that of coal, natural gas, and electricity—
analyzing the aggregate as well several disaggregated categories and found 
a bidirectional causality between total EC and GDP in India; in the case of 
Pakistan and Indonesia, GDP was found to cause EC. Anjum and Butt 
(2001) found that EG caused total EC, but further investigation indicated 
that EG did not lead to growth in petroleum consumption, while in the 
case of the gas sector, neither EG nor gas consumption affected each 
other. In the power sector, however, electricity consumption was found to 
lead to EG without feedback. Finally, EC was found to directly cause 
employment. Alam and Butt (2002) concluded that EC, EG, capital, and 
labor were co-integrated and that causality ran from EC to EG in the short 
and long run. 

The objective of this paper is to re-estimate the causality between 
EC and EG in Pakistan as a developing economy, by employing the recently 
advanced co-integration technique. Section II describes data and 
methodology, Section III discusses empirical results, followed by a 
conclusion and policy implications in Section IV.  

2. Data and Methodology 

This study uses annual data from 1971 to 2007. GDP is measured in 
millions of Pakistan rupees and EC in kiloton (kt) of oil equivalent. GDP is 
used as a proxy variable for EG. Data for both variables are taken from 
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World Development Indicators.2 This empirical analysis adopts a three-stage 
procedure to test the direction of causality between EC and EG.  

In the first stage, the integration order of the variables is established 
by implementing the Ng-Perron (2001) unit root test.3 In describing the 
Ng-Perron unit test, we start with the augmented Dickey-Fuller (ADF) test.4
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does not follow the conventional student’s t-distribution, Dickey and Fuller 
(1979) and Mackinnon (1996), among others, simulate the critical values. 
The ADF tests, can include a constant and / or a linear time trend. Elliot, 
Rothemberg and Stock ( ERS hereinafter) (1996) modify the ADF tests for 
two cases-one with a constant and the other with a constant and a trend, as 
follows. First, a quasi-difference of  in defined. The quasi-difference of  

depends on the value of α representing the specific point against which the 
null hypo s t

ty ty

thesi  below is tes ed. 

    1       1 

Second, quasi-differenced data )( ayd t  is regressed on the quasi-
difference as follows: 

                                                                                 2  

Where  contains a constant or a constant and a trend. Let  

be the OLS estimate of 
tx )(ˆ aδ

)(aδ . For a, the ERS method recommends using 

αα = where T71−=α if =tx {1} and T5.131−=α  if = {1,t}. GLS 

detrended data, , are defined as follows: . According to the 

ERS method, GLS detrended  substituted for . 

tx
d
ty tt

d
t xyy ′−≡

tyd
ty

t
d

PtPt
d
t

d
t

d
t yyyyy νββα +Δ+⋅⋅⋅⋅⋅⋅⋅+ΔΔ+Δ=Δ −−−− 1211                            3 

                                             
2 EG and EC are transformed into natural logarithms prior to econometric estimates. 
3 The advantages of the Ng-Perron tests are that it allows a good size and power, and is 
particularly suitable for small samples. 
4 Dickey and Fuller (1979, 1981). 
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As in the ADF test, the GLS unit root test involves the test on the 
coefficient a. The ERS point optimal test is as follows. Let the residuals from 

equation (2) be )(ˆ)()()(ˆ αδη ′== axdayda ttt and let the sum of 

squared residuals,  The null hypothesis for the point 

optimal test is 

).(ˆ)( 2 αηα tSSR =
1=α and the alternative hypothesis is αα = . The test 

statistic is 0)1() fSSRPt −= ((SSR α where  is an estimator of the 
residual spectrum at frequency zero. The four Ng-Perron tests involve 
modifications of the following four unit root tests: Phillips-Perron , 
Bhargava R1, and the ERS optimal point test. The tests are based on GLS 

detrended data, . First, let us define 
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As with most other tests, the null hypothesis of the unit root cannot 
be rejected if the test statistic is higher than the critical value.  

The second stage involves testing for the existence of a long-run 
relationship between EG and EC within a univariate framework. In the last 
two decades, several econometric procedures have been employed to 
investigate the co-integrated relationships among macroeconomic variables. 
With regard to univariate co-integration approaches, there are several 
examples, including Engle and Granger (1987) and the fully modified OLS 
procedures of Phillips and Hansen (1990). There are also many examples of 
multivariate co-integration procedures, including Johansen (1988), Johansen 
and Juselius (1990), and Johansen’s (1996) full information maximum 
likelihood technique.  



Causality between Energy Consumption & Economic Growth 49 

A recently advanced co-integration approach, known as the 
autoregressive distributed lag (ARDL) [Pesaran et al (2001)], has become 
popular among researchers. In Pesaran et al (2001), the co-integration 
approach, also known as the bounds testing method,5 is used to test the 
existence of a co-integrated relationship among variables. The procedure 
involves investigating the existence of a long-run relationship in the form of 
an unrestricted error correction model for each variable as follows: 
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Where ln(EG) is the natural logarithm of GDP, and ln(EC) is the natural 
logarithm of EC. The F-tests are used to test the existence of long-run 
relationships. The F-test used for this procedure, however, has a 
nonstandard distribution. Thus, the Pesaran et al (2001) approach computes 
two sets of critical values for a given significance level. One set assumes that 
all variables are I(0) and the other set assumes they are all I(1). If the 
computed F-statistic exceeds the upper critical bounds value, then the 
(null hypothesis) is rejected. If the F-statistic falls within the bounds set, 
then the test becomes inconclusive. If the F-statistic falls below the lower 
critical bound value, it implies no co-integration. When a long-run 
relationship exists, the F-test indicates which variable should be normalized. 
The null hypothesis of equation (6) is

0H

〉===〈 0210 EGEGH αα . This is 

denoted as . In equation (7), the null hypothesis is〉〈 )Ln(|)( ECEGLnFEG

〉== 02ECEC=〈 10H αα , which is represented by 〉〈 )Ln(|)(ECLnFEC EG .  

                                             
5 It has certain econometric advantages compared with other single co-integration 
procedures. They are as follows: i) endogeneity problems and inability to test hypotheses 
on the estimated coefficients in the long-run associated with the Engle-Granger method 
are avoided; ii) the long and short-run parameters of the model in question are estimated 
simultaneously; iii) the ARDL approach to testing for the existence of a long-run 
relationship between the variables in levels is applicable irrespective of whether the 
underlying regressors are purely I(0), purely I(1), or fractionally integrated; iv) It is 
superior in small sample. 
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The third stage entails forming standard Granger-type causality tests 
augmented by a lagged error-correction term. The Granger representation 
theorem suggests that there will be Granger causality in at least one 
direction if there exists a co-integrated relationship among the variables in 
equations (6) and (7), providing that they are integrated to the order of 1. 
Engle and Granger (1987) show that the Granger causality test, which is 
conducted in first difference via a vector auto-regression (VAR), will be 
misleading in the presence of co-integration. Therefore, including an 
additional variable in the VAR system, such as an error-correction term, 
helps capture the long-run relationship. An augmented form of the Granger 
causality test involving an error-correction term is formulated in a vector 
error-correction model (VECM), as follows: 
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ECt-1 is the error correction term that is derived from the long-run 
relationship. The Granger causality test can be applied to equation (8) as 
follows: (i) by checking the statistical significance of the lagged differences of 
the variables for each vector: this is a measure of short-run causality; and (ii) 
by examining statistical significance of the error-correction terms for the 
vector which shows the existence of a long-run relationship. 

3. Empirical Results  

All time series data show some trend. When working with time 
series data, the first question to ask is whether or not the series is 
stationary. A stochastic process is said to be stationary if its mean and 
variance are constant over time, and if the covariance exists between the 
two time periods and not the actual time at which the covariance is 
computed. To test the stationary of the variables the Ng-Perron unit root 
test is applied for EC and EG.6 The results of Table-1 indicate that ln(EG) 
and ln(EC) are I (1) variables at a 1% significance level. 

                                             
6 Mostly in literature, the order of integration explore by using the ADF (Dicky & Fuller, 
1979) and P-P (Philip & Perron, 1988) unit root tests. Due to their poor size and power 
properties, both tests are not reliable for small sample data set (Dejong et al, 1992 and 
Harris, 2003). So this study uses Ng-Perron unit root test. 
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Table-1: Ng-Perron Unit Root Test 

Ng-Perron at Level with Constant and Trend 

  MZa MZt MSB MPT 

)ln(EC   -1.25 -0.48 0.38 36.42 

)ln(EG   -8.38 -1.89 0.22 11.33 

Ng-Perron at 1st Difference With Constant and Trend 

)ln(ECΔ   -21.21* -3.24 0.15 4.35 

)ln(EGΔ   -568.62* -16.81 0.02 0.24 

* Significant at 1%. 

Equations (6) to (8) were estimated in two stages. In the first stage 
of the ARDL producer, the order of lags on the first differenced variables 
was obtained from unrestricted VAR by means of the Akaike Information 
Criterion (AIC) and Schwarz-Bayesian Criterion (SBC). Both lag selection 
criterion indicates that the optimal lag level is 3 years. 

Table-2: Lags Selection Criterion 

Lag AIC SBC 

1 -2.86 -2.77 

2 -10.14 -9.80 

3 1) -10.27* 2) -9.81* 

An F deletion test was applied to equations (6) and (7) in order to 
test the existence of a long-run relationship. The results of bounds testing 
are presented in Table-3. As can be seen in Table-3, it is clear that there is 
a long-run relationship between the variables when EC is the dependent 
variable because its F-statistic exceeds the upper bound critical value at a 
5% level of significance. The null hypothesis of equation (6) however, cannot 
be rejected. Thus, the bounds test result confirms that long-run 
unidirectional causality runs from EG to EC. At the bottom of Table-3, the 
estimate of the co-integrated equation shows a positive elasticity (equal to 
0.33) for EC with respect to EG. 
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Table-3: Calculated F-Statistic7 

 Lag 2 Lag 3 

〉〈 )Ln(|)( ECEGLnFEG  1.48 0.94 

〉〈 )Ln(|)( EGECLnFEC  5.11 6.55 

Long-Run Elasticity (Co-Integrated Equation) 

Ln(EC) = 1.69 + 0.33 Ln(EG) 

T-ratio  (8.87) (46.94) 

Table-4 shows the results of short- and long-run Granger causality 
within the VECM framework. The short-run causal effects are demonstrated 
through the F-statistics of the explanatory variables and long run causality is 
tested with the help of statistical significance and sign of the error 
correction term. The coefficient of the lagged error-correction term is 
significant (at a 1% level of significance) with the expected sign (negative), 
when the ln(EC) is the dependent variable, which is also confirmed by the 
result of the bounds test. 

Table-4: Granger Causality Test 

F-statistics 

Dependent Variable )ln(EG )ln(ECΔ Δ (ECM)t-1(t-statistic) 

)ln(EGΔ  - 10.52 
(0.00) 

-0.33 
(0.35) 

)ln(ECΔ  3.25 
(0.05) 

-0.1
0.00

Cau n in the short run 

- 3 
( ) 

sality I ference: 

          in the Long run 

This implies that EG Granger causes EC in the long run and that 
the direction of causality runs interactively through the error-correction 
term. On other hand, there is bidirectional causality between EC and EG in 
the short run.  

                                             
7 The critical value ranges of F-statistics are 3.96 – 4.53 and 3.21 – 3.74 at 5% and 10% 
level of significances, respectively. See Paresh Kumar Narayan (2005). 
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4. Conclusion and Policy Implications 

The objective of this study was to determine the direction of 
causality between EG and EC, by using the co-integration approach known 
as the Autoregressive Distributed Lag (ARDL) [Pesaran et al (2001)] and an 
augmented form of the Granger causality test. Our main findings were as 
follows. First, we found that, by using the ARDL, there was one co-
integrated relationship between the two variables when EC was the 
dependent variable. Second, we investigated the direction of causality 
between the variables using the Granger causality-testing producer, and 
found that changes in EG cause changes in EC in the short- and long run. 
Moreover, EC will cause EG in the short run but not in the long run.  

Our findings have the following policy implications. EC in the form 
of oil consumption will Granger cause EG only in the short run, not the 
long run. On the other hand, EG will increase EC. Pakistan initially met 
only 18% of its energy needs from indigenous production, had to import the 
remaining 82% and pay international prices. The policy implication of this 
paper is that Pakistan will need to continue investing in the energy sector, 
particularly in natural gas, coal, wind, hydroelectricity, and nuclear power. 
This will reduce its import burden. On the demand side, consumers should 
be made aware of the importance of efficient use of oil, particularly given 
our finding that oil consumption does not contribute to EG in the long 
run.  
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Appendix 

A. Descriptive Statistic and Correlation Matrix 

Descriptive Statistic
 Ln(Y) ln(EG)

Mean  27.28  10.55 
Median  27.30  10.60 
Maximum  29.51  11.24 
Minimum  24.64  9.76 
Std. Dev.  1.469  0.47 
Skewness -0.14 -0.16 
Kurtosis  1.88  1.66 
Correlation Matrix 

 ln(Y) ln(EG)
ln(Y) 1 - 
ln(EG) 0.99 1 

B. Natural Logarithm of Economic Growth (lnEG) and Natural 
Logarithm of Energy Consumption (lnEC) 
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