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The Relationship between Exports, Electricity Consumption and
Economic Growth: Empirical evidence from Brazil
Janesh Sami* and Keshmeer Kanewar Makun**
The relationship between electricity consumption and economic growth
has been intensively studied in energy economics. However, there are mixed
evidence on the relationship, possibly due to omission of other relevant
variables and low power of t r a d i t i o n a l cointegration tests in small samples.
This paper examines the relationship between exports, electricity consumption
and real income in an emerging market economy for the period 1971-2007.
Employing bounds testing procedure, we find evidence of cointegration
when real income is considered the dependent variable. In the long run,
exports and electricity consumption have statistically significant and positive
impact on economic growth.
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1. Introduction
The relationship between electricity consumption and gross domestic product has been
investigated for many countries. To date, there is no consensus over the relationship.
Many of these studies have examined the relationship ignoring other variables that can
affect the relationship, thus resulting in omitted variable bias. In recent years, studies have
included other variables such energy prices, employment. (Chang et al 2001,
Govindaraju et al 2010, Masih and Masih1997, Narayan and Smyth 2005).
In this paper, we re-examine the relationship between electricity consumption and Gross
Domestic Product (GDP) taking additional variable of exports. Specifically, we intend
to find out if e le ct ricit y consumption and GDP are cointegrated if exports are
considered along. In doing so, we are able to avoid omitted variable bias to some extent,
since exports can affect both GDP as well as electricity consumption. In addition, we wish
to investigate if inclusion of exports can affect the long run relationship between
electricity consumption and economic growth. We thus, investigate the existence of long
run relationship between electricity consumption and GDP within a multivariate framework
for an emerging market economy of Brazil. Our study, thus is believed to be more
superior to numerous studies that examined the relationship between electricity
consumption and economic growth within bivariate framework for fast growing
economies, Yoo (2006) for Singapore, Thailand, Malaysia, Indonesia, Ghosh(2002) for
India, Tang (2008) for Malaysia, Yoo and Kwak (2010). Briefly foreshadowing the main
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results, we found that exports, electricity consumption and real income are
cointegrated at 5% significance level. This result is thus, different from results
obtained by Yoo and Kwak (2010) for Brazil.
Published data from World Bank (2011) shows the fluctuations in exports over the
period (1960-2010).It seems that Brazil provides an interesting case of study, since it
has experienced considerable fluctuations in its exports over the years; see (Figure
1.0).This raises the important question of, how this pattern of exports has altered the
relationship between the relationship between electricity consumption and economic
growth. We found evidence long run relationship between the three variables,
suggesting that they share a common trend in the long run. The short run and long run
impact of electricity consumption and exports on output is also estimated.
To establish cointegration, a new bounds testing procedure developed by Pesaran et al
(2001) is applied. This method has several advantages over other estimators. Firstly, it
can be applied regardless of order of integration. In other words, it does not require one
to test for unit roots. Secondly, bounds testing procedure is well suited to small sample
size. We rely on bound testing procedure to indicate which variable should be the
dependent variable and we do not impose prior restriction.
The rest of the article is organized as follows: Section 2 provides an overview of
literature on electricity consumption and economic growth. Section 3 discusses
the data sources, while Section 4 explains the econometric methodology the empirical
results and Section 5 concludes.

2. Literature Review
In past years, a large number of studies have examined the relationship between electricity
consumption and real income. Recently, Payne (2010) surveys the literature on electricity
consumption and economic growth and concluded that evidence on relationship between
electricity consumption and economic growth is mixed. Smyth and Lean (2010a) examined
the casual relationship between aggregate output, electricity consumption and exports for
Malaysia and found evidence of bi-directional casuality between aggregate output and
electricity consumption. Smyth and Lean (2010b) found evidence of uni-directional
casuality running from economic growth to electricity consumption. Yoo and Kwak (2010)
found evidence of long run relationship between electricity consumption and economic
growth in Venezula and Columbia, but for Brazil, Argentina, Chile, Ecuador and Peru.
Francis et al (2010) found a long run relationship between electricity consumption and
economic growth in Barbados. Chandran et al (2010) examined the relationship between
electricity consumption and growth in Malaysia, including price. They found evidence of
long run relationship between the variables. Smyth and Lean (2010c) applied Johansen
Fisher panel cointegration test and found that there is a long run relationship between
carbon dioxide emission, electricity consumption and output in ASEAN countries. Ciarreta
and Zarraga (2010) applied panel data methodology to examine the long run relationship
between economic growth and electricity consumption in 12 European countries. Their
study included energy prices as an additional variable and found evidence that three
series move together in the long run. Acaravi and Ozturk (2010) do not find evidence of
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cointegration between electricity consumption per capita and real GDP per capita in 15
transition countries. Narayan and Smyth (2009) found positive effects of electricity
consumption and exports on output in a panel of six Middle Eastern Countries.Abosedra et
al(2009) found long run relationship between electricity consumption and real GDP.
Odhiambo (2009) found that electricity, employment and economic growth are
cointegrated in South Africa.Akinlo (2009) found evidence of long run relationship between
electricity consumption and economic growth. Ghosh (2009) found that electricity supply,
employment and real GDP in India are cointegrated .Narayan and Singh (2007) found that
electricity consumption, employment and real GDP are cointegrated in Fiji. Ho and Siu
(2007) found a long run relationship between electricity consumption and GDP for
Hongkong. Mozumder and Marathe (2007) found that there is unidirectional causality
from per capita GDP to per capita electricity consumption in Bangladesh. Tang (2008)
studied the relationship between electricity consumption and economic growth in
Malaysia and did not find any evidence of cointegration. Yoo (2006) also did not find any
evidence of cointegration between electricity consumption and economic growth in
ASEAN countries.Altinay and Karagol(2005) finds evidence of uni-directional casuality
running from electricity consumption to GDP for Turkey. Lee and Chang (2005) found
similar evidence for Taiwan. Narayan and Smyth (2005) found that electricity
consumption, employment and real income are cointegrated. However, other studies have
found evidence of unidirectional running from economic growth to electricity consumption.
These include Ghosh (2002) for India, Hatemi and Irandoust (2005) for Sweden. Other
studies have found evidence of uni-directional casuality running from electricity
consumption. Shiu and Lam (2004) found that electricity consumption and economic
growth in china are cointegrated. Yuan et al (2007) found that electricity consumption
and economic growth are cointegrated. Wolde-Rufael (2006) found mixed evidence on
casual relationship between electricity consumption and real GDP per capita. Squalli
(2007) found evidence of long run
relationship between electricity consumption and
economic growth for all Organization of Petroleum Exporting Countries (OPEC) using
bounds test. The author also found evidence of importance of electricity consumption for
economic growth in Indonesia, Iran, Nigeria, Qatar and Venezuela. To best of our
knowledge, there is no study that has examined between exports, economic growth and
electricity consumption for Brazil.

3. Data
In order to examine cointegration, data were sourced from World Development
Indicators (2010) and United Nations Statistics Division(2010). Electricity consumption
(E)is measured in KWh. while exports(X) and real income are both measured in domestic
currency. Prior to conducting any econometric analysis, all three variables were
converted into natural logarithm to obtain elasticities. The sample period for the study
is 1971-2007(thirty seven observations).

4. Empirical Methodology and Results
To investigate the existence of long run relationship between variables, bounds
testing procedure developed by Pesaran et al(2001) is employed. There are two main
steps in conducting bound test. In the very first step, we estimated the following
unrestricted error correction model (UECM), in first difference form, along with one period
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lagged of all variables in the model.
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Here In Y is real income, In E is electricity consumption and In X is exports. ∆ is the first
difference operator .The F-test for long run relationship involves testing the null hypothesis;
H 0 :     0
by testing the significance of the lagged levels of the variables using variable addition test
option test in Microfit 4.0 The computed F-statistics is then, compared with critical values
from Narayan (2005).If the computed F-statistics is greater t h a n upper critical values
reported in Narayan (2005),
then, the null hypothesis of no cointegration can be
rejected. If the computed F-statistics is lower than lower bound critical values, then
null hypothesis of no cointegration cannot be rejected. The result for F-test for
cointegration is shown in Table 1.0.An additional advantage of bounds test is that it
indicates which variable should be normalized.
Table 1: F-Test for Cointegration
Dependent Variable
Computed F-Statistics
In Y
In E
In X
Critical Values from Narayan (2005)

K=2

99%
I(0)
I(1)
5.155 6.265

95%
I(0)
I(1)
3.538
4.428

4.571
3.677
1.221

90%
I(0)
2.915

I(1)
3.695

When we let real income be the dependent variable, our computed F-statistics is 4.57,
which exceeds the 4.43 from Narayan (2005).We found evidence of cointegrating
relationship between the three variables, when real income is considered the dependent
variable at 5% significance level. The F-test also indicates that exports and electricity
consumption can be treated as long run forcing variables. In other words, the bounds
tests for cointegration suggest that we have a single cointegrating relationship between
exports, electricity consumption and real income, when real income is treated as the
dependent variable.
We are able to find evidence of long run relationship when export is included as an
additional variable. Studies on other emerging economies by Ghosh (2009) found
relationship between electricity supply, employment and real income. Our evidence on
cointegration differs from Yoo and Kwak (2010)-for Brazil and Ghosh (2002) for
India.Yuan et al(2006) and Shiu and Lam(2004), however, found cointegration between
electricity consumption and economic growth for China within bivariate framework. Our
studies suggest that it is important to include exports, when testing for long run economic
relationship between electricity consumption and economic growth for fast growing
economies. The study also indicates the aptness of bound testing procedure to test for
cointegration between electricity consumption and growth .Mah (2000) has argued that
Johansen cointegration test is reliable in small samples. We thus attribute lack of evidence
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on the relationship on exclusion of exports and use of Johansen cointegration and EngleGranger test (1987).
Since cointegration is found between the variables, the long and short run coefficients
can be estimated easily. We then, estimated the long run coefficients of exports and
electricity consumption, using equation (2).






i 1

i 1

i 1

InYt    InYt i  InEt i   InX t i  

(2)

We used lag length of 3 .We view lag length as appropriate given sample size of our
study. The estimated long run parameters are reported in Table 2.
Table 2: Estimated Long Run Coefficients Using the ARDL Approach
Dependent variable is InYt
Regressor
Coefficient
Standard Error
In Et
0 .27534
0.14396
In Xt
0 .25969
0.11642
C
6.1496
0.70623
Note:* indicates statistical significance at 5% level

T-Ratio[Prob]
1.9127[.066] *
2.2306[.034] *
8.7077[.000]

Table 2 reports the long run elasticities of exports and electricity consumption. In
line with our theoretical expectations, we find both exports and electricity consumption
has positive impact on real income in the long run. Increase in electricity consumption in
the long run by 1%, will be associated with 0.27% increase in economic growth, ceteris
paribus.Also in the long run; increase in exports by 1% will lead to 0.25% increase in
growth. Another interesting observation from Table 2 is that, the estimated effect of
exports and electricity consumption on economic growth is quite close.
Table 3: Estimated Short Run Relationship (Dependent Variable Is ∆Inyt)
Regresso
r∆In Et

Coefficient
0.52945

Standard Error
0.15421

∆ In Et-1
∆ InXt
ECMt-1

0.40308
0.075215
-0.28963

0.14644
0.032433
0.11860

T-Ratio[Prob]
3.4333[.002]**
2.7525[.010]**
2.3191[.028]*
-2.4421[.021]

Note:* and ** indicates statistical significance at 5% level and 1% respectively.

Table 3 reports three important results. In the short run, the estimated effect of electricity
consumption on real income is positive and statistically significant. In the short run,1%
increase in electricity consumption will be associated with about 0.52% increase in
real income. Secondly, exports also have positive impact on real income even in the
short run. The estimated effect of exports on real income is statistically
significant.Finally,We can also note the estimated coefficient of lagged ECM is
statistically significant and estimated speed of adjustment is 28%.The statistical
significant of this term supports our earlier conclusion that the three variables are
cointegrated. The speed of adjustment is fairly low suggesting a slow progress to
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solving disequilibrium in real income, following shocks to exports and electricity
consumption.
Having estimated the short run relationship, we then proceed to test if the standard
classical assumptions are satisfied and whether the estimated parameters are stable.
Table 4 reports the major results from the different diagnostic tests that were conducted.
To keep matters simple, only the computed p-values are reported.Lagrange multiplier
test for serial correlation and Ramsey RESET test, Jarque-Bera and White tests were
conducted to examine the major assumptions holds. The values in square brackets are
the computed p-values and all of them are above 0.05, which suggest that none of
assumptions have been violated.
Table 4: Diagnostic Tests
Serial Correlation = 0 .1667[.683]
Normality
0.9989[.607] Heteroscedasticity = 0.58012[.446]
Form = 1.6303[.202]

=
Functional

It was equally important to examine if the estimated parameters are stable throughout
study period. We resort to CUSUM and CUSUM of Squares developed by Brown
et al(1975) examine parameter stability. As one can note from Figure 2 and 3, the
graphs do not indicate any major concern in regards to parameter instability
or
model misspecification. The plots indicated that estimated relationship is stable.
Figure 2: Plot of Cumulative Sum of Recursive
Residuals
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Figure 3: Plot of Cumulative Sum of Squares of
Recursive Residuals
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5. Conclusions and Policy Recommendations
This paper has examined the relationship between exports, electricity consumption
and real income in Brazil. We applied bounds testing procedure and found evidence
of cointegrating relationship between exports, electricity consumption and real income
in this emerging market economy. Amongst our key results, we have found evidence
that exports has positive impact on real income in the long run. This is supportive of the
export-led growth hypothesis in Brazil. Being an emerging market economy, Brazil
needs to further increase its exports in order increase its real income.
We have also established the importance of electricity consumption for economic
growth. Electricity consumption has directly positive effects on economic growth. The
government must invest heavily in energy infrastructure and devise better energy
conservation techniques, support development of renewable energy and being careful
at the same time that such effects do not have negative efforts on economic growth.
One of limitation of this study, it has focused on Brazil only. We hope that this topic will
be reinvestigated for other emerging economies. Future research could also extend the
current body of knowledge on electricity consumption-GDP nexus by including adding
variable such as labor, capital, and foreign direct investment. It is also possible for future
researchers to examine the relationship between electricity consumption, GDP and
exports in different industries.

Endnotes
We are grateful to anonymous reviewers for valuable comments and suggestion that helped
improve the paper
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Appendix
Figure 1.0: Trend in Exports for Brazil (1960-2010)

Source: World Development Indicators,(2011)
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