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Abstract

The causality relationship between energy consumption and income is a well-studied topic
in energy economics. This paper studies the time series properties of energy consumption
and GDP and reexamines the causality relationship between the two series in the top 10
emerging markets�excluding China due to lack of data�and G-7 countries. We discover
bi-directional causality in Argentina, causality running from GDP to energy consumption in
Italy and Korea, and from energy consumption to GDP in Turkey, France, Germany and
Japan. Hence, energy conservation may harm economic growth in the last four countries.
� 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The causal relationship between energy consumption and income is a well-studied
topic in the literature of energy economics. The causality is in the sense of Granger

Ž . Ž .causality Granger, 1969 . Kraft and Kraft 1978 , in their pioneering study, found
unidirectional causality running from GNP to energy consumption for the United

Ž .States. They utilized the technique of Sims 1972 and used annual data for the
Ž .1947�1974 period. However, Akarca and Long 1980 pointed out that the
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Kraft�Kraft results are spurious by changing the time period by 2 years. Other
studies utilizing different time periods and different techniques have either con-

Žfirmed or contradicted Kraft�Kraft results Abosedra and Baghestani, 1989; Yu
.and Choi, 1985; Cheng, 1995; Hwang and Gum, 1991; Erol and Yu, 1987 .

The large number of studies in this area, unfortunately, found different results
for different countries as well as for different time periods within the same country.
In most recent studies, researchers have focused on the cointegrating relationship

Žbetween energy consumption and income for a few countries e.g. Yu and Jin,
.1992; Masih and Masih, 1996, 1997; Glasure and Lee, 1997 .

This paper reexamines the causal relationship between GDP and energy con-
sumption in the top 10 emerging markets and the G-7 countries, using cointegra-
tion and vector error correction techniques. We use annual energy consumption
Ž .EC hereafter and GDP per capita data. EC is a million metric tons of coal
equivalent and is sourced from various issues of United Nation’s Statistical Year-
book. GDP per capita data is from Penn World Tables. For all countries, the time

Ž .period used is 1950�1992, except for: Argentina 1950�1990 ; Indonesia
Ž . Ž . Ž .1960�1992 ; Korea 1953�1991 ; and Poland 1965�1994 . Note that we dropped
China from the analysis because its energy consumption data was combined with
Taiwan for a long period of time and the remaining data was not long enough. All
variables used are in natural logarithms. We find evidence of a causal relationship
in three of the nine emerging markets and four of the seven developed countries.

2. Methodology and results

Ž .As a first step of our analyses we checked for unit roots because: 1 Stock and
Ž .Watson 1989 argue that the causality tests are very sensitive to the stationarity of

Ž . Ž .the series; and 2 Nelson and Plosser 1982 state the fact that many
Ž .macroeconomic series are non-stationary. We used: Dickey�Fuller DF ; aug-

Ž . Ž .mented Dickey�Fuller ADF ; and Phillips�Perron PP tests to assess the degree
Žof integration of the two series Dickey and Fuller, 1979; Phillips and Perron,

.1988 . If the series are non-stationary in levels and stationary when first differ-
enced, then they are said to be integrated of order one. We can test for cointegra-
tion between series integrated of the same order.1

The results of the DF, PP and ADF unit root tests for levels and first differences
Ž .show that in all countries, LEC and LGDP appear to be I 1 variables. Among the

top 10 emerging markets, only in the case of Indonesia, the ADF test indicates
non-existence of a unit root in levels when we assume trend and intercept in the
series. However, the test statistics are on the margin and the trend term did not
appear significant in the ADF regression. We make similar assumptions for LGDP

1 We do not discuss the methodology in detail since all techniques used in the paper are standard.
Ž . Ž .See Enders 1995 and Greene 1997 for an overview.
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in UK and West Germany and for LEC in Italy. Therefore, we conclude that LEC
Ž .and LGDP are I 1 in all 16 countries.

Ž . Ž .In the next step, we utilized Johansen 1988 and Johansen and Juselius 1990
maximum likelihood procedure to test for cointegration. The same methodology
also provides estimates of the cointegrating vectors. The existence of cointegration
rules out Granger non-causality. The results provide evidence of a cointegrating
vector for only seven out of 16 countries: Argentina; Turkey; Korea; France; Italy;
West Germany; and Japan.

Cointegration implies the existence of Granger causality, however, it does not
point out the direction of the causality relationship. Therefore, we employed the
vector error correction modeling to detect the direction of the causality. Engle and

Ž .Granger 1987 argued that if there is cointegration between the series, then the
vector error-correction model can be written as:

�LGDP � � � Ý5 � �LGDP � Ý5 � �LEC � �ECT � �t 10 i�1 11i t�1 i�1 12 i t�1 t�1 1t

Ž .1

�LEC � � � Ý5 � �LEC � Ý5 � �LGDP � �ECT � �t 10 i�1 11i t�1 i�1 12 i t�1 t�1 1t

Ž .2

Ž .Where the error correction term ECT represents the error terms derived from
the long run cointegrating relationship. The error-correction representation allows
for causality to emerge via two avenues. First, testing the joint significance of the

Ž .coefficients � of the independent variable we can check for short run causality.11i
The joint significance of ‘� ’ indicates that the dependent variable is responding11i
to short-term shocks to the stochastic environment. Secondly, the long run causal-

Ž .ity can be tested by looking at the significance of the speed of adjustment � ,
which is the coefficient of the error correction term. The significance of ‘�’
indicates that the long run equilibrium relationship is directly driving the depen-
dent variable. In addition to the extra way for causality to emerge, the VEC offers
another advantage that the lost information due to differencing is brought back
into the system through the error correction term.

The results found evidence of long run uni-directional causality running from
LEC to LGDP for Turkey, France, West Germany and Japan. The long run
causality is reversed for Italy and Korea, and there is bi-directional long run
causality in Argentina. In addition, there is evidence of short run bi-directional
causality in Argentina. The bi-directional relationship also holds for Turkey in the
short run. In none of the other countries do LGDP and LEC enter significantly in
each other’s equation, implying lack of short run causality

The causality tests are valid only within the sample period. We utilize variance
Ž .decompositions VDCs in order to assess the validity of causality beyond the

sample period. The variance of the forecast error of a variable can be partitioned
Ž .in this case into two with respect to the innovations in each variable in the
system. For example, the variance of the forecast error in GDP can be attributable
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to innovations in energy consumption as well as to its own innovations. In that
sense, the VDCs can be viewed as out of sample causality tests.

The VDC results are consistent with our findings in VEC model analysis. In the
case of Italy, LEC does not appear to explain more than 1.55% of an innovation in
LGDP even after 30 years. In Argentina’s case, the portion explained by LEC goes
up to 9.08% from 0% in 4 years and stabilizes at approximately 7.5% after 5 years.
The LEC in Turkey and Germany accounts for 61�63% of the shock in LGDP in
30 years. The proportions explained by LEC increase to 90�91% in France and
Japan, thus, indicating causality running from energy consumption to income for
Turkey, France, Germany and Japan.

In Argentina and Italy, LGDP accounts for 42 and 31% of the innovation in
LEC after 30 years, respectively. In the case of Korea, the portion of a shock in
LEC explained by LGDP fluctuates between 5 and 10%. The results of VDCs may
be viewed as an indication of causality running from LGDP to LEC in these
countries. Hence, we conclude that, overall, VDCs confirm our findings in VEC
model analysis.2

3. Concluding remarks

In this paper we reexamined the causal relationship between GDP and energy
consumption in 16 countries. In all countries, both series appear to be non-sta-
tionary in levels, but stationary in first differences. For seven countries, there exists
a stationary linear cointegrating relationship between the variables. In Turkey,
France, Germany and Japan, the causality runs from energy consumption to GDP.
We discovered bi-directional causality in the case of Argentina. This indicates that
in the long run energy conservation may harm economic growth in these countries.
The causality relationship appears to be reversed for Italy and Korea. The results
of VDCs support the causal relationships we discovered using the VEC model.
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