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Abstract The objective of this study is to explore the direction of causality
between electricity consumption and real economic growth for eight selected
Asian countries, which include Bangladesh, India, China, Malaysia,
Indonesia, Taiwan, Sri Lanka, and Pakistan. To implement this research
design, standard unit root tests for data non-stationarity/ stationarity, the
Johansen-Juselius procedure for I(1) behavior of both variables, and the
autoregressive distributed lag (ARDL) procedure for different orders of
integration of both variables are applied for cointegration, as applicable to
individual countries. Finally, vector error-correction models (VECMs) are
estimated on the evidence of cointegration for long-run causal convergence
and short-run interactive feedback dynamics. In the absence of
cointegration, the standard vector autoregressive (VAR) models are
estimated for short-run causality and feedback effects.

According to findings, the evidence on long-run causality and convergence
are weakly bi-directional in all cases with the exception of Pakistan.
However, for some countries, reverse causality is relatively stronger, though
statistically not so significant. There is evidence of short-run net positive
interactive feedback effects. For India and Sri Lanka, there is evidence of bi-
directional Granger causality with net positive interactive feedback effects.

Matiur Rahman is a Professor of Finance and MBA Director at McNeese State University
holding JP Morgan Chase Endowed Professorship in Finance.

Prashanta K. Banerjee is Professor and Director (RD&C) of Bangladesh Institute of Bank
Management (BIBM), Dhaka, Bangladesh.



464 Bangladesh Journal of Political Economy Vol. 31, No. 2

1. Introduction

In economic growth empirics, waves of neo-classical theories pioneered by Solow
(1956) include capital and labor as variable inputs with technology as total factor
productivity. They omitted the essential role of electricity consumption in
economic growth enhancement. The seminal work of Kraft and Kraft (1978) that
found evidence of a unidirectional causal flow from GNP to electricity
consumption in the U.S. for 1947-74 inspired an expanding volume of academic
research on this important subject for developing countries.

The empirical findings of these studies are summarized in four classifications: 1)
growth hypothesis (causality runs from electricity consumption to economic
growth), ii) conservation hypothesis (causality flows from economic growth to
electricity consumption or its reverse), iii) feedback hypothesis (bi-directional
causality between electricity consumption and economic growth), and iv)
neutrality hypothesis (absence of causal connection between electricity
consumption and economic growth).

The above hypotheses sparked curiosity and interest among economists and
policymakers over three decades to investigate the direction of causality between
electricity consumption and GDP, income, employment, or energy prices. The
primary objective of this study is to explore the direction of causality between
electricity consumption and real economic growth for selected eight Asian
countries (Bangladesh, India, China, Malaysia, Indonesia, Taiwan, Sri Lanka and
Pakistan). To implement this research design, standard unit root tests for data
nonstationarity/stationarity, the Johansen-Juselius procedure for I(1) behavior of
both variables and the ARDL (Autoregressive Distributed Lag) procedure for
different orders of integration of both variables are applied for cointegration, as
applicable to individual countries. Finally, vector error-correction models
(VECMs) are estimated on the evidence of cointegration for long-run causal
convergence and short-run interactive feedback dynamics. In the absence of
cointegration, the standard Vector Autoregressive (VAR) models are estimated for
short-run causality and feedback effects.

The remainder of this paper proceeds as follows. Section Il presents a brief review
of the related literature. Section III details the empirical methodology. Section IV
reports empirical results. Section V offers conclusions and policy implications.

2. Review of Literature

The empirical evidences in the existing literature are mixed, and inconclusive.
They vary across countries, sample periods and empirical methodologies.
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To summarize,

i.  The studies that found the direction of causality stemming from energy
consumption to economic growth include [Yu and Choi (1985), Masih
and Masih (1996), Asafu and Adjaye (2000), Yang (2000), Soytas and
Sari (2003), Morimoto and Hope (2004), and Narayan and Singh (2007)].

ii. The studies that found unidirectional causality springing from economic
growth to energy consumption include [Kraft and Kraft (1978), Cheng
and Lai (1997), Glasure and Lee (1998), Cheng (1999), Soytas and Sari
(2003), and Narayan and Smyth (2009)].

iii. The studies that found two-way causality include [Masih and Masih
(1997), Asafu and Adjaye (2000), Glasure (2002), and Oh and Lee
(2004)].

iv. Studies that found no causal relationship between energy consumption
and economic growth include [Akarca and Long (1980), Yu and Hwang
(1984), Yu and Choi (1985), Erol and Yu (1987), Stern (1993), Paul and
Bhattacharya (2004), Cheng (1999), and Imran (2010)].

To elaborate on some of the aforementioned studies, they mostly have tended to
focus on Vector Autoregressive (VAR) and Vector Error-Correction (VEC)
models in cointegration approach. For example, Masih and Masih (1996) used the
cointegration analysis to study the causal relationship between energy
consumption in a panel of six Asian countries and found cointegrating
relationship between these variables for the cases in India, Pakistan and Indonesia
but no cointegration was found in Malaysia, Singapore and the Philippines. The
direction of causality is found running from energy consumption to GDP for
India, and that running from GDP to energy consumption for Pakistan and the
Philippines. Asafu and Adjaye (2000) investigated the causal relation between
energy use and income in four Asian countries using cointegration and error-
correction mechanism. They found that causality ran from energy use to income
for India and Indonesia. Also, bi-directional causality was detected for Thailand
and the Philippines.

The evidences on bi-directional causality are more in common than other cases in
the empirical literature. Yang (2000) found bi-directional causality between
energy consumption and GDP for Taiwan and these results contradicted with
Cheng and Lai (1997) results. Soytas and Sari (2003) found bi-directional
causality in Argentina and unidirectional causality running from GDP to energy
consumption for Italy and South Korea, and that running from energy
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consumption to GDP in Turkey, France, Germany and Japan. Paul and
Bhattacharya (2004) found bi-directional causality between energy consumption
and economic growth for India. Dirck (2008) used the cointegration approach to
study the causal relationship between electricity consumption and economic
growth for the panel of fifteen European countries. He found cointegration in
Great Britain, Greece, Ireland, Italy, and Netherlands, and no cointegration in
Austria, Belgium, Germany, Denmark, Spain, Finland, France, Luxembourg,
Portugal and Switzerland. He also found a unidirectional causality springing from
electricity consumption to GDP for Great Britain, Ireland, Netherland, Spain and
Portugal, whereas no causality was found for Austria, Germany, Denmark,
Finland, France, Luxembourg, and Switzerland. Narayan, et al., (2010) used the
cointegration approach to study the causal relationship between electricity
consumption and economic growth for six different panels of ninety three
countries. They found bi-directional causal relationship between these two
variables except for the panel of the Middle East. However, causality flowing
from GDP to electricity consumption was found for the panel of the Middle East
in the above study, just mentioned.

3. Empirical Methodology

First, the time series property of each variable is examined by (ADF) Augmented
Dickey-Fuller (Dickey and Fuller, 1981; Fuller, 1996) and KPSS (Kwiattkowski,
et al., 1992) tests, although such pre-testing is optional in the Autoregressive
Distributed Lag (ARDL) model.

Second, in the event of non- stationarity of time series variables, the most
commonly used procedures for ascertaining their cointegrating relationship
include the Engle — Granger (1987) residual-based procedure and the Johansen-
Juselius (1992, 1999) maximum likelihood-based procedure. Both procedures
focus on the cases in which the underlying variables are integrated of order one,
I(1). If so, both A,.. and A, tests can be applied to find cointegration on the
evidence of I(1) behavior of each variable. However, it is unlikely in the real
world that all countries’ macroeconomic variables will depict I(1) behavior. To
address the issue of unequal order of integration of non-stationary variables for
long-run equilibrium relationship and causal flows, Autoregressive Distributed
Lag (ARDL) model or bounds-testing procedure, as suggested by Pesaran et al.
(2001) has been used in this study. It is applicable irrespective of whether the
regressors in the model are purely 1(0), and I(1) or mutually integrated. Another
advantage of this approach is that the model takes a sufficient number of lags to
capture the data generating process (DGP) in a General-to-Specific (GETS)
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modeling framework (Laurenceson and Chai, 2003). Third, a dynamic error-
correction model (ECM) for long-run causality can also be derived from ARDL
procedure through a simple linear transformation (Banerjee et al., 1993). The
ECM integrates the short-run dynamics with the long-run equilibrium
relationship without losing long-term memory.

Fourth, the ARDL procedure, based on bounds-testing approach, uses the
following unrestricted model, as found in (Pesaran and Shin, 1999 and Pesaran, et
al., 2001). Assuming a unique long —run relationship among the weakly
exogenous independent variables, the following estimating models are specified:

S, b AImGDP,_ + Y7 c AInEL._; + 4InGDP,_y + A3InEL_y + £....(1)

AIEL, = fig + 57 b'AEL,_ + T7_ e’ AInGDP, _; + A3IGDP,_y + A5MEL, 3+ £5......(2)

where, GDP = Gross Domestic Product, and EL = Net Electricity Consumption in
billion kilowatts (per hour). All first-differenced variables are expressed in natural
log. To implement the bounds-testing procedure, the following steps are outlined:

i) for weak exogeneity, Autoregressive Distributed Lag (ARDL) procedure is
implemented through VAR pair-wise Granger Causality, and ii) for block
exogeneity, Wald Test is applied. Johansen (1988) states that the weak exogeneity
assumption influences the dynamic properties of the model and must be tested in
the full system framework.

Fifth, equation (1) has been estimated by the Ordinary Least Squares (OLS) in
order to test for the existence of a cointegrating relationship among the variables
through conducting F-test for the joint statistical significance of the coefficients
of the lagged variables in levels. The null and the accompanying alternative
hypotheses for the cointegrating relationship are specified as follows:

For equation (1),

Ho: 2=\, =0 for no cointegration
Ha: %, #A, # 0 for cointegration

For equation (2),

Ho: 2, #x, # = 0 for no cointegration
Ha: %, #1, # = 0 for cointegration

If the calculated F-statistic is above its upper critical value, the null hypothesis of
no long-run relationship can be rejected irrespective of the orders of integration
for the time series variables. Conversely, if the calculated F-statistic falls below
its lower critical value, the null hypothesis cannot be rejected. If the calculated F-
statistic falls between its lower and upper critical values, the inference remains
inconclusive.
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Finally, on the evidence of cointegrating relationship, the following conditional
ARDL (p;, q;) models are estimated:
inGOP, = ap "‘E;Ltﬂ In CDP;_; ‘i‘Ef:lgU:Ef-:—:' e (3)

IEL, = fp + L2, FaInEL,_; + 32, B2 InGDP,_; + @ (4)

The optimum lag orders in the above are selected by the Akaike Information
Criterion (AIC), as found in Akaike (1969). The optimum number of lags are
selected appropriately to reduce residual serial correlation and to avoid
overparameterization. According to the recommendation of Pesaran and Shin
(1999) for annual data, a maximum of two lags are selected.

For subsequent use in the vector error-correction model, the error-correction term
() is obtained from the following equation:

Pl Gi

o T A R

ECM. s =InGDP,—(&5+ ) @&GDP.; + ) @MmEL.;)........................(5)
1 e~ (&t ), _FBCDP + ) EnEL. ;)

ECM', = InEL, — (B + 3% BInEL_ + P2 ByInGDP, ). ......covonenvareseranaen. (0)

The short —run and long-run dynamics are captured by estimating the following
vector error-correction models:

AInGDP, = fy + ¥ 8, AInGDP,_, + %7 0, AInEL, _, + WECM,_y + ly.oooooiiiseeeevnnnnen (7)

Al DT — 1 5T
OUFICLy = T T 4=y

7T

AT T7 1 Al TYD T
M oefll Ly T fyymq Mgl Tiwr e T

where, 0°s are the coefficients relating to the short —run dynamic elasticities and
v is the speed of adjustment toward the long-run equilibrium associated with the
error-correction term, ECM;_j. The expected sign of y is negative. Its statistical
significance is reflected through the associated t-value and its numerical
magnitude indicates the speed of adjustment toward long-run convergence in
equation (7). Likewise, m’s reflect short-term dynamics and the expected sign of
y’ is negative. Its statistical significance in equation (8) confirms long-run causal
flow and convergence. In the absence of cointegration, the above models are
estimated by excluding the respective error-correction terms that collapse into
VAR models.

Annual data from 1981 through 2010 are employed in this study. GDP data are
obtained from several annual volumes of International Financial Statistics (IFS),
published by the IMF (International Monetary Fund). Net electricity consumption
data in billion kilowatts (per hour) are obtained from http://tonto.eia.doe.gov/
cfapps/ipdbproject/iedindX3.cfm.
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4.  Empirical Results

First, the results for ADF and KPSS tests with orders of integration of both time
series variables for individual countries are reported as follows:

Both variables are found nonstationary, based on both ADF and KPSS tests. They
reveal the same order of integration or I(1) behavior for India, Indonesia, Taiwan,
Sri Lanka and Pakistan justifying the implementation of the Johansen-Juselius
procedure. As a result, A, and A, tests are applied for cointegration in these
five countries. For Bangladesh, China and Malaysia, the orders of integration of
variables are different. So, the ARDL procedure is applied for these three
countries.

Second, the A, and the A, tests results, reported in segments (A) and (B) of
Table 2, are respectively as follows:

As observed in Tables 2(A and B), there are evidences of cointegration for
Indonesia, Pakistan and Taiwan in terms of both A, .. and A, tests. Thus, vector
error-correction models (VECMs) (7) and (8) are estimated for these countries.
On the other hand, there are no evidences of cointegration for India and Sri Lanka
where VAR models are estimated.

Third, ARDL model is implemented for cointegration in the cases of Bangladesh,
China and Malaysia, as stated earlier. The estimates are reported as follows:

None of the coefficients of the one-period lagged variables in natural log as in
equations (1) and (2) is zero for Bangladesh, China and Malaysia confirming
cointegration in each country. As a result, the vector error-correction models are
estimated for these countries as well. Fourth, the estimates of the vector error-
correction models (VECMs) (7) and (8) are reported as follows:

Table 4 reveals that the coefficient of the error-correction term (ECM_,) for each
country has expected negative sign. But the associated t-value only for Pakistan
is statistically significant. For other countries, the associated t-values are
statistically insignificant. The aforementioned imply a significant long-run causal
flow from electricity consumption to real GDP of Pakistan. A similar inference is
statistically weak for other countries. However, there are evidences of net positive
short-run interactive feedback effects between variables for all countries, as
reported above.

For Pakistan, Taiwan and China, there are strong evidences of statistically
significant long-run causal flow from GDP to electricity consumption, as
confirmed by the negative coefficient of the respective error-correction term
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Table 2A: Computed Values of 4,.. Statistic
. ] ] Sri ] 0.05 Critical
Hypotheses  India Indonesia  Pakistan Taiwan
Lanka Values
None
M, 0) 5.829664 12.59124 27.21762*% 9.940424 17.16654* 1549471
0. =
At most 1
0.0007769 4.806432* 2.383669 0.808535 4.012546*  3.841466
Hp:r<1)
Trace test indicates cointegrating equations at the 0.05 level
*Denotes rejection of the null hypothesis of no cointegration at the 0.05 level
Table 2B: Computed Values of imax Statstic
0.05
Hypotheses India Indonesia  Pakistan  Sri Lanka Taiwan Critical
Values
None
(Ho: £ = 0) 5.829664  7.784811 24.83395* 9.131889  13.15399  14.26460
0:I=
At t1
H anoi 1 0.0007769 4.806432*  2.383669  0.808535 4.012546* 3.841466
0TS

Amax test indicates cointegrating equations at the 0.05 level
*Denotes rejection of the null hypothesis of no cointegration at the 0.05 level

Table 3: ARDL Estimates

Bangladesh China Malaysia
Variables Coefficients t-statistic Coefficients t-statistic Coefficients t-statistic
C -0.008848  0.039041 0.188222  2.800019  0.371659  0.713653
InGDP (-1 1.004607  28.15090  0.833734 11.50805 0.354549  0.925811
InELC (-1 0.007944  0.476691 0.180574  2.218077  0.858711 4.845887
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(ECM¢_y) and the associated t-value. For other countries, such evidences are
remotely significant in statistical sense. However, there exist net positive
interactive feedback effects for all the above countries in the short run.

Finally, VAR models are estimated for short-fun bi-directional causality and
interactive feedback effects. The results for India and Sri Lanka are reported as
follows:

Table 6: VAR Estimates*

LnGDP as Dependent Variable InEL as Dependent Variable

Variables India Sri Lanka Variables India Sri Lanka

C 0.025795 0.029986 C 0.035525 0.050743
(1.530152)  (1.999853) (1.557107)  (1.047493)

AInGDP, 0.600498 0.139927 AInEL,, 0.329944 -0.544929
(2.638162)  (0.603349) (1.551541) (-2.468557)

AlnGDP,, -0.084799 0.102351 AlInEL, 0.243619 -0.188245
(-0.332568) (0.436201) (1.156446) (-0.832896)

AInEL, -0.154083 -0.004354 AInGDP, 0.220365 0.590064
(-0.948840) (-0.052313) (0.620873)  (0.847194)

AInEL,, 0.087246 0.006152 AInGDP,, -0.606094 0.228678
(0.547737)  (0.081075) (-1.899371) (0.321037)

* Associated t-values are reported within parentheses.

Table 6 reveals short-run bi-directional causality for both India and Sri Lanka with
net positive interactive feedback effects as the respective sum of the lagged co-
efficients of variables for each country is positive.

In light of the ADF test and the KPSS test results as well as I(1) behavior of each
time series variable, the Johansen-Juselius procedure for cointegration is applied
in the cases of India, Indonesia, Pakistan, Sri Lanka and Taiwan. Among these
countries, cointegration is not found for India and Sri Lanka. For them, VAR
models are estimated. For Indonesia, Pakistan and Taiwan, VECMs are
implemented. For nonstationarity in each time series variable and different orders
of integration, the ARDL procedure is applied in the cases of Bangladesh, China
and Malaysia. On the evidence of cointegration, VECMs are estimated for them
as well.

12
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The estimates of VECMSs and VARs are summarized in Table 7 as follows:

Table 7: Summary Results of VECMs and VARs

VECMs
Country Long-Run Causal Flows Net Feedback Effects
Pakistan Bidirectional Positive
(strong)
Indonesia Bidirectional Positive
(weak)
Taiwan Bidirectional Positive
(stronger reverse causality)
Malaysia Bidirectional Positive
(weak)
China Bidirectional Positive
(stronger reverse causality)
Bangladesh Bidirectional Positive
(weak)
VAR’s
India Bidirectional Positive
(Granger causality)
Sri Lanka Bidirectional Positive
(Granger causality)

In brief, the evidences on long-run causality and convergence are weakly bi-
directional in all cases except Pakistan. However, for some countries, reverse
causality is relatively stronger, though statistically not so significant. There are
evidences of short-run net positive interactive feedback effects. For India and Sri
Lanka, there are evidences of bi-directional Granger causality with net positive
interactive feedback effects.

5. Conclusions

Adequate electricity and its timely and uninterrupted supply is a pre-condition to
maintain and enhance the economic growth momentum. The government of each
sampled country is requesed to closely monitor the surging demand for electricity
following real GDP growth momentum and invest in advance to generate its
additional supply to match such excess demand. Otherwise, the economic growth
momentum is destined to be unsustainable in each country regardless of the mixed
empirical evidences in this study. In closing, policy implications are likely to vary
from one country to another country.

13
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