View metadata, citation and similar papers at core.ac.uk brought to you byj’f CORE

provided by International Hellenic University: IHU Open Access Repository

/ % INTERNATIONAL

%\ HELLENIC
= UNIVERSITY

Electricity  consumption
and economic growth.
Empirical evidence from
82 countries

Dimitrios Fardis

SID: 3302120021

SCHOOL OF SCIENCE & TECHNOLOGY
A thesis submitted for the degree of

Master of Science (MSc) in Energy Systems

NOVEMBER 2014
THESSALONIKI — GREECE


https://core.ac.uk/display/236119098?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

/ % INTERNATIONAL

%\ HELLENIC
- UNIVERSITY

Electricity  consumption
and economic growth.
Empirical evidence from
82 countries

Dimitrios Fardis

SID: 3302120021

Supervisor: Prof. Theologos Dergiades
Supervising Committee Mem-Assoc. Prof.

bers: Assist. Prof.

SCHOOL OF SCIENCE & TECHNOLOGY
A thesis submitted for the degree of

Master of Science (M) in Energy Systems

NOVEMBER 2014
THESSALONIKI — GREECE



Abstract

The extensively researched causal relationship dertwelectricity consumption and
economic growth is given in this dissertation ard®ato be clarified with 61 countries
and 21 region aggregates being examined on dateisygafrom 1971 up to 2011. The
results verify the divergence in the outcomes afsadity direction and existence even
among different studies for a specified country anthess the sensitivity of the ap-
proaching methods to the associated variables. dterean attempt is made to correlate
the outcomes of causality with each country’ s Bp#ees like income level, region
and potential of producing electricity by oil andtaral gas reserves. Here the feedback
hypothesis is found to be connected with countiies$ produce electricity through the
aforementioned fossil fuels while the neutralitypbthesis seems to be possible for

countries in Europe and central Asia.

Dimitrios Fardis

22 -11-2014
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1 Introduction

Energy as an essential part of life is indisperesablall lengths and widths of human
activity in all of its forms. Securing energy resoes and supply is a top priority for
every nation in terms of independency and sunaggecially nowadays that on the one
hand energy resources are becoming scarce whezgasd of energy rises and on the
other hand environment calls for reducing energymated and environment friendly

management of energy in general.

Electricity is certainly the most debatable formeokergy due to its particular character-
istics but mainly because humans rely heavily @ctecity in order to fulfill an enor-

mous range of activities of everyday’s life. Aslsureducing demand of energy and
especially electricity brings in changes in huméifestyle and standards that should be
taken into account seriously. Apart from that eletty is believed to be connected with
economy as a big part of economic activity is baseaklectricity input, implying that

every change in the availability on electricity twbe linked with an equivalent change

economic impact.

In this context approaching and if possible qugintg the relationship between ener-
gy/electricity and economic growth is highly impaort so as to take important decisions
as far as energy conservation is concerned butilaccordance with economic effi-

ciency. In fact if energy/electricity proves to that ones that drives economical growth,
in other words a country’s gross domestic prodacé could say that cutting down on
electricity can take a toll on economic growth whih the opposite case reducing elec-

tricity could be implemented with no economic caisall.

The numerous relative studies that have been daou¢ both in a county specific as

well as in a multi country basis have shown conttady results as far as existence and
direction of causality are concerned. As such tier® been no general conclusion but
in contrast, what seems to be truth is that caysahd causality direction between elec-
tricity consumption and economic growth depends@reral parameters that character-

ize a country/region and nonetheless is quite Beaso changes in these parameters.



Many different techniques have been used in o@draw a considerable conclusion as
growth on econometric sciences has been climaxirgugh the years. Also the com-
plexity of the studies has been varying from simpledels that consider only two pa-
rameters to more complex approaches that incogpaidditional parameters attempting
thus to investigate the aforementioned causalioglah a more interactive frame. In
this dissertation a lately developed technique bglarand Yamamoto is being used as
well as a binary dependent variable model, whicli@htias never been used before in

cases like causality studies, in order to categdte final outcomes.

A total of 82 countries and regions is being stddiegarding electricity consumption
and economic growth for a time period of about 4@rg aiming at an outcome for the
existence and direction of causality in-betweenarfrom that, each country’s specific
characteristics such as income level, region asdilféuel potential and the causality
outcomes are being studied together so as to igaéstthe existence of a possible con-

nection between them.

After all what is obvious is that no consensus loarfound in the direction of causality
and the existence of causality as well. The biggast of the countries, though with a
qguite small difference, show causality running frelactricity consumption to econom-
ic growth while less countries witness the opposifect. In even fewer countries there
seems to be no causality at all or bidirectionalsadity between electricity consumption

and economic growth.

What is more important though is that accordinghi final outcomes and categoriza-
tion, the following trends are depicted: in cousdrthat electricity is produced by means
of oil or natural gas causality appears to run frectricity consumption to economic

growth and vice versa (bidirectional causality) hn countries located in Europe and
central Asia no causal relation is being traceallat

Beginning with the literature review, the methodpidramework used followed by the
empirical results and the final implications thegrms from these results, this dissertation
aims at helping towards the investigation of theoammtions between electricity con-
sumption and economic growth and approach as machpoasible this relation in-

between.



2 Literature Review

The causal relationship between energy/electricigsumption and growth has been
thoroughly studied in the energy economics literatuith different studies focusing on
different countries, time periods, different vatedand several econometric methodol-
ogies being. The empirical outcomes of these ssuidkeye been varying and sometimes
have been found to be conflicting or different ba existence and the direction of cau-
sality. In general the up to date literature tloatses on the causal relationship between
electricity consumption and economic growth is yet persuasive enough in order to

provide secure evidence for a policy scheme topipdiexl

These conflicting results rise due to the differgata set, variable selection, economet-
ric methodologies and different characteristics agnoountries. The actual causality
differs between countries and this might be duditierent countries’ characteristics,
different political arrangements, different institunal arrangements, different cultures
and different energy policie€fenet al. 2007.

In general the causal relationship between elégtconsumption and economic growth
has been categorized into four hypothesizes withe literature as for example in
Apergis and Payne20093, Squalli 007, Chenet al. (2007, Mozumder and Marathe
(2007, Yoo (2005, Jumbe 2004, Shiu and LamZ4004). These are:

I. The growth hypothesis that suggests unidirectiaralsality from electricity
consumption to economic growth implying that théuetion in electricity consumption
due to electricity conservation policies may havdetrimental impact on economic
growth.

Il. The conservation hypothesis that introduces a reutional causality from eco-
nomic growth to electricity consumption which me#émat electricity conservation poli-
cies designed to reduce electricity consumptionvaaste will have little or no effect on

economic growth.

lll. The neutrality hypothesis that suggests the absehaecausal relationship be-
tween electricity consumption and economic growitinwhe implication that electricity

conservation policies will have no effect on ecormogrowth.

IV. The feedback hypothesis which emphasizes on tleedependent relationship

between electricity consumption and economic grovrthhis case a causal relationship
9



runs in both directions and as such, an energyeyddiwards electricity consumption

improvements efficiency may not affect economicvgto

2.1 Studies on the casual relationship between en-
ergyl/electricity consumption and economic growth

The outcomes of the most recent studies on theataeistionship between electricity
consumption and economic growth on a country sjpead well as on a multi-country
basis are summarized in Table 2.2Phyne 200y In this table the econometric tech-
nique of every study as well as the variables aasmt are presented together with the
final outcome. Most of them witness a positive @ditys running from electricity con-
sumption to economic growth. However a general kesnan from these studies is that

contradictory results are still being reported.

Additionally studies such as Fergusaral. (2000, Narayaret al. (2007, Narayan and
Smyth 009 and Yoo and Lee2009 which use different techniques and examine the
different aspects of electricity—growth relationsHail to provide a clear and unambig-
uous result. Fergusaat al. (2000 for instance study the relationship between &kt

use and economic growth in over 100 countries amild strong correlation between
electricity usage and economic development. Howedfierpresence of a strong correla-
tion does not necessarily imply a causal relatigndh the same study correlation be-
tween electricity consumption per capita and GDP gapita is being analyzed and
compared with the equivalent between total primeargrgy supply per capita and GDP
per capita.

The majority of the studies use bi-variate modelexamine the causality between eco-
nomic growth and energy consumption while only ewfstudies multivariate models
are employed. Rather than only energy and real &GRbles in the bi-variate models,
real gross fixed capital formation, labor force aratbon dioxide emissions variables
are being used in multivariate model studies @teli and El-Sakka2007), Huanget

al. (2008, and Apergis and Payn20099, among others, to investigate the causality

between energy consumption and economic growth.

Also in the case of energy consumption and econgnawth relationship, it is difficult
to draw a conclusion about the causality direcéristence, since in most countries al-

most all types of causality results have been maatl. Regarding multi-country stud-
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ies, the results are also conflicting and themoisonsensus neither on the existence nor

on the direction of causality between energy congion and economic growth.

The central idea of causal relationship betweeergy consumption and economic
growth was first introduced with the seminal papéKraft and Kraft (978, which
examined the relationship between these varialdedJSA and found that causality
runs from GNP to energy consumption. Studies coteduby Akarca and Londl979,
1980 on the causal relationship between energy consampnd GNP for the USA,
did not confirm Kraft and Kraft'sLl@78 outcomes.

In the following years numerous studies followedhboountry-specific as well as multi
country oriented, both bi-variate as well as maltiate incorporating variables such as
capital formation labor, temperature, and energgegr Apart from that studies have

been also carried out examining data on a bi-it@aa well as on a panel basis.

With reference to the first hypothesis studies tmatfirm it are those of Yu and Choi
(1985 for The Philippines, Chendl997 for Brazil, Chang et al.2001) for Taiwan,
Soytas and SarkQ03 for Turkey, France, Germany and Japan, Shiu ard 004
for China, Wolde-Rufael2004) for Shanghai, Lee20Q05 for 18 developing countries,
Altinay and KaragolZ009 for the case of Turkey, Wolde-Rufa@0Qg for Benin, the
Democratic Republic of Congo and Tunisia and Namagad Singh 2007 for Fiji,

Odhiambo 2009 for the case of Tanzania, and others.

Chang et al.Z001), who examine the temporal causality between gnesgsumption,
employment and output, find a unidirectional caiigalinning from energy consump-
tion to economic growth in Taiwan and concluded #reergy conservation will restrain
the output growth in Taiwan. In the same sense,(R665, while examining the rela-
tionship between energy consumption and GDP inldpireg countries, found that en-
ergy consumption causes economic growth in theystodntries. Moreover, Narayan
and Singh 2007 who investigated the nexus between electricitysconption and eco-
nomic growth in Fiji in a multivariate frameworkuod unidirectional causality running
from electricity consumption to economic growth.eyhustified this outcome by say-
ing that Fiji is an energy-dependent country, thathy energy conservation policies are

bound to have severe effects on economic growth.

Contrary to the above studies, there is a numbeatuafies claiming that it is the eco-

nomic growth that Granger-causes energy consumjienstudies of Ghosh2002
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that found unidirectional causality running fromoeomic growth to electricity con-
sumption without any feedback effect in India, dadmng that electricity restrictive
policies can be initiated without any harmful ecomo effects. Wolde-Rufael2006),
while investigating the possible causal relatiopdietween electricity consumption and
economic growth in 17 African countries, witnessdinectional causality running from
real GDP per capita to electricity consumption ga&pita in six countries; Cameroon,
Ghana, Nigeria, Senegal, Zambia and Zimbabwe. NMarayd Smyth2005,who test
for ceausality a model incorporating electricitynsamption, employment and real in-
come in Australia find that real income causestat@ty consumption. Likewise, stud-
les of Fatai et al.2004) for Australia, and Thoma&(Q04 for the USA, find among oth-

ers unidirectional causality running from econogriowth to electricity consumption.

Apart from the aforementioned studies, there is alsnumber of studies that confirm
the bidirectional causality hypothesis between gynetonsumption and economic
growth. Masih and MasihL@97 find bidirectional causality between energy canpu
tion and real income in Korea and Taiwan. Accorbin¢ylorimoto and Hope 2004
show bidirectional causality between electricitynsomption and economic growth in
Sri Lanka for the period 1960-1998 while Yar&p@0, verify bidirectional causality
between total energy consumption and GDP for thiegd 954-1997. Paul and Bhatta-
chrya @004 find a bidirectional causality between energyszanption and economic
growth in India while Jumbe2004), find two-way causal relationship between electri
ty consumption and economic growth in Malawi foe theriod 1970-1999. Other stud-
ies that witness bidirectional causality betweeargy and economic growth are those
Soytas and SarRQ03 for Argentina, Wolde-RufaelQ06 for Egypt, Gabon and Mo-
rocco and Glosure and LeE9Q7) for South Korea and Singapore.

Last but not least some previous studies have shbainno causality exists between
energy and economic growth maintaining that energy economic growth are neutral
to each other. These studies are among others diHaang (984 for the USA, Yu
and Choi 1985 for the case of the USA, the United Kingdom amtbRd, and Altinay
and Karagol 2004 for Turkey.
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2.2 Different econometric approaches on the caus-
al relationship between energy/electricity consump-
tion and economic growth.

Generally a time series X is said to cause, acagrti Granger, another time series Y if
the prediction error of current Y decreases bygipiast values of X in addition to past
values of Y . In the same sense, Y is said to Granguse X if the prediction error of
current X decreases by using past values of Y ditiad to past values of XQranger
1969. With the advancement of time series economégatiniques, the econometric
approaches undertaken to test for Granger-causaligrms of the electricity consump-
tion-growth nexus have parallel evolved. AccordiogGranger Granger 196pP and
Granger and Newboldl996, Granger-causality tests should be applied otosiay
time series. For this reason unit root tests atenofonducted to discern whether the
time series is stationary in level form, in otheords integrated of order zero, or sta-
tionary after first-differencing (i.e. integratefl @der one). However, after the seminal
work of Perron 1989, the possibility of a structural break in thepestive time series
must be recognized. In fact, by not incorporatingractural break, one may fail to re-
ject the null hypothesis of a unit root when intfdte time series is stationary taking
into account a structural break in the unit rostge

Failure to test for Granger-causality with statignaariables either in levels or first-
differences can yield invalid inferences. Studiks Wolde-Rufael 2004, Altinay and
Karagol @005, Lee and Chang2005, Narayan and Smytl2Q05, (2009, and Yuan
et al. (2008 investigate the possibility of structural breakshe unit root process of the
respective variables. As shown in Table 2.2.1 W-itdéael 004, Lee and Chang
(20095, Narayan and Smytt2Q09, (2009, and Yuanet al. (2007 use the Zivot and
Andrews unit root test with endogenously determisgdctural breaks to find that the
respective variables are integrated of order orih thie inclusion of structural breaks.
On the contrary, Altinay and Karagd@Q05 find out that the variables are integrated of
order zero with the inclusion of a structural brelaéee and Chand@005, which use the
Perron unit root test with endogenously determistedctural breaks, also find that the
variables are integrated of order one.

Regarding the electricity consumption-growth causahtionship, Murry and Nan
(1996, Fataiet al. (2004, Abosedraet al. (2008, and Narayan and Pras&af(8 adopt

standard Granger-causality tests without expli¢#hting for cointegration.
13



Engle and Grangefd987) have extended the standard Granger-causality testclude
also the possibility that two time series may shateng-run common stochastic trend,
namely to be cointegrated. The establishment ofitegration allows for testing of
Granger-causality within the context of an errorrection model where Granger-

causality may originate from two sources:

I. shortrun causality tested by a partial F-test efldyged coefficients associated with

the first-differences of the respective variablethie model and

ii. long-run causality tested by a t-test of the eomrection terms. If the respective
variables are not cointegrated, but each variabletegrated of order one, standard
Granger-causality tests of the variables in fiiffiedences are implemented.

Yang 000, Ageel and ButtZ001), Morimoto and Hope2004, Thoma 2004, and
Yoo and Kim 200§ do not find cointegration using the Engle-Grangercedure and
hence they induce Granger-causality tests withrecor autoregressive model. On the
other hand, studies like Jum#04 and ZamaniZ007) realize cointegration and test
for Granger-causality within a vector error corr@etmodel. Furthermore, Zamani in-
corporates dummy variables for structural breakwiwithe vector error correction

model as well.
While the Engle—Granger procedure works efficiemfghin a bi-variate framework,
the ordinary least estimation of the cointegrapagameters is sensitive to the choice of
normalization variables in the model. The Johandeselius multivariate cointegration
procedure deals with the concerns raised by théeEGganger approach. Specifically,
the Johansen—Juselius cointegration procedure alldahansen and Juselius 1990, Jo-
hansen 1988

I. all the variables to be viewed as endogenous cveatmg the normalization issue

ii. the presence of more than one cointegrating vector

iii. the ability to test restrictions on the cointegrgtvector(s), and

iv. Simultaneous estimation via maximum likelihood é short-run dynamics which

enhances estimation efficiency.

A restriction to the use of the Johansen—Juseliosgolure is the appropriate specifica-
tion of the intercept and trend terms within thentegrating vector and error correction

model Kennedy 2008 The most common approach in the examinatiom@icausality

14



between electricity consumption and economic graatthe Johansen—Juselius cointe-

gration approach.

Ghosh 2002 and Yoo 2006 use the Johansen—Juselius procedure, but doinmbt f
cointegration. However studies by Faghial (2004, Shiu and Lam 2004, Lee and
Chang 2005, Yoo (2009, Chenet al. (2007, Ho and Siu Z005, Mozumber and
Marathe 2007, Soytas and Sar2Q07), Yuanet al. (2007, Yuanet al. (2008, Akinlo
(2009, and Odhiambo2009 find cointegration and proceed to test for Grangpu-
sality within a vector error correction model. ld#ion, Yuanet al. (2008 and Akinlo
(2009 include co-feature analysis of the relationshgiwieen electricity consumption

and economic growth.

Moreover, the co-feature analysis imposes the lkdRrescottBasdevant 200 ilter

to decompose the trend and cyclical componenth@fvariables under study before
performing cointegration tests on these compondmts.and Chang2005 employ the
Hansen test2002 for parameter stability and the Gregory and Hand®9g test of
cointegration with endogenously determined stradtbreaks and they find parameter
instability in the cointegration vector and the etfse of cointegration once acceptance
of structural breaks is made. On the contrary, {2895 and Soytas and Saf@07) do

not find any instability in the vector error cortien model using Browret al. (1975
cumulative sum and cumulative sum of squares testparameter stability while Ho
and Siu 2007 rely on graphical analysis of the cointegrati@ttor so as to infer the

presence of instability.

Due to the relatively short data span in many ef studies on the causal relationship
between electricity consumption and economic grotté power and size properties of
conventional unit root and cointegration tests wardermined. The panel cointegration
tests advanced by Pedrordi9Q9, 2004 and Westerlund2006 attempts to confront
these concerns by providing additional power in lsioimg cross-section and time se-
ries data while allowing for heterogeneity acrossirtries. Cheret al. (2007 find
cointegration using the Pedrordi9@9, 2004 panel cointegration procedure, like Nara-
yan and Smyth2009 who also find cointegration with endogenouslyedetined struc-

tural breaks using the WesterlurZDQ6 panel cointegration test.

The estimation of a non-linear equilibrium relasbip between electricity consumption
and economic growth rather than a linear equilioris another possibility in the coin-

tegration error correction modeling approaches. dd Lin @008 implement the
15



threshold cointegration framework of Hansen and @802 to capture the possibility

of asymmetric adjustment within a vector error eotion model. This research is par-
ticularly worthwhile given that the emphasis on linear relationship between electrici-
ty consumption and economic growth may not adedyaspture the influence of elec-

tricity consumption on economic growth beyond actfpethreshold.

Taking into consideration the econometric methogiels, the validity of causality test-

ing under these approaches depends a great dehk qre-testing for unit roots and

cointegration. According to Clark and Mizra006, the pre-tests for unit roots and
cointegration may suffer from size distortions ameld variables with different orders

of integration. These issues raise questions taafipropriateness of the model when
undertaking causality tests. However, several ex@tac procedures have claimed to
avoid the potential biases of pre-testing when ootidg causality tests. Furthermore,
these procedures are valid irrespective of whetmetimes series are integrated of dif-
ferent orders, non-cointegrated, or cointegrateiesé procedures include the auto-
regressive distributed lag (ARDL) model and boutedding approach set forth by Pe-
saran and ShinlP99 and Pesarad al. (2001) as well as the Toda—Yamamoti®05H

and Dolado—-LuetkepohlL996 tests of long-run causality.

The ARDL approach to cointegration and error cdroecmodeling performs well in
small samples, which is often in the electricityhsomption-growth literature, and al-
lows the simultaneous estimation of short-run amdjfrun components within a vector
error correction model. Apart from Tang008), studies by Fataat al. (2004, Narayan
and Smyth 2009, Narayan and Singl2Q07, Squalli 007, Ghosh 2009, and Odhi-
ambo 2009 find cointegration using the ARDL bounds testagproach. Additionally,
Narayan and Smytl2005 find no parameter instability in the cointegratiector after
using Brown’s {975 cumulative sum and cumulative sum of squares tast the

Hansen 1992 procedure.

In the same sense, GhostDQ9 implements Browret al. (1975 cumulative sum and
cumulative sum of squares tests in order to fiaBhifity in the cointegration vector. The
Toda—Yamamoto1995 and Dolado—Luetkepohll©9§ approaches enable the infer-
ence of causality by using a vector autoregressigdel on the levels of the variables
which provides long-run information. The caveatthe estimation of a vector auto-
regressive model in levels as the case of the Toal@mamoto and Dolado-étkepohl
approaches is the loss in efficiency and poweridex/that these approaches by defini-

16



tion over-fit the vector autoregressive model. Enkmd of approaches for the testing
of causality between electricity consumption andneenic growth can be found in the
studies by Fatagt al. (2004, Wolde-Rufael 2004, 2008, Altinay and KaragolZ005),
Squalli 007, and TangZ008.

Table 2.2.1 shows that results may vary from cgqutdrcountry, as well as among a
country’s different studies. The majority of stusligave investigated the electricity con-
sumption-growth relationship for industrialized, enging market, and developing
countries. As for transition economies of Easteunoge and the Commonwealth of In-
dependent States studies are limited due to theawaihability of time series data.

Apart from that most of the studies surveyed inoaafe bi-variate causality tests of
electricity consumption going along with the commpioblem associated with bi-

variate analysis which is the possibility of vat@bias, undermining the validity of the
inferences for a causal relationship. Additionalgkcept studies by Wolde-Rufael
(2004, 2008, Squalli 007, and Tang 4008, the majority of the studies do not take
under consideration the positive or negative sigooefficients bundled with the mag-

nitude of the relationship between electricity aangtion and economic growth.

Regarding growth, conservation, neutrality, andibeek hypotheses the up to now re-
sults are indeed mixed across the countries repattewn favoring, even though by
little, the neutrality hypothesis with the consdima hypothesis right after it. Third

comes the growth hypothesis and fourth the feedibggothesis. Taking for granted
that nearly 60% of the countries surveyed supptinteethe neutrality or conservation
hypotheses, one can infer that electricity congemapolicies can be implemented
leading consequently to greater reliability of #lectrical system, a reduction in elec-
tricity prices, and greenhouse gas emissions. Thesservation measures will have

little or no effect at all on economic growth foore than half the counties.
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Table 2.2.1: Summary of studies on electricity comgtion-economic growth nexus

Author(s) Countrie(s) Period Methodology Main variables Other variables Conclusion
Abosedra, Dah and 1995:1- ) . Electricity consumption, real import growth, Temperature, rela-
Ghosh Lebanon 2005-12M Granger-causality, VAR growth. tive humidity ELC—IMP
. N Johansen—Juselius, cointegration, - .
Akinlo Nigeria 1980-2006A VEC, co-feature analysis Electricity consumption, real GDP ELC—GDP
. Dolado-Lutkepohl causality . .
Altinay and Karagol Turkey 1950-2000A Zivot_Andrews structural break test Electricity consumption, real GDP ELC—GDP
Aqeel and Butt Pakistan 1955-1996A Engle—Granger ,no cointegration, Electrlc!ty consumption per capita, real GDP ELC—GDP
VAR per capita
China 1971-2001A ELC # GDP
ELC—GDP
Hong Kong 1971-2001A ELC—GDP
Indonesia 1971-2001A
: GDP—ELC
India 1971-2001A . .
Johansen-Juselius, Pedroni panel . . GDP—ELC
Chen, Kuo, and Chen Korea 1971-2001A cointegration, cointegration, VEC Electricity consumption, GDP—ELC
’ ' Malaysia 1971-2001A ' ' ' real GDP GDPELC
Philippines 1971-2001A
. GDP—ELC
Singapore 1971-2001A
h ELC#GDP
Taiwan 1971-2001A ELC#GDP
Thailand 1971-2001A Ten country panel ELC—GDP
Granger-causality,
Fatai. Oxlev. and Toda—Yamamoto causality, JJ GDP—ELC
Scrin’1 eou)lf’ Australia 1960-1999A ARDL bounds test, Electricity consumption, real GDP Consumer prices TY GDP—ELC
9 Johansen—Juselius VEC cointegra- ARDL GDP—ELC
tion
Ghosh India 1950-1997A J_ohansen—JuseIlus, no cointegra- Electrlc[ty consumption per capita, real GDP GDP#ELC
tion, VAR per capita
ARDL bounds test, cointegration,
Ghosh India 1970-2006A VEC, Electricity supply, real GDP Employment GDP —ELS
Brown parameter stability test
. . 1982:1 Hansen-Seo threshold cointegra- . .
Hu and Lin Taiwan 2006:4Q tion, VEC Electricity consumption, real GDP GDP—ELC
Jumbe Malawi 1970-1999A Engle—Granger, cointegration, VEC Electricity consumption, GDP agricultural GDP ELC—GDP
Johansen-Juselius, cointegration,
VEC
Zivot—Andrews and Perron structural
Lee and Chang Taiwan 1954-2003A break tests, Electricity consumption, real GDP per capita ELC—GDP
Hansen parameter stability test,
Gregory and Hansen structural
break test
Morimoto and Hope Sri Lanka 1960-1998A | Engle-Granger, no cointegration, Electricity production, real GDP ELP—GDP

VAR
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Canada 1970-1990A ELC—GDP
Colombia 1970-1990A GDP—ELC
El Salvador 1970-1990A GDP—ELC
France 1970-1990 A ELC # GDP
Germany 1970-1990A ELC # GDP
Hong Kong 1970-1990A ELC—GDP
India 1970-1990A ELC # GDP
Indonesia 1970-1990A GDP—ELC
Israel 1970-1990A ELC # GDP
Kenya 1970-1990A GDP—ELC
Luxembourg 1970-1990A ELC # GDP
Murry and Nan Malaysia 1970-1990A Granger-causality, VAR Electricity consumption, real GDP ELC—GDP
Mexico 1970-1990A GDP—ELC
Norway 1970-1990A ELC # GDP
Pakistan 1970-1990A ELC—GDP
Philippines 1970-1990A ELC—GDP
Portugal 1970-1990A ELC # GDP
Singapore 1970-1990A ELC—GDP
South Korea 1970-1990A ELC—~GDP
Turkey 1970-1990A ELC—GDP
UK 1970-1990A ELC # GDP
us 1970-1990A ELC # GDP
Zambia 1970-1990A ELC # GDP
Australia 1960-2002A ELC—GDP
Austria 1960-2002A ELC # GDP
Belgium 1960-2002A ELC # GDP
Canada 1960-2002A ELC # GDP
Czech Republic 1960-2002A ELC—GDP
Denmark 1960-2002A ELC # GDP
Finland 1960-2002A GDP—ELC
France 1960-2002A ELC # GDP
Germany 1960-2002A ELC # GDP
Greece 1960-2002A ELC # GDP
Hungary 1965-2002A GDP—ELC
Iceland 1960-2002A ELC—GDP
Ireland 1960-2002A ELC # GDP
Italy 1960-2002A ELC—GDP
Narayan and Prasad i%?:g ig?gzggggﬁ Bootstrapped Granger-causality Electricity consumption real GDP Etgiggg
Luxembourg 1960-2002A ELC # GDP
Mexico 1971-2002A ELC # GDP
Netherlands 1960-2002A GDP—ELC
New Zealand 1960-2002A ELC # GDP
Norway 1960-2002A ELC # GDP
Poland 1960-2002A ELC # GDP
Portugal 1960-2002A ELC—GDP
Slovak Republic 1971-2002A ELC—GDP
Spain 1960-2002A ELC # GDP
Sweden 1960-2002A ELC # GDP
Switzerland 1960-2002A ELC # GDP
Turkey 1960-2002A ELC # GDP
UK 1960-2002A ELC—~GDP
us 1970-2002A ELC # GDP
Narayan and Singh Fiji Islands 1971-2002A) ARDL bounds test cointegration Electricity consumption, real GDP Labor force ELC—GDP and ELC—L

VEC
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ARDL bounds test, VEC,

. - Zivot—Andrews structural break test, Electricity consumption per capita, real GDP Manufacturing GDP—ELC,
Narayan and Smyth Australia 1966-1999A Hansen and Brown parameter stabil- | per capita employment index MEMP—ELC
ity tests, cointegration
Iran 1974-2002A
Israel 1974-2002A . . .
Naravan and Smvth Kuwait 1974-2002A Westerlund panel cointegration, E(L?’cggcztt);consumptlon per capita, real GDP Real exports per anel ELC<GDP
Y Y Oman 1974-2002A cointegration, VEC P P capita P !
Saudi Arabia 1974-2002A
Syria 1974-2002A
. . N ARDL bounds test VEC cointegra- Electricity consumption per capita, real GDP
Odhiambo Tanzania 1971-2006A tion, VEC per capita ELC—GDP
odhiambo South Africa 1971-2006A J_ohansen—Jusellus VEC cointegra- Electr|c[ty consumption per capita real GDP Employment ELC>GDP
tion, VEC per capita
Shiu and Lam China 1971-2000A f/%hgnse““]use"“s’ cointegration, | g6 tricity consumption, real GDP ELC—GDP
Manufacturing
B . Johansen—Juselius, cointegration, Industry electricity consumption, employment,
Soytas and Sari Turkey 1968-2002A) VEC Brown parameter stability test value added-manufacturing manufacturing, real IELC—VA
fixed investment
ARDL GDP—ELC, TY
GDP—ELC
ARDL GDP—ELC, TY
ELC—GDP
ARDL ELC~GDP, TY
. ELC—GDP
Algeria 1980-2003A
Indonesia 1980-2003A ARDL GDP—ELC, TY
Iran 1980-2003A GDP—ELC
ARDL ELC—GDP, TY
Iraq 1980-2003A
Kuwait 1980-2003A GDP-ELC
. ) ARDL bounds test, cointegration, Electricity consumption per capita ARDL GDP—ELC, TY
Squalli Libya 1980-2003A . .
7 Toda—Yamamoto causality Capita, real GDP per GDP—ELC
Nigeria 1980-2003A
ARDL ELC~GDP, TY
Qatar 1980-2003A
] . ELC—GDP
Saudi Arabia 1980-2003A
ARDL ELC~GDP, TY
UAE 1980-2003A
Venezuela 1980-2003A ELC~GDP ARDL ELC~GDP,
TY ELC—GDP
and GDP—ELC(+)
ARDL ELC~GDP, TY
ELC—GDP
ARDL ELC—GDP, TY
ELC—GDP
. ARDL bounds test, no cointegration, - . .
Tang Malaysia 1972:1— Toda—Yamamoto causality, Electrlc!ty consumption per capita, real GNP ELC—GDP
2003:4Q o per capita
Brown parameter stability test
Thoma us 1973:1- Engle—Granger, no cointegration Total, commercial, industrial, other, residen- IP—ELC, IP-CELC, IP—IELC,
2000:1 M VAR tial electricity usage, industrial production OELC # IP, RELC # IP
Wolde-Rufael Shanghai 1952-1999A | Joda-Yamamoto causality Electricity consumption, real GDP ELC—GDP
Zivot—Andrews structural break test
Algeria 1971-2001A ELC # GDP
Benin 1971-2001A ELC—GDP
Cameroon 1971-2001A GDP—ELC
) Congo, DR 1971-2001A . . Electricity consumption, per capita, real GDP ELC—GDP
Wolde-Rufael Congo, Rep 1971-2001A Toda—Yamamoto causality per capita ELC # GDP
Egypt 1971-2001A ELC~GDP
Gabon 1971-2001A GDP—ELC ELC—GDP
Ghana 1971-2001A GDP—ELC

20




Kenya 1971-2001A ELC # GDP
Morocco 1971-2001A ELC—~GDP
Nigeria 1971-2001A GDP—ELC
Senegal 1971-2001A GDP—ELC
South Africa 1971-2001A ELC # GDP
Sudan 1971-2001A ELC # GDP
Tunisia 1971-2001A ELC—GDP
Zambia 1971-2001A GDP—ELC
Zimbabwe 1971-2001A GDP—ELC
Yang Taiwan 1954-1997A sgge—Granger, no cointegration, Electricity consumption, real GDP ELC—GDP
Johansen—Juselius cointegration,
Yoo Korea 1970-2002A VEC, Electricity consumption, real GDP ELC—~GDP
Brown parameter stability test
Indonesia 1971-2002A GDP—ELC
Yoo Malaysia 1971-2002A Johansen-Juselius, no cointegra- Electricity consumption per capita, real GDP ELC—~GDP
Singapore 1971-2002A tion, VAR per capita ELC—GDP
Thailand 1971-2002A GDP—ELC
Y00 and Kim Indonesia 1971-2002A Engle—Granger, no cointegration, Electricity production, Electricity consumption, GDP—ELP, GDPELC
VAR real GDP
Johansen-Juselius, cointegration, .
Eﬂan, Kang, Zhao, and China 1963-2005A VEC, Electricity consumption, real GDP S]Zﬂttal’ employ- ELC—GDP
Zivot—Andrews structural break test
Yuan, Zhao, Yu, and Hu China 1978-2004A Johansen—.]usehgs cointegration Electricity consumption, ELCGDP
co-feature analysis, VEC real GDP
Engle-Granger VEC cointegration, Industrial electricity and agricultural electricit Industrial valued
Zamani Iran 1967-2003A | dummy variables y 9 Y| added, agricultural | IVAIELC, AVAAELC

consumption

value added

Abbreviations

e —, <, and+# stand for unidirectional causality, bidirectiomalusality, and no cau-

sality, respectively.

e ELC = electricity consumption

e ELP = electricity production

e ELS = electricity supply

e AELC = agricultural electricity consumption

e |ELC = industrial electricity consumption

e CELC = commercial electricity consumption

e |ELC = industrial electricity consumption

e OELC = other sector electricity consumption

e RELC = residential electricity consumption

e AVA = agricultural value added

e |VA =industrial value added

e MVA = manufacturing value added

e |IMP =imports

e GDP = gross domestic product (real/nominal)

e |P =industrial production;

e EMP = employment

e NEMP = non-farm employment

e MEMP = manufacturing employment

e VAR = vector autoregressive model and

e VEC = vector error correction mode

e JJ: Johansen—Juselius

e TY: Toda—Yamamoto
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2.3 Literature review summary

Realizing the causal relationship between eletyrmpnsumption and economic growth
helps on the appropriate design and implementati@mvironmental and energy poli-
cies. The fact that the empirical results havedgdlmixed results in terms of the four
hypotheses related to the causal relationship legtvedectricity consumption and eco-
nomic growth is not unexpected. On the other hand, clear that there is plenty of

room for future research on the electricity constiompgrowth causal relationship. Ex-
amining the relationship between electricity conption and economic growth nexus
within a model including other variables, such aalrincome per capita, employing
panel error correction modeling may prove bendfiesimating the impact of electrici-

ty consumption within the stages of economic dgwalent. Apart from that the exami-
nation of the electricity consumption-growth nexughe transition economies of East-
ern Europe and the Commonwealth of IndependeneSStdtould be a challenge for the
researchers. Finally in addition to identifying thausal relationship, future studies
should examine both the sign effect rather thay ordgnitude of the coefficients asso-
ciated with the causality tests by testing whethersum of the lagged coefficients of
the variables are equal to zero.
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3 Data and Methodology

The scope of this task is the investigation ofdkistence of a causal relationship on the
one hand and the direction of it on the other, betwElectricity Consumption on ag-
gregate levels and the Gross Domestic Product ofd@tries through a technique
proposed by Toda and Yamamo1®95 and Dolado—LutkepohiL996.

Annual data for 61 countries as well as for 21 gjpearea aggregates including real
GDP and Electricity consumption for the period 192011 have been acquired from
the World Bank and are measured in current US$Ialt respectively. Equivalent

graphs can be seen in the rest of this section.

Toda and Yamamoto and Dolado and Lutkepohl sugggstocedure for testing the
Granger causality in both integrated and cointegratlystems of any integration order
through the use of an augmented level Vector Agression (VAR) model. By this

procedure Granger causality tests can be perforasdaid earlier, providing the user
with the long-run information often being ignorad such models. Apart from that,
Toda Yamamoto methodology does not consider asseanethe testing for unit root
and cointegration, which is very often in modeke Ithe vector error correction. How-

ever the integration level of both series is inigeged.

Many studies on this field take for granted theuagstion that the time series data are
stationary bringing in bias to their final resuliie fact that for an investigation of a

cointegration relationship an integration ordeong, i.e variable I(1), is required brings

additional limitations to the estimation techniglrecase that a series is not integrated
of order I(1) or is integrated in different orden®, test for long-run relationship can be
performed. On the other hand unit root and coirtiégn tests have been criticized by
bibliography as possibly suffering from low powendapre-testing bias (Toda and

Yamamoto,1995.

The technique developed by Toda and Yamamoto (19889 a modified Wald test for
restriction on the parameters of the VAR (k) modgh k being the optimal lag length
of the VAR system. In this approach the optimaleordf the system (k) is augmented
by the maximal order of integration (d max) andithige VAR (k + d max) is being es-

timated with the coefficients of the last laggeohax vector being ignored.
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Figure 3-1: Electricity consumption and gross ddimgsoduct of Australia
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Figure 3-2: Electricity consumption and gross ddimewoduct of Austria
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Figure 3-3: Electricity consumption and gross damegsoduct of Belgium
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Figure 3-4: Electricity consumption and gross daimgsoduct of Bangladesh
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Figure 3-5: Electricity consumption and gross ddingsoduct of Belgium
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Figure 3-6: Electricity consumption and gross damegsoduct of Brazil
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Figure 3-7: Electricity consumption and gross daimgwoduct of Sub-Saharan Africa (developing only)
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Figure 3-8: Electricity consumption and gross ddimgwoduct of Canada
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Figure 3-9: Electricity consumption and gross ddimgsoduct of European Union
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Figure 3-20: Electricity consumption and gross dstiaeproduct of Chile
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Figure 3 11: Electricity consumption and gross domestic pobaf China
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Figure 3 12: Electricity consumption and gross domestic poba@f Cameroon
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Figure 313: Electricity consumption and gross domestic pob@f Congo, Rep.
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Figure 3 14: Electricity consumption and gross domestic pob@f Colombia
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Figure 3 15: Electricity consumption and gross domestic pobaf Costa Rica
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Figure 3 16: Electricity consumption and gross domestic pob@f Denmark
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Figure 3 17: Electricity consumption and gross domestic pob@f Dominican Republic
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Figure 3 18: Electricity consumption and gross domestic pob@f Algeria
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Figure 319: Electricity consumption and gross domestic pob@f East Asia & Pacific (developing only)
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Figure 3 20: Electricity consumption and gross domestic pob@f East Asia & Pacific (all income levels)
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Figure 321: Electricity consumption and gross domestic pobaf Europe & Central Asia (all income levels)
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Figure 3 22: Electricity consumption and gross domestic pob@f Ecuador
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Figure 323: Electricity consumption and gross domestic pob@f Euro area
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Figure 3 24: Electricity consumption and gross domestic pob@f Spain
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Figure 325: Electricity consumption and gross domestic pob@f Finland
5.2E+11 50,000
4.8E+11 -
4.4E+11 - 40,000
4.0E+11 -
3.6E+11 - 30,000
3.2E+11 -
2.8E+11 - 20,000 -
2.4E+11 -
2.0E+11 - 10,000 -
1.6E+11 |
teE+ 88 o+

1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010

Figure 3 26: Electricity consumption and gross domestic pob@f France
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Figure 327: Electricity consumption and gross domestic povb@f Gabon
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Figure 328: Electricity consumption and gross domestic pob@f United Kingdom
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Figure 329: Electricity consumption and gross domestic pobaf Ghana
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Figure 3 30: Electricity consumption and gross domestic pobdf Greece

-30-



9,000,000,000

8,000,000,000 -
7,000,000,000 -
6,000,000,000 -
5,000,000,000 -
4,000,000,000 -
3,000,000,000 -
2,000,000,000 -

1,000,000,000 -|

0

1.2E+13

1975 1980 1985 1990 1995 2000 2005 2010

3,500

3,000

2,500

2,000

1,500

1,000

500 -|

1975 1980 1985 1990 1995 2000 2005 2010

Figure 3 31: Electricity consumption and gross domestic poba@f Guatemala
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Figure 3 32: Electricity consumption and gross domestic pobaf High income
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Figure 3 33: Electricity consumption and gross domestic pob@f Hong Kong SAR, China
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Figure 3 34: Electricity consumption and gross domestic poba@f Honduras
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Figure 3 35: Electricity consumption and gross domestic pob@f Heavily indebted poor countries (HIPC)
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Figure 3 36: Electricity consumption and gross domestic pob@f India
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Figure 3 37: Electricity consumption and gross domestic pobaf Ireland
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Figure 3 38: Electricity consumption and gross domestic pobaf Iceland
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Figure 3 39: Electricity consumption and gross domestic pobaf Israel
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Figure 340: Electricity consumption and gross domestic poba@f Italy
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Figure 341: Electricity consumption and gross domestic pobaf Japan
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Figure 342: Electricity consumption and gross domestic pobaf Kenya
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Figure 343: Electricity consumption and gross domestic pobadf Korea, Rep.
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Figure 3 44: Electricity consumption and gross domestic pob@f Latin America & Caribbean (developing only)
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Figure 345: Electricity consumption and gross domestic pobaf Latin America & Caribbean (all income levels
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Figure 3 46: Electricity consumption and gross domestic pob@f Low income
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Figure 347: Electricity consumption and gross domestic pobaf Sri Lanka
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Figure 348: Electricity consumption and gross domestic pob@f Lower middle income
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Figure 349: Electricity consumption and gross domestic pob@f Low & middle income
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Figure 3 50: Electricity consumption and gross domestic pob@f Luxembourg
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Figure 351: Electricity consumption and gross domestic pobaf Morocco
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Figure 3 52: Electricity consumption and gross domestic pob@f Mexico
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Figure 353: Electricity consumption and gross domestic pobaf Middle income
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Figure 3 54: Electricity consumption and gross domestic pob@f Malaysia
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Figure 355: Electricity consumption and gross domestic pob@f North America
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Figure 3 56: Electricity consumption and gross domestic pob@f Nicaragua
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Figure 357: Electricity consumption and gross domestic pobaf Netherlands
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Figure 3 58: Electricity consumption and gross domestic pob@f Norway
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Figure 359: Electricity consumption and gross domestic pobaf Nepal
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Figure 3 60: Electricity consumption and gross domestic pob@f New Zealand
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Figure 3 61: Electricity consumption and gross domestic pobaf High income: OECD
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Figure 3 62: Electricity consumption and gross domestic pob@df OECD members
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Figure 3 63: Electricity consumption and gross domestic pobaf Pakistan
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Figure 3 64: Electricity consumption and gross domestic pobaf Peru
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Figure 3 65: Electricity consumption and gross domestic pob@f Philippines
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Figure 3 66: Electricity consumption and gross domestic pob@f Portugal
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Figure 3 67: Electricity consumption and gross domestic pob@f South Asia
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Figure 3 68: Electricity consumption and gross domestic pob@f Sweden

-58-



2,800,000,000 1,200

2,400,000,000
1,000 -|
2,000,000,000
1,600,000,000 -| 800+
1,200,000,000 -| 600 _
800,000,000 |
400 -
400,000,000
- 200t
1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010
Figure 3 69: Electricity consumption and gross domestic pobaf Senegal
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Figure 370: Electricity consumption and gross domestic pobaf Singapore

-50-



4.0E+11 1,800

3.5E+11 1,600 |
1,400
3.0E+11 |
1,200
2.5E+11 |
1,000 |
2.0E+11 |
800
1.5E+11
600
1.0E+11 - 400 4
soE+10 A < < < 00
1975 1980 1985 1990 1995 2000 2005 2010 1975 1980 1985 1990 1995 2000 2005 2010

Figure 3 71: Electricity consumption and gross domestic poba@f Sub-Saharan Africa (all income levels)
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Figure 3 72: Electricity consumption and gross domestic pob@f Switzerland
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Figure 3 73: Electricity consumption and gross domestic pobaf Thailand
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Figure 3 74: Electricity consumption and gross domestic poba@f Turkey
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Figure 3 75: Electricity consumption and gross domestic poba@f Upper middle income
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Figure 3 76: Electricity consumption and gross domestic pobaf Uruguay
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Figure 3 77: Electricity consumption and gross domestic pobaf United States
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Figure 3 78: Electricity consumption and gross domestic pob@f Venezuela, RB
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Figure 379: Electricity consumption and gross domestic pobaf World
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Figure 3 80: Electricity consumption and gross domestic pob@f South Africa
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Figure 381: Electricity consumption and gross domestic poba@f Zambia
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Figure 3 82: Electricity consumption and gross domestic pob@f Zimbabwe
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According to Toda and Yamamot2995 the Wald statistic converges ingarandom
variable distribution with degrees of freedom eqt@lthe number of the excluded
lagged variables, regardless of whether the prasestationary, possibly around a line-
ar trend or whether it is cointegrated. The adwgmtaf this approach is that it does not
require pre-testing in order to determine the @grdting properties of the system alt-
hough testing for unit root. This ensures thatuseal test statistic for Granger causality
has the standard asymptotic distribution were vialiedrence can be made according to
Wolde and Rufael2006. The modified Wald test is valid for series bestgtionary,
I(1) or I(2) or cointegrated of an arbitrary ordey long as the order of integration does
not exceed the true lag length of the model.

This approach minimizes the risks associated witsidentification of the integration

order while at the same time it diminishes the gy of a distorted sized test which

often in pre-testing. Kuzozumi and Yamama20@0 find out that in the presence of a
small sample the asymptotic distribution might qgoar approximation to the distribu-
tion of the test statistic however the distortiemains lower than other and it may still
be preferable when the sample size is sriaihi 2009.

According to the approach of Toda and Yamamotcetbetricity consumption and eco-
nomic growth model employed in the present tas#eiscribed below in the following
VAR system:

max

K d k Onax
ELC, =3 +Z g ELG; +Z g ELC "ZYliGDFt)-i +Z %, GDR; +&, (1)
i=1 =

j=k+1 j=k+1

GDP =l +iq GDR . b GOP if‘m ELG. + 2 8ELG, +5 )

j=k+1 j=k+1

where ELC is the electricity consumption and GDEhesreal domestic product. In Eq.
(1) Granger causality runs from GDP to ELG/ 0 for every i-value whereas in Eq.

(2) Granger causality runs from ELC to GDRif£0 for every i-value.

The first step towards the investigation of thestedice of the Granger causality be-
tween energy consumption at aggregate levels aldaeP is the identification of the

order of integration of the series under consid@natd max). For this purpose the
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Augmented Dickey and Fulle1981) (ADF) unit root test is employed. This test is
based on the null hypothesis that the consideradssikeas a unit root against the alter-

native of the series being stationary.

Although severely criticized for poor performantésttest is very commonly used by
researchers in order to assess the integratiom ofdeseries. Apparently the implemen-
tation of further tests like Phillips and Perr@®88 could provide the researcher with

more sound results but this is considered beyoade¢bpe of this task.

The test is being performed at levels and at éifferences of the variables with inter-
cept as well as with intercept and trend. The tesofl the ADF are presented in Table
4.1. Both Electricity consumption and Real GDP a@ppe be integrated of order one at
levels with intercept as well as with intercept arehd, in most cases. However at some
countries or aggregates it comes out that thesessare integrated of order 2 which is
attributed partly on the magnitude of the sampl@ jgartly to the power of the incorpo-
rated test. As such the maximum order of integnaftbmax) based on the results of the

ADF unit root test is order 2.

In order to identify the optimal lag order of ea¢AR two different criteria have been
employed the Schwarz information criterion (SBI@) Akaike information criterion
(AIC). Based on the work of Le2@06 estimation starts for a VAR (4) and continues
by dropping one lag at a time and in accordanck @#ibck (994, in the case of con-
flicting results between the different tests Al(referred.

The optimal lag length for each country/aggregateding reported on Table 4.2. With
the maximum order of integration of the series dinown as well as the lag length of
VAR being established the modified Wald test canapplied after augmenting each
VAR order k by the maximum order (d max) of inteagra of the series. Results of the
Granger causality tests are summarized in Tablevhigre next to each country/region
aggregate the one of the four aforementioned hgseththat is valid is being reported.

Apart from that, the 61 countries under examinatiom being categorized according to

the following characteristics:
e Income level

e Region and

¢ Oil/Natural gas Producers

Three equivalent scenarios are being consideredeaanchined in order to investigate
the existence of a possible correlation betweenhypothesis of the four established
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and one characteristic of the three above. The adethis examination is realized is

based on a binary dependent variable model.

In this type of models, the dependent variable y taie on only two values, usually O
and 1, representing the occurrence of an everd, droice between two alternatives.
The goal is to quantify the relationship betweenitidividual characteristics of a coun-

try denoted as x, and the probability of a caugalpothesis being satisfied.

A simple linear regression of y on x is not appraig, since the implied model of the
conditional mean places inappropriate restrictionghe residuals of the model and the
fitted value of y from a simple linear regressiemot restricted to lie between zero and

one.

A specification that is designed to handle the gpe®quirements of binary dependent

variables is adopted with the probability of obsegva value of one being:
Pr=(y =1x B)=1-F(-x p)
where F is a continuous, strictly increasing fumetihat takes a real value and returns a

value ranging from zero to one. The standard sigipfi convention of assuming that

the index specification is linear in the parametersadopted so that it takes the
formx', 3 .
The choice of the function F determines the typbioary model. It follows that:

Pr=(y, =0|x B)=F(-x.p)

Given such a specification, we can estimate tharpaters of this model using the

method of maximum likelihood. The likelihood furartiis given by:
I(B) = D yilog(1- F(-xB)) + (1-y; )log(F(-XB))
i=1

The first order conditions for this likelihood amenlinear so that obtaining parameter
estimates requires an iterative solution. A secdedvative method for iteration and

computation of the covariance matrix of the paramestimates is used.

There are two alternative interpretations of tipecdfication that are of interest. First,

the binary model is often motivated as a lateniabdes specification. Suppose that

there is an unobserved latent varialglethat is linearly related to x:

y::KB+W
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where yis a random disturbance. Then the observed dependent variablensided

by whetherYi exceeds a threshold value:

_|1ify >0
" loify £0

In this case, the threshold is set to zero, butchwce of a threshold value is irrelevant,

so long as a constant term is includeckin Then:

Pr=(y =1|x% B)=Pr(y >0)=Pr(xp+y >0)=1-F (-xp)
where Fu is the cumulative distribution functionuofimposing that y can only be 0 or 1

implies that expected value ofis simply the probability thaty =1 as:

E(y, [xB) =1xPr=(y =1|xB)+0xPr=(y =0|xp)=Pr=(y =1|x p)
With this convention the interpretation of the binapecification as a conditional mean

specification can be made and the binary modebeanritten as a regression model:

yi = (1-F(-xB)) +#,

where iis a residual representing the deviation of thealty'nyi from its conditional
mean and:

E( [%.p)=0

var(e; | x,p) = F(-x B)(1-F(-x B))
Estimated coefficients from a binary model canrmirierpreted as the marginal effect
on the dependent variable like in the case of plemegression model. The marginal
effect of on the conditional probability is definasd:

OE(y; [% B)

P™ =f(-x/B)B,

i
Where f(X)=dF(x)/dXhe density function of F. Coefficieffl is is weighted by a
factor f that depends on the values of all regmssspx. Thedirection of the effect of a
change in xdepends only on the sign of tfecoefficient. Positive values @ imply

that increasing pwill increase the probability of the response whikgative values im-

ply the opposite.

An alternative interpretation of the coefficierdghat the ratios of coefficients provide a

measure of the relative changes in the probalsiitie
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B, _ OE( I% B)/ ox,

B OE(Y, X B)/0x,

4 Empirical results

In this section the outcomes of the investigatib®countries and 21 area aggregates
as far as the existence of causality between therality consumption and Gross Do-
mestic Product is concerned are being reportedh&uresearch has been made in order
to examine the association between the four cadsesugality and the countries charac-

teristics according to income level, region anddlmatural gas potential.

Although the results confirm the aspect that calysedsults are sensitive to many pa-
rameters like the period of study and varying wtfite choice of investigation technique,
they reveal that in most of the countries undedtactually 32 there is no causality
between electricity consumption and economic groMébreover the outcomes witness
a connection between countries that produce etégtdirom oil/natural gas and the
feedback hypothesis as well as a tendency to thealiéy hypothesis in countries of

Europe and central Asia.

In table 4.1 results from the ADF tests for eveoyrttry are being reported while in ta-
ble 4.2 the optimal lag length and the causaliticamne tests for each county/region

aggregate are presented.

After that in table 4.3, 4.4 and 4,5 that followe tcategorization of the 61 countries ac-
cording to income level, region and electricity guoing capability through oil/natural
gas is summarized. Apart from that the connectietwben income level, region and

oil/natural gas potential characteristics with fier causality hypotheses is reported.

Finally the probability of a hypothesis to be valida country with certain characteris-
tics is provided, which is derived from the mardjiefiect of the estimated relationship.

For the countries that a connection between a ctarstic and a form of causality is

realized, the potential of the equivalent hypothésibe valid is being shown as a per-
centage.

-71-



Table 4.1: Empirical results from ADF test.

Integration order of

Integration order of

Country

ELC GDP
1 | Hong Kong SAR, China I(1) I(1)
2 | Singapore 1(1) 1(1)
3 | Uruguay 1(1) 1(1)
4 | Australia 1(1) 1(1)
5 | Austria 1(1) I(1)
6 | Belgium 1(1) I(1)
7 | Canada 1(1) I(1)
8 | Chile I(1) I(1)
9 | Denmark 1(1) 1(1)
10 | Spain 1(2) 1(1)
11 | Finland 1(2) I(1)
12 | France 1(1) I(1)
13 | United Kingdom I(1) I(1)
14 | Greece 1(1) 1(1)
15 | lIreland 1(2) 1(1)
16 | Iceland 1(1) 1(1)
17 | lIsrael 1(1) I(1)
18 | ltaly I(1) I(1)
19 | Japan 1(1) I(1)
20 | Korea, Rep. 1(1) 1(1)
21 | Luxembourg 1(2) 1(1)
22 | Netherlands 1(2) 1(1)
23 | Norway 1(1) I(1)
24 | New Zealand I(1) I(1)
25 | Portugal 1(2) I(1)
26 | Sweden 1(1) 1(1)
27 | Switzerland 1(1) 1(1)
28 | United States 1(1) 1(1)
29 | Bangladesh I(1) I(1)
30 | Kenya 1(1) I(1)
31 | Nepal 1(1) 1(2)
32 | Zimbabwe 1(1) 1(1)
33 | Bolivia I(1) I(1)
34 | Cameroon 1(1) 1(1)
35 | Congo, Rep. 1(1) I(1)
36 | Ghana 1(1) I(1)
37 | Guatemala I(1) I(1)
38 | Honduras 1(1) 1(1)
39 | India 1(2) I(1)
40 | Srilanka 1(1) 1(2)
41 | Morocco 1(1) I(1)
42 | Nicaragua I(1) I(1)
43 | Pakistan I(1) I(1)
44 | Philippines 1(1) 1(1)
45 | Senegal 1(2) 1(1)
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Table 4.1 (continued): Empirical results from AR#St

Country Integration order of | Integration order of

ELC GDP
46 | Zambia 1(1) I(1)
47 | Brazil I(1) I(1)
48 | China 1(2) 1(2)
49 | Colombia 1(1) 1(2)
50 | Costa Rica 1(1) 1(1)
51 | Dominican Republic I(1) I(1)
52 | Algeria 1(2) 1(2)
53 | Ecuador 1(2) I(1)
54 | Gabon 1(1) 1(1)
55 | Mexico 1(1) 1(1)
56 | Malaysia 1(1) 1(1)
57 | Peru 1(1) I(1)
58 | Thailand I(1) I(1)
59 | Turkey 1(2) I(1)
60 | Venezuela, RB 1(2) 1(1)
61 | South Africa 1(1) 1(1)
62 | Sub-Saharan Africa (developing only) 1(1) 1(1)
63 | European Union I(1) I(1)
64 | East Asia & Pacific (developing only) 1(2) 1(2)
65 | East Asia & Pacific (all income levels) 1(2) I(1)
66 | Europe & Central Asia (all income lev- 1(2) 1(2)
67 | Euro area 1(1) 1(1)
68 | High income 1(1) 1(1)
69 | Heavily indebted poor countries (HIPC) I(1) I(1)
70 | Latin America & Caribbean (developing I(1) I(1)
71 | Latin America & Caribbean (all income I(1) I(1)
72 | Low income 1(1) 1(1)
73 | Lower middle income 1(1) 1(2)
74 | Low & middle income 1(1) 1(2)
75 | Middle income I(1) 1(2)
76 | North America I(1) I(1)
77 | High income: OECD I(1) I(1)
78 | OECD members 1(1) 1(1)
79 | South Asia 1(2) 1(2)
80 | Sub-Saharan Africa (all income levels) 1(2) 1(2)
81 | Upper middle income 1(2) 1(2)
82 | World I(1) I(1)

As shown in table 4.1, the vast majority of the rioies are characterized by variables
integrated by order 1, both in electricity consuimptand gross domestic product. This
fact is expected it is common thing for such ecoitcorariables to be integrated of order

1. Although some countries show an integration oade2, whether in electricity con-
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sumption time series or in GDP, this fact is coesed to be sample specific and in the

long run the same series will prove to be 1(1).

Table 4.2: Optimal lag length and Granger Causé\tydified Wald test) results

Country Optimal lag length Causality
1 | Hong Kong SAR, China 4 ELC # GDP
2 | Singapore 4 ELC — GDP
3 | Uruguay 4 ELC # GDP
4 | Australia 1 ELC # GDP
5 | Austria 1 ELC # GDP
6 | Belgium 2 ELC # GDP
7 | Canada 4 ELC « GDP
8 | Chile 3 ELC — GDP
9 | Denmark 1 ELC # GDP
10 | Spain 1 ELC — GDP
11 | Finland 4 GDP — ELC
12 | France 2 ELC — GDP
13 | United Kingdom 1 ELC # GDP
14 | Greece 3 ELC # GDP
15 | Ireland 4 ELC # GDP
16 | Iceland 4 ELC < GDP
17 | Israel 4 ELC # GDP
18 | Italy 1 GDP — ELC
19 | Japan 2 ELC # GDP
20 | Korea, Rep. 4 ELC « GDP
21 | Luxembourg 4 GDP — ELC
22 | Netherlands 1 ELC # GDP
23 | Norway 3 GDP — ELC
24 | New Zealand 1 ELC # GDP
25 | Portugal 3 ELC # GDP
26 | Sweden 1 ELC « GDP
27 | Switzerland 1 ELC # GDP
28 | United States 2 ELC — GDP
29 | Bangladesh 1 ELC # GDP
30 | Kenya 2 ELC # GDP
31 | Nepal 4 ELC — GDP
32 | Zimbabwe 2 ELC # GDP
33 | Bolivia 4 ELC — GDP
34 | Cameroon 1 GDP — ELC
35 | Congo, Rep. 1 ELC — GDP
36 | Ghana 1 ELC # GDP
37 | Guatemala 1 ELC # GDP
38 | Honduras 2 ELC # GDP
39 | India 3 ELC — GDP
40 | Sri Lanka 4 ELC # GDP
41 | Morocco 2 ELC < GDP
42 | Nicaragua 1 ELC — GDP
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Table 4.2 (continued): Optimal lag length and Grar@ausality (Modified Wald test) results

Country Optimal lag length Causality
43 | Pakistan 1 ELC — GDP
44 | Philippines 1 ELC # GDP
45 | Senegal 4 ELC # GDP
46 | Zambia 1 ELC — GDP
47 | Brazil 3 ELC « GDP
48 | China 4 ELC « GDP
49 | Colombia 2 ELC < GDP
50 | Costa Rica 1 ELC # GDP
51 | Dominican Republic 4 ELC — GDP
52 | Algeria 4 ELC — GDP
53 | Ecuador 2 ELC — GDP
54 | Gabon 1 ELC — GDP
55 | Mexico 3 ELC < GDP
56 | Malaysia 4 ELC «— GDP
57 | Peru 4 ELC < GDP
58 | Thailand 4 ELC # GDP
59 | Turkey 3 ELC # GDP
60 | Venezuela, RB 4 ELC # GDP
61 | South Africa 1 ELC # GDP
62 | Sub-Saharan Africa (developing only) 1 ELC — GDP
63 | European Union 2 ELC «— GDP
64 | East Asia & Pacific (developing only) 4 ELC « GDP
65 | East Asia & Pacific (all income levels) 3 ELC — GDP
66 | Europe & Central Asia (all income levels) 1 ELC — GDP
67 | Euro area 2 ELC < GDP
68 | High income 1 ELC # GDP
69 | Heavily indebted poor countries (HIPC) 4 ELC # GDP
70 | Latin America & Caribbean (developing 2 ELC # GDP
71 | Latin America & Caribbean (all income 2 ELC — GDP
72 | Low income 1 ELC — GDP
73 | Lower middle income 1 ELC — GDP
74 | Low & middle income 1 ELC — GDP
75 | Middle income 1 ELC — GDP
76 | North America 2 ELC — GDP
77 | High income: OECD 2 GDP — ELC
78 | OECD members 2 ELC — GDP
79 | South Asia 3 ELC — GDP
80 | Sub-Saharan Africa (all income levels) 1 ELC — GDP
81 | Upper middle income 2 ELC — GDP
82 | World 1 ELC — GDP

As seen in table 4.2 32 countries witness no caydstween electricity consumption
and GDP implying the neutrality hypothesis while s8bw a causal relationship run-

ning from electricity consumption to GDP, suggestine Growth hypothesis. On the
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Table 4.3: Connection between different regionalrabteristics and four causality hypotheses

| Europe & |Latin Amer-|Middle East Sub-
East Asia North
o Central |ica& Car- | & North ) South Asia| Saharan
& Pacific ] ) ) America ]
Asia ibbean Africa Africa
NO NO NO NO NO NO NO
Growth Hypothesis i i i i j i i
Conservation Hypothe- NO NO NO NO NO NO NO
sis - - - - - - -
NO NO NO NO NO NO NO
Feedback Hypothesis _ _ _ _ _ _ j
NO YES NO NO NO NO NO
Neutrality Hypothesis i 14.64% i i i i i

Table 4.4: Connection between different incomelleharacteristics and four causality hy-

pothses
High in- High in- ) ) )
Low in- |Lower mid-|Upper mid-
come: no- come:
come dleincome | dle income
nOECD OECD
NO NO NO NO NO
Growth Hypothesis _ _ R R -
NO NO NO NO NO
Conservation Hypothesis B - - B B
NO NO NO NO NO
Feedback Hypothesis _ _ _ j j
NO NO NO NO NO
Neutrality Hypothesis i i i i i

Table 4.5 Connection between different fossil feéslources characteristics and four causality
hypotheses

Producing Electricity from oil/NG

Neutrality Hypothesis

NO
Growth Hypothesis i
NO
Conservation Hypothesis -
YES
Feedback Hypothesis 23.75%
NO
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other hand 15 countries confirm bidirectional cdiilganamely the feedback hypothesis
and 6 countries verify the conservation hypothssmwving causality running from GDP

to electricity consumption.

In the tables 4.3, 4.4 and 4.5 the outcomes oinfwestigation by means of a dependent
variable model of a possible connection betweerctusal relationship and a countries
particular attributes are summarized. As seers, dear that no connection between re-
gional characteristics and causality existencettor is found with the exception of
the neutrality hypothesis being correlated withrdaes in Europe and central Asia. In
the same sense no correlation is found among timmia level characteristics of coun-
tries and causality. Last but not least the feekiliggpothesis is proved to be often in
countries that produce electricity from oil andurat gas. In fact the possibility that the
neutrality hypothesis is valid in countries at Ew@and central Asia is 14,64% while
the possibility the feedback hypothesis to be metduntries that produce electricity

from oil and natural gas is 23,75%.

5 Policy implications and con-
clusions

In this thesis the causal relationship betweeneiketricity consumption and the eco-
nomic growth of 82 countries, namely 61 countriad &1 area aggregates, has been
investigated. The technique engaged was a newlyla®se technique by Toda and
Yamamoto that provides the user with the advants#geéoing away with testing for
cointegration and unit root tests while researchiegcausal effects between the associ-
ated variables. Moreover the findings of causdiifyve been further studied so that a
possible connection with a country’s charactersshike income level, region, and abil-
ity in producing electricity from fossil fuels cdoe found. Vehicle for this task was the
use of a binary dependent variable model, somethiaigis considered to be pioneering

compared to relevant up to now studies.

The majority of the recent bibliography relativeth® subject has been gone through
and analyzed for its particularities in general #meh the methodology and theoretical

framework was deployed before the final empiriasicomes were reported. Apart from
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major differences, a point that different studies gye to eye is the four different hy-
potheses for the casual relationship, each one aviifferent unique implication as it
has been analyzed. The growth hypothesis accordingnich the reduction in electrici-
ty consumption can harm economic growth, consesuatiypothesis stating that elec-
tricity conservation policies could hardly affectiomomic growth, neutrality hypothesis
by which electricity conservation will have no effen economy and feedback hypoth-

esis which estimates that changes in electriciéyraay not affect economic growth.

As stated before the goal of this dissertation wasome up with a deeper and more
concrete, if possible, conclusion for the existeacd the direction of causality between
electricity consumption and why not energy consuompand economic development.
This goal was based on the number of countriesestiais well as on the period of study
that spans from 1971 to 2011 and which accordinth¢odata available at the World

Bank was the biggest selection available bothmetperiod and number of countries.

However the final outcomes fail to provide a cleanclusion confirming thus what
seems to be the rule; there is no consensus iexiBeence or direction of causality be-
tween electricity consumption and economic grov&mong the different countries.
Even among studies for the same country or for iiffecountries but for the same pe-
riod the results can vary. This reveals the sensitof the different approaches to the
different data set, the particular characteristitgountries, the advantages and disad-
vantages of each technique but also the differeimcége connection between economy

and energy in general from one country/region tatlaer.

More analytically, most countries 32 actually, tgbuwvith a slight difference, show no
causality between electricity consumption and GDRficming neutrality hypothesis
while 29 witness a causal relationship running frelectricity consumption to GDP,
according to the growth hypothesis. 15 countrigsegs bidirectional causality, namely
the feedback hypothesis and 6 countries verify dbieservation hypothesis showing

causality running from GDP to electricity consuropti

In order to go further and provide someone with sibrimg new and more interesting
outcome, an attempt was made to combine thesetgesith each country’'s special
characteristics such as income level, region angnpal of producing electricity
through oil or natural gas. Here the results shwat the feedback hypothesis appears to
match in countries that are able to produce etattrirom fossil fuels while the neutral-

ity hypothesis seems to be connected with couninesentral Asia and Europe. The
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first finding sounds logical taking into accounatran electricity independent country
can manage its energy use without direct or defirat least, impact on its economic
situation. On the other supposing that economy heawily rely on energy sector, es-
pecially if fossil fuel reserves are such, one cdreasily reject the possible intercon-
nection in between but quite the contrary, whichvisat the feedback hypothesis pre-
sumes. In the same sense countries whose econemnayready developed up to a level,
such as those of Europe and central Asia, are eeghéatbe unaffected in general terms
by changes in the electricity sector, justifying theutrality hypothesis. Apart from that
no other connection between a certain hypothesis aaparticular characteristic has
been detected which is quite interesting infornrmatiothe sense that causality between
energy and economic growth does not have to do eign with income level charac-

teristics.

Future studies that will incorporate more data twahe from more countries will make
use of even sounder econometric techniques invglewen wider range of criteria or
variables are to shed more light on this topic. Ghodifficult to cope with, understand-
ing the causal relationship between electricitystonption and economies will always

be challenging and its investigation worthwhile.
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