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Abstract: This paper empirically examines the inter-linkagesveen energy consumption and
economic growth in top ten energy-consuming coastire. China, the USA, Russia, India, Japan,
Canada, Germany, Brazil, France and South Korea.u®ée the quantile-on-quantile (QQ)
approach of Sim and Zhou (2015) to explore somecethfeatures of the energy-growth nexus
and to capture the relationship in its entiretye Tasults show a positive association between
economic growth and energy consumption, with carsidle variations across economic states in
each country. A weak effect of economic growth aergy consumption is noted for the lower
guantiles of economic growth in China, India, Gemynand France, which suggests that energy
as an input has less importance at low levels oheaic growth. A weak effect of economic
growth on energy consumption is also noted forhighest quantiles of income in the United
States, Canada, Brazil and South Korea, which atdgcthat energy demand decreases with the
increase in economic growth as these countries baweme more energy efficient. The weakest
effect of energy consumption on economic growtlobserved at lower quantiles of energy
consumption in China, Japan, Brazil and South Korea results of the present study can help in
the design of energy development and conservatmitigs for sustainable and long-term
economic development.
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1. Introduction

The wave of globalization has not only integrathd tountries socially, politically and
economically but also intensified the growing cotitpmm among developing and developed
countries of the Z1century. The tendency of rising competition amdageloped and developing
countries is widely understood via higher econogrnmnth that often comes with massive usage
of energy. The environmental consequences of risimgggy consumption bring climate change
and global warming. The rising climate change doba warming are detrimental to the quality
of natural environment and human being living oe tilanet. To reduce global warming,
governments and policy makers of high pollution#ing countries are planning to cut their
energy use by enhancing energy innovation develaparel are also exploring the energy-growth
relationship. Many empirical studies have previguséen conducted on the energy-growth
linkages (Kraft and Kraft 1978, Ozturk 2010, Pag0d0, Shahbaz et al. 2011, 2013, Belke et al.
2011, Magazzino 2015, Shahbaz et al. 2017). Howéhese studies have flaws, especially with
regard to their estimation techniques used (digzligsdetail in the next section). Moreover, the
time series estimation techniques used in the pusvstudies have failed to capture the true
dependency relationship between energy consumptidreconomic growth at lower and higher
guantiles of the time series data. The failureheke time series-driven cointegrating techniques
may misguide the policy makers and governmentsghf @nergy consuming countries especially
at the time of energy and economic growth polickimg Under such circumstances, one research
guestion arises here: what kind relationship thathave for most energy consuming countries
when we tend to study the dependency pattern battheeseries both at lower and higher quantiles
of the time series data? Therefore, there is a teeeginvestigate the energy-growth nexus using
more sophisticated estimation techniques whiclhésrain innovation of the study apart from
effectively guiding the policy makers and governitsesf top ten energy consuming countries. In
this vein, our study is motivated and contributeshte rich energy economics literature in two
different ways. On the one hand, to assess thendepey pattern between energy consumption
and economic growth for top ten energy consumingnotees, we use the Quantile-on-Quantile
(QQ) approach, as recently proposed by Sim and Z&@16). Our second innovation stems from
choosing top ten energy consuming countries wihime series framework, i.e. China, the USA,

Russia, India, Japan, Canada, Germany, Brazil,cerand Korea. These countries account for



64.6 percent of the world’'s primary energy constampt The QQ approach was developed by
Sim and Zhou (2015). It combines quantile regressiod nonparametric estimation techniques
and regresses the quantile of a variable on thatdgaf another variable. Further, the QQ
approach takes into account the nonlinear relatomt&een energy consumption and economic
growth. Therefore, QQ analysis represents a vegfulmethod, as it enables one to estimate the
effect that the quantiles of economic growth (ep@gnsumption) have on the quantiles of energy
consumption (economic growth), thus providing a poghensive and precise picture of the overall
dependence of both variables. By its very nature, @Q framework allows one to identify
complexities in the relationship between energysocomption and economic growth that would be
difficult to detect using conventional econometriodels. To the authors’ best knowledge, this is
the first paper to apply the QQ approach to sthéyenergy-growth nexus. The results can help in
the design of energy development and conservatwitigs for sustainable and long-term
economic development for top ten energy consunaugpicies.

However, energy consumption is indispensable fonemic development. In addition to
labor and capital, energy is also an importanttf@ueconomic growth. The association between
energy consumption and economic growth gained mameafter the energy crisis of the 1970s.
Kraft and Kraft (1978) were the first one to emgatly examine the energy-growth nexus. The
theoretical literature has categorized the energyth nexus into four types, which are known as
the growth hypothesis, the conservation hypotheises neutrality hypothesis, and the feedback
hypothesis. Thgrowth hypothesis states that energy consumption inputs contributectly to
economic development and work as a complemenbtr land capital in the production process
(Ebohon 1996, Templet 1999, Apergis and Payne 208)9d hegrowth hypothesis is supported
if an increase in energy consumption increases @unangrowth i.e., gross domestic product
(GDP). The policy implications of the growth hypesis suggest that energy conservation-
oriented policies may have a detrimental effeadoonomic growth (GDP) because the underlying
country is energy dependent, and measures to a@spergy such as energy pricing or rationing
may hamper economic growth because economic griangbly depends on energy consumption
(Karanfil 2009, Ozturk 2010). In turn, if an inceeain energy consumption decreases economic
growth, it may be because the growing economy hiéied to production in less energy-intensive
sectors that require less energy consumption. &urtbre, the growing economy may have

! These data are for the year 2014 and are takem@i® EIA Historical Statistics.
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become highly fuel efficient, meaning that it regsi less energy to produce the same level of
output. In addition, an adverse effect of energystonption on economic growth may be the result
of the excessive use of energy inputs in unprodedectors of the economy, capacity constraints,
or inefficient energy supply, among others (Squzlio7). Theconservation hypothesis suggests
that a country is less dependent on energy inputdlaat conservation-oriented policies may not
impede economic growth. This hypothesis is supgaftan increase in economic development
increases energy demand (Apergis and Payne 20@@®€b2 Jalil and Feridun, 2014). The
neutrality hypothesis postulates that energy inputs play a minor rolnéeconomic development
of a country and do not significantly affect ecomomgrowth. Therefore, energy conservation
policies do not adversely affect domestic incom®Pg Thus, according to this hypothesis,
energy consumption and economic growth are notragre on each other (Squalli 2007, Yu and
Choi 1985, Jalil and Feridun, 2014). Finally, tfeedback hypothesis stipulates that energy
consumption and economic growth are interdepenalathitserve as complements to one another.
In this case, an increase (decrease) in energyuogion results in an increase (decrease) in
economic growth, and likewise, an increase (deejgaseconomic growth results in an increase
(decrease) in energy consumption. This relationshiggests that energy exploration policies
should be prioritized over energy conservationged, which impede economic growth (Yang
2000, Squalli 2007, Belloumi 2009, Payne 2009, ©®210, Tiba and Omri, 2017).

The rest of the paper is organized as follows.i8e@ provides an overview of literature
review. Section 3 presents the energy consumptiofilgs of the selected countries. Section 4
describes the data. Section 5 elaborates the n@tigyd Section 6 provides the estimated results.

The final section 7 concludes the paper and digsugslicy implications.

2. An Overview of Literature Review
2.1. Energy-Growth Nexus Controversies

Many researchers have explored the determinan&a@fiomic growth. In this respect,
several economic growth theories have been propés®aever, it is interesting to note that none
of these theories has included energy as an impgodaterminant of economic growth. For
instance, the Solow growth model shows that tedugical progress is an important factor in
economic growth. The AK model stipulates that ahhégvings rate is important for economic

growth. Similarly, the Schumpeterian growth modéighlight the importance of capital



accumulation and innovation as determinants of @ton growth. The growth models developed
by Romer (1990) and Grossman and Helpman (1990¥) shat research & development is an
important factor in economic growth.

In their seminal work, Kraft and Kraft (1978) wette first to empirically examine the
relationship between energy and economic growtltdmysidering energy consumption as an
important factor of production, like capital andda. Numerous empirical studies have since been
conducted to examine the energy-growth nexus. @iffestudies have been conducted in different
countries over different time periods using différeeconometric techniques to examine the
relationships among energy, income and other maormenic variables. Ozturk (2010) and Payne
(2010) and later Shahbaz et al. (2011, 2013) angalzlano (2015) provided detailed surveys of
the previous studies that have examined the ergmayth relationship. Additionally, Belke et al.
(2011) using panel data of 1981 to 2007 for 25 OEEMDntries indicated the presence of
bidirectional causality between energy consumpéind economic growth. However, these prior
studies have found conflicting and controversiautes regarding the energy-growth nexus
(Ozturk, 2010). The results differ both in the dtren of causality and in short-run versus long-
run effects. The differences in the results camtdbuted to differences in the types of models
used, the model specifications, the econometribnigaes, the types of data, the countries
selected, the measures of energy, the sample armf)e countries’ resource endowments, among
others (Karanfil 2009, Payne 2010, Stern 2011)sé&ldfferences in the results may also occur
because different countries have different climatinditions and energy conservation policies.

The previous studies have mainly used three type®dels to examine the energy-growth
relationship i.e. bivariate models (e.qg., Kraft &rdft 1978, Akarca and Long 1980, Chontanawat
et al. 2008, Hu and Lin 2008), multivariate modgg., Shahiduzzaman and Alam 2012, Stern
1993, 2000, Oh and Lee 2004, Apergis and Paynec20(*x and Chien, 2010), and energy
demand models (e.g., Asafu-Adjaye 2000, Fatai.€2G)4, Belke and Dreger 2013, Belke et al.
2011, 2014aj.In bivariate models, the relationship between vamables is examined i.e. energy
consumption and economic growth/income. In multatar production function models, energy
inputs are included in the production function glevith labor and capital. According to Lee et al.
(2008), if labor and capital stock variables areaamsidered in the analyses of the energy-growth

nexus, the role of energy inputs in economic growéty be exaggerated. Energy demand models

2 Suganthi and Samuel (2012) provided a review efggndemand models.
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include energy prices as important determinant dditeon to income. The advantage of a
multivariate model is that it decreases the polssibof omitted variable bias. Therefore, it
examines the additional channels through which ggh@onsumption and economic growth
variables are inter-linked.

With regard to the specification of econometric ®led some studies have used linear
models to study the energy consumption and incamet relationship, while others have used
nonlinear models, as it has been argued that enssggumption and income in developed
countries increase linearly, while income and epeonsumption in developing countries increase
exponentially. Further, the EKC hypothesis, whidisviirst proposed by Grossman and Kruger
(1991, 1995), describes an inverted U-shaped oelsttip between environmental pollution and
economic development. It stipulates that at thelyeatage of economic development,
environmental pollution increases and then statsehsing as economic development continues.
Because most pollutants are closely related toggnesnsumption, energy consumption is often
treated as a proxy for environmental stress. Titus,necessary to capture a possible nonlinear
relationship in the estimation. Thus, the quadreim of income is introduced to the regression
of energy consumption on economic growth in addit any other necessary control variables
(e.g., Ang 2007, Apergis and Payne 2009c, and beanSmyth 2010, Suri and Chapman 1998,
Luzzati and Orsini 2009, Yoo and Lee 2010).

With regard to econometric techniques, differentss have applied different estimation
techniques to explore the energy-growth nexus. st commonly used techniques are
Granger/Sims causality tests, Engle-Granger/Johahsgelius cointegration and error-correction
models. The conventional (Granger) causality tkate been criticized on the grounds that they
can only be employed in time-dependent processds &l stock-adjustment processes, where a
shock has inter-temporal effects. Such tests aappiopriate for time-invariant dependent
processes (Bernard et al. 2010). According to Bdrr{@010), the current period’s energy
consumption cannot predict/cause the next periechmomic growth. Similarly, the conventional
unit root and cointegration tests have been agtidue to their low power and size properties for
small samples (Harris and Sollis, 2003). Thereforere recent studies have used autoregressive
distributed lag (ARDL) models, as introduced bydras and Shin (1999), Pesaran et al. (2001),
Toda and Yamamoto (1995) and Dolado and Lutkept®86§). These tests do not require a pre-

test of unit root for cointegration and causalifiiey can be applied irrespective of whether the



variables have the same or different unit rootceRdy, Carmona et al. (2017) examined the
causality between energy consumption and econorowt by decomposing both series into two
components, a non-stationary natural componenaastdtionary (transitory) cyclical component.
The study finds bidirectional causality betweenrgpeonsumption and economic growth.
Initially, studies used time series data to expkmergy-growth inter linkages. However,
the use of short data spans reduces the powerizmgm®perties of conventional unit root and
cointegration tests. To overcome these issuesanasers have started to use panel unit root and
panel cointegration tests, as proposed by Pedm®®9, 2004). With the advent of panel
techniques, some studies have examined the nexwsdethese two variables using panel data
(e.g., Lau et al. 2011, Lee 2005, Lee and Chang,20€e et al. 2008, Huang et al. 2008, Lee and
Chang 2008, Antunano aZ@rraga 2008, Apergis and Payne, 2009c, Lee aneh(2110, Belke
et al. 2011, Mohammad and Parvaresh 2014). Begausss merge cross-section and time-series
data, the estimations have significantly enhaneédhility and robustness. The use of panel data
significantly increases the degrees of freedomallmivs some advanced econometric methods
for panel data to be utilized, such as full-modif@dinary least squares (FMOLS) and dynamic
ordinary least squares (DOLS), to estimate thetegmation vector for heterogeneous cointegrated
panels, which corrects the bias in traditional @s8mators induced by the endogeneity and serial
correlation of the regressors. An important dravbaicmost of the previous studies is that they
have estimated the energy-growth nexus withoutidensg structural break(s) in the analysis.
Energy consumption and economic growth may haveesiractural break(s) due to domestic and
global economic shocks (business cycle), changenangy policy and fluctuations in energy
prices (e.g., Altinay and Karagol 2004, Lee andrigh2005, Chiou-Wei et al. 2008, Clemente et
al. 2017). In addition, considering only one or tveaks may not capture changes in the energy-
growth relationship in their entirety. Furthermdiee asymmetry in the relationship, i.e., a positiv
change in one variable may have a different impadhe other compared to a negative change,
has remained unexplored so far. The present studgds to fill this gap because it will examine
the association between energy consumption andeatorgrowth using the quantile-on-quantile
(QQ) approach, which takes into account structbr@aks, nonlinearity, asymmetry, and regime
shifts, among others. It captures all of thesectdfbecause it shows distribution-to-distribution
effects, which has not been done before (Shahzald 2017, Saidi et al. 2017).



2.2. Energy-Growth Nexus in the Top10 Energy-Consuming Countries
The existing energy economics literature on therggnrgrowth nexus provides ambiguous
empirical evidence. For example, in the case of84, Kraft and Kraft (1978) investigated the
association between energy consumption and grassnabproduct (GNP) and reported that
energy use is a cause of GNP. Later, Akarca and (d®80) revisited the energy-growth nexus
and reported a neutral effect between energy copsomand economic growth. Yu and Hwang
(1984) also reported that energy consumption andauic growth are independent of each other.
By incorporating employment as an additional vdga¥u and Jin (1992) reported that a causal
relationship does not exist between energy consomg@nd economic growth. Stern (1993)
applied bivariate modelling to assess the caushbtyveen energy consumption and economic
growth and reported that energy consumption leadaamic growth. Stern (2000) applied the
production function in a multivariate framework test the effect of energy consumption on
economic growth and found that the variables are cmintegrated. By applying Toda and
Yamamoto’s (1995) methodology, Lee (2006) found #r@ergy consumption leads economic
growth and economic growth leads energy consumgti@miou-Wei et al. (2008) applied linear
and non-linear causality approaches and confirme@mpirical findings reported by Akarca and
Long (1980). Jin et al. (2009) found an insignifitaole of energy consumption in stimulating
economic growth. Similarly, Payne (2009) applied Tloda-Yamamoto causality test to examine
the relationship between energy (renewable andreoewable) consumption and economic
growth and found that economic growth does not €argergy consumption, nor does energy
consumption cause economic grofvth

By applying a bivariate framework, Gross (2012)rfduhat energy consumption and
economic growth stimulate each other, but econognosvth has a stronger effect on energy
consumptio” Ajmi et al. (2013) also reported a feedback ¢ffetween energy consumption and
economic growth. Aslan et al. (2014) conducted wel& analysis to re-examine the direction of
causality between energy consumption and econorowgt. Their empirical results contradicted
the findings reported by Kraft and Kraft (1978), dRiguez-Caballero and Ventosa-Santaularia

3 Soytas and Sari (2006) reported that energy copgamcauses economic growth in the US.

* Narayan et al. (2011) reported that changes inggreonsumption and output are sensitive to permizsteocks in
the US economy.

5 Hatemi-J and Uddin (2012) found unidirectional sality running from a negative shock in energyizdiion to a
negative shock in output per capita.



(2016). The authors applied the Toda and Yamani®i85) causality test and found that energy
consumption and economic growth are complemen@oyversely, Mutascu (2016) confirmed
the empirical evidence reported by Akarca and LA@80), Yu and Hwang (1984), Yu and Jin
(1992), Stern (2000), Chiou-Wei et al. (2008) aagrte (2009) that a neutral effect exists between
energy consumption and economic growth. RecentbytKdis et al. (2018) reinvestigated the
association between energy consumption and seaoaomic growth by applying threshold
cointegration approach for long run over the peabdanuary 1991 to May 2016. Their empirical
evidence confirms neither sectoral economic growsdlises energy consumption or energy
consumption causes sectoral economic growth buggr®nservation hypothesis is validated at
national level.

For theCanadian economy, Ghaliand El-Sakka (2004) employed a prool function to
examine the relationship between energy consumptiwheconomic growth by including labor
and capital as additional determinants of econarogvth. They found that energy consumption
is an important factor in domestic production ahdt ta feedback effect exists between energy
consumption and economic growth. Lee (2006) cordarntihe presence of unidirectional causality
running from energy consumption to economic grothnversely, Soytas and Sari (2006) found
that energy consumption (economic growth) leads@cuc growth (energy consumption). Later,
Rodriguez-Caballero and Ventosa-Santaularia (26agported the empirical findings of Soytas
and Sari (2006) that energy consumption causesoesgcngrowth, but in addition, economic
growth causes energy consumption, which is sintdafjmi et al. (2013), who confirmed the
presence of a feedback effect between the two blagaBy applying a bivariate framework,
Mutascu (2016) reported that energy consumptiosesaeconomic growth.

In case ofrance, Lee (2006) applied the Toda and Yamamoto (19863%ality test to the
energy-growth nexus and found that energy conswmpsi led by economic growth. Similarly,
Soytas and Sari (2006) also reported that econgroieth leads energy consumption. Ajmi et al.
(2013) noted that energy consumption and econoroiety are interdependent, i.e., the feedback
effect holds. Conversely, Arouri et al. (2014) apglthe asymmetric Granger causality to test the
direction of the causal relationship between enauntlzation and economic growth. Their
empirical analysis indicated that energy utilizatasymmetrically leads to economic growth. For
the German economy, Lee (2006) reported a neutral effect betwenergy consumption and

economic growth. However, Soytas and Sari (200@icoed the presence of unidirectional



causality from economic growth to energy consunmmptwhich was also confirmed by Ajmi et al.
(2013). In contrast, Mutascu (2016) found that gneonsumption (economic growth) does not
cause economic growth (energy consumption).

In the Chinese economy, Wang et al. (2011) employed a producfiomction in a
multivariate framework by incorporating capital dator as additional determinants of economic
growth to assess the linkages between energy cgrisgumand economic growth. They found that
energy consumption plays an important role, likpitedh and labor, in stimulating economic
growth. Their causality analysis indicated thatremuic growth causes energy consumption.
Shahbaz et al. (2013) reinvestigated the associdgtween energy consumption and economic
growth by incorporating additional determinant®,,i.financial development and trade in the
production function. Their empirical results confithat energy consumption stimulates economic
growth. Furthermore, they reported that energy eonion causes economic growth, but the
opposite is not true in a Granger sense. In cantrbererias et al. (2013) reported that energy
consumption is a cause of economic growth. Jalil Baridun (2014) employed a production
function by incorporating labor to examine the irtpaf energy consumption on economic
growth. They reported that labor strengthens thegiomship between energy consumption and
economic growth and that energy consumption leadsamic growth. Tang et al. (2016) applied
a multivariate framework to re-examine the relagiip between energy consumption and
economic growth by incorporating exports in thedquation function. They reported that energy
consumption significantly contributes to economiovwgh. In the case ofndia, Paul and
Bhattacharya (2004) applied the Granger causadsy and reported that energy consumption
causes economic growth and conversely, economiwtgr@auses energy consumption. In
contrast, Zhang (2011) found that neither energysamption causes economic growth nor
economic growth leads energy consumption. Yang ZAmab (2014) reported that the growth
hypothesis is valid, i.e., economic growth is lgddmergy consumption. Recently, Nain et al.
(2018) applied Toda—Yamamoto causality test andrted that economic growth is cause of
energy (electricity) consumption is short run.

In the case ofRussia, Zhang (2011) examined the relationship betweeargsn
consumption and economic growth by including camtal labor as additional determinants of
economic growth. The empirical analysis indicateat the two variables are cointegrated and that

energy consumption leads economic growth, and rin, teconomic growth also leads energy
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consumptiof. Faisal et al. (2016) re-examined the causalitiwben energy consumption
(electricity consumption) and economic growth ower period from 1990-2011. After confirming
cointegration between the variables, their empigwalence indicated a feedback effect between
electricity consumption and economic growth, buteatral effect was found between energy
consumption and economic growth. In the cas8razil, Cheng (1997) employed a trivariate
production function by including energy consumptiand capital as determinants of gross
domestic product. By applying error-correction mbdg, the empirical results indicated
unidirectional causality running from energy useetmnomic growth. Zhang (2011) reported a
feedback effect between energy consumption andossiargrowth. Pao et al. (2014) investigated
the relationship between energy consumption anchao@ growth by using a bivariate
framework. They found that energy consumption amdseconomic growth, but the causality
analysis confirmed the presence of a feedback tefietween the two variables. Similarly,
Rodriguez-Caballero and Ventosa-Santaularia (2@1€) reported that energy consumption
(economic growth) leads economic growth (energysaamption).

In the case afapan, Cheng (1998) explored the association betweerggnese and real
GNP by including employment and capital as add@lateterminants of the production function.
The empirical results showed unidirectional catgalinning from employment and real GNP to
energy use. By applying Toda and Yamamoto’s (1988&hodology, Lee (2006) reported that
economic growth leads energy consumption, and,|&eytas and Sari (2006) confirmed the
unidirectional causality running from economic gtbvto energy consumption, but Ajmi et al.
(2013) reported a feedback effect between the taowables. In contrast, Mutascu (2016)
confirmed the presence of a neutral effect betvesemgy consumption and economic growth. For
the South Korean economy, Glasure (2002) employed a productiontfandoy including oil
prices to assess the relationship between energuogtion and economic growth. The empirical
results indicated that energy consumption addseo@mic growth and that causality runs from
energy consumption to economic growth. Convers@ely,and Lee (2004) reported that energy
consumption is a cause of economic growth, but Chi@i et al. (2008) reported that energy
consumption does not cause economic growth, nos damnomic growth cause energy

consumption. Yildirim et al. (2014) applied a bdmpped autoregressive metric causality test to

5 Dedeoglu and Pishkin (2014) applied panel cays#&littest the relationship between energy conswnpdind
economic growth in the Soviet Union. They found theonomic growth is a cause of energy consumption.
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examine the relationship between energy consumgtieh economic growth. They found that
energy consumption does not affect economic gromdh,does economic growth affect energy
consumption. Shahbaz et al. (2016) applied timgiugr causality and found that energy

consumption and economic growth are complementary.

3. Profiles of the Top 10 Energy-Consuming Countries

Energy consumption plays a critically importanteroh determining the outlook for
economic development. For the world as a wholerggneonsumption is pushing GDP growth
higher. However, this relationship has divergedssarttially across countries over recent years
(Figure-1). For instance, in the United Statesnectic development (as measured by per capita
GDP) is associated with a slight decline in (pgitzg energy consumption for the period from
2000 to 2015. The same pattern holds in Japan,daaavad Germany. France has also followed
the same pattern since 2009. All of these countiresOECD countries, which indicates that
structural economic shifts, saturation effects effidiency gains have produced a peak in energy
consumption in all OECD countries (IEA, 2016). E¥bere, however, the links between GDP
growth and energy consumption are strong.

In 2015, China was the world’s highest energy coresy followed by the United States,
India and Russia (Figure-2; values are in metms tof oil equivalent). All of the other countries,
i.e., Japan, Germany, Brazil, Korea, Canada andcEraalso consumed high amounts of energy
in 2015 and remained among top 10 energy-consucmoigtries. Energy consumption in the
OECD countries is declining, however, while enecgpsumption in the non-OECD countries is
increasing, particularly in China and India. Acdagito the IEA (2016), the geography of global
energy consumption continues to shift toward In@iina and Southeast Asia as well as parts of
Africa, Latin America and the Middle East. If weoloat the growth pattern of these countries
(Figure-3), we find that in 2015, India had thelegt growth rate, followed by China. In both the
United States and Korea, GDP growth was 2.60 peme2015. These disparities again support
the notion that energy consumption will continushdt toward China and India due to their high
economic growth rates. However, future energy comgion in China and India depends heavily
on their energy efficiency policies, the degreexjansion of their energy-intensive sectors (e.g.,
iron and steel, cement, petrochemicals), and talility to shift from an industrial-oriented

economy toward a services-oriented economy, whsidess energy intensive. Industry’s share of
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China’s GDP is projected to decrease from 42 péroelay to 34 percent in 2040 (IEA, 2016).

Further, structural changes in these economiesnstance, shifts from the use of solid biomass

toward modern fuels, especially for cooking, wib@affect the energy consumption patterns in

these countries.

Figure 1: Patterns of Energy Consumption and Economic Development in Selected Countries
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Figure 3: GDP Growth Rates (%) in the Top 10 Energy-Consuming Countriesin 2015
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4. Data and its Description

The dataset in this study consists of two variglitest is, per capita energy consumption
(kg of oil equivalent) and per capita real Grossrigstic Product (GDP) in constant 2010 US
dollars, which is used as a proxy for economic growth. therempirical analysis, quarterly time
series data are used for the top ten energy-comguoauntries (China, the USA, Russia, India,
Japan, Canada, Germany, Brazil, France and Kase#)d period from 1960Q1 to 2015Q4, which

7 We have taken GDP per capita for all countrieteims of US constant dollar. This is because @oisparable
among countries which have single parity (for nsineilar details, see the recent study of Beckmdrah. 2014). We
are thankful to an anonymous reviewer for raishig tlarity at the time of revision.
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is a total of 224 quarterly observations. Annudhdae collected from the World Bank’s World
Development Indicators (WDI) database. The anreras are then converted into quarterly series
using a quadratic match-sum method. This methadrabkes adjustments for seasonal variations
in the data when the data are converted from leguency into high frequency by reducing the
point-to-point data variations (Cheng et al. 20%bja et al. 2014, Shahbaz et al. 2017). The
guadratic match-sum method is also preferred terottterpolation methods due to its convenient
operating procedure (Shahbaz et al. 2016, 2017).

Table 1 provides the descriptive statistics formeenic growth (GDP per capita) and (per
capita) energy consumption for each country overstample period. The mean values for both
variables are positive for all countries. Canad@isd to be the most highly developed country,
as it has the highest mean value for GDP per c#®j#5.19), which ranges from 4,405.18 to
12,512.29. Similar to Canada, the United States las a high mean value for per capita GDP at
8,651.18, and it fluctuates between 4,243.20 an@¥P229. Japan, Germany and France also have
high per capita incomes; their mean values are977=5 7,473.94 and 7,456.11, respectively. In
contrast, India has the lowest per capita inconith, aZmean value of 168.85 and a range between
78.63 and 462.02. China also has a low per cafgitB® 363.46), whichis not surprising because
China’s economy only gained momentum in the lasade. The standard deviation values show
that per capita GDP fluctuated greatly in Japa88282), followed by the United States
(2,697.60).

With regard to energy consumption, the United Stdtas the highest per capita mean
energy consumption (1,855.69), followed by Canab@82.43) and Russia (1,699.10). These
values reflect the fact that the United States @darand Russia were the highest energy consumers
over the last 56 years. Germany, France and Jalganshow high mean per capita energy
consumption, at 962.96, 860.36 and 767.05, resmdgtilndia has the lowest mean per capita
energy consumption (91.09), and it ranges betwé&eh56and 160.69. The standard deviation
values indicate that energy consumption remainéatil®in Russia (570.24), followed by Korea
(462.49). The results of the Jarque-Bera test tmtistically significant, which indicates that
economic growth and energy consumption are not albyndistributed in any of the countries
except for Brazil, where energy consumption is ralyndistributed. In addition, Augmented
Dickey-Fuller (ADF) unit root test was performeddetermine the order of integration of the time

series. The results of ADF test show that all \es are non-stationary at levels, but they are
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stationary at their first differences. In other d=yrall of the variables are integrated of ordes,on

i.e.,1(1). To account for the issue of structural breaksapplied the Kim and Perron (2009) unit

root test; the results are reported in Table 1.fiviékthat all variables are non-stationary at lsvel

with the intercept and trend in the presence dfuctiral break. After first differencing, all the

series are stationary in the presence of struchuealks. This unit root test also confirms that the

variables have a unique order of integration, (&), Thus, for the empirical analysis, stationary

data are used, and economic growth as well as pwergsumption are converted into their first

differences.

Table-1: Descriptive Statisticsfor Energy Consumption and Real GDP Per Capita

ADF Perror Breal Breal
Mean Minimum Maximum Std. Dev.Jarque-Bera Level ADFA Level Year Perrold Year

Panel A: GDP per capita

China 363.46 32.30 1,640.19 428.28 95.37***  0.5763.618*** -0.043 2007Q: -5.858** 2001Q:
USA 8,651.184,243.20 12,949.29 2,697.60 16.55***  -0.553  -4.252** .2.7371982Q:. -5.085*** 2009Q:
Russia 2,780.65.,370.06 4,459.66 843.41 7.32* -1.952  -3.979%* -2.771@89Q: -5.607** 1994Q:
India 168.85 78.63 462.02 99.67 70.14** 4426 9RB* 3.494 2002Q: -5.078*** 2002Q:
Japan  7,559.72,017.96 11,201.21 2,882.82 20.34**  -2.088 -2.919*  -3.1161983Q: -4.485** 1991Q:
Canada 8,745.19,405.18 12,512.29 2,424.83 11.56**  -1.175 -4.049** -3.0141993Q. -4.921** 2009Q:
Germany7,473.943,427.01 11,327.22 2,329.74 14.62**  -0.748  -4.299** -1.6741984Q: -5.039*** 2009Q:
Brazil 1,906.92 819.35 2,954.27 588.31 6.87* -1.656  -3.550*** -304983Q: -5.365*** 1983Q:
France 7,456.113,207.15 10,451.04 2,251.51 15.29**  -2.148  -3.590** -2.7611987Q:. -4.772** 2008Q:
Korea 2,382.80 56.81 6,292.04 1,979.7321.51** 2,349  -3.231** -1.1761998Q:. -6.247** 1985Q:
Panel B: Energy consumption

Chine 219.5! 62.67 623.37 139.1f 73.66*** 2.58: -2.436* 0.37Z 2008Q: -7.543** 2002Q:
USA 1,855.6¢ 1,398.2¢ 2,112.3. 166.17 58.15*** -3.200** -3.164* -3.92¢ 2007Q: -4.920** 1978Q:
Russia 1,699.10992.43 2,833.01 570.24 20.88*** -1.940 -3.701** 627 1989Q: -5.347** 1995Q:
India 91.09 60.15 160.69 27.66  33.76%** 1.992 -J72 -0.367 2003Q: -4.750** 2003Q:
Japan 767.05 207.50 1,026.66 231.39 33.10*** -2:718-3.027** -3.938 1983Q: -6.688*** 1973Q:
Canada 1,782.43,061.78 2,097.75 270.17 79.38** -3.234** -3.264** -3.666 1966Q. -4.673** 1972Q:
Germany 962.96 487.37 1,175.08 189.94 75.84** -2.676* &8* -3.369 1969Q. -6.077** 1970Q:
Brazil 236.03 103.45  386.49 65.26 0.87 0.349 -3030-2.114 2009Q: -5.173** 2009Q:
France 860.36 422.19 1,076.93 185.41 35.12** -@*%7 -3.237** -3.3351966Q. -4.424** 1973Q:
Korea 576.50 23.76 1,503.51 462.49 21.63*** 1.293 3.230** -0.916 1989Q: -5.274*** 1985Q).

Note: *** ** and * indicate that the value is siditant at the 1%, 5% and 10% levels of significanespectively.

Table 2 provides the correlation coefficients bewenergy consumption and economic

growth for all countries. The values of the cortiela coefficients show that both variables are

highly positively correlated with each other in@untries. The highest correlation value is found
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in Korea (0.99), followed by China (0.98), India.98) and Brazil (0.98). The correlation

coefficients are also high in Japan (0.93), Rug8i82) and France (0.92). For Canada, the
correlation value is also relatively high, i.e.7®. For Germany, the value is 0.53, and for the
United States, it is 0.34, which is a low valueisTtesult implies that energy consumption and
economic growth are highly correlated in almostcallintries. These correlation values are also
highly statistically significant, as the p-valudstioe correlation coefficients are less than 0.01,

which indicates that the values are statisticatipisicant at 1 percent level of significance.

Table-2: Correlation between Energy Consumption and Income

Countries Correlation t-value p-value
China 0.98922 100.6452 0.00000
USA 0.34990 5.565160 0.00000
Russia 0.92586 36.50784 0.00000
India 0.98756 93.58673 0.00000
Japan 0.93708 39.994224 0.00000
Canada 0.78305 18.75900 0.00000
Germany 0.53337 9.395048 0.00000
Brazil 0.98133 76.02168 0.00000
France 0.92085 35.18850 0.00000
South Korea 0.99566 159.3960 0.00000

Note:* indicates that the value is statisticallgrsficant at the 1% level of significance.

5. Methodology

In this section, the key features of the model gpation of the quantile-on-quantile (QQ)
approach recently suggested by Sim and Zhou (2&5)ised to study the relationship between
energy consumption and economic growth in the¢agenergy-consuming countries of the world.
The QQ technique is a generalization of the propageantile regression model, and it has been
utilized in the field of applied economic growthda@nergy economics to empirically investigate
how the quantiles that emerge from a variable affex conditional quantiles of another variable.
The QQ approach is theoretically believed to bectirabined product of a conventional quantile
regression and nonparametric estimations. Firstctimventional quantile regression technique
proposed by Koenker and Bassett (1978) is useddesa the impact of an explanatory variable
on different quantiles of a dependent variable.o8dcthe quantile regression technique is also
accepted as an extension of the classic lineaessgm model (CLRM). Similar to the ordinary
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least squares (OLS) methodology, the quantile ssgwa approach ideally explores the impacts
of an independent variable on a dependent varattileth the top and bottom quantiles of a given
distribution, thereby enabling us to judge the cohpnsive relationship between the variables
across different time periods. Third, the locatinregression technique proposed by Stone (1977)
and Cleveland (1979) is used to examine the |déatts of a specific quantile of the independent
variable on the dependent variable. Additionalhg tocal linear regression technique strongly
avoids the “curse of dimensionality,” which is tloaly problem that is associated with
nonparametric model estimations. Moreover, the ragimof this local linear regression technique
is to determine a linear regression locally arotimel neighborhood of each data point in the
sample, and it provides higher weights to each gaiat's immediate neighbors. Thus, the
combined use of both approaches enables us toatstthre relationship between various quantiles
of the independent and dependent variables, atiteiefore provides richer information than

alternative estimation technigues such as OLS ovextional quantile regression.

The QQ approach used in this study to model thectffof the quantiles of economic
growth (energy consumption) on the quantiles ofrgneonsumption (economic growth) for a

country starts with the following nonparametric giile regression equation:

EC, = B°(GDP,) + u? (1)

whereEC; denotes energy consumption per capita (kg of ailvadent) of a country at peridad
GDP: denotes real GDP growth per capita of a countrgesitodt, 6 is thedth quantile of the
conditional distribution of energy consumption papita, and:f is the quantile residual term
whose conditionafith quantile is assumed be zepd.(:) is an unknown function because we lack

prior information on the relationship between egergnsumption and economic growth.

This quantile regression model helps us to empiyicaxplore the varying effects of
economic growth across different quantiles of emergnsumption per capita for the top ten
energy-consuming countries of the world. Flexipilis the main underlying advantage of this
regression specification, which normally capturée functional form of the dependency

relationship between energy consumption and ecangroivth in the sample countries. However,
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the quantile regression model does not take intowd the nature of large and small positive
shocks arising from economic growth that may atgluence the inter-relations between energy
consumption and economic growth. The effect of dapgsitive economic growth shocks on
energy consumption may be different from the eftdctmall positive economic growth shocks.
Finally, the asymmetric effects of economic growthn energy consumption could possibly be

responses to both negative and positive shocks@fi®m economic growth.

Moreover, the local linear regression is used @m@re equation-1 in the neighborhood of
GDP* for the purpose of establishing the relationshigween theéfth quantile of energy
consumption and thah quantile of real GDP per capita. Given the unknaatue ofs? (), the
regression function can be expanded via a firgtroféylor expansion around a quantilez@fP*

in the following way:
BY(GDP,) ~ B9(GDPY) + B% (GDP?)(GDP, — GDP™) )

Whereﬁ"' is the partial derivative of?(GDP,) with respect t&GDP, describing it as a marginal
effect. However, it reflects a similar interpretettito the slope coefficient in a linear regression

modeling framework. A telling feature of equations2that it recognizes both andz as dual
indexed parameters that are represented in thewiolt) form, such aSB(GDPT)andﬁ"'(GDPT).
In addition,3 (GDP™) andB? (GDPY) are functions of and are followed bgDP* andGDP as
a function ofr. Hence, this indicates thaf (GDP?) andﬁel(GDPT)are both functions of andz.

Additionally, 8 (GDPT) andB® (GDP%)can be declared & (6,7) andB, (8,1), respectively.
Accordingly, the modified equation-2 can be repnése as:

B°(GDP,) = B4(6,7) + B1(6,7)(GDP, — GDPT) (3)
By substituting equation-3 into equation-1, we\arat equation-4 as follows:

EC, = By(0,7) + B1(6,7)(GDP, — GDPT) + u? (4)
)
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The part (*) of equation-4 is th#th conditional quantile of energy consumption peritzap
Similar to a standard conditional quantile functitimee given formula in equation-4 reflects the
true relationship between thth quantile of energy consumption and tttequantile of real GDP
per capita. The quantile relationship between gneamsumption and economic growth is truly
established because of the parameggrandp,, which are doubly indexed it andz. These
parameters may vary depending uporthaejuantiles of energy consumption and4tieguantiles
of real GDP per capita. Hence, the method estaddiginly a linear relationship between the
guantiles of the variables. Thus, the overall depene structure between energy consumption
and real GDP per capita is also established intemuid through the linking of their respective

distributions.

Finally, equation-4 claims to replaé® P, andGDP*with its estimated counterpait® P,
andGDP*®. The local linear regression’s estimated pararaéteandb; are the estimates of,

andp, and are further obtained by estimating the follgyuminimization problem:
min Y, po[EC, — by — by (GDP, — GDP™)| K (@) (5)
bg,b1 h

wherep, (w) is the quantile loss function representedp@@) = u(6 — I(u < 0)), andl is
denoted as the usual indicator functiffig:) denotes the kernel function, ahds the bandwidth
parameter of the kernel function. Although Gaus&amel functions are widely used in applied
economic and financial applications due to thempatational simplicity and efficiency, their
main objective is to weigh the observations in ttegghborhood o&;DP*. From a theoretical
landmark point of view, the Gaussian kernel apptat®e symmetric around zero, and it assigns
minimal weights to observations that are furtheayawl hese weights are inversely related to the

distanced observations among the distribution foncof GDP;, which is represented by
F,(GDP,) = %Z}\}:lI(G/D\Pk < GDP,), and produces the value of the distribution fuorctihat

eventually links with the quantil@DP?, reported by.

The use of a nonparametric estimation approach sntie choice of bandwidth more

critical. Because the bandwidth approach oftenrdetess the size of the neighborhood around
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the target point, it indicates the smoothness efrésulting estimate. More specifically, a larger
bandwidth will produce a strong bias in the estamatand a smaller bandwidth will lead to
estimates with a higher variance. Therefore, thmocehof bandwidth is very important for this

study, as it often provides a balance between thg &nd the variance. Following the recent
methodological approach of Sim and Zhou (2015)usethe bandwidth parameter= 0.05 for

our analysis.

6. Empirical Results
6.1. Quantile-on-Quantile Estimates

This section presents the main empirical resulthefQQ analysis between economic growth
and energy consumption for the world’s top ten ggeronsuming countries. Figure 4
displays the estimates of the slope coefficigi(¥, r), which captures the effect of thth
guantile of economic growth in real GDP per cap&aergy consumption) on tié¢h quantile

of energy consumption (economic growth) at différemlues off andr for the ten countries
under consideration. Figures (1-5) reveal some mamb results. It is also evident from the
figures that the relationship between economic ghoand energy consumption is not the
same for all countries. Rather, there is considerbbterogeneity among countries regarding
the energy-growth nexus.

In China, a negative effect of economic growth on energy aomgion is found in the
area that combines the lower to upper quantilesnefrgy consumption (0.05-0.80) with the
lower to upper quantiles of economic growth (0.095). A strong positive effect of economic
growth on energy consumption is found at the lowpsintiles of economic growth (0.05-
0.70) and at the highest quantiles of energy comsiom (0.80-0.95). A somewhat strong
positive effect is also found at the highest quastiof both economic growth and energy
consumption. The effect of energy consumption oonemic growth is positive for all
guantiles of both economic growth and energy comdion. The effect of energy
consumption on economic growth is very low at lowaqtiles of energy consumption and

low to high quantiles of economic growth. Howeudiis effect is strong at medium quantiles

8 A number of alternative values of the bandwidtliehbaeen also considered, but the results of thmason remain
qualitatively the same.
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of economic growth, then becomes weak at middlentjles and again becomes strong at high
guantiles of economic growth. This finding suggestst a sharp decline in energy
consumption due to energy conservation policidsgtt levels of economic growth seems to
have an important downward effect on the Chinesgall’economy. In general, these results
reveal that it is energy consumption that affeatsn®mic growth, while economic growth
has little effect on energy consumption. Technicalpeaking, we may conclude that energy
consumption leads economic growth. This result sugpthe findings of Wang et al. (2011),
Shahbaz et al. (2013), Jalil and Feridun (2014) &adg et al. (2016), who reported that
energy consumption leads economic growth, althoHghrerias et al. (2013) noted that
economic growth leads energy consumption.

In the USA, the effect of economic growth on energy consumptgpositive for all
guantiles of both variables. This positive effextvery strong at low quantiles of economic
growth (0.2-04) and moderate to high quantiles pnérgy consumption (0.50-0.95) but
becomes very weak at high quantiles of economiavgro This result implies that at high
levels of economic growth, demand for energy aspaot decreases in the USA. Thus, in the
United States, either technology has become fdlieft or the production of goods has been
shifted to less energy-intensive sectors, which #esreased energy demand. The result
corroborates the notion that structural economiftstsaturation effects and efficiency gains
have produced a peak in energy consumption in tBEMcountries (IEA, 2016). The effect
of energy consumption on economic growth is alssitpee for all quantiles of both energy
consumption and economic growth. However, thisaffe somewhat strong only at the high
guantiles of both variables. These results revieal there is not such a strong relationship
between these two variables in the USA. Previou&bktan et al. (2014) also found mixed
results regarding the association between econgmiwth and energy consumption in the
USA using wavelet analysis. Our results do not supthe findings of Ajmi et al. (2013) that
there is a feedback effect between economic granthenergy consumption in the USA, but
they are consistent with Akarca and Long (1980),arid Hwang (1984), Yu and Jin (1992),
Stern (2000), Chiou-Wei et al. (2008), Payne (20&¥8J Mutascu (2016).

In Russia, the effect of economic growth on energy consumptis positive and
somewhat interesting. The effect is strong onlthatmiddle quantiles of per capita real GDP

(0.4-0.6) and energy consumption (0.6-0.8) andhatgeak quantiles of both per capita real
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GDP and energy consumption. The main exceptiorhéogenerally poor energy-economic
growth nexus is located in the area that combiheddwer to middle quantiles of economic
growth (0.2-0.6) with the highest quantiles of eyyeconsumption (0.8-0.95). The relatively
high positive relationship observed in the remagniegion can be interpreted in the sense
that a sharp increase in economic growth seemsd@ase energy consumption in Russia.
The effect of energy consumption on economic groistisame as the effect of economic
growth on energy consumption. However, the strenfithis effect has decreased. The effect
of energy consumption on economic growth is modgyastrong only at high quantiles of
both energy consumption and economic growth. Tasult implies that conserving energy
use at high levels of economic growth will dampexreomic development in Russia. In
generic terms, the results reveal a feedback efffevteen energy consumption and economic
growth at high quantiles. This finding contrastshathe findings of Faisal et al. (2016), who
found no causality between growth and energy comsiom and supported the neutrality
hypothesis, but the findings are similar to tho§&leang (2011), who reported that energy
consumption and economic growth are complementary.

In India, the effect of economic growth on energy consumpts very small or even
negative at low quantiles of per capita real GDRisTresult implies that there is seemingly
no significant effect of economic growth on eneapnsumption at low levels of economic
growth. However, this effect becomes positive aady\strong at high quantiles of economic
growth. This result supports the actual situatiorindia, which has experienced economic
development in recent years that has increaseceieegy demand. The effect of energy
consumption on economic growth is high at mediumhtgh quantiles of both energy
consumption and economic growth and becomes maeanthigh quantiles of energy
consumption. These results indicate that energyswmption is an important input for
economic growth in India. This empirical evidenseconsistent with Yang and Zhao (2014)
but contradicts the findings of Paul and Bhattaghg2004) and Zhang (2011), who reported
a feedback effect and a neutral effect between @oon growth and energy consumption,
respectively.

In the case ofapan, the effect of economic growth on energy consumpis positive
for all combinations of quantiles of energy constimp and real GDP per capita. A weak

positive effect of economic development on energgstumption is found in the area that
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combines low quantiles of economic growth (0.2000.&nd low to intermediate quantiles of
energy consumption (0.20-0.80). However, a stroagitive effect is observed in the area
combining intermediate to upper quantiles of ecoirogrowth (0.6-0.95) and the upper
guantiles of energy consumption (0.80-0.95). Theliiigs suggest that energy demand in
Japan is decreased during periods of low econoraweldpment, while it is high during
periods of a booming economy. Thus, the relatigndietween energy consumption and
economic growth in Japan is not stable over timathBr, it depends on general business
conditions and major economic events. These residtaonstrate that in Japan, energy
consumption and economic growth have positive ¢fé@ceach other at their upper quantiles,
which supports the previous findings of Ajmi et @013) and Mutascu (2016) but contrasts
with Cheng (1998), Lee (2006) and Soytas and S2006¢), who reported that economic
growth leads energy consumption and energy consomfgads economic growth.
Interestingly, the effect of energy consumptionemonomic growth is more or less
the same. The effect of energy consumption on grasvpositive throughout the sample. This
positive effect is weak at low quantiles of eneogysumption (0.10-0.40) and intermediate
to high quantiles of economic growth (0.50-0.95hwver, the effect becomes very strong
at upper quantiles of both energy consumption asmhemic growth. These results indicate
that both economic growth and energy consumptiensénongly correlated, but only at their

high quantiles, and decreasing energy consumptidrdecrease growth and vice versa.

Figure 4: Quantile-on-Quantile (QQ) estimates of the slope coefficient, £(0, T)
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For theCanadian economy, the effect of economic growth on energysamption is
predominantly positive but weak at middle quantdégconomic growth (0.50-0.60) and middle
to high quantiles of energy consumption (0.6-0.3%wever, it becomes strong for middle
guantiles of economic growth (0.60-0.80) but ags@nomes substantially weak at high quantiles
of economic growth (0.80-0.95). This result medmst tsimilar to the USA, Canada has also
become a fuel-efficient economy, which has decrtdbe energy demand. The result again
supports the view that structural economic shdturation effects and efficiency gains have
produced a peak in energy consumption in the OE@htries (IEA, 2016). The effect of energy
consumption on economic growth follows the samé¢epatas the effect of economic growth on
energy consumption. The effect of energy consumgptio economic growth is somewhat strong
at middle quantiles of both energy consumption ecmhomic growth before becoming weak at
the upper quantiles of both variables. This resgédin validates the previous notion that energy is
no longer an important input for economic developtie Canada. In generic terms, these results
show that economic growth and energy consumptitmance each other at their middle quantiles.
In other words, there is a feedback effect betwtbese two variables at their middle quantiles.
These results support the findings of Ghali an&&htka (2004), Soytas and Sari (2006), Ajmi et
al. (2013), Rodriguez-Caballero and Ventosa-Saatiaul(2016) and Mutascu (2016), who
reported a feedback effect between economic granthenergy consumption, but Lee (2006)

found that economic growth is a cause of energgwamption and vice versa.
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The effect of economic growth on energy consumpggositive inGer many. The effect
is weak at low quantiles of economic growth andobees relatively strong at upper quantiles of
economic growth, which means that energy consumpias become a major driver of the German
economy at high levels of economic growth. The effgf energy consumption on economic
growth is very strange. It is not only weak bubategative for low to middle quantiles of energy
consumption (0.20-0.70) and high quantiles of eocunagrowth (0.90-0.95). However, a high
positive effect of energy consumption on econommagh is found at upper quantiles of both
variables, which again supports the notion thatggnkas become an important input, but only at
high levels of growth. Overall, the results showtth is economic growth that mainly affects
energy consumption, not the other way around. €kelts validate the findings of Soytas and Sari
(2006) and Ajmi et al. (2013), who confirmed thegence of energy conservation hypothesis. In
contrast, Lee (2006) and Mutascu (2016) reported gresence of a neutral effect between

economic growth and energy consumption.

There is a positive association between econonoevir and energy consumption in
Brazil. The positive effect of economic growth on enecgpsumption is strong only at middle
guantiles of economic growth (0.55-0.65) and middleipper quantiles of energy consumption
(0.60-0.80). The weakest effect is found at higardiles of economic growth (0.80-0.95) with all
guantiles of energy consumption. In contrast, theakest effect of energy consumption on
economic growth is found at low to middle quantiidsenergy consumption (0.30-0.75) and the
middle to upper quantiles of economic growth (006%5). The effect of energy consumption on
growth becomes strong at the upper quantiles df atiables. The results suggest that energy
consumption loses its status as a key driver afi@enc growth in times of a buoyant economy in
Brazil. The intuition is that Brazil has obtainedeegy efficiency technology with its economic
development, and it has shifted to production &slenergy-intensive sectors. This empirical
finding contrasts with Cheng (1997), Zhang (20H30 et al. (2014) and Rodriguez-Caballero
and Ventosa-Santaularia (2016), who reported thaitgy sources should be explored to sustain

long-term economic growth.
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The effect of economic growth on energy consumpisithe same irFrance as in
Germany. The effect of economic growth on energysamption is weak at low quantiles of
economic growth, while a relatively high effectfeind in areas combining high quantiles of
economic growth and energy consumption. This resiggests that the economy of France does
not excessively depend on energy consumption. Tfeetef energy consumption on per capita
real economic growth is weak at low quantiles afrgy consumption (0.30-0.40) and at middle
to upper quantiles of economic growth (0.60-0.9%)s effect becomes somewhat strong at high
guantiles of energy consumption (0.80-0.90) andbbs weak at upper quantiles of energy
consumption (0.90-0.95). The results again inditiaé¢ energy consumption plays little role in
economic development in France. These results iasgndlar from the findings of Ajmi et al.
(2013) that a feedback effect exists between enswggumption and economic growth in France.
This empirical evidence is similar to the findingsLee (2006) and Arouri et al. (2014), who
reported that energy consumption is a major comoibto economic growth.

The association between energy consumption andoegdorgrowth is positive irsouth
Korea. The effect of economic growth on energy consuompis very weak for all quantiles of
economic growth and energy consumption. The weaktgtonship is observed in the region that
combines intermediate to high quantiles of energysamption (0.55-0.95) with the lowest to
highest quantiles of real GDP growth (0.20-0.95)wdver, a moderate link is found between
these two variables for lower quantiles of energpsumption (0.20-0.45) with the lower to
highest quantiles of economic growth (0.20-0.9%)e &ffect of energy consumption on economic
growth is weak for the lower to upper quantileepérgy consumption (0.20-0.95) and the lower
to middle quantiles of economic growth (0.35-0.809 becomes strong for the upper quantiles of
economic growth. These results indicate that enasgguch is not an important input for economic
development in South Korea. This empirical findimgimilar to those of Chiou-Wei et al. (2008)
and Yildirim et al. (2014) but contrasts with Shahlet al. (2016), who reported the presence of a
feedback effect between the two variables. FurtbeemGlasure (2002) noted that energy
consumption plays an important role in stimulagegnomic growth in South Korea, but Oh and
Lee (2004) found that economic growth leads eneompgsumption.

The differences in the results may be attributethtd that the different countries are in

different phases of economic development. Furthesmine different countries have different
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production capacities and energy supply constraiitsreover, within each country, sizeable
variations of the slope coefficient are observadsx different quantiles of economic growth and
energy consumption. This finding suggests thatitikage between economic growth and energy
consumption is not uniform across quantiles, aselagionship depends on both the sign and size
of economic growth in a country and the specifiag#h of the economic cycle the country is
experiencing. It is also worth noting that ignorsigch heterogeneity across countries could lead

to inaccurate inferences.

6.2. Checking the Validity of the QQ Method

The QQ approach can be viewed as a method thatgeses the estimates of the standard
guantile regression model, thus enabling spec#tomates to be obtained for different quantiles
of the explanatory variable. In the framework of gresent study, the quantile regression model
is based on regressing thth quantile of real GDP per capita on energy consiommnd vice
versa; hence, the quantile regression parameteady indexed by. However, as stated earlier,
the QQ analysis regresses thie quantile of energy consumption on title quantile of real GDP
per capita; therefore, its parameters are indeydabth# andz. Thus, the QQ approach contains
more disaggregated information about the energy#irdink than the quantile regression model
because the relationship is perceived by the QChadets potentially heterogeneous across

different quantiles of economic activity.

Given this property of decomposition that is infmr® the QQ approach, it is possible to
use the QQ estimates to recover the estimatestireratandard quantile regression. Specifically,
the quantile regression parameters, which are iodigxed byd, can be generated by averaging
the QQ parameters alongFor instance, the slope coefficient of the quanmegression model,
which measures the effect of real GDP per capittherdistribution of energy consumption and

is denoted by, (6), can be obtained as follows:

y1(0) = f1(6) = ;% 1 (6,7) (6)

where S=17 is the number of quantites [0.10, 0.15, ..., 0.90] considered.
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In this context, a simple way to check the validifythe QQ approach is to compare the

estimated quantile regression parameters with-tineeraged QQ parameters. Figure 5 plots the

guantile regression and the averaged QQ estiméties slope coefficient that measures the impact

of real GDP per capita on energy consumption aadntpact of energy consumption on real GDP

per capita for all of the countries under analysis.

Figure5: Comparison of Quantile Regression and QQ estimates
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Note: The graphs display the estimates of the stahduantile regression parameters, denoted byd@®Riquous
black line), and the averaged QQ parameters, deénnteQQ (dashed black line), at different quantidésenergy
consumption and economic growth rates for all coestexamined.

When we consider the effect of economic growth nergy consumption, the graphs in
Figure 5 reveal that the averaged QQ estimatekeoElope coefficient are very similar to the
guantile regression estimates for all countriesé€pk China and South Korea), regardless of the
guantile considered. In China and South Koreafrdred of the QQR lines is the same as the QR
line, but the values are somewhat different. Thépbical evidence provides a simple validation
of the QQ methodology by showing that the mainuesd of the quantile regression model can be
recovered by summarizing the more detailed infoionatcontained in the QQ estimates.
Therefore, Figure 5 largely confirms the resultthefQQ analysis reported earlier. First, the effec
of economic growth on energy consumption is coesibf positive across quantiles for all

countries. A negative effect of economic growth emergy consumption is only found for
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intermediate to upper quantiles of energy conswnpin China (0.35-0.85) and at very low
guantiles in India (0.15-0.25). This result agaipgorts the results of Figure 4. Second, a notable
heterogeneity across countries and across quantithén each country in terms of the link
between energy consumption and real GDP growthsis abserved. The largest effects of
economic growth on energy consumption in ChinaUBé\, Canada and Brazil are found at the
lowest quantiles of their respective distributiafi®nergy consumption. This result indicates that
energy is not an important input in these countr@ssenergy demand decreases with increased
economic growth in these countries. However, im@henergy demand increases at high quantiles
of economic growth. In turn, the largest effectseobnomic growth on energy consumption in
Russia, India. Japan, Germany, France are foutiteahtermediate to upper quantiles of their
respective distributions of energy consumption.sTimding suggests that demand for energy
consumption is high in these countries when ecoaarowth is also high, which indicates that
energy is an important input for economic growthlthese countries because economic growth
increases the demand for energy. In South Koreaftkct of economic growth on energy demand
is lowest at the extreme (very low and very higlgiles. The highest effect of economic growth
on energy demand is found at the middle quantifesnergy consumption. This result clearly
supports the EKC hypothesis, i.e., energy demaoases with increases in economic growth;
however, when economic growth reaches a threskuokl,lenergy demand starts to decline.

A similar interpretation holds when we consider #féect of energy consumption on
economic growth. The graphs indicate that the ayest®Q estimates of the slope coefficients are
almost similar to the quantile regression estimédeall countries, except for Germany and South
Korea, where the trend of the QQR lines is santb@®R line but the values are different. These
results again validate the QQ methodology. Thiplgial analysis endorses our previous findings
that the effect of energy consumption on economawth is positive across quantiles of all
countries. A negative effect is found only for lguantiles (0.05-0.10) of economic growth in
China. Further, the results are heterogeneoussacmsitries and quantiles within each country.
In terms of the magnitude of the coefficients,ltrgest effect of energy consumption on economic
growth is found in Russia, Brazil and South Kor&aelatively high effect is found in the USA,
India, Japan, and Canada, while a low effect isidomn China, Germany, and France. The effect

of energy consumption on economic growth decreasésgh quantiles of economic growth in
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Russia, India, Canada, Brazil and France. Thidtreglicates that after a certain level of economic

development, energy demand decreases in theseiesunt

7. Conclusion and Policy I mplications

This paper empirically examines the energy-growthrilinkages for the top ten energy-
consuming countries using quarterly data for thdogdefrom 1960-2015. The Quantile-on-
Quantile (QQ) approach, recently developed by Sweh Zhou (2015), is used for the analysis
because it allows one to estimate how differenintles of economic growth affect different
guantiles of energy consumption, thereby providingiore precise description of the overall
dependence structure between energy consumption emotdomic growth compared to
conventional techniques such as OLS or quantileessgpn.

Our empirical results show that the relationshipMeen economic growth and energy
consumption is mainly positive for all countriedthaugh there are wide differences across
countries and across different quantiles of econ@rowth and energy consumption within each
country. The heterogeneity among countries in thergy-growth nexus can be attributed to
differences in the relative importance of energwmsnput in economic growth of each country,
the technical efficiency of each country, each ¢t production capacity constraints, and the
possible negative externalities caused by energyuwuaption (carbon emissions) in some
countries. In particular, a negative effect of emoit growth on energy consumption is observed
for some quantiles in China, India, Germany anché€ga probably because of the decreased
importance of energy as an input at low levelsaaim®mic activity in these countries. Similarly,
a negative effect of energy consumption on econgnaiw/th is found for some quantiles of China,
Japan, Brazil and South Korea. Furthermore, therbgéneous effect of economic growth (energy
consumption) on energy consumption (economic grpwtidifferent countries indicates that the
energy-growth link depends on both the phase oétlemomic cycle, technical efficiency and the
relative importance of energy as an input in ecanagrowth. In this respect, for some countries,
such as, Russia, India, Japan, Germany, Francendisé pronounced linkage between energy
consumption and economic growth is found only duperiods of high economic growth.

The empirical evidence presented in this study ihgsortant implications for policy
makers, who should take into account the spectimsp of the economic cycle when designing

energy conservation and environmental policiesciiipally, energy conservation policies might
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be beneficial in some countries during periodscoh®mic downturn because energy conservation
policies during economic booms will thwart thesarmies’ economic growth. Thus, energy is an
important input for economic development in thegsantries. The issue of global warming and
environmental degradation can be mitigated by ukdsg fossil fuels and more renewable energy
resources. Further, increase in energy prices wenddurage the more parsimonious and efficient
use of energy, which would help to reduce the negatxternalities of energy consumption.
Consequently, increase in energy prices would la¢dp the governments of the top ten energy-
consuming countries to reduce the excessive usnefgy in order to create higher economic
growth and development, which is required to enbahe income-earning potential and living
standards of their citizens. This would furthemtes lowering both the debt service burden and
the huge import bills of the top ten energy-consygncountries in the world. Moreover, the
efficient use of energy would also certainly hédip top ten energy-consuming countries to reduce
the overwhelming pressure of their debt servicedbrarand huge import bills on their foreign
exchange reserves.

On a final note, the results of this study alsoehesuntry-wide policy implications. The
negative/low effect of economic growth on energystonption at lower quantiles for China,
India, Germany and France reflects the fact thatggnuse at lower stages of production is a lower
priority, and greater attention is paid to energgsumption when the pace of economic growth
intensifies at higher levels of production. Thispbmenon demonstrates that these countries use
excessive energy as a potential resource to genhrgher economic growth and prosperity.
Although these countries benefit from the perspeadf higher economic growth, it comes at the
cost of environmental quality due to excessive gne@onsumption. From a policy standpoint,
policy advisers in these countries should not delsign their energy conservation policies in order
to protect their environmental quality because spalicies will only undermine the pace of
economic growth. Policy makers tend to believe thlatver economic growth will hinder
developmental projects and will also not enhaneeitikome-earning potential of their citizens.
The only way out for these countries is to use gyarore efficiently to produce higher economic
growth. In doing so, it can be expected that thérenmental consequences of excessive energy
use will be better controlled in these countries.

Furthermore, the negative/low effect of economiowgh on energy consumption in the

United States, Canada, Brazil and South Koreaeahitjhest quantiles of their economic growth

39



indicates that energy demand decreases with thease in economic growth as these countries
have become energy efficient. From a policy perspechis study suggests that the governments
of these countries should maintain this momenturaffi€ient energy use in promoting higher
economic growth and also for achieving greater remvhental quality. On the other hand, a
negative/low effect of energy consumption on ecaoagrowth is found for China, Japan, Brazil
and South Korea at lower quantiles of energy comsiom. This result implies that at low levels
of energy consumption, economic growth is low. Hegrewhen energy consumption increases,
economic growth also increases in these count@e&n the pronounced and higher correlation
between energy consumption and economic growthase countries, policy makers should
consider energy as a potential resource in enhgregonomic growth when designing growth
policies. On a final note, this study leaves ugrdilé research gap about the impacts of energy
prices, geo-political uncertainty, imported enerfgyeign growth and economic growth on energy
consumption (energy intensity) in energy demandtion. Though this unaddressed gap has been
emphasized by the studies of Belke and Gocke (28@%)Beckman and Czudaj (2013) and which
is also beyond the scope of present study, buant lme empirically investigated within both
multivariate time series models and panel framew@r& can also consider global liquidity role
following Belke and Dreger (2013) and Belke et(@aD14a) while investigating energy demand
function as international oil prices and globalljty may lead energy prices which ultimately
affects energy demand. Last but not a least, exgghaste dynamics may effect spot and future

energy demand under various exchange rate reguggested by Belke et al. (2014b).
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