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Abstract: By using quarterly data over the period 1970Q1-2015Q4, this paper examines the
dynamic causal relationship between globalisation and energy consumption by using rolling
and recursive rolling Granger causality methods. This study is pioneering effort to examine
the dynamic causal relationship between globalization and energy consumption using time-
varying Granger causality tests for 20 top and bottom globalized economies. The empirical
results reveal that, the dynamic causality relationship between globalisation and energy
consumption is time-varying. Although, causal relationship could not be observed for some of
the study periods, bidirectional causality is found in many sub-samples. From the empirical
findings, we observe that unidirectional causality running from globalisation to energy
consumption has grievous impact on trade and environmental quality. In general, our
empirical results resonate with the previous findings of globalisation-energy driven
hypothesis, with significant policy implications for top and bottom globalized countries.
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1. Introduction

In the past, it was the case that most national economies were relatively self-contained but not
even in the part of cross-border transaction of goods, services and energy which are required
for their development (Shahbaz et al. 2017). With massive globalisation of the 21 century,
most of the economies are interconnected socially, economically and politically (Shahbaz et

al. 2015). Globalisation is understood as a worldwide phenomenon that affects socio-



economic and political aspects of human life. It also enhances prosperity of a nation via trade,
capital flows and diffusion of culture and public policies (Shahbaz et al. 2017). Given that
there are notable reasons why one would be interested in studying the causal linkage between
globalisation and energy consumption in developed countries. The globalisation has also been
a steppingstone for the growing linkage between economic activity and energy consumption.
On account of growing globalisation with scale effect, nations are highly interconnected and
desperate to compete with each other by expanding their economic activity. The increased
economic activity requires more usage of energy which has larger environmental
consequences in terms of global warming and climate change. This concludes that energy
consumption is the cause of increased economic activity via the stimulating role of
globalization (Cole, 2006). In line with technique effect, globalization enables economies to
reduce the usage of energy by importing advanced low-cost energy-saving technology into the
consumption and production activities (Dollar and Kraay, 2004). In a similar vein, Antweiler
et al. (2001) argued that the use of low-cost energy-saving technology will not only enhance
economic growth but it also will create less carbon emissions for the atmosphere where the
future generations usually live. Finally, the composite effect of globalisation helps countries
to reduce energy consumption while expanding their economic activity (Stern, 2007). In
addition, globalisation enables an economy in shifting the production process from agriculture
to industry and eventually to service sectors and thereby it requires less usage of energy

resulting in better environmental quality (Jena and Gote, 2008).

Dreher (2006) in his seminal work argued that countries with greater degree of globalisation
are capable of enhancing their growth in the long run. This implies that globalisation plays a
vital role in the promotion of economic growth besides shaping economies and societies
(Dreher 2006, Hill 2006). Environmental degradation is also another important reason to
study the effect of globalization on energy demand in developed countries. Recently, few
studies for the case of developed and developing countries found that globalization is harmful
for the environmental quality via increasing energy consumption (Shahbaz et al. 2015, 2017).
The environmental impacts of trade liberalization have been recently studied in energy
economics literature (Copeland and Taylor 1994, 2004, Copeland 2005, Baek et al. 2009).
Moreover, the role of globalization on the evolution of energy demand has also been
examined for the developed and developing countries (Shahbaz et al. 2016, 2017). The recent
study by Shahbaz et al. (2016) argued that globalization helps the Indian economy in reducing
energy demand. This is not consistent with the recent finding of Shahbaz et al. (2017) in



which they also argued that globalization increases energy consumption for most of the
developed countries. Though the findings are mixed, but the role of globalization on the
dynamics of energy demand cannot be ignored because of the fact that it is considered as an
important determinant in affecting energy consumption for developed and developing
countries as well. Subsequently, the extent to which both globalisation and energy
consumption are related that not only creates a trade and environmental policy implications
but also raises a research question: what types of causal direction (bidirectional or
unidirectional) between globalisation and energy consumption for developed countries? It is
important for the researchers to find an answer to this research question because the nature of
causal linkage between the series has the policy implications for trade and environment in

developed countries of the world.

Subsequently, it is also important for the researchers and policymakers to understand the
causal effect of energy demand on globalisation for developed and developing countries in an
era of competitive and changing world. In this line, the recent study by Rehman and Miah
(2017) argued that globalisation can also be driven by energy demand. Since developed
countries are more regulated than that of developing countries in addressing the issues related
to climate change and environmental degradation, the flow of goods produced from using low
carbon emitting technologies is expected to be high between the countries. This shows the
positive relationship between energy demand and globalization for developed countries,
further indicating that energy consumption does not discourage greater trade policy among the
countries. Increased energy demand also induces many developing countries to get more
integrated into the global energy systems and, hence, promoting globalization. In contrast,
the inverse relationship between energy demand and globalization which shows that if a
country produces energy that has high emitting carbon emissions, and then it does not
encourage flow of goods and services with other countries. This is because the commodity
produced from high carbon emitting technologies will damage the environmental quality of
commodity importing countries. In such situation, the commodity producing countries have to
sacrifice the growth of globalization for the sake of environmental quality of own country
along with imported countries. This broadly shows that developed countries are ready to
sacrifice the usage of high carbon generating energy and growth of globalization in the
question of sustainable and green environmental quality. Overall, if the developed countries
are more concerned about globalization and economic development, then they are less

compromising in the question of using high carbon emitting energy in production and



consumption activities. This theoretical understanding provides a scope for our study is to
examine the causal impact between globalization and energy demand in case of developed

countries.

Besides, economic causalities are built on economic theory to deduce the direction of
dynamic causality between variables and to execute empirical examination of causal
hypotheses. However, there seems to be no appropriate theoretical basis in most of these
studies in determining empirical causal relationship between variables that seems to be jointly
determined overtime. Therefore, there are difficulties in test execution, empirical
interpretation and policy implication formulations. This is also applicable in the case of
globalization-energy consumption relationship. Since, there is no straightforward theoretical
economic model that exist on the relationship between globalization and energy consumption,
the few existing studies usually applied Granger causality analysis to examine the dynamic
relationship between globalization and energy consumption. The Granger causality test has
been frequently used in the previous studies relatively because the empirical analysis do not
take into considerations impact of structural breaks in the model, they are rather focus on
stochastic properties of the variables. According to Stock and Watson (1989), Thoma (1994),
Swanson (1998), Stern (2000), Psaradakis et al. (2005), Balcilar et al. (2010), Balcilar and
Ozdemir (2013a), Arora and Shi (2015), Shi et al. (2006) and Hurn et al. (2016) Granger
causality test may be reactive to estimation time span, which also appears to be the case for
existing studies that has investigated Granger causality between globalization and energy

consumption.

In existing literature, several approaches have been employed to integrate time-varying
feature of the Granger causality relationship between time series variables. First of its kind is
forward expanding window form of causality test proposed by Thoma (1994), Swanson
(1998). Second, the rolling causality test of Swanson (1998), Balcilar et al. (2010), Balcilar
and Ozdemir (2013a) and Arora and Shi (2015). Third, the recursive rolling causality test as
advanced by Shi et al. (2016) and Hurn et al. (2016) and lastly, Markov-switching causality
test suggested by Psaradakis et al. (2005). However, no studies have put into consideration
structural breaks inherent in globalization and energy consumption series when examining the
causal relationship between these variables. As we all known that, energy and its related
products are globally traded, while energy markets are prone to uncertainties, such as hikes,

policy changes, economic crises, financial crises, political instability, wars and technological



changes among others. Any of these phenomena could probably motivate shifts in the
dynamic relationship between globalization and the amount of energy consumed. Meanwhile,
existing studies on the dynamic causal relationship between globalization and energy
consumption all propose constant parameters, thus, their empirical results may not be reliable.
Granger (1996) posited that, regime shifts or structural breaks are one of the most difficult
problems one can encounter applying time series econometric methods. Perron (2006) and
Hansen (1996) are also of the opinion that, econometric analysis applying time series data,
should as a matter of fact, put into consideration the impacts of regime shifts or structural
breaks. When structural breaks are present in a series, the parameters estimators of such
model would be time variant, and empirical tests conducted on constant parameter
assumption, for instance, Granger causality link will be unreliable and produce misleading
inferences. In our study, we examine time-varying Granger causality tests between
globalization and energy consumption and its implications for trade and environmental policy

insights.

This study contributes to the existing energy and trade literature in four novel ways. First, this
is the first study in exploring the nature of bidirectional or unidirectional causal relationship
between energy consumption and globalization for the case of 20 top and less globalized
countries within a time series framework. Second, we employ time-varying rolling test as
proposed by Balcilar et al. (2010) and, Balcilar and Ozdermir (2013a) the recursive rolling
test as suggested by Shi et al. (2016) and Hurn et al. (2016) to investigate time-varying feature
of the causal relationship between globalization and energy consumption for 20 top and less
globalized countries. Third, we apply quarterly data of the globalization and energy
consumption. Since the sampled countries attained globalization and energy markets started
operations at varying periods, the data time span varies for each variable. The empirical
findings obtained from these methodologies indicate that, the dynamic causality relationship
between globalization and energy consumption within the sampled countries show significant
time—varying links with various shifts from neutrality (non-causality) to unidirectional and
bidirectional causality. Our results detect many periods of bidirectional causal relationship
between globalization and energy consumption over the sampled periods 1970Q1-2015Q4 for
20 top and less globalized economies. We observe longer periods of neutrality hypothesis
relationship over the sampled period. Although, neutrality hypotheses are more frequent. This
empirical attempt is likely to add a new dimension to the field of energy economics literature.

Fourth, an empirical exploration of bidirectional or unidirectional causal link between energy



demand and globalization in 20 top and less globalized countries is also likely to assist
policymakers’ emphasis on energy demand as an additional economic dimension towards

building trade and environmental policies.

The rest of the paper is scheduled as follows: Section 2 highlights the related literature on the
linkage between globalization and energy consumption. Section 3 provide in details the
methodology employed in the study analysis and discuss the data with description of
variables. Section 4 reports the results and discuss empirical findings. Lastly, Section 5
concludes the key findings with added policy implications for viable trade and sustainable

environmental quality.

2. Review of Existing Studies

Before, we begin the origins of energy economics literature, it is pertinent to discuss the role
of energy consumption and globalization on economic growth and environmental
degradation. Energy has been one of the important inputs in helping economic activity besides
using the traditional inputs of land, labour and capital. When economies are highly integrated,
their demand for production increases with the help of traditional inputs along with the role of
energy usage. The way economies are growing with passing globalization, their demand for
energy usage increases given the limited supply of energy. This eventually stimulates
economic activity but at the cost of environmental quality by discharging more carbon
emissions into the atmosphere (Shahbaz et al. 2015). This shows that the environmental
consequences of massive energy consumption with the greater role of globalization are larger
for developed and developing countries in terms of producing unbearable climate change and
global warming (Shahbaz et al. 2015, 2017). This has initially created an empirical platform
for the researchers in linking the causal linkage between environmental pollution and income
without considering the role of energy demand and globalization. Given that several studies
observed that income is found to be sufficient variable in the carbon emissions function as it
decreases environmental pollution in the latter stage of economic development (Shafik and

Bandhopadhaya 1992, Panayotou 1993, Seldon and Song 1994, 1995).

However, Baek et al. (2009) strongly argued that it is difficult to check the environmental
consequences just by adding only the role of income level in carbon emissions function. In
such circumstance, they have added trade liberalization (exports and imports) as one of the

independent variables in carbon emissions function and found that trade liberalization plays a



vital role in affecting environmental quality in 25 developed and developing countries. In this
line, various studies have come up in using exports plus imports as an indicator of trade
liberalization in the energy demand function for both developed and developing countries. For
instance, Antweiler et al. (2001) used international trade as an indicator of globalization and
found that trade openness reduces energy consumption. This is possible mainly due to the
dominant role of technique effect over the scale and composite effects and thereby enabling
economies to adopt energy saving and low-cost-driven less carbon emitting technologies in
production and consumption activities. This results in saving of scarce energy resources and
protects environmental quality without undermining the growth of domestic output. Copeland
and Taylor (2004) also supported the beneficial role of international trade in saving energy
and stimulating environmental quality via imported technology and environmental
regulations. Cope (2006) using international trade as an indicator of globalization for 32

developed countries found that trade liberalization increases energy per capita.

The other available studies also look at the impact of international trade on energy
consumption. Narayan and Smyth (2009) used exports as an indicator of globalization and its
causal linkage with energy consumption for MENA region and found the neutral hypothesis
between the series. Sadorsky (2011), using the panel data for Middle East countries, found the
unidirectional causality running from exports to energy consumption in the short run but also
supported the bidirectional causality between imports and energy consumption in the long
run. In case of South American economy, Sadorsky (2012) confirmed the unidirectional
Granger causality from energy consumption to imports in the short run while supporting the
bidirectional causality between energy consumption and trade in the long run. In a similar
fashion, Ozturk and Acaravci (2013) found that trade increases energy consumption via
increasing economic growth for Turkey. Lean and Smyth (2010a) found the unidirectional
Granger causality running from exports to energy consumption for the Malaysian economy.
Similarly, Lean and Smyth (2010b) found that exports Granger cause electricity generation
for the Malaysian economy. Sami (2011) also found the unidirectional causality running from
exports to energy consumption for the Japanese economy. Shahbaz et al. (2013a) found that
international trade Granger causes energy consumption for the Chinese economy. Dedeoglu
and Kaya (2013) found that there exists feedback effect between international trade and
energy consumption for 25 OECD countries. Shahbaz et al. (2014) used heterogeneous
Granger causality test to examine the causal linkage between trade openness and energy

consumption for 91 low, middle and high income countries. They found U-shaped



relationship between trade openness and energy consumption for low and middle income
countries but also found an inverted U-shaped relationship between them for high income
countries. Aissa et al. (2014) for the African countries found an evidence of neutral effect
between trade openness and energy consumption. On the contrary, Erkan et al. (2010) found
an evidence of unidirectional causality running from energy consumption to exports for the
Turkish economy. Li (2010) for the Chinese economy also found an evidence of
unidirectional causality running from energy consumption to exports. Shahbaz et al. (2013b)

also observed that natural gas consumption causes exports in case of Pakistan.

It is interesting to note that results on the causal linkage between international trade and
energy consumption are found to be mixed and conflicting. The use of narrowly defined
globalization (e.g. trade liberalization) and different econometric techniques is the basis for
emerging mixed findings. In this context, the recent study by Shahbaz et al. (2017) argued
that the mixed findings are not beneficial for policymakers while designing their
comprehensive trade and environmental policies toward efficient utilization of scarce energy
resource for improved environmental quality and enhancing domestic output in the long run.
This eventually warrants a study using comprehensive measure of globalization index
(Dreher, 2006) in the energy demand function in order to help policymakers for constructing
better trade and environmental policies for developed and developing countries. In this
context, it is further important for the researchers to review the existing studies. Shahbaz et al.
(2016) made an empirical attempt for the emerging countries like India by adding
comprehensive KOF index of globalization (Dreher, 2006) in the energy demand function.
Their results reported that globalization reduces energy consumption which is due to the fact
that it brings win-win situation for the Indian economy in terms of higher economic growth
and improved environmental quality through using energy efficiency and less carbon emitting
technologies. Recently, Shahbaz et al. (2017) using time series and panel techniques for 25
developed countries found that globalization increases energy consumption for most of the
countries. This is an indication of supporting globalization-driven energy consumption

hypothesis for developed countries.

We arrive at conclusion that no study raises a research question: which nature of causal
relationships (bidirectional, unidirectional, and neutral) between globalization and energy
demand is good for the trade and natural environment of developed countries? What kind of

trade and environmental policy implications we may expect from doing an empirical causal



analysis between comprehensive globalization and energy demand for developed countries?
These are the research questions and unaddressed gap that our study aims at examining for 20

top and bottom globalized economies within a time series framework.

3. Methodology

In order to evaluate Granger causality relationship when considering structural breaks in a
series, one of the crucial techniques employed in the existing studies is regime switching
models, which includes the Hamilton (1989) and Krolzig, (1999) Markov switching model
and the threshold autoregression suggested by Granger and Terdsvirta (1994) and Terésvirta
(1998). In addition, Balcilar and Ozdemir (2013b,c) employed two-regime Markov switching
VAR models to carry out causality evaluation with the existence of Markov switching. In
spite of the fact that regime switching models can be employed for a regime switching
causality analysis, sometimes, they are carried out by assuming that, there are commonly two
or three regimes, and these models are not designed to incorporate multiple regime switches

with different levels of regime time span.

Therefore, the recursive estimation method as proposed by Swanson (1998) and Thoma
(1994), the rolling window estimation method as advanced by Swanson (1998), Balcilar et al.
(2010) and, Balcilar and Ozdemir (2013a) the recursive rolling estimation method as
suggested by Shi et al. (2016) and Hurn et al. (2016) as an alternative to regime switching
models, can be employed to carry out time-varying causality analysis. These methods have
their advantages and disadvantages, yet the methods takes into consideration multiple
structural breaks with potential switches in parameters in each time span. According to
Balcilar et al. (2010) and Hurn et al. (2016) the rolling, recursive or recursive rolling methods
are appropriate and should be selected when dealing with time-varying Granger causality
tests, where the methodical changes that link two or three regimes rely on the parameters that

are subject to multiple shift and not the dominant attribute of the regimes.

In our current study, we opt for the rolling and recursive rolling methods based on their
robustness with reference to true and false causality detection power. Shi et al. (2016) and
Hurn et al. (2016) carry out Monte Carlo simulations to measure the difference between the
true and false causality discovery rates of the rolling, recursive and recursive rolling
techniques. Recursive method was found to have the least performance with reference to both

false and true causality discovery rates. Meanwhile, using the application in Balcilar et al.



(2010) and Balcilar and Ozdemir (2013a) the rolling method has the highest true causality
discovery rate, while the recursive rolling method has a moderately lower false discovery rate
liken to the rolling method. Thus, Shi et al. (2016) conclude that, the rolling method

demonstrate matchless all-inclusive performance for integrated time series data.

In order to explain the time-varying Granger causality tests carried out for the causality

relationships running between globalization (z,) and energy consumption (z, ) define the

bivariate VAR(p) as follow:

p p
Ly =a, +Zall,izlt—i +Z:am Lyi ¥y (1)
i=1 i=1
p p
ZZl = aZO +za21,i th—i +Za22,i ZZt—i + 772[ (2)
i=1 i=1
where p represent the lag order and 7,, i=1,2...N are the white noise error terms. This

VAR(p) can be written using the matrix notation a:
L=+ QL+ QL kT 7], (3)
with the associated multivariate form:
Z=rny+n,t=12,..T 4)

r ! !

where Z, =(Zit,22t) .Y, =(1,zt'_1,zt’_2,....,zl’_p) /A :(771t’772t) , and 7= [¢O,¢l,...¢p]which is

2x(2p+1) matrix.

Furthermore, the Granger non-causality running from energy consumption to globalization

indicates that energy consumption does not have predictive power over globalization

(Z2t #> th) while the Granger non-causality running from globalization to energy

consumption indicates that globalization does not have predictive power over energy

consumption (z, #> z,,). Therefore, the two Granger non-causality statements, subsequently,

result in the succeeding joint restrictions to be tested under the null hypotheses given below:
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Hy:zy #>27, = Do) =Py =Py p = 0 (5)

Ho Ly FP Ly 2P =Py T = 0 (6)
We concisely write the Granger non-causality constraints in equation (5) and (6) as follow:
H,:Cz=0 (7)

where, C depict the selection matrix of dimension p x 2(2p + 1) and 7 = vec(I1)represent a

vector of dimension 2(2p + 1) X 1 employing row vectorization.

The rolling estimation method employs a fixed window sizev,, = [UWT], where [-] depict the
integer part with fraction v, of the number of observations. The starting point of the
estimation is v, =[v;T| with the fraction v, while the end point is represented by v, =[v,T |
with the fraction v,, considering the sequence of Wald statistics for t =v,,v, +1,....,0,. The

rolling method can be depicted with start point v, =1,0, —uv,,+1 while the sequence of the

end points can be represented with v, ={U

(TEREEED)

T}. Using this approach, we derive the

T —v, +1 sequence of Wald statistics. The study represents the sequence of the rolling Wald

statistics with {W v2

V=0, —Uy+1 }U7 E[UW ,T] °

Meanwhile, the recursive rolling method is matching with the rolling method. It also uses

fixed window evaluation technique with window size v,. Comparable to the rolling

evaluation, the end point of the regression is the sequence v, = {u T} . Although, the start

e
point of the evaluation takes into account each of the possibilities, that is, 1 to v, —v,, +1.
While the recursive rolling method incorporates the sequence of the end point v, = {U ,T}

o ee
with the start point order v, ={1,0, —v,, +1}. In addition, the recursive rolling Wald statistics

are the supremum of all feasible rolling Wald statistics of a given point, they are represented

by {zwull)iuz—uwﬂ }Uz o, 7] =Sup 95_5[1,u2uw+1]|:{wu?2 }:|
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In order to implement the rolling and recursive rolling methods, there is a need to estimate the

Wald test sequences for a subset of the sample with start and end point v, and v,. We specify

the ordinary least squares (OLS) estimate of the VAR(p) model in equation (4) estimated for

A

the subsample as 7, , while its row vector form as 1, , =VE!C(7%UDU2 ) The Wald statistics

sequences are derived by imposing restrictions in equation (7) on the subsample parameter

estimates, that is, the study evaluates the null hypothesis with restrictions H, : R;%UI’U2 =0. The

ordinary least square (OLS) estimates 7, , are considered for individual equations of the

-1
VAR, i=12..N via 7,, :[ZUZ Z,.Y: }[ZZU AN } . Meanwhile, the residuals for the

t=0,
individual equation in the subset estimate are derived as /i = [ ﬁnﬁn] accompanied by

=2, Y. The study derived the estimate of the residual covariance matrix @ as

it 1Lu,,0,

v AN . . . .
=T,/ Zt; n7. where T, =v, —v, +1. Considering the above explanations, we derived

UI’UZ

Wald statistics for each subsample for the Granger non-causality restrictions from

w =(ra,, ) (R0, o(S2 wi)R ] (ReL) ©

In equation (8), the Wald test statistics assume that Granger causality tests are based on
homoscedastic errors, formulated in such a manner tests may have unreasonable empirical
slevel and possibly be followed by power loss, most especially when the errors variance are
not constant. Thus, to refrain from problems as a result of conditional and unconditional
heteroskedasticity, the current study employs a modified Wald test (MWald) that takes into
consideration the impacts of heteroskedasticity in the residuals. The MWald test is specified

as given below:

w =T, (Re,, )[R, X0 R (R2,, ) ©)

X =5®D, . D =T, 27 vy andW, =T,> ° AA, A =708y,

KR! o0

Furthermore, the asymptotic distribution of the rolling Wald statistic is a Chi-square, while

that of recursive rolling is nonstandard as proposed in Hurn et al. (2016). Following the work
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of Guilkey and Salemi (1982), Toda and Phillips (1993, 1994) there is significant evidence
that the Wald statistic tests together with the Granger causality test employed in our current

study, may suffer from size distortions problem. Besides, the MWald test in equation (9)
require the evaluation of the matrix V\A/q o, » that is a matrix of the fourth (4™) moment. Fourth

moment estimator are highly sensitive to high fluctuations in small samples. Thus, this study
employ the bootstrap method of Balcilar et al. (2010) to derive the empirical distributions of
the Wald tests.!? In addition, the bootstrap method is carried out by putting into consideration

that fact that, under the null hypothesis restrictions of Granger non-causality H,:Rz, , =0,

and the VAR(p) model exhibit constant coefficients IT, , =I1 for all subsamples

t=v,u,+1,....,0,. Using the residual-based bootstrap method of Balcilar et al. (2010), the

probability values (or the critical values) for the Granger causality tests were derived under

the restrictions of the null hypothesis using with 1,000 replications.

4. Data and description of variables

This paper aim to examine the causal relationship between globalization and energy
consumption and its implication for trade and environmental policy insights, using 20 top and
bottom globalized countries. The list of sampled countries includes top-10 globalized
countries i.e. Netherlands, Ireland, Belgium, Austria, Switzerland, Singapore, Denmark,
Sweden, Hungary and Canada while bottom-10 globalized economies are Kyrgyz Republic,
Bolivia, Macedonia FYR, Kazakhstan, Ecuador, Bahamas, Nicaragua, Namibia, Senegal and
Puerto Rico 3. We have excluded Puerto Rico from sample due to unavailability of data for
globalization and energy consumption. Our key measure of overall globalization index is the
KOF index of globalization obtained from the database of the Swiss-Federal Institute of
Technology, Zurich proposed by Dreher (2006) which is a composite of three rich sub-
indexes: social, political and economic globalization.* Potrafke (2015) and Gozgor and
Ranjan (2017) recently argued that the KOF index of globalization is not only superior to
other quantitative measures of globalization but also it is a multi-faceted one capturing many

dimensions of socio, economic and political globalization aspects that that go beyond

! The details of the bootstrap implementation can be found in Balcilar et al. (2010).

2 For integrated time series data, rolling and recursive rolling Granger causality Wald tests can be performed
using the lag-augmented VAR approach of Toda and Yamamoto (1995). Balcilar et al. (2010) and Shi et al.
(2016) also adopt a lag-augmented VAR approach to perform rolling and recursive rolling Granger causality
Wald tests.

3 For more details, see http:/globalization.kof.ethz.ch/

* The beginning date of KOF globalization data set is 1970 which is the basis for selecting starting period of our
empirical analysis from 1970-2015.
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quantitative indicators such as trade openness and capital movements. It also considers a
large number of countries and the time coverage which is also updated annually. Broadly
speaking, KOF indices of globalization are the most often used globalization measures in the
international economic literature (Dreher, 2006, Dreher et al. 2008).> However, the largest
component is the social globalization sub-index (37%), which includes telephonic contact,
international letters, transfers and internet users along with reduced costs of transport and
communication through technology). The political sub-index of KOF globalization (27%)
considers embassies in a country, membership in international organization and participation
in UN Security Council missions and International treaties. Finally, the economic sub-index
of KOF globalization (26%) includes international trade and capital movements.® Energy use
(kg of oil equivalent per capita) proxy for energy consumption is sourced from the World
Development Indicators (WDI). The study covers the period of 1970-2015. We have
transformed annual data into quarter frequency following Shahbaz et al. (2017). The match-
sum quadratic method is used for converting annual data into quarter frequency. This method
automatically adjusts seasonality variations in raw data while converting low frequency into
high frequency data (Shahbaz et al. 2017). The data on globalization and energy consumption
has been transformed into natural-log before empirical estimation for efficient empirical

results. The plots of globalization and energy consumption are displayed in Figure 1.
<Insert Figure 1 here>

Table 1A and 1B reports the descriptive statistics of globalization and energy consumption,
the mean, minimum, maximum, standard deviation, skewness, kurtosis, the Jarque-Bera (JB)
normality test, the first and fourth order Ljung-Box [Q(1)] and [Q(4)] autocorrelation tests,
the first and fourth order [ARCH(1)] and the [ARCH(4)] Lagrange multiplier (LM) tests for
the autoregressive conditional heteroskedasticity (ARCH) for globalization and energy
consumption in their natural logarithms forms. As reported in Table 1A, globalization has the
lowest mean across countries especially for Senegal with 10.52, but rises slightly for
Netherlands, having the highest average globalization of about 20.84. In addition, the mean of
energy consumption is highest for Canada, followed by Sweden, Belgium and Netherlands
with an average mean approximately 1894.52, 1326.31, 1246.39 and 1125.56 respectively.

The average decreases for Ecuador, Namibia, Kyrgyz Republic, Nicaragua, Bolivia and

5 According to Google Scholar Records, there are 1799 citations to the seminal paper of Dreher (2006) up to 31
December, 2017.

¢ For more details estimations of KOF subindex of globalization, see the seminal papers of Dreher (2006) and
Gozger (2017).
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Senegal for energy consumption with an average of 167.22, 155.85, 153.71, 128.40, 118.78
and 63.87 million tons respectively. In addition, from the Table 1A and 1B, we observe that
globalization and energy consumption series are highly volatile. The negative values (though
with some positive values) of the skewness indicate a higher probability of lower decreases in
energy consumption and globalization. However, from the kurtosis values of both series, we
observed a long-tailed distribution. Interestingly, both variables of interest under observation
are negatively skewed, with negative kurtosis, indicating a non-normal distribution, that is,
the relationship between globalization and energy consumption is highly nonlinear. The
nonlinearity of the variables are justified by the rejection of the null hypothesis of normal
distribution as suggested by Jarque and Bera (1980) test at (p < 0.01) significant level. This
outcome also justify the utilization of rolling and recursive rolling approach via the long-
tailed distribution of the time series data. Furthermore, we also observed a significant serial
correlation for globalization and energy consumption as advanced by Ljung-Box (1978).
Lastly, the autoregressive conditional heteroskedasticity-Lagrange multiplier (ARCH-LM)
statistics imply that ARCH effects exist in the variables of interest, which is statistically

significant at 5% level.

<Insert Table 1A and 1B here>

5. Results and Empirical Findings

We discuss the results obtained from rolling and recursive-rolling empirical estimations
conducted. Although, this study primarily intent to analyse the nonlinear characteristics via
direction of causal relationship between globalization and energy consumption among
countries that are highly globalized with higher level of energy consumption over the study
time-span, however, we also carried out the linear Granger causality estimation based on a
full sample vector autoregressive (VAR) model for comparability and completeness.” Table 2
shows the results of the linear Granger causality tests conducted. Column 2 of Table 2
presents the linear causality test results for examining the null hypothesis that energy
consumption does not Granger cause globalization, while column 3 presents null hypothesis
that globalization does not Granger cause energy consumption. The statistical insignificance
of the causality estimates in column 2 of Table 2 provided an evidence that the null

hypothesis that energy consumption does not Granger cause globalization, cannot be rejected

7 In this study, all Granger causality tests are performed using the lag-augmented VAR approach of Toda and
Yamamoto (1995), due to the nonstationarity of the series.
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at 5% significance level. However, this is significant for Namibia at 5% level. In addition, the
F-test results reported in column 3 for most of the sampled countries fail to reject the null
hypothesis that globalization does not Granger cause energy consumption, except for Austria,
Singapore and Kazakhstan at the 5% level of significance. Generally, from the results of the
linear Granger causality test, we infer that there is no evidence of predictability running

between energy consumption and globalization at the 5% level of significance.
<Insert Table 2 here>

Moreover, the results presented in Table 2 for testing the causal relationship between
globalization and energy consumption for each of the sampled countries are based on
restrictions imposed on a linear VAR model evaluated for the full sample time series analysis.
Using the full sample time series VAR model, the study asssumes non-existence of structural
breaks within the sample and that parameters are constant overtime. Although, structural
switches may change the values of the parameter and alter directions of causality overtime,
i.e. structural changes may impact on temporal causality relationships, since it is sensitive to
the sample period opted for. In such a situation, according to Andrews and Ploberger (1994)
there are various available test one can employ to examine stability of the vector
autoregressive (VAR) models. However, when the estimated parameters emanate from
undetected unstable relationships, problems are bound to surface. Hansen (1992) argued that,
it is feasible for such parameter estimates emanating from undetected unstable relationship to
have severe impacts, which Zeileis et al. (2005) reported to be as a result of biased inferences
in addition to imprecise forecasts. This study examine the stability of the VAR model
parameters in order to evaluate the temporal stability of the coefficient estimates of the VAR
model comprises of globalization and energy consumption. We use three distinct statistics
such as, Sup-F, Mean-F and Exp.-F as proposed by Andrews (1993) and, Andrews and
Ploberger (1994). These tests necessitate trimming from the ends of the sample to examine
stability of short-term parameter estimates. Table 3 presents the results of the parameter
stability test conducted for globalization and energy consumption. As suggested by Andrews
(1993) we obtain the p- and critical values applying the parametric bootstrap distribution
derived using 2,000 replications produced from VAR model with constant parameters. For

each of the sample, we used 15% trimming.

Although, the three (Sup-F, Mean-F and Exp.-F) tests suggested by Andrews and Ploberger

(1994) examine similar null hypotheses, however, they vary in their selection of alternative
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hypotheses. The selection of suitable test to use rest on the aim of the test.® Table 3 presents
the results of the Sup-F, Mean-F, and Exp.-F test. According to the results presented in Table
3, all the tests reject the null hypothesis of parameter constancy at 5% significance level,
(except for some countries under EXp.-F test) for the globalization equation, energy
consumption equation and the VAR system. Consequently, it may be concluded that Granger
causality estimations built on the VAR model, conducted for globalization and energy
consumption are not reliable, since the parameter estimates in the VAR model are not

constant (stable) over the sample period.

<Insert Table 3 here>
<Insert Table 4 here>

<Insert Table 5 here>

The results reported in Table 3 provide an evidence for using rolling and recursive rolling
Granger causality tests considering the fact that, all estimated parameters of the VAR models
indicate significant instability. Figure 2 shows the Wald test results for Granger causality
effects running from energy consumption to globalization, while Figure 3 displays the
heteroskedasticity-consistent Wald test outcomes for Granger causality relationship running
from energy consumption to globalization.” We report in Figure 4, the Wald test results for
Granger causality relationship running from globalization to energy consumption, while, the
heteroskedasticity-consistent Wald test results for Granger causality running from
globalization to energy consumption are displayed in Figure 5. In Figures 2-5 the reported p-
values are obtained using the bootstrap versions of the rolling and recursive rolling Wald
statistics derived from the VAR model with a differing lag order with a window size of 40.
We choose the optimal lag order applying the Bayesian Information Criterion (BIC). In
addition, we obtained the p-values using 1,000 bootstrap replications for the individual
subsample. In Figure 2 and Figure 4, the bootstrap p-values of the rolling and recursive
rolling Wald statistics presented are derived under the assumption of homoskedastic residuals,
while we assume heteroskedastic residuals in Figure 3 and 5, respectively. However, since in
Table 1, the residuals of the estimated VAR models display heteroscedasticity, we suggest
there might be dissimilarities between the standard Wald test results reported in Table 2 and

4, and between the heteroskedasticity-consistent Wald test results reported in Table 3 and 5.

8 For details, see Andrews (1993) and Andrews and Ploberger (1994).

° All-time series data used in the analysis are integrated of order one. Thus, following Balcilar et al. (2010) and
Shi et al. (2016), the rolling and recursive rolling Granger causality tests are conducted via the lag-augmented
VAR method of Toda and Yamamoto (1995).
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Furthermore, in this study, we will evaluate the non-causality tests at 5% significance level,
yet, 10% significance level will also be used to apply caution against low power test, which is
due to the sample size in the individual rolling and recursive rolling sub-sample estimate. In
accordance with the results displayed in Figures 2-5, the estimated bootstrap p-values vary
significantly over the sample period, implying frequent structural breaks. Confirmation from
Figure 2 for 19 top and bottom globalized countries reveal that, the null hypothesis of which
energy consumption does not exhibit predictive power over globalization cannot be rejected at
5% significance level for most of the sampled countries, however, there are sub-periods
where the bootstrap p-values, especially those of the rolling tests, are below 5% and more
regularly below 10%. The periods where there is causality from energy consumption to
globalization mostly fall between the periods 1980-1995 and 2005-2015 sub-periods,
respectively. The causality relationship running from energy consumption to globalization is
roughly confirmed in the 1980-1990, 1997-1998, and 2012-2015 sub-periods. Meanwhile, in
Figure 2, the recursive rolling statistics show more causal relationship than the rolling
statistics. Closely to the results presented in Figure 2, the heteroskedastic versions of the
results reported in Figure 3 show that the null hypothesis in which energy consumption does
not Granger causes globalization cannot be rejected at 5% significance level for most of the
sampled countries. Unlike the homoskedastic Wald tests, the heteroskedastic Wald tests show
strong causality relationship running from energy consumption to globalization during the
1980-1985, 1986-1989, 1990-1995, 1997-1999, 2000-2006 and 2009-2015 sub-periods,
respectively. Compared to the homoskedastic Wald test types of the rolling and recursive-
rolling Granger causality analysis, the heteroskedastic types more frequently reject the non-
Granger causality hypotheses in sub-periods. We deduce that the recursive rolling tests are
more sensitive to heteroskedasticity, especially in terms of its lower success rate in
discovering Granger causality relationship. This is due to the fact that, the homoskedastic
form of the recursive rolling test varies substantially from its heteroskedastic form when

compared with the rolling test.

Figure 4 show the bootstrap p-values of the rolling and recursive rolling Wald tests for the
Granger causality relationship running from globalization to energy consumption. From the
results, globalization appear to have predictive power over energy consumption during the
periods of 1980-1990, 1992-1995, 1997-1998, 2007-2008 and 2009-2015. Corresponding to
the results reported in Figure 3, the bootstrap p-values of the Granger causality rolling and

recursive rolling heteroskedasticity-consistent Wald test in Figure 5 fail to reject the null
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hypothesis at 5% significance level for the sampled countries. Concerning the Wald tests of
Granger causality running from energy consumption to globalization, heteroskedasticity-
consistent rolling and recursive rolling tests are found to be more consistent for the sub-
periods where the null hypotheses was rejected. Besides, the recursive rolling method seems

to be more sensitive to heteroskedasticity compare to the rolling method.

However, the periods where there are causality relationship running from globalization to
energy consumption are towards the early 1990s for Netherland, Ireland, Belgium, Singapore,
Switzerland, Austria, Denmark, Hungary, Canada, Kyrgyz Republic, Bolivia, Namibia,
Ecuador and the United States (US) subprime mortgage crisis between the periods 2007-2008
for Macedonia FYR, Nicaragua, Kazakhstan. Furthermore, in these sub-periods,
heteroskedasticity consistent rolling tests in Figure 5 show two sub-periods during which
globalization seem to have predictive power over energy consumption for the sampled
countries. These consist of the 1980-2000 and 2009-2015 sub-periods. According to Shi et al.
(2016) and Hurn et al. (2016) they are of the opinion that the rolling approach of Balcilar et
al. (2010) and, Balcilar and Ozdemir (2013a) is more effective in identifying structural breaks
than the recursive rolling of Shi et al. (2016) and Hurn et al. (2016). The United States
subprime mortgage crisis period that occur at the same time with the formal NBER recession
between the periods 2007-2008, spread across most if not all the sampled countries. In
addition, results from Figure 2 to 5 reveal that the rolling approach of Balcilar et al. (2010)
and, Balcilar and Ozdemir (2013a) identify structural breaks better compared to the recursive

rolling of Shi et al. (2016) and Hurn et al. (2016).

Generally, the heteroskedasticity consistent form of the recursive rolling test seems to identify
similar causality relationships relative to the rolling test, however, the recursive rolling test
reveals considerable reactiveness to heteroskedasticity. Our sampled data indicate conditional
and unconditional heteroskedasticity. Furthermore, it is better and more rational to evaluate
the heteroskedasticity consistent forms of the rolling and recursive rolling approach in order
to date-stamp the eras of dynamic causality relationships. The rolling and recursive rolling
tests identify causal relationship running from energy consumption to globalization in the
1980-1985, 1986-1989, 1990-1995, 1997-1999, 2000-2006 and 2009-2015 sub-periods. The
sub-periods above are related to notable oil prices fluctuations due to significant events that
had global influences. Based on results, we can conclude that, Granger causality running

between globalization and energy consumption for most of the sampled countries. Overall,
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both the rolling and recursive rolling tests find bidirectional causality between the
globalization and energy consumption in various subsamples, particularly when the
heteroskedasticity consistent versions of the tests are considered. The heteroskedasticity
consistent versions of both tests are in better agreement than the homoskedastic versions
about the subperiods where there is unidirectional or bidirectional causality. The causality

links, however, are mostly bidirectional.

The empirical findings from the rolling approach of Balcilar et al. (2010) and, Balcilar and
Ozdemir (2013a) and the recursive rolling approach of Shi et al. (2016) and Hurn et al. (2016)
employed in our current study provide evidence in support of a bidirectional dynamic
causality relationships between globalization and energy consumption for many sub-periods
for the sampled countries. Our empirical results provide significant insight into globalization-
energy relationship; by date-stamping the periods of causality. This indicate that energy
consumption influences globalization during the periods of high oil price fluctuations and
globalization influences energy consumption during the great economic/financial crises. Our
empirical findings show that, the rolling and the recursive rolling approaches reveal better
performance in periods where there are several paired changes in the causal nexus between

globalization and energy consumption over the sample period.

6. Conclusion and Policy Implications

This study examines the dynamic causal relationship between globalization and energy
consumption in case of top and bottom globalized economies, and its implications for trade
and environmental policy using the rolling and recursive rolling estimation techniques via
quarterly frequency data for the period of 1970Q1-2015Q4. The rolling and recursive rolling
methods are appropriate for examining time-varying Granger causality relationship between
time series variables. These methods enable us to model parameter time variation to mirror
variations in causality relationship in the absence of assumptions of the change structure.
Another novelty of this study lies in the application of both the rolling and the recursive
rolling Granger causality test approaches. We also examine the full sample linear Granger

causality relationship between globalization and energy consumption.

The empirical results obtained from the linear full sample tests show no evidence to reject the

null hypothesis that, globalization and energy consumption have no predictive power over one
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another. Then, we employ series of parameter stability tests to the models, where we obtained
the results of full sample Granger causality tests. The empirical findings from the parameter
stability test reveal that the VAR models are show significant parameter instablity. Therefore,
estimated causality test results from the full sample VAR model for globalization and energy
consumption appears unreliable. Consequently, we examine the estimation of the dynamic
causal relationship between globalization and energy consumption, using rolling and
recursive rolling approaches over the sample period. Our empirical results from this study
indicates two major findings. First, there exists a bidirectional dynamic causality relationship
between the variables for most of the sampled countries in several subperiods. Second, the
rolling approach advanced by Balcilar et al. (2010) and, Balcilar and Ozdemir (2013a) is more
reliable in identifying the structural breaks in this situation than the results from recursive
rolling approach of Shi et al. (2016) and Hurn et al. (2016). In general, the findings from this
study indicate that the dynamic causality relationships between globalization and energy
consumption will be reactive to the frequency of the globalization and energy consumption,
time span and approach employed. Third, globalization and energy consumption drives each
other, and this may lead to unwarranted trade and environment issues via high global energy

usage.

Various findings and policy implications can be deduced here. First, a bidirectional
relationship exists between globalization and energy consumption in most of the sampled
developed countries. This results show that globalization and energy consumption reinforce
one another, i.e. they have predictive power over each other. This findings is consistent and in
line with the views of Copeland and Taylor (2004), Cope (2006), Shahbaz et al. (2015),
Rehman and Miah (2017) and Shahbaz et al. (2017) that higher trade liberalization and capital
flows as a results of globalization may stimulate increase in energy consumption through
increase in economic activities, which will eventually lead to long-term environmental
challenges, in terms of global warming and climate change. Second, the Granger causality
running from globalization to energy consumption was found in most of the countries, the
major policy implications of these results are that, globalization-driven energy consumption is
affirm here. This indicate that, globalization and energy consumption play a dynamic
relationship over one another. Thus, policymakers and governments in charge of designing
and implementing trade and environmental policies in these countries must put into
consideration the impact of globalization in the level of energy consumed and vice-versa, in

order to prevent grievous trade and environmental consequences of globalization and higher
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energy consumption in the long-run. This resonate with the views of Baek et al. (2009)
Shahbaz et al. (2015, 2016). Thus, the role of globalization and energy consumption while
designing and executing trade and environmental policies should not be ignored in order to

prevent global warming and climate change.

In conclusion, our empirical findings propose that developed countries that are engaged in
more trade may find it difficult to exclude themselves from environmental consequences in
terms of global warming and climate change, if they continue to demand and consume more
energy in order to stimulate economic growth, particularly with the existence of globalization
in the long-run. Following the view of Shahbaz et al. (2017) in order for globalization-energy
consumption relationship to be favourable for trade and environment, an alternative energy
source must be put in place. Reduction in fossil fuel trades which will reduce its quantity
usage, energy efficiency policies and increase investment in research and development (R&D)
to enhance technology innovations and help in examining other renewable energy sources to
meet the increasing energy demand. We suggest that further studies should be carried out on
the dynamic causal nexus between globalization and energy consumption, along with other
variables, allowing policy variations and remarkable switches in globalization and energy

consumption.
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Table 1A. Descriptive statistics for the globalization index

Starting

N Mean S.D. Min Max Skewness Kurtosis JB Q) Q4 ARCH(1) ARCH(4) Period

Netherlands 184 20.84 2.09 16.07 23.03 -0.74 -0.73 20.86™" 180.28""  682.46™"  181.89"™" 179.13"™" 1970Q1
Ireland 184 19.80 221 15.79 23.31 -0.22 -1.08 10.02""  181.57™ 695.45™" 180.79™" 178.46™" 1970Q1
Belgium 184 20.77 2.20 17.06 23.11 -0.52 -1.31 21.35"" 183.23""  712.64™" 181.82"" 179.16™" 1970Q1
Austria 184 19.90 2.87 14.14 23.01 -0.69 -0.76 19.02"*  181.74™"  697.48™" 181.19"" 178.60"" 1970Q1
Switzerland 184 20.28 2.00 15.54 22.86 -0.74 -0.37 17.81"""  180.85™" 686.12""  180.32™" 177.69™" 1970Q1
Singapore 184 19.54 2.44 14.53 22.21 -0.76 -0.72 21.79™"  181.43™"  692.82™"  181.80"™" 179.19™ 1970Q1
Denmark 184 19.94 2.02 16.51 22.47 -0.37 -1.32 17.26™" 183.20"" 711.84™ 181.76™" 179.22"" 1970Q1
Sweden 184 20.09 2.05 15.53 22.36 -0.59 -0.94 17.20™"  181.39""  696.66™"  181.38™" 178.56™" 1970Q1
Hungary 184 16.44 4.29 10.75 21.71 -0.03 -1.79 2435 183.88™"  720.48™  180.71"™"  178.28™" 1970Q1
Canada 184 20.42 1.31 17.21 2221 -0.68 -0.38 15.49™ 180.08™" 68237 180.97"™" 178.29™ 1970Q1
Kyrgyz Republic 100 12.20 1.92 7.49 14.41 -0.90 -0.60 1529 9553*"  34345™ 97.65 94.85™"  1991Q1
Bolivia 184 11.00 2.00 8.00 13.72 0.17 -1.66 21.68™"  182.60"" 700.43™  179.11™"  177.85™" 1970Q1
Macedonia FYR 100 11.92 2.77 7.23 15.57 -0.17 -1.51 9.55™  97.80"™" 364.26™" 95.27"" 92,97 1991Q1
Kazakhstan 100 12.38 2.44 7.74 15.19 -0.53 -1.17 10.14™  97.67"" 364.36™" 97.88™" 95.30"" 1991Q1
Ecuador 184 10.77 242 7.36 14.39 0.16 -1.65 21.23""  182.76™" 704.80™"  179.20™"  177.43"™ 1970Q1
Bahamas 184 12.12 1.05 9.64 14.25 -0.45 0.06 6.31" 176.65™" 63538™" 178.48™ 176.70™" 1970Q1
Nicaragua 184 10.65 2.11 8.29 13.56 0.35 -1.72 26.03""  183.43™" 71453 179.69"™" 177.81™" 1970Q1
Namibia 104 12.96 1.58 10.05 15.51 -0.46 -0.82 6.46™ 100.05™" 352.93™ 96.20™" 95.11"™  1990Q1
Senegal 184 10.52 1.96 6.98 13.54 0.10 -1.18 10.61"  179.64™"  669.14™  176.73"™"  174.90™" 1970Q1

Note: Table reports the descriptive statistics for the globalization index series. Sample period starts at the period given in the last column of the table and ends at 2015:4 at quarterly frequency
with n observations for each series. In addition to the mean, the standard deviation (S.D.), minimum (min), maximum (max), skewness, and kurtosis statistics, the table reports the Jarque-Bera
normality test (JB), the Ljung-Box first [Q(1)] and the fourth [Q(4)] autocorrelation tests, and the first [ARCH(1)] and the fourth [ARCH(4)] order Lagrange multiplier (LM) tests for the

autoregressive conditional heteroskedasticity (ARCH). The asterisks ***, ** and " represent significance at the 1%, 5%, and 10% levels, respectively.
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Table 1B. Descriptive statistics for the energy consumption series

Starting

N Mean S.D. Min Max Skewness Kurtosis JB Q) Q(5) ARCH(1) ARCH(4)  Period

Netherlands 184 1125.56 7193 93276 1261.95 -0.87 0.46 2532 171.33" 52343 163.33™  164.79™ 1970Q1
Ireland 184  702.88  124.66  470.22  930.00 0.23 -1.17 11.88™" 18236 704.71™ 177.73™ 177.18™ 1970Q1
Belgium 184 1246.39 12328 101231 1430.85 -0.06 -1.19 10.53™  181.10"" 663.83"™"  169.98™" 171.27"" 1970Q1
Austria 184  838.10 121.86 597.64 1029.47 -0.02 -1.22 11.04™  180.95™" 685.17°*" 17630 17420 1970Q1
Switzerland 184  820.09 7553 632.06 921.77 -0.77 -0.53 20217 176,91 630.25™"  174.93™  172.26™ 1970Q1
Singapore 184  946.40 41057 227.76 1887.83 0.00 -1.21 10.84™"  180.59"™ 669.34™"  158.56™" 161.59™" 1970Q1
Denmark 184  895.93 69.26  709.85 1050.92 -0.57 0.36 11.48™  165.03"" 485.13"™ 166.24™  168.78"" 1970Q1
Sweden 184 132631 103.50 1107.78 1474.01 -0.41 -1.01 12.85"™" 176.54™" 595.09™ 162.87"" 166.32™ 1970Q1
Hungary 184  622.90 66.06 419.20  726.21 -1.04 0.86 39.92""  173.01"  608.19™  181.04™ 178.18™ 1970Q1
Canada 184 1894.52  111.02 1610.51 2097.75 -0.28 -0.28 296 176.46™ 612.68™" 176.65™ 176.17"" 1970Q1
Kyrgyz Republic 100 153.71 39.72  108.10  299.16 1.46 1.87 52.82"%  84.24™  240.42™ 96.68" 93.32™"  1991Q1
Bolivia 184  118.78 40.15 51.77  227.83 0.60 -0.02 11.217 174.74™  624.47™  179.97™  177.75"™" 1970Q1
Macedonia FYR 100 343.08 19.86  286.08  381.42 -0.16 -0.28 0.62  77.76™" 151.24™ 66.89"" 73.36™"  1991Q1
Kazakhstan 100 924.68 22290 57145 1267.82 -0.15 -1.44 8.66™  98.46™" 354.89™ 91.83"* 91.87"" 1991Q1
Ecuador 184  167.22 42.14 86.71  254.90 0.12 -0.33 .11 178.12™"  659.50"™" 181.86™" 179.37"" 1970Q1
Bahamas 184  581.81 76.44  493.63  747.30 0.73 -0.96 23.48™  179.88""  673.22"™"  181.92""  178.92"™" 1970Q1
Nicaragua 184  128.40 946 109.61  163.38 1.42 2.51 113.80™" 166.51"™* 512.95™ 177.02™" 175.76™ 1970Q1
Namibia 104 155.85 21.03 11546  191.58 -0.10 -1.01 425  98.70™ 34570 101.04™ 98.52™"  1990Q1
Senegal 184 63.87 6.59 51.82 76.19 -0.02 -1.08 8.53™ 181.04™ 665.88™" 170.97™ 171.40™ 1970Q1

Note: Table reports the descriptive statistics for the energy consumption series. Sample period starts at the period given in the last column of the table and ends at 2015:4 at quarterly frequency
with n observations for each series. In addition to the mean, the standard deviation (S.D.), minimum (min), maximum (max), skewness, and kurtosis statistics, the table reports the Jarque-Bera
normality test (JB), the Ljung-Box first [Q(1)] and the fourth [Q(4)] autocorrelation tests, and the first [ARCH(1)] and the fourth [ARCH(4)] order Lagrange multiplier (LM) tests for the

autoregressive conditional heteroskedasticity (ARCH). The asterisks ™", ** and " represent significance at the 1%, 5%, and 10% levels, respectively.
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Table 2. Linear Granger causality tests

Ho: Energy Ho: Globalization dos not
consumption does not Granger cause energy
Granger cause consumption Order of the
globalization VAR (p)
Netherlands 0.1576 0.5662 2
Ireland 0.5545 0.2168 2
Belgium 0.0612 1.2589 2
Austria 1.5480 3.5256™ 2
Switzerland 2.2724 2.0586 2
Singapore 1.8392 3.4333™ 2
Denmark 0.3060 0.7394 2
Sweden 0.4086 0.5515 2
Hungary 1.6182 1.8527 2
Canada 0.2025 0.7203 2
Kyrgyz Republic 0.8695 1.8833 2
Bolivia 1.2472 0.3814 2
Macedonia FYR 0.3372 0.6670 2
Kazakhstan 0.8737 4.1553" 2
Ecuador 0.7301 1.5402 2
Bahamas 1.1040 0.6690 2
Nicaragua 0.2735 1.7771 2
Namibia 3.7189* 1.3386 2
Senegal 0.0255 0.0947 2

Note: The table reports the F-statistic for the no Granger causality restrictions imposed on a linear vector
autoregressive (VAR) model under the null hypotheses Ho. The VAR model is fitted to the level of the series.

The order (p) of the VAR is selected by the Bayesian Information Criterion (BIC). , ™, and " indicates
rejection of the null of no Granger causality at 1%, 5%, and 10% level of significance respectively.



Table 3. Parameter stability tests

Globalization Equation Energy Consumption Equation VAR System
Sup-F Mean-F  Exp-F Sup-F Mean-F  Exp-F Sup-F Mean-F  Exp-F

Netherlands 52.319™  7.733%F  21.344™ 43.988"" 3.241 17.131° 63.586™"  9.049"  27.132™"
Ireland 367.913™ 14.890™"  179.089 48.7217  18.176™" 19.600™" 168.370"™" 26.837" 79.318"*"
Belgium 144.052° 17.814™"  67.172 149.212" 16.428™"  69.877 50.002"  22.590™" 20.574"*"
Austria 45834 14.412™" 19.059™ 74.6817°  9.897" 32474 60.5417"  22.104™" 26.114™
Switzerland 16.710" 4.631 4.499" 20.516™ 3.401 5.482™ 20.983" 8.820 6.912"

Singapore 37.282"" 9363 13.792" 30.946™"  7.618" 10.956™ 92.131""  20.562°" 41.198™
Denmark 2723617 18.949™"  131.313 32.500""  6.991"  11.963™ 45364 19.819"" 18.572™
Sweden 38.005"  14.068"" 16.000" 20.290""  6.568"  6.447° 28.182""  17.236™" 11.422™"
Hungary 137.704™* 39.398™*  64.082 83.653™" 11.542""  37.266 89.574™"  39.966"" 41.097"*"
Canada 26251 6.252"  9.451™ 145.007"" 13.167""  67.636 38.611°" 14501 15.389™
Kyrgyz Republic  281.182*" 21.992** 136.314 878.053™" 61.874™" 434.750 48.305"  30.964™ 21.204™*
Bolivia 38.014™"  6.945™ 14.484™ 11.656 6.182" 3.827" 40.965"  14.602"" 16.841™"
Macedonia FYR  147.162"" 17.273"*  69.321 125.226™" 12.637""  58.336 33.273"  9.926"  12.7607"
Kazakhstan 331.242™"  41.058™" 161.344 108.690™" 11.346™"  50.068 54422 24.099"*" 23.007"*"
Ecuador 148.952"** 10.291™"  69.608 34.670""  6.614™ 12.778" 36.026™"  12.426™ 13.772%"
Bahamas 34451 19473 13.788" 52.096™  16.909"*" 21.785™" 46.255™" 23.533"" 19.538""
Nicaragua 177.610™" 23.555™"  84.082 110.238""  8.232™ 50.252 58.382""  24.485™" 25.348""
Namibia 48.344™" 5984  19.868™ 66.526™" 13.996"" 29.670™ 24.496™ 9.293"  8.950™
Senegal 30.635™ 4476  10.464™ 136.262"""  9.120™"  63.264 49.697°"  12.494™  20.700™*

Note: The parameter stability tests exhibit non-standard asymptotic distributions. By means of the parametric bootstrap procedure, Andrews (1993) and
Andrews and Ploberger (1994) report the critical values and p-values for the non-standard asymptotic distributions of these tests. Besides, according to
Andrews (1993), 15-percent trimming from both ends of the sample is required for the Sup-F, Mean-F and Exp-F. Hence, the tests are applied to the fraction
of the sample in (0.15, 0.85). We calculate critical values of the tests using 2,000 bootstrap repetitions.



Figure 1. Time series plots of the globalization and energy consumption series
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Figure 1. (continued)

(k) Kyrgyz Republic - (1) Bolivia
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Note: Figure plots the natural logarithms of the series. Level of the energy consumption series are scaled by 10

for easy presentation.
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Figure 2. Wald tests for Granger causality running from energy consumption to

globalization
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Figure 2. (continued)
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Note: The bootstrap p-values of the rolling and recursive-rolling Wald tests are obtained from a VAR model
with a varying lag order and a minimum window size that is equal to the integer part of 20% of the number of
observations. For each sub-sample, the BIC is used to select the optimal lag orders with a maximum lag order of
12. The p-values of the tests are obtained using 1,000 bootstrap repetitions.
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Figure 3. Heteroskedasticity consistent Wald tests for Granger causality running from
energy consumption to globalization
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Figure 3. (continued)
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Note: See note to Figure 2.
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Figure 4. Wald tests for Granger causality running from globalization to energy
consumption
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Note: See note to Figure 2.
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Figure 4. (continued)
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Figure 5. Heteroskedasticity consistent Wald tests for Granger causality running from
globalization to energy consumption
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Figure 5. (continued)
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