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Abstract
This paper empirically explores the dynamic relationships between financial develop-
ment, globalization, energy consumption, economic growth, and ecological footprint
in G7 countries over the period 1980–2015. Using a recently introduced threshold
cointegration test with an endogenous structural break, the paper aims primarily to
determine the effects of financial development and globalization on environmental
degradation. The results confirm the presence of cointegration in Canada, Italy, and
Japan. The long-run estimates indicate that globalization significantly reduces eco-
logical footprint in Canada and Italy, while financial development reduces pollution
in Japan. The findings also demonstrate that energy consumption stimulates envi-
ronmental degradation in these three countries. Furthermore, the causality test that
considers smooth structural breaks via a fractional frequency flexible Fourier function
indicates that globalization causes ecological footprint in all the G7 countries except
France, while financial development causes ecological footprint in France, Japan,
and the United Kingdom. Finally, the overall results suggest that globalization is a
more effective tool than financial development in regulating ecological footprint for
G7 countries. Therefore, we recommend that policymakers should make use of the
opportunities that globalization offers to solve environmental problems.
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1 Introduction

Environmental problems such as desertification, deforestation, global warming, and
climate change have adverse social and economic effects on societies. Climate change,
which disrupts the balance of the ecosystem, can cause air pollution and serious climate
events (Charfeddine and Khediri 2016). Over the past three decades, the underlying
causes and consequences of global warming and climate change problems have been
empirically analyzed in various studies. According to energy economics literature,
the two factors that have the most significant impact on the environment are energy
consumption and economic growth (Rahman et al. 2019a). High natural resources and
fossil fuel energy consumption have caused a significant increase in environmental
destruction in the industrialization process. The increase in carbondioxide (CO2) emis-
sions—regarded as the cost of fossil energy consumption and economic growth—is
an important challenge to be addressed in global environmental debates. In these dis-
cussions and meetings, some measures have been taken to reduce the increase rate of
CO2, which is the most abundant greenhouse gas emission. However, CO2 emission
is only an indication of air pollution. For this reason, a more comprehensive envi-
ronmental indicator, including air, water, and soil pollution, was formulated by Rees
(1992) and Wackernagel (1994). This indicator, namely ecological footprint (EF),
reflects human demand for natural resources. Human demand changes the ecosystem
and causes climate change, biodiversity loss, soil degradation, and pollution problems
(Rudolph and Figge 2017). In global terms, EF, as a measure of human consumption
of natural resources, has increased by approximately 190% over the past 50 years due
to increasing affluence, population, prosperity, mobility, and changing consumption
patterns (Hoekstra and Wiedmann 2014; WWF 2018). Therefore, it is necessary to
change production and consumption practices to create a more sustainable system.

The unconscious use of natural resources and the increasing level of pollution have
caused environmental problems, and EF can reflect many of these issues. The EF
can be used to examine the distribution and limits of natural resources on a global
scale (Borucke et al. 2013). It is calculated in global hectares (gha), which reflect
bioproductive areas, andwas developed due to insufficientmonetarymeasurements for
the depletion of natural capital stock (Figge et al. 2017). Therefore, EF and biocapacity
represent human demands for nature and the reproduction capacity of nature that can
meet these demands, respectively. By comparing these two environmental indicators,
policymakers and researchers can identify solutions to environmental problems. Some
studies have determined that economic growth and fossil fuel consumption have an
impact on EF (see Ulucak and Bilgili 2018; Balsalobre-Lorente et al. 2019; Destek
and Sinha 2020). In addition to these factors, globalization and financial development
may also be regarded as a significant explanatory variable for environmental change.
The effects of globalization and financial development on environmental quality is a
relatively new concern to the economic growth-environment nexus (Zafar et al. 2019).
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The modern trend towards globalization promotes the prosperity of countries in
various ways. It results in a number of nations having an increased comparative
advantage, improves total factor productivity through increased trade, and creates
investment opportunities through an increase in foreign direct investment, thus affect-
ing the environment through enhancing trade and development (Shahbaz et al. 2017).
Globalization that supports the spread of cultural, social, and political values (Saud
et al. 2020) affects human life socially, politically, and economically by increasing
investment and trade activities among countries (Haseeb et al. 2018) and accelerates
the economic development process by removing the barriers to the free movement of
goods and people (Saint Akadiri et al. 2019a). Every person is affected by the effects
of globalization on energy consumption and intensity, employment, industrial produc-
tion, and environmental changes (Zaidi et al. 2019). While globalization contributes
to economic growth through the expansion of trade and investment flows, it can affect
the environment in various ways. In the globalization process, the industry sector pro-
duces products to meet foreign demand, thereby increasing resource utilization and
atmospheric pollution. In this case, environmental degradationmay be exacerbated due
to market failures and policy distortions (Shahbaz et al. 2015). Environmental prob-
lems such as global warming, desertification, deforestation, and depletion of the ozone
layer and natural resources have emerged with the globalization process and continue
to deteriorate (Shahbaz et al. 2017). Globalization creates more production and con-
sumption with the interaction of societies. In this process, increasing natural resource
consumption and environmental pollution causes the above-mentioned environmental
problems. On the other hand, the effective use of conventional energy sources, which
occurs through the technology transfer provided by globalization, can reduce environ-
mental pollution (Saud et al. 2020). Since globalization increases economic efficiency,
energy efficiency, and provides new technologies, it can contribute to controlling envi-
ronmental degradation (Balsalobre-Lorente et al. 2020). Economic globalization can
help improve environmental quality by reducing waste and material input per unit out-
put through increased efficiency and competition (Tisdell 2001). Economic, political,
and social globalization can reduce human demands on the ecosystem by enhancing
the effectiveness of government institutions, increasing technology development, and
providing education, information, and knowledge (Rudolph and Figge 2017).

The financial sector plays an important role in transferring savings and resources
to productive activities and ensuring economic efficiency in general (Nasreen et al.
2017). Financial development, which is characterized as an improvement in a coun-
try’s banking, stock market, and foreign direct investment activities, may cause an
increase in energy consumption by supporting economic growth (Sadorsky 2010; Riti
et al. 2017; Adams and Klobodu 2018; Haseeb et al. 2018). This development pro-
vides various benefits to economies, such as eliminating information loss, establishing
effective financial institutions, and allowing technological development and profitable
investments (Shahbaz and Lean 2012). Progress in the financial sector provides more
access to financial capital to both households and firms (Shahzad et al. 2017). Thus, it
can encourage economic growth by providing new tools and equipment at low costs.
Financial development that affects the economic structures of countries also has an
impact on the environment. The impact of financial development on the environment
can be positive or negative. On the one hand, the financial sector can cause environ-
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Fig. 1 Financial development in G7 countries

mental pollution through an increase in fossil energy demand. Moreover, financial
development may lead to further industrial pollution by stimulating economic growth
(Tamazian et al. 2009). On the other hand, it can support low-cost environmental
regulations that can be made effectively when increasing investments are transferred
to abatement equipment. In addition, small-size companies that reduce their costs
with economies of scale can increase their environmental performance. Similarly,
banks can encourage the investments of companies that reduce environmental pollu-
tion (Yuxiang and Chen 2011). An effective financial system can ensure the efficient
use of scarce resources. With a sound financial sector, resources can be transferred to
clean technologies, thus reducing environmental pollution. Financial development can
positively affect the environment with increasingly energy-efficient technologies and
environmental protections (Zafar et al. 2019). It can also help improve environmen-
tal quality by supporting financial development research and development activities
(Shahzad et al. 2017). All these effects of financial development can provide a better
environment for future generations.

In this study, we aimed to determine the effects of globalization and financial devel-
opment on EF for G7 countries, namely Canada, France, Germany, Italy, Japan, the
United Kingdom (UK), and the United States (US). According toWorld Development
Indicators (World Bank 2019), these countries account for almost half of the gross
domestic product worldwide. Moreover, G7 countries with high production levels are
also in the leading position in the field of globalization and financial development.
Figures 1 and 2 present the globalization and financial development indices of the G7
countries from 1980 to 2015.

It is seen that the financial development levels of the countries are approaching each
other. For nearly four decades, the G7 countries demonstrated significant financial
development. In 2015, the US, Canada, and Japan were the three most financially
developed of the G7 countries.

The G7 countries have made significant progress in terms of globalization as well
as financial development. Japan lags other G7 countries, but she has managed to close
the gap. Besides the increasing level of globalization and financial development over
the years, the situation of environmental pollution in G7 countries is also critical.
Figure 3 presents the per capita EF in G7 countries.

123



Environmental and Ecological Statistics (2020) 27:803–825 807

50

55

60

65

70

75

80

85

90

95

1980 1985 1990 1995 2000 2005 2010 2015

Canada France

Germany Italy

Japan UK

US

Fig. 2 Globalization in G7 countries

9.64

6.08

7.16

4.69 4.86
5.76

9.84

7.76

4.70 4.94
4.45 4.47 4.59

8.17

0

2

4

6

8

10

12

Canada France Germany Italy Japan UK US

1980 2015

Fig. 3 The per capita ecological footprint in G7 countries (gha)

The figure indicates that the per capita EF has decreased in all countries. The EF
has decreased significantly in Germany, France, and the UK. It decreased by 31%
in Germany, 22.7% in France, and 21% in the UK. This environmental pollution
indicator decreased by 19.5% and 17% in Canada and the US. However, the pressure
of the Italian and Japanese societies on the environment has not changed much in
the 38-year period. Moreover, six of these seven countries have an ecological deficit
according to Global Footprint Network (2019). Among the G7 countries, Canada is
the only country where biocapacity is more than EF. In other countries, environmental
conditions are not sustainable. AlthoughEF tends to decrease inG7 countries, there are
many ways to go. Currently, among the G7 countries, the US, Japan, Germany, and the
UK are among the top 10 countries with the largest EF in the world (Global Footprint
Network 2019). In countries with high EF, combating environmental problems is
important for sustainable ecological development. Therefore, identifying factors that
reduce EF in G7 countries and thus determining effective environmental policies is an
exciting research topic.
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Ourpaper provides threemain contributions to the current literature. First, to the best
of the authors’ knowledge, no empirical research has been performed so far to exam-
ine the effects of globalization and financial development on the EF for G7 countries.
Second, the study provides robustness and comprehensive analysis by using financial
development and globalization indices. The financial development index developed
by the International Monetary Fund addresses financial institutions and markets in
terms of depth, accessibility, and efficiency. In previous studies analyzing environ-
mental pollution, the ratio of private credit to GDP has often been used as an indicator
of financial development (e.g., Adams and Klobodu 2018; Salahuddin et al. 2018;
Zakaria and Bibi 2019), and therefore the complex multidimensional nature of finan-
cial development has been neglected. Similarly, studies that consider only international
trade as an indicator of globalization neglect other economic aspects of globalization
such as FDI, tariffs, trade agreements, and foreign debt, as well as financial and polit-
ical aspects (e.g., Ulucak and Bilgili 2018; Park et al. 2018; Pata 2019). Our study
fills these gaps in the literature and addresses the omissions. Third, we use a recently
developed threshold cointegration test and suggest using a frequency causality test
with a fractional Fourier function. Ignoring nonlinearity or structural changes in the
long-run relationship leads to false inferences about the null hypothesis. There are
some studies in the literature that examine the relationship using nonlinear cointegra-
tion tests (see Charfeddine 2017; Baz et al. 2020, Bilgili et al. 2020 among others), and
some other studies consider only structural breaks in the long-run relationship (see
Charfeddine and Khediri 2016; Katircioğlu and Taşpinar 2017 among others). Con-
trary to these studies that ignore either nonlinearity or structural changes, we employ
a novel cointegration test that allows an endogenous structural break with threshold
effects. For these reasons, the study is expected to provide new research opportunities
by presenting new findings to the energy economics literature.

The rest of the paper is structured as follows. The next section presents the literature
on the relationship between financial development, globalization, and environmental
pollution. Section 3 explains the data and model used in this paper, while Sect. 4
discusses results. Finally, Sect. 5 concludes the paper and offers certain policy impli-
cations for the G7 countries.

2 Literature review

The persistent evidence of increasing environmental pressure calls for research on the
determinants of environmental pollution. Financial development and globalization are
two important factors affecting environmental quality. We divide the literature review
into two main topics: the effect of the relevant variables on CO2 emissions and EF.
First, we briefly present the findings of the studies conducted for CO2 emissions.

Many recent studies in the literature have examined the impact of financial devel-
opment on CO2 emissions. Farhani and Ozturk (2015) for Tunisia, Omri et al. (2015)
for 12Middle East and North Africa countries, Charfeddine andKhediri (2016) for the
United Arab Emirates, Dogan and Turkekul (2016) for the US, Shahzad et al. (2017)
for Pakistan, Amri (2018) for Tunisia, Pata (2018a, b) for Turkey, and Zakaria and
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Bibi (2019) for five South Asian countries found that financial development leads to
an increase in CO2 emissions.

Contrary to the findings of these studies, Tamazian et al. (2009) for Brazil, Russia,
Indonesia, and China, Abbasi and Riaz (2016) and Shahbaz et al. (2016) for Pakistan,
Riti et al. (2017) for 90 countries, Saidi andMbarek (2017) for 19 emerging countries,
Adams and Klobodu (2018) for 26 African countries, Park et al. (2018) for selected 23
European Union countries, and Salahuddin et al. (2018) for Kuwait determined that
financial development decreases environmental pollution.

Among the studies that investigated the globalization and CO2 emissions nexus,
Dreher et al. (2008) and Saint Akadiri et al. (2019b) found that globalization does not
affect CO2 emissions in 92 countries and Turkey, respectively. Lee andMin (2014) for
255 countries, Shahbaz et al. (2017) for China, andYou and Lv (2018) for high-income
countries revealed that globalization reduces CO2 emissions. In contrast, Twerefou
et al. (2017) for 36 Sub-Saharan African countries, Shahbaz et al. (2018) for Japan,
and Saint Akadiri et al. (2019a) for 15 selected tourism destinations argued that glob-
alization increases these emissions.

From studies that simultaneously examine the effects of these two variables on CO2
emissions, Shahbaz et al. (2015) and Khan et al. (2019) concluded that both financial
development and globalization increase environmental pollution in India and Pak-
istan, respectively. Haseeb et al. (2018) found that financial development increases
pollution, whereas globalization has a negative but insignificant effect on CO2 emis-
sions in BRICS countries. Xu et al. (2018) argued that financial development degrades
environmental quality, while globalization has an insignificant effect on pollution in
Saudi Arabia. Rahman et al. (2019b) found that globalization decreases environmental
pollution, while financial development does not affect CO2 emissions in 16 Central
and Eastern European countries. Zafar et al. (2019) and Zaidi et al. (2019) concluded
that both financial development and globalization decrease environmental degradation
by reducing CO2 emissions in Organisation for Economic Co-operation and Devel-
opment (OECD) and Asia Pacific Economic Cooperation (APEC) countries. In the
literature consisting of these studies, no consensus has been reached on whether the
variables cause an increase or decrease in CO2 emissions.

Second,we review the studies that analyzed the effects of financial development and
globalization on EF. Although the effects of globalization and financial development
on CO2 emissions have been examined in various studies, there are a limited number
of studies examining the effects of these variables on EF.

In recent years, several studies have empirically analyzed the impact of finan-
cial development on the EF. Baloch et al. (2019) utilized the Driscoll-Kraay panel
regression method for 59 Belt and Road countries covering the period 1990–2016 and
determined that financial development increases EF. Destek (2019) employed hetero-
geneous panel estimators and causality tests for 17 emerging countries from 1991 to
2013 and concluded that the overall financial development index and stock market
development reduce EF. The author also found unidirectional causality from the over-
all financial development index to the ecological footprint. Destek and Sarkodie (2019)
used the augmented mean group estimator and heterogeneous panel causality test for
11 newly industrialized countries for the period 1977–2013. They found that financial
development reduces EF in China andMalaysia, and increases pollution in Singapore.
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The authors also concluded unidirectional causality from EF to financial development
for the panel as a whole. Hafeez et al. (2019) performed panel regression analysis
for 49 Belt and Road initiative countries from 1990 to 2017 and found that financial
development has an adverse effect on carbon footprint. Rahman et al. (2019a) used
the generalized method of moment models, dynamic seemingly unrelated regression,
and Dumitrescu-Hurlin panel causality for 16 Central and Eastern European Countries
from 1991 to 2014. They found that financial development contributes to environmen-
tal pollution and that there is bidirectional causality between financial development
and EF.

The effect of globalization on the EF has also been investigated in the literature.
Figge et al. (2017) analyzed the effect of the Maastricht Globalization Index (MGI)
on EF in 183 countries and found that overall globalization increases the EF of con-
sumption and trade. They also concluded that, except for the political dimension, all
globalization indicators harm the environment. Rudolph andFigge (2017) analyzed the
relationship between KOF and EF in 146 countries over the period 1981–2009 using
a fixed-effect panel estimator and Granger causality test. They found that economic
(social) globalization increases (decreases) the EF of consumption and production.
The authors also stated that the effects of globalization on EF could vary depending
on the sub-components such as consumption, exports, imports, and production. Sabir
and Gorus (2019) used panel cointegration and causality tests, and long-run estima-
tors for the South Asian countries for the period 1975–2017. They determined that
globalization has a positive effect on EF and found unidirectional causality from glob-
alization toEF. Sharif et al. (2019) performed theGranger causality test in quantiles and
quantile-on-quantile regression for 15 globalized countries from 1970 to 2016. They
revealed that globalization increases EF in Belgium, Denmark, Canada, the Nether-
lands, Norway, Portugal, Sweden, and Switzerland, whereas globalization decreases
pollution in France, Germany, Hungary, and the UK. The authors also determined a
unidirectional causality from globalization to EF in all quantile distributions. Bilgili
et al. (2020) analyzed the impact of KOF on the EF in Turkey from 1970 to 2014 using
Markov regime-switching models and determined that financial, political, and trade
globalization reduce EF, whereas economic and social globalization increase it.

Finally, there are few studies examining the effect of two variables on EF simultane-
ously.Ahmed et al. (2019) performed aBayer-Hanck cointegration test andvector error
correctionmodel forMalaysia for the period 1971–2014. They found that globalization
does not affect EF, whereas it decreases carbon footprint. The authors also concluded
that financial development mitigates EF and that there is unidirectional causality from
financial development to EF. Saud et al. (2020) investigated the relationship between
financial development, globalization, and the EF for 49 selected One-Belt-One-Road
initiative countries covering the period of 1990–2014 using pooled means group esti-
mator and a Dumitrescu-Hurlin panel causality test. They found that the effects of
globalization and financial development on EF vary for country-specific results, while
financial development increases EF and globalization decreases pollution level for
the panel as a whole. The authors also reached bidirectional causality between the
variables.

In the literature, different results have been obtained in studies examining the effects
of financial development and globalization on EF. Besides, no studies have simulta-

123



Environmental and Ecological Statistics (2020) 27:803–825 811

neously tested the effects of financial development and globalization on EF for the G7
countries. Therefore, further findings reached using new methods could be beneficial
for policymakers and related institutions.

3 Data set, model, andmethodology

The study uses annual time series data of the G7 countries over the period 1980–2015.
Following Xu et al. (2018) and Saud et al. (2020), we use Eq. (1) to analyze the effect
of various macroeconomic indicators on environmental pollution.

ln EFt � δ0 + δ1 ln FDt + δ2 ln GDPt + δ3 ln KOFt + δ4 ln ECt + et (1)

where δ0 is the intercept, δ1, δ2, δ3 and δ4 are the long-term coefficients, et is the
standard error term. EF represents the logarithmic per capita ecological footprint,
FD, GDP, KOF, and EC indicate logarithmic financial development indices (sum of
the financial institutions and financial markets indices), logarithmic reel per capita
gross domestic product (constant 2010 US$), logarithmic globalization indices (sum
of the economic, politic and social globalization indices), and logarithmic per capita
energy consumption (kg of oil equivalent), respectively. Because all the series are in
logarithmic form, the coefficients express the elasticities. The data set used in the
study was obtained from four different sources. The KOF, FD, and EF were collected
from Gygli et al. (2019), the International Monetary Fund (IMF 2019), and Global
Footprint Network (2019). The GDP and EC were derived from World Development
Indicators (World Bank 2019).

In the literature, two different indices are generally used as a criterion of globaliza-
tion. Martens and Zywietz (2006) developed and Figge and Martens (2014) improved
MGI. Another globalization index, called KOF, was developed by Dreher (2006) and
Dreher et al. (2008), and updated by Gygli et al. (2019). Because the indexes by them-
selves do not indicate that the effects of globalization are good or bad, the effects of
globalization indexes on ecological, social, and economic indicators should be ana-
lyzed empirically (Figge et al. 2017). We preferred to use KOF as an indicator of
globalization because it is a more comprehensive indicator than MGI. KOF consists
of three different globalization criteria: economic, social, and political. Economic
globalization reflects international trade flows, social globalization shares ideas and
information among people, and political globalization indicates the dissemination of
government policies.

Globalization has three different effects on environmental pollution (Grossman
and Krueger 1991; Shahbaz et al. 2015). The scale effect indicates that the foreign
direct investments provided by globalization increase environmental pollution through
their production activities, while the technical effect suggests that clean technolo-
gies provided by these investments reduce environmental pollution. The increase or
decrease in pollution as a result of structural changes in the economy through global-
ization is defined by the composition effect. This effect demonstrates that, along with
globalization, service sector-oriented production leads to a decrease in environmental
pollution, and industrial sector-oriented production leads to an increase in pollution
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level. Depending on the effects, the coefficient of globalization (δ3) can be positive
or negative. Financial development can also affect environmental pollution positively
or negatively. Therefore, the sign of the coefficient of financial development (δ1) may
vary depending on country conditions.

3.1 Cointegration test

Considering structural breaks in the time series literature has become a common prac-
tice since most of the time-series data are affected by structural changes that occur
when there is an economic crisis, or a war, or a considerable change in government
policy. Ignoring these changes leads to the non-rejection of the null hypothesis. Conse-
quently, several unit root and cointegration tests have been introduced to the literature
(see Zivot and Andrews 1992; Narayan and Popp 2010; Gregory and Hansen 1996;
Hatemi-J 2008, among others). It is not only structural breaks that play a crucial role in
unit root and cointegration testing, but nonlinearity is also an important property that
should be carefully handled. There are several reasons for the presence of nonlinear-
ity such as exceptionally large exogenous shocks (Teräsvirta 1995), the existence of
transaction costs (McMillan 2003), and market imperfections (Lim and Hinich 2005);
and ignoring the nonlinear effect could cause conclusions similar to those caused by
ignoring structural breaks. Therefore, to make reliable inferences, we should consider
both nonlinearity and structural change. In this study, we employ a recently suggested
nonlinear cointegration with an endogenous structural break suggested by Schweikert
(2019). We estimate the following test equation in the first step:

EFt � β1 + β2Dt,τ + α1FDt + α2GDPt + α3GEt + α4ECt + α5FDt Dt,τ

+ α6GDPt Dt,τ + α7KOFt Dt,τ + α8ECt Dt,τ + utτ (2)

Wemodel the structural change in the cointegration equationwith a dummyvariable
that is defined as follows:

Dt,τ �
{
1 if t ≥ [T τ ]

0 if t < [T τ ]

where t , and T show the time and the sample size, respectively, and τ ∈ (0, 1) is
the relative change date. Interaction variables in Eq. (2) demonstrate the effect of
the structural break, that is while α1 indicate the slope coefficient of FD before the
structural change, α5 represent the effect of the break, accordingly α1 + α5 indicate
the slope coefficient after the break date. To consider nonlinearity, Schweikert (2019)
suggests estimating Eq. (2) for each breakpoint after excluding the trimming region1

1 Trimming regions is; T � (0.15, 0.85)
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from the sample and then estimating a two-regimemomentum threshold autoregressive
(MTAR) model as follows:

�utτ � ρ1ut−1τ I (�ut−1τ ≥ λ∗) + ρ2ut−1τ I (�ut−1τ < λ∗) +
K∑
j�1

γ j�ut− jτ + εtτK .

(3)

where I (.), and λ indicate the Heaviside indicator function and a threshold value,
respectively. TheMTARmodel captures the possibility of asymmetrically steepmove-
ments in the residuals. ρ1 measures the mean-reversion toward the attractor if a shock
has momentum greater or equal to ut , while ρ2 measures the mean-reversion toward
the cointegrating vector if a shock has a momentum less then ut . To test the null
hypothesis of no cointegration, ρ1 � ρ2 � 0, we first compute the test statistic for
each sequence of residuals as follows:

Fτ � t21 + t22
2

where t1, and t2 are the t ratios for ρ1 and ρ2 from Eq. (3). The following supremum
statistic is then used to test the null:

F∗ � sup
τ∈T

Fτ

The necessary critical values are tabulated in Schweikert (2019).

3.2 Causality test

Structural changes in causality analysis were generally ignored until the study of
Enders and Jones (2016) who introduce a novel causality test by accommodating a
variant of theflexible Fourier form to consider the possibility ofmultiple smooth breaks
in the vector autoregressive (VAR) model. To employ the causality test of Enders and
Jones (2016), one must test the stationarity characteristics of the variables and take
differences of the variables if the series has a unit root. Since this modification could
cause long-run information loss, we follow Nazlioglu et al. (2016) and use the Fourier
causality test in the Toda-Yamamoto framework, where the VAR model is augmented
with the maximum integration level of the variables.

In this study, we use the following lag augmented VAR (LA-VAR) model incorpo-
rated with a Fourier function:

Yt � β0 + β1 sin

(
2πkt

T

)
+ β2 cos

(
2πkt

T

)
+

l+d max∑
i�1

θi Yt−i +
l+d max∑
i�1

φi Xt−i + ut

Xt � δ0 + δ1 sin

(
2πkt

T

)
+ δ2 cos

(
2πkt

T

)
+

l+d max∑
i�1

ϕi Yt−i +
l+d max∑
i�1

θi Xt−i + vt
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where l, and d max indicate the optimal lag length of the VARmodel, and the maximal
integration level of the variables. In this LA-VAR system, k, t, and T indicate the
particular frequency, trend, and the number of observations, respectively. Nazlioglu
et al. (2016) recommend selecting the optimal frequency value (k) by estimating the
model for the integer values in 1 ≤ k ≤ 5 and choosing the k that produces the
minimum sum of squared residuals. However, as recommended by Christopoulos and
Leon-Ledesma (2011), while an integer frequency supports the evidence of temporary
breaks, fractional frequencies are able to capture permanent breaks. Therefore instead
of searching optimal frequency in the interval of integer frequencies, we also consider
fractional frequencies to allow for permanent breaks in the causality testing and choose
the optimal k in the interval of [0.1, 0.2, 0.3,…,5]. We refer to this test as the fractional
frequency flexible Fourier form Toda-Yamamoto (FFFF-TY) causality test. We test
the null hypothesis of φl � 0, ∀i � 1, 2, . . . , l using the Wald statistic and obtain
critical values through bootstrap simulations.

4 Empirical results and discussions

As a first step of the analysis, we test the stationarity of the variables using a well-
known unit root test that allows an endogenous break introduced byZivot andAndrews
(1992). Test results are presented in the following Table 1.

According to the results of the unit root test, all the series contain unit root at their
levels. Therefore, we pass to the next level to test the presence of the cointegration rela-
tionship among the variables using a threshold cointegration test with an endogenous
break and report the results in Table 2.

The results of the threshold cointegration tests confirm a long-run relationship
among the discussed variables only for Canada, Italy, and Japan. The date of structural
change was determined as 1994 for Japan and Italy, and 1996 for Canada. We could
not find a cointegration relationship for the remaining countries. To observe the effects
of the variables on the ecological footprint, we estimate the long-run relationship as
presented in Table 3.

Long-run estimation results indicate that globalization has a significant and neg-
ative effect on EF for all three countries. These results contradict the findings of
Figge et al. (2017), denoting that globalization adversely affects the environment. Our
findings support the studies of Rudolph and Figge (2017) and Bilgili et al. (2020).
Consistent with the findings of Baloch et al. (2019), energy consumption has a sig-
nificantly positive effect on environmental degradation in these countries. Moreover,
structural breaks are statistically significant in Japan and Canada at 5% and 10% lev-
els, respectively. In terms of break dates, Ogura (2011) has argued that the Japanese
demand system had undergone structural change since March 1994. After 1994, the
interest rate in Japan has remained below 1%. At the same time, Japan introduced the
electoral reform law in this year. All these events affected the social and economic
structure of Japan. In addition, Canada experienced an economic slowdown in 1995
and 1996 (Fortin 1996). Table 3 presents some interesting results whenwe focus on the
dummy variables that reflect the effect of structural breaks. In Japan, while the effect
of financial development is positive before the break, it turns to negative after 1994
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Table 1 Unit root test results Variables Test statistic k TB

Canada lnEC − 4.149 2 2003

lnEF − 3.984 0 2003

lnFD − 3.609 0 1993

lnGDP − 3.525 1 1999

lnKOF − 4.329 2 1989

lnEC − 2.652 4 2004

France lnEF − 4.165 2 2006

lnFD − 4.363 0 2006

lnGDP − 4.128 1 2004

lnKOF − 3.936 2 1996

lnEC − 4.255 2 2001

Germany lnEF − 3.590 2 1991

lnFD − 4.181 0 1997

lnGDP − 4.725 0 1990

lnKOF − 3.477 0 1991

lnEC − 4.011 2 2005

Italy lnEF − 3.943 0 2004

lnFD − 4.676 0 1998

lnGDP − 2.362 2 2000

lnKOF − 3.463 1 1996

lnEC − 2.966 1 1994

Japan lnEF − 4.554 2 1993

lnFD − 4.602 2 2002

lnGDP − 4.520 2 1987

lnKOF − 4.563 0 1996

lnEC − 2.468 4 2003

UK lnEF − 3.322 0 2004

lnFD − 3.926 0 2003

lnGDP − 4.136 1 2003

lnKOF − 2.568 0 1999

lnEC − 4.171 2 2004

US lnEF − 4.565 0 2008

lnFD − 4.208 2 1995

lnGDP − 3.920 1 2004

lnKOF − 2.615 4 1997

Critical values for the *1, **5,
and ***10% levels are − 5.57,
− 5.08, and − 4.82, respectively

(0.208–0.555). The effect of globalization becomes more negative after the break,
while the effect of energy consumption decreases. Next, we carry out the FFFF-TY
causality test, and the results are presented in Tables 4 and 5 as follows.

The results demonstrate that there is a unidirectional causality that runs from glob-
alization to EF for Canada, Germany, the UK, and the US, consistent with the findings
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Table 2 Threshold cointegration
results

Countries Test statistic p TB

Canada 31.296 0 1996

France 24.735 4 1985

Germany 17.405 0 2003

Italy 28.665 1 1994

Japan 28.407 0 1994

UK 18.566 0 2001

US 21.403 0 1994

Table 3 Long-run estimation results

Countries Canada Italy Japan

Variables Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat

lnFD 0.223 1.512 0.059 0.769 0.208 2.552**

lnGDP − 0.496 − 1.580 0.228 0.574 − 0.327 − 1.512

lnKOF − 1.534 − 6.024* − 0.491 − 1.969*** − 0.585 − 2.632**

lnEC 1.464 3.166* 0.893 1.994*** 1.400 5.218*

Constant 0.962 0.254 − 5.598 − 4.729* − 3.828 − 7.485*

DU − 10.782 − 1.747*** 2.972 0.961 − 5.638 − 2.101**

DU*lnFD − 0.261 − 0.939 0.073 0.513 − 0.555 − 3.603*

DU*lnGDP 0.531 1.505 0.036 0.057 1.287 4.540*

DU*lnKOF 1.268 1.202 − 0.698 − 0.871 − 0.064 − 0.205

DU*lnEC − 0.046 − 0.086 − 0.045 − 0.085 − 0.978 − 3.457*

*, **, and *** show the significance at the 1, 5, and 10% levels respectively

of Ahmed et al. (2019) and Sharif et al. (2019).Moreover, bidirectional causality exists
for Italy and Japan, which supports the results of Saud et al. (2020). Contrary to the
findings of Destek and Sarkodie (2019) that there is a unidirectional causality from EF
to financial development, there is unidirectional causality from financial development
to EF for France and the UK, which supports the results of Destek (2019). More-
over, bidirectional causality exists for these variables for Japan. We can reject the null
hypothesis that there is not a causality relationship from EF to energy consumption for
Germany, Italy, and Japan, and reverse causality is observed in the UK. In addition,
there is causality from GDP to EF for the UK, and from EF to ln GDP for France only.
Finally, the cointegration and causality findings are summarized in Table 6.

In Canada, Italy, and Japan, energy consumption increases EF in the long run;
and energy consumption causes EF in the UK. For these countries, it is necessary to
increase the efficiency of energy consumption and use more renewable energy sources
instead of fossil fuels in order to reduce environmental pollution. The existence of
unidirectional causality from EF to energy consumption in Germany, Italy, and Japan
demonstrates that increasing environmental pollution affects energy policies.
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Table 4 FFFF-TY causality test
results from EF to independent
variables

Null hypothesis W-statistics Bootstrap prob.
value

k Frequency

Canada

lnEF↛lnFD 0.430 0.520 1 0.2

lnEF↛lnGDP 9.258 0.443 8 3.8

lnEF↛lnKOF 4.049 0.157 2 0.5

lnEF↛lnEC 1.677 0.208 1 0.4

France

lnEF↛lnFD 1.991 0.175 1 0.6

lnEF↛lnGDP 47.043 0.024** 8 0.1

lnEF↛lnKOF 22.713 0.106 8 1.3

lnEF↛lnEC 0.657 0.423 1 0.3

Germany

lnEF↛lnFD 0.314 0.581 1 0.5

lnEF↛lnGDP 0.229 0.622 1 1.8

lnEF↛lnKOF 0.591 0.462 1 1.7

lnEF↛ lnEC 31.818 0.052*** 8 1.5

Italy

lnEF↛lnFD 0.295 0.595 1 0.6

lnEF↛lnGDP 2.381 0.316 2 0.3

lnEF↛lnKOF 36.433 0.038** 8 0.4

lnEF↛lnEC 6.580 0.019** 1 0.7

Japan

lnEF↛lnFD 90.832 0.004* 8 0.4

lnEF↛lnGDP 0.494 0.481 1 0.7

lnEF↛lnKOF 3.089 0.091*** 1 0.2

lnEF↛lnEC 17.404 0.056*** 6 1

UK

lnEF↛lnFD 0.074 0.786 1 0.1

lnEF↛lnGDP 4.968 0.107 2 0.1

lnEF↛lnKOF 0.415 0.526 1 0.6

lnEF↛lnEC 0.180 0.679 1 0.1

US

lnEF↛lnFD 13.832 0.267 8 0.1

lnEF↛lnGDP 3.881 0.305 3 0.1

lnEF↛lnKOF 6.449 0.623 8 1

lnEF↛lnEC 0.042 0.836 1 0.3

*, **, and *** show the
significance at the 1, 5, and 10%
levels respectively
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Table 5 FFFF-TY causality test
results from independent
variables to EF

Null hypothesis W-statistics Bootstrap prob.
value

k Frequency

Canada

lnFD↛lnEF 0.480 0.495 1 0.2

lnGDP↛lnEF 36.811 0.039 8 3.8

lnKOF↛lnEF 6.403 0.057*** 2 0.5

lnEC↛lnEF 1.569 0.220 1 0.4

France

lnFD↛lnEF 5.723 0.027** 1 0.6

lnGDP↛lnEF 23.558 0.106 8 0.1

lnKOF↛lnEF 6.321 0.633 8 1.3

lnEC↛lnEF 0.303 0.591 1 0.3

Germany

lnFD↛lnEF 1.799 0.186 1 0.5

lnGDP↛lnEF 0.893 0.350 1 1.8

lnKOF↛lnEF 10.134 0.003* 1 1.7

lnEC↛lnEF 12.819 0.289 8 1.5

Italy

lnFD↛lnEF 0.616 0.443 1 0.6

lnGDP↛lnEF 1.374 0.508 2 0.3

lnKOF↛lnEF 44.833 0.023** 8 0.4

lnEC↛lnEF 0.113 0.740 1 0.7

Japan

lnFD↛lnEF 44.051 0.025** 8 0.4

lnGDP↛lnEF 0.306 0.584 1 0.7

lnKOF↛lnEF 6.059 0.024** 1 0.2

lnEC↛lnEF 6.500 0.419 6 1

UK

lnFD↛lnEF 4.626 0.042** 1 0.1

lnGDP↛lnEF 13.355 0.005* 2 0.1

lnKOF↛lnEF 5.770 0.023** 1 0.6

lnEC↛lnEF 3.729 0.059*** 1 0.1

US

lnFD↛lnEF 19.176 0.157 8 0.1

lnGDP↛lnEF 3.328 0.364 3 0.1

lnKOF↛lnEF 30.078 0.068*** 8 1

lnEC↛lnEF 0.781 0.383 1 0.3

*, **, and *** show the
significance at the 1, 5, and 10%
levels respectively
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Table 6 The summary of the results

Methods Cointegration (dependent variable EF) Causality

Countries KOF FD EC GDP KOF FD EC GDP

Canada Negative – Positive – KOF→EF – – –

France No Cointegration – FD→EF – EF→GDP

Germany No Cointegration KOF→EF – EF→EC –

Italy Negative – Positive – KOF↔EF – EF→EC –

Japan Negative Negative Positive Positive KOF↔EF FD↔EF EF→EC –

UK No Cointegration KOF→EF FD→EF EC→EF GDP→EF

US No Cointegration KOF→EF – – –

The arrows indicate the direction of causality

The effect of globalization on the environment is negative and has an impact on the
EF in six out of the G7 countries. Therefore, globalization should be used as an impor-
tant policy tool in reducing EF. In addition, the bidirectional causality relationship
between the two variables in Italy and Japan indicates that EF affects globalization
activities in these countries. The impact of financial development on environmental
pollution is less than that of globalization. Financial development reduces environ-
mental pollution only in Japan and causes EF in the UK and France. Environmental
pollution can be reduced by financial development in these three countries.

5 Conclusion and policy recommendations

This paper primarily examines the effect of energy consumption, economic growth,
financial development, and globalization indices onEF inG7 countries. To this end, we
performed a newly developed threshold cointegration test and offered a new approach
based on the Fourier Toda-Yamamoto causality test with fractional frequencies. With
these two new approaches, we aimed to obtain more reliable and robust findings. At
the same time, we hoped to contribute to the literature by using comprehensive indices
for both financial development and globalization.

We can summarize the study’s findings under two headings, as cointegration and
causality results. (I) The threshold cointegration test reveals that a long-run relationship
exists between the variables for Canada, Italy, and Japan. The long-run estimator
demonstrates that globalization significantly reduces EF, while energy consumption
increases environmental pollution in the three countries. Financial development has a
negative impact on EF only in Japan. Moreover, economic growth is positively related
to environmental pollution after the threshold value in the country. In the remaining
countries, there is no long-run relationship between the variables. These findings do
not provide information about causal relations.

(II) TheFractional Fourier formToda-Yamamoto causality test indicates that that EF
causes energy consumption inGermany, Italy, and Japan,whereas a reverse causality is
observed in the UK. This situation demonstrates that environmental pollution should
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be taken into consideration when implementing energy policies in Germany, Italy,
and Japan. In addition, we found that EF causes economic growth in Germany, while
economic growth causes environmental pollution in the UK. These findings imply that
the use of fossil fuel energy and natural resources to stimulate economic growth in the
UK cause negative effects on the environment. Therefore, the UK government needs
to promote the efficient use of renewable energy and natural resources. Moreover, we
foundunidirectional causality fromfinancial development toEF forFrance and theUK,
while bidirectional causality is found in Japan. More importantly, the empirical results
confirm a unidirectional causality from globalization to EF in Canada, Germany, the
UK, and the US, and a bidirectional causal association between the variables in Italy
and Japan.

The results of the study provide two main policy implications. First, based on the
results of this study, we concluded that financial development plays an effective role
in reducing EF for three out of seven countries. Since the 2000s, per capita EF in G7
countries has started to decrease (see Fig. 3). To improve the environment, the positive
effects of financial development on the environment need to be better assimilated and
used more effectively in policy instruments. Along with financial development, G7
countries can encourage the use of renewable energy sources by lowering interest
rates and imposing additional taxes and carbon pricing on companies that pollute
the environment. Furthermore, additional funds should be allocated to research and
development expenditure for environmentally friendly technologies in France, the
UK, and Japan, and the banking sector should support environmental policies. In
these countries, financial development can support the improvement of environmental
quality by providing cleaner abatement technology and an increase in productivity.
Moreover, environmentally friendly investments and initiatives funded by the financial
sector can help raise the environmental awareness of people.

Second, our results suggest that globalization is the most important factor in reduc-
ing EF. We used an overall globalization index covering the economic, social, and
political dimensions. Our findings demonstrate that globalization helps improve envi-
ronmental quality in six out of the seven countries. Policymakers and responsible
authorities should support environmental institutions and organizations resulting from
globalization in these countries. Globalization creates societies that are more con-
scious of environmental pollution by supporting both social awareness and greener
technologies in these countries. Developed countries carry out polluting production
processes in developing countries. Thus, environmental pollution is prevented, and
the cost advantage is obtained from the labor force. This production process also cre-
ates additional income for developing countries. Developing countries, whose income
levels are rising, and whose technology levels increase with globalization, can also
spend more on environmental protection over time. With such a goal in mind, the
G7 countries should not impose tariffs and barriers that hamper international trade;
instead, they should promote the exchange of goods and services that provide cleaner
technologies for developing countries.

As a result, the key findings of this study indicate that globalization ismore effective
than financial development in reducing EF. The success of G7 countries in globaliza-
tion and financial development should also be followed by developing countries, thus
reducing EF on a global scale.
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Finally, this study offers new research opportunities. Future research can be car-
ried out for developing countries with the same methods. This study focuses only on
the total per capita EF. Future studies could analyze the effects of globalization and
financial development on the six EF sub-components: built-up land, carbon footprint,
cropland, fishing grounds, forest land, and grazing land can be analyzed. At the same
time, the effects of political, social, and economic globalization can be addressed sep-
arately for G7 countries. Thus, it can be determined which type of globalization is
more effective in reducing environmental pollution.
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