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Abstract: Many developed countries including G-7 became part of the Kyoto Protocol for improving
their environmental quality in 2005. Its main goals were to develop national-level programs for energy
conservation and the eradication of greenhouse gas emissions. To achieve such goals, certain policy
measures including reduction in deforestation, urban population and promotion of renewable energy
consumption were adopted. This study aims to examine the consequences of these policies on the
environmental quality of G-7 from 1988 to 2018. LLC and IPS unit root tests were applied to check
the stationarity of analyzed variables. The results of Pedroni and Kao’s co-integration tests proved the
long-run relationship between the dependent and explanatory variables. The application of multiple
cross-sectional dependence tests revealed that the cross-sections are independent of each other. The
findings of the panel Autoregressive distributed lag (ARDL) model exhibited that urbanization,
economic growth and nonrenewable energy consumption are hampering the environmental quality.
While renewable energy consumption and globalization are improving it in the long term. Urbanization,
renewable and nonrenewable energy consumption significantly improve the environmental quality
during the short term whereas globalization insignificantly deteriorates the environment. The study
confirms the presence of reversed U environmental Kuznets curve between urbanization and carbon
emissions with a turning point at 80 per cent of urbanization. The study suggests that the transformation
of energy consumption from nonrenewable to renewable sources and strict compliance with
environment management policies will prove prolific for improving the environmental quality of G-7.
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1. Introduction

The concerns related to environmental quality have now become the centre of attention worldwide
due to their serious and increasing impacts on planet life. It does not mean global warming only but
unexpected weather changes, deforestation, shifts in flora and fauna, water pollution, and other factors
are also part and parcel. All such happenings are attributed to human activities which raise the level of
carbon dioxide and other heat trapped gases in the environment. The only way to improve the
environmental quality lies in how the energy is produced and consumed. Energy use is the most
essential factor for economic growth, however, it is also obligatory to make it harmless for the
environment. On one side, the rapid increase in urban population and goals to achieve higher economic
growth exert upward pressure on energy consumption which in turn spoils the environmental quality
by adding carbon emissions. On the other side, increasing deforestation, lesser renewable energy use
and more nonrenewable energy use are detrimental to the environmental quality. Moreover, due to
intense globalization at all levels, it is the equal responsibility of the developed and developing
countries to protect the environment.

There is extensive literature available over the last few decades describing energy-growth-
environment linkage and can be grouped into three (Apergis and Ozturk, 2015; Behera and Dash, 2017).
The first group of studies highlighted the role of economic growth in increasing or decreasing carbon
emissions by inspecting the Kuznets curve® hypothesis. The studies (Grossman and Krueger, 1991;
Ozturk and Mulali, 2015; Dogan and Turkekul, 2016; Shahbaz et al., 2019) among others found the
inverted U environmental Kuznets curve (EKC). However many studies including (Kaufmann et al.,
1998; Diao, 1999) reported the existence of U shaped EKC. The next group related the energy use and
environmental quality in the context of the IPAT or STIRPAT model. They established energy use and
environmental quality linkage by using either the aggregate energy use or by decomposing the renewable
energy use and nonrenewable energy use. The studies (Jebli et al., 2016; Dogan and Seker, 2016; Sharif
et al., 2019) found that the use of renewable energy lessens emissions while nonrenewable energy
worsens them. Apergis et al. (2010) found the contrary results with the same variables. So there is still
ambiguity in the past literature and more research is required in this regard. The studies in the third
category are a combination of the first two classifications and explained the energy-growth-environment
linkage. Many other studies (Soytas and Sari, 2006; Sadorsky, 2009; Magazzino, 2014; Sharif et al.,
2019; Raza et al., 2020) examined the association between growth-energy-environment by applying
different techniques. But the majority of studies found varying empirical evidence thus raising the
controversy in the existing literature. In this situation, it is impossible to recommend a uniform policy
suited to all countries. Therefore, there is a need to further explore the nexus by using the countries that
are working and spending huge amounts on renewable energy consumption to conserve the environment.

1Simon Kuznet (1955) developed this hypothesis to explain the causality between income and inequality. It reveals that an
increase in income accompanies inequality and after a threshold level, this relationship turns to be negative.
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Despite the efforts to reduce their emissions level, another reason for selecting the G-7 (Canada,
France, Germany, Italy, Japan, the UK and the USA) is their global status and impact on the rest of
the world. The International Energy Agency (IEA, 2019) report presents the usage of renewable and
non-renewable energy in Canada (22%, 73%), France (15%, 46%), Germany (14%, 79%), Italy (16%,
79%), Japan (7%, 93%), The UK (9%, 81%) and the USA (10%, 83%) respectively in 2016 (Figure
1). Canada used more renewable energy than others due to its vast hydroelectric power generation
system. The G-7 group being the world’s largest exporter, nuclear energy producer and carbon
dioxide emitter took important decisions to lower its carbon emissions under the Kyoto Protocol
treaty of 2005. It was an extension of efforts started in 1992 by the United Nations Framework
Convention on Climate Change (UNFCCC). The IEA, 2019 report reveals per capita carbon
emissions in Canada (15 tons), France (5 tons), Germany (9 tons), Italy (5 tons), Japan (10 tons), the
UK (7 tons) and the USA (16 tons) during 2018 (Fig.2). The G-7 contributes 26% of the world’s
economic output and 33% of global carbon emissions according to the World Bank report 2019.

CANADA FRANCE GERMANY ITALY JAPAN UK USA

REC m NEC

Figure 1. Energy consumption (Renewable and Nonrenewable) in G-7 during 2016 as
percentage of total energy consumption.
Source: Author’s contribution based on IEA data (2019).
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Figure 2. Carbon emissions per capita in G-7 (2018).
Source: Author’s contribution based on IEA data (2019)

The basic purpose of this study is to observe the effects of urbanization, economic growth, renewable
and nonrenewable energy consumption and globalization on carbon emissions for G-7 using the
STIRPAT? model and EKC framework. The existing literature seems to be focused mostly on the panels
like BRICS?® and European Union* while G-7 is very limitedly considered for such kinds of investigations.
Therefore this study selected a panel of G-7 to reveal the energy-growth-environment nexus. Many past
studies used either aggregate energy or a single source of energy for exploring its contribution to carbon
emissions and the individual role of renewable and nonrenewable energy sources at the same time is
inadequately discussed. Thus the secondary purpose of this study is to break down the energy
consumption into renewable and nonrenewable to obtain clarity about the effect of each source on
emissions levels. In addition, the previous studies mostly used trade openness as a proxy for globalization
to measure its effects on carbon emissions. Therefore the tertiary objective of this study is the use of the
KOF index as a proxy for globalization to obtain ample insight into its impact on environmental quality.

The further components of the study are as follows; a review of the literature is presented in
section 2, while section 3 sheds light on data and methodology, section 4 comprises results and their
discussion while section 5 displays the conclusion.

2. Review of the literature
Previous literature discussed the significance of different determinants of environmental quality

in developed and developing countries of the world. By considering the importance of major
determinants of carbon emissions, some of the relevant past literature is summarized here.

2Stochastic impact for regression on population, affluence and technology. It is an ecological framework which incorporates
three multiplicative components and their impact on the quality of the environment.

%Brazil, Russia, India, China, South Africa.

“Consists of 28 members of European countries like Austria, Belgium, Spain and Switzerland.
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Soytas and Sari (2006) examined the impact of economic growth and energy use on the
environment in the G-7. The findings reported that energy conservation decreases growth in all
economies except Germany. Narayan et al. (2007) employed dynamic OLS to analyze how variations
in incomes and prices of electricity influence household usage and carbon emissions in G-7. The
long-run analysis showed that electricity prices had a negative relationship with household energy
use while income variations had no impact on electricity demand. Sadorsky (2009) found that
economic growth is accompanied by more renewable energy use and CO, emissions. However, a
little decrease in renewable energy use is noticed due to the rise in oil prices. Magazzino (2014)
confirmed the unidirectional relationship between CO2 emissions and energy use in the case of Italy
from 1970 to 2006. He concluded that GDP growth and energy use harms the environment.

Mahalik and Mallick (2014) explored the energy- growth-urbanization nexus in India. The
estimates of the ARDL revealed that urbanization increased energy use in the long-run. However,
urbanization adversely affected economic growth but positively impacted energy use. Dogan and
Turkekul (2016) found that economic growth and urbanization increase emissions while trade impedes
emissions in the USA. Dogan and Seker (2016) and Sharif et al. (2019) selected twenty-three countries
including G-6 from the renewable energy attractiveness index to analyze the impact of the main drivers
of pollution. Their findings reveal that non-renewable energy use proves harmful to the environment
whereas the use of wind and solar energy and trade prove good for the environment.

Zaman et al. (2016) conducted panel study of different sized economies for testing the EKC
hypothesis. The findings of 2SLS revealed the existence of a linear relationship between income and
carbon emissions up till the threshold level, then there exists a non-linear linkage. Furthermore, energy
consumption and tourism are found responsible for hampering the environment. The findings of
Nasreen et al. (2017) also confirmed the co-integration of GDP, urbanization and energy use with
carbon emissions and the existence of EKC for South Asian countries. To test the N shaped EKC in
the case of five EU economies, Lorente et al. (2017) considered economic growth, renewable energy
consumption and innovations. The findings validated the existence of N shaped EKC. Renewable
energy consumption and innovations were found to reduce carbon emissions. Duada et al. (2019) and
Raza et al. (2020) also observed similar findings.

Behera and Dash (2017) studied the impact of urbanization and energy use on the environment of
South Asian countries and found that energy consumption increased carbon emissions. However, the
impact of urbanization varies among developed and developing economies. Khan et al. (2019) used
globalization, urbanization and energy use to detect their effects on the environment of Pakistan. They
found that energy consumption, globalization and urbanization significantly raise carbon emissions.
Shahbaz et al. (2019) employed GMM on annual data for G-7 economies w.e.f 1980 to 2014 and revealed
that globalization and urbanization impede environmental quality. Alkadiri et al. (2019) and Shahbaz et
al. (2019) found that economic integration proved useful for advanced countries and has a prospect of
reducing environmental degradation. However, a contrasting situation exists in developing nations. The
studies revealed that globalization may positively, negatively, directly or indirectly impact CO. emissions.

Zhang et al. (2018) examined the effect of land and population urbanization on carbon emissions
in China for the period of 2005 to 2014. Using STIRPAT and the spatial econometric model, they
found an insignificant impact of urbanization on carbon emissions. While urbanization significantly
increased the carbon emissions spatially. On the contrary, Danish et al. (2019) explored that
urbanization and renewable energy consumption reduced the carbon emissions and improved the
environmental quality of BRICS from 1992 to 2016. They used dynamic OLS and fully modified OLS
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methods to validate the Kuznets curve hypothesis. Khalid et al. (2020) explored the significant and
positive role of renewable energy on ecological footprints in all SAARC economies from the period
1990 to 2017. Therefore the policy of financial assistance from developed economies is suggested for
preventing the SAARC countries from further climatic changes and to coop with an energy crisis.

By employing the panel data estimation strategy, Ulucak et al. (2021) also found that economic
growth and conventional energy sources triggered environmental pollution in the Mediterranean region
over the period 1995 to 2016. However, the urban sprawl and clean energy sources reduced carbon
emissions. Therefore, it is suggested that urbanization should be properly planned and monitored to
attain its benefits for the environment. Sahoo and Sethi (2021) investigated the impact of urbanization,
population density, economic structure and innovations on the environmental quality of newly
industrialized countries from 1990 to 2017. They used Mean Group and Pooled Mean Group
techniques and found that urbanization, energy consumption and economic growth deteriorate the
environmental quality. The study recommended the investments in the renewable energy sector to
reduce environmental degradation.

The previous studies either focused on the association of growth and carbon emissions or energy
use and carbon emissions in the presence of other variables. But the relationship between urbanization,
economic growth, renewable energy consumption, non-renewable energy consumption, globalization
and the effect of this relationship on carbon emissions are discussed very limitedly in the past literature.
Many studies also found contradictory results using mentioned variables in the case of different or
same countries. Moreover different econometric methods are used by different studies with different
outcomes for the same indicators. So there is a need for more work to obtain clarity regarding the
linkage of analyzed variables and to gauge the effectiveness of the specific sources of energy on the
environment. Therefore to bridge this gap in existing literature, this study is empirically designed to
reveal the relationship among underlying variables and their effects on the environmental quality of
G-7. So it is the first time that these variables are used together in the case of a panel of G-7 using
STIRPAT and EKC framework.

3. Data and methods

This study evaluates the impact of urbanization, economic growth, renewable energy
consumption, nonrenewable energy consumption and globalization on the environmental quality of
G-7 by using the STIRPAT model. The STIRPAT model allows for to add more variables in the base
model along with squared terms to test the existence of EKC. (Dietz et al., 2007). The STIRPAT model
specifications in the panel data scenario can be written as:

Iii= OLPitB] AitBZTith (1)

Here, | reflect the impact on environmental quality, P stands for population size, A shows
affluence, T displays technology, o and s show constant and measurements of population, affluence
and technology respectively while ¢ is an error term. The number of countries is reflected by i and t
displays the time period. The STIRPAT model after insertion of additional variables is written as under:

EQit = aj + BIURBi,t + BZGDPi,t + B3RECi,t + B4NECi,t + BSGLOi,t + &t (2)
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In Equation (2), EQ denotes environmental quality and this study uses per capita carbon dioxide
emissions in metric tons to analyze it by pursuing (Dogan and Turkekul, 2016; Behera and Dash, 2017;
Nasreen et al., 2017; Anser, 2019). The increase in carbon emissions means environmental quality is
hurting while the decrease in carbon emissions reveals the improvement in environmental quality. Urban
population (URB) as a percentage of the total population is used to examine its effects on the
environmental quality by following (Mahalik and Mallick, 2014; Dogan and Turkekul, 2016; Anser et al.,
2020). GDP depicts real gross domestic product per capita (2010, US$) which is also used by (Soytas and
Sari, 2006; Mahalik et al., 2014; Nasreen et al., 2017; Raza et al., 2020). Renewable energy consumption
(REC) and nonrenewable energy consumption (NEC) as a percentage of total energy consumption are
utilized to test their impact on carbon emissions by following the footprints of (Dogan and Seker, 2016;
Sharif etal., 2019). GLO shows globalization for which the KOF globalization index® is used in this study.
KOF index combines economic, social and political dimensions of globalization, similar indicator was
used by (Shahbaz et al., 2019; Akadiri, 2019; Khan et al., 2019). Like (Anser et al., 2020) the present
study also examines the presence of EKC between urbanization and carbon emissions for G-7. For this
purpose, the square of urbanization is included in the selected model and written as follows:

EQi¢= ¢ + B1URB;; + B> URBiZ,t + B3GDP; + B4REC + BsNEC; + B¢GLO; + ;¢ (3)

In the light of existing literature, the expected sign of B1 is positive because urbanization leads to
an increase in carbon emissions. The expectation of sign for B2 is negative if the existence of an inverted
U curve is confirmed between urbanization and carbon emissions. The sign expectation for Bz is
positive as more economic growth raises emissions and hurts the environment. The expected sign
regarding P4 iS negative while it is positive for Bs. B can either be negative or positive depending on
how globalization affects the carbon emissions. The annual time series data is transformed into a
natural logarithm except for the variables whose data is already in percentage. Most data is obtained
from World Development Indicators while the KOF globalization index is found in the Swiss
Economic Institute database.

As Equation (3) demonstrates the long-run association of population, affluence, technology and
globalization with carbon emissions. Following (Hanif et al., 2019; Anser, 2019) panel Autoregressive
distributed lag model® (ARDL) technique is used to attain efficient and consistent results during the long
and short term with error correction representation. ARDL is a more robust method of estimation than
the traditional approaches of co-integration such as Engel and Granger (1987) and Johansen and Juselius
(1992). ARDL takes into account the small sample properties and controls the simultaneity issues among
the variables of interest. Moreover, data on macroeconomic variables usually contains unit root and the
use of the conventional OLS method for non-stationary data provides misleading results. ARDL is also
flexible to host the mixed order of variables and capable to address the issues of endogeneity and
autocorrelation due to optimal lag selection criteria (Ali et al., 2016). To fulfil the purpose, short-run
dynamics are included in Equation (3) and written as Equation (4).

5It was presented by Dreher (2006) and elaborated by Dreher, Gaston and Martens (2008) and then Gygli et al. (2018).
®It was developed by Pesaran et al. (1999).
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AEQi = oo+ ) bimAEQum + ) bomAURBe  + ) dam AURBE
m=1 m=0 m=0

+ Y m=0 Pam AGDP_p, + Y=o $sm AREC,_p, + X 1=0 Pem ANEC_p, +
m=0 ®7m AGLO_m, + B1EQj¢—1+ BZURBi,t—1+B3URBi2,t—1 + B4GDP; 1 +BsREC; 1 +
B6NEC; 1 + B;GLO; 1 + & (4)

Here, A represents variables at the first difference, ¢p; indicate short term coefficients, B, show
the long term coefficients and ¢ is an error term. After establishing the short and long term relationship
between the analyzed variables, the next step is to include ECM in the model. It provides the speed of
correcting errors which emerged due to any internal or external shock during the short term. It can be
written as:

k k k
AEQit = BO + z (*)1]' AEQt_] + z YZ] AURBt_] + z 83] AURBtZ_]
j=1 j=1 j=1

K K K Kk
+ z U4y AGDP,_; + z ns; AREC,_; + z T4 ANEC,_; + Z (97, AGLO,.
i=1 i=1 =1 i=1
+B,URB;; + BZURBiZ,t + B3GDP; + BaREC;; +P5s NEC; +BsGLO; + OEC; 1+ & (5)

Here, O is the coefficient of lagged error correction term showing the long term co-integration. It
must be negative and statistically significant because it describes the speed of error adjustment.

3.1. Descriptive statistics

The descriptive statistics of selected variables for the G-7 are reported in Table 1. The
environmental quality of the USA shows the maximum deterioration during 2000 due to carbon
emissions of 3.00 metric tons per capita. The heavy use of big cars, houses and air conditioners makes
the USA one of the biggest emitters in history. Whereas carbon emissions in France remain at their
lowest during 2014 with 1.52 metric tons per capita having a mean and standard deviation of 2.29 and
0.40 respectively. The attainment of more than 70 per cent of electricity from nuclear energy is the
main reason behind it. Urbanization reveals the maximum value of 91.61 per cent for Japan in 2018 as
it is experiencing rapid upward trends in rural-urban migration. The minimum described value of
urbanization is 66.70 per cent for Italy in 1991 with a mean and standard deviation of 77.50 and 5.43.
The economic growth of the USA is highest in 2018 at 10.90 US dollars per capita. While the economic
growth of the UK during 1988 is reported as lowest as 10.22 US dollars per capita, having a mean and
standard deviation equal to 10.56 and 0.15 US dollars per capita. Renewable energy consumption
represents the highest number of 22.61 per cent and the lowest number of 0.85 per cent of total energy
consumption with a mean and standard deviation of 8.88 and 6.44 for Canada and the UK during 2012
and 2001 respectively. The highest consumer of nonrenewable energy is Japan with 94.63 per cent in
2013 while France remains the lowest nonrenewable energy consumer with 46.22 per cent of total
energy during 2017 with a mean and standard deviation of 79.34 and 12.33 respectively. Globalization
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remains highest in the UK in 2017 at 4.49 while the minimum value of globalization is 4.03 in the year
1988 for Japan with a mean and standard deviation of 4.36 and 0.09 respectively.

Table 1. Summary statistics.

Variable EQ URB GDP REC NEC GLO
Mean 2.29 77.50 10.56 8.88 79.34 4.36
Median 2.24 78.00 10.57 7.35 82.75 4.39
Maximum 3.00 91.61 10.90 22.61 94.63 4.49
Minimum 1.52 66.70 10.22 0.85 46.22 4.03
Std. Dev. 0.40 5.43 0.15 6.44 12.33 0.09
Observations 217 217 217 217 217 217

Note: EQ is the environmental quality for which CO, emissions are used as a proxy, URB is the urbanization, GDP is the
per capita economic growth, REC is renewable energy consumption, NEC is the non-renewable energy consumption and
GLO is the globalization.

3.2. Coefficient of correlation and VIF

Table 2. Correlation matrix and VIF.

Variables EQ URB GDP REC NEC GLO

EQ 1 - - - - -

URB 0.26 1 - - - -
(1.07)

GDP 0.32 0.61 1 - - -
(1.12) (1.59)

REC 0.20 0.01 0.26 1 - -
(1.04) (1.00) (1.07)

NEC 0.38 0.04 0.08 0.46 1 -
(1.16) (1.00) (1.00) (1.26)

GLO 0.18 0.12 0.28 0.21 0.24 1
(1.03) (1.01) (1.08) (1.04) (1.06)

Note: Variance inflation factor is shown in parenthesis.

The coefficients of correlation and variance inflation factor’ (VIF) are presented in Table 2. It is
very important to check the nature of the pairwise relationship and the issue of multi-collinearity
between all the variables before the further procedure. The magnitude of VIF between all analyzed
variables is also positive and less than 10 which concludes that all regressors have a weak correlation
with carbon emissions hence they are free from multi-collinearity issues.

"The variance inflation factor is calculated by using the formula [1 / (1 —r?)], where r denotes the coefficient of correlation.
The value of VIF is less than 10 which indicates the absence of multi-collinearity between variables.
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3.3. Cross-section dependence and Unit root Tests

Table 3. Results of CD Test.

Test Statistics Probability
Pesaran scaled LM 0.395 0.69
Bias-corrected scaled LM 0.265 0.79
Pesaran CD 1.193 0.23

Ho: No cross-section dependence.

At the initial stage, the data collected for underlying variables is analyzed for whether the
cross-sections are dependent on each other or not. It should consider before applying the panel unit root
test to avoid biased estimations. Moreover, it helps in choosing the appropriate panel unit root test. Multiple
CD tests are used in this study having the same null hypothesis. Table 3 provides the outcomes of the CD
test. The insignificant probability values of all tests do not allow the rejection of the null hypothesis and
conclude that cross-sections have no dependence on each other. As cross sections are independent so the
next step is to check the stationarity of data by using Levin, Lin, Chu (LLC) and Im, Pesaran and Shin (IPS)
unit root tests. LLC unit root test provides efficient results when the panel is balanced and the time period
is long. Whereas IPS testing procedure is less restrictive and comprehensive. It assumes that all
cross-sections have different speeds of convergence towards equilibrium.

Table 4. Unit root tests.

LLC test IPS test
Variable At level At first difference At level At first difference
EQ -0.70 -9.75 -0.02 -12.30
(0.24) (0.00)* (0.48) (0.00)*
URB —-1.46 —6.84 -0.75 —8.48
(0.07) (0.00)* (0.22) (0.00)*
GDP -1.15 -8.71 1.35 -10.18
(0.12) (0.00)* (0.92) (0.00)*
REC 2.50 —8.56 2.34 —-9.69
(0.99) (0.00)* (0.99) (0.00)*
NEC 1.25 —-7.49 2.64 -9.39
(0.89) (0.00)* (0.99) (0.00)*
GLO —-8.38 - -5.10 -
(0.00)* (0.00)*

HO: Data series contain unit root.
Note: Probabilities are shown in parenthesis. (*) shows at 1% significance level.
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Both tests show in Table 4 that carbon emissions, urbanization, GDP, the renewable and
nonrenewable energy consumption are stationary at first difference while globalization is stationary at
level. It concludes that variables are integrated of order I (0) and I (1).

3.4. Panel co-integration tests

In the next step, the Pedroni test (1999, 2004) and the Kao (1999) test are applied to ascertain
whether co-integration exists between the analyzed variables or not. These tests are Engle and Granger
(1987) based. Pedroni test displays estimates in two sets, the first set checks the co-integration status
of a homogeneous panel while the second set tells about the co-integration of a heterogeneous panel.
The significant p values of the majority of statistics decide to accept the alternative hypothesis and
validate the long-term relationship of selected variables. The Kao co-integration test shows the ADF
statistics and probability value, the significant probability value confirms the co-integration between
selected variables by accepting an alternate hypothesis of co-integration.

Table 5. Pedroni co-integration test.

Common AR coefficients

Estimates Statistics Weighted statistics

041 -1.14
Panel v-Statistic (0.33) (0.87)

-0.43 0.23
Panel rho-Statistic (0.33) (0.59)

—6.86 -5.01
Panel PP-Statistic (0.00)* (0.00)*

-7.70 —6.05
Panel ADF-Statistic (0.00)* (0.00)*
Individual AR coefficients

0.83 -
Group rho-Statistic (0.79)

-7.92 -
Group PP-Statistic (0.00)*

-8.24 -
Group ADF-Statistic (0.00)*

Note: * denotes at 1% significance level. Probabilities are shown in parenthesis.

Table 6. Kao co-integration test.

ADF t-statistics probability
—2.86* 0.00
Note: * denotes a 1% level of significance.

The seven statistics of the Pedroni test are shown in Table 5. The four statistics out of seven
indicate that selected variables have stable long term relationships. Then the Kao test is applied and its
results are shown in Table 6. This result also indicates the existence of co-integration of explanatory
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variables with carbon emissions because a significant p-value indicates the acceptance of the alternate
hypothesis of co-integration.

4. Results and discussion
4.1. ARDL estimates for long-run relationship

After getting strong proof for co-integration between explained and explanatory variables, there
is a way forward for long-run analysis and outcomes of ARDL estimation are reported in Table 7.

Table 7. Results of panel ARDL for long term.

Variable Coefficient Standard Error t-statistic
URB 0.2579** 0.1096 2.3531
URB? —-0.0016** 0.0007 —2.2857
GDP 0.9047* 0.1007 8.9841
REC —-0.0070** 0.0030 —-2.3333
NEC 0.0198* 0.0026 7.6153
GLO —1.2364* 0.2156 —5.7346

Source: Calculated by author.
Note: The dependent variable is EQ. *, ** show at 1% and 5% significance levels respectively.

The results reveal that urbanization has a positive and significant relationship with carbon
emissions. It means that a one per cent increase in urbanization increases the carbon emissions by
0.2579 per cent on average in the long run assuming other factors are constant. This is similar to
(Sadorsky, 2014; Mulali and Ozturk, 2015). Initially, when urbanization takes place, the needs of
migrants for goods and construction multiply rapidly which raises the use of cars, public transport, air
conditioners, refrigerators, materials and other appliances. All this requires heavy energy consumption
which ultimately pollutes the environment. The empirical findings indicate that the urbanization square
is negatively and significantly related to carbon emissions. In short, the reduction of 0.0016 per cent
in carbon emissions is linked with a one per cent increase in urbanization square if the other elements
are considered to be unchanged. These findings validate the reversed U-shape relationship between
urbanization and carbon emissions. So this study confirms the Kuznets hypothesis in the case of G-7
which states that carbon emissions increase with the initial increase in urbanization up to a specific
level after that carbon emissions decrease with further urbanization. These findings are in line with
(Xu and Lin, 2015; Bekhet and Othman, 2017). Unorganized urbanization exerts upward pressure on
non-renewable energy consumption and harms environmental quality. Over time, people become well
aware of the health benefits of a clean environment and adopt energy-saving techniques like solar
panels, inverters, LED technology, high rise buildings and renewable energy which curtail carbon
emissions. This way environmental quality starts improving after a turning point and carbon emissions
decline with the increase in urbanization. Another important reason for a reduction in carbon emissions
due to increased urbanization is the strict policies implemented in developed countries regarding
personal possession of electric appliances, usage of natural resources and renewable sources (Nejat et
al., 2015). Following (Anser et al., 2020) the calculation of the turning point is mentioned as follows:
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) _ Coefficient of urbanization
Turning Point = — (O.S X — — )
Coefficient of urbanization square

0.2579 )

—0.0016
Turning Point = 80.59%

Turning Point = — (0.5 X

It shows that urbanization in G-7 has a turning point at 80.59% of urbanization. It is the point up
till which carbon emissions initially increase along with an increase in urbanization and when the urban
population reaches 80.59%, then carbon emissions start declining with further urbanization. That’s
why the current study finds a reverse U shaped linkage between urbanization and carbon emissions.
The turning point specifies that Canada, Japan, the UK and USA have entered their second phase of
EKC where urbanization is non-linearly linked with carbon emissions. The remaining G-7 countries
are still prevailing in phase first where urbanization and carbon emissions have linear linkage.

The empirical findings indicate that economic growth is increasing carbon emissions in long-run.
One per cent increase in economic growth is associated with a 0.9047 per cent increase in carbon
emissions if other things are assumed to be fixed. It means that the world’s developed and industrialized
G-7 economies have to bear environmental degradation as a cost of growth. This result is similar to
(Magazzino, 2016; Duada et al., 2019; Shahbaz et al., 2019). It is evident that when economic growth
increases, it increases the carbon emissions because of the increased use of fossil fuel energy due to its
cheaper cost. It is historically proven that when countries are desirous of growth, their energy use
increases due to supplementary economic activity which leads to pollution. So the transformation of
energy sources is inevitable to attain economic growth without polluting the environment.

The results show that renewable energy consumption decreases carbon emissions and one per
cent consumption of renewable energy reduces carbon emissions by 0.0070 per cent. This result
endorses (Boluk and Mert, 2014; Ozturk and Mulali, 2016; Dogan and Seker, 2016). It is so because
renewable energy sources are environmental-friendly as they emit no or very less carbon dioxide so
their use is beneficial to improve the environmental quality. The long term findings exhibit that use of
nonrenewable energy deteriorates the environmental quality and its one per cent addition is the source
of a 0.0198 per cent increase in carbon emissions keeping other factors constant. This is in line with
the results of (Farhani and Shahbaz, 2014; Jebli et al., 2016). The non-renewable energy being
available at lower rates and easy access is widely used in the world, thus it increases the carbon
emissions a lot. Now G-7 have entered into many environment protection agreements and regulations
to shift most of its energy towards renewable energy.

Globalization has a negative and significant association with environmental quality and an
increase of one per cent in globalization is linked with 1.2364 per cent decrease in carbon emissions.
This is similar to (Christmann and Taylor, 2001; Lee and Min, 2014; You and Lv, 2018; Khan et
al., 2019). Globalization is a multi-faceted phenomenon and mostly brings the countries closer
through trade and foreign direct investment. Sometimes progressive countries like the G-7 transfer
their high pollutant plants and machinery to developing countries due to globalization, by doing
so they reduce their pollution. However, globalization also enables the nations to take benefit from
each other’s research and innovations to improve the environmental quality by reducing emission
levels. The growing economic, political and social integration facilitates the countries to exchange
environment-friendly technologies.
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4.2. ARDL results for short-run relationship

The relationship of explanatory variables with the explained variables for G-7 during the short
term is explored through the ARDL technique and reported in Table 8.

Table 8. Results of panel ARDL for short run.

Variable Coefficient Standard Error t-statistic
EQ(-1) 0.4813* 0.1786 2.6948
URB 0.6969* 0.0328 21.2469
URB(-1) —1.5597** 0.6358 —2.4531
URB? —0.0044* 0.00022 —20.200
URB?(-1) 0.0096** 0.0039 2.4615
GDP 0.5929* 0.0761 7.7910
GDP(-1) —-0.0320 0.2930 —-0.1092
REC 0.0293* 0.0008 34.8809
REC(-1) —-0.0276* 0.0105 —2.6285
NEC 0.0253* 0.0005 51.2758
NEC(-1) —0.0089*** 0.0047 —-1.8936
GLO —0.8986* 0.1532 -5.8655
GLO(-1) 0.3077 0.5718 0.5381

C —29.6259* 1.9125 —-15.4906

Source: Calculated by author.
Note: *, ** show at 1% and 5% significance level respectively.

Table 8 reveals that a one per cent increase in carbon emissions in the previous period is linked
with a 0.4813 per cent carbon emissions in the current period. In addition during the short term, 1.5597
per cent significant decrease in carbon emissions is evident due to one per cent increase in urbanization.
The squared rate of urbanization is positively and significantly associated with carbon emissions by
0.0096 per cent. The renewable and nonrenewable energy consumption declines the emissions keeping
other things fixed during the short term. However, GDP and globalization do not contribute
significantly to carbon emissions during the same period.

4.3. Error correction model dynamics

Finally, Table 9 exhibits the outcomes of the error correction model and multiple diagnostics tests.
The negative and significant coefficient of lagged error correction term (ECt.1) depicts the explanatory
power of independent variables and the significance of the estimated model. The significant ECt.1
confirms the long term relationship between the explanatory and explained variables. Its negative sign
indicates that the model can converge from disturbance to a stable state. Its coefficient shows the speed
of correcting errors and concludes that 54.19 per cent of errors will be corrected annually. Thus it will
take approximately 1.85 years (1/0.5419 = 1.845) to restore the equilibrium.

The findings related to multiple diagnostic tests are reported at the bottom of the same table and
prove that the residuals of the model are free from the issue of serial correlation. The functional form
of the model is correctly specified. The residuals are following the normal distribution with zero mean
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and constant variance. The variance of the residuals is homoscedastic which verifies the absence of

heteroscedasticity.

Table 9. Error correction model results.

Variable Coefficient Standard Error t-statistic
URB 0.2579** 0.1096 2.3531
URB? —0.0016** 0.0007 —2.2857
GDP 0.9047* 0.1007 8.9841
REC —0.0070** 0.0030 —2.333
NEC 0.0198* 0.0026 7.6153
GLO —1.2364* 0.2156 —5.7346
AEQ —0.2391** 0.1141 —2.0955
AURB 4.2051 2.6673 1.5765
AURB? —-0.0287 0.0180 —-1.5944
AGDP 0.1258 0.1432 0.8784
AREC —-0.0075 0.0071 —-1.0563
ANEC 0.0074 0.0048 1.5416
AGLO 0.2227*** 0.1192 1.8682
ECt-1 —0.5419* 0.2053 —2.6395
Test statistics LM version F version

Serial Correlation

Functional Form

Normality

Heteroscedasticity

72 (1)=1.029(0.31)
72 (1) =1.928(0.16)
72 (2) =1.339(0.51)

2 (1) =1.415(0.23)

F (1, 13)=0.478(0.50)

F(1, 13)=0 .925(0.35)

F(1,27)=1.385(0.25)

Source: Calculated by author.

Note: Dependent variable=AEQ, A means first difference operator. *, **, *** show at 1%, 5% and 10% significance level

respectively.

4.4, Stability test

In the end, the stability of the estimated model is diagnosed by plotting the graphs of the
cumulative sum of recursive residuals (CUSUM) and the cumulative sum of squares of recursive
residuals (CUSUM squared). Figures 3 and 4 reflect that the CUSUM and CUSUM squared locate
within the critical bounds and affirm the stability of the estimated model. So it concludes that the mean
and variance of the disturbance term are structurally stable from 1988 to 2018.
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Figure 3. Plot of CUSUM. Figure 4. Plot of CUSUM Squared.

5. Conclusions

The present study investigates the impact of urbanization, energy use, economic growth and
globalization on the environmental quality of the G-7 group by using the STIRPAT and EKC
framework from1988 to 2018. The study employed LLC and IPS unit root tests, CD test, Pedroni and
Kao co-integration tests and panel ARDL approach for empirical analysis. The results based on the
ARDL technique show that urbanization, economic growth and non-renewable energy consumption
significantly escalate the carbon emissions while renewable energy consumption and globalization
reduce the carbon emissions during the long term. Urbanization, renewable and nonrenewable energy
consumption bring significant improvement in the environmental quality in the short term. The
influence of economic growth and globalization on environmental quality remains insignificant at the
same time. The Error Correction Model describes that 54% error will be corrected each year and
converge towards stable equilibrium within 1.85 years approximately.

The study confirms an inverted U shaped EKC between urbanization and carbon emissions which
means that unorganized urbanization hurts the environmental quality up to a certain threshold level but
after that level, urbanization tends to improve the environmental quality. The findings also establish
that Japan has crossed the turning point of 80.59% urbanization while other countries will take more
time to enter the non-linear phase of urbanization and environmental quality. So it is concluded that
urbanization should be systematic to avoid its harm to energy sources and the environment. The study
highlights the positive impact of renewable energy use and the adverse influence of non-renewable
energy use on environmental quality.

The findings reveal that increased urbanization and nonrenewable energy use are hurting the
environment of the G-7 countries significantly because more urban population demands more
transportation, residence and fossil fuels. Therefore the policymakers should promote the construction
of high rise buildings instead of big houses to conserve agricultural lands and nonrenewable energy
sources. The government should control the unorganized urbanization and provide subsidies and loans
to people for transforming most of their energy consumption from nonrenewable to renewable sources
to abstain from further environmental degradation. Through the vast use of renewable energy obtained
from solar, wind and wave power, the G-7 group can continue to attain the highest economic growth
without polluting the environment. As the role of globalization is also found quite encouraging to reduce
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carbon emissions in the developed countries so the administrations should continue to create global
awareness of the need and importance of a clean environment and renewable energy consumption.

Limitations and prospects

The present study explores the association between the variables of G-7 countries so the
generalization of outcomes is not possible; although it provides an opportunity for further research
either by conducting the same study considering a single country or comparative analysis of many
countries. Through the application of twofold tests for unit root and co-integration and ARDL
estimation, robust results are obtained. Moreover further study can be designed to achieve more robust
results depending upon more advanced econometric methods and the availability of the longest and
latest available data for the underlying variables in the case of G-7 economies. The impact of
urbanization on the environment is complex so more research work can be carried out on the same
pattern by including additional socioeconomic factors.
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