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of G7 economies: a panel quantile regression approach
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Abstract
As the argument widens on the need to cut down on global carbon emissions, this study addresses environmental degradation
using a combination of second-generation empirical methodologies including, quantile regression (QR), augmented mean group
(AMG), fully modified ordinal least square (FMOLS), and dynamic ordinal least square (DOLS) to examine the impacts of
natural resource rents alongside disaggregated energy consumption on the environmental quality of the G7 economies within the
framework of the stochastic impact by regression on population, affluence, and technology (STIRPAT) model. The empirical
findings reveal that the total natural resources rent indicates a positive significant relationship with pollution in all the quantiles
except Q 0.05. Additionally, the findings for renewable energy consumption are adverse and significant throughout the assessed
quantiles while fossil fuel energy consumption is reported to have a positive and significant effect on carbon dioxide emissions,
thus, increasing environmental degradation experienced in the G7 economies. The extended findings from the Granger causality
analysis also show that income levels combined with fossil fuel use have a strong effect on environmental degradation, while the
total natural resources rent granger causes clean energy consumption within the G7 countries. This finding supports the assertions
that natural resource revenue is mostly channeled into further productivity avenues which consequently lead to further environ-
mental degradation. As such, while maintaining targeted revenue agenda, we strongly recommend that productivity gains from
natural resource rents within the G7 economies should be harnessed for investment in clean energy for a more sustainable
environment.
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Introduction

Over the past few decades, the relationship between economic
growth and environmental indicators like carbon emission
level and ecological consumption among others has gained
significant attention from researchers and policymakers. This
development is not unexpected as the awareness of the grow-
ing risks and dangers of environmental degradation has started
gaining momentum gradually (Chokriensukchai and Tamang
2010; Freije et al. 2017; Balsalobre-Lorente et al. 2019;
Yilmaz and Can 2020; Thaker et al. 2020). Various studies
are ongoing on the possible impacts of environmental degra-
dation, and the argument on climate change and environmen-
tal challenges is expanding with respect to changes in average
temperatures with concerns of more frequent extreme values,
rising sea levels that are accompanied by risks of disasters like
flooding posing potential threats on lives and properties, and
the challenges of prolonged droughts being witnessed in some
places among other issues (Meehl et al. 2009; Trenberth 2011;
Trenberth 2012; Pachauri et al. 2014). Thus, addressing envi-
ronmental degradation vis-à-vis researches on various pollut-
ant emissions has taken an upward trajectory in the literature.

Some studies addressing environmental degradation within
the scope of pollutant emission can be classified into three
groups. The first group encompasses the studies investigating
the applicability of the Environmental Kuznets Curve (EKC)
hypothesis (Ozturk and Al-Mulali 2015; Churchill et al. 2018;
Yilanci and Ozgur 2019; Onifade et al. 2021a; Demissew
Beyene and Kotosz 2020). The second group captures studies
with the EKC equations that account for the environmental
impact of other factors, such as energy consumption, trade,
and urbanization among others (Danish et al. 2019; Hanif
et al. 2019; Sharif et al. 2019; Chen et al. 2019; Destek and
Sinha 2020; Ulucak and Ozcan 2020; Anwar et al. 2021;
Onifade et al. 2021b). While the third group is those that
specified the relationship between economic growth and car-
bon emissions without necessarily accounting for the predic-
tions of the EKC hypothesis (Bekun et al. 2019; Nathaniel and
Iheonu 2019; Mahalik et al. 2020).

The identified groups of studies have been carried out using
several sample countries mainly in group analysis (Erdogan
et al. 2020; Ulucak and Ozcan 2020; Bekun et al. 2021a;
Shahbaz et al. 2018; Bekun et al. 2021b), but with few cases
of country specify analysis (Ozturk and Al-Mulali 2015; Alola
and Ozturk 2021). However, the current study set out to har-
ness the focus points of all of the identified groups to analyze
the unique case of the G7 economies as the bloc strategizes on
ways to enhance environmental quality.

At the moment, pollutant emission remains high among the
G7 economies as countries like the USA account for about
13% of the global greenhouse gas (GHG) emission being the
second top-emitting country in the world (UNEP 2018). Also,
as of 2017, emission from the European Union (EU) bloc

accounts for about 9% of the global GHG emission (UNEP
2018), and major G7 members in the EU like Germany,
France, Italy, and the UK have their important share in the
bloc’s contribution to the global emission level. Therefore, the
subject of mitigating environmental damage in the G7 nations
is still open to further discussion.

Hence, in the current work, the EKC equation is extended
to account for the environmental impact of energy consump-
tion while incorporating natural resource rents in the frame-
work of the stochastic effect by analysis on population, afflu-
ence, and technology (STIRPAT) model for the Group of
Seven (G7) economies including Canada, France, Germany,
Italy, Japan, the UK, and the USA. The strength of the current
study lies in the aggregation of the approaches from the afore-
said three groups of study to address problems of degradation
in the level of environmental quality for the case of the G7
economies using a combination of second-generation empiri-
cal methodologies.

The study has been outlined into 5 sections startingwith the
introduction in Sect. 1 and an up-to-date review of extant
studies in Sect. 2. The methodology and data were discussed
in Sect. 3, while Sect. 4 and 5 contain the discussion of the
empirical results and the policy implications accordingly.

Review of related literature

Some existing studies have taken steps toward extending the
frontier of energy research beyond the EKC hypothesis for a
different group of countries by covering varying sample pe-
riods with empirical results providing mixed conclusions.
Bekun et al. (2019) examined the nexus between CO2 emis-
sions, economic growth, resource rent, non-renewable, and
renewable energy consumption during the period 1996–
2014 using a balanced panel data of 16 European Union coun-
tries. The results from the study show that economic growth,
resource rent, and non-renewable energy contribute to growth
in carbon emissions in these countries, whereas the use of
renewable energy mitigates the challenge. The study also
identified feedback in the causality between economic growth
and CO2 emissions as well as for non-renewable, renewable
energy consumption, and CO2 emissions. For natural resource
rent, a unidirectional causality runs to CO2 emissions.
Nathaniel and Iheonu (2019) considered the condition in de-
veloping economies during the period 1990–2014 using a
sample consisting of 19 African countries. The results affirm
the environmental deterioration effect of non-renewable ener-
gy and also support the growing evidence that renewable en-
ergy mitigates CO2 emissions. Another interesting result from
the analysis is a unidirectional causality that runs from both
renewable and non-renewable energy sources to CO2 emis-
sions in these developing economies.
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Using an extended EKC model and a global sample of 74
countries from 1990 to 2015, Sharif et al. (2019) confirmed a
significant positive relationship between non-renewable ener-
gy use and CO2 emissions and a significant negative relation-
ship between renewable energy and CO2 emissions. The re-
sults also confirmed the validity of the inverted U-shaped
relationship of the EKC hypothesis for the sampled counties.
Further evidence from Hanif et al. (2019) using an extended
EKCmodel for the environmental condition in the developing
Asian economies covered the period 1990–2015 and used data
from 25 countries. The results confirmed the validity of the
inverted U-shaped curve and further heightened the environ-
mental deterioration effect of non-renewable energy con-
sumption and natural resource depletion and the carbon miti-
gation effect of renewable energy use. Assessing environmen-
tal impact based on CO2 emissions in the BRICS countries
during the period 1990–2015, Danish et al. (2019) confirmed
the EKC hypothesis, but not valid in India and also showed
that natural resource rent mitigates environmental challenges
in Russia but degrades the environment in South Africa, while
renewable energy use has significant mitigation effect in
Brazil, China, India, and Russia but not in South Africa.
Results from more recent studies are not different. Erdogan
et al. (2020) examined an extended EKC model using a sam-
ple of 25 OECD countries during the period 1990–2014. The
results failed to validate the EKC hypothesis for the sampled
countries but confirmed the environmental disregarding im-
pact of non-renewable energy and the carbon mitigation effect
of renewable energy in OECD countries. In another study for
CO2 emissions in the OECD countries, Ulucak and Ozcan
(2020) showed that a valid U-shaped relationship however
exists for the environmental impact of economic growth for
the period 1980–2016. The study also confirmed the environ-
mental degrading effect of non-renewable energy use and nat-
ural resource rents but surprisingly showed that renewable
energy use had no significant mitigation effect in the OECD
countries during the period 1980–2016.

In another study for the BRICS countries, Mahalik et al.
(2020) modeled the environmental impact of a number of
factors using data from 1990 to 2015. The empirical results
from the analysis showed that non-renewable energy sources
and economic growth contribute significantly to the rising
CO2 emissions, whereas renewable energy use reduces the
environmental challenge. Employing an extended EKC
framework, Anwar et al. (2021) examined the environmental
impact of renewable and non-renewable energy in the
ASEAN countries during the period 1990–2018. Based on
quantile regression analysis, the study showed that non-
renewable energy use contributes to CO2 emissions in all the
countries, whereas renewable energy use has a significant
mitigation effect in countries at the lower quantiles of CO2

emission distribution. The study also verified the validity of
the inverted U-shaped relationship (i.e., the EKC hypothesis)

for the countries. In the particular case of the USA, Pata
(2020) observed the inverted U-shaped EKC relationship for
the environmental impact of economic complexity for the pe-
riod 1980–2016. The study also identified the environmental
deterioration effect of non-renewable energy use and the
carbon mitigation effect of renewable energy use given the
process of economic expansion over time.

However, Gyamfi et al. (2021a) contribute to this field by
studying the effect of biomass energy use on carbon dioxide
emissions in the framework of the G7 economies. Thus, they
used energy consumption and GDP as a proxy for economic
growth, which includes aspects that can affect emissions, for
annual periods throughout 1995 and 2016 in the context of G7
economies. The current study contributes to the existing liter-
ature by evaluating the influence of biomass energy on emis-
sions using novel econometric methodologies such as panel
cross-section augment auto-regressive distributive lag
(ARDL) and common correlated estimate mean group
(CCEMG). The empirical evidence from all methodologies
indicates that biomass energy use is significantly and adverse-
ly correlated with CO2 pollution implying that it contributes to
long-term pollution reduction. On the other side, a substantial
positive association exists between energy usage and pollut-
ants, showing that fundamental energy use is not sustainable
for the ecosystem over the investigated period. Finally, the
findings established that GDP increases CO2 emissions, in
the long run, relative to the G7. Thus, the growth-induced
pollution hypothesis is validated in the G7 blocs. Moreover,
in the study of Bildirici and Gökmenoğlu (2017), the purpose
was to analyze the connection between environmental degra-
dation, economic growth, as well as hydroelectric energy use
in the various business cycles regimes for the G7 economies
from 1961 to 2013. They accomplished this objective by uti-
lizing Markov switching-vector autoregressive (MS-VAR)
and MS-Granger causality approaches, as typical methods in-
vestigate causality by presuming all periods are equal in level.
In contrast to conventional methods, these techniques enable
the determination of the connection and casual dynamics
among elements in distinct domains. The causation findings
for various regimes aided in the formulation of policy
proposals for each jurisdiction separately. According to the
analytical findings, there is a bidirectional Granger causal
relationship between carbon dioxide emissions and
economic growth in both the catastrophe and high
development regimes, whereas carbon dioxide emissions are
the Granger cause of economic growth in all dictatorships.
They found proof that hydropower energy use is a Granger
cause of economic growth overall, although some G7
countries exhibit bidirectional causality. The study
conducted by Hao et al. (2021) examines the role of green
growth in ensuring environmental sustainability. Their study
examined the effect of ecologically adapted multifactor pro-
ductivity gains (also known as green growth) on CO2
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emissions in the G7 from 1991 to 2017. The study employs a
method(s) for second-generation panel data, namely the cross-
sectionally augmented auto-regressive distributive lag (CS-
ARDL) model. Theoretical and empirical evidence implies
that green growth, both linear and non-linear, reduces CO2

emissions. Additionally, environmental taxes, human capital
development, and the usage of renewable energy are shown to
reduce CO2 emissions. GDP growth has a negative influence
on the ecology in both the short and long run. Nevertheless,
their finding confirms the theoretical proposition that green
growth improves the ecological balance. Nevertheless, Pata
and Yilanci’s (2020) article investigates the dynamic links
involving financial development, globalization, energy con-
sumption, economic growth, and ecological footprint in the
G7 economies from 1980 to 2015. Globalization, according to
long-run projections, decreases Canada’s and Italy’s ecologi-
cal footprint, whereas financial development reduces pollution
in Japan. Additionally, the findings indicate that increased
energy use contributes to ecological damage in these three
countries. Additionally, the causality test using a partial fre-
quency adaptable Fourier function suggests that globalization
produces an ecological footprint in all G7 countries except
France, whereas financial development causes an ecological
footprint in France, Japan, and the UK. Finally, the aggregate
findings indicate that globalization is a more effective instru-
ment for regulating the G7 countries’ ecological footprint than
financial development.

Methodology

The variables and data

Unlike previous analysis that investigates the effects regarding
energy intake and ecological consequences using a variety of
macroeconomic and energy factors (see Adedoyin et al. 2020;
Gyamfi et al. 2020a), this analysis investigates the mecha-
nisms by which energy from atmospheric carbon pollution
impacts the connection among income, the square of income,
natural resources, fossil fuel, and renewable energy in the
carbon-income-environmental relationship for the G7 econo-
mies from 1990 to 2016. Table 1 below provides a detailed
explanation for the elements utilized in this analysis.

Methodology

We employed the cross-section dependence (CD) methods to
determine the appropriate methodological technique(s) for
this analysis. The CD technique results assist in determining
whether to use 1st-generation or 2nd-generation panel data
estimation methods. If the CD assessment is not performed,
the study can be biased, irrelevant, and contradictory (Dong
et al. 2018; Gyamfi et al. 2021b). To guarantee that the above

complications do not arise, the researchers conducted a ro-
bustness review using three CD assessments: the Pesaran
(2007) CD technique, the Breusch and Pagan (1980) LM
technique, as well as the Pesaran (2015), scaled LM tech-
nique. Considering that the time span (T) of this dataset is
greater than the volume of cross sections (N), more emphasis
was put on the scaled LM test by Pesaran (2015). Equation 1
illustrates the CD test approximation.

CD ¼
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Whereas from Eq. 1, bpij captures the variables of the re-

maining ADF evaluation with respect to the pairwise cross-
sectional connection. T and N are the model and panel range
distinctly for the cross-sectional as well as the time period.

The stationarity technique

The approximation evidence of CD reveals the incompetence
of the 1st-generation unit root approach (e.g., Im et al. 2003).
As a result, the researchers used a 2nd-generation unit root
approach (CIPS) to address the issue of assessment inefficien-
cy. According to Pesaran (2007), the preceding cross-
sectional augmented Dickey-Fuller (CADF) analysis is used:

ΔYit ¼ φi þ ρ*iYi;t−1 þ d0Yt−1 þ ∑p
j¼0dijΔYt− j

þ ∑p
j¼1cijΔY i;t− j þ εit ð2Þ

where Δ shows first differences, Y is analyzed variable, Yt is
the average at time t of allN observations, εit presents the error
term. After running this CADF regression for each unit i in the
panel, the CIPS statistics can be calculated by the following
equation:

CIPS ¼ 1

N
∑N

i¼1CADFi ð3Þ

A second-generation cointegration test is performed in the
proximity of first differences stationary variables, to assess the
long-run effects of the factors under consideration.

The cointegration technique

The study utilized the Westerlund (2007) method to attain
evidence of cointegration among the coefficients. The error
rectification method (ECM) of the estimation is presented as

ΔY it ¼ δ
0
idt þ ϕiY it−1 þ λ

0
iX it−1 þ ∑pi

j¼1ϕijΔY it− j

þ ∑pi
j¼0γijΔX it− j þ εit: ð4Þ
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Thus, δt = (δi1, δi2), dt = (1, t)′, and ϕ are the vector of
parameters, deterministic mechanisms, as well as the error
correction factors accordingly. By obtaining the presence of
cointegration, four tests were examined. These four tests were
built in line with the OLS approach of the parameter (ϕi) in the
third equation. There were two Group mean statistics tech-
niques which are presented as

Gτ ¼ 1

N
∑N

i¼1

b∝i
SE b∝i

� � ð5Þ

G∝ ¼ 1

N
∑N

i¼1

Tb∝i
b∝i 1ð Þ

: ð6Þ

Thus, b∝i represents SE b∝ið Þ which is the standard error. On
the other hand, the given semiparametric kernel test of the
parameter ∝i(1) is b∝i 1ð Þ. The overall panel can be said to be
cointegrated as indicated in the remaining techniques in Eqs. 7
and 8:

Pτ ¼ b∝

SE b∝
� � ð7Þ

P∝ ¼ Tb∝: ð8Þ

Quantile regression (QR), augmented mean group
(AMG), fully modified ordinal least square (FMOLS),
and dynamic ordinal least square (DOLS)

The study uses the QR technique, the AMG, the FMOLS, and
the DOLS technique. The presence of cointegration makes a
long-term linkage assessment via the AMG, FMOLS, and
DOLS econometrically rational. The AMG, FMOLS, and
DOLS models have the unique ability to accommodate
cross-sectional dependence and slope heterogeneity.
Nonetheless, the QRwas preferred as the statistical instrument
over the OLS for a variety of factors. The default dissemina-
tion and perhaps even the expected mean of zero in the OLS

sums of error principle are somewhat impractical, given that
economic indicators may have numerous distributionmethods
(De Silva et al. 2016). The QR exacerbates this deficiency
(Salman et al. 2019; Gyamfi et al. 2021a). Besides, as ob-
served by Zhu et al. (2016), the technique (QR) makes no
assumptions about the period’s work, while according to
Bera et al. (2016), the estimates can also appear stable in the
presence of exceptions. No delivery forecasts were already
created (Sherwood andWang 2016).We provide a framework
for the approach as expressed in Eq. 9.

Quantθ yi=xið Þ ¼ xβθ þ μθ; 0bθ1 ð9Þ

Whereas x represents explanatory variables and y repre-
sents endogenous variables. The specific element’s equilibri-
um point and disturbance term are concurrently θth as well as
μ. We employ contingent quantile regression to analyze the
influence of the explanatory variables that will be employed in
our empirical study on the basis of the initial scaling factor.
The QR method has been used previously in many studies
such as Nathaniel et al. (2020), Gyamfi et al. (2021c), among
others.

STIRPAT model

This study is built upon this stochastic effect by inference on
population, affluence, and technology (STIRPAT) frame-
work. According to the STIRPAT theory, environmental deg-
radation does have economic and social impacts.

I t ¼ ϑoPt
ξ1 At

ξ2 Tt
ξ3 μt ð10Þ

Based on Eq. 8, I denotes environmental deficiency, while
P represents the population. On the other hand, A is for afflu-
ence, while the level of technology is denoted by T. The error
term is μ while ξ1–ξ3 are the element assessors. The level of
technology (T) can be subdivided according to the analysis’
objective (Anser 2019; Gyamfi et al. 2021c). I classifies the
environmental variables in this study as mentioned previously
based on the review of Solarin and Al-Mulali (2018). In

Table. 1 Description of variables
Name of indicator Abbreviation Proxy/scale of measurement Source

Carbon dioxide emissions
per capita

CO2 Measured in metric tonnes WDI

Income Y It is proxied by the gross domestic product per capita
(2010 Constant USD)

WDI

Total natural resources
rent

TNRR % of GDP WDI

Square of income Y2 It measures the square of GDP per capita WDI

Fossil fuel FF Fossil fuel energy consumption (% of total) WDI

Renewable energy R Renewable energy consumption (% of total final
energy consumption)

WDI
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another context, P and A are represented by sustainable devel-
opment, income, and income squared, accordingly. The
writers then embraced natural resources rent (TNRR), renew-
able energy utilization (R), and fossil fuel intake (FF) as a
representation of T. The stretched plan is presented in Eq. 11.

I t ¼ ϑoY t
ξ1 Y 2

t
ξ2
TNRRt

ξ3 Rt
ξ4 FFt

ξ6 μt ð11Þ

To accomplish the analysis’ objective, this area introduces
the frameworks that demonstrate how each of the controlling
factors used in the analysis impacts the explanatory factor
(carbon pollution). To ensure that the robust vector results
are interpreted as elasticity, all factors are expressed in their
logarithmic forms (ln). The function is further simplified as
seen in Eq. 12 by getting the logarithm from each of the
factors.

lnI t ¼ ϑoþ ξ1LnY t þ ξ2LnY
2
t þ ξ3LnTNRRt

þ ξ4LnRt þ ξ5LnFFt þ μt ð12Þ

From Eq. 12, the variables Y, Y2, TNRR, R, and FF denote
income, square of income, total nature resources rent, renew-
able energy intake, and fossil fuel intake. I, however, denotes
the ecological factor utilized in this study, which is CO2 emis-
sion levels. The authors formulated Eq. 13 to analyze the
impact of Y, Y2, TNRR, R, and FF on I in their normal log
equation at the selected quantile levels.

Qτ LnCO2ð Þ ¼ ϑτ þ ξ1τLnY it þ ξ2τLnY2it

þ ξ3τLnTNRRit

þ ξ4τLnRitþ ξ5τLnFFitþ μt ð13Þ

From Eq. 11, while the outstanding coefficients preserve
their unique description, CO2 represents the carbon dioxide
pollution level. The locus idea is τ based on the explicative
factors. Qτ parallels to the τth distributional stage regression
evaluation which can be obtained by applying the method in
the twelfth equation (Eq. 14).

Qτ ¼ argmin
Qτ

∑q
k¼1 ∑

T
t¼1 ∑

N
i¼1 yit−αi−x

0
itQτ

�
�

�
�wit

� �

ð14Þ

where q, T, N, andwit stand for the number of quantiles, years,
cross sections, and weight of the ith country in the ith year
respectively.

Empirical results and discussion

This study begins with some preliminary empirical analysis
and captures the variables used and reports the descriptive
statistics in Table 2 as being normally distributed. From the
summary statistics, there is a considerable gap between the
minimum and maximum values for the period in view. From
the table, it was observed that income has the highest mean,
median, and maximum, followed by fossil fuel, while total
natural resource rent has the lowest mean, median, and max-
imum from the outcomes. Table 3 then shows the outcomes of

Table. 2 Summary statistics
CO2 Y TNRR R FF

Mean 2.3006 10.5824 −1.5905 1.8304 4.3582

Median 2.2444 10.5824 −1.9293 1.7810 4.4221

Maximum 3.0046 10.8713 1.6738 3.1224 4.5500

Minimum 1.5202 10.2503 −4.5254 −0.4971 3.8335

Std. dev. 0.3982 0.1361 1.6758 0.8681 0.1791

Skewness 0.2737 −0.0668 0.1444 −0.5374 −1.6256
Kurtosis 2.0163 2.5096 1.8233 2.9998 4.4620

Jarque-Bera 9.9798 2.0343 11.5589 9.0971 100.0824

Probability 0.0068 0.3616 0.0030 0.0105 0.0000

Number of observations 189 189 189 189 189

Table. 3 Correlation outputs

CO2 Y TNRR R FF

CO2 1

p value -

Y 0.3881*** 1

p value (0.0000) -

TNRR 0.6563*** 0.1434** 1

p value (0.0000) (0.0490) -

R 0.1024 0.3882*** 0.2005*** 1

p value (0.1605) (0.0000) (0.0057) -

FF 0.4173*** −0.0355 0.1625** −0.4683*** 1

p value (0.0000) (0.6271) (0.0255) (0.0000) -

*<0.01; **<0.05; ***<0.10

2811Environ Sci Pollut Res  (2022) 29:2806–2818



the correlation of the variables. It was observed that pollution has
a positive correlation with income, total nature resource rent, and
fossil fuel in a significant form. Income on the other hand has a
positive and significant relationship with total nature resources
rent and clean energy. Total natural resources proves to be pos-
itively significant with clean energy and fossil fuel, while renew-
able energy has a negative correlation with fossil fuel.

Estimated results

The cross-sectional dependency analysis findings are present-
ed in Table 4, which illustrates a reason for rejecting the null
assumption of an unbiased cross section of the factors under
examination. In brief, the factors being studied are cross-
sectional in nature.

Table 5 reports the second-generation panel unit root test
designed to account for the order of integration of the variables
under consideration. The cross-sectionally augmented IPS
(CIPS) panel unit root test as proposed by Pesaran (2007) does
not necessarily require the estimation of factor loading to elimi-
nate cross-sectional dependence rather augmenting it to include
the lagged cross-sectional mean, and its first difference is neces-
sary and sufficient to capture the cross-sectional dependence that
arises through a single-factor model. We observe from Table 5
that income squared (under the CIPS panel) is the only variable
that is significant at the level at 10% level of significance.
However, the rest of the variables in both methods of the station-
arity test are significant at the I(1) at 1% and 5% levels of

significance accordingly. The results reported in Table 5 support
the presence of unit root in all the variables listed under review.

The outcomes acquired from the cointegration examination
in Table 6 led us to the presentation of the suitable assessment
methods, in the form of QR, AMG, FMOLS, and DOLS.

The outcomes from the QR, AMG, FMOLS, and DOLS
regressions for the long-run association regarding CO2 and the
regressors are shown in Table 7 whereby this analysis will rely
mainly on the findings from the QR.

All the three estimation techniques, that is, AMG, FMOLS,
and DOLS, ideated that there is an inverted U-shape for the G7
economy which indicates that income has a positive significant
relationship with pollution, but its square has a negative relation-
ship with pollution in the long run. Again, total natural resource
rent has a positive significant relationship with pollution.
However, renewable energy has a negative relationship with
pollution, while fossil fuel has a positive significant relationship
with pollution in all the three estimations used as a sensitivity.

The quantile regression analytical outcome (demonstrate in
Table 7) presented that income negatively influences pollution
at the early stages (Q.05 and Q.25) but positively affected pollu-
tion at the later stages (Q.75 and Q.95). This shows that higher
income in the G7 economies is a factor in the region’s economic
degeneration, as evidenced by the unchecked development of the
factories that lead the most to environmental damage as they
develop. Again, the square of income result shows a negative
significant relationship with pollution across all the quantiles.
This is an indication of an inverse U-shaped relationship between
these variables under review. The result of a positive and

Table. 4 Cross-sectional
dependency (CD) test results Model Pesaran (2007) CD

test
Pesaran (2015) LM
test

Breusch and Pagan (1980) LM
test

CO2=
f(Y,Y2,TNRR,R,FF)

5.140*** −2.055** 697.45***

p value (0.0000) (0.040) (0.0000)

*<0.01; **<0.05; ***<0.10

Table. 5 Panel IPS and CIPS stationarity techniques

Factors CIPS IPS

I(0) I(1) I(0) I(1)

C C&T C C&T C C&T C C&T

CO2 −2.165 −2.563 −4.967*** −5.325*** −0.654 −1.917 −5.809*** −6.299***
Y −1.159 −1.217 −3.377*** −3.409*** −0.909 −1.799 −4.039*** −4.099***
Y2 −1.308 −0.987 −3.260*** −3.290*** −0.696 −1.822 −4.037*** −4.055***
NTRR −2.529 −3.123 −5.016*** −5.055*** −1.940 −2.487 −4.881*** −4.872***
R −2.090 −3.447 −6.022*** −5.799*** −0.944 −2.077 −4.911*** −4.883***
FF −1.744 −1.903 −4.571*** −4.516*** −0.954 −1.958 −4.600*** −4.497***

*<0.01; **<0.05; ***<0.10
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significant effect of income per capita on carbon emissions and
the negative and significant values of income per capita square
support the EKC hypothesis which affirms the study of Chen
et al. (2019) for China, Ghana (Solarin et al. 2017), Indonesia
(Kurniawan and Managi 2018), and Pakistan (Rahman et al.
2019) but in contrary to that of Lin et al. (2016) for China.
However, total natural resource rent indicates a positive signifi-
cant relationship with pollution in all the quantiles except Q 0.05.
This implies that income earned on raw material extraction and
processing deteriorates the quality of the environment among G7
member states. This finding is in line with prior assertions that
natural resource revenue is mostly channeled into further
productivity avenues that could enhance more degradation of
the environment. This is in line with conclusions from
Adedoyin et al. (2020) on transition economies. Additionally,
the findings for renewable energy consumption are adverse and

statistically significant across the estimated quantiles. This
assumes that increasing sustainable energy use would mitigate
the environmental deterioration associated with G7 economies.
These outcomes correspondwith the results of Hanif et al. (2019)
and that of Danish et al. (2019) for Asian countries and the
BRICS economies collectively. Lastly, fossil fuel energy
consumption is reported to have a positive and significant
effect on carbon dioxide emissions. This suggests that fossil
fuel consumption increases environmental degradation in the
G7 economies, thus, affirming the finding of Gyamfi et al.
(2020b) and Asiedu et al. (2021).

Dumitrescu and Hurlin (DH) causality estimation

The Dumitrescu and Hurlin panel causality test is reported in
Table 8. The panel causality experiment is needed to deter-
mine Granger non-causality in a heterogeneous panel dataset
by shifting from dependent to independent variables as for-
mulated in Dumitrescu and Hurlin’s (2012) research. The ap-
plications of causality tests have been widely reported in em-
pirical studies (Danish et al. 2019; Shahbaz et al. 2018;
Onifade et al. 2020; Sharif et al. 2020; Çoban et al. 2020;
Bekun et al. 2021c; Taiwo et al. 2020). From the analysis, it
was observed that income and income square have a unidirec-
tional causality relationship with pollution in the G7 economies.
But renewable energy has a bidirectional relationship with pol-
lution. However, income, income square, and total natural

Table. 6 Westerlund
(2007) cointegration test Statistics Value p value

Gτ −1.583** (0.045)

Gα −4.641* (0.093)

Pτ −2.542* (0.077)

Pα −4.369* (0.089)

*<0.01; **<0.05; ***<0.10

The significance is 10% statistical rejec-
tion level

Table. 7 QR, AMG, FMOLS, and DOLS outcomes for a long-run association

Q.05 Q.25 Q.50 Q.75 Q.95 AMG FMOLS DOLS

Dependent variable: CO2

Y 0.0017*** 0.0016*** 0.0031 0.0018*** 0.0013*** 0.0022** 2.23E−05** 7.49E−05***
p value (0.005) (0.003) (0.689) (0.000) (0.000) (0.028) (0.0027) (0.0024)

Y2 −2.53e−0*** −2.34e−0*** −6.88e−1** −2.08e−0*** −1.47e−0*** −2.03e−1* −2.93E−1* −9.22E−1***
p value (0.001) (0.001) (0.043) (0.000) (0.000) (0.084) (0.0772) (0.0025)

TNRR 0.0211 0.0920*** 0.1388*** 0.1601*** 0.1674*** 0.0687* 0.0429*** 0.0496*

p value (0.203) (0.000) (0.000) (0.000) (0.000) (0.067) (0.0012) (0.0988)

R −0.1000*** 0.0107 −0.0133 −0.0360 −0.0415*** −0.0428* −0.1335*** −0.1773***
p value (0.009) (0.749) (0.779) (0.209) (0.007) (0.078) (0.0000) (0.0000)

FF 0.4495*** 0.6064*** 0.7100*** 1.0489*** 1.2548*** 1.1114*** 0.6558*** 0.812280***

p value (0.009) (0.000) (0.001) (0.000) (0.000) (0.003) (0.0000) (0.0006)

R2/pseudo R2 0.3727 0.4176 0.4047 0.5467 0.5398 0.9872 0.9981

Adj. R2 0.9864 0.9939

Observation 189 189 189 189 189 189 189 189

Wald test 12.94**

p value (0.0240)

No. regressors 5 5 5 5 5 5 5 5

No. group 7 7 7 7 7 7 7 7

*<0.01; **<0.05; ***<0.10

The significance is 10% statistical rejection level
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resources rent have unidirectional causality with clean energy.
Nevertheless, fossil fuel has a bidirectional causality with clean
energy. In essence, fossil fuel contributes strongly to the environ-
mental degradation within the region. The quantile-on-quantile
diagrams are presented with a summary highlighted in Figure 1
in the appendix section while for the direction of the Granger
causality in the Appendix, i.e., Figure 2.

Conclusion and policy implications

This study addresses environmental degradation in the
Group of Seven (G7) economies including Canada,
France, Germany, Italy, Japan, the UK, and the USA
using a combination of second-generation empirical
methodologies. The environmental impact of energy
consumption was examined with natural resource rents
in these countries within the framework of the stochas-
tic impact by regression on population, affluence, and

technology (STIRPAT) model. From the analysis,
among the strong impacting factors of environmental
degradation within the G7 countries are the income
levels and fossil energy consumption. Besides, both
the income levels and the total natural resources rent
Granger cause the level of renewable energy consump-
tion among the G7 countries.

Incisively, while the latter variable was observed to
be a significant driver of better environmental quality
through its negative impacts on the level of carbon
emission among the G7 countries, the total natural re-
sources rent was found to be having significant positive
effects on carbon emission level. As such, it is conclud-
ed that resource rent rather than enhancing the quality
of the environment has a detrimental impact on the push
for environmental quality in the G7 economies as such
revenues are often reinvested for expansion of produc-
tion base of the rent generating non-renewable sources
for more revenues. The implication is that policymakers
in the G7 nations need to strategize more on the imple-
mentation of the needed incentives for investment in
green energy such as tax incentives while making more
effort to ensure thriving conditions for clean energy in-
vestors. This will not only go a long extent in motivat-
ing new investments in clean energy but also encourage
existing giant investors in non-renewable energy sources
such as coal and fossil fuel source to gradually shift
their attention toward green energy investments, thus,
enhancing the actualization of critical goals for the de-
velopment of renewable energy goals and targets for a
sustainable environment via a lower carbon emission for
each nation of the G7.

Additionally, the G7 should discourage assistance for
coal mining, fossil fuel-based energy, and fossil fuel
use. There is a necessity to reduce fossil fuel explora-
tion & development subsidies, which have added signif-
icantly to carbon emission in the G7 economies. The
construction of extremely toxic coal plants in the G7
countries has resulted in a rise in CO2 emissions over
time. The G7 countries must provide incentives for re-
newable energy sources. This would enable the G7
countries in achieving energy transition plans in the
coming years. Furthermore, fiscal supports are needed
for sustainable energy development in the G7. Thus,
billion-dollar incentives for fossil fuel drilling and de-
velopment can be replaced with incentives to phase out
coal mining, fossil fuel-based electricity, and fossil fuel
usage. Making sufficient budgetary allocations available
for renewable energy development is a key to sustain-
able energy transition in the G7 since natural resource
abundance can aid in pollution reduction, while the
shortage of resources has a detrimental effect on the
environment in the G7 countries.

Table. 8 The DH Granger causality evidence_

W-stat. Zbar-
stat.

p value Causality flow

Y→CO2 4.685*** 2.623 (0.0087) Y→CO2

CO2→ Y 2.275 0.057 (0.9544)

Y2→CO2 4.694*** 2.632 (0.0085) Y2→CO2

CO2→ Y2 2.166 −0.058 (0.9530)

TNRR→CO2 3.474 1.333 (0.1825) TNRR≠CO2

CO2 → TNRR 3.404 1.259 (0.2079)

R→CO2 7.891 6.037 (0.1233) R≠CO2

CO2→ R 4.965 2.921 (0.3435)

FF→CO2 3.198** 1.039 (0.0087) FF↔CO2

CO2→ FF 3.248** 1.093 (0.0043)

Y2→Y 2.320 0.104 (0.9165) Y2≠Y
Y→Y2 2.389 0.177 (0.8589)

TNRR→Y 3.718 1.593 (0.1110) TNRR≠Y
Y→TNRR 3.750 1.627 (0.1035)

R→Y 2.916 0.738 (0.4599) Y→R
Y→R 4.3409** 2.256 (0.024)

FF→Y 3.615 1.483 (0.1379) FF≠Y
Y→FF 3.223 1.066 (0.2862)

TNRR→Y2 3.698 1.572 (0.1159) TNRR≠Y2

Y2→TNRR 3.595 1.462 (0.1436)

R→Y2 2.689 0.497 (0.6185) Y2→R
Y2→R 4.573** 2.503 (0.0123)

FF→Y2 3.519 1.381 (0.1671) Y2≠FF
Y2→FF 3.177 1.017 (0.3091)

R→TNRR 2.233 0.011 (0.9908) TNRR→R
TNRR→R 3.817* 1.698 (0.0894)

FF→TNRR 3.659 1.530 (0.1258) FF≠TNRR
TNRR→FF 2.662 0.468 (0.6393)

FF→R 5.406*** 3.391 (0.0007) FF↔R
R→FF 6.412*** 4.462 (8.E−06)

*<0.01; **<0.05; ***<0.10
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Appendix

Fig. 1 Quantile on quantile diagrams
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