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This research used the dynamic panel model and QR (Quantile Regression) to

examine the effect of globalization (GB), Institutional Quality (IQ), Economic

Growth (EG), Electricity Consumption (EC), and Renewable Energy (RE)

consumption on Carbon dioxide (CO2) emission from 1991 to 2018 in thirty-

six (OCED) countries. Panel unit root tests have been employed to examine the

stationarity of the study variables; the results, which included the Harris and

Tzavalis (Journal of econometrics, 1999, 91 (2), 201–226) and Levin et al.

(Journal of Econometrics, 2002, 108 (1), 1–24) tests, indicate that all of the

variables used are a combination of I (0) and I(I). Cointegration in the study

variables has been examined using the cointegration tests devised by

Westerlund, Kao, and Pedroni; the results suggest that cointegration exists in

the research variables. Findings of the one-step difference GMM, One-step

system GMM and two-step system GMM reveal that RE consumption, GB, and

IQ negatively affect the CO2 emission in (selected OECD) countries that help to

reduce CO2 excretion. In contrast, EC consumption and EG become

responsible for the climatic and environmental loss. Further, this study

checked the robustness by using SQR (Simultaneous quantile regression)

and PQR (Panel Quantile Regression). The evaluated study findings of QR

(Quantile Regression) reveal that RE consumption, GB, and IQ help to

reduce the CO2 emission while EG and EC consumption becomes

responsible for the climatic and environmental loss. Further

recommendations are suggested based on the findings.
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Introduction

Natural disasters are mainly caused by the climatic and

environmental loss; both developing and developed countries

are facing climatic and environmental loss (Baiardi and Morana,

2021) that are mainly caused by the reduction of resources (Kabir

and Salim, 2019) such as soil, water, and air; the destruction of

the ecosystems; habitat demolition; the destruction of wildlife

and greenhouse gasses (Saud et al., 2020). Greenhouse gases are

known main climatic and environmental loss element that

adversely impacts the world. Riti et al. (2017a), Sheraz et al.

(2022a) reveals that degradation of the climatic atmosphere is

mainly caused by natural disasters such as floods, forest fires and

hence negatively affect infrastructure, agricultural land and

natural resources as well as human beings. OECD (2020)

report also suggested that the main cause of greenhouse gases

is CO2 emission around the globe. Canada is toped ranked

country in CO2 emission by contributing 15.5% tones/capita

followed by Australia, United States and Luxembourg,

contributing 15.3, 14.9 and 14.8%, respectively, and it is

steadily rising.

Khan and Hou (2021), Shen et al. (2022a) investigated the

effect of consumption of traditional energy sources and IQ on

CO2 emission in South African countries. Results showed that

climatic atmosphere quality in African region improves with IQ.

Salman et al. (2019), Shen et al. (2022b) examined the association

between IQ and CO2 emission. Study findings reveal that CO2

emission and IQ are positively correlated. Authors concluded

that effective institutions are important aspects of the legislation

that will assist in taking a low level the climatic and

environmental loss and enhance the EG. However, the study

of Wu and Zhu (2021); Obobisa et al. (2022) reveals that CO2

emission has a negative effect by enhancement in the IQ from

African perspective.

On the contrary, Hassan et al. (2019), Lei et al. (2021)

investigated the effect of IQ on CO2 emission in Pakistan.

Their results show that CO2 emission has a positive effect of

IQ. Asongu and Odhiambo (2019), Chen X. et al. (2021); Quan

et al. (2021) reveal that country follow rules and regulations

regarding the climatic atmosphere with high IQ. Results indicate

that the climatic atmosphere improves with an enhancement

in IQ.

Sarkodie et al. (2020a); Chen Y. et al. (2021); Quan et al.

(2022) showed that in African economies, RE consumption

assists in reducing climatic and environmental loss. According

to Pilatowska et al. (2020) by enhancing the climatic atmosphere,

RE consumption helps health facilities, education, and the gender

gap. Destek and Aslan (2020) and Sarkodie et al. (2020b)

examined the impact of RE consumption on CO2 emission in

China. Results demonstrate that biomass consumption of

traditional energy sources takes a low-level CO2 emission.

Khan et al. (2019), Qin et al. (2022), Liu S. et al. (2022)

investigated the effect of consumption of traditional energy

sources on CO2 emission in Pakistan. Study findings reveal

that energy consumption and CO2 emission are positively

correlated. Similarly, another study by Khan et al. (2020)
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concluded that CO2 emission has a positive influence on the

consumption of traditional energy sources and EG. Adedoyin

et al. (2020), Munir et al. (2020), Liu Y. et al. (2022), Yin et al.

(2022) also checked the impact of EG on CO2 emission and

concluded that EG and CO2 are positively correlated in Asian

countries.

Anwar et al. (2020) examined the effect of coal usage and EG

on CO2 in Pakistan. They concluded that coal consumption and

EG impact CO2 emission positively. Several distinct research

studies Yoo (2006), Akinlo (2008), Khan et al. (2018), Bashir et al.

(2019), Ali et al. (2019), Eyuboglu and Uzar (2020) and Wang Q.

et al. (2020) investigated the relationship among energy

consumption, EG, and CO2 excretion. Their study results

conclude that the consumption of traditional energy sources

becomes responsible for boosting the climatic and environmental

loss. The study of Awodumi and Adewuyi (2020); Shang et al.

(2021); Wang and Luo (2022) applied non-linear autoregressive

distributed lag to evaluate the influence of consumption of

traditional energy sources on the CO2 emission in African region.

Findings of the study reveal that consumption of traditional

energy sources and CO2 excretion. Salahuddin et al. (2018) and

Naz et al. (2019) studied the impact of EC, EG, and FDI on CO2

emissions in Kuwait. Results reveal that EC, EG, and FDI are

positively correlated with CO2 excretion. Similarly, another study

results of Salahuddin et al. (2018) demonstrate that Consuming

EC and EG for industrial processes reduces CO2 emissions in

GCC nations.

In many research studies, domestic credit to the private

sector is used as a proxy to measure financial development

(Komal and Abbas, 2015; Park et al., 2018) found; that many

research projects employed stock market indicators as a proxy for

financial progress. To reveal the presence of a climatic and

environmental loss Kuznets curve (EKC), Shahbaz et al.

(2017) analyzed the association between GB and

CO2 excretion in China by employing time series data from

1970 to 2012. Their study result indicates that GB is positively

related to CO2 emissions from excessive consumption in

advanced economies are being shifted to developing

economies, and emerging economies are willing to accept the

problem of climatic and environmental deterioration in exchange

for economic success.

Sheraz et al. (2021) showed that GB’s economic, political, and

social aspects influence everyone around the world. The world’s

developing countries are linked to developed countries with the

goal of attracting funds for EG. In Pakistan, Khan et al. (2019a)

used time-series data to assess the influence of GB on CO2

excretion. Findings indicate that GB and CO2 are positively

linked with each other; moreover, developed countries are

investing in Pakistan because of the country’s consistent and

increasing investment opportunities for international investors,

as well as its economic development. Early research focused on the

effects of GB or IQ with other economic variables, while this study

examines the effects of GB and IQ with other economic variables.

This study used GB and IQ both variables together along with

other economic variables to check their impact on CO2. However,

several variables such as GB, IQ, EC consumption, RE

consumption, and EG were entirely ignored in early studies

that employed dynamic panel models to assess the impact of

the stated variables on CO2 emissions, such as one-step difference

GMM, one step system GMM, and two-step system GMM. To

investigate the robustness, this study employed SQR and PQR. For

the first time, panel data from 36 OECD countries (see Appendix

Table A1) were used from 1991 to 2018. The basic concern of this

research study is to see how GB, IQ, energy consumption, EC use,

and EG affect CO2 emissions. Countries are chosen depending on

their EG and energy consumption to conduct economic activities;

pollution is a significant issue in many countries because of their

high energy consumption, causing concern among policymakers

and energy experts. This study employs cross-sectional

dependence studies such as Kao cointegration Kao (1999), and

Pedroni cointegration Pedroni (1999), Pesaran (2004),Westerlund

(2005).

Literature review

Hdom (2019) used the ARDLmodel to examine the influence

of EC production on CO2 emissions in South America from

1980 to 2010. The study’s findings reveal that EC and EG

production are positively related to CO2 emissions in the

short run, although RE consumption assists in environmental

improvement. It is also suggested that sample countries should

use RE in CO2 reduction. The study of Ridhosari and Rahman

(2020) illustrates that EC consumption is a significant

contributor to the growth in CO2 emissions. Hamdi et al.

(2014) evaluated the relationship between EC consumption,

EG, and FDI in Bahrain. Study findings reveal that EC

consumption and EG are correlated with each other. Liddle

and Sadorsky (2017) examined the effect of EC generation on

CO2 emission. The study results reveal that 1% increase in EC

production contributes to about 0.82% reduction in CO2

emission. Cowan et al. (2014) evaluated the effects of EC

consumption on CO2 excretion. Results indicate that EC

consumption contributes to the invalidity of the Granger

causality test for measuring CO2 excretion.

Sheraz et al. (2022b) explored the role of intelligence on

climatic and environmental degradation in BRI countries. Results

show that IQ contributes in CO2 emission reduction.

Furthermore, existing studies showed that CO2 emission and

trade openness are positively correlated. Similarly, they also

conducted another survey and revealed that IQ is a solution

for a clean climatic atmosphere and that IQ is important to

improve the quality of the climatic environment. Akif and

Asumadu (2019) investigated how IQ affects CO2 emissions

in newly industrialized countries. Results of the study

demonstrated that IQ contributes to reducing CO2 emissions
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and that standards linked with the law help for the improvement

of the climate.

Liu et al. (2020) examined the impact of GB in G-7

economies to verify the EKC hypothesis. Findings showed

that GB helps to reveal the presence of the EKC hypothesis

in G-7 economies. Further evaluated results show that EG is

positively significant with environmental degradation, While

the consumption of RE and environmental degradation are

negatively associated with each other. Rehman et al. (2019)

examined the effect of GB RE usage on CO2 emissions. Results

demonstrated that GB and RE consumption helps to reduce the

CO2 emission while negatively affected the environmental

degradation and hence consumption of traditional energy

sources becomes responsible to an enhancement the CO2

excretion. Zaidi et al. (2019) studied the effect of GB on CO2

emissions in the APEC (Asia Pacific Economic Cooperation).

Results of the study validate that GBs contributes in the

reduction of CO2 emission. Akadiri et al. (2019) evaluated

the impact of GB on the CO2 emission. Results indicated

that GB helps to lessen the CO2 emission in Turkey. Ziaei

(2015) evaluated the impact of RE consumption on CO2

emission. Results demonstrated that RE consumption helps

to take a low level the CO2 excretion. Godil et al. (2020) studied

the impacts of IQ, traditional energy consumption, and RE use

on CO2 emissions in South African countries. Results showed

that RE consumption and IQ help in the reduction of CO2

TABLE 1 Variables Description.

Variables Description Source

CO2 Excretion Metric Tons per Capita selected OECD

RE consumption Total primary energy as a percentage selected OECD

EC consumption Gigawatt-Hours in Total selected OECD

EG Gross Domestic Product (GDP) (Constant 2010 USD) WDI

IQ Stability in government, democratic accountability, bureaucratic excellence, corruption, and law and order ICRG

GB KOFI GB Index KOFI

FIGURE 1
Quantile graphs.
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emission in South Africa. Riti et al. (2017b) explored the

correlation between financial development and RE use.

Study results revealed that financial development,

population, and RE consumption is negatively related to CO2

emission while the results of traditional consumption of

traditional energy sources increase the CO2 emission. In Asian

economies, RE consumption and value-added agricultural

production contribute in the reduction of CO2 emissions in

Asian economies, while the finding of consumption of energy

sources indicates a positive influence on climatic and

environmental degradation (Liu et al., 2017).

Research methodology

This study examines the impacts of EG, RE, and EC

consumption, as well as GB and IQ, on CO2 emissions in

36 OECD states using a balanced panel dataset from 1991 to

2018. The variables in this study have been chosen based on

previously published research. CO2 emissions have been used as a

proxy for measuring the degradation of the environment by W.

Cowan et al. (2014), Paramati et al. (2017), Xu et al. (2020)

employed EC consumption as a main indicator for climatic and

environmental degradation; Dreher (2006); Cowan et al. (2014);

Hafsaoui et al. (2019);Wang Z. et al. (2020) evaluated the effect of

EG on CO2 emission. As a result of this investigation, the

following fundamental equation is generated and initiated.

CarbonDioxideEmissionit �β0
+β1RenawableEnergyConsumptionit

+β2ElectricityConsumptionit

+β3EconomicGrowthit

+β4InstitutionalQualityit
+β5Globalizationit+εit

(1)

The letter t denotes time frame from 1991 to 2018, and the

letter “i” denotes selected OECD countries that have been

selected. Table 1 illustrate a detail description of the variables.

Materials and Methods

This study evaluated the effects of RE consumption, EC

consumption, EG, IQ, and GB on the emission of CO2 in

sample countries. Study results have been validated using

GMM (one-step difference and one and two-step system)

models. SQR and PQR have been employed to evaluate the

results’ robustness. Endogeneity, heteroskedasticity, serial

correlation control, and heterogeneity. Are all concerns that

the QR (Quantile Regression) and panel dynamic models

intend to avoid (Baltagi, 2005; Kripfganz and Schwarz, 2019;

Neagu and Teodoru, 2019).

The dynamic panel model, commonly known as the GMM

model, is examined by employing instrumental models that have

an advantage over the traditional two-stage least squares (2SLS)

approach. GMM model is well suited model for dynamic panel

model. GMM estimators are unbiased. Arellano and Bond (1991)

examined the performance of several GMM, OLS, and WG

estimators. They concluded that GMM estimators possess low

variations and biasness by using stimulations. According to

Fumio Hayashi (2011), GMM models employ orthogonality

requirements to achieve successful estimation results in the

presence of heteroscedasticity induced mostly by the unknown

form. Therefore, for our formal analysis, we adopted a type of

dynamic panel with lagged levels of CO2 excretions using

Arellano and Bond (1991)’s GMM estimators. Based on

Equations, the following is a proposed model for the GMM

estimator (1).

Carbon dioxide emission2i,t

� β0Carbon dioxide emissioni,t−1 + β1Renewable energy consumptioni,t

+β2Electricity consumptioni,t + β3Economic Growthi,t + β4Institutional Qualityi,t

+β5Globalizationi,t +∑6
j�1
θjZi,t + μi,t + εi,t

(2)

In the above Eq 2 β0 is the element that is to be investigated

by controlling for a vector of core explanatory variables, μ

specifies country-specific effects, ε reveal the error term.

Additionally, β1 to β5 are the elements to be capture the effect

of RE consumption, EC consumption, EG, IQ and GB

respectively. This study used a model to indicate the form of

the dynamic panel data models proposed by Arellano and Bond

(1991). The above-mentioned Eq 2 suggests the model that

includes the lagged dependent variables of CO2 emission that

is correlated with the error term.

Further robustness was checked with quantile regression.

PQR and SQR have investigated the impact of RE consumption,

EC consumption, EG, IQ, and GB on CO2 excretion. PQR

equation is based on Eq 1.

QCarbon dioxide emissioni.t(τk/βi ,Xi,t)
� β0 + β1renewabl energy consumptioni.t + β2electricity consumptioni.t

+β3institutional qualityi.t + β4economic growthi.t + β5globalizationi.t

+ϵi.t
(3)

The above PQR equations indicates that “I” denote sampled

countries and t represents time period of 1991–2018. βi
represents the unobserved specific effect, τ indicates the

conditional distribution’s number of quantiles. The variables

used to investigate the impact of these components i.e (RE

consumption, EC consumption, IQ, EG, and GB) on CO2

excretion. In addition, the coefficients have been examined

using the following equation to determine the τth quantile of

the conditional distribution.

β̂(τ) � argmin∑n

i�1ρτ(yi � xτi β (4)
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In Eq 4 ρτ(u) � u(τ − I(u< 0)), I(u< 0) � { 1, u< 0
0, u> 0

Specifies to examine the function and I (.) is an indicator
function.

The Pesaran (2004) CD test has been employed to determine

cross-sectional dependency in this research. The HT (Harris-

Tzavalis) test and the LLC (Levin-Lin-Chu) test have been

employed to determine stationarity, respectively. Pedroni (1999),

Pedroni (2004) andWesterlund introduced cointegration, which has

been investigated using cointegration tests.

Results and discussion

Results of descriptive statistics have been reported in Table 2.

Study findings reveal that the average CO2 emission is 8.435, with

maximum and minimum values of 2.1 and 29, respectively. The

descriptive statistics show that the least and biggest RE

consumption amounts are 0.28 and 89.750, with an average of

14.366. The average quantity of EC consumed is 4.89, with low

and high values of 3.003 and 6.622, respectively. The minimum

and maximum EG values are -14.814 and 25.163, respectively,

with a mean value of 2.631. The mean IQ value is 0.01 with a

maximum value of 2.089 and a minimum value of -6.205; the

mean GB value is 1.888 with a maximum value of 1.615 and a

minimum value of 1.961.

The correlations matrix has been established, as shown in

Table 3. Findings reveal that CO2 emissions have a positive link

with EC consumption, EG, IQ, and GB, but a negative

relationship with RE consumption in selected OECD

countries. The results of the correlations matrix reveal that RE

consumption helps to minimize the climatic and environmental

loss in several OECD countries. Still, EG and EC consumption

cause a rise in the climatic and environmental loss.

The VIF has been applied to analyze the multicollinearity

problem in the variables listed in Table 4. The VIF results show

that there is no problem with multicollinearity in the variables.

All variables have a significance level of more than 0.20, and the

VIF values are less than 5, indicating that the variables are not

multicollinear.

The analysis of the Levin-Lin-Chu and the Harris-Tzavalis

Unit root tests on the Panel Unit root test is summarized in

Table 5. CO2 emissions and RE consumption are not stationary

at the level, but they become stationary at the first difference, but

EC consumption, EG, IQ, and GB do not have a unit root

problem at the level or the first difference. While

consumption of RE, GB, and EC is not stationary at the level,

it is stationary at the first difference, CO2, EG, and IQ are

stationary both at the level and at the first difference.

The cross-sectional dependence findings are summarized in

Table 6. The findings show that the research variables are stable,

rejecting hypothesis H0. Cross-sectional reliance test

demonstrates that every country has a cross-sectional

dependency.

Table 7 presents the findings of the Westerlund, Kao, and

Pedroni cointegration tests. The Westerlund, Kao, and Pedroni

cointegration tests have been used to detect cointegration in the

research variables. The cointegration results are significant,

indicating that the tested variables are cointegrated.

The findings of GMM models are summarized in Table 8.

The basic purpose of this research is to examine the impact of EC

consumption, RE consumption, EG, IQ and GB on CO2

excretion in selected sample countries. The results of the

GMM models reveal that RE consumption has a negative and

considerable influence on CO2 emissions in OCED countries.

The data show that in several OECD countries, consumption of

RE reduces CO2 emissions.

The analyzed data reveal that increases in RE

consumption reduce CO2 emissions by 0.21, 0.10, and

0.10%, respectively. Results of the RE consumption are in

TABLE 2 Descriptive statistics.

Variable Obs Mean Std. Dev Min Max

CO2 Excretion 1,008 8.435 4.212 2.100 29.000

RE consumption 1,008 14.366 15.675 0.280 89.750

EC Consumption 1,008 4.890 0.682 3.003 6.6220

EG 1,008 2.631 3.229 −14.814 25.163

IQ 1,008 0.010 1.637 −6.205 2.0890

GB 1,008 1.888 0.057 1.615 1.9610

TABLE 3 Correlations Matrix.

Variables (1) (2) (3) (4) (5) (6)

CO2 Excretion 1.000

RE consumption −0.283 1.000

EC Consumption 0.136 −0.263 1.000

EG 0.024 −0.008 −0.110 1.000

IQ 0.358 0.258 0.004 −0.095 1.000

GB 0.213 0.015 0.173 −0.078 0.457 1.000

TABLE 4 VIF Test.

Variables VIF 1/VIF

IQ 1.38 0.724,553

GB 1.32 0.757,890

RE Consumption 1.16 0.858,915

EC Consumption 1.12 0.889,623

Economic Growth 1.02 0.978,520

Mean VIF 1.2

Note: VIF, is Variance Inflation Factor.

Frontiers in Environmental Science frontiersin.org06

Fatima et al. 10.3389/fenvs.2022.967050

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.967050


line with those of earlier studies. Muhammad et al. (2021)

investigated the effect of RE use on global climate and

environmental degradation. They claimed that using RE

contributes to lower CO2 emissions. Teng et al. (2020)

investigated how RE consumption affects CO2 emissions.

The results of the study show that the use of RE reduces

CO2 emissions. Using time-series data, Usman et al. (2020)

investigated the asymmetric effect of consumption of

traditional energy sources on CO2 emission in Pakistan.

They proved that consuming sustainable energy reduces

CO2 emissions in Pakistan. The effect of RE consumption

on CO2 emission is also investigated by Chiu and Chang

(2009), Al-Mulali and Ozturk (2015), Shafiei and Salim

(2013), and Bento and Moutinho (2016). They claimed

that RE consumption contributes to keep CO2 emissions

to a minimum level. Dogan and Seker (2016) investigated

causes of climatic and environmental degradation. The data

show that the use of RE aims to reduce climatic and

environmental degradation, but traditional consumption of

traditional energy sources increases climatic and

environmental degradation. Jebli et al. (2016) investigated

the effect of using RE on CO2 emissions. Results show that

consumption of RE contributes to minimize CO2 emissions.

Findings of the GMM (one-step difference and system) show

EC consumption has a positive and considerable effect on

CO2 emissions in a number of OECD countries. According to

the investigated findings of power consumption, a one

percent increase in EC consumption has a positive effect

on CO2 emission and is responsible for increasing CO2

emission by 1.46 and 0.22%, respectively. Results on EC

consumption are similar to those of the following researchers.

In a group of countries, Asongu et al. (2020) investigated the

effect of consumption of traditional energy sources and

urbanization on CO2 emissions. The data show that

consumption of EC has a positive effect on CO2 emissions.

According to, increased EC consumption increases CO2

emissions, which results in climatic and environmental

degradation. Munir and Riaz (2020) looked at the asymmetric

influence of consumption of traditional energy sources on CO2

emissions in South Asian economies. The data indicated that

increased EC consumption in South Asian countries had a

positive effect on CO2 emissions. Salahuddin et al. (2018) also

TABLE 5 Panel Unit Root Test.

Levin-lin-Chu Harris-Tzavalis

At Level At Difference At Level At Difference

CO2 Excretion −4.7878 −21.6722*** −2.2105* −46.4064***

RE consumption 3.4798 −19.3778*** 2.9469 −61.2288***

EC Consumption −11.4941*** −21.9518*** 0.9198 −48.5811***

Economic Growth −20.4808*** −34.4661*** −29.4314*** −61.0233***

IQ −11.4508*** −23.2201*** −7.1010*** −43.3475***

GB −17.2299*** −19.9598*** 0.1097 −34.9762***

Where *p < 0.05; **p < 0.01; ***p < 0.001.

TABLE 6 Cross-sectional Dependence Test.

Variable CD-Test p-value Corr abs (corr.)

CO2 Excretion 33.46 0.000 0.252 0.511

RE consumption 66.51 0.000 0.501 0.672

EC Consumption 77.17 0.000 0.581 0.668

EG 58.35 0.000 0.439 0.448

IQ 30.82 0.000 0.232 0.376

GB 126.19 0.000 0.95 0.95

TABLE 7 Panel Cointegration Test.

Kao Cointegration Test

Statistic p-Value

MDF t (Modified Dicky Fuller) −0.7524 0.2259

DF (Dicky Fuller t) −1.6763 0.0468

ADF (Augmented Dicky Fuller t) −1.7461 0.0404

UMDF (Un-adjustable Modified Dicky Fuller t) −3.2613 0.0006

UDF (Un-adjustable Dicky Fuller t) −3.1758 0.0007

Pedroni Cointegration Test

MPP (Modified Phillips-Perron t) 2.3093 0.0105

PP (Phillips-Perron t) −6.1605 0.000

ADF (Augmented Dicky Fuller t) −4.3362 0.000

Westerlund Cointegration Test

Variance ratio −1.8602 0.0314
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TABLE 8 Dynamic Panel GMM Results.

One-step difference GMM One-step system GMM Two-step system GMM

CO2 Excretiont−1 0.790*** 0.983*** 0.971***

(37.84) (214.35) (151.47)

RE consumption −0.212*** −0.108*** −0.107***

(−36.94) (−101.33) (−12.75)

EC Consumption 1.468*** 0.220*** 0.336

(7.40) (9.20) (1.43)

EG 0.00698 0.0987*** 0.103***

(1.40) (19.24) (23.4***

IQ −0.294*** −1.238*** −1.121***

(−6.18) (−110.12) (−22.68)

GB −1.095 −0.0872 −0.303

(−1.62) (−0.28) (−0.30)

_cons 8.472*** 7.317***

(14.46) (3.46)

AR(1) 0.142 0.180 0.630

AR(2) 0.333 0.222 0.446

N 972 1,008 1,008

t statistics in parentheses.

*p< 0.05.

**p< 0.01.

***p< 0.001.

TABLE 9 Robustness check QR (Quantile Regression) Results.

SQR QRPD

Q25 Q50 Q75 Q95

RE consumption −0.0920*** −0.0787*** −0.0617*** −0.149*** −0.0502***

(−8.97) (−11.31) (−4.12) (−18.15) (−8.26)

EC Consumption −0.0477 0.479*** 1.542 0.257 0.980***

−0.34) (4.25) (1.61) (1.21) (19.82)

EG 0.0177 0.0209 0.119* 0.0695 −0.0383***

(0.98) (1.09) (2.00) (1.08) (−3.24)

IQ −1.220*** −1.160*** −1.156*** −1.223*** −0.997***

(−16.94) (−16.29) (-3.65) (−9.18) (−20.36)

GB −2.397* 1.359 −8.163 11.78 −8.111***

(−2.39) (0.77) (−1.05) (1.67) (−10.92)

_cons 12.01*** 3.628 18.26 −5.645

(5.97) (1.17) (1.42) (−0.42)

Pseudo R2 0.2115 0.1724 0.1068 0.2360

N 1,008 1,008

t statistics in parentheses.

*p< 0.05.

**p< 0.01.

***p< 0.001.
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concluded similar conclusions. They indicated that increasing EC

usage causes more pollution.

EG is positively and significantly related to degradation of

environment in selected OECD countries. According to findings

of GMM model (one-step difference and one-step system), one

percent increase in EG is responsible for increases in excretion of

CO2 is 0.098 percent and 0.103 percent, respectively, in 36 OECD

countries. Results on EG and CO2 emissions are consistent with

prior studies. Muhammad et al. (2021) showed that global EG is

significantly important for climatic and environmental

degradation. Another recent study by Teng et al. (2020) found

that economic activities have a positive effect on climatic and

environmental loss. In Pakistan, Khan et al. (2019) Khan et al.

(2019a), Khan et al. (2019b) employed a dynamic ARDL

simulation time series model to demonstrate that economic

activities reduce CO2 emissions. Economic activities boost

CO2 emissions; they also say that EKC is beneficial to the

world’s industrialized economies.

The findings of the GMM models in 36 OECD nations show

that IQ has a negative and significant influence on CO2

emissions. One-step difference GMM, one-step system GMM,

and two-step system GMM all show a 29, 1.23, 1.12% reduction

in carbon emission by 1% increase in IQ, 1.23 percent, and

1.12 percent, respectively. According to Ibrahim and Law (2014),

IQ strengthens the rules and regulations that support the

reduction of CO2 emissions. IQ has a detrimental impact on

CO2 excretion Ali et al. (2019). Intelligence contributes to the

mitigation of climatic and environmental harm, according to

Tamazian and Rao (2010), Lau et al. (2014), and Al-Mulali and

Ozturk (2015). IQ has a positive impact on EG but a negative

impact on climate change and environmental harm

(Bhattacharya et al., 2017).

GB and CO2 are negatively and significantly correlated with

each other in sample OECD countries. According to results of the

GMM models. Teng et al. (2020) showed that GB has a negative

effect on climatic and environmental degradation in the long run.

GB (Balsalobre-Lorente et al., 2019), contributes in the reduction

of climatic and environmental degradation. According to

Shahbaz et al. (2019), as GB increases, climatic and

environmental loss decreases. In Pakistan, Khan et al. (2019a)

showed that GB increases climatic and environmental

degradation. Study findings of Sheraz et al. (2021) and

Twerefou et al. (2017) reveal that GB contributes in increased

climatic and environmental degradation.

QR (Quantile Regression) i.e., SQR (Simultaneous quantile

regression) and PQR (Panel Quantile Regression), were used to

check the robustness of the evaluated results. Table 9

demonstrates results of the robustness check QR results.

The results of the SQR and PQR findings indicated that RE

consumption and environmental loss are significantly negative

correlated in sample countries. The results of the SQR show that

increasing RE consumption CO2 reduces by one percent while

climatic and environmental loss by 0.092%, 0.078%, -0.061%, and

0.149% in the selected OECD countries, respectively, from

quantile 25 to quantile 95. On the contrary, results of the

panel quantile regression indicate that 1% increase in

consumption of RE reduces CO2 excretion by approximately

0.050% in the sample OECD nations.

According to the results of the simultaneous quantile

regression, consumption of EC and environmental

degradation are significantly and positively related to each

other in the selected OECD countries with quantile 50. On

the contrary, the panel QR yielded the same conclusions.

According to results of the panel quantile regression, the

consumption of EC consumption has a positive and

substantial effect on climatic and environmental degradation

in the selected OECD countries and accounts for 0.98% of the

climatic and environmental degradation.

Results reveal that EG impacts climatic and environmental

degradation positively and significantly in the OECD countries

with quantile 75. According to the quantile 75 results, a 1%

increase in economic development leads to 0.119% increase in

climatic and environmental loss in selected OECD countries.

While the results of the panel quantile regression reveal that EG

in the selected OECD countries contributes to the mitigation of

climatic and environmental degradation. Results show that

employing advanced technology in economic activities helps

to mitigate climatic and environmental degradation in

developed countries throughout the world.

Results of the IQ and GB show that the selected OECD

countries have a negative and considerable influence on climate

and environmental degradation. Results of the SQR show that IQ

contributes in the reduction of CO2 emissions in the OECD

economies. The results of the panel QR reveal that in the selected

OECD countries, IQ and GB contribute to mitigating climatic

and environmental degradation. Further graphs for QR in

Figure 1 for all variables are as follow.

Conclusion

The impact of GB, IQ, RE consumption, EG, and

consumption of EC on CO2 excretion has been investigated in

sample of OECD 36 countries. Quantile regression methods;

PQR and SQR has been employed to analyze the relationship

among study variables. To assess the stationarity of variables

Panel Unit Root test; HT, and LLC tests have been used. The

results of these tests reveal that at both the level and the first

difference, the variables are stationary. Westerlund, Pedroni, and

Kao tests results indicate that cointegration exists among

variables.

According to study results of the GMM models, In OCED

nations, RE usage has a negative and considerable impact on

CO2 emissions. The findings show that using RE helps to cut

CO2 emissions in a number of OECD nations. The investigated

data show that increased consumption of RE reduces
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CO2 emissions by 0.21%, 0.10%, and 0.10%, respectively. The

results of the GMM (one-step difference) and GMM (one-step

system) show that EC usage has a favorable and significant

influence on CO2 emissions in several OECD countries.

According to the results of the EC consumption, 1% increase

in EC consumption has a positive effect CO2 emission and is

responsible for proliferation of 1.46 and 0.22%, respectively.

GMM system’s results indicate that EG has a significant and

positive influence on climatic and environmental degradation in

sample countries. According to results one percent increase in

EG generates 0.098 and 0.103% rise in CO2 excretion in sample

countries, respectively. Findings of GMM difference and system

indicate that IQ has a negative and significant impact on

CO2 emission. Results reveal that 1% increase in IQ

contributes 29, 1.23, and 1.12% decrease in CO2 emission,

respectively. According to these results, GB and

CO2 emissions are negatively and insignificantly correlated

with each other.

Quantile regression; SQR and PQR have been employed to

confirm the robustness of the analyzed results. The evaluated

findings of these results reveal that consumption of RE is

negatively associated with climatic and environmental

degradation. Results indicate that 1% increase in

consumption of RE contributes 0.092%, 0.078%, -0.061 and

0.149% reduction in climatic and environmental degradation

respectively from 25 to 95 quantile. On the contrary, findings

of PQR indicate that a 1% increase in consumption of RE

reduces 0.05% CO2 emission in the sample countries. Results

of SQR indicate that EC consumption and environmental

degradation are positively and significantly related to each

other in sample countries with quantile 50. While PQR also

reported similar results. These results indicate that EC

consumption and environmental degradation are positively

and significantly related with each other and contributes

0.98% climatic and environmental degradation in OECD

countries.

The evaluated findings indicate that with quantile 75 EG

and environmental degradation are positively and significantly

correlated. It indicates that a 1% increase in EG becomes

responsible for enhancing climatic and environmental

degradation by about 0.119% in selected OECD countries.

On the contrary, findings of PQR confirm that in sample

countries, EG helps to reduce climatic and environmental

degradation. Evaluated results demonstrate that use of high

technologies for economic activities contributes in climatic and

environmental degradation in developed countries. Results of

IQ and GB demonstrate a negatively significant impact on

climatic and environmental degradation. The study also

confirms that IQ contributes in CO2 excretion reduction in

selected OECD countries. Results of PQR (quantile regression)

demonstrate that IQ and GB help to reduce climatic and

environmental degradation.

According to the results of this study, consumption of EC

for economic activities is the primary source of CO2 emission.

A few OECD countries are attempting to protect EG by

adopting a variety of energy resources to compete with the

world’s developed countries, which is resulting in increased

CO2 emissions and climatic and environmental degradation.

The study findings call for formulating effective policies to

encourage green financing for environmental upgradation. In

order to address economic concerns and to achieve sustainable

development goals, policymakers must introduce such policies

that stimulate a sustainable climatic environment. To achieve

the Sustainable Development Goals for cost-efficient and clean

energy and water, and sanitation the OECD countries must

enhance public-private partnerships in specialized energy

projects for a sustainable environment. The use of fossil

fuels for economic purposes has a positive effect on climatic

and environmental degradation in several OECD countries.

Policymakers in a number of OECD countries must stimulate

investment in thermal, solar, and wind power. They must also

enhance clean energy productivity and guarantee that

everyone has access to clean energy in order to accomplish

the SDGs by 2030. Policies that promote globalization,

economic growth, institutional quality to support green

infrastructure, and energy generation utilizing renewable

energy sources are recommended. By expanding and

upgrading infrastructure and technology-based energy

resources, EG and a clean climate can be attained. A few

OECD countries’ governments should support climate

policies and regulations as well as give incentives for the

investment to the investors and clean energy projects that

will improve the environment. They are expected to promote

strategic collaborations with other countries at different level

to promote green innovations.
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Appendix

TABLE A1 List of countries.

Austria Hungary New Zealand

Australia Italy Netherland

Belgium Iceland Portugal

Chile Ireland Poland

Czech Republic Israel Swedenf

Canada Japan Slovak Republic

Denmark Korea Spain

Estonia Lithuania Switzerland

France Luxembourg Slovenia

Finland Latvia Turkey

Greece Mexico United States

Germany Norway United Kingdom
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