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Numerous economies focus on attaining a clean environment by applying

environmental policies and green technology. This study examined the impact

of GDP growth, non-renewable, technological change, environmental tax, and

strict regulations on an ecological footprint for the Organization for Economic

Cooperation and Development (OECD) and Non-OECD (not members of

OECD) economies from 1990 to 2015. This analysis applied the Cross-

Sectionally Augmented Auto-Regressive Distributed Lag (CS-ARDL) to

identify the role of GDP, and environmental taxes, with selected control

factors on ecological degradation. These CS-ARDL techniques resolve the

issues of slope heterogeneity, endogeneity, and cross-sectional

dependence. For robustness, this study used Augmented Mean Group

(AMG), and Common Correlated Effect Mean Group (CCEMG) tests to check

the long-run association between variables. The empirical findings of CS-ARDL

have confirmed that environmental taxes, stringent environmental policies, and

ecological innovation significantly improve environmental quality in OECD

compared to the Non-OECD countries. The D-H panel Granger causality

test results show the unidirectional causality moving from environmental tax

to ecological footprint, which referred to the “green dividend” hypothesis of

minimizing environmental degradation. Using AMG and CCEMG tests for

Robustness checks indicates that environmental taxes and tight

environmental policy can effectively improve the environment’s quality in

both regions. Hence, environmental protection awareness is forcing

policymakers to minimize the impact of environmental degradation to

achieve sustainable growth.
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1 Introduction

Over the last 20 years, environmental initiatives have been

aimed to promote the transition of the economy into low-

carbon economies significantly to minimize the adverse

environmental effects (such as global warming, greenhouse

gas (GHG) emissions, air pollution, and climate change)

(Agbugba and Iheonu 2018). By establishing and executing

energy plans like the Kyoto Protocol and the Paris Climate

Accord, which regulate the policies related to climate and

energy consumption, and the transformation of the economy

towards low-carbon industrialization and attaining energy-

efficient policies. Eco-technology and Environmental

regulations are significant features of the Paris Climate

Agreement and Kyoto Protocol policies, including carbon

trading, environmental taxes, and energy-efficient and eco-

friendly technologies as the primary strategy plans (Alberini

and Filippini, 2011; Ang et al., 2015). Additionally, researchers

have discussed various determinants that mitigate

environmental pollution (He et al., 2019). GHG emissions

are considered the most significant global threat to the entire

ecosystem, especially human health. The main contributor to

anthropogenic GHG is carbon dioxide (CO2 emissions), used

as the proxy for environmental degradation in various prior

Literature. However, massive criticism is faced by the

CO2 emissions as a proxy to identify the environmental

degradation caused by GDP growth. On the other hand, the

use of CO2 emissions as a proxy for capturing the ecological

damage caused by economic expansion has been widely

criticised by various studies.

In this context, the ecological footprint proposed by (Rees,

1992) satisfies all of the above characteristics for a

comprehensive, progressive, and integrative assessment of

environmental degradation. A few empirical works have

evaluated the ecological footprint factor (Neagu, 2020).

Estimating the sustainability of an economy’s consumption is

related to the ecological footprint (EFP), developed by

Wackernagel and Rees (1998). According to the Global

Footprint Network (2022) definition, the ecological footprint

indicates how much water and land is naturally essential to

produce different products required by the population. Altintas

and Kassouri, 2020 examined that validity of EKC depends on

the environmental indicators. Their study used the two other

environmental proxies, i.e. CO2 emissions and ecological

footprint, for 14 European countries from 1990–2014. They

concluded that the proxy of the environmental curve could

significantly affect the existence of the EKC hypothesis. Their

finding shows that the prediction of EKC is highly sensitive to an

appropriate environmental tool; thus, the ecological footprint is a

reasonable proxy to detect environmental pollution. Their

findings exhibit fossil fuels significantly increase

environmental pollution, and clean energy use substantially

improves the environment’s quality. Moran et al. (2008) and

Shahzad et al. (2020); statistical results found a positive and

significant relationship between economic growth and ecological

footprint. The importance of environmental regulations and a

non-carbon ecological footprint for 87 economies from 2004 to

2010 is highlighted by (Asici and Acar 2016). Their statistical

findings indicate that ecological constraints significantly improve

environmental quality.

Based on contradicting empirical and theoretical analyses of

the previous studies, to resolve the inconsistency in the

preliminary analysis thus, we required more investigations in

this regard. Most of the existing Literature is just on the

connection between toxin outflows, for instance, air quality

and Sulfur and CO2 emissions discharges, which is an

essential restriction of these investigations (Burnett and

Madariaga, 2017). In this regard, we found limited research

examining a comprehensive analysis and globally analogous

factors, especially those containing the study of environmental

taxes and policies and economic growth, under the premises of

the environmental Kuznets curve (EKC). This study used the

newly announced measure of environmental degradation by

ecological footprint (EFP). The EFP contains cropland, forest

land, grazing land, fishing grounds, CO2 emission, and

infrastructure footprint (Charfeddine, 2017). In addition, the

utilization of ecological footprint compared to the traditional

measure (CO2) of environmental degradation is the motivation

of the current analysis in the context of OECD and Non-OECD

countries. These economies are facing environmental challenges.

Thus further investigation is required to overcome worse climatic

challenges. The ecological footprint directly points to the fact that

much land and water are naturally needed to yield all products,

considering soil, forestry, mining, and oil reserves. As a result,

our research examines whether environmental taxes and

regulations can reduce an ecological footprint as a proxy for

the destruction of the environment.

The OECD and Non-OECD countries are selected for this

study as the consumption of non-renewable is still so high in

these economies with a high rate of CO2 emissions. The OECD is

accountable for 35% of fossil fuel by-products worldwide.

Energy-based industries account for 29% of global emissions

outflows in these nations because of natural resources (OECD,

2021). These all selected countries face severe environmental

issues regarding unexpected outcomes in the ecological system.

Various countries have adopted environment-friendly policies

such as environmental taxes, renewable sources, green financing,

and innovation. But still, many developed countries are polluting

the environment badly; thus, global warming and the destruction

of the ecosystem are putting pressure on developed countries to

minimize CO2 emissions. Recently, various studies concluded a

positive and significant relationship between non-renewable

energy consumption and environmental degradation (Huang

et al., 2020; Saleem et al., 2020.). The study of Abbasi et al.

(2021), focused on efficient energy policies to protect the

environment from fossil fuel consumption. Additionally, Shen
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et al. (2020) highlighted the excess utilization of non-renewable

energy sources, which leads to the destruction of the

environment in developing and developed countries.

The environmental activist had long imagined that

environment-related regulations and taxes must endorse

ecological objectives in numerous world regions. Since the

start of the 21st century, environmental protection awareness

has realized the execution of environmental taxes as a plausible

choice, particularly among developed countries. As of late, other

developed countries like France, Germany, the UK, and Italy

have followed this way. Creating countries like Poland, Estonia,

and Hungary have had the option to incorporate ecological

regulations (OECD, 2019). Non-OECD modern economies

like South Korea, Thailand, Taiwan, Singapore, and Malaysia

have endorsed instruments (market-based) with the

conventional command and control guidelines (adding

environmental regulations) as they try to improve the quality

of the environment (Saleem et al., 2020). The results of Shen et al.

(2020) highlighted the excess utilization of non-renewable energy

sources, which leads to the destruction of the environment in

developing and developed countries.

The existing Literature identifies various determinants of

environmental degradation. For instance, prior studies concluded

that technological innovations were a mediating determinant in

improving the quality of the environment. Technological change

can enhance environmental quality through energy conservation

(Cheng et al., 2021). Technological innovation improves energy

efficiency, optimizing production processes (Jin et al., 2017).

Numerous Literature claims that the primary sources of

environmental degradation are non-renewable energy (Saidi and

Hammami, 2015; Saleem et al., 2020). Thus, technological

advancement upsurge the use of renewable energy through

energy efficiency. This background is advantageous and

appropriate for governments and policymakers in OECD

economies are related to the great importance of addressing the

challenges of environmental degradation. In addition, a large

portion of the world accounts for OECD economies, which play

a significant role in the world economy and technologically

advanced economies.

Based on the statements mentioned earlier, this analysis aims

to identify the environmental Kuznets curve with the restriction

of environmental taxes and regulations used to highlight

environmental degradation issues in the context of OECD and

Non-OECD economies. These countries are the world’s leading

growth economies with high consumption of global energy, thus

significantly increasing the level of CO2 emission. For policy

recommendation, numerous variables, e.g., green growth,

environmental taxes, and environmental regulation policies,

are essential to discuss their influential role and different

strategies to minimize the effect of environmental degradation

in these economies. Consequently, this research analysis

addresses a few significant contributions. Initially, the current

study certifies uncovering the determinants of an ecological

footprint as an alternate factor for environmental

deterioration rather than only single carbon dioxide emissions.

This is a significant issue since few studies examined the role of

ecological footprint, especially since these developed and

transitional economies are more answerable for poorly

utilizing natural resources. Second, the current study presents

a few plausible variables essential to policy implications. This

environmental destruction motivates us to reinvestigate the role

of non-renewable energy use with some control variables, e.g.,

environmental taxes, technological innovation, strict

environmental regulations that would impact the quality of

the environment, with the latest methodologies to check their

impact on the ecological footprint. Third, this study is unique as

it has both OECD and Non-OECD economies under the

umbrella of a single model. This study provides a new insight

that contributes to existing studies to examine the effect of

technological change, environmental taxes, economic growth,

and environmental regulations on the ecological footprint

hypothetically. Fourth, the OECD and Non-OECD nations

have been investigated using modern econometric approaches

and the latest data set from 1990 to 2016. Thus, to identify the

stationarity of ecological footprint, economic growth, non-

renewable energy consumption, technological change,

environmental tax, and regulation, the second generation

panel unit root (augmented cross-sectional IPS (CIPS)) tests

are used. The panel data analysis also has a cross-sectional

dependence. Thus, the traditional panel unit root test (e.g.,

IPS, LLC, and Hadri tests) give erroneous and inconsistent

results. Cross-section dependence (CSD) is a common issue in

panel data analysis (Baltagi and Hashem Pesaran, 2007), and due

to this, the validation of the traditional estimation of panel test is

not accepted (Gengenbach et al., 2009). This study applied the

latest Pesaran LM normal, Friedman chi-square, Pesaran CD

normal, and Breusch-Pagan chi-square test to avoid spurious

results. This review presents advanced econometrics, for

example, a second generation unit root statistical test,

Westerlund (2008) co-integration test, CS ARDL, for

robustness check the methods of Augmented Mean Group

(AMG) and Common Correlated Effect Mean Group

(CCEMG), and board Dumitrescu and Hurlin’s (D-H)

causality test. The current study provides important policy

suggestions for OECD and Non-OECD economies. Finally,

this study will identify the following research questions.

Firstly, Do technological change, environmental taxes, and

regulations significantly improve the ecological footprint in

these OECD and Non-OECD countries?

The remaining part of the research is organized as follows.

Section 2) is presented the literature review on environmental

degradation with its few control variables. Section 3) gives the

theoretical background methodology and our technique, including

the assessment procedure. Section 4) shows our analysis’s results,

discussion, and interpretation. Finally, Section 5) discusses a

conclusion and policy suggestions for sustainability.
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2 Literature review

2.1 Theoretical literature

Based on the theoretical Literature, in the early 1940s, the

idea of technological innovation was presented by Josef

Schumpeter. Technological innovation should be replaced by

old traditional methods in the capitalist economy. According to

their theory, temporary monopoly power can be raised in the

society, but they benefit from excess profits for a short period, but

then the market will be replaced by old products with new ones.

Three stages of market transformation are described by

Schumpeter, where the latest technologies are introduced in

the market to replace the old ones. Schumpeter introduced

three steps, i.e., invention, innovation, and diffusion. A newly

developed product is called an invention; when the brand new

goods are commercialized in the market, are related to

innovation, and research and development (R&D) is essential

to invention and innovation. Diffusion is the third stage where

new technology is used by individuals or firms significantly (Jaffe

et al., 2003). Therefore, technological innovation is the mutual

environmental and economic influence of the three of these

stages. Similarly, the endogenous growth theory also focused on

technological change and argued that these changes could

significantly improve environmental issues in the long term.

Technological innovation can be enhanced through R&D,

especially in the energy sector, by introducing renewable and

energy-efficient technologies that mitigate ecological destruction

(Saleem et al., 2020).

In the early, Josef Schumpeter described the theoretical

framework for technological change. However, the theoretical

framework for clean energy use is represented by the framework

of green Keynesianism. Based on this framework, the analysis

could identify the contribution of clean energy use in achieving

environmental sustainability and reducing the destruction of the

environment. The expansion of the Keynesian theory is described

as green Keynesianism; this indicates that sustaining

environmental sustainability is highly associated with

achieving a high economic growth rate. The key objective of

green Keynesianism is to boost economic growth and

development by finding solutions to environmental issues.

Environmental mitigating goals and active macroeconomic

policy are jointly discussed in the green Keynesianism theory.

These objectives can be achieved by environmentally friendly

technologies, clean energy, and environmental protection

policies.

2.2 Empirical literature

Based on the empirical Literature, this analysis categorized

the prior existing Literature that examined the main

determinants of environmental destruction into four different

strands of Literature. The environment-economic growth nexus

is explained in the first strand of the Literature. The Literature on

the environment-technological change nexus is defined in the

second strand of the review. The Literature on the environmental

taxes-environmental degradation nexus is examined in the third

strand of the evaluation. The Literature on environmental

degradation-environmental policy stringency nexus is

discussed in the third strand of the review.

2.2.1 Literature on environmental degradation
and economic growth

The first strand of the literature review indicates the

environmental degradation-income level nexus. This

association is well presented by Grossman and Krueger

(1995); in their research thereon, the link between income

level and environmental degradation is defined in their

inverted U-shaped EKC hypothesis. Their hypothesis is

explained the inverse relationship between environmental

degradation and economic growth. Over the last 20 years, the

EKC framework has been used in numerous empirical analyses to

identify the relationship between environmental quality and

income level (Lapinskiene et al., 2017; Auci and Trovato,

2018), while for the same purpose, this framework is also

used with the addition of energy use (Pablo-Romero and

Sanchez-Brada, 2017). Many empirical analyses provide

evidence for the existence of EKC in European countries (e.g.,

Auci and Trovato, 2018); their findings confirmed the presence of

EKC in 25 European economies from 1997 to 2005. By contrast,

some studies did not verify the existence of EKC in European

economies (e.g., Mazur et al., 2015); their results could not

confirm the existence of EKC for 28 European economies

from 1995 to 2006. However, the findings of Pablo-Romero

and Sanchez-Brada (2017) confirmed the presence of EKC in

the residential sector from 1990 to 2013. Several empirical

analyses usually discussed the EKC by utilizing CO2 as a

proxy of environmental degradation, but less attention has

been given to the ecological footprint and its role in the

environmental degradation-economic growth nexus. Al-Mulali

et al. (2015) examined the model of EKC for 93-panel countries

and confirmed the existence of EKC for middle and upper-

income countries, and the ecological footprint was used as the

dependent variable. Ozturk et al. (2016) also examined the

validity of the EKC framework for upper-middle-income

economies by using ecological footprint. Uddin et al. (2017)

employed an ecological footprint and confirmed the existence of

EKC for Pakistan, India, Nepal and Malaysia. Pata (2021) used

the CO2 emission and environmental footprint to identify the

validity of EKC premises for the United States of America.

Balsalo-bre-Lorente et al. (2019) confirmed the validity of

EKC for Mexico, Nigeria, Indonesia, and Turkey economies.

Balsa-Barreiro et al. (2019) analysed the impact of GDP

growth on CO2 emissions. Urban population and population

for global level from 1960–2016. The world’s human dynamics
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changes are essential to discuss in the scenario of population

growth dynamics, GDP growth, and environmental

destruction. All these challenges mentioned above are highly

associated with globalisation and measured with the center of

gravity (reallocation trends initiated by globalization). The

statistical findings concluded that Japan, China, the

European Union, and the United States are top emitters and

the world’s largest economies. The results also indicate the

decoupling effect, when the GDP trace is affected faster than

the CO2 trace. Asian countries (especially India and China)

and a few African countries are the most populated in the

world. Due to the largest megalopolises and cities extended in

Europe, southeastern Asia and America significantly increased

the urban population. The policies suggested to the

policymakers to solve the global challenges primarily related

to GDP growth and its influence on the quality of the

environment. Wang et al. (2019) examined the coupling/

decoupling of GDP growth from energy use in India and

China. These countries and other developing nations are

trying to achieve sustainable economic growth by using

fewer energy sources. This study investigated the GDP

growth-energy nexus for China and India from 1990 to

2015 using the Log-Mean Divisia Index and Cobb Douglas

function methods. The statistical results concluded that

China’s decoupling efforts significantly improve energy

efficiency, and by using technological innovation, India is

also trying to contribute to the decoupling effort.

2.2.2 Literature on environmental degradation
and technological innovation

The second strand of the Literature is based on the relationship

between environmental degradation and technological innovation.

Many researchers recommended that CO2 emissions can be

significantly reduced by technological innovation, especially in

the process of production, without damaging GDP growth. Lin

and Zhu (2019) examined the environmental degradation-

renewable technology nexus in the context of China. Their

statistical findings concluded that technological change through

renewable energy sources is improving the environmental quality in

China and promoting a low-carbon society. Ahmad et al. (2020)

investigated technological innovation and its impact on ecological

footprint for twenty-two emerging economies, and their statistical

findings concluded that ecological footprint reduction is possible

due to technological innovation. Wang et al. (2020) analysed that

technological innovation is a critical factor in achieving

environmental sustainability in the N-11 economies. Similarly,

Guo et al. (2021) examined the impact of technological

innovation on the quality of the environment in China, and

their findings concluded that sustainable development goals

(SDGs) could be achieved through technological innovation. The

results of Samargandi (2017) described the relationship between

technological change and environmental pollution in Saudi Arabia

and could not provide the influential role of technological

innovation in minimising environmental degradation. Kassouri

et al. (2022) examined the development of renewable energy, oil

utilization, and natural capital in the European countries between

1996 and 2016. Their empirical findings concluded that growth in

renewable energy consumption is significantly discouraged by the

different use of oil utilization by inelastic proportions. Different

carbon sequestration techniques can be minimized the use of non-

renewable energy sources. Moreover, this region’s energy

transitional policy should be enhanced by an adequate supply of

renewable energy. Bilgili et al. (2021) investigated the environment-

disaggregated energy R&D nexus in 13 developed economies from

2002 to 2018. Their findings exhibit the presence of EKC only in

higher carbon-emitting economies. But in the case of lower carbon-

emitting economies, the EKC is more predominant. They also

found no dynamic association between environmental pollution

and economic growth. The impact of research and development on

clean energy and technological innovation to curb environmental

pollution is a prerequisite in these countries.

2.2.3 Literature on environmental taxes and
environmental degradation

The third strand of the Literature is based on the relationship

between environmental degradation and environmental taxes.

Recently, countries have been trying to attain sustainable

economic growth by controlling environmental issues. They

are implementing various policies (to increase sustainability)

such as environmental taxes, green innovation, and innovative

sources of energy (e.g., photovoltaic cells). Ecological destruction

and energy consumption are significantly reduced by

Environmental tax. Miceikiene et al. (2018) examined the

significant role of a carbon tax in the economies and focused

on renewable energy innovations.

A comprehensive analysis of Wissema and Dellink (2007)

examined the statistical data of Ireland’s economy and concluded

that CO2 emissions are reduced by 25% if 15 Euros per ton

carbon taxes are imposed. Similarly, Sterner (2007) also explored

that use of non-renewable energy can be reduced through the

imposition of environmental taxes. Convery et al. (2007)

described that environmental taxes collected 13 billion in

revenue to the Irish economy in the same line. It is estimated

that a 90% decline in CO2 emissions can be possible in this

country. Lin and Li (2011) investigated a statistical analysis of

Scandinavian economies, found a negative connotation between

environment-related taxes and CO2 emissions in Finland, and

investigated that the economy of Norway is heavily dependent on

petroleum and the rate of CO2 emission is higher in this country.

Morley (2012) examined the environmental tax and

CO2 emissions nexus in EU member nations, and their

statistical findings show the inverse relationship between

environmental taxes and CO2 emissions. Borozan (2019)

examined the association between energy taxes and residential

energy consumption. Their results concluded that energy taxes

could efficiently reduce residential energy use in European Union
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countries. Along the same line, He et al. (2019) also found the

influential role of environmental taxes in minimising the

CO2 emissions in OECD economies and China.

2.2.4 Literature on environmental degradation
and environmental policy stringency

The fourth strand of the Literature is based on the

relationship between environmental degradation and

environmental regulations. Stringent environmental laws and

policies are being prompted to minimize the worse

environmental quality; thus, strict environmental policy is

essential for mitigating CO2 emissions. The core purpose of

this indicator is to divert the producer and consumer behaviour

to environmental-friendly products by making environmental

pollution services more expensive. Neves et al. (2020) described

that environmental restrictions would increase the cost of

polluted (dirty) goods and activities Mulatu (2018) highlighted

the importance of environmental outcomes and regulations.

They concluded that CO2 emissions could be reduced by

implementing environmental policies and eco-friendly

technology. According to Cohen and Tubb (2018),

environmentally “dirty” technologies should be replaced by

eco-friendly technologies as stringent environmental policies

and environmental taxes significantly impose positive effects

on environmental pollution (Lagreid and Povitkina 2018).

The empirical analyses of the nexus between environmental

quality and policy are discussed in the studies of Dechezleprêtre

and Sato (2017) and van Leeuwen and Mohnen (2017), but the

findings are not conclusive. Shapiro andWalker (2018) examined

that between 1990 and 2008, a reduction in CO2 emissions was

found in the United States. Similarly, Wolde-Rufael and Mulat-

Weldemeskel (2021) analyzed the role of environmental policies

for the few emerging economies from 1994 to 2015 and the

effectiveness of environmental policies in reducing

environmental destruction. In the same vein, de Angelis et al.

(2019) examined environmental stringency and its impact on

environmental quality for OECD economies. They found a

significant reduction in CO2 emissions due to environmental

stringency regulations. But Wang and Wei (2020) found that

stringency environmental policy does not improve

environmental quality by reducing CO2 emissions.

3 Econometric model and data

3.1 Theoretical framework and model
construction

This current topic represents our theoretical framework

depending on these preliminary analyses. Additionally, the

Literature of literature section discussed a few research

analyses that have been done on ecological footprint. Though,

limited research studies examine the combined impact of

environmental taxes and environmental regulations on

environmental quality under the EKC scheme for Non-OECD

and OECD nations. The theoretical framework is presented

based on the double-dividend hypothesis of environmental

taxation and the premises of the environmental Kuznets curve

(EKC) (Dinda, 2005). Theoretically, natural resources depletion

for consumption purposes will source in higher ecological

footprints and more ecological deficit. According to this

description, the emerging and developed countries endeavour

to implement stringent policy implications and regulations

(energy and environmental-related taxes) and governmental

controls to regulate non-renewable energy sources and

resource consumption. The theoretical framework channel

describes energy resource consumption for industrial

production as significantly associated with resource

consumption and resource generation. Consequently, excess

utilization of natural resources causes ecological issues.

Following this, ample use of natural resources with

environmental destruction motivates the policymakers to

implement environmental regulations and taxes to minimize

the use of non-renewable.

Thus, identifying the main contribution of this study to

the mitigation of environmental issues, this study explores

the effects of environmental taxes, strict environmental

regulations, and the efficient role of technological

innovation on the ecological footprint (EPF) of OECD

Non-OECD economies. Thus, in this line, we presume that

strict environmental regulations and taxes are efficient

indicators of minimizing the deterioration of

environmental quality (He et al., 2019; Xiong and Li,

2019). Moreover, the modeling of our study also comprises

some plausible control variables based on prior research and

Literature. Similarly, other control factors such as non-

renewable energy use and GDP growth also increase

environmental degradation. The energy use-environmental

destruction nexus is well discussed in EKC premises. The

contribution of this study is by analyzing the impact of energy

on the improvement in ecological footprint, which can

significantly improve environmental quality. Many

researchers discuss sustainable growth-environment nexus

regulations and policies, and their main objective is to

achieve less environmental deterioration with sustainable

growth (Hao et al., 2021; Saleem 2022). This theory is

designed by Grossman and Krueger (1995) as it

determines the trade-off between the environment and

growth. In this sense, our study incorporated plausible

control variables under the umbrella of the EKC framework.

Theoretical description of all the variables mentioned above

(Eq. 1) and the ecological footprint-GDP growth nexus with

control factors are employed under the scheme of the EKC test in

the following equations.

EFPt � f(GDPt, GDP2
t , NREW, GTECt, ETXt, ERLt) (1)
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3.2 Description of data

Table 1 represents the list of variables. This study finds the

association between ecological footprint (EFP) and growth with

other control factors from 1990 to 2016 for twenty-sevenOECD and

six Non-OECD countries. The data on GDP growth is used as GDP

per capita (constant 2010US$). Non-renewable are used as (a

percentage of total final energy consumption). The data on GDP

growth and non-renewable energy use has been obtained from the

World Development Indicator (WDI, 2021). CO2 represents the

carbon emission (per capita) obtained from WDI (2021).

Technological innovation is estimated as eco-friendly technology

as a % of all technologies. EFP represents the values of EFP to

identify environmental degradation. EFP quantitative indicator is

designed by Rees (1992), especially determining natural resources

consumption and their production. EFP is calculated in the

generation of waste of various resources, depletion of natural

resources, rapid utilization of natural resources and waste

absorption rate of nature, and the growth of new resources. The

data of EFP as metric tons (per capita) is obtained from the Global

Footprint Network (2021). The data and countries are selected

according to the availability of data. The statistical data on

environmental regulation (as an index of stringency ecological

policy) and environmental tax are taken from an OECD (2021)

statistics database. Furthermore, Appendix A describes the list of

OECD and Non OECD economies of the world.

3.3 Methods

3.3.1 Cross-section dependence unit root test
Initially, the present analysis tries to identify the cross-

sectional dependence (CSD) among various model factors. In

doing so, the test of CSD is designed by Pesaran (2007).

Moreover, numerous indicators are linked with CSD.

Spurious results will be attached if the CSD problem is

not considered during estimation (Westerlund and

Edgerton, 2008; Flores, 2019). The authors used different

CSD tests to identify the CSD in the analysis of panel data

among the factors, namely, Breusch-Pagan chi-square,

Friedman chi-square, Pearson CD normal, and Pearson

LM standard test.

3.3.2 Tests of slope homogeneity
The second step of the study tries to identify the data

analysis’s slope homogeneity. We used Pesaran and

Yamagata’s test (2008) to find out the slope homogeneity of

the model. This test can significantly identify the

heterogeneity or homogeneity of the data analysis. We used

the Pesaran and Yamagata (2008) statistics to determine the

slope homogeneity. Thus, the homogeneity and heterogeneity

of the panel data would be checked with this test. The

importance of the slope homogeneity test cannot be denied

in the empirical analysis.

3.3.3 Panel unit root tests
The third step is to check the non-stationarity issue in time

series analysis was discussed in various empirical analyses

(Cheung et al., 2019; Jiang et al., 2020). The study

investigates the unit root problem; thus, the second-

generation stationary techniques are used to identify the unit

root problem (Pesaran 2007). The test permits the presence of

CSD in the study. The augmented cross-sectional IPS (CIPS)

test detects the stationary issue of various factors under

consideration. This study used Pesaran (2007) (i.e., cross-

sectional augmented IPS).

3.3.4 Co-integration tests
The fourth step of the study is to identify the co-

integration between the variables. Co-integration is

demarcated as the long-run association between different

factors of the model. In this method, various variables can

be analysed for long-run relationships. The modern panel co-

integration test was designed by Westerlund (2008), and we

applied this in our analysis to designate robust revelations.

The presence of CSD, non-stationarity of data, and

heterogeneity in the panel data analysis can be handled by

Westerlund and Edgerton (2008).

α1(L)Δyit � y2it + βi(yit − 1 − α′ixit) + λi(L)vit + ηit (2)

TABLE 1 List of variables.

Variables Description Units Sources

EPF Ecological Footprint Metric tonnes (per capita) Global Footprint Network (2021)

GDP Gross domestic product Constant 2010 US$ (WDI, 2021)

NREW Non-renewable energy consumption Total final energy consumption in % (WDI, 2021)

ETX Environment taxes % of GDP OECD (2021)

GTEC Environment clean technology, and innovation % of all technologies OECD (2021)

ERL Stringency environmental policy Index of stringency environmental policy OECD (2021)
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Where, δ1i � βi(1)o�21 − βiλ1i + βi(1)o�2i and y2i � βiλ2i (3)

The equation of Westerlund co-integration statistics is given

below,

Gt � 1/N∑N

i�1α
′
i/SE(α′i), (4)

Ga � 1/N∑N

i�1Tα
′
i/α′i(1), (5)

Pt � α′i/SE(α′i), (6)
Pa � Tα′, (7)

The value of group statistics is shown as Ga and Gt, and

panel statistics are represented by Pt and Pa. The null

hypothesis represents no cointegration, and the alternative

hypothesis indicates the long-run association between the

variables.

3.3.5 Cross-section augmented autoregressive
distributed lags

The fifth step is to use the CS-ARDL method to identify the

association between environmental degradation and its control

variables due to the panel data set and the presence of cross-

sectional dependency in the variables of this analysis. This CS-

ARDL technique resolves the issues of slope heterogeneity,

endogeneity, and CSD (Chudik and Pesaran, 2013). This test

compresses various descriptive elements with unexplained

components and a small sample size that is unpredictable and

sensitive sample size. Different explanatory variables with

undetected details, unexpected and sensitive small size of the

sample are compact by this test. Based on the theoretical

framework, this study incorporated the impact of

environmental tax, strict environmental regulations, non-

renewable energy use, technological change, and GDP growth

on environmental degradation. We rewrite the model as follows:

EFP2it � β1 + β2GDPit + β3(GDPit)2 + β4NREW + β5REWit

+ β6GTECit + β7EXTit + β8ERLit + ∈it
(8)

Where β1 represents the slope of coefficient, β2, β3, β4, β5, β6, β7,
β8 parameters of economic growth (GDP), square of GDP, non-renewable energy

consumption (NREW), technological innovation (GTEC), environmental tax

(ETX), strict ecological regulations (ERL). Similarly, ‘i’ represents the

country, and ‘t’ represents the period.

The equation given below defines the model of CSD-ARDL.

ΔEDGit � Ωi +∑m

1�0Φ1ilΔEDGit,t−1 +∑m

1�0Φ2ilXi,t−i (9)
ΔEDGit � Ωi +∑m

1�0Φ1ilΔEDGit,t−1 +∑m

1�0Φ2ilXi,t−i

+∑m

1�0Φ3ilYit−1 + ∈t (10)

Where EDG is related to the dependent variable (environmental

degradation), Y represents the average value of dependent

variables, and X indicates the importance of main

determinants such as GDP, GDP square, GTEC, NREW, EXT,

and ERL, l, and m related to the lag values of the dependent

variable.

The following equation represents the long-run analysis of

CS-ARDL through the mean group estimator as given below,

πCS − ARDL, i � ∑m

1�0Φ1il, m/1 −∑m

1�0 (11)

Meanwhile, the following equation represents the mean

group of the study.

πMG � 1/N −∑N

i�1πi (12)

Though, the study also presents the short-run coefficients in

the following equation,

ΔEDGit � ∅i[EDGi,t−1 − πXi,t] +∑m

1�0Φ1ilΔEDGit,t−1

+∑m

1�0Φ2ilΔEDGit,t−i +∑m

1�0Φ3ilYit−1 + ∈t (13)

Eq. 13 represents the short-run co-efficient of CS-ARDL

analysis. Where EDG is related to the dependent variable

(environmental degradation), Y represents the average value

of dependent variables, and X indicates the importance of

crucial determinants such as GDP, GDP square, GTEC, REW,

NREW, EXT, and ERL, l and m related to the lag values of the

GDP growth.

3.3.6 Robustness estimators
For robustness check, this study used the tests of applying the

Augmented Mean Group (AMG) designed by Eberhardt (2012)

Common Correlated Effect Mean Group (CCEMG) designed by

Pesaran (2006). These tests significantly deal with the

endogeneity, CSD, and heterogeneity concerns. In addition,

the correlation among different cross-section units is also

controlled by these estimators.

3.3.7 Panel causality test
Although, the results of the CS-ARDL estimators confirm

the association’s magnitude and direction. However, our final

step of the study analyses the causality between variables.

Thus, Dumitrescu and Hurlin’s (2012) test is used to

scrutinise the causal association between environmental

quality (EFP) and other control variables like GDP, non-

renewable energy, environmental tax, and strict

environmental regulations. By identifying the model of the

study, this analysis tests the bivariate causality among

different variables by handling the heterogeneity all over

the CSD (in the short run). In this test, H0 represents that

there is no causality, and H1 represents that there is causality

among the factors. Finally, to test the non-causality Granger

analysis for each cross-section, the study focused on

examining the Wald estimate. The inconsistent non-causal

theory recognises that heterogeneous panel causality links to

the normal distribution. Figure 1 illustrates the Route of
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methodology, where different methods are applied in this

analysis, e.g., Cross-sectional dependence test, panel unit

test, slope homogeneity test, panel cointegration test, and

Causality test Dumitrescu and Hurlin’s (2012).

4 Empirical results and discussion

The empirical findings of the CSD test are presented in

Table 2; the presence of CSD is confirmed in the panel data

analysis as this study used the Pesaran LM normal, Friedman

chi-square, Pesaran CD normal, and Breusch-Pagan chi-

square test, respectively, and rejected the null hypothesis

(no existence of CSD)/accepted the alternative hypothesis

(presence of CSD).

After employing the CSD test, it is essential to use the test of

slope homogeneity; thus, we used Pesaran and Yamagata’s (2008)

approach. Table 3 shows that this study rejected the null

hypothesis and accepted the alternative hypothesis

(heterogeneous slope coefficients).

Additionally, the statistical findings of the unit root test are

presented in Table 4, identifying the stationarity of the data

addressing the heterogeneity and the CSD test. To determine the

unit root issue under the observation of alternative or null

hypotheses, we concluded that few variables found the

stationarity issue in the panel data analysis and rejected the

null hypothesis for all the variables.

The current analysis applied the method of Westerlund and

Edgerton (2008) to identify the existence of cointegration in the

research; the statistical findings are reported in Table 5. The

results showed that we accepted the alternative hypothesis

(presence of cointegration) and rejected the null hypothesis

(no cointegration exists). Thus, the study indicates a long-run

association between the variables and justifies the study’s

arguments. Additionally, the long-run association was found

between variables for Westerlund and Edgerton (2008) under

the dependent variables EFP.

The present analysis applied the CS-ARDL test to determine

the impact of economic growth, non-renewable, technological

innovation, environmental tax, and strict environmental

regulations on environment quality under the scheme of EKC

with dependent variables (EFP). Table 6 indicates the long-run and

short-run results for OECD and Non-OECD countries. The GDP

growth and GDP square were found to be positively and

negatively, respectively, in the context of OECD and Non-

OECD countries for environmental quality (EFP); thus, the

existence of EKC is confirmed for both OECD and Non-OECD

economies. The results are consistent with prior studies (Destek

and Sinha, 2020; Saleem et al., 2022). A short-run analysis (OECD

countries) shows that a 1 unit change in GDP will increase EFP by

0.52 units. The findings of our study are similar to the results of

Ahmed et al. (2020) examined China, Ahmed et al. (2020) for

G7 countries, and Shahbaz et al. (2013) for Indonesia. Salahuddin

et al. (2016) concluded the contradict findings, and no association

FIGURE 1
Route of methodology.
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was found between environmental quality and GDP growth in

OECD countries. On the other side, Ozcan et al. (2020) oppose the

result found in their analysis and conclude an inverse association

between GDP growth and environmental degradation.

The values of GDP square were negative and significant, which

shows that if there is one unit change in GDP square, it will bring a

0.34 unit change in EFP. The long-run estimates also concluded a

significant inverse relationship between GDP square and

environmental quality, as I unit increase in GDP square will

lead to a 0.50 unit decline in EFP. The high rate of GDP

growth enriched the excess utilization of resources in these

OECD economies. The positive association between GDP

growth and ecological footprint in OECD economies suggested

that the worse consequences of GDP growth on the quality of the

environment can be mitigated through initiatives and effective

government policies that consider worse environmental quality.

Our findings are consistent with those (Saleem et al., 2021; Wenbo

and Yan, 2018), However, the results of Destek and Sarkodie

(2020) could not support the EKC’s presence in Pakistan.

Moreover, a significant and positive association was found

between NREW energy and environmental degradation in

OECD countries; this means ecological footprint destruction is

accelerating by using non-renewable energy consumption in the

long and short run. The findings can be justified: still developed

countries heavily rely on non-renewable energy consumption.

The hypothetical testing of the study stated that environmental

quality is deteriorating by excess non-renewable energy use.

More specifically, the results indicate 0.49 units increase in

EFP, as a 1 unit change found in NREW energy use. The

long-run estimates also found a positive association between

environmental quality and NREW energy, and an I unit increase

in NREW will lead to a 0.41 unit upsurge seen in EFP,

respectively. This study concluded a positive association

between NREW energy use and ecological footprint at a 1%

significance level. This hypothesis is justified as higher NREW

energy use accelerates the destruction of ecological footprint.

Numerous researchers have recently investigated the relationship

between environmental quality and NREW energy use (e.g.,

Sharif et al., 2019, Saleem et al., 2021). Similarly, the findings

of Bekun et al. (2019) and Inglesi-Lotz and Dogan (2018) also

investigated a positive association between renewable energy use

and the quality of the environment. These statistical results are

supported by the empirical evidence of Wolde-Rafael and Mulat-

Weldemeskel 2021; Adewuyia and Awodumi 2017; Ben Jebli and

Kahia 2020).

Technological change through efficient utilization of energy

sources and technological change can significantly improve the

quality of the environment. A significant negative correlation

was found between technological innovation and

environmental degradation in OECD countries. More

precisely, the results indicate that unit 0.08 unit decreases

were seen in EFP, as there was 1 unit change in GTEC. The

long-run estimates also found a positive association between

environmental quality and GTEC. An I unit increase in GTEC

will lead to 0.29 unit decreases in EFP. Moreover, this is

comprehensible that environmental quality can be improved

through more innovation then fewer resources will be utilized,

leading to a lower ecological footprint. Similarly, technological

innovation developed the production process of green

technology, efficient energy utilization, less utilization of

natural resources, and an upsurge of renewable energy

sources. These findings align with existing Literature (Saleem

et al., 2020; Islam et al., 2022). Various empirical findings (Chen

and Lee, 2020; Usman and Hammar, 2021) concluded that

technological change exerts a detrimental impact on the quality

of the environment. The findings of our study are also endorsed

by the studies of (Hao et al., 2021; Saleem et al., 2022). This

statement is also vindicated by preliminary analysis, e.g., the

TABLE 2 Test of residual cross-section dependence.

Test Statistic Prob Null hypotheses Conclusion

Breusch-Pagan Chi-square 6.674 0.000 No CSD in residuals Reject

Pesaran LM Normal 3.486 0.001 No CSD in residuals Reject

Pesaran CD Normal -5.097 0.000 No CSD in residuals Reject

Friedman Chi-square 16.760 0.000 No CSD in residuals Reject

Rejection means that the null hypothesis is rejected at a 1% significance level.

TABLE 3 The heterogeneity and homogeneity testing of slope co-
efficient.

Model 1

RFPt � f(GDPt, GDP2
t , NREW,GTECt, ETXt, ERLt)

Delta (p-value) Adjusted—Delta
(p-value)

30.098*** (0.000) 45.008*** (0.000)

MODEL 2

EFPt � f(GDPt, GDP2
t , NREW,GTECt, ETXt, ERLt)

Delta (p-value) Adjusted—Delta
(p-value)

20.876*** (0.000) 28.567*** (0.000)

*** represents the level of significance at 1%.

Frontiers in Environmental Science frontiersin.org10

Chen et al. 10.3389/fenvs.2022.972354

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.972354


study of Tobelmann and Wendler (2020) concluded that

technological change could significantly reduce carbon

dioxide emissions in European economies. Kassouri et al.

(2022) concluded that technological advancement in terms

of clean energy in the long run substantially supports the

worldwide convergence of energy technology. Their results

show that advanced countries should use effective

technology-driven energy policies to accelerate clean energy

technological innovation.

Environmental effectiveness can be accomplished through

the imposition of environmental taxes, and these taxes can

decline environmental degradation. The short-run estimation

of the study indicates that a 1 unit increase in ETXwould lead to a

0.05 unit decline found in EFP. The long-run estimates also

found a negative association between ETX and environmental

quality. An I unit increase in ETX will lead to 0.32 unit decreases

in EFP. The findings of our analysis are endorsed by the studies of

(Saleem et al., 2022; Wolde-Rufael and Mulat-Weldemeskel

2021; Ulucak et al., 2020; Andersson 2019; Criqui et al.,

2019), and the statistical findings of all these authors found

the inverse relationship between environmental tax and

environmental degradation.

The short-run estimation of the study indicates that a 1 unit

increase in ERL would lead to a 0.05 unit decline found in EFP.

The long-run estimates also found a negative association between

environmental quality and ERL. An I unit increase in ERL will

lead to 0.25 unit decreases found in EFP. Thus, in this line, strict

environmental regulations and taxes are efficient factors in

abating the deterioration of environmental quality (He et al.,

2019; Xiong and Li, 2019). The findings of our analysis are

endorsed by the studies of (Wolde-Rufael and Mulat-

Weldemeskel 2021); the statistical results of all these authors

found the inverse relationship between tight environmental rules

and regulations and environmental degradation. The Error of

correction technique (ECT) (-1) indicates the speed of

adjustment, the findings of ETC (-1) concluded that at a 1%

level of significance, 60% modification is required to move

towards the equilibrium point of the research study for OECD

economies.

Table 6 also designates the long-run and short-run results for

Non-OECD economies in model 1 (EFP). The GDP growth and

GDP square were positive and negative in Non-OECD

economies for environmental quality (EFP). There is a 1 unit

change in GDP in the short-run analysis, which will increase EFP

by 0.05 units. The values of GDP square were negative and

significant, which shows that if one unit change brings in GDP

square, it will bring a 0.03 unit change in EFP. The long-run

estimates also found the inverse relationship between

environmental quality and GDP; an I unit increase in GDP

TABLE 4 Statistical analysis of Panel unit root test.

At level First differences

Variable names CIPS Mip CIPS Mip

OECD Economies

Ecological Footprint -0.002 -0.061 -0.765 -4.858***

Economic Growth -0.599 -0.012 -0.894 8.754***

Non-Renewable energy use -0.307 -0.970 -0.726 6.430***

Environmental Tax -8.561*** -4.423*** - -

Technological change -4.812*** -5.413*** - -

Stringency environmental policy -3.768*** -4.507*** - -

Non-OECD Economies

Ecological Footprint -0.020 -0.011 -0.089*** -7.841***

Economic Growth -0.172 -6.78 -0.479 9.097***

Non-Renewable energy use -0.438 -0.600 -0.335 4.689***

Environmental Tax -8.429*** -4.785*** - -

Technological Innovation -5.876*** -7.564*** - -

Stringency environmental policy -5.968*** -4.895*** - -

**** indicates a 1% level of significance.

TABLE 5 Statistical findings of panel cointegration test (Westerlund,
2007).

Statistics Value Z-value

Gt -4.765*** -3.890***

Ga -6.987*** -3.654***

Pt -8.356*** -4.924***

Pa -9.685*** -5.087***

Where *** represents the 1% level of significance.
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square will lead to a 0.26 unit decline in EFP. The long-run

estimates also found the inverse relationship between

environmental quality and GDP square, as an I unit increase

in GDP square will lead to a 0.49 unit decline in EFP. The

findings of our study are consistent with the empirical evidence

of (Sharif et al., 2019; Saleem 2020).

Moreover, a significant and positive association was found

between NREW energy and environmental degradation in

Non-OECD countries. More specifically, the results indicate

0.03 EFP, respectively, as a 1 unit change was found in NREW

energy use. The long-run estimates also found a positive

association between environmental quality and NREW

energy. An I unit increase in NREW will lead to a 0.20 unit

upsurge in EFP. These findings can be justified: as most Non-

OECD economies are developing economies and heavily

depend on non-renewable energy sources. These economies

are early stages of economic development and actively moving

towards rapid economic growth; thus, the impact of non-

renewable energy consumption on environmental quality is

worse. The results are consistent with the study of Shafiei and

Salim (2014), whose study concluded that excess use of fossil

fuels significantly deteriorates the quality of the environment.

Technological change through efficient utilization of energy

sources and technological change can significantly improve the

quality of the environment. Additionally, a significant negative

correlation was found between technological innovation and

environmental degradation in Non-OECD countries. The

results indicate that unit 0.04 unit decreases were seen in EFP,

as a 1 unit change was found in GTEC. The long-run estimates

also found a positive association between environmental quality

and GTEC. An I unit increase in GTEC will lead to 0.13 unit

decreases in EFP. The statistical results of the analysis follow the

analyses of Solarin and Bello, (2021), and Usman and Hammar,

(2021); these studies concluded that technological innovation via

renewable energy use significantly mitigates environmental

degradation. These Non-OECD economies are facing the

challenges of environmental degradation and putting pressure

on ecological footprint due to the negative impact of non-

renewable energy use. Thus, the government should encourage

investments in technological innovation and provide financial

assistance to the firms to promote green technology innovation

to combat environmental degradation.

The short-run estimation of the study indicates that a 1 unit

increase in ETX would lead to a 0.03 unit decline found in EFP.

The long-run estimates also found a negative association between

environmental quality and ETX. A 1 unit increase in ETX will

lead to 0.18 unit decreases in EFP. The short-run estimation of

the study indicates that a 1 unit increase in ERL would lead to a

TABLE 6 Statistical findings of CS-ARDL.

Model 1 (OECD)

EFPt = f (GDPt,
GDPt2, NREWt, GTECt,
ETXt, ERLt)

Variables Short-run analysis Long run-analysis

Co-efficient Standard deviation Co-efficient Standard deviation

GDPit -0.524*** 0.570 -0.356*** 0.001

(GDPit)2 -0.340*** 0.047 -0.501*** 0.019

NREWit 0.050*** 0.012 -0.410*** 0.002

GTECit -0.080** 0.002 -0.293*** 0.012

ETXit -0.050** 0.020 -0.320** 0.013

ERLit -0.049*** 0.032 -0.249***

ECT (-1) 0.601***

Model 2 (Non-OECD)

GDPit 0.050** 0.022 0.264*** 3.1845

(GDPit)2 -0.030*** 0.001 -0.542*** 0.004

NREWit 0.038*** 0.003 0.20*** 0.006

GTECit -0.037** 0.090 -0.132** 0.0479

ETXit -0.029*** 0.070 -0.177*** 0.0815

ERLit -0.020** 0.056 -0.198*** 0.0417

ECT (-1) -0.450***

***, ** represents the 1% and 5% level of significance.

Frontiers in Environmental Science frontiersin.org12

Chen et al. 10.3389/fenvs.2022.972354

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.972354


0.02 unit decline found in EFP. The long-run estimates also

found a negative association between environmental quality and

ERL An I unit increase in ERL will lead to 0.18 unit decreases in

EFP. These results confirmed EXT and ERL’s positive

contribution to mitigating environmental degradation. These

findings are consistent with the line of Hao et al. (2021) and

Zhang et al. (2016); they also analysed that strict environmental

regulation can significantly improve the quality of the

environment. However, Shahzad et al. (2020) concluded that

an environmental degradation-environmental regulation policies

nexus finding still requires more research and investigation. The

Error of correction technique (ECT) (-1) indicates the speed of

adjustment; the results of ETC (-1) concluded that at a 1%

significance level, 45% modification is required to move

TABLE 7 Long run AMG and CCEMG for robustness check.

Model 1 (OECD)/ Augmented
mean group (AMG.)

Common correlated effect
mean group (CCEMC)

GDPit -0.429*** 3.570 -0.586*** 13.070

(GDPit)
2 -0.280*** 3.047 -0.380*** 8.098

NREWit 0.060*** 4.102 0.049*** 5.182

GTECit -0.088*** 4.002 -0.095*** 8.872

ETXit -0.060*** 5.020 -0.070*** 12.870

ERLit -0.050*** 6.032 -0.060*** 16.032

Model 2 (Non-OECD)/Dependent variable (EFP)

GDPit 0.046*** 3.022 0.060*** 4.022

(GDPit)
2 -0.028*** 7.701 -0.035*** 8.701

NREWit 0.030*** 14.303 0.027*** 9.903

GTECit -0.046*** 4.090 -0.039*** 5.320

ETXit -0.039*** 15.070 -0.030*** 9.870

ERLitf -0.025*** 12.056 -0.031*** 6.316

*** shows the level of significance at 1%.

FIGURE 2
Graphical representation of statistical findings.
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towards the equilibrium point of the research study for Non-

OECD economies.

4.1 Robustness checks

The statistical findings of AMG and CCEMC are reported

in Table 7. The GDP and GDP square values under the AMG

and CCEMC were positive and negatively associated with

EFP and confirmed the existence of EKC in the context of

OECD and Non-OECD economies. The results indicate that

level of significance and magnitude are changed, but the

findings of the estimated co-efficient have the same

direction under these two estimation methods (like the

former estimation). The panel data consists of slope

heterogeneity and cross-section dependence, which can be

considered in the CS-ARDL approach. For robustness, this

study applied long-run AMG and the CCEMG tests that also

considered the slope heterogeneity and cross-section

dependence issues. The results of CS-ARDL are endorsed

TABLE 8 The statistical findings of the Dumitrescu Hurlin panel test.

S.no. Hypothesis W-stat Z-stat P-value Statistical results Decision

1 LEFPϕLGDP 3.877 0.806 0.419 No

LGDPϕLEFP 4.983 3.104 0.035 Yes Unidirectional Causality

2 LEFPϕLGDP2 1.847 0.77 0.441 No

LGDP2ϕLEFP 4.931 3.043 0.041 Yes Unidirectional Causality

3 LEFPϕLNREW 5.098 4.125 0 Yes

LNREWϕLEFP 3.322 2.902 0.012 Yes Bidirectional Causality

4 LEFPϕLGTEC 6.612 5.009 0.01 Yes

LGTECϕLEFP 3.267 2.837 0.014 Yes Bidirectional Causality

5 LEFPϕLETX 3.759 0.543 0.489 No

LETXϕLEFP 5.825 4.092 0 Yes Unidirectional Causality

6 LEFPϕLERL 5.89 3.965 0 Yes

LERLϕLEFP 7.815 6.725 0 Yes Bidirectional Causality

7 LGDPϕLGDP2 4.877 3.006 0.07 Yes

LGDP2ϕLGDP 7.903 6.123 0 Yes Bidirectional Causality

8 LGDPϕLNREW 8.047 7.778 0 Yes

LNREWϕLGDP 5.536 4.09 0 Yes Bidirectional Causality

9 LGDPϕLGTEC 8.098 8.78 0 Yes

LGTECϕLGDP 7.034 6.236 0 Yes Bidirectional Causality

10 LGDPϕLEXT 4.612 3.679 0.08 Yes

LEXTϕLGDP 9.298 8.677 0 Yes Bidirectional Causality

11 LGDPϕLERL 0.709 0.543 0.659 No

LERLϕLGDP 6.825 5.092 0 Yes Unidirectional Causality

12 LGDP2ϕLNREW 7.65 6.905 0 Yes

LNREWϕLGDP2 8.905 7.78 0 Yes Bidirectional Causality

13 LGDP2ϕLGTEC 4.322 3.902 0.04 Yes

LGTECϕLGDP2 5.985 4.674 0 Yes Bidirectional Causality

14 LGDP2ϕLEXT 7.985 6.674 0 Yes

LEXTϕLGDP2 Yes Bidirectional Causality

15 LGDP2ΦLRL 1.847 0.77 0.441 No

LERLϕLGDP2 4.931 3.043 0.041 Yes Unidirectional Causality

16 LNREWϕLEXT 8.438 7.784 0 Yes

LEXTϕLNREW 6.976 5.805 0 Yes Bidirectional Causality

17 LERLϕLNREW 1.767 0.55 0.341 No

LNREWϕLERL 5.931 4.043 0.001 Yes Unidirectional Causality

18 LEXTϕLERL 1.564 0.35 0.761 No

LERLϕLEXT 5.931 4.043 0 Yes Unidirectional Causality

Where, GDP = GDP, growth; NREW, non-renewable energy consumption; EFP = ecological foot print; EXT, environmental tax; GTEC, technological innovation.
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by the findings of AMG and CCEMG tests. The findings of the

AMG (CCEMG) tests show that if held all other factors

remains constant, if there is 1% change in GDPt,

GDPt2,NREWt, GTECt, ETXt, and ERLt, it will bring

-0.43 (-0.58),0,28 (-0.38),0,06 (-0.05), 0.08(0.09), 0.06(-

0.07),0.05(-0.06) % change in EFP for OECD economies.

On the other hand, the findings of the AMG (CCEMG)

tests for Non-OECD economies exhibit that if there is one

% change in GDPt, GDPt2, NREWt, GTECt, ETXt, and

ERLt, it will leads to 0.04 (0.06),0,03 (-0.03), 0.03 (0.03),

-0.05(-0.04), -0.04(-0.03),-0.02(-0.03) % change in EFP.

Figure 2 represents a graphical illustration of the statistical

conclusions; we concluded that the impact of GDP growth,

and Nonrenewable energy on Ecological footprint is inverse/

accelerating environmental destruction. Moreover, the

Environmental tax, strict environmental regulations and

technological innovation mitigate ecological destruction.

Table 8 represents the Dumitrescu Hurlin panel test

findings to test the causality between the variables. The

estimation describes that any policy shock in

GDP, GDP square, non-renewable, technological change,

environmental tax, and tight environmental regulations will

be significantly essential to identifying the quality of the

environment. Furthermore, significant variation can be found

in GDP, GDP square, non-renewable, technological change,

environmental tax, and tight environmental regulations if

any policy changes in worse quality of the environment. The

findings of technological change are endorsed by Saleem et al.

(2022), Hao et al. (2021), and Can et al. (2021). Adopting

technological innovation leads to a significant decline in

environmental degradation; thus, the environment-renewable

energy use nexus found the causal relationship. These empirical

findings are sustained by (Morawska et al., 2018; and Shen et al.,

2020). Figure 3 represents the D-H panel causality test;

statistical findings indicate that bi-directional causality found

between GTEC*EFP, ERL*EFP, NREW*EFP and unidirectional

causality found between EXT*EFP, GDP2*EFP and GDP*EFP.

5 Conclusion

This analysis examined the impact of GDP growth, non-

renewable, technological change, environmental tax, and tight

environmental regulations on an ecological footprint from

1990–2016. The current study applied the method of CS-

ARDL to identify the role of GDP on environmental

degradation with some control factors under the premises of

the environmental Kuznets curve. The findings of this study

indicate that an inverted U–shaped EKC was found between

GDP growth and environmental quality for OECD and Non-

OECD economies (as EFP suggests that GDP growth initially

deteriorates the ecological quality, but after the threshold level,

GDP growth square leads to less deteriorating environmental

quality). The empirical results are robust and consistent in terms

of model specification. The analysis explains that the successful

implementation of most current policies and work regarding

improving environmental quality, such as technological

innovation, use of renewable energy, environmental tax, and

stringent environmental regulations, significantly contributes to

protecting the environment in these economies. The findings of

this study concluded that OECD economies are transforming

their economies from non-renewable energy to renewable energy

use (via technological innovation) faster than Non-OECD

economies. Moreover, the impact of environmental tax and

regulations impact is more significant for OECD economies

than Non-OECD economies. The finding shows that the

ecological footprint is significantly deteriorating by increasing

GDP growth, especially for OECD economies, compared to the

Non-OECD economies.

Based on a comprehensive investigation, this study

recommends that environmental taxes discourage fossil fuel

energy use and invest in energy-saving and eco-friendly

innovations. Environmental protection policies depend on

implementing environmental taxes and effective institutional

procedures (Implementation of rules) for OECD and Non-

OECD economies. Under these checks and balances (by

institutions) frameworks confirm preserving the environment

through environment-friendly innovation. Additionally, the

technological-ecological footprint nexus indicates that

bidirectional causality is found between these variables,

supporting the feedback hypothesis. This feedback

FIGURE 3
Graphical depiction of D-H panel causality.
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hypothesis shows that economies are moving toward

environmental sustainability; these findings align with

(Sadorsky 2009a; and Chein et al., 2021). Using fossil fuels

could be discouraged by increased technological innovation

through efficient and renewable use. Thus, the policymakers

and governments in the OECD and Non-OECD economies

must adopt energy policies and suitable places that desire

marketability and technological change towards

accomplishing environmentally sustainable goals.

Interestingly, the empirical findings of the current study

align with these economies’ recently implemented efficiency

and revised transitional energy policies.

Similarly, the statistical findings of this analysis also

analyzed that the impact of environmental policies adopted

by these economies is working successfully as technological

innovation, ecological taxes, and regulation are improving the

quality of the environment. However, these economies should

reexamine their policies to control the excessive use of

nonrenewable energy, and Non-OECD economies require

more attention to convert their energy from non-renewable

to renewable. This analysis provides practical strategies for

regulators to less utilization of non-renewable energy

(mitigating environmental degradation) through the

development of effective policies. Thus, to overcome the

harmful impact of environmental pollution in these

selected economies, this study suggested that it is essential

to focus on ecological innovation to move towards

environmental sustainability and prosperity.

Furthermore, for future research and significant

suggestions/policy implications, this current analysis has

some limitations that should be addressed. Further research

can be done by adding financial inclusion’s role in mitigating

environmental degradation by providing financial assistance

(green financing) to the firms to produce green products.

Scholars can enhance the Literature by scrutinizing the

association between research and development (R&D), the

role of institutional quality, and ecological footprint.

Institutional reforms-environment nexus may bring diverse

outcomes, which are not mentioned in the current analysis.

Additionally, determinants like human capital, remittance

inflows, and economic complexity can be added while

investigating the connection between ecological footprint

and environmental degradation.
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Appendix A: mentions the list of the
OECD and Non-OECD countries.

OECD countries OECD countries Non-OECD countries

Australia Norway Brazil

Austria Poland China

Belgium Portugal India

Canada Slovak Republic Indonesia

Czech Republic Slovenia Russia

Denmark Spain South Africa

Finland Sweden

France Switzerland

Germany Turkey

Greece United Kingdom

Hungary United States

Ireland Korea

Italy Netherlands

Japan

Frontiers in Environmental Science frontiersin.org19

Chen et al. 10.3389/fenvs.2022.972354

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.972354

	The role of environmental taxes and stringent environmental policies in attaining the environmental quality: Evidence from  ...
	1 Introduction
	2 Literature review
	2.1 Theoretical literature
	2.2 Empirical literature
	2.2.1 Literature on environmental degradation and economic growth
	2.2.2 Literature on environmental degradation and technological innovation
	2.2.3 Literature on environmental taxes and environmental degradation
	2.2.4 Literature on environmental degradation and environmental policy stringency


	3 Econometric model and data
	3.1 Theoretical framework and model construction
	3.2 Description of data
	3.3 Methods
	3.3.1 Cross-section dependence unit root test
	3.3.2 Tests of slope homogeneity
	3.3.3 Panel unit root tests
	3.3.4 Co-integration tests
	3.3.5 Cross-section augmented autoregressive distributed lags
	3.3.6 Robustness estimators
	3.3.7 Panel causality test


	4 Empirical results and discussion
	4.1 Robustness checks

	5 Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher’s note
	References
	Appendix A: mentions the list of the OECD and Non-OECD countries.


