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Abstract
This research aims to determine and appreciate the role of control of corruption combined with environmental entrepreneur-
ship on  CO2 emission quality. To attain this objective, the researchers developed a model to examine the relationship between 
environmental entrepreneurship and environmental degradation, taking into account the effects of corruption and financial 
market development in the long and short run. This study was performed for 15 countries in the Middle East and North 
African region between 2000 and 2019 by adopting a PMG-ARDL approach. Findings show that (i) real income significantly 
increases carbon dioxide emissions, while environmental entrepreneurship decreases pollution; (ii) control of corruption 
can improve environmental quality by influencing environmental entrepreneurship and carbon dioxide emission relation-
ship; and (iii) financial development does not affect the environmental entrepreneurship and carbon dioxide relationship. 
The conclusion highlights the critical role of controlling corruption to achieve environmental sustainability in the Middle 
East and North Africa (MENA) region through the adoption of environmental entrepreneurship. The empirical investigation 
provides captivating findings concerning the environmental sustainability process, which has important policy implications.

Keywords Environmental entrepreneurship · Control of corruption · Environmental quality · Panel PMG-ARDL approach · 
MENA region

Introduction

The invasive issue of environmental degradation (ED) has 
been increasingly gaining global attention, emerging as a 
significant worldwide problem that urgently necessitates 
immediate intervention to halt its detrimental impacts (Kar-
tal, 2022). Environmental degradation can be comprehen-
sively defined as the deterioration of the environment through 
the massive use of vital resources such as air, water, and soil 
destroying ecosystems (Ajide et al., 2024; Ogboru & Anga, 
2015)

Over the years, a great number of research endeavors 
have been dedicated to the quest of identifying factors that 

can limit this rampant degradation (Apergis and Payne, 
2009). Among these factors, trade openness (Basarir and 
Arman, 2014), financial development, entrepreneurial 
activity (Schaltegger and Wagner, 2011), institutional 
quality, and corruption (Damania et  al., 2003) can be 
cited. Previous literature confirms that entrepreneurship 
and anti-corruption are the most common factors that 
can increase environmental quality. At the same time, it 
is admitted that entrepreneurial activity, which enhances 
economic growth and can create social and environmen-
tal profits, depends on reducing corruption as one of the 
determinants of institutional quality and requires rules and 
regulations (Ragmoun, 2020a; Ragmoun, 2020b). This 
confirms that these factors are interdependent and affect 
environmental quality separately. However, it is notable 
that the intricate interplay between these aspects has been 
explored separately in the majority of studies (Dean & 
McMullen, 2007; Li et al., 2018; Odnolko et al., 2022; 
Philip et al., 2023; Sekrafi & Sghaier, 2018a, 2018b) with 
only a limited number of research that associated these 
two approaches. Their combined effect on environmental 
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degradation is still unexplored until this time especially 
when considering environmental entrepreneurship.

Entrepreneurs making considerable efforts to make envi-
ronmental development and adopt such orientation as their 
main business strategy are called sustainable entrepreneurs 
who adopt a sustainable entrepreneurship process (Schalteg-
ger and Wagner, 2011). Such entrepreneurs develop sustain-
able and new methods to provide products and services, 
reducing environmental degradation and consequently 
improving life quality (York and Venkataraman, 2010). The 
association between eco-entrepreneurship and sustainable 
development was widely debated in the literature (Sinatti, 
2019), and many recent studies concentrated on the impact 
of entrepreneurship on EQ, but the majority of results are 
still inconclusive and in many times contradictory. Three 
main approaches can be identified. The first consider it nega-
tive and conclude that entrepreneurial activity deteriorates 
EQ (Riti and Shu, 2016). The second considers entrepre-
neurship as a critical determinant of environmental quality 
(York and Venkataraman, 2010), and such activity can pro-
tect the environment. The third and last approach sustains 
that such a positive effect needs preconditions like green 
innovations and institutional quality (Youssef et al., 2018).

The proposed research belongs to the third approach and 
supposes that controlling corruption is essential to stimulate 
the effect of entrepreneurial activity, especially sustainable 
entrepreneurship, on environmental quality. Starting a busi-
ness according to the entrepreneurial activity requirements 
has to meet government regulations. In this state, corrup-
tion as a form of deregulation requires attention due to its 
effect on entrepreneurial activity and environmental quality. 
Previous studies, in this line of idea, supported that cor-
ruption causes environmental degradation (Cui et al., 2021) 
in two ways: by reducing investments and disturbing eco-
nomic activities while delimiting resource uses (Usman, 
2022; Wang et al., 2020) or by delimiting the application 
of environmental regulations to impact negatively the envi-
ronment (Pei et al., 2021). This impact constitutes one of 
the most recurrent topics in the theoretical and empirical 
studies, but how to reduce its effect or the definition of some 
directives is still very limited due to the high costs of the 
control of corruption. This research constitutes one of the 
primary empirical investigations trying to identify and meas-
ure the combined effect of sustainable entrepreneurship and 
the control of corruption on EQ. The general idea adopted 
here supposes that a sustainable entrepreneur will impose 
some specific regulations or rules about the environment 
which can reduce corruption by providing new conditions 
stimulating sustainable development, promoting economic 
growth, and reducing eventual deregulations.

The main objective of this paper is to deal profoundly 
with the complementarity and significance of environmental 
degradation, entrepreneurship, and anti-corruption and the 

potential synergistic effect that can be generated by their 
intersection. This research is particularly focused on the con-
text of the Middle East and North Africa (MENA) region. 
This region has shown a profound and consistent concern for 
environmental quality and protection, which made it a suit-
able and representative case for our study. It is noteworthy 
that the MENA region has been actively involved in relent-
less efforts towards environmental protection.

By undertaking this research, we aim to fill an empirical 
research gap by employing the pooled mean group autore-
gressive distributed lag (PMG ARDL) model. This approach 
will enrich the existing literature, proposing a practical, 
tested, and implementable solution for preserving environ-
mental quality by reducing and preventing environmental 
degradation.

The integrative approach of entrepreneurship and anti-
corruption to delimit environmental degradation can pro-
vide a holistic and comprehensive approach to tackling this 
phenomenon.

This paper is expected to provide new insights into stud-
ies on ED, enriching the discourse and providing a fresh 
perspective on the issue. Its major contribution, however, 
lies in its empirical and tested solution for preserving envi-
ronmental quality, which could potentially serve as a critical 
pathway for limiting environmental degradation. Thus, this 
research not only elucidates the significance of entrepreneur-
ship and anti-corruption in mitigating environmental degra-
dation but also provides a concrete, practical solution that 
can be implemented to achieve this objective.

Concretely, this research tries to test this effect for 15 
MENA countries between 2000 and 2019. The selected sam-
ple included differentiated income levels of development to 
cover a variety of situations in the MENA region, which is 
more and more concerned with developing an entrepreneur-
ship process to stimulate economic development while con-
sidering environmental constraints for sustainability. In this 
context, our research will provide three capital contributions. 
First, it combines entrepreneurship activity with environ-
mental standards and demonstrates that environmental sus-
tainability in MENA is positively affected by human capital, 
trade openness, and long-term GDP growth. This study con-
siders various factors that affect and indirectly affect envi-
ronmental quality to define a critical pathway and integrative 
approach for a sustainable environment. Second, it confirms 
the EKC model in the MENA region to examine and appre-
ciate the contribution of entrepreneurship, especially envi-
ronmental, to a sustainable environment. Third, it is evident 
that while entrepreneurship is now discussed as a critical 
channel for fostering and developing sustainability, much 
uncertainty still exists in dealing with the conditions needed 
to generate sustainable products and services. This research 
contributes by incorporating environmental entrepreneurship 
as an explorative process of renewable energy and confirms 
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its ability to be a conditional variable to achieve sustainabil-
ity under specific conditions and proportional to a temporal 
approach (long term).

The following research is structured in three parts. The 
first is mainly theoretical to define a hypothesis based on the 
conceptual framework. The second part details the meth-
odological approach and main tests. The last part presents a 
discussion of different results and conclusions.

Literature review

As detailed below, this research presents an exhaustive 
approach to different factors of environmental degradation 
while insisting on the combined effect of environmental 
entrepreneurship and the control of corruption. Contrary to 
the existing literature, the effect of control of corruption is 
not considered as direct on environmental degradation but a 
variable with an indirect effect. The research supposes that 
the effect of environmental entrepreneurship is amplified by 
controlling corruption. Trade openness (TO) and financial 
development (FD) are also considered, and their impact is 
tested to compare the corresponding effect of each variable 
in this case.

In this part, different relationships are discussed and 
detailed according to previous studies in the same field of 
research to define the hypothesis while defining each vari-
able. All five main variables are used: environmental entre-
preneurship, corruption, environmental degradation, TO, 
and FD.

ED and EE

Environmental entrepreneurship is a form of entrepreneur-
ship that generates green innovations for a clean environ-
ment while considering economic goals (Antolin-Lopez 
et al., 2019; Dean & McMullen, 2007; Mohapatra et al., 
2024; Wei et al., 2023). Based on this definition, it can be 
confirmed that environmental entrepreneurship positively 
and significantly affects environmental quality, but how this 
effect can be managed has not been extensively analyzed, 
and correspondent empirical work is still limited.

Environmental entrepreneurship is considered a good 
predictor for achieving sustainable development goals 
(Chen et al., 2022). The entrepreneurial mindset has been 
re-oriented for environmental sustainability by shifting new 
approaches to entrepreneurial activities and their environ-
mental consequences (Gu & Zheng, 2021).

Environmental entrepreneurship has become a hot topic 
for researchers and practitioners due to its ability to delimit 
climate change, especially global warming (Sun et al., 2020). 
The development of new businesses that can support the 
achievement of the Sustainable Development Goals is an 

important task, and nowadays, it is a real and urgent need of 
the hour. Entrepreneurs, transmitters of entrepreneurship, are 
called to lead their businesses towards a new entrepreneurial 
path based on adopting clean, green technologies to reduce 
environmental damage without hindering economic develop-
ment (Wei & Ullah, 2022).

As a deduction, interest has shifted to a new vision of 
entrepreneurial orientation centered on the environment, 
which will allow, at the same time, solving environmen-
tally degrading problems and attaining sustainable green 
economic development (Ali et al., 2024; Manigandan et al., 
2024; Reynolds, 2018). Consequently, the importance of 
environmental entrepreneurship has increased, allowing the 
conservation of nature and resources and solving many other 
environmental problems.

To this extent, studies on environmental entrepreneurship 
are increasingly concerned, and there is consensus that creat-
ing an environmental entrepreneurship process has critical 
opportunities that contribute to improving EQ and sustaina-
ble economic growth (Udeagha & Ngepah, 2023; York et al., 
2016). Without entrepreneurial activities, economic growth 
declines. Entrepreneurship is essential, yet it is crucial to 
remember that the associated activities should not harm the 
environment or escalate energy demand.

According to Sun et al. (2020), the complementarity 
between environmental entrepreneurship and a sustainable 
environment exists in both the short and long time under the 
condition that environmental entrepreneurs are encouraged 
to promote environmentally sustainable activities. Follow-
ing this view, efficient and prudent use of resources must be 
defined to generate a synergetic effect between environmen-
tal policies/regulations and environmental entrepreneurship 
to reduce environmental difficulties (Akinyemi & Adejumo, 
2018; Adedoyin et al., 2021).

Proportionally, several previous researchers emphasized 
that institutional theory is massively adopted in entrepre-
neurship research and has increased significantly due to 
the importance of institutions for entrepreneurial activity 
(Meek et al., 2010). According to this approach, institutions 
determine the environmental orientation of entrepreneurial 
activity because it explains entrepreneurial behavior and 
is an orientation degree for environmental ventures (Meek 
et al., 2010).

H1. Environmental entrepreneurship negatively affects 
environmental degradation

ED and anti‑corruption

Corruption is assimilated to an abuse of power oriented to 
personal gain (Ganda, 2020; Usman, 2022), which can take 
different forms. The majority of previous studies suggest that 
corruption impacts environmental quality (Usman, 2022; 
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Wang et al., 2020) and aggravates  CO2 emissions contribut-
ing, in this way, to environmental degradation (Ozturk et al., 
2019; Sekrafi & Sghaier, 2018a, 2018b). However, this effect 
seems more limited for countries with high-income levels 
(Ragmoun, 2023). This point allows us to support an indirect 
effect of corruption via financial development. On the other 
hand, this corruption is considered an obstacle to economic 
growth (Aidt, 2009). Increasing economic development is 
crucial to curb corruption as it stimulates environmental 
quality. However, corruption negatively affects human and 
financial development by depleting resources (Ragmoun, 
2023). This paradoxical situation confirms the interdepend-
ence between environmental quality, environmental entre-
preneurship, and corruption.

Bardi and Hfaiedh (2021) found that with good and 
effective government policies, consumers are able and pre-
disposed to pay for a healthy environment. They added 
that the effect of corruption on EQ is not admitted, and 
it can vary according to groups and countries, as well as 
indicators used to appreciate this effect. As can be seen, 
the effect and interdependence between environmental 
entrepreneurship and environmental quality via corrup-
tion exist, but there is no consensus about its value or 
conditions.

H2. Anti-corruption affects the interrelationship between 
environmental entrepreneurship and environmental quality

Environmental degradation (ED) and financial development 
(FD)

Some previous studies supported that Financial Development 
(FD) could stimulate environmental investments (Alam et al., 
2013; Allayannis et al., 2012) by encouraging and develop-
ing environmentally friendly behaviors (Sinha et al., 2020).

Geyer-Klingeberg et al. (2019) demonstrated that finan-
cial development generates and encourages technological 
advancement, which reduces pollutant emissions. This effect 
is considered negative by other researchers who argue that 
FD encourages expenditures in industrial projects and facil-
itates the entrance of heavy industries, increasing energy 
usage and pollution (Sharif et al., 2019). Recent research 
explained that this effect exists, but it is nonlinear (Jia et al., 
2021; Sharma et al., 2021; Zerbib, 2019).

As can be seen, the impact of FD on EQ is not well 
treated and is still not fixed. Considering that development 
positively impacts environmental quality in both the long 
and short term, regulations and policies need to be defined, 
respected, and updated, as argued by Bahoo et al. (2022). 
While it is challenging to halt financial development efforts, 
regulating them can be done to ensure they become “envi-
ronmentally friendly.”

H3. Anti-corruption affects the interrelationship between 
FD and EQ

ED and TO

The effect of TO on environmental degradation has previ-
ously been studied by many studies with mixed results. 
Three main approaches could be extracted: TO is harmful 
(Yu et al., 2019), TO is good for environmental quality 
(Bernard & Mandal, 2016), and there is no effect between 
TO.

Bernard and Mandal (2016), who supported a signifi-
cant and positive impact of TO on environmental quality, 
associated some additional factors as a condition, such as 
political factors. Ling et al. (2020) confirm the same posi-
tive effect for a long period. Gasimli et al. (2019) argue 
that TO can stimulate environmental quality if it is associ-
ated with energy and urbanization.

Le et al. (2016) used a panel cointegration approach to 
study this effect and conclude that it is positive if associ-
ated with economic growth. Zhang et al. (2017) indicated 
a negative impact of trade openness on  CO2 emission con-
trary to energy consumption and GDP, which positively 
affects  CO2 emission.

This integrative approach was also adopted by Ertugrul 
et al. (2016), who supported the same positive effect in 
the long-run time if some factors are considered. Njindan 
et al. (2017) support that this effect depends on time: it is 
positive for a long time and negative for a short time.

Lastly, Sun et al. (2019) and Bahoo et al. (2023) con-
clude that this effect can be negative and positive depend-
ing on income level.

This brief analysis permits us to conclude that the effect 
of TO on environmental quality exists and to be positive, 
an integrative approach with additional factors is recom-
mended. In this state, corruption was added. The general 
idea supposes that respecting rules and policies can delimit 
the effect of TO and reorient it to eco-activity. Also, the 
PMG-ARDL approach adopted in this state allows us to 
consider the long and short time simultaneously. This 
approach was not used previously.

H4. Anti-corruption affects the interrelationship between 
trade openness and environmental quality

This research is the first to entertain an exhaustive 
approach to the impact of entrepreneurial entrepreneur-
ship on environmental quality, one of the most important 
pillars of sustainable development goals. It considers the 
direct effect in the long and short term to provide a critical 
pathway to improve environmental quality via predeter-
mined factors and entrepreneurial entrepreneurship. The 
institutional approach adopted here constitutes one of the 
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major contributions that can help dress recommendations 
to stimulate environmental entrepreneurship orientation 
and sustainable development (Fig. 1).

Data and methods

In this study, the author aimed to explore how environmental 
entrepreneurship affects  CO2 emissions and verify whether 
this effect depends on controlling corruption and financial 
market development levels in MENA countries over a long 
and short time. The Pesaran, Shin, and Smith (PSS) estima-
tion method (1996), commonly known as the PMG-ARDL 
model, is a popular method used in econometrics for esti-
mating long-run relationships among variables in a dynamic 
panel data setting. It combines the autoregressive distributed 
lag (ARDL) model with the panel cointegration approach. 
According to our research objective, this method seems to 
be the most appropriate due to the nature of the variables 
used and the nature of the supposed relationships during the 
time. Table 1 details the data sources for every variable, as 
well as the measures adopted. The research period covers 
2000 to 2019.

Inspired by Sun et al. (2020), the primary equation is as 
follows:

(1)

Ln(CO2)
it
= �

0
+ �

1
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it
+ �

2
Ln(GDP)

it
+ �

3
Ln(HD)

it

+ �
4
Ln(FD)

it
+ �

5
Ln(TO)

it
+ �

it

The final variable used to explain gas emissions is human 
capital (HD), defined by the human development index, 
which has been shown to reduce gas emissions in some 
countries (Dauda et al., 2021). β1, β2, β3, β4, and β5 refer to 
all explanatory variables: (i) indicates countries, (t) shows 
time, ε is the residual term, and Ln denotes the natural loga-
rithm operator.

The author introduced institutional quality, especially 
corruption, based on the research objective. As supported 
by AkhbAri and Nejati (2019), a decrease in the corruption 
level causes a decrease in the CO2 emissions level:

where CORR is the variable that measures the control of 
the corruption index and varies between 0 (higher level) 
and 100 (low level); regarding  CO2 emissions, a high level 
of corruption appears to increase gas emissions and reduce 
sustainable development (Hao et al., 2021).

To validate the Kuznets environmental curve, the author 
adds GDP to the square of (GDP)2. The equation is esti-
mated as follows:
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Fig. 1  Theoretical model

Environmental Entrepreneurship                             
H1

H2 Corruption Environmental Quality

H4
Financial development
Trade openness H3
GDP

Table 1  Variables used in the research

Variable Indicator Source

Environmental quality (CO2) CO2 emissions Energy Information Administration
Environmental entrepreneurship (EE) Renewable energy share of global energy consumption Energy Information Administration
Income (GDP) Real GDP (in mil. 2017US$) Penn World Table, version 10.0
Human capital (HD) As index expressed by years of schooling Penn World Table, version 10.0
Trade openness (TO) Exports and imports World Development Indicators
Financial development (FD) Related to the efficiency of financial institutions and markets as 

well as access and depth
Financial Development Database (IMF)

Control of corruption (CORR) Control Corruption Index varied between 0 (higher level of 
corruption) and 100 (minimum level of corruption).

Worldwide Governance Indicators 2021
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The study examined cross-sectional dependence (CD) 
before applying the pooled mean group-autoregressive 
distributed lag (PMG-ARDL) approach. Non-stationarity 
tests were applied from the first to the third test generation 
to overcome CD problems. Such issues need to be properly 
addressed and handled to avoid erroneous results, station-
arity bias, cointegration, and size bias (Khan et al., 2022; 
Khan & Ullah, 2019). Pearson’s (2007) CD test was used 
to confirm that there were no issues with cross-sectional 
dependence. Once the CD value was calculated, the panel 
data unit root approach was chosen as the second-genera-
tion approach to remove cross-sectional dependence.

⌢
𝜌 ij refers to different error correlations and N the cross-

sectional dimensions and T the time, respectively. Three 
different unit root tests were used in this study: Pesaran’s 
cross-sectional augmented Dickey-Fuller (CADF), panel 
unit root tests under cross-sectional dependence (Breitung 
& Das, 2005) and Pesaran and Shin (CIPS) tests, which are 
cross-sectionally augmented Im. Accordingly, the variables 
are treated according to a regression equation that considers 
common factors (human capital, trade openness, corruption, 
GDP, entrepreneurship and financial development):

 where αi =  − ρiγiθ is a deterministic term, P is the lag order, 
θt is a common factor between individuals, and 

yt = (1∕N)
N
∑

i=1

yi,t is the individual average:

H0 means that the presence of a unit root is rejected 
if the test value is lower than the critical value specified 
by Pesaran (2007). The cointegration test for the panel 
proposed by Westerlund (2007) is based on the following 
error-correction model:

when t = 1…… T and i = 1……… N, dt is a determin-
istic component. If d = 0, then the deterministic term is 
absent; if d = 1, Δyit is generated by a constant; and if 

CD =

√

2T

N(N − 1)

N−1
∑

i=1

N
∑

j=i+1

⌢
𝜌 ij → N(0, 1).i, j = 1, 2, 3………N

�yit = �i + �iyit−1 + �it +

Pi
∑

j=1

�ijyit−j + ciyt−1 + di�yt + vit

uit = �i�t + �i,t

CPIS(N, T) = 1∕N

N
∑

i=1

ti(N, T)

�yit = �i
�dt + �i

(

yi,t−1 − ��
i
xi,t−1

)

+

pi
∑

j=1

�ij�yi,t−j +

pi
∑

j=1

�ij�xi,t−j + eit

then dt = (1, t)′, Δyit is generated by a constant and a trend. 
The basic equation is as follows:

with ��
i
= �i�

�.
αi denotes the speed of adjustment
The absence of a cointegration relationship is shown as 

: H0 : αi = 0
H1 is based on the hypothesis of heterogeneity. H1 : αi ≺ 0
Indeed, the two statistics do not require the homogeneity 

of the term αi. Panel test assumes that they are all equal (i):
for all (i): H1 : αi = α ≺ 0

Construction of the “group‑mean test”

The first step was to estimate the basis equation. The second 
was to appreciate the following augmented regression:

⌢
𝛼 i(1) =

⌢
𝜔ui∕

⌢
𝜔ui where 

⌢
𝜔ui and 

⌢
𝜔yi are the long-term vari-

ances of 
⌢
u i,t and Δyi, t. The final statistics « group-mean test 

» is

Construction of the “Panel test statistic”

The construction of “Panel test statistic” is performed on 
three levels:

• The first level was to calculate the error term: the differ-
ence between ỹit−1 and yit − 1.

• The second level is to regress 𝛥ỹit on ỹit−1 to obtain 
⌢
𝛼  , 

which takes the following form:

The standard deviation of 
⌢
𝛼  can be written as follows:
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⌢

S
2

N
= 1∕N

∑N

i=1

⌢
𝜎 i∕

⌢
𝛼 i(1) ; 

⌢
𝜎 i is the standard deviation 

obtained from basic regression.

• The third level is to calculate this panel equation :

when N, T → ∞, the statistics follow a normal distribution 
where the mean is 0

Estimation method

An extension was made by Pesaran et al. (1999), who pro-
posed the pooled group mean estimator.

This estimator allows for the homogeneity of the long-run 
coefficients, the heterogeneity of the coefficients of the short-
run parameters, and the variances of the error term.

For Eq. 3, the specific model for PMG is given above:

with

θi shows the error correction terms. If it is negative 
and significant, a long-term relationship between variables 
exists, γ∗′i, j interprets parameters in the short run, and β′ 
indicates the eventual association in the long-run between 
 CO2 emissions and exploratory variables.
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Results

CD test

Table 2 shows that H0 can be rejected for all variables 
used in this study. Therefore, it is imperative to consider 
this dependence between the groups in the subsequent 
course of this analysis.

Unit root test result

Tables 3 and 4 show that all variables have unit roots 
at levels. After the first difference, all variables appear 
stationary at the significance levels of 1%, 5%, and 10%. 
From this, it can be concluded that all series are integrated 
in order between the country groups (I(1)).

Panel cointegration test

These results are only given for Eqs. (1) and (2), which 
include all variables in this analysis.

Westerlund’s (2007) cointegration was performed to 
assess the long-run interdependence. According to the Gτ, 

Table 2  CD tests

***1%; *10%; **5%

Pesaran CD P value

Ln(CO2) 22.95*** 0.00
Ln(CORR) 2.24** 0.02
Ln(FD) 9.74*** 0.00
Ln(HD) 32.60*** 0.00
Ln(TO) 9.49*** 0.00
Ln(EE) 17.20*** 0.00
Ln(GDP) 28.08*** 0.00

Table 3  CIPS panel unit root tests

***1% significance level

Level First difference

Intercept Intercept and 
trend

Intercept Intercept and 
trend

Ln(CO2) − 2.43 − 3.00 − 4.42*** − 3.97***
Ln(CORR) − 2.00 − 1.90 − 3.81*** − 3.97***
Ln(FD) − 2.37 − 2.49 − 5.01*** − 4.91***
Ln(HD) − 1.16 − 1.49 − 3.58*** − 3.49***
Ln(TO) − 0.92 − 2.15 − 3.78*** − 4.10***
Ln(EE) − 2.14 − 2.77 − 3.83*** − 3.75***
Ln(GDP) − 1.82 − 2.45 − 2.97*** − 3.18***

Table 4  (CADF) test result

***1% significance level

Level First difference

Intercept Intercept and 
trend

Intercept Intercept and 
trend

Ln(CO2) − 2.25 − 2.17 − 2.76*** − 3.07***
Ln(CORR) − 2.23 − 2.09 − 2.61*** − 3.77***
Ln(FD) − 1.67 − 1.92 − 3.49*** − 3.50***
Ln(HC) − 1.38 − 2.16 − 2.68*** − 3.88***
Ln(TO) − 1.06 − 2.29 − 2.63*** − 3.93***
Ln(EE) − 2.13 − 2.35 − 2.50*** − 3.85***
Ln(GDP) − 1.68 − 2.18 − 2.54*** − 3.87***
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Gα, Pτ, and Pα test statistics, H0 is rejected at different lev-
els of significance. The robust p value, as shown in Table 5, 
provides clear evidence for the cointegration of Eqs. 1 and 2.

PMG estimation results

Table 6 shows PMG estimates between variables (the short and 
long run). The long-run coefficient value confirms that human 
capital and TO significantly and positively affect pollution. 
Based on Eq. 3, each 1% increase in TO and HC means 0.063% 
and 0.467% increase in  CO2 emissions, respectively. This result 
is supported by Oh and Bhuyan (2018).

FD only has a significant and negative impact on  CO2 
emissions in Eq. 2, and every 1% increase in the FD implies 
0.12% decrease in  CO2 emissions. This result shows that 
FD improves EQ in the MENA region, as demonstrated by 
Aluko and Obalade (2020) and Shen et al. (2021). Accord-
ing to the estimation results of Eq. 3, the effects of GDP per 
capita on  CO2 emissions are mixed as supported by Beşer 
and Beşer (2017) and Aslam et al. (2021).

Our three specifications show that EE has a negative effect 
on  CO2 emissions in the MENA region, which confirms that 
such entrepreneurial activity could be an effective solution to 
increase EQ in the MENA region and promote better sustain-
able development in the short and long term. Companies oper-
ating in the MENA region need to take private initiatives to 
bring clean or renewable energy to the market to participate in 
the transformation process of the economy and develop envi-
ronmentally related services and products that could promote 
sustainable economic growth while reducing carbon emissions 
(Al-Shetwi, 2022; Xu et al., 2022).

The control of corruption negatively affects the  CO2 
emissions. This result suggests that some MENA coun-
tries have reached a level of corruption control that can 
reduce their carbon emissions. A 1% increase in the anti-
corruption index would lead to a 0.417% reduction in  CO2 
emissions. In the last part of this research, the researcher 
tested the effect of the interaction between environmen-
tal entrepreneurship, control of corruption, and financial 
development on  CO2 emissions. The author tries to deter-
mine whether the effect of environmental entrepreneurship 

Table 5  Panel cointegration test results

Gτ Robust p value Gα Robust p value Pτ Robust p value Pα Robust p value

Eq. (1) − 2.48 0.00 − 2.67 0.00 − 8.67 0.00 − 2.28 0.00
Eq. (2) − 3.56 0.00 − 4.22 0.00 − 6.56 0.00 − 2.66 0.00

Table 6  Panel ARDL estimation results

***, **, and * standard errors

(1) (3) (5)
Equation (1) Equation (2) Equation (3)

Short-run Error correction term − 0.407*** (0.112) − 0.463*** (0.130) − 0.454*** (0.155)
D.Ln(HD) − 0.254 (1.543) − 1.697 (1.593) − 3.010* (1.684)
D.Ln(GDP) 0.205 (0.225) 0.216 (0.237) 30.89 (23.50)
D.Ln(GDP)2 − 0.603 (0.451)
D.Ln(EE) 0.00601 (0.00924) − 0.00116 (0.0119) − 0.00570 (0.0121)
D.Ln(TO) − 0.0251 (0.119) − 0.0250 (0.128) 0.0271 (0.115)
D.Ln(FD) − 0.0992 (0.0755) − 0.0985 (0.0762) − 0.0990 (0.0866)
D.LCCOR 0.0982 (0.0847)

Long− Run Ln(HD) 0.0507 (0.0711) 1.022*** (0.105) 0.467*** (0.125)
L(GDP) 0.820*** (0.0285) 0.886****** (1.243) 6.912*** (1.524)
Ln(GDP)2 − 0.113*** (0.0303)
Ln(EE) − 0.1137*** (0.00210) − 0.11352*** (0.00197) − 0.1150*** (0.00396)
Ln(TO) 0.192*** (0.0309) 0.152*** (0.0189) 0.06373*** (0.0290)
Ln(FD) − 0.0899 (0.0647) − 0.120*** (0.0354) − 0.0871 (0.0644)
Ln(CORR) − 0.422*** (0.092) − 0.417*** (0.101)
Constant − 1.575*** (0.451) − 35.24*** (9.957) − 38.39*** (13.15)
Observations 285 285 285
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on  CO2 emissions depends on the anti-corruption level and 
FD in the MENA region. To achieve this, estimation of 
the following long-term relationship is necessary: the first 
relies on the interaction effect of environmental entrepre-
neurship and corruption control (Eq. 4), and the second is 
contingent on financial development (Eq. 5):

Based on Eqs. 4 and 5, the results show that the interac-
tion variable Ln(CORR) × Ln(EE) negatively affects  CO2 
emissions. This finding indicates that the impact of EE 
depends on the corruption control level in the MENA region. 
With a high level of control of corruption, environmental 
entrepreneurship can have a greater effect on reducing  CO2 
emissions.

This result constitutes our main contribution because it 
associates researchers who supported the negative effect of 
environmental entrepreneurship on environment degradation 
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(Dean & McMullen, 2007; Masjud, 2020; Philip et al., 2023) 
as well as studies related to the effect of the control of cor-
ruption and its effect on environmental quality (Chen et al., 
2018; Usman et al., 2021). The results of Eq. 5 are consistent 
with previous studies which demonstrated that FD is impor-
tant for the development of EE, but this importance seems to 
be limited compared with the effect of control of corruption.

To reinforce this result, the marginal effects of environ-
mental entrepreneurship on  CO2 emissions are calculated 
as follows:

Based on the results in Table 7, the threshold effect can 
be calculated and it is estimated to be around 10.7, suggest-
ing that countries with control of the corruption index that 
exceeds 10.7 can benefit more from environmental entrepre-
neurship to reduce  CO2 emissions.

In addition, findings confirm the marginal effect of EE 
remains negative in all countries. The most important effect 
is observed in UAE and Qatar. Contrary to the impact of the 
combined effect of FD and EE, this effect seems to be not 
statistically significant. This confirms that financial markets 
in MENA countries are still not sufficiently developed to 
finance and support environment-related entrepreneurial 
activities. However, this objective can be approached pro-
gressively by controlling corruption. Fig. 2 illustrates the 
marginal effects of environmental entrepreneurship.

d(Ln(CO2))∕d(ln(EE))i,t = 0.273 − 0.104 ∗ Ln(CORR)i,t

Table 7  Panel ARDL 
estimation results of interaction 
effects between EE with FD and 
CORR

***, **, and * standard errors

Variables Equation (4) Equation (5)

Short Run Error correction term − 0.613*** (0.145) − 0.640*** (0.157)
D.Ln(HD) − 1.526 (2.365) − 0.775 (2.685)
D.Ln(GDP) 69.63** (30.94) 72.74** (33.12)
D.Ln(GDP)2 − 1.302** (0.592) − 1.366** (0.631)
D.Ln(EE) 49.78 (43.27) 110.2 (109.6)
D.ln(TO) − 0.0963 (0.118) − 0.0362 (0.117)
D.Ln(FD) − 0.0460 (0.118) − 0.118 (0.274)
D.Ln(CORR) − 0.747*** (0.256) − 0.233* (0.122)
D.(Ln(FD)*Ln(EE)) − 27.00 (26.93)
D.(Ln(CORR*Ln(EE)) − 11.47 (10.22)

Long Run Ln(HD) 0.212** (0.0950) 0.281*** (0.0877)
Ln(GDP) − 1.212 (1.079) − 0.540 (1.024)
Ln(GDP)2 0.0433** (0.0216) 0.0297 (0.0205)
Ln(EE) 0.274 (0.181) − 0.117 (0.103)
Ln(TO) 0.0599*** (0.0156) 0.0693*** (0.0160)
Ln(FD) − 0.0367 (0.0326) − 0.0790** (0.0350)
Ln(CORR) 0.290*** (0.0408) 0.256*** (0.0372)
Ln(FD)*Ln(Ln(EE)) − 0.00377 (0.0350)
Ln(CORR)*Ln(EE) − 0.104** (0.0514)
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Discussion

The research study concludes that the interaction effect of 
EE and anti-corruption on environmental degradation is 
more important than their separated effects in the Middle 
East and North Africa (MENA) region. Our results sug-
gest a positive effect of both human capital and trade open-
ness (TO) on the levels of pollution. This is consistent with 
Bernard and Mandal (2016). On the other hand, financial 
development (FD) demonstrates a conspicuously negative 
influence on  CO2 emissions which is in line with Zerbib 
(2019), Sharma et al. (2021), and Jia et al. (2021), effec-
tively improving EQ across the region. The impacts of GDP 
per capita on  CO2 emissions, however, proved to be some-
what inconsistent, with varying effects observed across the 
region as supported by Lantz and Feng (2006). Moreover, 
environmental entrepreneurship (EE) showed a negative cor-
relation with  CO2 emissions, thus implying its potential to 
significantly improve EQ, particularly when combined with 
effective mechanisms of corruption control according to our 
results.

This means that enhancing human capital and advocat-
ing more open trade policies might inadvertently cause an 
increase in pollution levels. This revelation raises serious 
concerns about the need for sustainable development strat-
egies. It is indeed paramount to strike a delicate balance 
between enhancing human capital, promoting trade open-
ness, and controlling pollution levels. This implies that the 
MENA nations must consider the environmental impacts of 
their growth strategies, ensuring that their efforts towards 
human and economic development do not come at the cost 
of environmental degradation.

Another key finding from the research relates to the role of 
FD in influencing  CO2 emissions. It is observed that FD has a 
significant and negative impact on  CO2 emissions, and this is 
online with many previous researchers (Sun & Razzaq, 2022). 

This suggests that the process of financial growth may con-
tribute to the improvement of EQ. This positive correlation 
could be attributed to the fact that financial development often 
involves the implementation of more efficient and advanced 
technologies, which are likely to be less polluting. This find-
ing underscores the necessity for financial institutions and 
policy-makers to consider the environmental implications of 
their decisions, particularly in terms of their potential to affect 
 CO2 emissions.

The study also highlights the important role of EE in 
influencing  CO2 emissions in the MENA region. It is found 
that EE has a negative effect on  CO2 emissions, implying 
its potential effectiveness as a solution for enhancing EQ. 
However, it is also noted that the impact of EE strongly 
depends on the level of corruption control in place. With 
rigorous corruption control measures, environmental entre-
preneurship can have a more substantial and beneficial effect 
in reducing  CO2 emissions. This suggests that the MENA 
nations need to foster a culture of environmental entrepre-
neurship, while also ensuring stringent corruption control 
measures to manage and reduce  CO2 emissions effectively.

The research study enriches and combines different previ-
ous studies by indicating an interdependent effect between 
EE and anti-corruption measures on EQ, even though the 
influence of GDP per capita remains mixed. This suggests 
that addressing environmental degradation requires a multi-
pronged approach. Specifically, it is important to foster envi-
ronmental entrepreneurship, while also simultaneously curb-
ing corruption. This approach presents a novel and potentially 
effective way to address environmental degradation. It empha-
sizes the importance of synergies between environmental 
entrepreneurship and anti-corruption measures in managing 
 CO2 emissions and improving overall environmental qual-
ity. This finding provides a new perspective on the impor-
tance of corruption control in environmental management, 

Fig. 2  The marginal effects of 
EE
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highlighting the need for comprehensive, integrated solutions 
to address environmental challenges in the MENA region.

Conclusion

This study measures and explores the conditions under 
which environmental entrepreneurship can achieve environ-
mentally sustainable growth in the MENA. More specifi-
cally, the study has tried to clarify and better understand the 
critical and central roles of environmental entrepreneurship 
in stimulating sustainable future environmental development 
in the MENA region and whether this impact can depend on 
corruption control and financial development.

Using the PMG-ARDL panel approach and considering 
 CO2 emissions as a measure of sustainable environmental 
development, the author developed a model to examine the 
relationship between environmental entrepreneurship and 
sustainable environmental development, taking into account 
the effects of corruption and financial market development in 
the long and short run in 16 selected MENA countries over 
the period 2000–2019.

Policy implications

Our empirical investigation provides captivating findings 
concerning the environmental sustainability process, which 
has important policy implications.

First, it is found that environmental entrepreneurship 
could be an effective solution to reduce  CO2 emissions 
for the MENA region and improve sustainable develop-
ment, where this contribution is much higher with lower 
corruption and higher financial development. This means 
that improved laws and governance to reduce corruption 
are needed in MENA countries to achieve environmental 
sustainability. Setting up more intentions for financial devel-
opment and human capital can also increase sustainability 
through environmental entrepreneurship. Second, the author 
assessed the existence of a relationship between GDP and 
 CO2 emissions. This means that in the short term, financial 
development, trade openness, and human capital increase 
the level of  CO2; however, in the long term, thanks to envi-
ronmental entrepreneurship, this impact is reversed. Thus, 
the environmental sustainability of such an entrepreneurial 
process depends on how resources (human and financial ) 
are invested. Overall, it seems evident that while environ-
mental entrepreneurship is now discussed as a determinant 
channel for fostering environmental sustainability, substan-
tial uncertainty related to the conditions required to move 
towards environmentally sustainable services and products 
still exists. This research enriches studies in this direction; 
however, additional research is still needed in this emerging 
field. Several questions persist, mainly four hot topics related 

to policy perspective: What characterizes the environmental 
sustainability generated by entrepreneurship development? 
How does this differ from the ordinary entrepreneurship 
process? What drives environmental entrepreneurship’s sus-
tainable orientation? Can networks and artificial intelligence 
contribute to sustainable environmental entrepreneurship?

Research limitations

Despite the implications and insights provided by this study, 
it has some limitations. This study analyzes only the direct 
interrelationships that influence the relationship between envi-
ronmental entrepreneurship and environmental sustainability 
as the principal determinant. Environmental entrepreneurship 
is a complex process that requires several stages. Future stud-
ies should extend the research framework adopted here by 
integrating mediating and moderating factors.
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