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ABSTRACT
We aim to investigate the impact of environmental entrepreneur-
ship and green innovations on CO2 emissions in highly polluting
Asian economies. For empirical estimation, we have applied ARDL
and NARDL models. In the short run, the linear estimates of envir-
onmental entrepreneurship are significant in China and India. The
short-run non-linear estimates of environmental entrepreneurship
are significant in the case of China, India, and Japan. Similarly, the
short-run linear estimates of green innovations are significant in
China, India, and Japan, whereas the non-linear estimated coeffi-
cients of green innovation appeared to be significant in India,
Japan, and Russia. In the long run, the linear estimates of environ-
mental entrepreneurship are negative and significant in three
countries, namely China, Japan, and Russia. Similarly, the esti-
mates of green innovations are negative and significant in China,
India, Japan, and Russia. In the non-linear model, the estimated
coefficients of positive shock in environmental entrepreneurship
are significant and negative in the case of China, India, and
Japan; while, the estimates of negative shock in environmental
entrepreneurship are negative and significant in India only.
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1. Introduction

Firms, businesses, and companies are important because they contribute to the eco-
nomic growth of a country; however, they also have an essential role in creating
social and environmental issues. As a result, they are a big hurdle in achieving sus-
tainable economic growth. In this context, a stringent environmental policy and strict
rules and regulations are required to control business-related emissions. In such an
environment, entrepreneurs need to comply with environment-related regulations to
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mitigate the impacts of environmental pollution. However, the over-involvement of
government and non-governmental organisations in the whole process restricts the
role of companies in society and negatively impacts their economic position
(Schaltegger & Wagner, 2011).

Another side of the picture is that the management of large firms and companies
could prove as a catalyst in sustainable development. One of the most prominent fea-
tures of sustainable entrepreneurs and sustainable managers is their ability to develop
innovative ideas and technologies that help achieve sustainable development. For
instance, the contribution of automobiles, computers, and the internet has changed the
world’s economic and social outlook much more than various political programs
(Volery, 2002). In order to be innovative, the firms and businesses need to improve
their technical and organisational structure that can strengthen their place in the mar-
ket. In a free-market design, the main requirements of sustainable development are sus-
tainable innovations and entrepreneurs who can accomplish ecological or societal goals
with top-quality products or procedures that are effective in the market of conventional
clients (Schaltegger & Wagner, 2011). However, the market innovations necessary to
attain sustainable development do not come into existence by accident, but these inno-
vations are the results of continuous effort and investment of the entrepreneurs who
give the innovations paramount importance and cornerstone of their business strat-
egies. Entrepreneurs who put their utmost efforts into making environmental develop-
ment a core business strategy are known as sustainable entrepreneurs (Schaltegger &
Wagner, 2011). The most significant contribution of such entrepreneurs is that they
develop new, innovative, and sustainable methods of production that produce products
and services, which significantly reduce the negative impacts of environmental degrad-
ation and improve the quality of life (York & Venkataraman, 2010).

According to Schumpeter (1934), entrepreneurial activities can be called creative
destruction. Sustainable entrepreneurs abolish current orthodox manufacturing
approaches, products, market arrangements, and demand designs and substitute them
with more sophisticated, ecologically friendly products and services. They develop a
new market structure that prefers environmental and social progress. There are vari-
ous approaches and thoughts available in the literature, such as ecopreneurship, sus-
tainable entrepreneurship, social entrepreneurship, and to some extent, institutional
entrepreneurship, that can describe the link between entrepreneurship and sustainable
development. A large body of literature in the past has tried to explain the association
between entrepreneurship and sustainable development in the light of ecopreneurship
(Schaltegger, 2002; Cohen et al., 2008; Coulibaly et al., 2018; Sinatti, 2019; Sun et al.,
2020). Ecopreneurship’s essential incentive and key objectives are earning money
while addressing environmental glitches. The end goal of any business is to make a
profit. In other words, we can say the economic motive is the leading cause of any
business, whereas, under the rationale of sustainable entrepreneurship, environmental
aims are also interlinked with economic reasons. Against this backdrop, the most
daunting challenge for sustainable firms and entrepreneurs is to assimilate the envir-
onmental goals of society into the firm’s financial plan. Moreover, there is a need to
increase the number of green enterprises in the economy (Hockerts &
W€ustenhagen, 2010).
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A growing body of empirical literature, in recent times, has focussed on the
impact of entrepreneurial activities on environmental quality in various countries
and regions, but their results are contradictory, inconclusive, and mixed. The first
strand of studies confirmed that the relationship between entrepreneurship and
environmental quality is negative. For example, Riti and Shu (2016) analysed the
relationship between entrepreneurship and environmental quality in Nigeria by
applying the fully modified least square (FMOLS). The findings of their study con-
firmed that entrepreneurship deteriorates the environmental quality, meaning that
sustainable development is not achievable. Once again, with the application of the
same method, Dhahri and Omri (2018) examined the relationship between entrepre-
neurship and environmental quality for 20 developing economies and observed a
negative association between both of these variables. Another group of studies con-
firmed that entrepreneurship is vital for improving environmental quality. York and
Venkataraman (2010) demonstrated that entrepreneurial activity helps to improve
the environmental quality rather than degrade it. Likewise, Shepherd and Patzelt,
(2011) confirmed that rising trends in entrepreneurship protect the environment,
increase agricultural activities and plantations, diminish pollution, and offset climate
change. Omri (2018) collected the data for 69 countries from different income
groups and observed that the impact of entrepreneurship on CO2 emissions is low
in high-income economies. Moreover, the analysis also confirmed that entrepreneur-
ship increased CO2 emissions at the initial level, whereas CO2 emissions started to
decline, at the later stage, once entrepreneurship got matured in the economy.
Lastly, the third group of studies observed that some preconditions needed to be
fulfilled before the appearance of positive effects entrepreneurship on environmental
quality. Some of these preconditions include green innovations and better institu-
tions because both these factors complement entrepreneurship in improving envir-
onmental quality and then realising the goal of sustainable development (Youssef
et al., 2018).

In a broader perspective, sustainable entrepreneurship can be defined as a form
of entrepreneurship based on green innovations and a free-market structure that
ensures a clean and green environment without sacrificing its economic goals (Dean
& McMullen, 2007). Previously, the role of sustainable entrepreneurship in improv-
ing environmental quality has not been extensively analysed. This study tries to fill
this gap in the literature. This is the first-ever study that examines the relationship
between sustainable entrepreneurship and environmental quality to the best of our
knowledge. Moreover, this study also includes the role of green innovations in miti-
gating CO2 emissions for highly polluting Asian economies. China, India, Japan,
Russia, and the USA are the top pollution emitters’ economies of the world. Among
these five economies, four economies belong to Asia. It is observed that China is
responsible for producing 28% of CO2 emissions, India 7%, Russia 5%, and Japan
3% (UNEP, 2020). Thus, it is imperative to examine these four countries
independently.

The study is organised into different sections. A brief literature review is presented
in Section 2, and we presented the model and methods in Section 3. Section 4 illus-
trates the results, followed by a conclusion in Section 5.
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2. Model and methods

Although, green technologies and green products have been considered important
determinants of environmental sustainability that lead to green growth (Dhahri &
Omri, 2018; Willis et al., 2020). Despite the significance of green entrepreneurship,
there is still a lack of empirical work. The key reason for this deficiency of literature
is that it is difficult to distinguish between green entrepreneurship and non-green
entrepreneurship. However, the literature started growing in the 1990s. The terms
‘ecopreneur’, ‘eco-entrepreneur, ‘green entrepreneur’, and ‘environmental entrepre-
neur’, were first introduced by Bennett (1991). After that various studies have
adopted renewable energy as a leading determinant of environmental entrepreneur-
ship (Gast et al., 2017). Following recent literature, e.g., Youssef et al. (2018) and
Omri and Afi (2020) we adopt the following long-run CO2 emissions econometric
model for polluted Asian economies:

CO2, t ¼ u0 þ u1EEt þ u2GIt þ u3Internett þ u4Tradet þ u5FDt þ et (1)

where CO2 emissions () is dependent on environmental entrepreneurship (EE), green
innovation (GI), internet (ICT), trade openness (Trade), and financial development
(FD). In the next step, Equation (1) is respecified in the format of the error correc-
tion technique as seen underneath:

DCO2, t ¼ u0 þ
Xn

k¼1

b1kDCO 2, t�k þ
Xn

k¼0

b2kDEEt�k þ
Xn

k¼1

b3kDGI t�k

þ
Xn

k¼0

b4kDInternett�k þ
Xn

k¼1

b5kDTrade t�k þ
Xn

k¼0

b6kDFDt�k

þ x1CO2, t�1 þ x2EEt�1 þ x3GIt�1 þ x4Internett�1 þ x5Tradet�1

þ x6FDt�1 þ et (2)

Equation (2) has now taken the form of the ARDL model, as suggested by Pesaran
et al. (2001). This technique has the ability to provide short and long-run estimates
simultaneously. As far as the short-run results are concerned, the estimates attached
to the first differenced variables in Equation (2) represent them. On the other side,
we can draw long-run results from the estimate of from Equation (2). However, long-
run results are valid if co-integration between the long-run estimates is established
through the F-test. In this regard, we need to prove that the calculated value of the
bounds F-test is greater than the tabulated value presented by Pesaran et al. (2001).
Several other time series techniques are available that can prove co-integration among
the long-run variables (Bahmani-Oskooee et al., 2020; Usman et al., 2022). However,
these techniques work only if the variables are integrated in the same order. On the
other side, the main trait of the ARDL model is that it can handle the variables of
different orders of integration, such as I(0) and I(1). All other time series methods
need a large number of observations in order to provide consistent estimates. In
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contrast, the ARDL model performs well in the case of a small number of observa-
tions (Li & Ullah, 2022; Zhang et al., 2022).

The study’s primary objective is to estimate the asymmetric impacts of environ-
mental entrepreneurship and green innovation on carbon emissions in highly pol-
luted economies. Therefore, we split the variables of environmental entrepreneurship
and green innovations into their positive and negative series by using partial sum
procedures as shown below:

EEþ
t ¼

Xt

n¼1

DEEþ
t ¼

Xt

n¼1

max ðEEþ
t, 0Þ (3a)

EE�
t ¼

Xt

n¼1

DEE�
t ¼

Xt

n¼1

min ðDEE �
t, 0Þ (3b)

GIþt ¼
Xt

n¼1

DGIþt ¼
Xt

n¼1

max ðGIþt, 0Þ (3c)

GI�t ¼
Xt

n¼1

DGI�t ¼
Xt

n¼1

min ðDGI �
t, 0Þ (3d)

Equations 3a–3d represent the positive and negative changes in the EE and GI,
respectively. Then, replacing the partial sum variables into Equation (2) and the out-
come is as under:

DCO2, t ¼ u0 þ
Xn

k¼1

b1kDCO2, t�k þ
Xn

k¼0

b2kDEE
þ
t�k þ

Xn

k¼0

d3kDEE
�
t�k

þ
Xn

k¼0

b4kDGI
þ
t�k þ

Xn

k¼0

d5kDGI
�
t�k þ

Xn

k¼0

b6kInternett�k

þ
Xn

k¼0

b7kTradet�k þ
Xn

k¼0

b8kFDt�k þ x1CO2, t�1 þ x2EE
þ
t�1 þ x3EE

�
t�1

þ x4GI
þ
t�1 þ x5GI

�
t�1 þ x6Internett�1 þ x7Tradet�1 þ x8FDt�1 þ et

(4)

The NARDL model of Shin et al. (2014) is an advanced form of the ARDL model
of Pesaran et al. (2001). Hence, the NARDL does not require any special estimation
technique and can be handled with the method and techniques of the ARDL model.
We need to check whether the short and long-run asymmetric effects are present or
not. For short-run asymmetric effects, we first need to prove the significant difference
between the sum of short-run estimates of D (and the sum of estimates (). Likewise,
the long-run non-linear effects are proved if we can show that estimate attached to
(significantly differs from the estimate attached to ().
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3. Data

The study investigates the impact of environmental entrepreneurship and green
innovation on carbon emissions in highly polluting Asian economies from 1990 to
2019. Highly polluting Asian economies include China, India, Japan, and Russia.
Table 1 provides details of variable definitions and sources of data. The dependent
variable, CO2 emissions is taken as carbon dioxide emissions in Kilotonnes. Focussed
variables, environmental entrepreneurship is taken as nuclear, renewables, and other
productions in quad Btu, while green innovations are taken as the development of
environment-related technologies (% of all technologies). Internet, trade openness,
and financial development have been taken as control variables. Where internet is
taken as individuals using the internet in percentage of the population, trade is taken
in percentage of GDP, and financial development is measured as domestic credit to
the private sector by banks in percentage of GDP. All the required data have been
sourced from EIA, OECD, and the World Bank.

4. Results and discussion

Due to the possibility of structural and asymmetric changes in the selected variables,
unit root test without and with structural break has been performed in this study.
These unit root tests are used to determine the stationary properties of the data to
deliver more reliable decisions. Table 2 shows the findings of both unit root tests for
all selected economies (i.e., China, India, Japan, and Russia). The results of both unit
root tests reveal that all the variables of all selected economies are either stationary at
I(0) or at the I(1). Thus, on the basis of unit root tests findings, ARDL approach is
valid and can be applied for further analysis. The study explores the symmetric and
asymmetric impact of environmental entrepreneurship and green innovation on CO2
emissions in the case of highly polluting Asian economies. This section also provides
coefficient estimates for each country separately.

In Table 3, long-run coefficient estimates of ARDL models reveal that environmen-
tal entrepreneurship exerts a significant and negative impact on CO2 emissions in
case of China, Japan, and Russia, while in case of India environmental entrepreneur-
ship has an insignificant impact on CO2 emissions. It shows that due to 1% upsurges
in environmental entrepreneurship, CO2 emissions declines by 0.024% in China,
0.009% in Japan, and 0.594% in Russia. In case of green innovations, findings reveal
that green innovations tend to reduce CO2 emissions in case of all selected

Table 1. Definitions and data sources.
Variables Symbol Definitions Sources

CO2 emissions CO2 CO2 emissions (kt) World Bank
Environmental

entrepreneurship
EE Nuclear, renewables, and other production

(quad Btu)
EIA

Green innovation GI Development of environment-related
technologies, % all technologies

OECD

Internet Internet Individuals using the Internet (% of population) World Bank
Trade openness Trade Trade (% of GDP) World Bank
Financial development FD Domestic credit to private sector by banks (%

of GDP)
World Bank

Source: Authors’ calculation.
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Table 2. Unit root testing.
Unit root without break Unit root with break

I(0) I(1) I(0) Break date I(1) Break date

China
CO2 �1.421 �2.627� I(1) �6.688��� 2002
EE 0.989 �2.689� I(1) 2.754 2013 �4.359� 2011 I(1)
GI �2.132 �6.985��� I(1) �2.489 2010 �8.356��� 2001 I(1)
Internet 0.654 �2.875� I(1) �1.623 2006 �6.656��� 2006 I(1)
Trade �2.678� I(0) �4.954��� 2010 I(0)
FD �0.465 �5.166��� I(1) �3.023 2009 �5.452��� 2008 I(1)
India
CO2 �1.235 �2.745� I(1) �4.865�� 2003 I(0)
EE 0.123 �4.235��� I(1) 0.845 2010 �6.655��� 2015 I(1)
GI �2.678� I(0) �6.356��� 2007 I(0)
Internet 0.542 �2.875� I(1) 1.203 2017 �4.256� 2016 I(1)
Trade �1.523 �4.235��� I(1) �2.778 2003 �5.145��� 2013 I(1)
FD �0.789 �2.841� I(1) �3.245 2001 �4.985��� 2008 I(1)
Japan
CO2 �2.879� I(0) �4.358� 2001 I(0)
EE �1.045 �3.589�� I(1) �6.654��� 2011 I(0)
GI �0.985 �5.265��� I(1) �2.856 2008 �7.123��� 2016 I(1)
Internet �1.025 �3.055�� I(1) �3.012 2000 �4.652�� 2004 I(1)
Trade �0.875 �5.321��� I(1) �3.023 2004 �5.324��� 2016 I(1)
FD �2.673� I(0) �9.325��� 2000 I(0)
Russia
CO2 �1.355 �2.802� I(1) �4.562�� 2018 I(0)
EE 0.452 �4.555��� I(1) �1.023 2000 �4.965��� 2012 I(1)
GI �4.532��� I(0) �5.356��� 2011 I(0)
Internet 0.621 �4.012��� I(1) �2.875 2009 �4.369� 2002 I(1)
Trade �5.656��� I(0) �7.358��� 2007 I(0)
FD �11.25��� I(0) �12.35��� 2012 I(0)

Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Authors’ calculation.

Table 3. Estimates of CO2 emissions (ARDL).
China India Japan Russia

Variable Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat

Short-run
D(EE) �0.034�� 2.083 �0.224��� 4.168 0.015 1.609 �0.501 1.285
D(EE(-1)) 0.043 0.885 0.514 1.527
D(GI) �0.031��� 2.758 �0.014��� 2.990 �0.010 1.615 �0.022 1.193
D(GI(-1)) 0.005 1.334 �0.048��� 7.000
D(INTERNET) 0.003 0.976 �0.016��� 9.355 0.002 1.509 0.007 0.943
D(INTERNET(-1)) 0.046� 1.813 �0.001 0.486
D(TRADE) 0.008��� 5.238 �0.012��� 3.736 0.005��� 3.338 0.003 0.541
D(TRADE(-1)) �0.001 0.485 0.006��� 3.571
D(FD) 0.151 1.416 0.694��� 3.222 0.018 0.511 0.137 1.397
D(FD(-1)) �0.271�� 2.472 �0.113 0.603 �0.003 0.075
Long-run
EE �0.024�� 1.997 �0.580 0.918 �0.009� 1.756 �0.594� 1.841
GI �0.126� 1.951 �0.040�� 2.097 �0.016��� 4.169 �0.038 0.950
INTERNET �0.012 1.205 �0.143��� 3.027 �0.001� 1.864 �0.002 0.495
TRADE 0.032��� 4.525 �0.016 1.649 �0.007�� 2.542 �0.005 0.504
FD 1.923�� 2.160 1.134��� 2.900 0.019 0.532 �0.238 1.300
C 4.466 0.977 9.355��� 7.749 13.83��� 8.487 13.02��� 8.742
Diagnostics
F-test 6.654��� 10.21��� 8.321��� 5.321���
ECM(-1) �0.246��� 3.539 �0.307��� 2.901 �0.385��� 9.000 �0.377��� 2.840
LM 1.321 1.542 1.325 1.321
RESET 1.035 0.987 0.879 1.325
CUSUM S S S S
CUSUM-sq S S S US

Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Authors’ calculation.
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economies except Russia in the long-run. It infers that 1% upsurge in green innova-
tions result in reducing CO2 emissions by 0.126% in China, 0.040% in India, and
0.016% in case of Japan. In terms of control variables, findings display that internet
tends to decline CO2 emissions in India and Japan, trade results in reducing CO2
emissions in China and Japan, while financial development reduces CO2 emissions in
China and India in the long-run. Short-run coefficient estimates of ARDL models dis-
play that environmental entrepreneurship and green innovations result in reducing
CO2 emissions in case of China and India, while these variables produce an insignifi-
cant impact on CO2 emissions in case of Japan and Russia. Our short and long-run
results are different, and almost all studies that have applied the ARDL model sup-
port these findings (Usman et al., 2021a; Wei et al., 2022). The main reason behind
the difference between the short and long-run estimates is that in the long run, the
policymakers can exercise various options to adjust according to the changing envi-
ronments and safeguard the suitable outcome (Usman et al., 2021b). Therefore, the
difference between short- and long-run estimates is quite natural, per previous litera-
ture. The long-run outcomes are more important because most of the policies are
made for the long term and on the basis of long-run estimates. In terms of control
variables, short-run findings display that internet tends to decline CO2 emissions
only in case of India, trade results in reducing CO2 emissions in all economies except
Russia, and financial development reduces CO2 emissions only in case of India.

In Table 4, long-run coefficient estimates of all four asymmetric models show that
positive shock in environmental entrepreneurship has a negative impact on CO2
emissions in all selected economies except Russia confirming that positive shock in
environmental entrepreneurship results in improving the quality of the environment.
Coefficient estimates demonstrate that in response of 1% increase in positive shock of
environmental entrepreneurship, CO2 emissions decline by 0.054% in China, 0.277%
in India, and 0.040% in Russia. However, in the long-run, negative shock in environ-
mental entrepreneurship tends to increase CO2 emissions only in India. It shows that
1% fall in negative shock of environmental entrepreneurship, CO2 emissions increase
by 0.098% in India. These findings imply that positive change in environmental
entrepreneurship brings a stronger influence on environmental performance in India
and Japan. The effect of negative change in environmental entrepreneurship is rela-
tively smaller revealing that it exerts a little adverse effect on environmental quality.
In short, positive change in environmental entrepreneurship impact is more promin-
ent than a negative change in environmental entrepreneurship. In the long-run, posi-
tive shock in green innovations result in reducing CO2 emissions in all selected
economies except India, while negative shock in green innovations results in increas-
ing CO2 emissions in India and Japan. Coefficient estimates show that 1% increase in
positive shock of green innovations results in reducing CO2 emissions by 0.030% in
China, 0.013% in Japan, and 0.058% in Russia. In contrast, 1% decline in green inno-
vations results in increasing CO2 emissions by 0.242% in India and 0.007% in Japan.
These findings confirm that positive change in green innovation and negative change
in green innovation have different effects on carbon emissions. The upsurge of green
innovation improves the environmental quality while the decline in green innovation
deteriorates environmental performance.
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Firms and businesses are essential for increasing the production activities in the
economy and improving the living standard of the people. On the other side, these
firms and companies generate scale effects that can put an extra burden on the envir-
onment. However, the flip side of the coin is that entrepreneurs of large firms and
industries can bring in innovative ideas and technologies in the production process
that make the production process much more energy-efficient and environmentally
friendly. Our findings confirm that environmental entrepreneurship is the need of the
hour because it helps reduce the CO2 emissions significantly in highly polluting
Asian economies. These findings are in line with the previous studies of McEwen
(2013) and Youssef et al. (2018), which suggested that environmental entrepreneur-
ship can solve various environmental and social problems and serve as the primary
driver of sustainable development. Sustainable entrepreneurs make the environment a
top priority while doing business and making any business strategy. The most striking
feature of environmental entrepreneurship is that they contribute to developing green
technology and products and inventing green and sustainable production techniques
that significantly improve the environment (York & Venkataraman, 2010)

Table 4. Short and long-run estimates of CO2 emissions (NARDL).
China India Japan Russia

Variable Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat Coefficient t-Stat

Short-run
D(EE_POS) �0.013� 1.866 �0.243��� 3.715 �0.079� 1.809 �0.593 0.775
D(EE_POS(-1)) �0.329��� 6.563 �0.809 1.105
D(EE_NEG) �0.022 1.022 �0.088 0.066 �0.034 0.958 �0.487 0.163
D(EE_NEG(-1)) 1.002��� 4.443 �0.023� 1.957
D(GI_POS) �0.008 0.665 �0.074��� 3.384 �0.038��� 4.491 �0.081 1.390
D(GI_POS(-1)) �0.046��� 7.191 �0.058��� 6.457 0.112��� 2.686
D(GI_NEG) 0.010 0.914 �0.098��� 4.483 �0.014 1.606 0.040 0.919
D(GI_NEG(-1)) �0.034��� 3.565
D(INTERNET) �0.006� 1.932 �0.009��� 6.599 �0.001 0.588 �0.011��� 2.975
D(INTERNET(-1)) 0.015 0.753
D(TRADE) 0.006��� 3.874 0.006 1.462 0.007��� 4.044 0.000 0.049
D(TRADE(-1)) 0.011��� 3.813 0.005�� 2.400 �0.020�� 2.263
D(FD) 0.166 1.088 0.149 0.699 �0.042 0.967 0.360 0.521
D(FD(-1)) �0.193 1.487 0.948��� 3.967 �0.032 1.100 �0.386 1.501
Long-run
EE_POS �0.054�� 2.504 �0.277�� 2.113 �0.040�� 2.359 �0.078 0.656
EE_NEG �0.122 1.233 �0.098�� 2.449 �0.017 1.599 0.359 0.379
GI_POS �0.030� 1.676 �0.030 1.007 �0.013� 1.697 �0.058�� 2.517
GI_NEG 0.040 0.729 �0.242�� 2.330 �0.007� 1.881 0.001 0.133
INTERNET �0.024��� 2.713 �0.242�� 2.437 0.050 0.617 �0.003�� 2.185
TRADE 0.023��� 2.843 0.022�� 2.077 �0.002� 1.846 0.005 1.189
FD 1.204 0.978 0.260��� 2.651 �0.047�� 2.255 0.306� 1.946
C 8.937 1.610 11.68��� 7.874 14.21��� 14.80 14.03��� 5.221
Diagnostics
F-test 4.123�� 9.321��� 7.325��� 5.689���
ECM(-1) �0.250�� 2.390 �0.347� 1.695 �0.397��� 5.147 �0.413� 1.880
LM 0.754 1.023 1.235 0.987
RESET 1.023 0.587 0.987 1.012
CUSUM S S S S
CUSUM-sq S S S S
Wald-Short-EE 3.012� 1.023 0.388 2.002
Wald-Long-EE 3.986�� 4.012�� 3.241�� 1.022
Wald-Short-GI 1.023 2.029 1.098 1.875
Wald-Long-GI 4.325�� 2.985� 3.875�� 2.852�
Note: ���p< 0.01; ��p< 0.05; and �p< 0.1.
Source: Authors’ calculation.
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Moreover, a rise in environmental entrepreneurship and usage of environment-related
products may lead to a superior quality environment because doing business in environ-
ment-friendly and green products and methods will halt the flow of carbon emissions
into the atmosphere (Gast et al., 2017). Furthermore, environmental entrepreneurship
along with increased usage of renewable energy, have significantly impacted CO2 emis-
sions (Ullah et al., 2021). Hence, if the share of environment-friendly products could be
expanded in the economy’s total production, that would help attain sustainable develop-
ment in the long run. Another important benefit of environmental entrepreneurship is
that it helps develop green innovation, i.e., environment-related technologies that reduce
CO2 emissions, as suggested by our findings and supported by Takalo and Tooranloo
(2021). Last but not least, our results confirm that the increased use of the internet helps
reduce CO2 emissions in highly polluting Asian economies. With the spread of internet
services worldwide, economies are now relying on information and communication cap-
ital rather than physical capital. Moreover, the dematerialisation of the economy can
also be achieved with the increased use of information and communication products
and services that improve environmental quality (Usman et al. 2021a).

In the long-run internet tends to decline CO2 emissions in all selected economies
except Japan, trade tends to increase CO2 emissions in China and India and reduce
CO2 emissions in Japan, while financial development increases CO2 emissions in India
and Russia and reduces CO2 emissions in Japan. The short-run estimates of NARDL
model infer that positive shock in environmental entrepreneurship results in reducing
CO2 emissions in all selected economies except Russia, while negative shock in environ-
mental entrepreneurship produces an insignificant impact on CO2 emissions in all four
models. In the short-term, positive shock in green innovation results in reducing CO2
emissions in India and Japan, while negative shock in green innovations results in
increasing CO2 emissions only in India. We also find that the nonlinear ARDL offers
more robust evidence than the linear ARDL in support of the short-run and long-run
effects of environmental entrepreneurship and eco-innovation. Similar findings are also
concluded by Ullah et al. (2021). In terms of control variables, short-run findings infer
that internet tends to decline CO2 emissions in all economies except Japan, trade
increases CO2 emissions in China and Japan, and financial development produces no
significant impact on CO2 emissions in all four economies.

Diagnostic findings in the case of ARDL and NARDL models reveal that long-
term co-integration exists among all variables as displayed by the findings of F-stat
and ECM terms. No issue of autocorrelation was found in all four economies as
shown by the findings of LM test. Ramsey RESET findings reveal that error terms are
normally distributed in all four economies in ARDL and NARDL models. The finding
of both CUSUM tests confirmed that the stability condition is also fulfilled in all four
economies in ARDL and NARDL models except in Russia in case of CUSUM-sq test
of ARDL model. The long-run asymmetries are also confirmed by Wald-test.

5. Conclusion and implications

There is no second opinion that entrepreneurship can help the economies produce
goods and services at a much higher pace and improve the overall living standard.
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However, the consensus on the association between entrepreneurship and environ-
mental quality has not yet been reached. On one side, entrepreneurship can nega-
tively affect the environment through scale effect that increases the economy’s
production activities and, consequently, CO2 emissions. On the other side, entrepre-
neurs can bring positive change to the environment by introducing technological
innovations and environmentally friendly production techniques. Given the import-
ance of environmental and economic sustainability, the policymakers emphasise the
role of environmental entrepreneurship that can promote green growth without
degrading the environment further. Consistent with this view, we aim to investigate
the impact of environmental entrepreneurship and green innovations on CO2 emis-
sions in highly polluting Asian economies. Due to the nonlinear nature of macroeco-
nomic determinants, we also explore whether the effect of focussed variables on the
dependent variable is linear or nonlinear. Thus, we adopted ADL and NARDL
approaches in our analysis.

In the short run, the linear estimates of environmental entrepreneurship are sig-
nificant in China and India. On the other side, the short-run non-linear estimates of
environmental entrepreneurship are significant in the case of China, India, and Japan,
one more than our linear model. Similarly, the short-run linear estimates of green
innovations are significant in China, India, and Japan, whereas the non-linear esti-
mated coefficients of green innovation appeared to be significant in India, Japan, and
Russia. In the long run, the linear estimates of environmental entrepreneurship are
negative and significant in three countries, namely China, Japan, and Russia.
Similarly, the estimates of green innovations are negative and significant in China,
India, Japan, and Russia. In the non-linear model, the estimated coefficient of positive
shock in environmental entrepreneurship is significant and negative in the case of
China, Japan, and India; however, the estimates of negative shock in environmental
entrepreneurship are negative and significant in India only. These results imply that a
positive shock in environmental entrepreneurship reduces the CO2 emissions in most
of economies, whereas the negative shock increases CO2 emissions only in India. The
positive estimated coefficient of green innovations is significant and negative in
China, Japan, and Russia; however, the estimates of the negative part of green innova-
tions are significantly negative in the case of India and Japan. In general, these find-
ings convey that environmental entrepreneurship and green innovations can improve
environmental quality in highly polluting Asian economies.

Policymakers can take some important guidelines from these results. Our results
are clearly asymmetric, implying that policymakers should consider negative and
positive changes in environmental entrepreneurship and green innovations while con-
sidering their impacts on environmental quality. A positive change in environmental
entrepreneurship can improve environmental quality; therefore, policymakers should
create a business environment that can promote environmental entrepreneurship and
green innovations. In this context, they can remove the administrative barriers in the
way of environment-friendly start-ups. Moreover, environmental entrepreneurship
should be encouraged by providing them easy access to financial credits and technical
support. One way of promoting environmental entrepreneurship is through educating
business owners and end-users about environmental degradation and the benefits of
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producing and consuming environment-friendly products. Similarly, green innova-
tions can also help reduce CO2 emissions significantly. Investment in research and
development activities can promote green innovations in society that will ultimately
lessen the burden on the environment.
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