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The motivation of the study is to gauge the impact of economic policy uncertainty (EPU),
knowledge spillover (KS), and climate change (CC) on green economy (GE) transition in
BRIC nations for the period from 1991 to 2018. The study applied several unit root tests,
including DF-GLS and Zivot–Andrew, for ascertaining the stationarity properties of
variables. The long-run association between variables was detected by employing
ARDL bound test, tBDM test, and Bayer and Hanck combined cointegration test.
Furthermore, the asymmetric effects of EPU, KS, and CC on GE were examined by
implementing nonlinear ARDL (NARDL), and finally, directional causal effects were
evaluated with the Toda–Yamamoto causality test. In addition, the long-run
coefficient’s robustness was assessed by applying fully modified OLS, dynamic OLS,
and canonical cointegrating regression (CCR). ARDL bound testing confirms the long-run
association in the empirical model for all countries with negative statistically significant
effects from EPU andCC to the green economy and positive statistically significant impacts
from KS to GE. On the other hand, asymmetric assessment established both long- and
short-run asymmetry between EPU, KS, CC, and GE. Finally, directional causality
establishes feedback hypothesis holds for EPU and GE in Brazil, India, China, KS, and
GE in Brazil, Russia, and China. Thus, study findings established that EPU and KS might
influence the transition to the green economy in BRIC nations. Thus, for policy formulation
targeting green economic development, it is imperative to put extra effort into
understanding the role of EPU and knowledge spillover in the economy.
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INTRODUCTION

The idea of the green economy is an emerging paradigm at the heart of most developed countries
economic and political agendas. Moreover, the concept of the green economy is directly related to
climate change and energy efficiency that are environmental “problems” with clear political and
social implications (Khor, 2011). Rapid industrial development has generated rising environmental
pollution and deterioration of the ecosystem and natural resources. The black economy drives
economics in the present decade; such an economy is focused on energy consumption without regard
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for the climate. Furthermore, the global economy and the growth
of countries have undergone natural collapse and social
differentiation. Therefore, the growth of the green economy
emerged.

Energy is widely acknowledged as one of the most critical
sources for economic growth and human development (Kumar
and Sinha, 2014). Emerging markets are now chasing the goal of
achieving fast economic development at all expense to the world.
Economic growth must go hand in hand with developing a low-
carbon society to avoid such harm and encourage sustainable
development. Greater sustainability aims to ensure or engineer a
high standard of life for all people by not exceeding the
ecosystems’ potential. The Rio+20 summit aims to promote
the goal of low-carbon, resource-efficient, and socially
inclusive green economies around the world. A green
economy relies heavily on renewable energies, which can be
accomplished by encouraging investment that decreases
greenhouse emissions and waste, improves electricity and
water quality, and protects biodiversity and ecological
resources from being lost across the planet.

The motivation of the study is to gauge the role of economic
policy uncertainty, knowledge spillover, and climate change in
economic transition that is eco-friendly ambiance commonly
known as a green economy. The study has considered BRIC
nations as a sample with several econometrical tools for
evaluating long- and short-run associations and possible
directional causalities in empirical investigation. We firmly
believe that the findings from the study will open an avenue
for green economy transition with the understanding of macro-
fundamentals because aggregated economic performances induce
the acceptability of green innovation incorporation. Furthermore,
the effects of climate change have persistently created forces and
challenges to accept conventional technological development.
Rather, sustainable development has sought green innovation
that is environmentally cost reduction and ecologically balanced
with sustainability. Thus, promoting a green economy is
imperative for sustainable development goals and ensuring
ecologically balanced development.

The present study contributes to the existing literature in
multifold. First, in literature focusing on the determinants of
green economy transformation, several studies have already been
executed by taking into consideration micro aspects (see Radu,
2016; Marco-Fondevila et al., 2018) and macro aspects (see Lin
and Benjamin, 2017), and study findings expose a group of key
factors which play a critical role in transition into the green
economy. However, the role of economic policy uncertainty,
knowledge spillover and environmental degradation in the
green economy transition is yet to be unleashed in a single
equation. To our best knowledge, this is the first-ever
empirical study focusing on the nexus between economic
policy uncertainty, environmental degradation, and green
economy for the period spanning from 1991–2018 in BRIC
nations.

Second, the study implements symmetric and asymmetric
econometric tools to gauge their association in the long-run
and short run. With symmetric assumption, the study applies
autoregressive distributed lagged (ARDL) initiated by Pesaran

and Smith (1995), further improvements performed by Pesaran
et al. (2001), and asymmetric assumption implemented by
following the nonlinear framework introduced by Shin et al.
(2014). Study findings reveal a long-run association between GE,
EPU, KS, and CC I, all considered BRIC countries. Referring to
coefficients and association running from EPU and CC exposed
negative and statistically significant to the green economy but
positive statistically significant association documents for KS to
GE. The results of nonlinear cointegration establish asymmetric
effects running from EPU, KS, and CC to GE; moreover, the
standard Wald test ascertains the asymmetric linage between
EPU, KS, and CC to GE in the long run and short-run.

Third, the theoretical contribution of the present study
describes a dynamic process of economic change aimed at
creating new employment while simultaneously lowering
environmental dangers over the long term (Frone and Simona,
2015). Green economy offers energy efficiency by implementing
and integrating. However, a correlation has been found between
nations with the high gross domestic product (GDP) per capita
and the implementation of environmental conservation
programs. The results also indicate that nations with lower
living standards and countries without a high GDP per capita
are not at the forefront of technological innovation (Mikhno
et al., 2021). One of the problems in developing countries is the
unwillingness of the state and businesses to change technologies
and invest in environmental conservation. At the same time,
development occurs through the use of ecosystem (extensive
methods) that are designed for environmental degradation and
the absence of strategic planning, which does not take into
account the negative impact and cumulative effect, thereby
robbing developing countries of resources (Frone and Simona,
2015).

The remaining structure of the paper, apart from the
introduction in the Introduction section is as follows: the
literature survey focusing target research force displays in the
Literature review section, the variable definition and econometric
tools explained in the Variable definition section. The Results and
interpretations section deals with the empirical model estimation
and interpretation of the outcome. Finally, findings and policy
suggestions are reported in the Conclusion and policy implications
section 5.

Literature review
Economic policy uncertainty and green economy
Under the mode of industry-driven growth, the energy industry is
the cornerstone of economic development, and investment is a
key factor in industry development. However, the global climate
has been more dynamic and uncertain in recent years, and energy
finances have become more sensitive to the consequences of the
macroeconomic environment. As a result, it is important to
investigate developments in the economic climate on energy
spending. The green economy is the output from an energy-
efficient economy, implying that the reliance on green energy
reduces the cost of environmental degradation. The energy
industry is critical for economic progress and persistently
seeking continual investment. However, heavy reliance on
conventional energy can cause environmental degradation by

Frontiers in Environmental Science | www.frontiersin.org February 2022 | Volume 9 | Article 8074242

Liang and Qamruzzaman Economic Policy Uncertainty and Green Economy

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


incurring additional costs to protect the ecosystem.
Transformation to a green economy that is less reliant on
fossil energy and increasing the integration of renewable
energy in the production process motivates environmental cost
reduction. For sustainable growth, energy enterprises must
maintain energy supply stability, energy efficiency, and
pollution mitigation. Therefore, they are essential drivers of
economic transition and development (Ozorhon et al., 2018).
Liu et al. (2020) performed a study to evaluate the impact of EPU
on investment in green energy, i.e., renewable energy in China.
The study exposes that EPU promotes investment in the
renewable energy sector and inhibits channelizing investment
in the traditional energy sector.

A study was performed by Jin et al. (2019) to gauge the impact
of macro uncertainty on green economy development in different
cities in China. Study findings reveal that macro uncertainty
adversely induces the growth of green development in cities with
a lower level of innovation. However, the study also observed a
higher degree of innovation subsidies, macro uncertainty, and
accelerated green development. In a study, Song et al. (2021)
assessed the impact of outward FDI on green total factor
productivity under economic policy uncertainty by considering
firm’s level data. Study findings reveal a statistically significant
positive effect from outward FDI to green total factor
productivity. In contrast, economic policy uncertainty
established a negative statistical significant association.

Reuter et al. (2012) argue that policy uncertainty about feed-in
tariffs, expenditure incentives, tax benefits, portfolio criteria, and
credential schemes is a major factor shaping renewable energy
integration in economic activities from the viewpoint of policy
influence. As a result, conventional energy market expenditure in
green energy enterprises could be more vulnerable to economic
policy uncertainty. Macroeconomic instability exacerbates the
uncertainty of regional investment returns, creating a powerful
inhibitory impact on fixed-asset investment and equipment
reconstruction, potentially leading to a macroeconomic
slowdown and even a severe recession. Some studies, however,
have found that macroeconomic uncertainty may have an
incentive effect on innovation. (Gu et al., 2018).

Knowledge spillover and green economy
According to classical theory, economic development depends on
three factors: property, labor, and capital, with land being a fixed
quantity and labor and capital being variables. According to
traditional economic growth theory, economic development is
based on a rise in labor and capital variables. Since it has raised
the resource element (i.e., human capital) of the whole
population, information spillover has long been recognized as
a source of regional economic development. Arrow and red,
(1962) first described the importance of knowledge spillovers
in economic development, stating that awareness is non-
excludable in the same way public resources are. As a result,
technology spillover often happens when others learn a
company’s R and D knowledge.

On the other hand, the initial invention cannot be
compensated in any way (Yang et al., 2010). In the
information age, knowledge spillovers will hasten the spread of

knowledge and information. Information spillovers will help save
money on shipping and conversion expenses, which is good for
economic growth. Awareness spillovers will also lower the
expense of absorbing new information and boost the capacity
of the knowledge recipient to integrate and absorb it. Information
spillovers are complicated and discrete, and they form a complex
network that is inextricably linked to the outside world. The
information recipient filters and chooses the absorbed knowledge
accordingly when the contextual context alters. Knowledge
spillover decreases innovation costs for other economic actors,
such as uncertainties associated with the volatile nature of the
innovation phase, while improving their respective capabilities
and standards (Cooke, 2010). In a study, Zhao et al. (2019)
postulate that knowledge spillover positively ignites the pace of
economic transition to the green economy in the long run.

The prime sources of knowledge spillover in literature
acknowledged by the inflows of direct foreign internment and
the impact of FDI on the economy were extensively investigated,
such as economic development (Sindze et al., 2021), energy
consumption (Amoako and Insaidoo, 2021), renewable energy,
financial development (Ibrahim and Acquah, 2021), and trade
liberalization (Cantah et al., 2018). Furthermore, the role of FDI
in achieving clean energy is also noticed in the literature (see
Paramati et al., 2017; Dong et al., 2019).

Climate change and green economy
Climate change is emerging as an issue of progressive attention,
and therefore awareness, in societies. In this work, the problem is
addressed from a generational perspective in both developed and
developing society and is carried out from the approaches of
awareness, human action, and self-responsibility (Foncubierta-
Rodríguez et al., 2021). Climate change is a threat to sustainable
development, which can be defined as development, which meets
the needs of the present without compromising the ability of
future generations to meet their own needs (Loiseau et al., 2016).
The emphasis on green economy transformation was in reaction
to the increasing realization that the mode of economic
development and aggregate consumption, which is dependent
on the need for and likelihood of endless growth fueled by fossil
fuels, was rapidly approaching those limits enforced by the reality
that we continue to reside on a finite earth. This
conflict—between the requirements of capital accumulation on
the one side and the requirements of mutual human existence in
comparatively secure eco-social environments–is now gradually
manifesting in a wide range of crises, the most notable of which is
the climate catastrophe. The interaction and interrelations
between aggregate economic activities and ecological
imbalance proposed green capitalization with a clear intention
to address ecological aspects and sustainable development (Bekun
et al., 2021a). Reduced accumulation and inefficient capital can be
subsidized with new market opportunities, resulting in aggregate
output augmentation; creative destruction is created
(Schumpeter, 1942; Bekun et al., 2019).

During the first decade of the new millennium, a new
economic rhetoric of the “transition” to a “low-carbon society”
or “green economy” arose. Narratives on the need for innovative
and progressive solutions to the environmental sustainability
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crisis have made their way into the mainstream from the political
fringes (Steward, 2012). A more ecologically conscious way of
accomplishment would need a macro-level understanding of
paradigm changes with the micro-level understanding of
network creativity (Green et al., 1999). Green growth
proponents agree that climate change presents an
unprecedented obstacle but remain optimistic that technical
advancements, sectoral, and behavioral change, are ways to
maximize productivity are available to help them cope. Several
improvements are thought to be imminent, given the presence of
a market-based carbon price, the use of renewable technology and
activities, and the direct investment of alternative energies like
solar and wind power. Furthermore, thriving green economy
prospects requires green investment assistance through
investment diversifications, risk sharing, predictable policy
environment, and environmental policy based on international
climate agreement (Ahmed, 2013; Parry et al., 2015).

A study performed by Alfredsson (2004) quantifies the impact
of green use on climate change by considering household
consumption data. The study established a negative association
between green consumption and carbon emission in the
environment, implying that CO2 emission can be controlled
by encouraging green consumption among households.
Further evidence is available in the study of Kupika et al.
(2019) with household survey data. The study documented
that the transaction to green economy accelerated through
implementing climate change programs and projects in the
economy. Reduction of CO2 emission with the assistance of
managed consumption level significantly relies on energy and
CO2 emission relationship at sectoral level in energy substitutions
(Alfredsson, 2002; Meangbua et al., 2019; Bekun et al., 2021b).
The concept of green economy adaptation accelerates
technological advancement and diversification of energy
applications, thus inducing society’s energy efficiency with
lower carbon emissions. Furthermore, adopting such a “green”
consumption pattern, in line with the overall “green”
consumption scenarios, reduces energy requirements and CO2

emissions for the greened categories substantially (Räty and
Carlsson-Kanyama, 2010).

Variables definition
The study utilizes the annual time series data spanning from
1991–2018. The research variables used for the study involve
economic policy uncertainty (EPU), knowledge spillover (KS),
climate change (CC), and green economy (GE), please seeTable 1
for details.

Green economy
The green economywas first introduced by Pearce et al. in 1989 in
response to the undervaluation of environmental and social costs
in the current price system (Le Blanc, 2011). Since then, the
concept has been broadened. A green economy has been defined
by UNEP (2011a) as one that results in improved “well-being and
social equity, while significantly reducing environmental risks
and ecological scarcities.” A green economy can be defined as
low-carbon, resource-efficient and socially inclusive (Loiseau
et al., 2016). UNEP emphasizes the preservation of natural

capital, which includes ecosystems and natural resources. In
addition to or sometimes interchangeably with the green
economy, green growth is often used. For a long time, “green
growth” only applied to the growth of the eco-industry. However,
the term is currently used to grow the entire economy (Jänicke,
2012). Green growth “is about fostering economic growth and
development while ensuring that the natural assets continue to
provide the resources and the environmental services on which
our well-being relies. To achieve this, it must catalyze investment
and innovation, which will underpin sustained growth and give
rise to new economic opportunities.” Green growth is qualitative
growth that is efficient in its use of natural resources, clean. It
minimizes pollution and environmental damages and is resilient
in that it explains natural hazards. All these definitions show that
a green economy is an “umbrella” concept that encompasses
different implications concerning growth and well-being,
efficiency, and risk reduction in the use of natural resources.
These potentially contradictory implications require clarification
regarding the capability of a green economy implementation to
support a transition toward sustainability.

Economic policy uncertainty
In recent literature, the role of economic policy uncertainty on
macro fundamentals has been extensively assessed (see, for
instance, Xu et al., 2021, Jia et al., 2021, Song et al., 2021).
Study findings postulated that the importance of EPU
considering the aggregated macro performance is immensely
important due to both direct and indirect effects had been
exposed. As a measure of EPU, literature extensively uses the
uncertainty index familiarized by Baker et al. (2016). The EPU
index is constructed bymonthly data; therefore, combined with the
actual situation of the sample data, we selected the simple average
method to convert the monthly EPU data into annual data.

EPUit � ∑12
m−1epum

12

EUP is the index of economic policy uncertainty in mmonths.
EPU is the annual data after the average value of economic policy
uncertainty.

Knowledge spillover
Knowledge spillover effects on the aggregate economy depend on
economic openness and national innovation (Jia et al., 2021),
implying that countries with a higher degree of openness and
national innovation output can have a higher degree of spillover
effects. Economic openness and national innovation practices
accelerate the domestic output by attracting foreign investors and
channeling capital flows into the economy. FDI is used to
measure the regional knowledge spillover effect, which other
scholars have widely applied (see Perri and Peruffo, 2016;
Zhao et al., 2019). When a firm’s information developed via R
and D efforts is gained by others, this is known as knowledge
spillover. On the other hand, Original invention cannot be
compensated (Yang et al., 2010). Knowledge spillover
minimizes the innovation costs of other economic entities,
such as risks associated with the uncertainty of the innovation
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process, hence improving their abilities and standards (Cooke,
2010).

Environmental degradation
According to the environmental Kuznets curves (EKC)
hypothesis, in the initial stage, environmental degradation
helps improve income generation in society, but as time
progresses, the cost of production substantial inbreeds; thus,
income possibility decreases (Stern et al., 1996). At low levels
of development, both the amount and severity of environmental
degradation are constrained by the effects of subsistence
economic activity on the resource base and the availability of
biodegradable wastes. With the intensification of agriculture and
other resource exploitation and the start of industrialization, the
rates of resource depletion begin to outpace the rates of resource
regeneration, and waste creation grows in quantity and toxicity.
As a proxy for environmental degradation, several units have
been considered in the literature, but the most reliable and widely
used indicator has been established, commonly known as carbon
dioxide emission to the environment (see Thornton et al., 2017;
Balsalobre-Lorente et al., 2020; Shahbaz et al., 2021).

Considering the research as mentioned earlier variables, the
following generalized empirical model is constructed for
assessment:

GE∫EPU, KS, CC (1)

After taking the natural log, Equation 1 can be represented in
the following manner:

GEt � α0 + β1EPUt + β2KSt + β3CCt + ϵi (2)
where GE denotes green economy, EPU for economic policy
uncertainty, KS stands for knowledge spillover, and CC for
climate change. Furthermore, α0 explains the constant term,
β1 to β3 represents the long-run coefficients and the error
correction term denotes (ϵi).

In recent period detecting the long-run association among
variables, research has been extensively applying the newly
introduced cointegration test commonly known as combine
cointegration, familiarized by Bayer and Hanck (2013) over
conventional cointegration tests, such as Engle and Granger
(1987), Johansen (1991), and Banerjee et al. (1998). Bayer and
Hanck (2013) produced a combined cointegration test based on
several cointegration approaches. This approach provides joint
statistics to test the null of no-cointegration for more
comprehensive results. If the null is rejected, no alternative is
accepted that supports the existence of cointegration. The
proposed combined cointegration test achieved consistent and
trustworthy cointegration findings by merging all non-
cointegrating experiments. Due to numerous testing methods,
this cointegration test gives accurate predictions while being
computationally efficient. This indicates that the use of non-
combining cointegration tests yields more reliable and efficient
findings when compared with the use of individual t-tests or
system-based tests, as previously stated. Following Bayer and
Hanck (2013), the combination of the computed significance level

(p-value) of the individual cointegration test in this article is in
Fisher’s formula as follows:

EG − JOH � −2[In(PEG) + (PJOH)]
EG − JOH − BO − BDM � −2[In(PEG) + (PJOH) + (PBO)

+ (PBDM)] (3)
The possible p-values of several individual cointegration tests

to be extracted from Engle and Granger (1987), Johansen (1995),
Peter and Boswijk (1994), and Banerjee et al. (1998), PEG, PJOH,
PBO, and PBDM, respectively. To get evidence regarding the long-
run association, the calculated F-stat has to grater that the critical
value proposed by Bayer and Hanck (2013) is the rejection of the
null hypothesis “no cointegration.”

The generalized ADRL model for assessing the nexus between
economic policy uncertainty and knowledge spillover,
environment degradation, and green economy is as follows:

nGEt � α0 + βiGEt−1 + β2EPU t−1 + β3KSt−1 + β4CCt−1

+ β5X
p
t−1∑

M

j�1
λ0nGEt−j +∑N

j�1
λ1nEPUt−j +∑O

j�0
λ2nKSt−j

+∑P
j�0
λ3nCCt−j +∑Q

j�0
λ4nXp

t−j + εt

(4)
where GE stands for the green economy, EPU denotes economic
policy uncertainty, and KS explains knowledge spillover, CC for
climate change, and X* specify the list of control variables in the
equation, α is an intercept, the coefficient of β1 . . . . . . .. β5 explain
the long-run magnitude toward a green economy, and the
coefficients of λ0 . . . . . . . . . λ4 provide the short-run elasticity to
the green economy from EPU, KS, and CC and a list of control
variables, and finally, εt for the error correction term. The optimal
lag in empirical estimation notes with M, N, O, P, and Q is derived
by taking account into the Akaike Information Criterion (AIC).

To implement the ARDL model, the ordinary least square (OLS)
method is used to estimate Equation 8, and then cointegration
between the variables can be established in three different ways, first,
using the F-test of Pesaran et al. (2001) with the null hypothesis of no-
cointegration (H0 � β1 � β2 � β3 � β4 � 0) against the alternative
of cointegration (H0 � β1 ≠ β2 ≠ β3 ≠ β4 ≠ 0). Second, aWald test
(WPSS) also tests the above joint null. Third is the tBDM test statistic
of Banerjee et al. (1998) with the null hypothesis of no-cointegration
(H0: β1 � 0) against the alternative of cointegration (H0: β1 < 0).
The testing procedure uses two critical bounds: upper and lower. If
the values of the FPSS, WPSS, or tBDM statistics exceed the upper
bound, the null hypothesis is rejected. If they lie below the lower
critical bound, the null cannot be rejected, and if they lie between the
critical bounds, the test is inconclusive.

Nonlinear autoregressive distributed
lagged
To gauge the asymmetric effect of EPU, KS, and CC on the green
economy, the study employed nonlinear ARDL proposed by Shin et al.
(2014) and considered the following asymmetric long-run regression.
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GEt � (β+EPU+
1,t + β−EPU−

1,t) + (γ+KS+1,t + γ−KS−1,t) + (π+CC+
1,t

+ π−CC−
1,t) + εt

(5)
where β+, β−and δi are associated with long-run pavements,
β+; β− measure the effects of positive and negative shocks in
EPU and γ+; γ− for knowledge spillover, and π+; π− for climate
change on the green economy.

Since a new concept was proposed in estimating both long and
short run, a growing number of empirical studies are extensively
applied in their respective studies (see, for example, Ali et al.,
2018; Qamruzzaman and Jianguo, 2018a; Qamruzzaman and
Jianguo, 2018b; Qamruzzaman and Jianguo, 2018c). The
positive and negative shocks in EPU are represented in the
equation by EPU+

1,t; EPU
−
1,t, KS+1,t; KS−1,t; CC+

1,t; CC1,t, which
are calculated by using the following equations.

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

POS(EPU)1,t � ∑t
k�1

lnEPU+
k � ∑T

K�1
MAX(nlnEPUk, 0)

NEG(EPU)t � ∑t
k�1

lnEPU−
k � ∑T

K�1
MIN(nlnEPUk, 0)

(6)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

POS(KS)1,t � ∑t
k�1

lnKS+k � ∑T
K�1

MAX(nlnKSk, 0)

NEG(KS)t � ∑t
k�1

lnKS−k � ∑T
K�1

MIN(nlnSk, 0)
(7)

⎧⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎩

POS(ED)1,t � ∑t
k�1

lnEDI+k � ∑T
K�1

MAX(nlnEDk, 0)

NEG(ED)t � ∑t
k�1

lnED−
k � ∑T

K�1
MIN(nlnEDk, 0)

(8)

Shin et al. (2014) show that the linear model 1) can be
transformed into nonlinear ARDL by incorporating decomposition
of target variable in the equation, displayed in the following manner:

nGEt � zUt−1 + (β+EPU+
1,t−1 + β−EPU−

1,t−1) + (γ+KS+1,t−1
+ γ−KS−1,t−1) + (π+CC+

1,t−1 + π−CC−
1,t−1)

+ ∑m−1

j�1
λjnGEt−j0 +∑n−1

j�1
(π+EPU+

1,t−1 + π−EPU−
1,t−1)

+∑n−1
j�1
(π+KS+1,t−1 + π−KS−1,t−1) +∑n−1

j�1
(π+CC+

1,t−1

+ π−CC−
1,t−1) + εt (9)

Equation 6 can be rewritten in the following manner,

nGEt � zet−1 +∑k−1
j�1

λjnGEt−m0 + ∑k−1
m�1

(π+EPU+
1,t−1 + π−EPU−

1,t−1)

+ ∑k−1
m�1

(π+KS+1,t−1 + π−KS−1,t−1) +∑n−1
j�1
(π+CC+

1,t−1

+ π−FCC−
1,t−1) + εt

(10)

where et−1 � GEt−1 − (δ+EPU+
1,t−1 − δ−EPU−

1,t−1) − (δ+KS+1,t−1−
δ−KS−1,t−1) + (δ+CC+

1,t−1 − δ−CC−
1,t−1)θ is the nonlinear error

correction term with δ+ � −β+
z ; δ− � −β−

z ; γ+ � −β+
z ; γ− � −β−

z as
the long-run parameters. z � ∑m

j−1φj − 1, λj � ∑m
i�j+1φi for j=

1. . .., m. δ+ � ∑p
j�0δ

+
j ; δ

− � ∑q
j�0δ

−
j . The short-run adjustments

to positive and negative EPU, KS, and CC changes are captured
by π+, π−; µ+; µ−. To gauge the asymmetric relationship between
green economy, economic policy uncertainty, knowledge
spillover, and climate change, the following NARDL be
considered:

nGEt � α + zGEt−1 + β+EPU+
1,t−1 + β−EPU−

1,t−1 + γ+KS+1,t−1

+ γ−KS−1,t−1 + µ+CC+
1,t−1 + µ−CC−

1,t−1 +∑m1

j�1
λjnGEt−j

+∑m2

j�0
(π+EPU+

1,t−1) +∑m3

j�0
π−EUP−

1,t−1 +∑m4

j�0
(α+KS+1,t−1)

+∑m5

j�0
α−KS−1,t−1 +∑m6

j�0
(ρ+CC+

1,t−1) +∑m7

j�0
ρ−CC−

1,t−1 + εt

(11)

Toda–Yamamoto causality test
To establish directional causality between financial innovation,
money supply, interest rate, remittance and stock price, we
applied the non-causality test proposed by Toda and
Yamamoto (1995). Because traditional casualty tests are based
on F-statistics in a regression context to determine whether some
parameters in the model jointly zero (a stable VARmodel) are not
valid with variables are integrated. To overcome existing
limitations in the traditional causality test, Toda and
Yamamoto (1995) proposed a causality test utilizing the
Modified Wald test to restrict a VAR(k). The Toda and
Yamamoto (1995) causality test is based on the idea of Vector
autoregressive at level (P=K + Dmax) with correct VAR order K
and d extra lag, where d represents the maximum order of
integration of time series.

GEt � α0 +∑k
i�1
β1iGEt−i + ∑dmax

j�k+1
β2jGE +∑k

i�1
γ1iEPUt−i

+ ∑dmax

j�k+1
γ1jEPUt−j +∑k

i�1
φ1iKSt−i + ∑dmax

j�k+1
φ1jKSt−j

+∑k
i�1
φ1iCCt−i + ∑dmax

j�k+1
φ1jCCt−j +∑k

i�1
φ1iX

p
t−i + ∑dmax

j�k+1
φ1jX

p
t−j

+ ε1t

(12)

RESULTS AND INTERPRETATIONS

Variables order integration in empirical investigation plays an
important role in selecting the appropriate model. In the study,
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conventional unit root tests, including ADF test (Dickey and
Fuller, 1979), PP test (Phillips and Perron, 1988), GL-ADF test,
and KPSS test (Kwiatkowski et al., 1992), and the results are
displayed in Table 2 Study findings that expose variables are
integrated in mixed order, i.e., a few variables are stationary at
level estimation I (0), and a few variables become stationary after
the first difference I (1), but neither variables expose stationary
after second difference I (2). The properties of mixed order
integration are appropriate for applying autoregressive
distributed lagged (Pesaran et al., 2001; Qamruzzaman et al.,
2020).

Furthermore, the study performed a unit root test with
structural Barak following Zivot and Andrews, (2002), and the
results are shown in Table 3. After the first difference, the
associated p-value of T-stat confirms that the variables are
stationary, which is applicable for all estimations of the four
countries.

Suitable and efficient empirical model estimation refers to
selecting appropriate optimal lag. The study performs the lag
length criteria test under the VAR environment and considers
AIC as the benchmark criteria for lag length determination
criteria. According to AIC test statistics, the optimal lag for
Brazil, Russia, and India is 2, and for China is 1 (see, Table 4).

Following, taking appropriate lag, the study evaluates the
long-run association between GE, EPU, KS, and ED by
implementing the Bayer and Hanck (2013) combined
cointegration tests such as EG-JOH EG-JOH-BO-BDM tests.
The Fisher’s test statistics are displayed in Table 5. Study
findings document that several tests statistics are statistically
significant at a 1% level, indicating the long-run cointegrated
equation, especially when the green economy is treated as a
dependent variable in the equation.

In the next, the study moves to gauge both long-run and short-
run elasticity running from economic policy uncertainty (EPU),

TABLE 1 | Variable notation and proxy.

Variables Notation Measures References Data sources

Green economy GE GDP minus environmental expenditure Zhao et al. (2019) Author’s compilation
Economic policy uncertainty EPU Economic policy uncertainty index Baker et al. (2016) EPU index
Climate change CC Total greenhouse gas emissions (kt of CO2 equivalent) Sharif et al. (2020); Thornton et al. (2017) WDI
Knowledge spillover KS Foreign direct investment, net inflows (% of GDP) Zhao et al. (2019) WDI

Note. GDP, gross domestic product.

TABLE 2 | Results of Unit root test.

ADF GF−DLS PP KPSS ADF GF−DLS PP KPSS

For Brazil For Russia

GE −0.141 −2.248 −1.459 0.8450*** −0.775 −1.155 −0.754 0.5190***
EPU −2.258 −0.721 −0.216 0.4830*** −0.466 −1.721 −0.77 0.2200*
ED −0.933 −2.229 −0.729 0.3230*** −0.234 −2.806 −0.635 0.6400***
FDI −2.548 −1.492 −2.012 0.316*** −2.93 −2.746 −2.311 0.3010**
PR −2.353 −0.396 −2.342 0.834*** −1.382 −2.099 −0.327 0.8870***
FD −2.804 −2.751 −1.278 0.0010 −2.424 −0.243 −0.091 0.9900***
ΔGE −5.407*** −3.604*** −5.297*** 0.3530** −4.309*** −2.658*** −3.198**** 0.0820
ΔEPU −4.958*** −2.132*** −5.956*** 0.6470*** −6.056*** −2.074 −3.918*** 0.2130*
ΔED −5.393*** −3.711*** −4.108*** 0.3980** −7.623*** −4.921*** −4.902*** 0.3490***
ΔFDI −5.035*** −4.223*** −4.267*** 0.0260 −4.056*** −2.607** −3.367*** 0.0430
ΔPR −5.455*** −2.892*** −5.248*** 0.5870*** −7.87*** −3.476*** −5.475*** 0.0060
ΔFD −4.011*** −2.425*** −3.463*** 0.5350*** −6.609*** −3.991*** −3.186*** 0.0940

For India For China

GE −0.082 −2.362 −1.592 0.3170*** −2.262 −1.909 −1.358 0.3590***
EPU −0.842 −2.524 −2.014 0.4350*** −0.137 −0.167 −1.788 0.0440
ED −1.67 −2.851 −0.43 0.7350*** −0.412 −2.471 −1.381 0.5210***
FDI −2.437 −0.539 −0.668 0.5420*** −1.932 −1.693 −1.001 0.5550***
PR −1.505 −2.986 −2.362 0.3120*** −2.24 −2.854 −2.736 0.0360
FD −2.002 −1.118 −2.335 0.4910*** −0.759 −2.761 −2.193 0.0640
ΔGE −7.623*** −2.126** −3.892*** 0.8470*** −5.51 −2.135 −3.304 0.0970
ΔEPU −4.527*** −2.824** −5.578*** 0.0510 −7.674 −3.403 −4.686 0.0590
ΔED −5.569 −4.096*** −5.711*** 0.0350 −6.238*** −3.794*** −3.021*** 0.0250
ΔFDI −4.45 −4.808*** −3.05*** 0.0500 −6.603*** −2.301** −5.059*** 0.0850
ΔPR −6.994 −2.474** −4.667*** 0.0780 −5.412*** −2.764** −3.883*** 0.0130
ΔFD −6.522 −4.095*** −5.857*** 0.0590 −6.938*** −2.249** −4.507*** 0.0790

Note. ***/**/* indicates significant level at a 1%, 5%, and 10%, respectively.
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TABLE 3 | Result of Zivot Andrew Structural Break Unit Root Test.

Brazil Russia India China Brazil Russia India China

At level After first difference

GE −2.897 ()1999) −2.337 (1999) −3.91 (2002) −2.147 (1998) −6.336*** (1999) −5.169*** (2001) −6.713*** (2004) −5.102*** (2004)
EPU −3.294 (1995) −2.939 (2002) −3.343 (2007) −2.825 (2008) −4.171* (2001) −6.437*** (2011) −6.169*** (2011) −5.431*** (2003)
ED −2.112 (2007) −3.437 (2007) −3.654 (2008) −2.522 (2001) −6.803*** (2010) −4.654** (2001) −4.549** (2005) −5.272*** (2010)
FDI −2.969 (2004) −2.265 (2004) −3.877 (2004) −3.301 (2005) −6.259*** (2007) −5.606*** (2004) −6.493** (2002) −6.347*** (2007)
PR −2.134 (2005) −3.547 (2007) −2.952 (2004) −3.944 (2001) −5.861*** (2005) −6.118*** (2011) −6.179*** (2011) −5.791*** (2011)
FD −2.303 (2005) −2.279 (2008) −3.673 (2005) −2.099 (2004) −4.206* (2004) −5.162*** (2004) −5.732*** (1999) −4.419** (2010)

Note: ***/**/* indicates significant level at a 1%, 5%, and 10%, respectively. Critical values at 1%, 5%, and 10% are −4.8, −4.42, and −4.11, respectively.

TABLE 4 | Optimal lag length determination.

Lag LogL LR FPE AIC SC HQ

Panel –A: for Brazil

0 −56.23081 NA 0.006664 6.340085 6.538914 6.373735
1 −6.191044 73.74281* 0.000195 2.756952 3.751098 2.925201
2 18.36194 25.84525 0.000105* 1.856638* 3.646101* 2.159486
3 38.97046 13.01591 0.000157 4.371530 3.956311 1.808978*

Panel –B: for Russia

0 −29.04010 NA 0.000381 3.477905 3.676735 3.511555
1 8.377437 55.14164* 4.20e−05 1.223428 2.217574 1.391677
2 27.29176 19.90982 4.08e−05 0.916657 2.706120 1.219505
3 63.40105 22.80587 1.20e−05* −1.200111* 1.384670* −0.762663*

Panel –C: for India

0 −25.01896 NA 0.000249 3.054627 3.253456 3.088277
1 31.66230 83.53028* 3.62e−06* −1.227611 −0.233464* −1.059362*
2 48.00241 17.20012 4.62e−06 −1.263412* 0.526051 −0.960564
3 63.84022 10.00283 1.15e−05 −1.246339 1.338441 −0.808892

Panel –D: for China

0 −35.21873 NA 0.000730 4.128287 4.327117 4.161937
1 44.80156 117.9246* 9.08e−07* −2.610690* −1.616544* −2.442441*
2 55.97524 11.76177 1.99e−06 −2.102657 −0.313194 −1.799809
3 65.08053 5.750708 1.01e−05 −1.376898 1.207882 −0.939450

TABLE 5 | Results of Bayer and Hanck combined cointegration test.

EG−JOH EG−JOH−BO−BDM EG−JOH EG−JOH−BO−BDM

Panel –A: for Brazil Panel –A: for Russia

FGE|GE, EPU, FDI,ED 20.805 46.693*** 19.485 59.083***
FEPU|GE, EPU, FDI,ED 12.938 46.014 15.395 71.753**
FGE|GE, EPU, FDI,ED 13.684 44.76 16.522 50.567***
FGE|GE, EPU, FDI,ED 13.822 39.762 13.581 72.524

Panel –A: for India Panel –A: for China

EG−JOH EG−JOH−BO−BDM EG−JOH EG−JOH−BO−BDM

FGE|GE, EPU, FDI,ED 20.923 57.33*** 18.637 47.688***
FEPU|GE, EPU, FDI,ED 16.49 63.168*** 16.164 61.811***
FGE|GE, EPU, FDI,ED 17.142 38.522*** 14.383 68.349
FGE|GE, EPU, FDI,ED 15.361 65.156 15.917 57.577

Note: ***/**/* indicates significant level at a 1%, 5%, and 10%, respectively.
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spillover effects, climate change to a green economy by perfuming
autoregressive distributed lagged (ARDL) proposed by Pesaran
et al. (2001). The model estimation results are displayed in
Table 6, including panel–A reports results of cointegration,
long-run coefficients display in Panel–B, short-run coefficients
report in Panel-C, and residual diagnostic test available in Panel-
D, The long-run association between economic policy
uncertainty, knowledge spillover, environmental degradation,
and green economy is displayed in panel A of Table 6. The
modified F-test (FPSS) test statistics, advanced by Pesaran et al.
(2001). Second, a standard Wald-test (WPSS), which is the above
joint null hypothesis, and third, a t-test (tBDM) proposed by
Banerjee et al. (1998). Fpass, Wpass, and tBDM ascertain the
rejection of the null hypothesis at a 1% level of significance,
indicating the presence of co-movement among the research
variables in the long run. This conclusion is convincingly true
for all four countries concerned. Once the long-run association is
established, the study proceeds to evaluate the magnitudes of
independent variables on the green economy both in the long-run
and short-run.

Long-run coefficients report in panel-B of Table 6. For
economic policy impacts on the green economy, it is apparent
that adverse statistically significant effects run from EPU to GE in
all four countries estimation. More precisely, a 10% increase of

EPU can adversely cause in transforming the green economy by
1.39% in Brazil, 1.38% in Russia, 1.29% in India, and 1.81% in
China. According to the elasticity study findings due to EPU, the
Chinese economy will experience a higher degree of
disadvantageous position for transforming the green economy
than other pair countries. Study findings suggest that it is
inevitable to confirm stability in economic behavior by
subsidizing the critical factors, thus resulting in a study, Liu
et al. (2020) advocate that economic instability in terms of policy
concern can reduce the possibility for productive investment in
the economy that guides the achievement of a renewable
resource-based economy. Furthermore, the concentration of
ownership may enhance the inhibiting impact of economic
policy instability on investment by renewable energy
companies. However, it is not important for conventional
energy companies.

The impact of knowledge spillover exposes a positive
statistically significant association with the measures of green
economy, that is for Brazil (a coefficient of 0.141), for Russia (a
coefficient of 0.115), for India (a coefficient of 0.133), and China
(a coefficient of 0.121). Study findings suggest that knowledge
spillover measured by inflows of FDI plays a pivotal role in
achieving a green economy. Unambiguously, a 10% growth in
FDI inflows can augment the speed of green economy
transformation by 1.41% in Brazil, 1.15% in Russia, 1.33% in
India, and 1.21% in China. Study findings suggest that favorable
fiscal and monetary policies focusing on FDI inflows can
immensely move a green economy at ease. Study findings are
in line with those of Kumar and Sinha (2014), Asongu and
Odhiambo (2020), Sun and Wang (2015), and Zhao et al.
(2019). Asongu and Odhiambo (2020) assert that better
methods and end-use energy management can accomplish a
green economy and expand the adoption of renewable energy
sources. Therefore, encouraging greater expenditure on
renewable energies and energy conservation is essential in
creating more efficient economic growth.

The coefficient of climate change establishes a negative
statistically significant impact flowing toward green
economy transition in Brazil (a coefficient of −0.049), in
Russia (a coefficient of −0.052), in India (a coefficient of
−0.064), and China (a coefficient of 0.074). Study findings
suggest that the growth of green economy transformation can
dwindle due to environmental degradation with carbon
emission in the ecosystem, resulting from the application of
fossil energy rather than environmental adaptive energy
(Weisser, 2007). Tavakoli and Motlagh (2012) postulate that
sustainability in a green economy relies on applying natural
resources efficiently and prevents the present state of
environmental depreciation. Using renewable energies and
low carbon technologies come as a major subdivision of the
green economy (Gordon et al., 2008).

Results of short-run coefficients are displayed in Table 6 of
Panel-C. The coefficients of error correction term exhibit negative
statistical significance at a 1% level, indicating that the presence of
long-run convergence due to prior period shocks in variables with
a speed of 47.6% in model 1, 66.1% in model 2, 13.5% in model 3,
and 39.7% in model 4, respectively. Considering the short-run

TABLE 6 | Results of autoregressive distributed lagged.

[1] [2] [3] [4]

Panel−A: long−run cointegration test

Fpss 12.987*** 9.952*** 10.128*** 12.841***
Wpss 8.058*** 10.214*** 10.015*** 11.753***
tBDM −12.307*** −7.139*** −9.649*** −14.348***

Pane−B: long−run coefficients

EPU −0.139*** −0.138*** −0.129*** −0.181***
KS 0.141*** 0.115*** 0.133*** −0.121***
CC −0.049*** −0.052*** −0.064** −0.074**
PR 0.022*** −0.068** 0.055*** −0.081***
FD −0.019** −0.163*** 0.069*** 6.711*

Panel –C: Short−run Coefficients

C 9.089*** 54.112*** 8.701*** −1.467***
Trend 0.202** 0.115* 0.027* 0.005**
ζ −0.476*** −0.661*** −0.135*** −0.397***
ΔEPU −0.021*** −0.058*** −0.049* 0.003***
ΔCC −0.054*** −0.018** −0.016*** −0.071**
ΔKS 0.042** −0.014*** −0.018*** 0.036***
ΔPR 0.001* −0.586 0.002** 0.251*
ΔFD −0.015* −0.027* 0.099** −0.048*

Panel−D: Residual Diagnostic test

R2 0.789 0.792 0.329 0.287
F−test 10.384*** 10.667*** 45.054*** 12.587***
x2sR.corr 0.011 0.557 0.271 0.312

x2Nor 0.368 0.424 0.894 0.942

x2.hete 0.235 0.078 0.473 0.891

RESET 0.584 0.877 0.285 0.152

Note. The superscript of ***/**/* specify the level of significance at a 1%, 5%, and 10%,
respectively.
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magnitudes of EPU and climate change (CO2) to the
transformation of the green economy, the study documents
negative statistically significant tie expect in China for EPU
effects on the green economy. Nonetheless, the elasticity of
EPU and CO2 is negligible in terms of potential impacts. In
contrast, the impact of FDI inflows in the economy reveals a
positive statistically significant association with GE
transformation in BRIC nations. In regard to control variables
impacts on GE transformation, it is apparent from coefficients
that mixed effects are running, implying that with the varies of
state of the economy, the elasticity of financial development,
remittances, and economic growth on GE transformation cause
differently that is positive for some countries and negative for the
others.

Empirical models pass through several diagnostic tests for
ensuring internal consistency and efficiency in estimation. Results
of residual diagnostic test reports are shown in Panel-D of
Table 6. The p-value of associated test statistics confirms that
the empirical model is free from serial correlation. Furthermore,

the residuals are normally distributed, with no issue of
heteroskedasticity, and the RESET test validated the internal
stability of model construction.

The results of asymmetric estimation displayed in Table 7
consist of long-run asymmetric cointegration reports in Panel-A,
the long-run coefficient in Panel-B, the short-run coefficient in
Panel-C, and the residual diagnostic test in Panel-D.
Furthermore, the long-run asymmetric association has been
ascertained by implementing Fpass following Pesaran et al.
(2001) bound testing approach, Wpass with the joint Wald
test, and followed by tBDM. Study findings reveal that all the
test statistics are statistically significant at a 1% significance level.
Therefore, the finding suggests that the impacts from EPU, KS,
and CC may vary over the conventional facts in the long run.
Hence, the investigation of asymmetric impacts of EPU, KS, and
CC on green economy transformation has an underlying
intention and produces some important facts for all sample
countries. Panel–D of Table 7 displays the test statistics from
the standard Wald test for both long-run and short-run
asymmetric effects from economic policy uncertainty,
knowledge spillover, and climate change on the green
economy. Study findings document the asymmetry association
between green economy and target variables. Findings suggest
that the green economy process has experienced non-
conventional effects from EPU, KS, and CC.

The asymmetric coefficients that are positive and negative
shocks in economic policy uncertainty, knowledge spillover, and
environmental degradation on the green economy are displayed
in Panel—B ofTable 7 for asymmetric effects of EPU on the green
economy, the study reveals positive shocks, negative, and
statistically significant link with green economy transformation
for Brazil (a coefficient of −0.042), for Russia (a coefficient of
-0.0879), for India (a coefficient of −0.0535), and China (a
coefficient of −0.0373). These findings suggest that a 10%
augmentation of EPU in BRIC nations can produce a
disadvantageous state in the economy and block the green
economy transformation by 0.42% in Brazil, by 0.897% in
Russia, 0.535% in India, and by 0.373% in China. In
comparison, the negative shocks in EPU exposed mixed
association with a green economy that is the positive statistical
significant tie established in Brazil (a coefficient of 0.0146) and
Russia (a coefficient of 0.0208). Moreover, a negative statistically
significant linkage reveals in India (a coefficient of −0.078) and
China (a coefficient of −0.0741). Therefore, results of asymmetry
shocks in EPU on GE have been suggested that GE movements
can be accelerated with the reduction of interaction effects of EPU
in the economy of China and India.

Furthermore, controlling measures for lessening the effects
of EPU in Brazil and Russia shall not favor augmenting the state
of GE transformation since asymmetric shocks are positively
interconnected with GE movements. For the short-run, the
asymmetric effects of EPU on GE reveals both statistically
significant and insignificant association. More precisely,
positive shocks in EPU established a positive and statistically
significant connection with GE in Brazil (a coefficient of 0.0036)
and India (a coefficient of 0.0044). In contrast, a negative and
statistically significant linkage was disclosed for Russia (a

TABLE 7 | Results of an asymmetric investigation.

[1] [2] [3] [4]

Panel–A: long-run asymmetry cointegration

Fpss 11.264 10.35 8.762 11.034

Wpss 11.515 12.519 12.031 12.221

tBDM −9.244 −17.305 −17.391 −16.929

Long-run coefficients

EPU+ −0.0421*** −0.0879*** −0.0535*** −0.0373***

EPU− 0.0146*** 0.0208*** −0.0578*** −0.07741***

KS+ 0.081*** 0.0762*** 0.0825** 0.2333***

KS− 0.052*** 0.0943*** 0.1096*** 0.0621***

CG+ 0.0154*** 0.1343*** 0.0919*** 0.0531***

CG− −0.0084** 0.1848*** 0.0584** 0.0557***

FD 0.0977*** −0.0666*** 0.4361*** 0.1402**

PR −0.0613*** −0.0899** 0.0753*** −0.0336***

α 20.239*** 25.5953*** 26.2679*** 25.1275***

Short-run coefficients

ζ −0.8561*** −0.5837*** −0.2519*** −0.2873***

ΔEPU+ 0.0036*** −0.0015*** 0.0044*** −0.0052***

ΔEPU− −0.0039*** 0.0055 0.0085 −0.001***

ΔKS+ −0.0062** 0.0038*** 0.0036*** −0.0124***

ΔKS− −0.0014*** 0.0079** −0.0091** 0.0025***

ΔCG+ 0.0091 0.0038 0.0058 −0.0504

ΔCG− −0.0002** 0.0479 −0.0019* 0.2157

ΔFD 0.063** −0.0009 0.0073*** 0.0002***

ΔPR −0.1456 −2.1715 0.2296 −0.9336

Long- and short−run symmetry

WEPU
LR

9.708*** 12.817*** 10.212*** 6.91***

WKS
LR

12.009*** 6.706*** 11.494*** 12.05***

WGO2
LR

12.856*** 12.105*** 12.313** 9.386***

WEPU
SR

8.333*** 7.492*** 7.171*** 12.458***

WKS
SR

12.944*** 8.322*** 11.337*** 7.571***

WC02
SR

10.146*** 8.425*** 9.065** 7.159***

Residual diagnostic test

x2Auto 0.699 0.215 0.589 0.494

x2Het 0.401 0.347 0.907 0.023

x2Nor 0.914 0.525 0.212 0.764

x2RESET 0.316 0.658 0.427 0.285

CUSUM S S S S

CUSUM of square S S S S

Note. The superscript of ***/**/* specify the level of significance at a %1, 5%, and 10%,
respectively.
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coefficient of −0.0015) and China (a coefficient of −0.0052).
Moreover, negative shocks in EPU unveiled negative and
statistically significant running in GE transformation in
Brazil (a coefficient of −0.0039) and China (a coefficient of
−0.001).

The asymmetric effects of knowledge-spillover on green
economy. For the long run (see Panel-B). The study disclosed
that positive innovation in KS is positive and statistically
connected with GE in all sample countries. More particularly,
a 10% positive change in inflows of FDI can result in the
acceleration of the GE transition process by 0.81% in Brazil,
by 0.762% in Russia, by 0.825% in India, and by 2.33% in China.
On the other hand, a negative shock in KS can cause adversely in
the process of GE, indicating that negative shocks of KS found a
positive and statistically significant tie with GE. In particular, a
10% negative variation can block the transaction speed to GE by
0.52% in Brazil, by 0.943% in Russia, by 1.095% in India, and by
0.261% in China. Study findings suggest the pivotal role of FDI
inflows in the economy for achieving the goal of GE, implying
that inflows of FDI support technological advancement,
knowledge sharing for the advanced production processes, and
efficient industrialization.

Moreover, environmental efficiency is one output from FDI
presence in the economy. Therefore, the cost of environmental
protection shall be reduced. For the short-run, the positive shocks
in KS exposed positive and statistically significant with GE
progress in Russia (a coefficient of 0.0038) and in India (a
coefficient of 0.0036), whereas negative and statistically
significant tie divulged for Brazil (a coefficient of −0.0062) and
China (a coefficient of −0.0124).

Furthermore, referring to negative shocks in KS, the study
exposes positive and statistically significant ties with GE
economy transition activities in Russia (a coefficient of
0.0079) and China (a coefficient of 0.0025). In contrast, a
negative and statistically significant connection was disclosed
for Brazil (a coefficient of −0.0014) and India (a coefficient of
−0.0091). Aldieri et al. (2020) postulated that FDI inflows
allow transformation and transfer of technological
advancement and knowledge development; eventually,
knowledge diffusion establishes energy application and
consumption efficiency. Asongu and Odhiambo (2020)
advocated that FDI plays a crucial role in the effective
management of carbon emissions, transforming into a green
economy.

Panel B exhibits the long-run asymmetric effects of climate
change on the green economy. Study documents positive shocks
in climate changes can result in an adverse impact on green
economy development in Brazil (a coefficient of 0.0154), in
Russia (a coefficient of 0.1343), in India (a coefficient of
0.0919), and in China (a coefficient of 0.0531), implying that
the positive statistically significant tie between positive shocks in
climate change and green economy. At the same time, the
negative shocks in climate change exposed a positive
connection to GE transformation in Brazil (a coefficient of
-0.0084), in Russia (a coefficient of 0.1848), in India (a
coefficient of 0.0584), and in China (a coefficient of 0.0557).
Furthermore, the asymmetric assessment of climate change on

the green economy depicts in Panel–C in the short run. The study
reveals the statistically insignificant association between an
asymmetric shock in climate change and the green economy
expect negative shocks in CG for Brazil (a coefficient of −0.0002)
and India (a coefficient of −0.0019). Thus, the study established
a direct connection between climate change and green
economy transformation, indicating that initiatives favoring
lessening environmental degradation due to excessive carbon
emission are critically important for achieving a green
economy.

Refers to control variable’s effects on the green economy. In
the long run, the study documents that financial development
positively injects forces in the economy for transforming green
economy except for Russia. On the other hand, personal
remittances inflows adversely caused and dragged down the
green economy transformation process except in India. For
the short-run, control variables impacts are statistically
insignificant in most cases with the negligible magnitude of
variables coefficients.

The following section assesses directional association in the
empirical model by following the non-causality framework
familiarized by Toda and Yamamoto (1995). Table 8 depicts
the results of the causality test. The study unveils several
causalities between green economy, economic policy
uncertainty, knowledge spillover, and climate change in all
target countries. The study concentrated on the target casual
effects of the green economy and selected independent variables
in the model.

Refers to feedback hypothesis that is bidirectional causality,
study documents causal effects running between green
economy and economic policy uncertainty (GE←→EPU),
which is available in Brazil, India, and Russia, knowledge
spillover, and green economy (KS←→GE) available in
Brazil, Russia, and China, and climate change and green
economy (CC←→GE) offered in Russia. Furthermore, the
study documents unidirectional causal effects from climate
change to the green economy (CC→GE) available in Brazil and
India.

Robustness test
The study performed another single equation by following
the proposed dynamic framework by Alcántara and Padilla
(2009), commonly known as dynamic OLS, for checking the
long-run estimation with ARDL. DOLS application benefits
are that estimation can handle mixed order of variable
integration and eliminate the sample size based, i.e., small
sample size. The results of robustness estimation are displayed
in Table 9. It is obvious from the estimation that the sign and
statistical significance are in line with long-run estimation
using ARDL.

CONCLUSION AND POLICY
IMPLICATIONS

Over the past 2 decades, the idea of a green economy has emerged
with the clear intention of socio-economic development through
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a sustainable ecosystem, reducing the present state of
environmental degradation by lowering carbon emission and
poverty eradication from the economy (Ciocoiu, 2011; Barbier,
2016). The green economy is designed to reduce carbon emissions
and pollution at the operational level and improve energy
and resource usage (Lavrinenko et al., 2019). The motivation
of the study is to assess the effects of economic policy uncertainty
(EPU), knowledge spillover (KS), and climate change (CC) on the
green economy in BRIC nations for the period from 1991 to 2018.
To gauge the associations between green economy and target

variables study performed several econometrics tools, including
ARDL bound testing following Pesaran et al. (2001), nonlinear
ARDL following Shin et al. (2014), and directional causal effects
detected through implementing the non-granger causality
framework offered by Toda and Yamamoto (1995).

Empirical model estimation with symmetry association (see
Table 6), study findings document negative statistically
significant effects from EPU to the green economy. The
verdict is available in all four countries, in line with Song
et al. (2021). Study findings suggest that green economy

TABLE 8 | Results of Toda−Yamamoto causality test (dmax = 2).

GE EPU KS CG FD PR Remarks

Panel–A: for Brazil

GE — 11.374*** 10.203*** 4.306* 10.556*** 0.145 GE←→EPU; KS←→GE; CC−→GE; FD→GE; KS→EPU; FD←→EPU; CC→KS;
KS→CC; KS→PR; FD→PREPU 12.068*** — 10.639*** 0.366 11.203*** 0.398

KS 12.445*** 5.774* — 9.224** 4.435* 13.415***
CC 0.435 0.085 9.534** − 1.431 0.328
FD 0.189 10.278** 0.258 0.601 — 0.031
PR 0.395 0.068 10.141*** 0.199 7.098 —

Panel–B: for Russia

GE — 2.226 11.072*** 4.296* 1.659 12.556*** KS←→GE; CC←→GE; PR→GE; GE→EPU; FD←→EPU; EPU→KS; FD←→KS;
EPU→CC; KS→CC; PR←→CC; GE→FD; PR→FD

EPU
9.103** − 0.921 0.83 8.351** 1.62

KS 4.321* 6.141** — 1.288 9.106*** 2.584
CC 9.847*** 7.837** 8.191** — 3.071 6.822**
FD 20.906*** 17.259*** 16.686*** 0.708 — 5.969**
PR 0.432 1.402 0.256 11.969*** 0.435 —

Panel–C: for India

GE — 10.122*** 6.003* 7.374** 3.357 3.601 GE←→EPU; KS→GE; CC→GE; CC→EPU; EUP→KS; KS→CC; FD→CC; GE→FD;
EPU→FD; PR→FD; KS→PR

EPU
8.083** — 1.254 12.81*** 1.569 3.422

KS 1.046 11.435*** — 0.168 2.771 0.052
CC 0.658 0.057 6.167* — 7.113** 0.001
FD 12.004** 5.495* 2.987 3.975 — 11.846**
PR 0.258 0.907 10.151*** 0.647 5.152* —

Panel–D: for China —

GE — 4.783* 10.004*** 0.347 10.275*** 12.745*** EPU←→GE; KS←→GE; FD←→GE; PR→GE; PR←→KS; GE→CC; EPU→CC;
PR→CC; PR←→FDEPU 7.073** − 1.061 0.644 0.432 0.042

KS 12.844*** 1.879 — 3.232 0.819 12.334***
CG 14.011*** 17.344*** 3.309 — 1.911 9.375***
FD 10.24*** 1.809 0.377 0.199 — 7.382**
PR 0.377 0.305 10.211*** 0.337 4.375* —

TABLE 9 | Results of robustness with dynamic ordinary least square (OLS).

Brazil Russia India China

Coefficient t−stat Coefficient t−stat Coefficient t−stat Coefficient t−stat

EPU −0.131*** −19.599 −0.176 −22.339 −0.019*** 6.985 −0.072*** −13.752
KS 0.011** 11.537 0.213*** 72.689 0.0754*** 10.212 0.041*** 1.521
CC −0.056*** −10.486 −0.084*** −10.913 −0.097*** 10.015 −0.363*** −21.289
Constant −0.255 −0.606 43.502 2.211 2.28 0.408 8.565 2.648
R2 0.9948 0.9974 0.9912 0.9974
Adj. R2 0.9875 0.9945 0.9822 0.9942
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transformation requires stability state of macro activities because
volatility adversely caused the ineffective implementation of
transitional activities. Barbier (2011) advocated that a green
economy demands energy efficiency and clean technology
integration for mitigating ecological imbalance and ensuring
sustainable environmental development. Nexus between
knowledge spillover and the green economy exposed a
positive statistically significant association in all sample
countries. It is in line with Kumar and Sinha (2014). The
study finding suggests that inflows of FDI in the economy
might be advantageous through technological advancement
and knowledge sharing are the outcome. Additionally, the
possible causal effects that are inductive to the green
economy due to FDI can happen with the excessive
conventional energy consumption for industrialization.
Fostering energy-efficient investment and clean technology
development is the key to a green economy, but the
contribution from FDI still yet to be comprehensively
assessed (Asongu and Odhiambo, 2021).

On the other hand, the impact of climate change on the green
economy reveals negative and statistically significant. Study findings
suggest that the growth of green economy transformation can
dwindle due to environmental degradation with carbon emission
in the ecosystem, resulting from the application of fossil energy
rather than environmental adaptive energy (Weisser, 2007;
Poberezhskaya and Bychkova, 2021). Tavakoli and Motlagh
(2012) postulate that sustainability in a green economy relies on
applying natural resources efficiently and prevents the present state
of environmental depreciation. Therefore, using renewable energies
and low carbon technologies come as a major subdivision of the
green economy (Gordon et al., 2008).

Moreover, The asymmetric model investigation with the
standard Wald test confirms the asymmetric association between
green economy, economic policy uncertainty, knowledge spillover,
and climate change in the long-run and short-run (see Table 7).
Study findings suggest that progressive measures for accelerating the
present state of green economy transformation in BRIC nations have
to be initiated and implemented by considering the behavioral
dynamics of EPU, KS, and CC. Economic policy uncertainty that
is instability and volatility in aggregate economy persistently provoke
to initiate conservative action, thus decreasing the possibility and
prospects to achieve sustainable development with green economy
transformation. (Mikhno et al., 2021). In addition, a society that
makes better use of its energy and resources and reorganizes
industrial processes to cut down on waste is a key to
implementing long-term sustainable economic growth in all
domains. Green economic growth also demands implementing
structural changes in manufacturing processes and the kind and
quantity of resources utilized and implementing alternative methods
and resources (Frone and Constantinescu, 2014). Technological
advancement and innovation can positively affect the green
economy and intensify with FDIs optimization in the economy.
Therefore, innovation and technological know-how shall be
considered as a channel for socio-economic welfare and a driver
for sustainable development (Eaton, 2013).

Based on empirical findings aligned with existing literature,
the study offers policy suggestions for fostering a green economy

in BRIC nations. First, efficiency, either in the form of energy or
resource allocation in the economy is immensely important for
sustainable development with the concept of green transition
(Ringel et al., 2016; Matraeva et al., 2019). Second, energy
efficiency intensifies economic activities. The interaction effects
of environment and energy efficiency augment the effects of a
green economy on industries and the perspective effects on
business. Third, especially in the short run, energy efficiency
successfully managed the adverse effects on the green economy
due to excessive fossil fuel consumption.

Second, fostering a green economy has persistently required
adaptation and diffusion of innovation, indicating that
innovation allows knowledge sharing and technological
development to reduce environmental costs. Moreover, the
proliferation of new ideas, together with a commitment to
progress, is responsible for the emergence of novel scientific
theories with non-rival and non-excludable societal benefits.
Therefore, gaining the benefits from innovation for achieving
a green economy, it is pertinent to offer incentives to the
community. Furthermore, environmental policies that
incorporate environmental resources and future resource
scarcity into the industry and consumer decision-making and
innovation policies that either directly provide innovation or
provide incentives for industry to do so can help promote
innovation for the transition to a green economy.

Third, institutional efficiency, technological integration for
operational efficiency can also play a crucial role in achieving a
green economy. Tshangela (2014) postulated that institutional
capacity enhancement with technology could support the
process of green economy transition and significant
investment in technological research, development, and
implementation with the main goal of increasing resource
use efficiency, reducing waste and pollution, and developing
alternate alternatives for products and services, the eventual
output is to go for green economy transition. Institutional
capacity relates to the ability of the local government to oversee
all planned technology adoption, implementation, and usage.
It refers not only to technical operating and maintenance
capacity but also to concerns about delivering sustainable
services. It is critical to include and increase institutional
capacity considerations into policy procedures such as EIA
regulations to facilitate the transition to a green economy via
environmental technology assessment.

In conclusion, the idea of a green economy is yet to be
extensively established in literature with a common proxy
measure; the use of other indicators might produce diverse
output and other country integration in empirical estimation.
However, the transaction process to green economy demands a
close eye on every key macro fundament behavior so that the
measures and actions can be initiated and their impact on green
transition fully capitalized.

Empirical studies shall not be out of certain limitations, such
as proxy measures for research variables, econometrical tool
implementation, and data coverage. On this ground of present
study, the extended version can be revealed with selection of
proxy measures of green economy with green technological
integration. In case of independent variables, the role of
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institutional quality and good governance could possibly be
another choice in assessing the nexus in empirical estimation.
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