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A B S T R A C T

Green growth is a novel theme, gaining prominence in the current era. Therefore, this study investigates the
impact of green innovation and financial globalisation on green growth in the BRICS (Brazil, Russia, India,
China and South Africa) economies. The study employs the CS-ARDL model for the analysis. The findings con-
firm that the long-run estimates of environmental innovations and patents are positively significant, ensur-
ing that environment-related technologies are helpful in attaining green growth in the BRICS economies.
Moreover, the estimates of financial globalisation are significantly positive, suggesting that a rise in financial
globalisation leads to an increase in green growth in the BRICS economies. Our findings imply that, to pro-
mote green growth in the BRICS economies, policymakers should focus on R&D activities that can encourage
the development of green innovations.
© 2022 The Authors. Published by Elsevier España, S.L.U. on behalf of Journal of Innovation & Knowledge. This

is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

BRICS is an acronym for Brazil, Russia, India, China, and South
Africa, which are five large and emerging economies of the world.
These economies are prominent among the developing economies of
the world because of their impressive rate of economic growth and
efforts to attain sustainable development (Zhang et al., 2022). How-
ever, the challenges and problems faced by these countries in attain-
ing sustainable economic development include global warming,
health concerns, maintaining high economic growth, and the search
for clean and green energy sources. Nevertheless, these economies
have abundant natural resources and are equipped with the latest
technologies (Li et al., 2022). among them, China and India have a
large population, allowing them to take advantage of cheap labour,
and produce goods and services at a low cost using labour-intensive
production techniques. Meanwhile, the remaining three countries,
Russia, Brazil, and South Africa, are gifted with minerals and natural
resources, which they export to other countries.

Even though the idea of a green economy is not new, dating back
to the early 1970s, it gained popularity and prominence in 2009,
when international organisations directed the global community to
follow sustainable policies that could decouple economic growth and
CO2 emissions. In this regard, following the footprints of North Amer-
ica and Europe, BRICS economies, particularly China and India, also
started moving towards green growth via an increasing share of
renewable energy sources in their total energy mix (Gu et al., 2018;
Zhao et al., 2021b).

Green growth simply implies that production and demand-driven
emissions should be controlled by using green technological innova-
tions, to help attain ‘green production and supply chains’ (Ullah et al.,
2021). According to Mensah et al. (2019), the important determinants
of green growth include environmental technologies associated with
the production and distribution of energy. It is widely recognised
that green growth can be used as a viable solution to save energy and
mitigate CO2 emissions (Guo et al., 2017), and as a reasonable action
plan to control environmental damage (Sandberg et al., 2021). To
boost production efficiency, green growth depends mainly on tech-
nological innovation. Green technology can serve as an important
tool to attain green economic growth (Sohag et al., 2019), and its
implementation can also help decrease CO2 emissions (Chen et al.,
2022).

Technical efficacy can play a vital role in a steady and successful
CO2 mitigation strategy (Gielen et al., 2019); this fact is also sup-
ported by other studies (Usman et al., 2021; Wei & Ullah, 2022).
Other studies have found that renewable energy technologies are an
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important factor in reducing CO2 emissions (Lin & Zhu, 2019; Sarko-
die & Strezov, 2018). Technical efficiency combined with renewable
energy technologies is vital in the production of clean and green
energy with lower external costs and, consequently, lower carbon
emissions (Alam & Murad, 2020). From the above discussion, we can
deduce that technological innovation can help reduce energy con-
sumption by increasing energy efficiency (Banerjee & Murshed,
2020).

In the meantime, an increasing rate of economic growth has
brought the issues of resource scarcity and environmental degrada-
tion to the fore, shifting the focus of policymakers from the conven-
tional concept of economic growth to the modern concept of
sustainable development. In contrast to traditional economic growth
theorists, proponents of sustainable development have turned their
attention toward technological change as a catalyst to accomplish
green transformation (Aghion et al., 2016), because traditional eco-
nomic growth theories rely on laisser-faire equilibrium, which leads
to environmental degradation (Acemoglu et al., 2016). However,
Aghion et al. (2016) highlight the significance of environment-related
taxes and patents as the major driving forces behind technological
change that can mitigate CO2 emissions.

In this era of globalisation, technological innovation in one econ-
omy can be adopted by other economies because of spillover effects
(Pineiro-Chousa et al., 2019). Globalisation is another term for finan-
cial freedom and liberalisation, which is used to attract research and
development activities induced by foreign direct investments (Dau-
vergne, 2008). Globalisation enables an increase in trade activities,
which influences environmental quality through two effects, i.e., scale
and composition effects (Shahbaz et al., 2016). On the other hand, a
well-functioning and vibrant financial sector provides easy access to
a wide variety of financial products and services that can help pro-
mote R&D activities, boost technological innovations, and enhance
renewable energy projects that can significantly improve environ-
mental quality (Murshed, 2020; Akadiri & Adebayo, 2022). Similarly,
financial globalisation increases efficient and eco-friendly green inno-
vations via the technique effect, thereby improving green growth.

In light of the above discussion and due to the emergence of the
BRICS economies at the world economic and political stage and their
role in consuming natural resources of the world and affecting envi-
ronmental quality, we aim to examine the impact of green technolog-
ical innovation and financial globalisation on the CO2 emissions of
these economies over the period 1993−2019. The literature argues
that financial globalisation and green innovation are both key factors
in green growth. Both are expected to have a significantly positive
effect on green growth. To the best of our knowledge, this is the first
study to capture the influence of green technological innovation and
financial globalisation on CO2 emissions in the context of the BRICS
economies. The roles of green innovation and financial globalisation
have not been extensively explored in the current literature. Previous
studies have reported inconclusive results. Moreover, despite suffi-
cient effort, we are unable to find any study that explores the short-
term impact of green innovation and financial globalisation on green
growth in the BRICS economies. Global evidence, most specifically for
the BRICS economies, is missing in the literature.

Further, most of the earlier studies have overlooked cross-sec-
tional dependence (CD), which is not an option in this era of globali-
sation. However, in this study, we have addressed the issue of CD by
applying a novel technique known as the cross-sectional augmented
ARDL (CS-ARDL) model, which is a more robust technique than other
techniques. Finally, while most past studies have focused only on
long-run estimates, we have considered short- run estimates as well.
Our study employs the CS-ARDL approach to explore the impact of
financial globalisation and green innovation on green growth. This
technique has been used for several reasons. First, it provides efficient
long- and short-run estimates. Second, it is used to control cross-sec-
tional dependence among the selected economies of the sample.
2

Our study fills the existing gap in green growth literature in the
following ways. First, the prevailing literature on the nexus between
green innovation and green growth is limited. Additionally, we find
very few studies exploring the association between financial globali-
sation and green growth. Thus, the first contribution of our study is
that it explores the combined impact of green innovation and finan-
cial globalisation on green growth. The second contribution is that
our study utilises the CS-ARDL approach to provide result estimates
for long- and short-run periods. The findings of our study will provide
significant policy implications that may help policymakers in BRICS
economies design policies that ensure the long-term sustainability of
green growth.

The remainder of this paper is organised as follows: a literature
review is provided in Section 2; details about the data, model, and
method are explained in Section 3; results and discussion are given
in Section 4; and the conclusion and implications are summarised in
the last section.
Literature review

Green growth is defined as growth that occurs due to a reduction
in environmental and ecological security risks, and an upsurge in
human well-being (J€anicke, 2012). Economists have widely debated
that green innovation is a fundamental source of green growth. For
the first time, Schumpeter (1934) explored the nexus between tech-
nology innovation and economic growth and indicated that the for-
mer boosts the evolutionary process of the latter. Aghion & Howitt
(1992) reported that R&D in green technology has a positive impact
on economic development. Jiang et al. (2020) argue that R&D stimu-
lates innovations that promote green economic growth. Ahmed et al.
(2022) further add that innovation diffusion plays a prominent role
in the sustainability of economic development. However, owing to
emerging environmental and resource challenges, the research focus
has been gradually shifting towards attaining green growth in a more
eco-friendly manner, and technological innovation is now converging
towards sustainable green innovation (Hsu et al., 2021; Li et al.,
2021).

Two viewpoints emerged from the literature regarding the influ-
ence of green innovation on green growth. First, green technologies
and innovation contribute to green growth by reducing production
waste and pollution emissions (Ghisetti & Quatraro, 2017). By devel-
oping eco-friendly green technologies, organisations can reduce
energy consumption and pollution emissions, enabling green produc-
tion to enhance green growth. Additionally, green innovation and
technologies help in the reutilisation of production waste and recy-
cling (Zhang et al., 2019; Zhao et al., 2021a). Second, green technolo-
gies are considered constraints on green growth. It is justified as the
technological innovations produce a rebound effect that intensifies
energy consumption and pollution, ultimately shrinking the level of
green growth (Zhang et al., 2018). Another justification is that enter-
prises completely ignore environmental concerns, and pursue green
innovation only for profit maximisation, by saving capital and labour.
This may result in increasing environmental pollution and resource
wastage, which is detrimental to green growth (Zhang & Vigne,
2021). Hence, according to the second argument, green innovation
does not always result in green growth. Therefore, in view of reports
of both positive and negative impact, the findings of the existing liter-
ature on the relation between green innovation and green growth,
are inconclusive. Thus, we hypothesize:

Hypothesis 1. There is a positive relationship between green inno-
vation and green growth.

Financial globalisation, a determinant of liberalisation, financial
openness, and digital financial inclusion, increases the attractiveness
of R&D, and tends to enhance green growth (Chen et al., 2021; Huang
et al., 2021; Kose et al., 2008). Chinese firms hold cash to maintain
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financial stability and financial constraints (Lei et al., 2021). Cash
flows are positively associated with financial constraints (Deng &
Zhao, 2022). There is considerable debate among researchers and
policymakers regarding the impact of financial globalisation on eco-
nomic growth. Financial globalisation influences green growth
through three channels (Ulucak et al., 2020). The ‘scale effect’ channel
describes how financial globalisation expands economic activities,
leading to increased consumption of fossil fuels, which ultimately
reduces environmental quality, thereby diminishing green growth. In
contrast, the ‘technique effect’ channel states that by increasing effi-
cient and eco-friendly green innovation, financial globalisation may
reduce pollution emissions, thereby intensifying green growth. The
literature discusses another channel, the ‘composition effect’, which
describes an inconclusive association between financial globalisation
and green growth. According to this effect, financial globalisation
exerts both positive and negative effects on green growth depending
on output composition (Bhattacharya et al., 2016).

Jiang & Chang (2022) noted that financial globalisation positively
influences the host economy’s green growth. In contrast, Song et al.
(2015) reveal that the introduction of financial globalisation in the
industrial sector may reduce the productivity of pollution-intensive
enterprises, thereby reducing green growth. Wang et al. (2021)
report a negative influence of financial globalisation on the industrial
sector’s green productivity due to a spillover effect. Some studies
argue that financial globalisation causes technological innovation
that enhances green transformation in the host economies’ industrial
sector, thereby promoting green growth (Li et al., 2019). Additionally,
Lin et al. (2019) reported a positive impact of financial globalisation
on green productivity in Taiwan, Macao, and Hong Kong. Helen
(2017) reported a positive effect of financial globalisation on domes-
tic consumers, which tends to enhance green growth. Therefore, the
literature provides inconclusive evidence of the impact of financial
globalisation on green growth. Accordingly, we hypothesise as fol-
lows:

Hypothesis 2. There is a positive relationship between financial
globalisation and green growth.
Data and methodology

Variables and data description

This study investigates the impact of green innovation and finan-
cial globalisation on green growth in the BRICS economies from 1993
to 2019. Table 1 presents detailed information related to definitions,
symbols, descriptive statistics, and data sources. Environmentally
adjusted multifactor productivity was used to measure green growth.
Standard literature (Rodríguez et al., 2018; Hao et al., 2021) also
employs environmentally adjusted multifactor productivity to
denote green growth. As described in the literature, green innovation
is the most important determinant of green growth.
Table 1
Definitions and data descriptions.

Variable Definitions Mean Median Ma

GG Environmentally adjusted multifactor productivity 5.049 4.891 13.
EI Development of environment-related technologies,%

all technologies
9.130 9.160 16.

Patent Patent applications, total (residents and
nonresidents)

10.21 10.14 14.

FG Financial globalisation index 46.74 46.00 75.

GS General government final consumption expenditure
(% of GDP)

16.24 16.97 21.

HC Average years of primary schooling, age 15+, total 4.895 5.117 7.0
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Thus, following the studies conducted by Danish & Ulucuk (2020)
and Wei et al. (2022), this study adopted two variables. Environmen-
tal innovation is a proxy measure for green innovation, taken as the
percentage of environment-related technologies in all used technolo-
gies. Following Ullah et al. (2021), we used technological innovation
for the robustness of the results. Another major variable used in our
study is financial globalisation, which is measured using the financial
globalisation index. Following studies, such as Nasreen et al. (2020)
and Ulucak et al. (2020), we argue that financial globalisation is a
major determining factor of environmental performance that posi-
tively influences green growth. Furthermore, following Wei et al.
(2022), we use government size and human capital as control varia-
bles. Government spending is measured as the percentage of the gen-
eral government final consumption expenditure in Gross Domestic
Product (GDP). Finally, human capital is measured as the average
number of years of primary schooling. Data for this study were taken
from the OECD, the KOF Swiss Economic Institute, Barro and Lee, and
the World Bank.

Model and methods

Technological advancement is an important way to improve
energy efficiency, which, in turn, helps mitigate carbon emissions;
however, the flip side of the story is that an increase in energy effi-
ciency exerts pressure on natural resources and energy demand,
which causes CO2 emissions to rise, due to the rebound effect (Wang
and Wei, 2019). In general, while the development of technology has
proved to be vital in reducing CO2 emissions, it may also activate the
rebound effect, thereby spurring emissions (Gu et al., 2019). Thus,
the role of technological development in mitigating CO2 emissions by
increasing energy efficiency, is marginal (Sohag et al., 2019). Simi-
larly, financial globalisation raises technological innovation and
financial development by increasing economic development (Mis-
hkin, 2007). Financial globalisation is considered a determining factor
of financial openness, which raises R&D activities in host economies
(Petit, 2010). As discussed, an increase in financial globalisation pro-
duces three types of effects: composition, technique, and scale. It con-
tributes to increasing the technique and composition effects by
providing funds for investment into eco-friendly projects that subse-
quently ensure green growth.

Following Mensah et al. (2019) and Ulucak et al. (2020), we con-
structed the following model to analyse the impact of environment-
related technologies and financial globalisation in improving envi-
ronmental quality by promoting green growth and production-
driven emissions.

GGit ¼ h0 þ h1GIit þ h2FGit þ h3GSit þ h4HCit þ eit ð1Þ
Green growth (GG) is dependant on green innovation (GI), finan-

cial globalisation (FG), government spending (GS), human capital
(HC), and randomly distributed error terms (eit ). Green growth is the
growth of environmentally adjusted multifactor productivity. This is
measured by the ability of a country to generate income from
x Min S.D Skewness Kurtosis JB Prob. Sources

13 �6.233 3.351 �0.482 3.856 9.335 0.009 OECD
80 3.730 2.556 0.257 2.500 2.890 0.236 OECD

24 8.052 1.361 1.175 4.381 41.78 0.000 World bank

00 20.00 13.97 0.011 2.072 4.849 0.089 KOF Swiss
Economic Institute

06 9.802 3.182 �0.677 2.229 13.65 0.001 World bank

62 2.422 1.054 �0.572 2.899 7.416 0.025 Baroo and lee
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Table 2
Cross-sectional dependence.

GG EI FG GS HC

Pesaran’s test 2.770** 4.628*** 6.303*** �0.222 4.222***
Prob. 0.005 0.000 0.000 0.824 0.000
Off-diagonal elements 0.212 0.318 0.416 0.250 0.410

Note: ***p < 0.01; **p < 0.05; *p < 0.1.
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available resources, while considering the use of natural resources
and the production of environmental outputs. Green innovation is
useful in the transition of economic structures and helps to stimulate
green growth. We expect the estimate of h1 in Eq. (1) to be positive.
The literature notes that financial globalisation is an important deter-
minant of green growth, and thus, we expect the estimate of h2to be
positive. Finally, the estimates of h3 and h4 are positive. Specification
(1) is a long-term equation, whereas this analysis is interested in
both, short- and long-run estimates. Therefore, we must specify the
above equation in the format of error correction, as shown below:

DGGit ¼ Ci

þ λi GGit�1 � biXit�1 � YiCit�1 � f1iGGt�1 � d2Xt�1 � p2Ct�1

�

þ
Xp�1

j¼1

uijDGGit�j þ
Xq�1

j¼0

hijDXit�j þ
Xq�1

j¼0

tijDCit�j

þ h1iDGGt þ h2iDXt þ h3iDCt þ eit

ð2Þ
Specification (2) is an augmented version of the PMG-ARDL model

and is known as CS-ARDL model first presented by Chudik & Pesaran
(2013). Most previous studies have relied on first-generation panel
data estimation techniques, such as POLS, DOLS, and FMOLS, which
have many shortcomings, and provide biased and unpredictable
results (Danish & Ulucuk, 2020). However, CS-ARDL has several
advantages over these estimation techniques. First, it can account for
the integrating properties of the model variables; therefore, it can
handle an equation with a mixture of I(0) and I(1) variables, thereby
providing robust results in the case of non-stationary series. More-
over, the problem of CD, if ignored, provides biased estimates, how-
ever, the CS-ARDL model is capable of efficiently handling this issue,
as well as that of slope heterogeneity (Chudik & Pesaran, 2013).
Another advantage of this technique is that it can provide both long-
and short-run estimates, with no extra effort, and by analysing only
one equation. Further, the addition of a short-run dynamic process
can solve the endogeneity problem. Finally, it performs efficiently in
case of small sample sizes.

Results and discussion

As this study uses panel data, it is compulsory to check the CD
properties of the data. For this purpose, we use Pesaran’s (2004) CD
test. Table 2 shows the results of the CD test. The results reveal that
all economies are CD, as shown by the statistically significant coeffi-
cient estimates. This shows that any variation in one economy will
definitely influence the others in the sample. In the next step, it is
mandatory to detect the stationarity properties of the data. In this
regard, we applied the IPS, LLC, and ADF unit root tests. These tests
efficiently detect the unit root properties of panel data. In Table 3, the
results of the LLC unit root test show that GG, EI, FG, and HC are I(0)
stationary variables, whereas FS is an I (1) stationary variable.
Table 3
Panel unit root test.

LLC ADF

I(0) I(1) Decision I(0) I(

GG �4.063*** I(0) �5.994***
EI �1.370* I(0) �2.367***
Patent �2.365*** I(0) �2.302*
FG �1.749** I(0) 0.188 �
GS �0.021 �2.663*** I(1) 0.014 �
HC �2.981*** I(0) �2.118*

Note: ***p < 0.01; **p < 0.05; *p < 0.1.
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However, the results of the ADF and IPS tests reveal that GG, EI, and
HC are I(0) stationary variables, whereas FG and FS are I (1) stationary
variables. To test the long-run co-integration among the variables, we
used the Westerlund panel co-integration test. Table 4 presents the
results of the panel co-integration tests, revealing that a long-run co-
integration link exists among the selected variables of the model.

The panel estimates of the green growth model are presented in
Table 5. The results show that the effect of environmental innovation
is positive and significant for long-term green growth. The table
shows that a 1 percent increase in environmental innovation tends to
enhance green growth by 0.065 percent in the long term. The appli-
cation of CS-ARDL and PMG-ARDL confirm the positive influence of
environmental technologies on green growth in the BRICS econo-
mies. Danish & Ulucuk (2020) and Liu et al. (2020) found similar find-
ings. Our empirical findings support hypothesis (1). The promotion of
technological innovation may help reduce carbon emissions by
enhancing the efficiency of production techniques and altering
energy structures. Advanced environmental measures promote the
development of technologies, particularly environment-related ones.
This finding is also supported by Wang et al. (2021), who noted that
the development of green technologies in the energy sector helps
increase the demand for renewable energy. This, in turn, increases
renewable energy intensity and green growth. Such advantageous
effects may appear gradually in BRICS nations. On one hand, the
development of energy technology greatly improves the efficiency of
production equipment; on the other hand, the promotion of environ-
ment-related energy innovations may improve environmental sus-
tainability. During the development of green technologies, replacing
fossil fuels with clean energy sources may become possible, which
will help mitigate carbon emissions. Another possible reason is that
innovation plays an essential role in promoting and developing tech-
nological processes that reduce energy consumption by promoting
energy conservation, in turn, improving green economic develop-
ment.

Financial globalisation positively and significantly influences
long-term green growth. A 1 percent increase in financial globalisa-
tion leads to a 0.071 percent increase in green growth. Our empirical
findings support hypothesis (2). This finding is also supported by the
“pollution halo” hypothesis (Xu and Deng, 2012), which noted that
financial inflow brings in new technologies to host nations and pro-
motes green growth. This finding implies that financial globalisation
can serve as an essential driver of importing clean technologies from
advanced economies. This may instigate technique and composition
IPS

1) Decision I(0) I(1) Decision

I(0) �3.752*** I(0)
I(0) �2.411** I(0)
I(0) �2.023* I(0)

6.903*** I(1) �1.477 �4.110*** I(1)
2.302*** I(1) �2.015 �4.270*** I(1)

I(0) �2.306£8 I(0)



Table 4
Westerlund panel cointegration.

Statistic Gt Ga Pt Pa

Value �3.566** �8.768 �7.991*** �17.09*
z-value 2.213 1.881 2.637 1.447
P-value 0.014 0.970 0.004 0.074

Note: ***p < 0.01; **p < 0.05; *p < 0.1.

R. Chen, M. Ramzan, M. Hafeez et al. Journal of Innovation & Knowledge 8 (2023) 100286
effects in emerging economies, allowing them to transform their
economies and rely more on ‘clean’ sectors (Ulucak et al., 2020). Our
findings support those of Kihombo et al. (2022) and Wang et al.
(2022), confirming the positive role of financial globalisation in the
green economy. They confirmed that the technique effect dominates
the scale effect in these economies. However, these results are not
Table 5
Panel estimates of green growth.

Basic model Variable based robu
CS-ARDL CS-ARDL

Variable Coefficient t-Stat Coefficient

Long-run
EI 0.065** 2.056
PATENT 0.492*
FG 0.071** 2.540 0.085***
GS 0.337* 1.722 0.420**
HC 0.328 0.483 0.968
Short-run
D(EI) 0.004 0.045
D(EI(�1))
D(PATENT) 1.553*
D(FG) 0.042 0.760 0.062
D(FG(�1))
D(FG(�2))
D(GS) 0.314** 2.007 0.171
D(GS(�1))
D(GS(�2))
D(HC) 0.684 0.432 0.873
D(HC(�1))
C 4.184*** 7.413 6.636***
ECM(�1) �0.780*** 8.063 �0.746***

Note: ***p < 0.01; **p < 0.05; *p < 0.1.

Table 6
Economy-wise estimates of green growth.

Brazil Russia India
Variable Coefficient t-Stat Coefficient t-Stat Coef

Short-run
EI 0.581*** 2.767 0.117 0.384 �0.2
EI(�1) 0.791 2.815
FG 0.127 1.231 0.034 0.589 0.034
FG(�1)
GS 0.720 1.427 0.601 1.402 1.069
GS(�1) 1.031 1.076
HC 1.658 2.037 1.676 1.272 1.504
HC(�1) 1.723 1.366
Long-run
EI 0.471*** 3.001 1.540*** 4.471 0.147
FG 0.103 1.212 0.026 0.609 0.025
GS 0.583 1.400 1.273*** 4.280 0.767
HC 2.376 1.451 2.868 1.282 3.230
C 7.440* 1.888 6.474*** 4.147 6.349
Diagnostics
F-test 7.235*** 11.25*** 4.635
ECM(�1) �0.355*** 7.394 �0.482*** 9.547 �0.3
LM 0.356 0.321 1.365
RESET 0.524 1.254 0.147
CUSUM S S S
CUSUM-sq S S S

Note: ***p < 0.01; **p < 0.05; *p < 0.1.
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supported by previous studies, such as Farouq et al. (2021) and Shah-
zad et al. (2022).

The findings show that government spending produces significant
and positive improvements in green growth in the long run. It shows
that a 1 percent increase in government spending tends to improve
green growth by 0.337 percent in the long run. However, the impact
of human capital on green growth is statistically insignificant in the
long term. The short-run findings show that the impacts of environ-
mental innovation, financial globalisation, and human capital on
green growth are insignificant. However, government spending
reports a statistically significant increase in green growth in the short
term. The findings of the variable-based and method-based robust
models are consistent in magnitude and sign. The ECM term is nega-
tive and statistically significant, revealing a possibility of convergence
towards equilibrium (in case of any disequilibrium). These findings
stness Method based robustness
ARDL-PMG

t-Stat Coefficient t-Stat

0.062** 2.225
1.904
3.343 0.066*** 5.115
2.022 0.307** 2.420
1.392 0.876*** 2.307

0.015 0.146
0.134 0.921

1.818
1.097 0.061 0.786

0.217*** 3.920
0.095 0.585

0.745 1.616*** 10.25
0.947*** 3.013
0.597 1.537

0.579 0.961 0.429
�0.925 0.394

7.751 7.957*** 3.672
9.946 �0.664*** 7.637

China South Africa
ficient t-Stat Coefficient t-Stat Coefficient t-Stat

05 0.746 0.635*** 2.983 0.080 0.751

0.306 0.176*** 3.096 0.080** 2.290
0.180** 2.156

1.642 0.764** 2.406 0.710 1.488
0.620 1.014

2.281 0.717 0.672 0.585 0.797
1.925 1.351

0.723 0.761*** 2.796 0.082 0.739
0.303 0.146*** 3.305 0.082** 2.506

* 1.702 0.915*** 2.789 0.428 1.154
** 2.112 2.162** 2.004 0.602 0.797

1.107 7.288*** 4.870 5.847 1.249

*** 7.789*** 5.986***
94*** 5.947 �0.535*** 7.777 �0.372*** 6.635

1.356 0.365
0.365 1.542
S S
S S
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also confirm the existence of long-run co-integration in basic and
robust models.

Table 6 presents the economy-wise estimates for the green
growth model. The ARDL method was used to obtain economic coeffi-
cient estimates. It has been reported that the impact of environmen-
tal innovation is significant and positive on green growth in Brazil,
Russia, and China in the long run. The coefficient estimates show that
a 1 percent increase in environmental innovation increases green
growth by 0.471 percent in Brazil, 1.540 percent in Russia, and 0.761
percent in China in the long run. Financial globalisation brings about
a significant and positive increase in green growth in the case of
China and South Africa in the long run. This implies that a 1 percent
increase in financial globalisation increases green growth by 0.146
percent in China, and 0.082 percent in South Africa, in the long run.
Regarding control variables, the findings show that government
spending increases green growth significantly and positively in Rus-
sia, India, and China in the long run. A 1 percent expansion in govern-
ment spending improves green growth by 1.273 percent in Russia,
0.767 percent in India, and 0.915 percent in China in the long run.
However, human capital tends to significantly increase green growth
in India and China in the long run. It was found that a 1 percent rise
in human capital tends to increase green growth by 3.230 percent in
India and 2.162 percent in China in the long run.

The short-run findings reveal that environmental innovation
causes a significant and positive improvement in green growth in the
case of Brazil and China; however, the association is statistically
insignificant for the remaining economies. Financial globalisation
reports significant and positive improvements in green growth only
in the case of China and South Africa. In terms of control variables,
the findings show that government spending brings about a signifi-
cant and positive increase in green growth only in the case of China,
while human capital has a statistically insignificant impact on green
growth in all BRICS economies in the short run. The results of some
important diagnostic measures are shown in the lower panel of
Table 6. The application of these tests was mandatory to confirm the
validity of the results. The coefficient estimates of the F-stat and ECM
terms confirm the long-run co-integration association among the
variables in all models of the BRICS economies. Moreover, the nega-
tive sign associated with the coefficient estimates of the ECM term
confirms the convergence towards stability. The results of the LM test
confirm that no autocorrelation problem exists in the models. How-
ever, the Ramsey RESET and CUSUM tests confirm the correct specifi-
cation and stability of the model.

Conclusion and implications

Over the last three decades, the issue of sustainability has received
paramount importance, becoming the focal point of all international
forums. As a result, the attention of policymakers, environmental
experts, and researchers has shifted towards the notion of green
growth, which necessitates the complete elimination of CO2 emis-
sions during the production process, leading to sustainable economic
development. Although previous studies have primarily focused on
the determinants of environmental quality, very few have focused on
the aspects of green growth. To fill this gap in the literature, this
study investigates the factors that can impact green growth in the
BRICS economies. Following the latest estimation techniques, we
checked the CD and panel unit root tests, which suggest that second-
generation estimation techniques should be applied. Hence, we used
the CS-ARDL model to solve the CD and slope heterogeneity issues.

The results of the CS-ARDL model confirm that the long-run esti-
mates of environmental innovations and patents are positively signif-
icant, ensuring that environment-related technologies are helpful in
attaining green growth in the BRICS economies. Likewise, the esti-
mate of environmental invention is significant and positive in the
ARDL-PMG model. Moreover, the estimates of financial globalisation
6

are significantly positive in all three models, suggesting that financial
globalisation expands green growth in the BRICS economies. While
the estimates of GS are significantly positive in all models, those of
human capital are significant only in the ARDL-PMGmodel.

Our findings have significant policy implications. The findings of
the study imply that environment-related technologies help improve
green growth; therefore, policymakers should focus on R&D activities
that can promote the development of green innovations. For instance,
policymakers should turn the flow of funds towards investment in
green technologies, including renewable energy technologies, which
will positively impact economic growth without compromising envi-
ronmental quality. Meanwhile, it is also necessary to increase invest-
ment in R&D to develop technological innovation. Governments of
BRICS nations should also implement measures to encourage indus-
trial enterprises to adopt green innovation in the production process,
removing any unnecessary barriers in the process.

Collaboration among major economies regarding the develop-
ment of environmental technologies will be helpful in combating the
menace of climate change and global warming. The rising level of
financial globalisation has generated financial development in
domestic markets. It is expected that well-developed and strong
domestic financial markets can provide more funds for green innova-
tion and the production and transfer of green technologies. Further,
financial globalisation can also help economies collaborate financially
to attain superior environmental practices and develop innovations
that can help promote green growth.

The analysis has focused only on the BRICS economies; therefore,
the inference drawn from the study should be used with great cau-
tion. Future studies should gather larger datasets and focus on other
economies and regions. Another limitation of our study is that it pro-
vides a symmetric analysis of the concern variables. Future studies
could explore the asymmetric impact of financial globalisation and
green innovation on green growth. Future research could improve
the definition of the green growth index by adding environmental
services.

Funding information

This work was supported in part by the Shandong Social Science
Planning Project: Research on transformation and upgrading of Shan-
dong free trade port zone to “free trade zone” under the background
of digital trade approval (No:19BJCJ30).

References

Acemoglu, D., Akcigit, U., Hanley, D., & Kerr, W. (2016). Transition to clean technology.
Journal of Political Economy, 124(1), 52–104.

Aghion, P., & Howitt, P. (1992). A model of growth through creative destruction. Econo-
metrica: Journal of the Econometric Society, 60(2), 323–351.

Aghion, P., Dechezleprêtre, A., Hemous, D., Martin, R., & Van Reenen, J. (2016). Carbon
taxes, path dependency, and directed technical change: Evidence from the auto
industry. Journal of Political Economy, 124(1), 1–51.

Ahmed, F., Kousar, S., Pervaiz, A., Trinidad-Segovia, J. E.,
del Pilar Casado-Belmonte, M., et al. (2022). Role of green innovation, trade and
energy to promote green economic growth: A case of South Asian Nations. Envi-
ronmental Science and Pollution Research, 29(5), 6871–6885.

Akadiri, S. S., & Adebayo, T. S. (2022). Asymmetric nexus among financial globalization,
non-renewable energy, renewable energy use, economic growth, and carbon emis-
sions: Impact on environmental sustainability targets in India. Environmental Sci-
ence and Pollution Research, 29, 16311–16323.

Alam, M. M., & Murad, M. W. (2020). The impacts of economic growth, trade openness
and technological progress on renewable energy use in organization for economic
co-operation and development countries. Renewable Energy, 145, 382–390.

Banerjee, S., & Murshed, M. (2020). Do emissions implied in net export validate the pol-
lution haven conjecture? Analysis of G7 and BRICS countries. International Journal
of Sustainable Economy, 12(3), 297–319.

Chen, J., Rojniruttikul, N., Kun, L. Y., & Ullah, S. (2022). Management of green economic
infrastructure and environmental sustainability in one belt and road enitiative
economies. Environmental Science and Pollution Research, 1–11.

Chen, Y., Kumara, E. K., & Sivakumar, V. (2021). Investigation of Finance industry on
risk awareness model and digital economic growth. Annals of Operations Research.
doi:10.1007/s10479-021-04287-7.

http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0001
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0001
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0002
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0002
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0003
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0003
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0003
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0003
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0004
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0004
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0004
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0004
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0005
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0005
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0005
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0005
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0006
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0006
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0006
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0007
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0007
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0007
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0008
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0008
http://refhub.elsevier.com/S2444-569X(22)00121-4/sbref0008
http://dx.doi.org/10.1007/s10479-021-04287-7


R. Chen, M. Ramzan, M. Hafeez et al. Journal of Innovation & Knowledge 8 (2023) 100286
Chudik, A., & Pesaran, M. H. (2013). Large panel data models with cross-sectional depen-
dence: A survey (No. 4371). CESifo.

Danish, & Ulucak, R. (2020). How do environmental technologies affect green growth?
Evidence from BRICS economies. Science of the Total Environment, 712, 136504.

Deng, L., & Zhao, Y. (2022). Investment Lag, Financially constraints and company value
evidence from China. Emerging Markets Finance and Trade. doi:10.1080/
1540496X.2021.2025047.

Farouq, I. S., Sambo, N. U., Ahmad, A. U., Jakada, A. H., & Danmaraya, I. A. (2021). Does
financial globalization uncertainty affect CO2 emissions? Empirical evidence from
some selected SSA countries. Quantitative Finance and Economics, 5, 247–263.

Ghisetti, C., & Quatraro, F. (2017). Green technologies and environmental productivity:
A cross-sectoral analysis of direct and indirect effects in Italian regions. Ecological
Economics, 132, 1–13.

Gielen, D., Boshell, F., Saygin, D., Bazilian, M. D., Wagner, N., & Gorini, R. (2019). The role
of renewable energy in the global energy transformation. Energy Strategy Reviews,
24, 38–50.

Gu, J., Renwick, N., & Xue, L. (2018). The BRICS and Africa’s search for green growth,
clean energy and sustainable development. Energy Policy, 120, 675–683.

Guo, X., Lu, C. C., Lee, J. H., & Chiu, Y. H. (2017). Applying the dynamic DEA model to
evaluate the energy efficiency of OECD countries and China. Energy, 134, 392–399.

Hao, L. N., Umar, M., Khan, Z., & Ali, W. (2021). Green growth and low carbon emission
in G7 countries: How critical the network of environmental taxes, renewable
energy and human capital is? Science of The Total Environment, 752, 141853.

Hsu, C. C., Quang-Thanh, N., Chien, F., Li, L., & Mohsin, M. (2021). Evaluating green inno-
vation and performance of financial development: Mediating concerns of environ-
mental regulation. Environmental Science and Pollution Research, 28(40), 57386–
57397.

Huang, C., Wu, X., Wang, X., He, T., Jiang, F., . . . Yu, J. (2021). Exploring the Relationships
between achievement goals, community identification and online collaborative
reflection: A deep learning and bayesian approach. Educational technology & soci-
ety, 24(3), 210–223.

J€anicke, M. (2012). Green growth”: From a growing eco-industry to economic sustain-
ability. Energy Policy, 48, 13–21.

Jiang, C., & Chang, Y. (2022). Clean energy projects in Asian economies: Does FDI and
stock market matter for sustainable development? Economic Research-Ekonomska
Istra�zivanja, 1–15.

Jiang, Z., Lyu, P., Ye, L., & wenqian Zhou, Y. (2020). Green innovation transformation,
economic sustainability and energy consumption during China’s new normal
stage. Journal of Cleaner Production, 273, 123044.

Kihombo, S., Vaseer, A. I., Ahmed, Z., Chen, S., Kirikkaleli, D., & Adebayo, T. S. (2022). Is
there a tradeoff between financial globalization, economic growth, and environ-
mental sustainability? An advanced panel analysis. Environmental Science and Pol-
lution Research, 29(3), 3983–3993.

Kose, M. A., Di Giovanni, M. J., Faria, M. A., Schindler, M. M., Dell’Ariccia, M. G.,
Mauro, M. P., et al. (2008). Reaping the benefits of financial globalization. Interna-
tional Monetary Fund.

Lei, X. T., Xu, Q. Y., & Jin, C. Z. (2021). Nature of property right and the motives for hold-
ing cash: Empirical evidence from Chinese listed companies. Managerial and Deci-
sion Economics. doi:10.1002/mde.3469.

Li, W., Wang, J., Chen, R., Xi, Y., Liu, S. Q., Wu, F., et al. (2019). Innovation-driven indus-
trial green development: The moderating role of regional factors. Journal of Cleaner
Production, 222, 344–354.

Li, X., Lai, X., & Zhang, F. (2021). Research on green innovation effect of industrial
agglomeration from perspective of environmental regulation: Evidence in China.
Journal of Cleaner Production, 288, 125583.

Li, X., Ozturk, I., Majeed, M. T., Hafeez, M., & Ullah, S. (2022). Considering the asymmet-
ric effect of financial deepening on environmental quality in BRICS economies: Pol-
icy options for the green economy. Journal of Cleaner Production, 331, 129909.

Lin, B., & Zhu, J. (2019). Determinants of renewable energy technological innovation in
China under CO2 emissions constraint. Journal of Environmental Management, 247,
662–671.

Liu, Y., Zhu, J., Li, E. Y., Meng, Z., & Song, Y. (2020). Environmental regulation, green
technological innovation, and eco-efficiency: The case of Yangtze river economic
belt in China. Technological Forecasting and Social Change, 155, 119993.

Mensah, C. N., Long, X., Dauda, L., Boamah, K. B., Salman, M.,
Appiah-Twum, F., et al. (2019). Technological innovation and green growth in the
Organization for Economic Cooperation and Development economies. Journal of
Cleaner Production, 240, 118204.

Mishkin, F. S. (2007). Is financial globalization beneficial? Journal of Money, Credit and
Banking, 39(2−3), 259–294.

Murshed, M. (2020). An empirical analysis of the non-linear impacts of ICT-trade open-
ness on renewable energy transition, energy efficiency, clean cooking fuel access
and environmental sustainability in South Asia. Environmental Science and Pollution
Research, 27(29), 36254–36281.
7

Nasreen, S., Mahalik, M. K., Shahbaz, M., & Abbas, Q. (2020). How do financial globaliza-
tion, institutions and economic growth impact financial sector development in
European countries? Research in International Business and Finance, 54, 101247.

Pesaran, M. H. (2004). General diagonist tests for cross section dependence in panels.
Mimeo: University of Cambridge june 2004.

Petit, P. (2010). Financial globalization and innovation: Lessons of a lost decade for the
OECD economies. Macroeconomics, Finance and Money (pp. 327−343). London: Pal-
grave Macmillan.

Pineiro-Chousa, J., Vizcaíno-Gonz�alez, M., & Caby, J. (2019). Financial development and
standardized reporting: A comparison among developed, emerging, and frontier
markets. Journal of Business Research, 101, 797–802.

Rodríguez, M. C., Ha�s�ci�c, I., & Souchier, M. (2018). Environmentally adjusted multifactor
productivity: Methodology and empirical results for OECD and G20 countries. Eco-
logical Economics, 153, 147–160.

Sandberg, N. H., Næss, J. S., Brattebø, H., Andresen, I., & Gustavsen, A. (2021). Large
potentials for energy saving and greenhouse gas emission reductions from large-
scale deployment of zero emission building technologies in a national building
stock. Energy Policy, 152, 112114.

Sarkodie, S. A., & Strezov, V. (2018). Empirical study of the environmental Kuznets
curve and environmental sustainability curve hypothesis for Australia, China,
Ghana and USA. Journal of Cleaner Production, 201, 98–110.

Schumpeter, J. A. (1934). The theory of economic development: An inquiry into profits,
capital, credit, interest and the business cycle. Harvard University Press Cambridge,
MA.

Shahbaz, M., Mallick, H., Mahalik, M. K., & Sadorsky, P. (2016). The role of globalization
on the recent evolution of energy demand in India: Implications for sustainable
development. Energy Economics, 55, 52–68.

Shahzad, U., Ferraz, D., Nguyen, H. H., & Cui, L. (2022). Investigating the spill overs and
connectedness between financial globalization, high-tech industries and environ-
mental footprints: Fresh evidence in context of China. Technological Forecasting
and Social Change, 174, 121205.
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