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Abstract
The current world is seeking balance between achieving economic and financial 
growth and shielding earth’s environment. The 13th goal (climate action) among 
17 Sustainable Development Goals (SDGs) is an outcome of the same concern. 
The ample body of the literature tries to analyse the inter-linkages among financial 
development, economic growth, globalisation and greenhouse gas (GHG) emis-
sions, but their results do not reach a consensus. The BRICS (Brazil, Russia, India, 
China and South Africa) nations have emerged as a dominant force in recent years, 
but their growth stories are tainted with the increased environmental issues. The pre-
sent study tries to analyse the same nexus from 1991 to 2020 using Autoregressive 
Distributed Lag (ARDL) approach for BRICS nations. The empirical findings sug-
gest strong long-run and short-run positive implications of financial development, 
and negative implications of economic growth and globalisation on GHG emissions 
in all four nations except China. The study is distinct as it extensively analyses the 
interdependence between GHG emissions and financial development using 9 differ-
ent sub-indices.
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1  Introduction

Financial development has contributed to unprecedented growth of nearly all the 
economies. However, increased economic and financial development demand more 
of energy resources, giving steady rise to Greenhouse Gas (GHG) emissions and 
raising environmental concerns to all developing and developed nations. Environ-
mental degradation is now universal problem that threatens the existence of biologi-
cal diversity. The 13th goal among all 17 Sustainable Development Goals (SDGs) 
is related to climate action that aims at taking urgent measures to combat climate 
change and its impact. One of the ways to achieve the aforesaid objective is assimi-
lating climate change measures into domestic policies, strategies and planning. The 
first step towards incorporating them into national policies is to identify the causes 
that trigger the deterioration of environmental quality.

Emerging economies especially BRICS (Brazil, Russia, India, China and South 
Africa) nations embraced the ’BRICS Leaders Xiamen Declaration’ in Septem-
ber, 2017, reasserting their pledge to implement the 2030 program for sustainable 
development fully. They commit to enhance co-operation on climate change through 
expanding green-financing in the areas of prevention of air and water pollution, 
waste management and biodiversity conservation. Jim O’Neill, the mastermind 
behind the initialism of ‘BRIC’ in 2001 (now BRICS), revisits the alliance for scru-
tinising the performance during last two decades. He opines that the performance 
of emerging economies, especially BRICS will be the most significant in determin-
ing the economic growth of the world in coming decade. The collective size of the 
BRICS has already surpassed European Union and is advancing towards attaining 
the size of the USA (United States of America) (O’Neill 2021). Wilson and Purush-
othaman (2003) forecasts that the BRICS nations have the potential to be larger than 
G6 (US, UK, France, Japan, Germany, and Italy) in US dollar terms before 2040 
considering their capital accumulation and productivity.

The BRICS countries have emerged as a significant force that constitute more 
than 41 percent of the world’s population, 16 percent of the world’s trade, and con-
tributes nearly one fourth of the world’s GDP (Papa 2017; Patra 2021). Though 
being small in number (only 5 countries), the group has potential to move critical 
mass towards achieving sustainable development goals (SDGs). These economies 
rely heavily on consumption of conventional and non-conventional energy resources 
to sustain their swift economic development and become global contributor of GHG 
emissions (Chishti et al. 2021). In 2018, the group accounted for 36,573 Mt of CO2 
emission; 42 percent of the global GHG emissions, which is almost double (24 
percent) the G7 (US, UK, France, Japan, Germany, Italy, and Canada) (Kirton and 
Larionova 2022). As per the latest compilation by Peters et al. (2011), Andrew and 
Peters (2021), and Friedlingstein et al. (2022), the global contribution of BRICS in 
terms of MtCO2 is soaring high and reached almost 46 percent (Refer Fig. 1 and 2).1 
This discussion compels to analyse the major causes of environmental degradation. 

1  Data have been aaccessed through http://​emiss​ions2​017m.​globa​lcarb​onatl​as.​org/​en/​CO2-​emiss​ions on 
12/12/2022.

http://emissions2017m.globalcarbonatlas.org/en/CO2-emissions
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Recent studies show the linkages among financial development, economic growth 
and GHG emissions. Financial development promotes innovation processes to 
develop environmentally sustainable technologies to many areas including energy 
sector (Álvarez-Herránz et al. 2017; Duque‐Grisales et al. 2020; Ozcan et al. 2020). 
Financial development promotes technological improvements through adoption of 
new products or processes that stimulate less emission and reduce energy consump-
tion (Birdsall and Wheeler 1993; Abbasi & Riaz 2016; Law et al. 2018). Contrary to 
the above arguments, increased investment through financial developments can also 
elevate energy consumption and there by affect the environment adversely (Jensen 
1996; Ogbeifun & Shobande 2022). Financial development and economic growth 
give rise to Foreign Direct Investments (FDI) and Foreign Institutional Investments 
(FII) towards emerging economies like India (Gandhi et  al. 2013; Dhingra et  al. 
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Fig. 1   BRICS and G7 Countries along with Major Contributing Countries of MTCO2 Source: Based on 
the compilation by Peters et al. (2011), Andrew and Peters (2021), and Friedlingstein et al. (2022)
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Fig. 2   Share of BRICS, G7, and Rest of the Countries Towards CO2 Emissions. Source: Based on the 
compilation by Peters et al. (2011), Andrew and Peters (2021), and Friedlingstein et al. (2022)
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2016). FDI augments the transfer of technology, expertise and know-how that pro-
motes adoption of green technologies and reduces the carbon footprints (Pantelopou-
los 2022). Few studies explore the association between trade openness and financial 
development. Beck (2003) suggests that industries prevailing in the countries having 
high-trade openness ratios depend highly on external financing. The increased trade 
flow in terms of external financing support the haven hypothesis (Copeland and Tay-
lor 1994), where firms locate their production in the countries having fewer environ-
mental regulations and serve as a catalyst in worsening the environmental quality 
(Frutos-Bencze et al. 2017; Zamil et al. 2019).

Some of the previous studies attempt to analyse the impact of financial develop-
ment, economic growth and globalisation in OECD countries, N-11 countries and 
BRICS countries using panel data analysis. Somehow, these kinds of econometric 
approaches fail to highlight the criticality and distinctiveness of particular nation 
when studied in a group. On the contrary, some of the literature tried to analyse 
particular nation and are not able to compare the results across nations. Based on 
the information the author has, no attempt has yet been made to analyse the BRICS 
nations keeping their individual characteristics unimpaired. Additionally, most of 
the studies tried to analyse the influence of independent variables on CO2 emissions 
(proxy for environmental deterioration), whereas GHG emissions is more compre-
hensive measure of the gases that degrade the environmental quality. This study will 
add up to an existing literature by assimilating both of the aspects discussed above. 
The study uses Autoregressive Distributed Lag (ARDL) model estimation to exam-
ine BRICS economies separately and highlights critical differences of their results. 
This approach is most preferred as it allows researchers to consider both I(0) and 
I(1) series. The use of different measures of financial development (9 different indi-
ces) makes it unique, as no literature shows the extensive and comprehensive analy-
sis of financial development with GHG emissions. The study may play a pivotal role 
in taking corrective measures and constructing policy framework to attenuate the 
GHG emissions and may help the government of these economies in achieving their 
SDGs.

The rest of the paper is organised as follows. The second section outlines the key 
studies and literature in the same direction briefly. The variables, data and meth-
odology are discussed in section three. Section four talks about empirical findings 
and interpretation, whereas the last section discusses about conclusion and policy 
implications.

2 � Literature review

The research related to Environmental Kuznets Curve (EKC) gained momentum 
among policy makers and academicians with the acceptance of 17 SDGs by United 
Nations in 2015, where in the 13th goal is related to climate actions or environmen-
tal quality. Recent studies try to analyse the nexus of different independent variables 
(such as economic growth, financial growth, globalisation, fiscal policies, commer-
cial or trade policies, and tourism) and environmental quality (dependent variable). 
Sarkodie and Ozturk (2020), and Weimin et al. (2020) try to analyse the impact of 
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economic growth; Majeed and Mazhar (2019), and Chishti and Sinha (2022) assess 
the impact of financial growth; the studies of Danish et  al. (2018), Chishti et  al. 
(2020), and Jahanger et al. (2022) consider globalisation as an independent variable; 
Ullah et al. (2020a, b) focuses on effects of fiscal policy instruments; Weimin and 
Chishti (2021) assess the effects of commercial policies; Ullah et al. (2020b) scru-
tinise the asymmetric impact of oil price changes; Chishti et al. (2020) find asym-
metrical effects of tourism and globalisation. Majorly the studies focus on high-
lighted independent variable by considering different combinations of some of the 
mentioned variables.

2.1 � Economic growth and quality of environment

Some of the pioneering studies to analyse the relationship between economic growth 
and environmental quality are carried out by various researchers using different 
econometric techniques. For example, Stern et al. (1996); Suri and Chapman (1998); 
Munasinghe (1999); Dasgupta et al. (2002); Dinda (2005); Jalil & Mahmud (2009). 
Stern (2004), Dinda (2004) and Sarkodie & Strezov (2019) offer exhaustive litera-
ture review on EKC hypothesis, but do not reach to any consensus with respect to 
the nature of relationship. Rauf et al. (2018), Danish et al. (2019) and Sarkodie & 
Ozturk (2020) claim that once the economic growth reaches the optimum level, pol-
lution starts declining. Gill et al. (2018) clearly state that the idea behind EKC of 
“Grow now clean later” imposes huge environmental costs. This change can be irre-
versible and can threaten the sustainability of the earth. Thus, the prime question 
that needs to be answered is, whether the economic growth should be achieved at the 
cost of ecological quality or we need to take immediate measures to combat envi-
ronmental degradation by taking policy measures explicitly at local, national and 
world level (Barbier 1997). Since long World Bank has up-held that the economic 
growth gives rise to per capita income and in turn brings down the poverty and 
increases environmental quality. Beckerman (1992) supports the argument by postu-
lating economic growth as the most pragmatic weapon to combat environmental ills. 
Manufacturers with insightful knowledge and recognition make more investment in 
development of environment friendly technologies causing positive shocks to CO2 
emissions and curb environmental contamination (Weimin et al. 2022). Conversely, 
economic growth leads to increased production and consumption causing more pres-
sure on environmental resources, thus harming the environment (Georgescu-Roegen 
1986; Daly 1991; Rothman 1998).

2.2 � Financial development and quality of environment

Many research augments the nexus of globalisation, economic growth and environ-
mental quality by adding financial development as one of the variables. They explain 
that globalisation speeded economic development, and financial development is one 
of the facets of economic growth. A well-developed financial sector facilitates credit 
at lower cost to projects that keep the environmental concerns on priority. Effi-
cient financial markets promote trading in global pollution rights and helps in CO2 
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reduction in overall environment (Tamazian et  al. 2009). Positive shocks through 
financial innovation in the form of market expansion, risk minimisation, innovations 
(product/process/organisational), investment diversification, optimum resource allo-
cation, and higher research on financial system have positive environmental impact 
(Chishti and Sinha 2022). Several studies find evidence that capital market which 
is the main pillar of financial development rewards the firms’ equities with higher 
valuation if firms’ environmental performance is good (Hamilton 1995; Klassen and 
McLaughlin 1996; Lanoie et al. 1998). Thus, countries with well-developed finan-
cial markets are benefited by superior environment quality (Dasgupta et  al. 2001; 
Zhang 2011; Majeed and Mazhar 2019). There are some counter arguments, too. 
The upsurge in credit facility through financial development increases the purchase 
of automobiles, electronic gadgets, and mechanical machineries that affects the envi-
ronment negatively. The credit facilities when provided to expand business, replace 
old machinery or buying new plant and machinery can increase the CO2 concentra-
tion in particular country (Zhang and Zhang 2018).

2.3 � FDI, trade openness and quality of environment

Rock (1996) and Chua (1999) recognise the significance of influence of FDI on 
environmental performance. The improved financial system attracts more of for-
eign direct investments (FDI), although the influence of flow of FDI on environment 
quality is contentious. Xing and Kolstad (2002) find positive association between 
the sulphur emissions and inflow of FDI in US. Danish et al. (2018) reveal in their 
study that increased FDI in response to financial development causes environmental 
degradation. Dogan et al. (2022) rightly point out in their study that well developed 
and industrialised economies should focus on endorsing the use of renewable energy 
resources to lessen GHG emissions and improve environmental quality. Conversely, 
Eskeland & Harrison (2003) find the evidence that foreign technology based plants 
are significantly more efficient than the domestic technology based plants. Their 
findings also support pollution haven hypothesis weakly. Investment in technologies 
especially Information Communication Technology (ICT) can give rise to consump-
tion of clean energy and check the detrimental effects to environment (Chishti and 
Dogan 2022). Liang (2006) also finds that the FDI and air pollution are negatively 
associated. Along with FDI, trade openness is also considered one of the variables 
that contribute to financial development and globalisation (Boutabba 2014). The 
studies of Jahanger et al. (2022) and Chishti et al. (2020) support the argument that 
the increased globalisation increases the ill-effects of environmental pollutants.

To sum up, all the discussed studies show diverse and differing results. These 
differences may arise depending upon the time-period, variation in data-sets, other 
controlled parameters, territory, order of integration of parameters, and approach to 
analyse the data. To evaluate the nexus in BRICS economies, the following hypoth-
eses have been framed.

H1  Economic growth intensifies environmental degradation.
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H2  Financial development lessens environmental degradation.

H3  Globalisation upturns environmental degradation.

To the best of knowledge the author has, all the studies in the field of globali-
sation, economic growth, financial development and environmental quality nexus 
consider majorly three factors as a proxy for financial development, viz. domestic 
credit by private sector as a percentage of GDP, domestic credit to private sectors 
by banks as a percentage of GDP and domestic credit to private sector by finan-
cial sector (Majeed and Mazhar 2019; Yao et  al. 2021). Since the introduction of 
financial development index in the year 2016 by IMF (Svirydzenka 2016), research-
ers start using the same index instead of the 3 measures discussed above. But all 
these studies use the overall single index known as Financial Development Index 
(FDI) in their study (baloch et al. 2020; Usman et al. 2022); however, FDI is made 
up of 2 sub-indices related to financial institutions and financial markets, and these 
two sub-indices of financial institutions and markets are again sub-divided into 3–3 
more indices related to access, depth and efficiency. No study has yet been contem-
plated to analyse the impact of these different dimensions of financial development 
on environmental quality. This study is novel attempt as it uses 4 different models of 
estimation to analyse this multi-dimension concept vis-à-vis GHG emissions along 
with other variables, namely economic growth, trade openness and foreign direct 
investments.

3 � Variables, data and methodology

3.1 � Variables and data

The current study empirically examines the role of financial development and eco-
nomic growth on degradation of environmental quality in BRICS (Brazil, Russia, 
India, China and South Africa) economies using yearly data from 1991 to 2020. 
The availability of data is the prime reason for selection of the time period. The 
dataset comprises of the variables which represent the financial development, eco-
nomic growth, and GHG emissions. The unprecedented financial development and 
economic growth are outcomes of globalisation; therefore, representative variables 
of globalisation are also considered to analyse the relationship. As stated by IMF, 
financial development is a multidimensional process which is based on depth, access 
and efficiency of financial institutions (banks, insurance companies, mutual funds, 
and pension funds) and markets (stock and bond markets) (Svirydzenka 2016). 
Based on the above argument, IMF created a final overall index called Financial 
Development Index (FD) along with the eight sub-indices, namely Financial Institu-
tion Access (FIA), Financial Institution Depth (FID), Financial Institution Efficiency 
(FIE), Financial Institution Index (FII), Financial Market Access (FMA), Financial 
Market Depth (FMD), Financial Market Efficiency (FME), and Financial Market 
Index (FMI). All these indices are used as a proxy of financial development. GDP 
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per capita (current US$) and inflation in consumer prices (annual % change) are 
used as proxy of economic growth. As per the study of Khan and Roy (2011), trade 
openness (TO) – the ratio of foreign trade (value of import plus export) to GDP, is 
considered as major driving force of globalisation; therefore, the share of total trade 
to GDP and Foreign Direct Investment (FDI) are used as the proxy of globalisation. 
Finally, data on GHG (measured in Million tonnes of CO2 equivalent) are used as 
a proxy of environmental degradation. The data for financial development are col-
lected from IMF. The data for economic growth (GDP and inflation) and globali-
sation (TO and FDI) are downloaded from the World Development Indicators of 
the World Bank. The data for GHG emissions are collected from World Energy and 
Climate Statistics of Enerdata.2

3.2 � Econometric approach

In econometric analysis, most of the time series data are troubled with the problem 
of auto-correlation or presence of trend. Thus, it is crucial to check the presence of 
trend, unit root and level of co-integration of all considered variables. Initially, data 
series are normalised by taking natural log of the observations. For the convenience 
purpose, LN (log natural) is not added before the names of all the data series. Before 
applying ADF test, presence of deterministic trend is identified (if present) and the 
series is made trend stationary by regressing it against time variable. The residu-
als so obtained are then used as the variable series for further analysis. The present 
study uses Augmented Dickey–Fuller (ADF) test to check the stationarity of the data 
series. All considered series can be categorised as stationary at level (with or with-
out trend) or stationary at first difference (with or without trend). In this study, rep-
resentative variables of particular BRICS nations are integrated of order 0, i.e. I(0) 
or 1, i.e. I(1). No series is integrated of order 2; hence, estimation of Autoregressive 
Distributed Lag (ARDL) is the most appropriate technique.

3.3 � Model specification

The long-run influence of independent variables financial growth, economic growth, 
and globalisation on dependent variable greenhouse gas emissions is analysed using 
4 different empirical models. The all four models consider GDP per capita (GDP), 
inflation, trade openness (TO) and foreign direct investment (FDI) as independent 
variables and greenhouse gas emissions (GHG) as dependent variable invariably. 
Only independent variable(s) related to financial development keeps on changing as 
follows and are represented through Eqs. 1, 2, 3, and 4.

3.3.1 � First model

Financial development index (FD).

2  Accessed through https://​www.​enerd​ata.​net/​resea​rch/​energy-​market-​data-​co2-​emiss​ions-​datab​ase.​html.

https://www.enerdata.net/research/energy-market-data-co2-emissions-database.html
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3.3.2 � Second model

Financial Institution Access (FIA), Financial Institution Depth (FID) and Financial 
Institution Efficiency (FIE).

3.3.3 � Third model

Financial Market Access (FMA), Financial Market Depth (FMD), Financial Market 
Efficiency (FME).

3.3.4 � Fourth model

Financial Institution Index (FII) and Financial Market Index (FMI)

where �0 is the drift term and �t is the white noise error term. �n(where n= 1, 2,…,7) 
are output elasticities of independent variables.

The above general models cannot be applied directly as some of the data series 
are integrated of order one, i.e. I(1), and some are integrated of order zero, i.e. I(0). 
Therefore, to carry out further analysis ARDL long-run bounds test (Pesaran et al. 
2001) approach is used, as this tool has unique advantages than any other cointegra-
tion techniques. First, the applicability of this approach to the mix of I(0) and I(1) 
series (but none of the series should be I(2)), second, the sufficient number of lags 
used by the model to generate general to specific model, and third, consistency and 
robustness of the results even when the data size is small (Azam et al. 2021). The 
most important advantage of this approach is that it estimates long-run and short-
run coefficients simultaneously. The all four equations in ARDL bounds test are 
reparameterised as Eq. (5):

where l, m, n, p, q and r are the lagged indices. FD is the representative variable of 
different considered data series related to financial development for all four models 
discussed above using Eqs. 1, 2, 3 and 4. �i are coefficients of lags of the dependent 

(1)GHGt = �0 + �1FDt + �2GDPt + �3Inflationt + �4TOt + �5FDIt + �t

(2)
GHGt = �0 + �1FIAt + �2FIDt + �3FIEt + �4GDPt + �5Inflationt + �6TOt + �7FDIt + �t

(3)
GHGt = �0 + �1FMAt + �2FMDt + �3FMEt + �4GDPt + �5Inflationt + �6TOt + �7FDIt + �t

(4)
GHGt = �0 + �1FIIt + �2FMIt + �5GDPt + �6Inflationt + �7TOt + �8FDIt + �t

(5)

GHGt =c +

l
∑

i=1

�iGHGt−i +

m
∑

i=0

�iFDt−i +

n
∑

i=0

�iGDPt−i

+

p
∑

i=0

�iInflationt−i +

q
∑

i=0

�iTOt−i +

r
∑

i=0

�iFDIt−i + �t
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variable, and �i , �i , �i , �i and �i are coefficients of lags of independent variables. Con-
stant term and white noise error term is represented by c and �t , respectively.

Equation  (5) can be further reparameterised in error correction form using the 
following equation:

where, �1 , �2 , �3 , �4 , �5 and �6 are the long-run parameters and derived from the 
original parameters in Eq. (5). �t , Δ and c are the white noise error term, difference 
operator and intercept, respectively. Here,

The null hypothesis is H0 ∶ �1 = �2 = �3 = �4 = �5 = �6 = 0 of no coin-
tegration among variables against the alternative hypothesis H1:�1 ≠ �2 ≠
�3 ≠ �4 ≠ �5 ≠ �6 ≠ 0 of the presence of cointegrating vector(s) through F-statis-
tics. The two sets of Fcritical values—lower and upper bound—are provided by Pesa-
ran et al. (2001). If Fcalculated > Fcritical (Upper bound), there is cointegration among 
the considered variables. If Fcalculated < Fcritical (Lower bound), there is no cointegra-
tion among the considered variables. If Fcritical (Lower bound) > Fcalculated. < Fcritical(U
pper bound), the inference is inconclusive.

Equation (6) can be revised to get error correction model shown below as Eq. (7):

where � is the error correction term which exhibits the speed of adjustment of long-
run cointegrated vector to equilibrium. The � should be significant with negative 
sign.

Apart from the above discussed methodology, residual diagnostic tests of serial 
correlation and heteroskedasticity are also carried out. Finally, the Granger causality 
test is carried out to identify the direction of causation for all considered variables 
vis-à-vis GHG emissions.

(6)

ΔGHGt = c +

l−1
∑

i=1

��
i
ΔGHGt−i +

m−1
∑

i=0

��

i
ΔFDt−i +

n−1
∑

i=0

��
i
ΔGDPt−i +

p−1
∑

i=0

� �
i
ΔInflationt−i +

q−1
∑

i=0

��
i
ΔTOt−i+

r−1
∑

i=0

��
i
ΔFDIt−i + �1GHGt−i + �2FDt−i + �3GDPt−i + �4Inflationt−i + �5TOt−i + �6FDIt−i + �t

�1 = −(1 −

l
∑

i=1

�i);�2 =

m
∑

i=0

�i;�3 =

n
∑

i=0

�i;�4 =

p
∑

i=0

�i;�5 =

q
∑

i=0

�i;�6 =

r
∑

i=0

�i

(7)

ΔGHGt = c +

l−1
∑

i=1

��
i
ΔGHGt−i +

m−1
∑

i=0

��

i
ΔFDt−i +

n−1
∑

i=0

��
i
ΔGDPt−i +

p−1
∑

i=0

� �
i
ΔInflationt−i +

q−1
∑

i=0

��
i
ΔTOt−i+

r−1
∑

i=0

��
i
ΔFDIt−i − �

(

GHGt−i − �
�

1
− ��

2
FDt−i + ��

3
GDPt−i + ��

4
Inflationt−i + ��

5
TOt−i + ��

6
FDIt−i

)

+ �t
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4 � Empirical findings and interpretation

The use of advanced econometrics preconditions identifying order of integration for 
each of the considered series. Table 1 represents the results of popular unit root test; 
Augmented Dickey–Fuller (ADF) test which provides evidence for nonstationarity 
or stationarity of the time series. If we observe the results of Brazil, the statistics 
highlighted using bold letters indicate that FIE, FMA and FME series have deter-
ministic trend. Therefore, these series are regressed on time to make them trend 
stationary first. The residual from this regression then represents time series that 
is trend-free. ADF test statistics show that the series GHG, FMA, FME and GDP 
have no stochastic trend as the statistics are highly significant at 5 percent level, 
i.e. they are stationary at level and thus I(0). Series FD, FIA, FID, FIE, FII, FMD, 
FMI, Inflation, TO and FDI are having significant test statistics at first difference, 
proving the presence of unit root at level and absence of unit root in differenced 
series. Hence, these series are integrated of order 1 or I(1). For Russia, GHG, FIA 
and TO series are trend stationary at level, whereas FID and FII series are having 
presence of unit root at level and significant deterministic trend. Therefore, these 
series are firstly detrended by regressing against trend variable and then checked 
for the presence of unit root. After confirming nonstationarity, they are differenced 
once and found stationary. Thus, these two series are integrated of order one. Rest of 
the series FD, FIE, FMA, FMD, FME, FMI, GDP and inflation are I(1). Results of 
India are quite different as all the series are I(1), where FIA and FII are converted to 
trend stationary, too. The results of China show that GHG, FID, FMA, FMD, FMI 
and GDP series are I(1) with deterministic trend and FD, FIA, FII, FME and TO are 
I(1) without the presence of significant trend. Series FIE and inflation are having 
absence of stochastic trend at level, and FDI is trend stationary at level. South Africa 
is having all I(1) series except FME and FDI. GDP is converted into trend stationary 
first and residuals so obtained classify it as an I(1).

Table 2 represents the correlation coefficients of GHG series with all other con-
sidered variables. Most of the correlation coefficients of Brazil and South Africa are 
very high and positive except for inflation which is negative. For Russia, the correla-
tion coefficients are comparatively low except inflation which is 0.5102 with posi-
tive sign. Russia is the only country with positive correlation statistics for inflation. 
It is interesting to note that for Russia and China, FDI is negatively correlated with 
GHG emissions.

This study is novel from previous studies as it has used total 9 different indicators 
of financial development, viz. FD, FIA, FID, FIE, FII, FMA, FMD, FME and FMI. 
Correlation between financial development index and different measures of finan-
cial development in terms of depth, access and efficiency is represented in Table 3 
along with indicators of globalization (TO and FDI) and economic growth (GDP 
and inflation). It is obvious that FD is highly correlated positively with FD, FIA, 
FID, FIE, FII, FMA, FMD, FME and FMI. GDP is also having high correlation with 
FD series. Inflation series of all countries are negatively correlated with FD series.

The ARDL estimation results for Brazil are presented in Table 4. As per the dis-
cussed methodological approach 4 models are estimated. First model is the results 
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Table 4   Results of ARDL long-run bounds test and error correction estimation of Brazil

Dependent variable: greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

FD − 888.9186* 0.0481
FIA − 6.99.8837* 0.0096
FID − 489.9276* 0.0158
FIE − 1096.469* 0.0012
FII − 2055.90* 0.0488
FMA − 124 4708 0.2524
FMD − 334.7161* 0.0000
FME 106.616* 0.0079
FMI − 210.7865 0.2464
GDP 0.042247* 0.0022 0.046642* 0.0001 0.024442* 0.0000 0.058475* 0.0045
Inflation 0.017752 0.4861 0.00084 0.9608 − 0.009827* 0.0463 0.060029 0.1547
TO 17.30275* 0.0052 35.14193* 0.0002 11.61855* 0.0000 29.48365* 0.0124
FDI 26.96374* 0.0721 37.86158* 0.0059 7.863346* 0.0422 35.11393* 0.0413
D(GHG) −  −  – – – –
D(GHG(−1)) − 0.279075** 0.0764 – – 0.130898* 0.0038
D(FD) 35.23825 0.6205 – – – –
D(FD(−1)) 296.471* 0.0059 – – – –
D(FIA) – – −22.16289 0.4382 – –
D(FIA(−1)) – – – – – –
D(FID) – – – – – –
D(FID(−1)) – – – – – –
D(FIE) – – –162.6067* 0.0006 – –
D(FIE(−1)) – – 167.6109* 0.0006 – –
D(FII) – – – – – – −314.238* 0.0004
D(FII(−1)) – – – – – – 238.3422* 0.0007
D(FMA) – – – – –174.5364* 0.0000 – –
D(FMA(−1)) – – – – 62.89976* 0.002 – –
D(FMD) – – – – − 18.27333* 0.0132 – –
D(FMD(−1)) – – – – 189.876* 0.0000 – –
D(FME) – – – – 25.57273* 0.0025 – –
D(FME(−1)) – – – – – – – –
D(FMI) – – – – – – 135.0449* 0.0221
D(FMI(−1)) – – – – – – 149.2317* 0.017
D(GDP) 0.008769* 0.0003 0.010932* 0.0000 0.007059* 0.0000 0.012916* 0.0000
D(GDP(−1)) −0.006473* 0.0094 –0.006353* 0.0003 – – −0.00707* 0.0014
D(Inflation) −0.00912** 0.0769 0.011302* 0.0022 −0.010419* 0.0000 −0.003368 4691
D(Inflation(-1)) −0.010654* 0.0483 0.012264* 0.0011 – – −0.0077** 0.0834
D(TO) 2.710682* 0.0089 0.208959 0.6834 2.962521* 0.0000 0.098834 0.8664
D(TO(−1)) − 5.751925* 0.0006 −13.73386* 0.0000 – – −10.5355* 0.0000
D(FDI) 5.123466* 0.0411 16.87538* 0.0000 6.138927* 0.0000 8.676147* 0.0017
D(FDI(−1)) – – 6.887776* 0.0004 − 3.781123* 0.0001
CointEq(−1)* −0.442745* 0.0000 −0.553194* 0.0000 − 0.539462* 0.0000 − 0.41465* 0.0000
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of ARDL estimation where out of 9 data series of financial development (FD, FIA, 
FID, FIE, FII, FMA, FMD, FME and FMI) only FD is considered along with GDP, 
inflation (both are proxy for economic development), TO and FDI (both are proxy 
for globalization) to check the long-run as well as short-run dependence. D(variable) 
and D(variable(-1)) represent the coefficient of a particular variable at first and sec-
ond lag, respectively. To avoid the problem of over-parameterization, the lag length 
has been selected using SBC (Schwarz Bayesian Criterion), as it imposes harsher 
penalty for including more variables in a model compared to AIC (Akaike infor-
mation criterion). All estimated models consider maximum 2 lags of any variable 
in this analysis. In Table 4, the level variables show the results of ARDL long-run 
form and bounds test, whereas lagged variables represent the results of error cor-
rection form. In model 1, the coefficients of all level variables are highly significant 
at either 5 or 10 percent level except Inflation. The F-statistics (5.292117) is above 
the upper critical value (3.21), suggesting the presence of long-run bound relation-
ship or integrating vector as per the study of Pesaran et al. (2001). The error correc-
tion regression also supports the findings of long-run integration as the coefficient 
of error correction term, represented by CointEq(−1)*, is negatively significant. 
As per the results, the speed of adjustment coefficient is −0.442, indicating all con-
sidered variables reverse to long-run equilibrium at the speed of 44.2 percent. In 
other words, 44.2 percent equilibrium is restored in the first year. Most of the coef-
ficients of lagged variables are also significant indicating the presence of short-run 
causality. In models 2 and 3, three variables related to financial institutions, namely 
FIA, FID and FIE, and 3 variables related to financial markets, viz. FMA, FMD and 
FME, are considered along with other independent variables of economic growth 
and globalisation to estimate the models, respectively. The results of model 2 and 3 
are quite similar with the results of 1. Both the models are having significant long-
run (level) variables indicating the presence of co-integrated relationship. Further, 
CointEq(−1)* coefficients are highly significant with the speed of adjustment of 
55.3and 53.9 for model 2 and 3, respectively. Short-run (at lag1 and 2) coefficients 
are also significant for most of the independent variables except few which were 
dropped by the software (EViews) itself while estimating error correction form. 

Note: ‛*’ indicates significant value at 5% level. ‛**’ indicates significant value at 10% level. D(variable) 
and
D(variable(−1)) represent coefficients at first and second lags of a variable, respectively. D(variable) and
D(variable(−1)) represent short-run coefficients, whereas FD, FIA, FID, FIE, FII, FMA, GMD, FME, 
FMI, GDP, Inflation, TO and FDI represent long-run coefficients. ‛CointEq(−1)*’ represents Error Cor-
rection Term

Table 4   (continued)

Dependent variable: greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

Adj R-squared 0.804524 0.94453 0.9902 0.8703
F-Statistics 5.292117 13.79263 36.513 7.572807
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In the last model (model 4), representative index of financial institutions (FII) and 
financial markets (FMI) are considered. The results of fourth model are similar to 
the results of all 3 models where financial development, economic growth and glo-
balisation are significant. The CointEq−1)* coefficient is also highly significant 
with the negative sign, confirming the long-run bound effect. The speed of correc-
tion is 41.5 percent in the first year. Short-run coefficients at the first and second 
lags are also significant, proving short-run effects on dependent variable. The F-sta-
tistics for all 2,3, and 4 models are above the upper critical limit of 3.21. The coef-
ficients of all financial growth related indicators are highly significant in long-run 
with negative sign. These findings are concurrent with the findings of Shahbaz et al. 
(2016) and Muhammad and Khan (2019). They explain that the outflow of money 
from well-developed financial institutions provide required support to environment-
friendly and energy-saving projects or start-ups. Further, by investing in R & D and 
green technologies, they also help the businesses to adopt energy-efficient processes 
and technologies which further reduce the overall cost of business and preserve the 
quality of environment. Except financial development series, all other independent 
variables (GDP, TO and FDI) are significant with positive coefficients. These results 
are consistent with the results of Suri and Chapman (1998), Danish et  al. (2019), 
Majeed and Mazhar (2019) and Sharif et al. (2020). The higher economic growth 
(GDP) and globalization (TO and FDI) accelerate the economic activities like 
investments, manufacturing, operations, consumption, there by contributing towards 
more GHG emissions. In models 1, 2 and 4, inflation is insignificant in the long run, 
but in model 3, it is significant with negative sign. The plausible reason for negative 
sign can be attributable to a decreased economic activity or slow-down in an econ-
omy with an increased inflation which brings down GHG emissions in turn.

Table 5 represents the ARDL estimation results for Russia. The 4 models are esti-
mated in a similar way to Brazil. When the ARDL long-run form and bounds test 
was applied on data series of Russia, all the long-run coefficients are found insig-
nificant for all level series except for model 3 and FII in model 4, although the F-sta-
tistics values of ARDL bounds test for models 1, 3 and 4 are above the upper criti-
cal (Pesaran et al. (2001)) value (3.21), suggesting the long-run relationship among 
all considered variables. For model 2, the F-statistics (2.654181) is falling between 
lower critical bound (2.17) and upper critical bound (3.21), suggesting inconclu-
sive inference of ARDL bounds test. Further, the error correction term (ECT), that 
is, CointEq(-1)* coefficient is negative and highly significant for all 4 models. The 
speed of adjustment to achieve long-run equilibrium for models 1, 3 and 4 is 19.5%, 
68.58% and 41.72%, respectively. In model 3, inflation series is found insignificant, 
which is similar to the results of Brazil. The slope coefficients of considered vari-
ables at first and second lag suggest short-run influence on GHG emissions. It is 
interesting to note that for variables related to financial growth, short-run coeffi-
cients are having negative value at many places, suggesting non-detrimental effect 
of financial growth on GHG emissions.

ARDL estimation results of India are given in Table  6. Although most of the 
long-run variables are statistically insignificant in established models except few in 
model 3(FMA, FMD, FME, GDP and FDI), CointEq(-1)* coefficients and F-statis-
tics for all 4 models provide proof of the presence of long-run relationship among 
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Table 5   Results of ARDL long-run bounds test and error correction estimation of Russia

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

FD 6729.907 0.268
FIA 13.16445 0.6316
FID 5709.076 0.6136
FIE − 1381.158 0.6802
FII 1176.476* 0.0308
FMA 2829.678* 0.0033
FMD 1121.362* 0.0206
FME −433.5917* 0.0274
FMI 355.1712 0.5231
GDP −0.023963 0.5571 −0.087503 0.6465 0.017046** 0.0844 −0.004863 0.7697
Inflation −2.436319 0.4562 0.831685 0.5027 0.082739 0.8353 −0.129026 0.7398
TO −4.996387 0.737 −17.81547 0.6193 −2.32442 0.5412 4.970307 0.4728
FDI −224.0377 0.2615 −77.92337 0.6398 −164.5794* 0.0253 − 29.32867 0.5715
D(GHG) – – – – – –
D(GHG(− 1)) – – –0.600528* 0.0086 – –
D(FD) 84.92172 0.6835 – – – –
D(FD(− 1)) − 564 2236* 0.0121 – – – –
D(FIA) – – 19.93846* 0.004 – –
D(FIA(-1)) – – 10.82348* 0.0121 – –
D(FID) – – 116.696 0.8082 – –
D(FID(− 1)) – – – – – –
D(FIE) – – 168.5875** 0.0533 – –
D(FIE(− 1)) – – 401.6173* 0.0027 – –
D(FII) – – – – – – − 234.7671 0.1859
D(FII(-1)) – – – – – – − 469.576* 0.0259
D(FMA) – – – – 720.7115* 0.0003
D(FMA(− 1)) – – – – − 579.8557* 0.0016
D(FMD) – – – – 105.9736 0.1141
D(FMD(− 1)) – – – – –471.5953* 0.0001
D(FME) – – – – − 192.5219* 0.0012
D(FME− 1)) – – – – 126.4212* 0.003
D(FMI) – – – – – –
D(FMI(–1)) – – – – – –
D(GDP) 0.016106* 0.0005 0.035648* 0.0001 0.026184* 0.0000 0.025881* 0.0000
D(GDP(− 1)) 0.043901* 0.003
D(Inflation) − 0.776545* 0.0003 0.262767* 0.0103 0.035534 0.2136
D(Inflation(− 1)) − 0.154032* 0.0141 − 0.448123* 0.0009 − 0.201874* 0.0003
D(TO) 7.89397* 0.0003 0.950733 0.497 1.86723* 0.0255 3.102396* 0.0029
D(TO(− 1)) 6.783399* 0.0015 14.4956* 0.0007 7.640177* 0.0001 1.059616* 0.0089
D(FDI) − 13.04085** 0.0778 − 56.9334* 0.0109 − 40.44066* 0.0003 − 8.467083 0.1998
D(FDI(− 1)) – – − 0.375086* 0.0021 27.0651* 0.007 − 22.4337* 0.0061
CointEq(− 1)* − 0.195338* 0.0000 − 0.375086* 0.0005 − 0.68578* 0.0000 − 0.41725* 0.0000
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considered variables. Slope coefficients of considered variables at the first and sec-
ond lags are also significant at many places, suggesting the presence of short-term 
influence. The results of China are very similar to the results of India in the long run. 
The analysis of China reveals that most of the significant coefficients of short-run in 
all 4 models are having positive sign, which is quite unusual as compared other con-
sidered economies (Refer Table 7). The results directly indicate about the increased 
level of GHG emissions along with growth of economy. No doubt China emits more 
GHG than the entire developed nations combined (“China Emissions Exceed All 
Developed Nations Combined” 2021). The results of China are in accordance with 
the study of Danish et al. (2018).

It can clearly be inferred from the results of ARDL estimation of South Africa 
that the financial development related indicators are having negative sign of signifi-
cant coefficients at most of the places, suggesting their limiting effect on GHG emis-
sions. Almost all the short-run coefficients at the first and second lags are highly 
significant, suggesting strong short-run influence on dependent variable. The results 
related to GDP are quite interesting as most of the coefficients (long run and short 
run) are significant with negative sign except for model 1, which is contradictory to 
the results of Brazil, Russia, India, and China. The error correction terms are also 
having significant negative values, and the speed of achieving the long-run equilib-
rium is 35.59%, 79.40%, 93.8% and 17.48% for models 1, 2, 3 and 4, respectively 
(Refer Table 8).

Table 9 represents the diagnostic tests of residuals of estimated ARDL models 
(all 4 models) of BRICS countries. For serial correlation, the Breusch–Godfrey 
Serial Correlation LM test is applied on residuals so obtained. The null hypothe-
sis of this test is “No serial correlation”. The F-statistics of this test suggest that 
residuals of all the 4 models of BRICS nations are not serially autocorrelated as 
they are highly insignificant (thus, null hypothesis cannot be rejected) except mod-
els 1 and 4 of Brazil, and model 3 of China. For detecting the heteroskedasticity, 
Breusch–Pagan–Godfrey Heteroskedasticity test is carried out. The null hypothesis 
here is that the error variance is homoskedastic. The results in Table 9 show that the 

Note: ‛*’ indicates significant value at 5% level. ‛**’ indicates significant value at 10% level. D(variable) 
and
D(variable(− 1)) represent coefficients at first and second lags of a variable, respectively. D(variable) and
D(variable(− 1)) represent short-run coefficients, whereas FD, FIA, FID, FIE, FII, FMA, GMD, FME, 
FMI, GDP,
Inflation, TO and FDI represent long-run coefficients. ‛CointEq(− 1)*’ represents Error Correction Term

Table 5   (continued)

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

Adj R-squared 0.865 0.97248 0.973 0.91317
F-Statistics 3.839364 2.654181 8.335219 3.269237
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Table 6   Results of ARDL long-run bounds test and error correction estimation of India

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob. Coefficient Prob. Coefficient Prob Coefficient Prob

FD − 642 9718 0.4258
FIA 117.4018 0.2245
FID −6427.165 0.2426
FIE 5603.614 0.1498
FII −34,708.48 0.5669
FMA 2568.161* 0.0000
FMD 485.3305* 0.0436
FME −847.1675* 0.0000
FMI 37.64292 0.9826
GDP 0.850948* 0.0000 0.895466* 0.0001 0.764836* 0.0000 2.724791 0.397
Inflation −16.82445 0.2035 35.57631 0.3819 −6.898631 0.1805 −105.0976 0.5359
TO 18.87331** 0.0506 −93.952 0.2248 5.034037* 0.033 113.4851 0.5308
FDI 8.318881 0.9143 69.67418 0.499 58.49144* 0.0277 516.8119 0.5885
D(GHG) – – – – – –
D(GHG(–1)) – – –1.370781* 0.0001 – – −0.28807* 0.0385
D(FD) 407.731* 0.0303 – – – –
D(FD(−1)) – – – – – –
D(FIA) – – –23.37616* 0.0004 – –
D(FIA(-1)) – – – – – –
D(FID) – – − 7.878297 0.9749 – –
D(FID(−1)) – – − 1091.053* 0.0034 – –
D(FIE) – – − 1103.644* 0.0003 – –
D(FIE−1)) – – 513.7086* 0.0023 – –
D(FII) – – – – – – −707.1442 0.1352
D(FII(−1)) – – – – – – 1033.434* 0.0255
D(FMA) – – – – 606.604* 0.0016
D(FMA(-1)) – – – – −501 8697* 0.0146
D(FMD) – – – – – –
D(FMD(−1)) – – – – – –
D(FME) – – – – −70.47788 0.2
D(FME(−1)) – – – – 201.8168* 0.0035
D(FMI) – – – – – 273.892* 0.0182
D(FMI(−1)) – – – – –
D(GDP) – – −0.167363* 0.0391 0.239095* 0.0001
D(GDP(−1)) – – 0.653711* 0.0000 – –
D(Inflation) – – − 8.939186* 0.0004 – –
D(Inflation(-1)) – – – – – –
D(TO) – – 4.924898* 0.0404 – –
D(TO(−1)) – – − 12.7325* 0.0002 – –
D(FDI) −30.222* 0.006 −64.01489* 0.0002 −14.04163 0.1805 −26.1286* 0.0136
D(FDI(−1)) – – – – – –
CointEq(−1)* −0.2151* 0.0000 −0.431874* 0.0000 −0.666336* 0.0000 −0.07157* 0.0000
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F-statistics is highly insignificant for all estimated ARDL models, suggesting that 
the error terms do not suffer from heteroskedasticity.

The popular causality test developed by Granger (1969) is used to detect direc-
tion of causality between GHG and other considered variables FD, FIA, FID, FIE, 
FII, FMA, FMD, FME, FMI, GDP, inflation TO and FDI. The results of pair-wise 
Granger causality are displayed in Table 10. Majority of the F-statistics values are 
insignificant for Brazil, Russia, India, China and South Africa. The results of Bra-
zil are quite probable and resemble the theoretical assumptions where causation is 
running from FD, FIE, and GDP to GHG. The two variables FMD and FME share 
bi-direction causality with GHG emissions. For Russia, FD and FID Granger cause 
GHG. The results of India show that FIA, FMD, TO and FDI have unidirectional 
causality running towards GHG. FID and FII share bidirectional causality with 
GHG. It is important to note that results of TO and FDI are only significant for India 
among all other BRICS economies. The results of China state that GHG Granger 
causes all other variables except inflation and trade openness (which do not show 
any causality either way), which is quite opposite to prevailing theories on GHG 
emissions. FIA and GDP significantly granger cause GHG in South Africa. 

5 � Conclusion and policy implications

Since 1750, the industrial activities by modern society have raised the atmospheric 
GHG emissions by nearly 50%. Human activities like clearing of forests for agri-
cultural land, industrialisation, and use of fossil fuels have escalated the concentra-
tion of GHG (IPCC 2021). Global warming and climate change have now become 
burning issue that need to be addressed immediately. Increased climate vulnerability 
is inseparable from growth and development in emerging economies like BRICS. 
Since the Paris Agreement on climate change in 2015, BRICS have established a 
new institutional framework that guides distinct and shared actions. The time has 
arrived to analyse whether BRICS without compromising their commitment to 
SDGs still able to achieve financial growth. The current study is a step towards the 

Note: ‛*’ indicates significant value at 5% level. ‛**’ indicates significant value at 10% level. D(variable) 
and
D(variable(−1)) represent coefficients at first and second lags of a variable, respectively. D(variable) and
D(variable(−1)) represent short-run coefficients, whereas FD, FIA, FID, FIE, FII, FMA, GMD, FME, 
FMI, GDP,
Inflation, TO and FDI represent long-run coefficients. ‛CointEq(−1)*’ represents Error Correction Term

Table 6   (continued)

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob. Coefficient Prob. Coefficient Prob Coefficient Prob

Adj R-squared 0.7053 0.9323 0.888 0.723093
F-Statistics 22.9804 6.471 14.76272 6.90189
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Table 7   Results of ARDL long-run bounds test and error correction estimation of China

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

FD − 4054.457 0.7575
FIA −15.03961 0.8361
FID −36,398.1 0.2281
FIE 2454.141 0.9193
FII 36,877.17 0.6462
FMA −19,949.41* 0.0231
FMD 11,276.88* 0.0003
FME −690.4075 0.5757
FMI −10,680.88 0.6791
GDP 0.803286** 0.087 1.606856** 0.0791 0.879268* 0.0001 −0.199391 0.9263
Inflation 1.200844 0.9864 −135.6705 0.2231 −26.09421 0.1548 17.05859 0.904
TO 182.3329** 0.0766 48.31561 0.3548 137.6655* 0.0004 285.7054 0.4334
FDI −11.00197 0.9821 −317.027 0.6321 847.7746* 0.0046 457.8703 0.7397
D(GHG) – – – – – –
D(GHG(−1)) – – −0.78233* 0.0024 −0.234767 0.1001
D(FD) – – – – – –
D(FD(−1)) – – – – – –
D(FIA) – – 15.62529* 0.0057 – –
D(FIA(−1)) – – 25.58406* 0.0021 – –
D(FID) – – −1730.601 0.1203 – –
D(FID(−1)) – – −9200.728* 0.0009 – –
D(FIE) – – 1955.913 0.2146 – –
D(FIE(−1)) – – −3044.775* 0.0188 – –
D(FII) – – – – – –
D(FII(−1)) – – – – – –
D(FMA) – – – – − 2560.097* 0.0081
D(FMA−1)) – – – – 3197.136* 0.0236
D(FMD) – – – – 2067.638* 0.0006
D(FMD(−1)) – – – – −3727.786* 0.0000
D(FME) – – – – – –
D(FME(−1)) – – – – – –
D(FMI) – – – – – –
D(FMI(−1)) – – – – – –
D(GDP) 0.441717* 0.0000 −0.021412 0.7858 0.171775 0.1093 0.386546* 0.0000
D(GDP(−1)) – – 0.503883* 0.0029 −0.339171* 0.0121
D(Inflation) – – −29.44564* 0.0087 2.671614 0.7317
D(Inflation(−1)) – – – – – –
D(TO) – – 7.629582 0.2827 55.41494* 0.0001
D(TO(−1)) – – 34.14767* 0.0007 – –
D(FDI) – – 389.4998* 0.0002 309.1944* 0.0000
D(FDI(-1)) – – – – –188.9567* 0.0009
CointEq(−1)* −0.13414* 0.0000 −0.304548* 0.0000 −0.587185* 0.0000 −0.068763* 0.0000
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same objective. The study tries to analyse the dynamic relationship between GHG 
emissions and financial development, economic growth, and globalisation by using 
the data from 1991 to 2020. The long-run and short-run linkages are analysed using 
Autoregressive Distributed Lag (ARDL) model estimation, as the considered series 
are not integrated of the same order. Long-run bounds test and error correction 
model are applied to estimate long-run and short-run coefficients. Granger causality 
test is applied to confirm the direction of short-run causation.

The results of ARDL estimation especially error correction form confirm the 
long-run relationship of GHG emissions with financial development, economic 
growth and globalisation. All the error correction terms and F-statistics based 
on Pesaran et  al. (2001) table turn out to be highly significant. While estimat-
ing long-run bounds test, it is observed that the long-run coefficients of financial 
development-related series (especially overall financial development, financial 
institution access, financial institution efficiency and financial market efficiency) 
are having negative sign in most of the estimated models, suggesting a favour-
able impact of financial development on GHG emissions. This result is very much 
contradictory to the results of Dar and Mohammad (2017), but quite similar to 
the results of Baloch et al. (2020) and Majeed and Mazhar (2019). While analys-
ing the nexus between economic growth and GHG emissions, the positive sign 
of GDP coefficients is observed, suggesting the detrimental effect of economic 
growth on GHG emissions. Russia is the only nation where the sign of GDP-
related coefficients are negative, indicating complimentary effect of economic 
growth on GHG emissions. In many cases, the coefficients related to inflation, 
trade openness, and FDI are insignificant. For Brazil, India and China, the coeffi-
cients of trade openness are significant with positive sign, which suggest that that 
trade openness increases the GHG emissions in these countries. It is interesting 
that in most of the cases where FDI coefficients are significant, they are having 
positive sign, but in case of China these coefficients are significant with negative 
sign, suggesting the technological advancement in China through FDI. For short-
run coefficients, no generalization can be made as the signs of these coefficients 
are not consistent across 4 models.

Note: ‛*’ indicates significant value at 5% level. ‛**’ indicates significant value at 10% level. D(variable) 
and
D(variable(−1)) represent coefficients at first and second lags of a variable, respectively. D(variable) and
D(variable(−1)) represent short-run coefficients, whereas FD, FIA, FID, FIE, FII, FMA, GMD, FME, 
FMI, GDP,
Inflation, TO and FDI represent long-run coefficients. ‛CointEq(−1)*’ represents Error Correction Term

Table 7   (continued)

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

Adj R-squared 0.662623 0.926412 0.911168 0.682563
F-Statistics 6.09505 5.03602 5.326439 5.555315
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Table 8   Results of ARDL long-run bounds test and error correction estimation of South Africa

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

FD 441.4806** 0.072
FIA − 1.641521* 0. 0036
FID 524.3708* 0.0001
FIE 124.9437* 0.016
FII 653.3873 0.3962
FMA − 142.4986 0.1193
FMD 806.1836* 0.0032
FME − 230.6575* 0.0143
FMI − 734.6375 0.5148
GDP 0.02089* 0.0224 0.001722 0.3364 0.000323 0.9482 − 0.026038 0.6143
Inflation − 3.960466 0.2967 − 3.101255* 0.0123 1.065663 0.6597 − 11.24913 0.3481
TO 1.29471 0.7264 3.962848* 0.0007 − 2.249768 0.4117 11.69654 0.3489
FDI − 25.32561 0.1075 − 0.459156 0.8541 2.177998 0.7066 42.98277 0.535
D(GHG) – – – – – –
D(GHG(−1)) − 0.535884* 0.0012 0.441682* 0.0016 −1.277958* 0.0002
D(FD) − 86.6119 0.2923 – – – –
D(FD(−1)) −283.1586* 0.0041 – – – –
D(FIA) – – –0.597863* 0.0018 – –
D(FIA(−1)) – – 0.770572* 0.0055 – –
D(FID) – – 186.5088* 0.006 – –
D(FID(−1)) – – −130.8539* 0.0348 – –
D(FIE) – – 136.0409* 0.0007 – –
D(FIE(–1)) – – −132.3404* 0.0004 – –
D(FII) – – – – – – −66.39952 0.4754
D(FII(-1)) – – – – – – −412.2815* 0.0004
D(FMA) – – – – 174.1969* 0.0004
D(FMA(−1)) – – – – −116.1613* 0.0005
D(FMD) – – – – −556.5149* 0.0001
D(FMD(−1)) – – – –
D(FME) – – – – 255.2856* 0.0002
D(FME(−1)) – – – – −106.0762* 0.0018
D(FMI) – – – – – –
D(FMI(−1)) – – – – – –
D(GDP) 0.006077** 0.0527 – – 0.008237* 0.0083 0.006753* 0.0284
D(GDP(−1)) – – –0.030874* 0.0001
D(Inflation) − 0.753588 0.434 –2.167927* 0.0025 −1.343672** 0.082 −0.959145 0.2902
D(Inflation(−1))2.448576* 0.0057 1.627024* 0.008 3.321288* 0.0012 3.00822* 0.0022
D(TO) 2.187062* 0.0003 2.060232* 0.0005 3.581547* 0.0001 2.22622* 0.0002
D(TO(-1)) – – –1.201176* 0.0138 – – –2.15973* 0.0042
D(FDI) – – 3.195154* 0.0015 3.496877* 0.0131
D(FDI(-1)) – – 3.695552* 0.0059 – –
CointEq(−1)* −0.355868* 0.0000 −0.79405* 0.0000 −0.938036* 0.0000 − 0.174844* 0.0000
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Note: ‛*’ indicates significant value at 5% level. ‛**’ indicates significant value at 10% level. D(variable) and
D(variable(−1)) represent coefficients at first and second lags of a variable, respectively. D(variable) and
D(variable(−1)) represent short-run coefficients, whereas FD, FIA, FID, FIE, FII, FMA, GMD, FME, 
FMI, GDP,
Inflation, TO and FDI represent long-run coefficients. ‛CointEq(−1)*’ represents Error Correction Term

Table 8   (continued)

Dependent variable greenhouse gas emissions

(1) (2) (3) (4)

Regressors Coefficient Prob Coefficient Prob Coefficient Prob Coefficient Prob

Adj R-squared 0.678595 0.961916 0.843525 0.765065
F-Statistics 4.875888 8.698322 4.678088 3.843209

Table 9   Results of residual 
diagnostic test statistics of 
ARDL estimation

Note: ‛*’ indicates significant value at 5% level. The test for serial 
correlation is Breusch–Godfrey Serial Correlation
LM Test. The test for heteroskedasticity is Breusch–Pagan–Godfrey 
Heteroskedasticity Test

Serial correlation lm test Heteroskedasticity 
test

F-statistic Prob F-statistic Prob

Brazil
Model 1 5.7441* 0.0247 0.6865 0.7602
Model 2 0.8748 0.4641 1.673 0.2318
Model 3 1.4326 0.31 0.5087 0.8918
Model 4 0.0086* 0.0000 1.40587 0.3078
Russia
Model 1 0.2455 0.7865 2.3206 0.0692
Model 2 2.9687 0.1086 0.6847 0.7635
Model 3 6.3356 0.0756 0.2094 0.9968
Model 4 2.1324 0.1650 1.1707 0.3909
India
Model 1 0.738 0.492 0.619 0.752
Model 2 0.8597 0.4891 0.7768 0.6945
Model 3 3.2163 0.1265 0.5577 0.8556
Model 4 6.4760 0.0112 0.6394 0.7798
China
Model 1 0.2015 0.8193 2.2973 0.0663
Model 2 4.647 0.0724 0.5439 0.8651
Model 3 6.8043* 0.0286 1.0574 0.4961
Model 4 0.09143 0.9130 1.7840 0.1401
South Africa
Model 1 1.3305 0.3007 1.1888 0.375
Model 2 3.5064 0.1319 0.1653 0.9992
Model 3 4.2475 0.0836 0.7585 0.7074
Model 4 3.92242 0.6018 0.5563 0.8554
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The findings put forward some serious implications as the environmental detri-
ments will not fade away in a blink of an eye, but require some concrete measures 
from the government in the direction of sustainable development. Though this study 
identifies that financial development is having positive impact on environmen-
tal condition, but to sustain the same state one has to seriously keep watch on the 
actions of financial systems of BRICS economies. Structural policies need to be 
framed in such a way that the financial sectors keep on providing credits to effective 
and environment friendly projects. Priority sector lending must include credits to 
energy efficient projects and processes. Before sanctioning loans to industries, banks 
must see that the money is going towards the sustainable development. The loans 
must be given in fragments and financial sectors especially banking system must 
be vigilant before releasing fresh fund every time. Incentives may be given to firms 
that keep environmental issues in forefront over profits. It is inferred from the analy-
sis that economic growth deters the environment. Reasons for such impact may be 

Table 10   Results of pair-wise Granger Causality Test

Note: ’*’ indicates significant value at 5% level. ’**’ indicates significant value at 10% level

Direction of Causality Brazil Russia India China South Africa

FD–GHG 2.60253** 2.57636** 1.15201 0.15301 1.55923
GHG–FD 0.5584 6.29382* 3.14482 7.08817* 2.52387
FIA–GHG 1.09107 2.44512 8.48273* 0.68801 0.48337*
GHG–FIA 1.70215 4.788 0.04075 5.36725* 3.28855
FID–GHG 0.766 4.14004* 6.13576* 3.45081* 1.33005
GHG–FID 1.48922 1.91986 3.54468* 4.93979* 18.669*
FIE–GHG 3.20649** 0.38325 2.01971 0.28769 1.56733
GHG–FIE 0.18375 0.99811 0.87869 4.76944* 1.2587
FII–GHG 1.89369 2.37715 5.18828* 0.57656 0.04386
GHG–FII 1.7807 3.07593** 2.73345** 7.68816* 9.12941*
FMA–GHG 0.64752 0.06309 0.03976 0.17223 1.07522
GHG–FMA 0.37074 1.90102 1.07279 5.08977* 1.88807
FMD–GHG 4.7921* 2.14365 4.50296* 0.19323 0.32893
GHG–FMD 5.92858* 1.75273 0.88069 8.03685* 4.27968*
FME–GHG 3.64272* 0.42301 0.20094 0.07621 1.03836
GHG–FME 3.47829* 0.62494 0.912 3.03601** 0.82384
FMI–GHG 1.79471 0.17219 0.73763 0.07032 1.84235
GHG–FMI 0.76047 0.9961 1.46026 7.94382* 2.00291
GDP–GHG 5.31098* 0.60665 0.68862 1.17013 0.29522**
GHG–GDP 2.21833 0.61152 2.85697** 7.36707* 3.13438
Inflation–GHG 0.15145 1.32464 1.7374 1.07953 0.84312
GHG–Inflation 0.99922 2.4028 0.98568 0.5457 1.38439
TO–GHG 1.71274 1.2932 8.42017* 0.89564 0.64748
GHG–TO 0.80521 19.4723 0.75699 2.38487 2.44441
FDI–GHG 0.01639 1.55252 3.58094* 1.32066 0.02445
GHG–FDI 0.45129 0.53317 1.18331 11.0497* 0.7531
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the overuse of natural resources to increase productivity and improper waste man-
agement system. As per the report of British Telecommunications (2016), the gov-
ernment seek to incorporate smart manufacturing, smart energy and smart building 
concepts in their strategic program to achieve sustainable growth. Government may 
compel the adoption of smart technologies to agriculture, energy, construction and 
manufacturing. Globalisation stimulates global alliance and integration by abolish-
ing trade restrictions. Researchers have already established strong linkages among 
stock and bond markets of BRICS economies (Dhingra and Patel 2021). Time has 
come that BRICS nations must collaborate by sharing technical know-how and inno-
vations in energy sectors to combat environmental issues. Foreign Direct Invest-
ments may be discouraged if they are bringing out-dated technologies to developing 
nations.

At last, countries should envisage optimal policies that emphasize on coex-
istence rather arbitration between environment and economic growth (Uchiyama 
2016). There should be concordance among policies related to financial develop-
ment, economic growth, globalisation and sustainable environmental conditions.

6 � Limitations and Future Scope

GHG emissions can be explained with the wide array of other parameters in the 
context of economic growth, financial development, and globalisation. But some of 
the parameters are dropped from the analysis having the complications as follows: 
(1) series with high covariance with other considered series to avoid the problem of 
multicollinearity, (2) series with order of integration 2, i.e. I(2), such as urbanization 
and fossil fuel energy consumption, which makes the use of ARDL approach redun-
dant, and (3) series with unavailable data for the considered time period. Owing to 
the simplicity, flexibility, and generalizability of the considered approach, the simi-
lar studies may be carried out for different group of countries like G7, N-11 (Next 
11—Bangladesh, Egypt, Indonesia, Iran, Mexico, Nigeria, Pakistan, the Philippines, 
Turkey, South Korea, and Vietnam) in future.

Funding  This work is supported by Seed grant received from Sardar Vallabhbhai National Institute of 
Technology, Surat, Gujarat, India. Grant No.: 2021-22/DOMH/01.
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