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Does sustainable financial inclusion and energy efficiency
ensure green environment? Evidence from
B.R.I.C.S. countries

Dandan Dou and Liying Li

Department of Management, Henan University of Technology, Zhengzhou, China

ABSTRACT
Continuous rise in a global economy with a 3–4% annual growth
rate poses a severe risk to environmental sustainability due to
high energy demand. Since the Paris climate accord, countries
worldwide have implemented numerous strategies to attain the
target of carbon neutrality. With the rising environmental chal-
lenges, it is important to consider global financial inclusion (F.I.)
policies. This study uses panel data for the B.R.I.C.S. countries to
investigate the impact of F.I. and energy efficiency in limiting
trade adjusted emissions (T.A.E.) taking technological innovation
and trade as control variables. This study uses panel data consist-
ing small sample size and large time period; therefore, keeping in
mind the potential econometric problems, this study uses AMG
method, which can efficiently deal with endogeneity problems
and small sample bias. We find a positive impact of F.I. and energy
efficiency on CO2 emissions. Moreover, we find that technological
innovation, exports and output amplify CO2 emissions.
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1. Introduction

To address environmental concerns, a well-known climate pact was signed in 2015,
with the goal of limiting increasing temperatures. Despite the agreement, CO2 emis-
sions have been increasing throughout the years, posing a constant threat to human
lives on Earth. Countries are enacting measures to give low-cost access to clean and
green energy. The primary means of achieving the desired aim of considerably lowering
global greenhouse gas (G.H.G.) emissions is the utilisation of renewable energy sources.
Renewable energies are key components in facilitating the transition to a low-carbon
energy system (Ji et al., 2021). However, transitioning to a sustainable energy system
will be impossible without an effective finance structure (Wang et al., 2020).

Financial inclusion (F.I.), an integral part of financial system, is a key enabler to
foster the deepening of financial system by helping the households and entrepreneurs
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to access to low-cost financial products and services. Moreover, F.I. is considered as a
key enabler for achieving 7 out of 19 Sustainable Development Goals (S.D.G.s). F.I.
could have both positive and negative influence on environmental performance. The
theoretical justification for the positive effect is that F.I. increases the accessibility to
low-cost pure energy, which facilitate the transition towards carbon neutrality. Hence,
F.I. impedes CO2 emissions. On the contrary, improved access to financial products
poses a severe risk to the environmental sustainability due to high energy demand. At
micro level, individuals who have more access to financial products are abler to pur-
chase energy intensive electric appliances commodities, which in turn increase energy
consumption, which is considered as a severe threat for eco system and environmen-
tal sustainability (Shahzad et al., 2022). At a macro level, improved financial system
facilitates economic activities, which causing the temperature to rise. Hence, improve-
ment in F.I. and financial system poses a severe risk to the environmental sustainabil-
ity. Given the ambiguous impact of F.I. on CO2 emissions, it is imperative to
examine the linkage between F.I. and environmental performance.

This study makes use of panel data for the B.R.I.C.S. countries, to estimate the
impact of F.I. and energy efficiency in limiting trade adjusted emissions (T.A.E.s).
The B.R.I.C.S. countries are vital to study based on the following evidences: First, the
B.R.I.C.S. countries have large share in world’s output. As of 2018, represents 42% of
the world’s population, 18% of the world’s total exports and 23.2% of the world’s out-
put, i.e., US$19.6 trillion. The new global powers like China and India, which in com-
bination with Russia, Brazil, and South Africa, could have an economy size larger
than G-6 countries by 2041 (Wilson & Purushothaman, 2003). Second, B.R.I.C.S.
countries are among the greatest carbon emitters and at the same time victims of cli-
mate change. The carbon emissions in these five countries have been increasing over
the years. With the increased investment in infrastructure and industries, the energy
consumption of these countries has been increasing over the years. Owing to high
energy consumption, rapid urbanisation and increasing trade flows, the B.R.I.C.S.
countries have been confronting with rising G.H.G. emissions and hence, face massive
environmental challenges. However, the countries particularly, China and Russia have
sufficient resources to address the environmental issues. The B.R.I.C.S. countries are
keen to ensure energy efficiency to eliminate energy waste and abate carbon emis-
sions. The performance of B.R.I.C.S. countries in achieving energy efficiency is
decent. The energy efficiency in these five countries ranges from 23.5% in Russia to
99.9% in Brazil. However, the F.I. in B.R.I.C.S. countries is not outstanding. F.I. is
recognised as a vital strategy to attain carbon neutrality. The F.I. index for B.R.I.C.S.
countries and found that the score of F.I. index in these five countries ranges from
0.67 in China to 0.18 in South Africa.

Carbon emissions have been measured using two methodologies in the extant lit-
erature on the drivers of environmental performance: the production-based approach
(P.B.A.) and the consumption-based approach (C.B.A.). The majority of the study
took P.B.A. into account when examining the potential factors of environmental per-
formance. Nonetheless, scholars have recently shifted their focus to C.B.A. because
this method considers the final destination of products and services (Ali et al., 2020).
Table 1 shows the B.R.I.C.S. countries’ consumption-based carbon emissions (CCO2)
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to territory-based carbon emissions (TCO2). It is evident that among B.R.I.C.S. coun-
tries, China, India and Russia are net exporter of carbon emissions as the ratio of
CCO2 to TCO2 is less than one. Brazil and South Africa on the other hand, are net
imports of carbon emissions.

From the above discussion, we can infer that on one hand, most of B.R.I.C.S. coun-
tries are net exporter of carbon emissions. Moreover, B.R.I.C.S. economies are growing
at a remarkable level and their contribution to world’s output has been significantly
increasing over the years. On, the other hand, these countries are continuously improv-
ing their energy efficiency to attain carbon neutrality. However, the performance of
B.R.I.C.S. countries in term of F.I. is not impressive. Hence, the linkage between energy
efficiency and F.I. are vital aspects to study the complex low carbon economic model
and sustainable development. This study examines the impact of F.I. on environmental
performance of B.R.I.C.S. countries. With the rising environmental challenges, it is
important to consider global F.I. policies. Especially, how F.I. is linked with carbon
emissions? How F.I. help households to purchase energy-efficient products? To what
extend improvement in energy efficiency is important to deal with environmental chal-
lenges. These are the main concerns of the study. Moreover, this study includes energy
efficiency, technology, G.D.P., exports and imports to examines their impact on envir-
onmental performance of B.R.I.C.S. countries.

2. Literature review

The literature on the responsible factors of environmental degradation is quite rich.
Income is the most discussed factor of environmental degradation (Magazzino et al.,
2022). The impact of income on environment is empirically tested by the E.K.C.
hypothesis, which demonstrates an inverted U shape relationship between the level of
income and CO2 emissions (Acaravci & Ozturk, 2010; Balsalobre-Lorente et al., 2018;
Song et al., 2020). The E.K.C. hypothesis is extensively validated by majority of
empirical studies (Ali et al., 2014; Al-Mulali & Ozturk, 2016; Sushmita et al., 2002).
However, these studies use incomplete model specification and incomprehensive
proxies used for environmental degradation. Hence, researchers included other
important variables while testing the E.K.C. hypothesis. In the literature, several
determinants of environmental performance have been highlighted. The most widely
identified determinants of environmental degradation are income, industrialisation,
international trade, urbanisation, deforestation, population, energy consumption etc.
(Baek, 2016; Bosupeng, 2016; Costantini et al., 2017; Erdo�gan et al., 2020; Hasanov
et al., 2018; Meng et al., 2015; Rafique et al., 2021; Zhang et al., 2017; Zhao et al.,
2022; ). Moreover, energy efficiency is acknowledged to be important factors for

Table 1. Average ratios of CCO2 to TCO2 of sample countries.
Countries CCO2/TCO2 CCO2–TCO2 Decision

China 0.872633 �800.198 Emission Exporter
India 0.941664 �88.2027 Emission Exporter
South Africa 1.1388 56.77792 Emission Importer
Russian Federation 0.839677 �260.681 Emission Exporter
Brazil 1.08753 30.4703 Emission Importer

Source: drawn by authors.
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improving environmental quality (Dan, 2002; Ji et al., 2021; Wu & Shao, 2016; Zhao
& Lin, 2019). The importance of renewable energy in achieving carbon neutrality is
highly discussed in the literature. Recently, researchers such as Abid (2016), Baloch
et al. (2018), Jiang and Ma (2019), Safi et al. (2021), Wang et al. (2020) and Bayar
et al. (2020) included financial development as important factor of environmental
degradation.

In the literature, the role of financial system in affecting economic growth, poverty
reduction and income inequality is extensively studies. Moreover, the importance of
financial development in affecting CO2 emissions has attained more importance in
recent years. F.I., an integral part of financial system is the subject of ongoing debate.
A bulk of studies have investigated the effects of F.I. on poverty, macroeconomic sta-
bility, financial efficiency, capital accumulation, inequality and economic growth
(Cabeza-Garc�ıa et al., 2019; Ji et al., 2021; Kim et al., 2018; Le et al., 2019; Makina &
Walle, 2019; Naqvi et al., 2021; Park & Mercado, 2015; Rojas-Suarez & Amado, 2014;
Sahay et al., 2015; Salazar-Cant�u et al., 2015; Schmied & Marr, 2016; Umar et al.,
2021a, 2021b). Van et al. (2021) in case of emerging markets, Kim et al. (2018) in
case of O.I.C. countries, Makina and Walle (2019) in case of African countries and
Hajilee et al. (2017) in case of emerging economies confirm positive influence of
F.I.N.C. on growth. However, the linkage between F.I.N.C. and environmental per-
formance has not received immense importance from researchers until recent year.
Although, F.I.N.C. has theoretically been recognised to have negative impact on
environmental performance. However, there is limited empirical evidence to prove it,
especially for B.R.I.C.S. countries. Few authors have investigated the impact of
F.I.N.C. on CO2 emissions (Le et al., 2020; Usman et al., 2021). Increased access to
financial products poses a severe risk to the environmental sustainability due to high
energy demand. Moreover, Le et al. (2020) in case of Asian countries found no evi-
dence to confirm the nexus between F.I.N.C. and CO2 emissions. Usman et al. (2021)
in case of top 15 emitter countries confirms the negative influence of F.I.N.C. on
CO2 emissions. Nevertheless, the major limitation of the study lies in using incom-
prehensive proxy used for F.I.N.C. For example, Usman et al. (2021) used financial
development to represent F.I.N.C., which can be greatly criticised.

To sum up, F.I. is an integral part of financial system, the measurement and
dimensions of both financial development and F.I.N.C. are different. Moreover, the
existing studies investigate the relationship between F.I. and CO2 emission without
taking into account the important variables such as energy efficiency, trade and
technological innovation. This study contributes to the literature by investigating the
impact of F.I.N.C. on CO2 emission by taking technological innovation and trade as
control variables. Moreover, we use trade adjusted CO2 emissions to represent envir-
onmental performance. Previous studies make use of production bases accounting
system to measure CO2 emissions, which overlook the environmental impacts of con-
sumption and does not take into account the effect of global trade on these emis-
sions. Trade adjusted CO2 emissions takes into account the environmental impacts of
consumption and considers the country’s total emission levels by including imports
and excluding exports. Third, as B.R.I.C.S. countries are more integrated with each
other, there is more likely cross-sectional dependency. A shock in one country may
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spillovers to other countries affect the macroeconomic performance in other coun-
tries. Hence, we make use of second-generation econometric methods to estimate the
nexus between F.I.N.C., energy efficiency and CO2 emissions.

Our results show positive effect of F.I.N.C., exports and output on CO2 emissions
in the B.R.I.C.S. countries. Moreover, improved energy efficiency and imports lead to
fewer CO2 emissions in B.R.I.C.S. countries. This study suggests that F.I.N.C. must be
considered in policymaking process. However, steps must be taken to regulate and
monitor the financial system. Green financing must be expanded in order to help
deprived regions within the country to cope with environmental challenges.

3. Methodology

3.1. Model

This study analyses the role of F.I. and energy efficiency in determining the trade
adjusted CO2 emissions in B.R.I.C.S. countries over the period of 2004 to 2019. The
empirical equation is modelled as:

CO2it ¼ b0 þ b1FIitþb2TIitþb3ENEFit þ b4EXitþb5IMit þ vit (1)

CO2it ¼ b0 þ b1GDPitþb2TIitþb3ENEFit þ b4EXitþb5IMit þ vit (2)

where, CO2 represents trade adjusted carbon emissions, F.I. stands for financial inclu-
sion, G.D.P. represents gross domestic product, TI represents technology (patents
from world bank), E.N.E.F. represents energy efficiency, measured by G.D.P. per unit
of energy use (constant 2017 PPP $per kg of oil equivalent), E.X. and I.M. represent
exports and imports.

In the existing literature, production-based emissions (P.B.E.) and T.A.E. are the
two accounting methods to measure carbon emission (Afionis et al., 2017; Khan
et al., 2020; Yasmeen et al., 2019). Most of the previous literature has used P.B.E.
approach, which considers the country’s total emission levels, including exports
(Bhattacharya et al., 2020). Nevertheless, the P.B.W. approach provides an incomplete
picture of key factors of emissions and ignore the environmental impacts of con-
sumption. Moreover, the P.B.E. approach does not take into account the impact of
global trade on these emissions. Since, the product producing country may not be the
product consuming country, T.A.E. approach is a closer proxy to measure CO2 emis-
sions. The T.A.E. approach considers the country’s total emission levels by including
imports and excluding exports. Hence, T.A.E. system takes into account the environ-
mental impacts of consumption. Countries having a higher T.A.E. should be more
ethically responsible and exert more efforts for mitigation (Ali et al., 2021).

3.2. Analytical techniques

3.2.1. Cross sectional dependency (C.S.D.)
Since, B.R.I.C.S. countries are more integrated with each other, they are more likely
to be dependent cross-sectionally. A shock in one country may affect the
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macroeconomic performance in other countries. Ignoring C.S.D. may lead to biased
and spurious results (Chudik & Pesaran, 2013, 2015; Pesaran, 2004; Song et al.,
2022). Hence, before estimation of model, we check the C.S.D. by implying Pesaran
(2015) C.D. test. The test equation is given as:

CDAdjusted one ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
NðN � 1Þ

s XN�1

i¼1

XN
k¼iþ1

ŝik

 !
T � jð Þŝik2�EðT�jÞŝik2

VðT � jÞŝik2
(3)

CD ¼ 1, 2, 3, 4 . . . . . . :15 . . . . . . :N (4)

CDPesaran 2004ð Þ, i ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

2T
NðN � 1Þ

s XN�1

i¼1

XN
k¼iþ1

ŝik

 !
(5)

where, ŝik indicates the residual pairwise correlation coefficient.

3.2.2. Pesaran and Yamagata (2008) slope heterogeneity
Keeping in mind the possibility of C.S.D., this study uses Pesaran and Yamagata
(2008) slope heterogeneity test, which does not allow for C.S.D., as suggested by
Atasoy (2017). Furthermore, this test lacks in dealing with panels consisting (T>N).
The test performs well when it comes to the case of small sample size. The regular
dispersion statistic for testing slope homogeneity is given by the following equations.

D
�
SH ¼ Nð Þ12 2kð Þ�1

2
1
N
S
�
� k

� �
(6)

D
�
ASH ¼ Nð Þ12 2kðT�k�1

T þ 1

� ��1
2 1

N
S
� � 2k

� �
(7)

D
�
SH and D

�
ASH represent delta tilde and adjusted delta tilde, respectively.

3.2.3. Unit root tests
This study uses the Cross Sectionally Augmented I.P.S. (C.I.P.S.) statistics, popular-
ised by Pesaran (2007). The C.I.P.S. test deals with C.S.D. and slope heterogeneity.
The general form for the regression is given below as:

DWi, t ¼ ui þ uiZi, t�1 þ uiWt�1 þ
Xp
l¼0

uilDWt�l þ
Xp
l¼1

uilDWi, t�l þ lit (8)

where, Wt�1 and DWt�l present the cross-section averages. The CIPS statistic is given
below as:
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dCIPS ¼ N�1
Xn
i¼1

CDFI (9)

Whereas, C.D.F. statistic obtained from the t-ratio of the parameter ui in
equation (8).

3.2.4. Westerlund cointegration
This study make use of Westerlund’s cointegration test, which takes into account
structural dynamics instead of residual dynamics, thus, eliminating any common fac-
tor restriction. This test deals with C.S.D. and slope heterogeneity (Ali et al., 2021).
This test ensures normal distribution, deals with C.S.D.

The test statistics are specified as:

Gt ¼ 1
N

XN

i¼1

a
0
i

SEða0
iÞ

(10.1)

Ga ¼ 1
N

XN

i¼1

Ta
0
i

a0
ið1Þ

(10.2)

Pt ¼ a0

SEða0Þ (10.3)

a0 ¼ Pa
T

(10.4)

where, the pair Gt and Ga represent the group statistics and the pair Pa and Pt repre-
sent panel statistics. The error correction parameter, denoted by ‘a’ and its standard
error by using Dy

�
it and y

�
i, t�1 is calculated as:

â ¼
XN
i¼1

XT
t¼2

ŷ2i, t�1

 !�1XN
i¼1

XT
t¼2

1
âð1Þ y

�
i, t�1Dy

�
it (11)

SE âð Þ ¼ ððŜ2NÞ�1
XN
i¼1

XT
t¼2

ŷ2i, t�1Þ�1=2 (12)

3.2.5. Augmented mean group method
Tackling endogeneity problems is another important issue in in regression models.
To deal with endogeneity problems efficiently and utilising the suitable estimation
method are crucial for publication in many academic journals. The A.M.G. method
estimates two equations: First, the equation is estimated by entering the first-differ-
ence of variables via O.L.S. method, as shown in equation (14).
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DCO2 ¼ a1DFINCit þ a2DTI þ a3DENEFit þ a4DEXit þ a5DIMit þ
XT

t¼2
ctDDt

(14)

4. Results and discussions

Before estimation of model, we test for the presence of interdependence between data
series. The presence of C.S.D. is confirmed for all data series. Moreover, we test for
the presence of another potential problem in models with panel data, i.e., slope het-
erogeneity. The significant test statistics enable us to confirm slope heterogeneity in
model 1 & 2 (Table 2). The presence of C.S.D. for all series and S.H. in both models
call for the use of suitable cointegration approaches to avoid biased estimation. In the
empirical analysis, if these problems are not taken into account, the estimation test
may produce spurious estimation.

We test for the presence of a unit root using C.I.P.S. test. It is evident that all vari-
ables, such as CO2, F.I., G.D.P., T.I., E.N.E.F., E.X. and I.M., follow a unit-root pro-
cess (Table 3).

After findings a unit root process for all variables, the next step is to check the
long run relationship among all integrated series. The results of Westerlund’s test are
reported in Table 4. The significant group and panel statistics confirm the assumption
of stable cointegration among variables. This implies that CO2, F.I., G.D.P., T.I.,
E.N.E.F., E.X. and I.M. are co-integrated over the long run. Additionally, the cointe-
gration among variables is also confirmed for model 2.

The results of A.M.G. are shown in Table 5. The results indicate positive impact of
F.I. and imports on trade adjusted CO2 emissions. Moreover, we observe negative
impact of energy efficiency, T.I. and exports on CO2 emissions. In model 2, we sub-
stitute the variable F.I. by G.D.P. to estimate the effect of output on CO2 emissions.
It is interesting that similar to the results of model 1, the coefficients of energy effi-
ciency, technological innovation and exports are negative while the coefficient is posi-
tive in the case of I.M. The sign and size of parameters in model 1 are consistent
with the that of model 2. Hence, we can infer that A.M.G. estimator is robust to vari-
ous empirical models.

Specifically, F.I. augments CO2 emissions in B.R.I.C.S. countries. A 1% change in
F.I.N.C. results in a 0.195 unit change in carbon emissions. These results are aligned

Table 2. Diagnostic tests.
Slope heterogeneity

Statistic Model-1 Model-2
D
�

4.677��� 4.821���
D
�
Adjusted 6.236��� 6.429���

Cross-section dependence test
CO2 FI TI
8.759��� 3.012��� 6.351���
GDP ENEF EX
11.877��� 4.526��� 6.975���
IM – –
6.09��� – –

Note: Significance is denoted by ���, �� and � for 1%, 5% and 10%.
Source: drawn by authors.

5606 D. DOU AND L. LI



with the earlier findings of Le et al. (2020). However, our results contradict the findings
of Usman et al. (2021). We argue that improvement in F.I. over the years, the growing
consumerism is observed in B.R.I.C.S. countries. The consumers are more inclined to
purchase energy intensive products, which increase energy demand and hence, cause
increase in CO2 emissions. Moreover, the due to increase F.I., the use of domestic fossil-
fuel increases, which in turn deteriorates the environmental quality in the B.R.I.C.S.
countries. Additionally, improvement in F.I. represents the deepness of financial system,
which poses a severe risk to the environmental sustainability due to high energy demand.

The results further indicate negative effect of energy efficiency on CO2 emissions.
Numerically, a 1 unit change in E.N.E.F. brings 0.747 unit change in carbon

Table 3. Unit root testing.

Variable(s)

Level and trend

I(0) I(1)

CO2 �2.463 �4.114���
FI �0.842 �2.891�
GDP �1.714 �2.877�
TI �1.722 �3.246���
ENEF �2.682 �3.341���
EX �1.852 �3.109���
IM �1.882 �2.939��
Note: Significance is denoted by ���, �� and � for 1%, 5% and 10%.
Source: drawn by authors.

Table 4. Cointegration testing.
Models Gt Ga Pt Pa
Model-1 �7.890��� �10.931��� �8.231��� �12.314���
Model-2 �7.930��� �9.741��� �10.715��� �11.381���
Note: Significance is denoted by ���, �� and � for 1%, 5% and 10%.
Source: drawn by authors.

Table 5. Long-run empirical testing.

Variable(s)

Model-1 Model-2
Coefficients
(p-values)

Coefficients
(p-values)

FI 0.195���
(0.000)

–

GDP – 0.441���
(0.000)

TI �0.120�
(0.081)

�0.052���
(0.000)

ENEF �0.747���
(0.000)

�0.722��
(0.049)

EX �0.320���
(0.000)

�0.359���
(0.000)

IM 0.164���
(0.000)

0.259���
(0.000)

Constant �1.534���
(0.000)

�1.532���
(0.000)

Wald-Stats 171.00���
(0.000)

40.61���
(0.000)

RMSE 0.0077 0.0079

Note: Significance is denoted by ���, �� and � for 1%, 5% and 10%. RMSE is for root mean squared errors.
Source: drawn by authors.
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emissions. In both models, the coefficient of E.N.E.F. is negative, which specifies
improved energy efficiency in the B.R.I.C.S. countries. The energy efficiency in these
five countries is appreciable and has been increasing over the years. Our results are
aligned with the earlier findings of Shahzad et al. (2021) and Bashir et al. (2020).
Since energy efficiency (E.N.E.F.) indicates same output produced with fewer energy
use and hence, reduce energy-related CO2 emissions. An improvement in E.N.E.F.
may reduce direct emissions from fossil fuel consumption, and indirectly from electri-
city generation. Hence, targeting E.N.E.F. is an important way to achieve carbon neu-
trality. If energy efficiency is ensured, B.R.I.C.S. countries would be more able to
eliminate energy waste and abate carbon emissions.

The results further indicate negative influence of innovation on carbon emissions.
Numerically, a 1 unit change in TI brings 0.120 unit change in carbon emissions. Since,
eco-innovation denotes to the development of procedures that are more sustainable, it is
more helpful to achieve environmental targets. Through eco-innovation, B.R.I.C.S. coun-
tries are more inclined to transfer their economies to sustainable energies. These results
match the earlier findings of Guo et al. (2021) and Zhao et al. (2015).

The results suggest that export decreases carbon emissions, while import increases
carbon emission. In the literature, exports growth is strongly associated with environ-
mental degradation; however, it is negatively related with environmental degradation
in case of countries where the energy mix has more share of renewable energy. The
present study uses trade adjusted carbon emission, which takes into account the
environmental impacts of consumption. Since, a product producing country may not
be the product consuming country, an increase in net exports implies relocation of
emissions to other countries. While, an increase in net imports would imply a coun-
try is net importer of carbon emissions. Hence, increase in exports is negatively
related with CO2 emissions and imports are positively related with CO2 emissions.
These results match the findings of Hasanov et al. (2018), Salman et al. (2019) and
Sato (2014).

The robustness of A.M.G. results is reconfirmed through D.O.L.S. approach
(Table 6). The empirical results of D.O.L.S. estimator are consistent with the findings
of A.M.G. estimator. Hence, we can infer that our empirical models are robust to
various econometric approaches.

The causal nexus among the variables is checked via Dumitrescu Hurlin causality
test (Table 7). The empirical results of D.H. test show that except for the variables
F.I.N.C. and T.I., the bi-directional causal nexus is observed between the remaining

Table 6. Robustness check (D.O.L.S.).

Variable(s)
Model-1

Coefficients
Model-2

Coefficients

FI 0.171��� –
GDP – 1.097���
TI �0.161� �0.409���
ENEF �0.631��� �0.561���
EX �0.681�� �0.573���
IM 0.676�� 0.431���
Constant 1.0092��� 1.264���
Note: Significance is denoted by ���, �� and � for 1%, 5% and 10%.
Source: drawn by authors.

5608 D. DOU AND L. LI



variables. It is evident that any policy change in variables such as F.I., G.D.P.,
E.N.E.F., T.I., I.M. and E.X. has implications for trade adjusted CO2 emissions.
However, an improvement in environmental performance has implications for
G.D.P., E.N.E.F., I.M. and E.X.

5. Concluding remarks

A debate regarding the nexus between F.I. and environmental performance has
mainly been based on theoretical argument, while less inspired by empirical evidence.
Few authors provide empirical findings but their analyses are based on week meas-
urement of F.I. and failed to consider other essential variables. This study expands
the horizon of this debate by considering the evidence of B.R.I.C.S. countries because
of their economic growth potential and diversity in emission levels. Unlike previous
studies, this study uses trade adjusted CO2 emissions to represent environmental per-
formance. The econometric tests offer robust results that match the previous litera-
ture; (1) the presence of C.S.D. is confirmed for all data series; (2) ample evidences
are observed for slope heterogeneity in both models; (3) All variables, such as CO2,
F.I.N.C., G.D.P., T.I., E.N.E.F., E.X. and I.M., follow a unit-root process; (4) We con-
firm the assumption of stable cointegration among variables; (5) we find positive
impact of F.I. and imports on trade adjusted CO2 emissions; (6) we observe negative
impact of energy efficiency, technological innovation and exports on CO2 emissions;
(7) F.I. augments CO2 emissions in B.R.I.C.S. countries; (8) there is evidence for
emission embodied in trade, where import enhances, and export reduces emission;
(9) the empirical results of D.O.L.S. estimator are consistent with the findings of
A.M.G. estimator; and (10) Except for the variables F.I.N.C. and T.I., the bi-direc-
tional causal nexus is observed between the remaining variables (CO2, E.N.E.F.,
G.D.P., E.X. and I.M.).

This study suggests that B.R.I.C.S. countries should improve their level of energy
efficiency, which has the potential to reduces carbon emission. Moreover, to reduce
CO2 emissions, B.R.I.C.S. countries need to diversify their overall energy mix towards
by increasing the share of renewable energy. F.I. must be considered in policymaking
process. However, steps must be taken to regulate and monitor the financial system.

Table 7. Causality test.
H0 W � Stat �ZStat p� values

FINC-CO2 3.962��� 3.103 0.001
CO2–FINC 2.232 1.159 0.246
GDP–CO2 3.852��� 2.981 0.002
CO2–GDP 4.233��� 3.408 0.000
ENEF–CO2 4.159��� 3.325 0.000
CO2–ENEF 2.821� 1.821 0.068
TI–CO2 4.395��� 3.342 0.000
CO2–TI 2.504 1.465 0.142
IM–CO2 5.066��� 3.973 0.000
CO2–IM 3.702��� 2.812 0.004
EX–CO2 4.712��� 3.947 0.000
CO2–EX 3.224�� 2.274 0.022

Note: Significance is denoted by ���, �� and � for 1%, 5% and 10%.
Source: drawn by authors.
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Green financing must be expanded in order to help deprived regions within the coun-
try to cope with environmental challenges. Through improved F.I., individuals must be
facilitated in importing products with lower carbon footprint. A huge amount of green
investment is required for transition to a low carbon green economy.

One of the major limitations of the current study is that it analyses the impact of
F.I. on trade adjusted CO2 emissions in case of B.R.I.C.S. countries. We explored that
F.I. along with G.D.P., technology, energy efficiency, exports and imports are import-
ant determinants of environmental performance in case of B.R.I.C.S. countries.
Nevertheless, one of the limitations of using F.I. is that it does not truly represent the
financial development of the countries. Hence, in future, studies may be carried out
to gauge financial development by more close proxies such as domestic credit.
Moreover, the results of this study can be generalised to other group of countries.
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