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Abstract: In recent years, the developed, emerging, and developing economies have prioritized
environmental sustainability attainment. In an attempt to offer some potential policy choices
towards the achievement of sustainable development, this paper shifts emphasis from the popularly
discussed economic development and carbon emissions nexus. Instead, we examine the impact of
the banking and financial system’s activities on carbon emissions for a sample of 45 countries. These
are comprised of developed, emerging, and developing countries between 1990 and 2017. To fill the
gap in the literature, the nexus is examined in seven different phases. This study exposes robust
and reliable empirical results with the use of Feasible General Least Squares, random effects with
regards to the Durbin–Wu–Hausman test, and Difference General Method of Moments panel data
estimation models. Our findings indicate that the increase of domestic credit to the private sector
and commercial bank lending consistently contributes towards aggravated carbon emissions in all
economic types. Additionally, increased deposit rates in developing economies, increased lending
rates in developed economies, and increased deposit rates in emerging economies contribute towards
the overall reduction of carbon emissions. The decrease in lending to high GHG emitting members of
the private sector by financial institutions in all economies is recommended based on the results of
this study.

Keywords: environmental sustainability; banking and financial system; developed economies;
emerging economies; developing economies

1. Introduction

The need to reduce carbon dioxide (CO2) emission is one of the world’s most pressing issues.
Climate change as a result of environmentally unsustainable practices remains the most urgent human
development issue of our generation. Problems arising from climate change such as sea-level rise,
health risks, agricultural productivity decline, and threats to ecosystems and biodiversity are bound to
negatively impact the economic output of all economies in the long run [1]. Among the key drivers of
climate change, the rise in Greenhouse gas (GHG) emissions—especially CO2—remains an obstinate
obstacle to the achievement of true environmental sustainability. Currently, all economies are faced
with the challenge of both satisfying the energy and economic needs of billions of people while
simultaneously contributing to the global transition towards a green and low-carbon energy systems.
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This balance is difficult to strike, especially for developing and emerging economies, who aspire to
achieve and surpass the levels of economic expansion seen in the developed economies.

In an attempt to offer some potential policy choices towards the achievement of sustainable
development, this paper shifts emphasis from the economic development and carbon emissions
nexus based on the Environmental Kuznets Curve (EKC) hypotheses, which are already covered
extensively in the literature [2–4]. Instead, it explores the banking and financial system and sustainable
development nexus. It empirically evaluates the contribution of banking and financial systems as an
integral part of economic expansion which is standardly characterized by the ability to provide loans
to individuals and the private sector, take deposits, and help with investments.

Existing studies on carbon emission reduction have focused largely on the economic development
aspect [5–7]. In other cases, the issue of attaining carbon emissions reduction has been explored in
other patterns in energy economics. Kais and Anis [8], along with other researchers [9,10], considered
carbon emissions reduction from the perspective of renewable energy production and consumption.
Others have examined the carbon emissions and financial development nexus. Farhani and Ozturk [11],
in their study of the causal relationship between CO2 emissions and financial development in Tunisia,
found that for this developing country, financial development took place at the expense of environmental
sustainability. In a similar study done on China, Zhao and Yang [12] found that increments in
provincial financial development contributed to carbon emissions reduction. Kim et al. [13] in their
study suggested that financial reforms were conducive to better environmental quality. However,
these, along with other such studies, tend to focus on specific countries and use varying financial
system variables. To the best of our knowledge, none have specifically considered the contribution of
the banking system’s activities to carbon emissions mitigation efforts in three economic types, as we do
in this paper.

The financial sector, especially banks has an important role to play if carbon emission mitigation
efforts are to be successful in each economic type. Financial institutions consistently make decisions
on whom to lend to and what to invest in. These decisions have the capacity to impact business
practices in the long run. High carbon-emitting firms who have easy access to bank loans and private
credit whenever needed may continue their standard business practices even at the expense of the
environment. These decisions, made by financial institutions on what business to invest in and whom
to lend to, among other activities, go a long way towards impacting climate change and the lives of
those affected by it. The banking and financial sector, therefore, have a higher level of responsibility
to uphold, as this link between their activities and carbon emissions persist. For instance, due to the
increased environmental pressures brought on by climate change, the Dutch financial institutions
during the Paris Climate Change Summit in 2015 outlined an initiative. The group decided to commit
to transparency when assessing the GHG emissions of their investments and loans [14]. In essence,
it is not enough for financial institutions to be responsible for their carbon footprint. They also hold
responsibility for the outcome of their financial decisions.

This study therefore empirically examines the impact of banking system activities on environmental
sustainability. It checks whether a country’s banking and financial sector influences carbon dioxide
emissions for a sample of 45 countries comprised of developing, emerging, and developed economies
between 1990 and 2017. It first considers the banking and financial sector in terms of lending rate,
deposit rate, real interest rate, domestic credit to the private sector, and total commercial bank lending.
These are analyzed on CO2 emissions in seven different layers, namely: total CO2 emissions, CO2 per
capita emissions, emissions by the power industry, by buildings, by the transport sector, by other
combustion industries, and by other sectors.

This study fills gaps in the literature in five distinctive ways. (1) This study is the first to
consider carbon emissions reduction from a banking system-centered perspective in terms of lending
rate (LR), real interest rate (RR) deposit rate (DR), and annual commercial bank lending (CBL). (2)
Prior studies [15,16] have also analyzed carbon emissions reduction, but this has often been done
either on total carbon emissions or on per capita emissions. However, in this study, an intrinsic look
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at the multifaceted issue of carbon emissions is considered by checking the impact of the banking
and financial system on seven layers of carbon emissions. These include: total CO2 emissions,
CO2 per capita emissions, emissions by the power industry, by buildings, by the transport sector, by
other combustion industries, and by other sectors. (3) While prior studies [11,17,18] have checked
specific country blocks or individual countries, we carry out our analysis by considering 15 of each
economic type, namely developing, emerging, and developed economies, to gain deeper insights. (4)
Our empirical analysis offers valuable insights into the banking and financial system, where carbon
emissions mitigation efforts are concerned in a way that has not been considered before. Our final
objective is to provide evidence upon which the governments, financial institutions, and policymakers
can make better-informed decisions towards the achievement of overall environmental sustainability.
(5) To ensure the robustness of our findings, we use three different models, namely feasible general
least squares, random effects, and general method of moments panel model estimation approaches,
while correcting for endogeneity, autocorrelation, multicollinearity, and heteroskedasticity problems.
Furthermore, these models also consider panel data factors and cross-country dependence, which are
essential for macro panels that comprise many countries and a longer period.

The rest of this paper is arranged as follows: Section 2 provides a review of all relevant literature
as regards economic, financial, and banking sector development on environmental sustainability
and the relevant methodologies used to test such nexus. Section 3 discusses the methodological
framework used. Section 4 covers the results and discussions, while Section 5 closes the study with a
detailed summary of our findings, recommendations, and some concluding statements.

2. Literature Review

In this section, we carry out a theoretical review to expound on all relevant literature that has
accumulated on the issue of carbon emission reduction. We consider the existing literature on the
impact of economic development, financial development, and banking systems on carbon emissions,
as well as the gaps in the literature. These studies also offer guidance on the use of panel data
estimation approaches for examining the impact of the banking and financial system on carbon
emissions mitigation in various industries, sectors, and economic types.

With the emergence of climate change, the pressure to reduce carbon dioxide among other GHG
emissions is higher than ever. Many researchers have analyzed various ways via which carbon
emissions reduction can be viewed, understood, and achieved in various economies. For instance,
Sugiawan et al. [19] carried out a study on the compatibility of carbon dioxide emissions reduction with
sustainable well-being. They found that although carbon emissions reduction in developing countries
needs to be cautiously evaluated to not decrease well-being, the developed economies can set more
ambitious targets for carbon emissions reduction without compromising on well-being. China, among
other major emerging economies, has placed emphasis and effort on carbon emissions mitigation.
With the initiation of electric vehicles and shared bicycles into the public transportation system, carbon
emissions are anticipated to decrease. Zheng et al. [16] carried out a study on electric passenger
vehicle sales and carbon emissions reduction potential in China. They found that as much as 70% of
the total gasoline replacement and approximately 80% of the total carbon emissions reduction were
contributed by battery electric vehicles (BEVs). Cao and Shen [20] in their study on shared bikes found
that these play comprehensive positive roles for both the environment and the economy. Du et al. [21]
considered the contribution of green technology innovations on carbon emissions reduction using
patent data. They found that urbanization level, industrial structure, energy consumption, and trade
openness significantly affected carbon emissions. They suggest that the cost of green technology in
developing economies, however, inhibits efforts towards attaining carbon emissions reduction through
green technology.

Other studies have considered carbon dioxide emissions and economic development nexus in
various economies and economic types. For this relationship, importance is often placed on the
EKC hypothesis coined by Simon Kuznets in the 1950s and 1960s. Kuznets postulated an inverted
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U-shaped curve between per capita income and various pollutants. While some studies validate
the EKC, others reject this concept. For instance, while Sarkodie and Strezov [22] in their study of
three prominent developed economies reported findings that validate the EKC hypothesis using
a linear model, Chen et al. [23] in their study considered the model inadequate due to the bound
rationality of humans. Yet, in all cases, the fact that economic development impacts carbon emissions
has never been denied.

In various economic types, the subject of simultaneously achieving environmental sustainability
and economic development is constantly being broached. In developed economies, especially,
the interdependence of environmental degradation, energy consumption, and economic growth has
become a public priority. Results are already being seen from the GHG emissions mitigation and green
growth efforts [24]. Additionally, the trend in developed economies is an increase in environmental
awareness levels and higher consciousness of climate change. In emerging economies, attaining this
difficult balance of economic growth and environmental sustainability has proven sensitive. At various
governmental levels, this issue is taking precedence as enterprises are being pushed to reduce pollution
especially carbon emissions and more stringent environmental regulations are being put in place [17].
In the developing economies, the ‘grow first, clean up later’ pattern of economic development remains
in place. These countries often face great challenges in implementing green growth strategies and have
struggles with other pressing issues such as poverty, and energy privation to deal with [25].

The financial development and carbon emissions nexus is another area some researchers have
examined in part. Jiang and Ma [26] in their study on this nexus found that for developing economies,
financial development has the potential to significantly increase carbon emissions compared to
developed and emerging economies. Wang et al. [27] in their study on the nexus of carbon emissions,
financial development, and renewable energy consumption found a positive relationship between
financial development and carbon emissions.

However, few studies have considered the contribution of the banking system, especially on
carbon emissions in different economic types. One study that attempts this is Samour et al. [18], who in
their study on Turkey checked the impact the banking sector has on carbon emissions. They found that
an increase in the real interest rate positively impacted carbon emissions reduction. Yet, besides overall
examination of the financial sector development’s impact on carbon emissions, it is evident that very
little research has been done on the impact of key banking system agents on carbon emissions like
we do in this study. In this study, we check the impact of key aspects of the banking and financial
system namely lending rate, deposit rate, real interest rate, domestic credit to the private sector, and
commercial bank lending on carbon emissions. We check these on seven layers of carbon emissions,
namely total carbon emissions, per capita emissions, carbon emissions by transport, buildings, power
industry, other combustion industries, and other sectors.

Besides the clear literature gap, a second motivation of the present study is to use up-to-date
econometric techniques in our empirical analysis. Our methodology to test the nexus between the
banking system and environmental sustainability is informed by several studies [28–32] that used
various econometric models including Feasible General Least Squares (FGLS), Ordinary Least Squares,
fixed effects, and random effects, and difference or system General Method of Moments models
separately in testing various nexus relationships. In this study, we therefore use not one, but three
main models, namely FGLS, Random Effects, and GMM, to ensure the robustness of our findings.

3. Methodology

3.1. Data and Sample Selection Procedure

Based on Hansen’s [33] recommendations for panel data and data availability limitations,
we collected annual data from 45 countries comprised of developing, emerging, and developed
economies to make an unbalanced panel data set (see Table A1). The explanatory variables data
sets were obtained from the World Bank database. These banking and financial data sets were made
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available by the International Monetary Fund. The environmental sustainability data sets were
obtained from the Publication Office of the European Union database. These were also accessed via
the World Bank database. The countries for each economic type have been selected based on several
characteristics that define them. First, the developing countries used are characterized by low real
income per capita levels compared with other countries, higher unemployment rates, higher population
growth rates, higher dependence on the primary sector, as well as lower standards of living. Next,
the emerging economies selected are characterized by their ability to have GDP annual growth
rates that are comparable to those of the developed countries. Additionally, they often bear several
characteristics found both in developing and developed economies. Currently, as much as 80% of
the world’s economy is driven by such countries, with some of the largest and most influential
being China, India, and Russia [34]. Lastly, the developed economies selected make up the majority
of the OECD countries. These are often characterized by their higher standards of living, lower
unemployment rates, lower population growth rates, higher per capita income levels, as well as higher
economic contributions from the service and industrial sectors.

3.2. Variables and Descriptive Statistics

Table 1 reports the variables, abbreviations, definitions, and sources for all the dependent and
explanatory variables used in the present study.

Table 1. Definition of Variables.

Variable Abbreviation Definition Source

CO2 Total TCO2

Annual fossil CO2 emissions in a country include
fossil fuel sources such as combustion, industrial
processes (urea, cement, steel, and chemicals). Usage
is measured in Mt CO2/yr [35].

Publication Office of the
European Union (POEU)

Database

CO2 per capita CO2Pc Refers to the annual fossil CO2 emissions per capita. POEU

CO2 by Power Industry CO2Pi Annual fossil CO2 emissions by country by the
power industry. POEU

CO2 by Buildings CO2B Annual fossil CO2 emissions by buildings in a
country. POEU

CO2 by Transport CO2T Refers to annual fossil CO2 emissions by the
transportation system in a country.

CO2 by Other
Combustion Industries CO2OCI Annual fossil CO2 emissions by other combustion

industries within a country. POEU

CO2 by Other Sectors CO2OS Refers to per capita annual fossil CO2 emissions
within a country. Measured by t CO2/cap/yr. POEU

Lending Interest Rate LR

Bank rate which usually meets the short and
medium-term financing private sector needs. This
rate is usually differentiated based on the borrower’s
creditworthiness and financing objectives [36].

IMF

Commercial bank and
other lendings CBL

Public and publicly guaranteed and private
nonguaranteed as well as other private credits in
current U.S. dollars [37].

International Monetary
Fund (IMF)

Deposit Interest Rate DR The rate paid by commercial or other similar banks
for demand, time, or savings deposits [38]. IMF

Real Interest Rate RR The lending interest rate adjusted for inflation and
measured based on the GDP deflator [39]. IMF

Bank Non-performing
loans to total gross loans

%
NPL This refers to the value of Nonperforming loans

divided by the total value of the loan portfolio [40]. IMF

Domestic Credit to the
Private Sector by Banks: DCPS

This refers to the financial resources provided to the
private sector by depository corporations excluding
the central banks such as via loans, purchases of
nonequity, trade credits, and other account
receivables which establish a claim for repayment
measured as % of GDP [41].

IMF

Figure 1, below, provides the conceptual framework of the relationship between the variables.
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Figure 1. Conceptual framework. Source: Author’s illustrations.

BSFA are the explanatory variables that refer to banking and financial sector activities.
These include lending rate (LR), deposit rate (DR), real interest rate (RR), domestic credit to the private
sector (DCPS), and commercial bank lending (CBL). The dependent variable is carbon emissions,
separated into seven categories. Total carbon emissions (TCO2), per capita carbon emissions (CO2Pc),
emissions by the power industry (CO2Pi), by buildings (CO2B), by transportation sector (CO2T), by
other combustion industries (CO2OCI), and by other sectors (CO2OS).

3.3. Panel Estimator

In analyzing the BFSA and carbon emissions nexus, three methodologies used in the existing
literature are considered. Recent studies [31,42,43] have used the Feasible General Least Squares (FGLS),
fixed and random effects panel model estimation approaches to check various nexus dynamics similar
to what we are testing in this study. The Generalized Method of Moments (GMM) has also been
popularly used in recent key studies [28,32,44] as a robustness measure for checking financial or banking
sector development with economic growth or on other explanatory variables such as carbon emissions.
In this study, we use panel data from 45 countries, consisting of 15 developing, emerging, and developed
economies, between 1990 and 2017. We use the FGLS panel model estimator, random-effects model,
and Difference GMM to estimate BSA and carbon emissions nexus in seven layers.

According to Aitken [45], the GLS estimator is unbiased, consistent, efficient, and asymptotically
normal compared with a simple OLS estimator model. Miller [46] also presents the FGLS estimator
model as a preferable approach because it corrects for heteroskedasticity and autocorrelation issues.
The FGLS and GMM estimators also control for slope endogeneity and cross-sectional dependence.
With the variance–covariance model, we further make sure that our analysis is free of all
multicollinearity problems. The correlation coefficient matrices for each economic type show that
the explanatory variables used do not affect one another and that these are homoscedastic in nature.
For the estimation of the results for each economic type, the FGLS estimation approach has been
used over the GMM primarily because the number of years N = 27 exceeds the number of countries
n = 15. Thus, the GMM estimation approach is used mainly as a robustness check for all 45 countries
afterwards. We use the standard FGLS estimator model β̂FGLS, which is defined as:

β̂FGLS = (X′Ŵ−1X)
−1

X′Ŵ−1Y (1)



Sustainability 2020, 12, 8074 7 of 21

where Ŵ is a diagonal matrix with the entries ŵıı = ûı2.
To investigate the relationship between BSA and carbon emissions for each economic type,

several econometric techniques were used for the estimation, all of which are variants of the following
baseline model:

CO2it = αit + β1LR + β2DR + β3RR + β4DCPS + β5CBL + εit (2)

where i =1, 2, . . . , N for each region in the panel and t = 1, 2, . . . , T refers to the period. β is the
population Y-intercept. Lending rate (LR), deposit rate (DR), real interest rate (RR), domestic credit to
the private sector (DCPS), and commercial bank lending (CBL) are the explanatory variables for BFSA,
while εit is the error term.

We make use of the (Durbin–Wu–) Hausman test for the decision between using random or
fixed effects. Following the Hausman test results, we therefore use the random-effects model for
the economies. We use the Wooldridge (2010) unrelatedness assumption (RE1) approach [47] with the
following auxiliary regression equation:

yit = α+ x′ıtβ+ z′ıγ+ x′ıλ+ β+ δt + uit (3)

where i = 1, . . . , t = 1, . . . , T and xi = 1/T
∑

t xit refers to the time averages of all time-varying regressors.
This includes time fixed δt if included in the RE and FE estimation.

As a robustness measure, we use the difference GMM estimation approach to check the effect of
BSA on all seven layers of carbon emissions for all economic types with the standard estimation formula:

θ̂ = arg
min
θεΘ

 1
T

T∑
t=1

g(Yt,θ)


T

Ŵ

 1
T

T∑
t=1

g(Yt,θ)

 (4)

where T is the number of observations, Y is the generic observation. W is the positive-definite weighting
matrix and mT denotes transposition. Additionally, the Sargan test for over-identification issues and
the Arrellano–Bond autocorrelation tests are carefully considered.

For this research, we use Stata as our tool for running each of the above-described models, and R
for plotting the bivariate scatter plots.

Table 2 reports the descriptive statistics for all economic types. The mean and standard deviation
for each economic type—namely developing economies (DPE), emerging Economies (EE), Developed
economies (DE), and all economies (AE)—are given.

Table 2. Descriptive statistics.

DPE EE DE AE

Variables Mean SD Mean SD Mean SD Mean SD Obs.

TCO2 12.38757 31.8286 767.8562 1736.187 638.6564 1352.469 472.7033 1311.868 1258
CO2PI 3.217071 8.862628 305.3562 713.5789 360.9762 745.8039 223.1832 615.897 1260
CO2B 1.442429 3.606218 70.18393 134.6089 76.81683 148.8289 49.48106 120.6993 1260
CO2T 3.43981 7.347826 84.45438 125.3902 168.4731 404.0361 85.45577 253.2244 1260

CO2OCI 2.790738 8.173936 198.3445 519.5484 3.23 × 1011 6.07 × 1011 1.08 × 1011 3.82 × 1011 1260
CO2OS 1.56531 4.115342 109.5286 270.9522 39.89371 68.46376 50.32921 167.3234 1260
CO2Pc 0.3316905 0.4107537 5.203071 6.63212 11.49055 5.292866 5.675103 6.700684 1260

LR 30.83881 83.55774 16.37703 12.70251 5.864127 3.31081 17.84362 50.11409 857
DR 9.140582 5.183945 79.25485 632.2717 2.957668 2.935769 35.24581 400.036 817
RR 19.72611 84.25099 6.488486 12.37089 4.009763 2.937947 10.1189 49.7649 856

DCPS 13.53776 9.334346 55.06202 39.30423 119.413 44.46333 61.25901 55.14937 1187
CBL 7.28 × 107 3.44 × 108 3.71 × 109 1.16 × 1010 1.76 × 109 8.08 × 109 784

Table 3 provides the correlation coefficient matrix for all economies.
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Table 3. Correlation coefficient matrix for all economies.

LR DR RR DCPS CBL

LR 1.0000
DR 0.6598 1.0000
RR 0.6949 0.2511 1.0000

DCPS −0.2294 −0.2243 −0.0599 1.0000
CBL 0.0351 −0.1223 0.0372 0.1923 1.0000

Overall, there are no strong negative or positive correlations between the explanatory variables.
Although not especially strong, there is a slight indication of a moderate positive correlation between
the lending rate and deposit rate, as well as between lending rate and real interest rate. Nevertheless,
this positive correlation is expected as the other bank rates especially the lending rate are decided
based on the real interest rate which is set by the central banks.

4. Empirical Results and Discussions

In this section, the FGLS, random effects, and GMM estimation results for the banking system
and carbon emissions nexus are provided and elucidated. We discuss the findings for the impact of
the banking and financial system on carbon emissions between 1990 and 2017. We analyze by first
checking this nexus on total annual carbon emissions, then on total per capita emissions, emissions
by the power industry, by buildings, by the transportation sector, by other combustion industries,
then by other sectors. Following the concept of the environmental Kuznets curve hypothesis, it is
expected that an increase in the banking and financial system (BFSA) variables will lead to an overall
increase in carbon emissions over time. The preferred outcome would be that increase or decrease
in BFSA variables should, over these 27 years, contribute to a decrease rather than an increase in
carbon emissions in all seven layers. As a sample to test the EKC concept, Figure 2 provides a visual
representation using bivariate scatterplots to check the effect of domestic credit to the private sector as
a financial system variable on carbon emissions for all economies.
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Figure 2. Effect of domestic credit to the private sector on seven layers of CO2 emissions. Source:
Author’s illustrations based on WBS and IMF Database.

In all cases, we observe a significant positive correlation between DCPS and carbon emissions.
This indicates that based on the EKC hypothesis, BFSA increase is still at the stage of leading to
increased environmental degradation via carbon emissions increase. Between 1990 and 2017, there is
no evidence of an inverted U-shaped curve.

To empirically test the BFSA and carbon nexus in multivariate regression, FGLS and random
effects models are used. The results are presented in Tables 4–12.
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The estimation results for the effect of the banking and financial system activities (BFSA) on total
annual carbon emissions for all economic types are found in Table 4.

Table 4. Effect of banking and financial system activities on total CO2 emissions.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

DPE EE DE AE

FGLS RE FGLS RE FGLS RE FGLS RE

LR 0.474 −0.0555 18.65 99.19 *** −123.1 *** −4.410 7.967 20.25 ***
(0.311) (0.0623) (24.51) (23.54) (15.78) (3.367) (9.437) (7.777)

DR −1.277 ** 0.0195 −91.15 *** −107.9 *** 128.0 *** 0.226 −46.35 *** −22.42 **
(0.543) (0.100) (34.10) (27.57) (15.91) (3.677) (15.73) (10.60)

RR −0.417 ** 0.0697 ** −22.16 −19.26 * 9.125 −3.601 *** −9.849 −4.308
(0.203) (0.0329) (17.96) (10.19) (9.519) (1.213) (6.701) (3.989)

DCPS 1.139 *** 0.111 25.22 *** 39.08 *** 3.540 *** 0.364 *** 24.79 *** 31.21 ***
(0.331) (0.0705) (2.954) (4.717) (0.515) (0.113) (1.732) (3.014)

CBL 3.74 × 10−8 *** 7.09 × 10−9 *** 2.98 × 10−8 *** 1.98 × 10−8 *** 3.24 × 10−8 *** 1.73 × 10−8 ***
(5.33 × 10−9) (8.72 × 10−10) (9.27 × 10−9) (5.63 × 10−9) (6.48 × 10−9) (4.05 × 10−9)

Constant 2.978 15.26 ** 340.1 −1667 ** 280.7 *** 334.1 *** 42.27 −629.4 **
(8.052) (7.160) (325.7) (760.1) (92.47) (118.0) (149.1) (255.9)

R2 0.571 0.311 0.310 0.384
Obs. 320 320 321 321 297 297 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 4 reports the FGLS and random effects results for the effect of BFSA on total carbon emissions
for developing, emerging, and developed economies. A higher deposit rate (DR) has always been
more beneficial to savers while higher lending rates (LR) and RR are usually negative outcomes
for borrowers. However, we see that for the developing and emerging economies, DR and RR are
strongly negatively correlated with total carbon emissions. This indicates that the higher the deposit
rates offered to savers, the lower the total annual CO2 emissions. A higher deposit rate contributes to
the alleviation (reduction) of CO2 emissions. The reason for this could be because the higher the deposit
rates offered; the more people feel encouraged to save. Thus, the more they save, the less they spend
on carbon-emitting products. We also see similar effects for RR and total CO2 emissions. Similarly,
for developing economies, a strong negative correlation between the real interest rate and total carbon
emissions is evident. Yet, domestic credit to the private sector (DCPS) for all economies shows a strong
positive correlation. This indicates that increased investment into the private sector by banks and other
such institutions contributes towards aggravating (increasing) total carbon emissions. This finding
is in agreement with existing literature on emerging economies that found that increased domestic
credit to the private sector tends to increase carbon emissions [48]. The same is the case for commercial
bank lending for both developing and emerging economies. An increase in commercial bank lending
indicates an increase in total carbon emissions. Higher deposit rates especially in developing and
emerging economies remain an attractive incentive for bank savers [49]. With increased savings, banks
have more funds available to invest in businesses and to lend out to borrowers [50]. Beyond simply
investing in profitable businesses, green businesses are also seeing a rise in interest from banks and
other kinds of investors [51]. Our findings on the effect of the banking and financial system activities
on total carbon emissions are therefore understandable. Overall, for all economic types, higher deposit
rates offered to savers contribute to reduced total carbon emissions while an increase in domestic
credit to the private sector and commercial bank lending ultimately leads to an aggravation of total
carbon emissions.

The estimation results for the effect of the banking and financial system activities on per capita
carbon emissions for all economic types are found in Table 5.
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Table 5. Effect of banking and financial system activities on total per capita CO2 emissions.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

DPE EE DE AE

FGLS RE FGLS RE FGLS RE FGLS RE

LR −0.00495 −0.000167 0.0867 ** 0.0860 *** −0.187 −0.0650 0.0191 0.0176 ***
(0.00302) (0.00183) (0.0388) (0.0173) (0.204) (0.0721) (0.0158) (0.00600)

DR 0.00268 4.06 × 10−6 −0.104 * −0.100 *** 0.375 * 0.0899 −0.0108 −0.0251 ***
(0.00527) (0.00296) (0.0540) (0.0201) (0.205) (0.0787) (0.0264) (0.00805)

RR 0.000264 0.000826 −0.100 *** −0.0310 *** −0.250 ** −0.0541 ** −0.0366 *** −0.00786 ***
(0.00197) (0.000972) (0.0284) (0.00727) (0.123) (0.0260) (0.0112) (0.00301)

DCPS 0.0292 *** 0.00618 *** 0.0409 *** 0.0320 *** −0.0185 *** 0.00877 *** 0.0511 *** 0.0274 ***
(0.00321) (0.00207) (0.00468) (0.00346) (0.00665) (0.00243) (0.00290) (0.00246)

CBL 9.47 × 10−11 * 2.88 × 10−11 4.56 × 10−11

***
1.65 × 10−11

***
6.15 × 10−11

***
1.60 × 10−11

***
(5.17 × 10−11) (2.57 × 10−11) (1.47 × 10−11) (4.04 × 10−12) (0.0029044) (3.07 × 10−12)

Constant −0.0198 0.310 *** 1.597 *** 1.996 * 14.43 *** 9.741 *** 0.265 1.051 ***
(0.0781) (0.109) (0.516) (1.060) (1.194) (1.466) (0.250) (0.383)

R2 0.359 0.391 0.114 0.466
Obs. 320 320 321 321 297 297 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

The FGLS and random effects result for the effect of banking system activities on per capita
CO2 emissions for all economic types can be seen in Table 5. No significant effects exist for the
developing economies in terms of lending rate, deposit rate, and real interest rate. Yet, for the emerging
economies, there is a strong positive correlation for lending rate and a strong negative correlation for
deposit rate, real interest rate, and per capita carbon emissions. Developed economies also show a
strong negative correlation between real interest rate and per capita emissions. These findings indicate
that in emerging economies, higher deposit rate offerings contribute towards alleviation of per capita
carbon emissions. This is also the case for real interest rate, where an increase in RR contributes
towards alleviation of carbon emissions in emerging and developed economies. This finding is in
agreement with the study of Samour et al. [18], which found that an increase in real interest rate leads
to a decrease in carbon emissions. Interestingly, for developing and emerging economies, DCPS and
CBL show positive correlations with per capita carbon emissions. This indicates that for these two
economic types, an increase in credit offered to the private sector contributes to the aggravation of
per capita carbon emissions. Yet, this is not the case for developed economies in terms of domestic
credit offered to the private sector where we see a strong negative correlation. This indicates that for
the developed economies, increased credit to the private sector contributes to the reduction of per
capita carbon emissions. This finding for developed economies falls in line with prior research which
found that environmental sustainability consciousness is much higher in the developed economies as
compared to developing economies. Stock markets are found to more often reallocate investments
towards a greener and less polluting sectors [52].

The FGLS and random effects estimation results of the effect of the banking and financial system
activities on total carbon emissions by the power industry for all economic types are reported in Table 6.

The power industry, and the process of electricity generation through time has been known to be one
of the largest perpetrators of carbon emissions in all economic types. Thus, the pressure and expectation
to reduce carbon emissions have been placed heavily on the power industries. Power industries
are now pushing towards reducing pollution and emission in the electricity generation process,
and are striving towards adding more renewable energy sources such as solar, wind, hydro, natural
gas into the electricity generation portfolio especially in the developed economies [53,54]. Table 6
reports the estimation results for the effect of banking system activities on carbon emissions by the
power industry for all the economic types. Our estimation results show that for the developing
economies, DR and RR have a strong negative correlation to carbon emissions by the power industry.
This is also the case for emerging economies in terms of DR. The opposite is, however, the case for
developed economies, whereby a significant positive correlation is evident between DR and carbon
emissions by the power industry. This indicates that for the developing and emerging economies, an
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increase in DR contributes towards alleviating carbon emissions by the power industries while for the
developed economies an increase leads to further aggravation of carbon emissions by the industry.
Interestingly, for the developed economies, a strong negative correlation exists between the lending rate
and carbon emissions. This indicates that the higher the lending rate, the lower the carbon emissions by
the power industry. In the developed economies, the bank lending rate is consistently low sometimes
ranging from 0.5 to 5%, as compared to the developing and emerging economies who see rates from
6% to as much as 30% [36]. These lower levels of lending rates contribute to easier access to finance
from banks for all borrowers, be they individuals, MSMEs owners, or large corporations. With this
relative ease of finance access, it is understandable that lower interest rates contribute to increased
rather than decreased carbon emissions by the power industries. Meanwhile, an increase in DCPS
and CBL in all economies leads to the aggravation of the carbon emissions by the power industry.
Considering that over 70% of global power production still comes from fossil fuel sources [55], it is
unsurprising that continued investment in the private sector and increase overall bank lending to
borrowers, both individuals and organizations alike amount to an increase of carbon emissions by the
power industry.

Table 7 reports the FGLS and random effects estimation results of the effect of the banking and
financial system activities on total carbon emissions by buildings.

Table 6. Effect of banking and financial system on total CO2 emissions by the power industry.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

DPE EE DE AE

FGLS RE FGLS RE FGLS RE FGLS RE

LR 0.146 * −0.00320 6.974 43.09 *** −170.1 *** −5.889 2.582 8.759 ***
(0.0857) (0.0171) (9.814) (10.07) (29.61) (6.982) (3.803) (3.356)

DR −0.348 ** 0.00194 −38.31 *** −48.14 *** 151.6 *** −0.107 −19.61 *** −10.61 **
(0.150) (0.0275) (13.65) (11.84) (29.85) (7.627) (6.339) (4.598)

RR −0.112 ** 0.0176 * −10.36 −8.368 * 34.26 * 2.354 −4.474 * −1.897
(0.0559) (0.00902) (7.193) (4.426) (17.86) (2.516) (2.701) (1.735)

DCPS 0.309 *** 0.00532 10.20 *** 16.82 *** 7.649 *** 0.531 ** 9.865 *** 13.28 ***
(0.0913) (0.0193) (1.183) (2.017) (0.966) (0.235) (0.698) (1.276)

CBL 1.03 × 10−8 *** 1.86 × 10−9 *** 1.27 × 10−8 *** 8.56 × 10−9 *** 1.36 × 10−8 *** 7.56 × 10−9 ***
(1.47 × 10−9) (2.39 × 10−10) (3.71 × 10−9) (2.44 × 10−9) (2.61 × 10−9) (1.76 × 10−9)

Constant 0.175 4.208 ** 148.9 −749.9 *** −115.9 246.4 33.71 −277.8 ***
(2.220) (1.740) (130.4) (285.9) (173.5) (209.2) (60.11) (101.2)

R2 0.738 0.322 0.301 0.381
Obs. 320 320 321 321 297 297 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 7. Effect of banking and financial system on total CO2 emissions by buildings.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

DPE EE DE AE

FGLS RE FGLS RE FGLS RE FGLS RE

LR 0.0462 −0.00790 1.236 3.008 *** −16.76 *** −0.0510 0.529 0.650 **
(0.0350) (0.0104) (1.877) (0.881) (2.036) (0.544) (0.722) (0.286)

DR −0.133 ** 0.00560 −6.318 ** −2.784 *** 17.79 *** −0.134 −3.081 ** −0.409
(0.0611) (0.0168) (2.611) (1.024) (2.052) (0.595) (1.204) (0.384)

RR −0.0423 * 0.00955 * −1.859 −0.781 ** 1.035 0.437 ** −0.879 * −0.178
(0.0228) (0.00551) (1.376) (0.370) (1.228) (0.196) (0.513) (0.143)

DCPS 0.120 *** −0.00784 1.847 *** 1.136 *** 0.373 *** 0.0256 1.920 *** 0.941 ***
(0.0372) (0.0118) (0.226) (0.176) (0.0664) (0.0183) (0.133) (0.118)

CBL 4.21 × 10−9 *** 8.91 × 10−10

*** 1.83 × 10−9 *** 6.21 × 10−10

*** 2.08 × 10−9 *** 5.54 × 10−10

***
(5.99 × 10−10) (1.46 × 10−10) (7.10 × 10−10) (2.06 × 10−10) (4.96 × 10−10) (1.46 × 10−10)

Constant 0.415 1.920 ** 40.39 8.635 45.12 *** 40.57 *** 6.484 3.830
(0.906) (0.839) (24.94) (57.42) (11.93) (15.32) (11.41) (18.89)

R2 0.588 0.208 0.031 0.402
Obs. 320 320 321 321 297 297 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.
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Carbon emissions by buildings have continually been an issue in the fight for environmental
sustainability. Carbon inefficient buildings and construction account for as much as 28% of the total
global energy-related carbon emissions [56]. Meanwhile, commercial and residential structures account
for as much as 12% of total Greenhouse gas (GHG) emissions. Additionally, low-carbon buildings are
now the preferred building style in most developed economies, and some emerging economies [57].
In several cases, energy-efficient and low-carbon buildings are being financed by green bonds, such as
in Japan’s case, where banks dominate green bond issuance [58]. Our estimation results on the effect of
banking and financial system activities on carbon emissions by buildings in Table 7 show that for the
developed economies, the lending rate and carbon emissions are significantly negatively correlated.
As the lending rate is persistently low in developed economies, access to finance is better for borrowers,
both individuals and businesses. Our findings reveal that lower lending rates in developed economies
can contribute to higher carbon emissions by buildings. For all economic types, deposit rate and
carbon emissions by buildings are significantly negatively correlated. This indicates that an increase in
the deposit rate offered to savers can be associated with a decrease in carbon emissions by buildings
in these economies. This is similar to the case for the effect of banking system activities on total
carbon emissions. Additionally, for all economies, an increase in DCPS and CBL all have strong
positive correlations with carbon emissions by buildings. This indicates that higher lending to the
private sector and borrowers leads to an increase in carbon emissions by buildings.

The FGLS and random effects estimation results of the effect of banking and financial system
activities on carbon emissions by the transportation sectors in the three economic types are shown in
Table 8.

The transport sector remains one of the largest culprits of CO2 emission aggravation on a
global scale. The transportation sector makes up as much as 28% of the global GHG emissions while
industry and electricity and agriculture make up 22%, 27%, and 10% of total GHG emissions in the
United States [59]. Great effort is being directed towards curbing emissions by the transport sector while
maintaining economic development in most of the economic types more especially in the emerging and
developed economies. One key method is to evolve the public transportation system and use renewable
energy sources to power them, such as in Hong Kong and China’s case [60]. According to Table 8,
our estimation results show that while lending rate and carbon emissions by the transport sector in
emerging economies are positively correlated, it is significantly negatively correlated in the developed
economies, and insignificantly correlated for developing economies. This indicates that in the emerging
economies, a higher lending rate leads to an aggravation of carbon emissions by the transport sector.
Meanwhile, in the developed economies, higher lending rates lead to reduced carbon emissions by the
transport sector. In the emerging economies, pollution and emissions by the transportation sector are
difficult to curb. This is because these economies are often highly reliant on transportation logistics
to successfully achieve economic expansion. The deposit rate in all economic types is significantly
negatively correlated with carbon emissions by the transport sector. This indicates that an increased
deposit rate contributes towards alleviating carbon emissions. Yet, similar to the findings in Tables 3–6,
DCPS, and CBL increase leads to an aggravation of carbon emissions. In this case, the greater the
lending to the private sector by banks, the higher the carbon emissions by the transport sector.

The FGLS and random effects estimation results for the effect of banking and financial system
activities on carbon emissions by other combustion industries for all three economic types are reported
in Table 9.

As seen in Table 9, carbon emissions by other combustion industries and deposit rates have a
significant negative correlation for developing and emerging economies. Domestic credit offered to
the private sector is strongly positively correlated for all three economic types. This indicates that
higher lending to the private sector is contributing to higher carbon emissions by other combustion
industries. Additionally, for the developing and emerging economies, higher commercial bank
lending is also strongly positively correlated with carbon emissions by other combustion industries.
These findings are in agreement with the previous findings through Tables 4–8. Although the emerging
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and developed economies continually put great efforts towards curbing carbon emissions by the
combustion industries [61], our results show that this reduction is not particularly evident when
considering the effect of DCPS and CBL on combustion industry emissions. The greater the lending to
the private sector, the higher the carbon emissions by these industries.

Table 8. Effect of banking and financial system on total CO2 emissions by transport sector.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

DPE EE DE AE

FGLS RE FGLS RE FGLS RE FGLS RE

LR 0.0790 −0.0377 3.792 ** 7.025 *** −20.68 *** −0.666 1.674 ** 1.560 ***
(0.0693) (0.0232) (1.676) (1.796) (3.288) (0.817) (0.652) (0.602)

DR −0.320 *** 0.00368 −9.578 *** −8.768 *** 20.60 *** −0.676 −4.222 *** −2.436 ***
(0.121) (0.0375) (2.332) (2.126) (3.315) (0.893) (1.087) (0.838)

RR −0.0894 ** 0.0276 ** −1.587 −1.527 * 1.250 0.156 −0.638 −0.368
(0.0452) (0.0123) (1.229) (0.807) (1.983) (0.295) (0.463) (0.319)

DCPS 0.237 *** 0.0587 ** 1.527 *** 3.197 *** 0.569 *** 0.106 *** 1.763 *** 2.538 ***
(0.0737) (0.0263) (0.202) (0.360) (0.107) (0.0275) (0.120) (0.217)

CBL 8.96 × 10−9 *** 2.48 × 10−9 *** 3.15 × 10−9 *** 1.70 × 10−9 *** 3.77 × 10−9 *** 1.69 × 10−9 ***
(1.19 × 10−9) (3.25 × 10−10) (6.34 × 10−10) (4.43 × 10−10) (4.48 × 10−10) (3.22 × 10−10)

Constant 2.509 4.181 ** 54.42 ** −90.14 ** 67.98 *** 62.30 ** 6.916 −31.02 **
(1.794) (1.832) (22.27) (45.56) (19.27) (24.56) (10.31) (15.56)

R2 0.275 0.364 0.231 0.499
Obs. 320 320 321 321 297 297 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 9. Effect of banking and financial system on total CO2 emissions by other combustion industries.

Variables (1) (2) (3) (4) (6) (7) (8)

DPE EE DE AE

FGLS RE FGLS RE RE FGLS RE

LR 0.139 * −0.00111 3.420 28.30 *** 5.880 × 109 1.815 5.776 **
(0.0821) (0.0134) (7.607) (7.078) (7.623 × 109) (2.918) (2.318)

DR −0.317 ** −0.00396 −22.86 ** −29.85 *** −1.281 × 1010 −12.35 ** −5.771 *
(0.143) (0.0217) (10.58) (8.271) (8.325 × 109) (4.863) (3.147)

RR −0.117 ** 0.00942 −4.870 −5.386 * 9.640 × 108 −2.355 −1.173
(0.0535) (0.00711) (5.575) (3.038) (2.756 × 109) (2.072) (1.183)

DCPS 0.317 *** 0.0528 *** 7.705 *** 10.98 *** 1.055 × 109 *** 7.377 *** 8.783 ***
(0.0874) (0.0152) (0.917) (1.418) (2.570 × 108) (0.536) (0.909)

CBL 9.14 × 10−9 *** 1.16 × 10−9 *** 7.66 × 10−9 *** 5.72 × 10−9 *** 8.05 × 10−9 *** 4.93 × 10−9 ***
(1.41 × 10−9) (1.88 × 10−10) (2.88 × 10−9) (1.68 × 10−9) (2.00 × 10−9) (1.20 × 10−9)

Constant −0.227 2.927 52.51 −501.5 ** 1.181 × 1011 −6.664 −192.4 **
(2.126) (1.902) (101.1) (253.2) (1.103 × 1011) (46.11) (81.99)

R2 0.391 0.283 0.266 0.396
Obs. 320 320 321 321 297 297 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

Table 10 reports the FGLS and random effects estimation results for the effect of banking and
financial system activities on carbon emissions by other sectors industries for all three economic types.

According to Table 10, the BFSA and carbon emissions nexus, LR, and emissions by other sectors
are strongly negatively correlated for the developed economies. This finding is similar to the finding
for the effect of BSA on emissions by the power industry and by buildings, whereby a lower interest
rate leads to the aggravation of the carbon emissions situation in these economies. DR and carbon
emissions by other sectors have a significantly negative correlation for all developing and emerging
economies. However, for the developed economies, DR, and carbon emissions by other sectors are
strongly positively correlated. This indicates that while DR has a positive effect on carbon emissions in
developing emerging economies, the opposite is the case for developed economies, where all other
sectors are considered. We also find similar effects for DCPS and CBL as those seen in the prior tables
where an increase in DCPS and CBL leads to an increase in carbon emissions by the other sectors.
This finding is highly significant, at a 99% confidence level. In essence, the developing economies
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benefit from higher rather than lower lending rates, and all economies contribute to higher carbon
emissions as lending to the private sector increases

Table 10. Effect of banking and financial system on total CO2 emissions by other sectors.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

DPE EE DE AE
FGLS RE FGLS RE FGLS RE FGLS RE

LR 0.0598 −0.00635 3.229 16.03 *** −11.89 *** −0.963 1.364 3.293 **
(0.0414) (0.00914) (3.931) (3.920) (1.543) (1.223) (1.509) (1.292)

DR −0.144 ** 0.0161 −14.08 ** −16.82 *** 12.31 *** 1.206 −7.077 *** −3.278 *
(0.0722) (0.0147) (5.469) (4.593) (1.555) (1.335) (2.516) (1.764)

RR −0.0490 * 0.00768 −3.483 −3.055 * 0.842 −0.884 ** −1.498 −0.663
(0.0270) (0.00483) (2.881) (1.700) (0.931) (0.445) (1.072) (0.664)

DCPS 0.149 *** 0.00544 3.949 *** 6.527 *** 0.319 *** 0.00473 3.859 *** 5.157 ***
(0.0440) (0.0103) (0.474) (0.786) (0.0503) (0.0413) (0.277) (0.498)

CBL 4.74 × 10−9 *** 7.41 × 10−10

*** 4.46 × 10−9 *** 3.08 × 10−9 *** 4.87 × 10−9 *** 2.68 × 10−9 ***

(7.08 × 10−10) (1.28 × 10−10) (1.49 × 10−9) (9.40 × 10−10) (1.04 × 10−9) (6.75 × 10−10)
Constant 0.154 1.988 ** 43.95 −296.2 ** 24.47 *** 32.24 *** 1.862 −112.9 ***

(1.071) (0.999) (52.23) (124.2) (9.039) (11.52) (23.85) (41.20)
R2 0.532 0.304 0.187 0.419

Obs. 320 320 321 321 297 297 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

To ensure the robustness of our results, Table 11 provides the difference generalized method of
moments estimation results for the effect of banking and financial system activities on all seven layers of
carbon emissions, namely, total CO2 emissions, emissions per capita, emissions by the power industry,
by buildings, by the transport sector, by the other combustion industries, and by the other sectors, for
all economic types.

Table 11. All economies’ difference gmm results for effect of BFSA on CO2 emissions.

Variables (1) (2) (3) (4) (5) (6) (7)

TC02 CO2Pc CO2PI CO2B CO2T CO2OCI CO2OS

C02-L1 0.966 *** 0.910 *** 0.962 *** 0.820 *** 0.980 *** 0.945 *** 0.959 ***
(0.0183) (0.0632) (0.0181) (0.0655) (0.0237) (0.0196) (0.0140)

LR 8.502 ** 0.0145 4.256 ** 0.431 0.965 ** 2.571 * 0.679
(4.316) (0.0109) (1.851) (0.605) (0.435) (1.412) (0.548)

DR −12.91 ** −0.0259 −6.395 ** −0.324 −1.781 *** −3.291 −1.092
(6.141) (0.0158) (2.630) (0.883) (0.622) (2.018) (0.779)

RR −3.672 * −0.00751 −1.626 * −0.132 −0.273 −1.503 ** −0.225
(2.067) (0.00531) (0.878) (0.297) (0.210) (0.682) (0.262)

DCPS −1.057 −0.00115 −0.315 0.282 −0.0236 −0.340 −0.190
(1.283) (0.00338) (0.543) (0.176) (0.143) (0.406) (0.165)

CBL 1.75 × 10−9 ** 2.71 × 10−12 9.83 × 10−10

*** 5.50 × 10−11 1.86 × 10−10 ** 4.03 × 10−10 2.22 × 10−10 **

(8.33 × 10−10) (2.20 × 10−12) (3.54 × 10−10) (1.17 × 10−10) (8.37 × 10−11) (2.76 × 10−10) (1.05 × 10−10)
Obs. 938 938 938 938 938 938 938
Chi2

(P-v)
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Standard errors in parentheses *** p < 0.01, ** p < 0.05, * p < 0.1.

As a robustness measure, the difference generalized method of moments estimation approach is
used to check the effect of BSFA on all seven layers of carbon emissions for all economic types. We not
only aim to use an alternative econometric methodology, but we also address the potential endogeneity
bias especially where the lending rates are concerned. The results of the Sargan test indicate that there
are no over-identification issues in our estimations. Additionally, the results of the Arellano–Bond
autocorrelation test for AR(1), AR(2) all illustrate that the first-order autocorrelation is statistically
significant, while the second-order is not significant. The results also show high-level persistence in the
dependent variables. We find from the GMM estimation results that for all economies, deposit rate and
total carbon emissions are negatively correlated. Additionally, CBL and carbon emissions are positively
correlated. LR and CBL are significantly positively correlated, while DR is negatively correlated
with carbon emissions by the power industry. As for emissions by the transport industry, LR and
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CBL are positively correlated while DR is negatively correlated. Where other sectors are concerned
CBL and carbon emissions by the other sectors are positively correlated for all economies. All these
findings are in agreement with the detailed findings and discussions made from the FGLS and RE
estimation models.

Table 12. List of positive and negative findings by economic type towards CO2 emissions reduction.

Significant Positive Findings Significant Negative Findings

Developing Economies Developing Economies

1. DR and RR increase amounts to decreased total
CO2 emissions.

2. DR and RR increase amounts to decreased CO2
emissions by the power industry.

3. DR increase amounts to decreased CO2
emissions by the buildings.

4. DR and RR increase amounts to decreased CO2
emissions by the transport sector.

5. DR and RR increase amounts to decreased CO2
emissions by the other combustion industries.

6. DR increase amounts to decreased CO2
emissions by the other sectors.

1. DCPS and CBL increase amounts to an increase
in total CO2 emissions.

2. DCPS increase amounts to an increase in per
capita CO2 emissions.

3. DCPS and CBL increase amounts to an increase
in CO2 emissions by the power industry.

4. DCPS and CBL increase amounts to an increase
in CO2 emissions by the buildings.

5. DCPS and CBL increase amounts to an increase
in CO2 emissions by the transport sector.

6. DCPS and CBL increase amounts to an increase
in CO2 emissions by the other
combustion industries.

7. DCPS and CBL increase amounts to an increase
in CO2 emissions by the other sectors.

Emerging Economies Emerging Economies

1. DR increase amounts to decreased total
CO2 emissions.

2. RR increase amounts to decreased per capita
CO2 emissions.

3. DR increase amounts to decreased CO2
emissions by the power industry.

4. DR increase amounts to decreased CO2
emissions by buildings.

5. DR increase amounts to decreased CO2
emissions by the transport sector.

6. DR increase amounts to decreased CO2
emissions by other combustion industries.

7. DR increase amounts to decreased CO2
emissions by other sectors.

1. DCPS and CBL increase amounts to an increase
in total CO2 emissions.

2. DCPS and CBL increase amounts to an increase
in per capita CO2 emissions.

3. DCPS and CBL increase amounts to an increase
in CO2 emissions by the power industry.

4. DCPS and CBL increase amounts to an increase
in CO2 emissions by the buildings.

5. LR, DCPS, and CBL increase amounts to an
increase in CO2 emissions by the
transport sector.

6. DCPS and CBL increase amounts to an increase
in CO2 emissions by other
combustion industries.

7. DCPS and CBL increase amounts to increased
CO2 emissions by the other sectors.

Developed Economies Developed Economies

1. LR increase amounts to decreased total
CO2 emissions.

2. DR and DCPS increase amounts to decreased
per capita CO2 emissions.

3. LR increase amounts to decreased CO2
emissions by the power industry.

4. LR increase amounts to decreased CO2
emissions by buildings.

5. LR increase amounts to decreased CO2
emissions by the transport sector.

6. LR increase amounts to decreased CO2
emissions by other sectors.

1. DR and DCPS increase amounts to an increase
in total CO2 emissions.

2. DR and DCPS increase amounts to an increase
in CO2 emissions by the power industry.

3. DR and DCPS increase amounts to an increase
in CO2 emissions by buildings.

4. DR and DCPS increase amounts to an increase
in CO2 emissions by the transport sector.

5. DR and DCPS increase amounts to an increase
in CO2 emissions by other sectors.
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5. Conclusions and Policy Implications

In the present study, we carefully analyzed the banking system and carbon emissions nexus
towards achieving environmental sustainability. We did this by checking seven key layers of carbon
emissions in three economic types, namely developing, emerging, and developed economies. Table 12
provides a detailed summary of all the main positive and negative findings made on the nexus for
each of the economic types.

From our findings, three major trends can be noticed in the banking sector and carbon emissions
nexus analysis for the three economic types. First, for the developing and emerging economies, a higher
deposit rate contributes towards decreased carbon emissions, especially in total carbon emissions,
emissions by the power industry, by buildings, transport, and other combustion industries. Additionally,
increased domestic credit to the private sector and commercial bank lending consistently contributes to
an aggravation of the carbon emissions situation. Second, for the developed economies, we observed
a different trend, whereby an increased lending rate contributes to decreased carbon emissions
especially in total carbon emissions, emissions by the power industry, by buildings, transport sector,
and other sectors. Third, increased domestic credit to the private sector for all economic types
consistently contributes to an increase in carbon emissions in all seven layers of carbon emissions.

For the banking sector to make a significant contribution to the reduction of carbon emissions,
the following recommendations are offered. First, the developing and emerging economies are
encouraged to improve and sustain higher deposit rates for savers, as this inadvertently contributes
towards the overall reduction of carbon emissions by the transport sector, buildings, power industry,
and other sectors. The reason for this is that the higher the deposit rates offered, the more people feel
encouraged to save. Thus, the more they save, the less they spend on carbon dioxide emitting products.
Second, these economies are encouraged to supervise domestic credit offered to the private sector, as
well as overall commercial bank lending. The increase in these two variables consistently leads to
higher carbon emissions. The banking sector in these economies is encouraged to lend less to carbon
polluting businesses and more towards those who have greener initiatives in place, and who emit less.

Third, for the developed economies, the excessively low lending rates do not appear to be
beneficial towards the achievement of environmental sustainability overall, especially in the reduction
of carbon emissions. These economies are therefore encouraged to set up more barriers to the apparent
ease of financing for the private sector, or higher supervision for the types of borrowers loaned to.
Fourth, for all three economic types, higher domestic credit offered to the private sector shows a
consistent contribution towards higher carbon emissions in all seven layers of carbon emissions. It is,
therefore, apparent that the banking sector and all other financial institutions involved in lending to
the private sector must supervise the types of businesses being lent to. If the banking and finance
sector should successfully contribute towards carbon emissions reduction, then more financial lending
opportunity should be granted to businesses with green initiatives, and those with low carbon emissions.
Providing financing to high GHG emitting firms enables them to pollute more, which in turn leads
to an aggravation of the carbon emissions situation. In essence, this renders efforts towards carbon
emissions on all other levels futile.

This study is not without its limitations. The inferences made herein are limited to the data and
the period upon which the findings are-based. As more datasets become available, this research can
be replicated and extended. It can be expanded by using panel data of more countries belonging to
each of the economic types. Further research is also required to know if the nexus between BFSA
and carbon emissions is dependent on some specific economic growth factors in each economic type.
The empirical analysis in this study should motivate similar studies for the remaining countries of
the world.
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Appendix A

Table A1. List of countries used in study.

Developing Economies Emerging Economies Developed Economies

Madagascar China Switzerland
Benin Brazil Australia

The Gambia Turkey Sweden
Togo Philippines Singapore

Both Sudan United Arab Emirates Hong Kong
Uganda Russia Netherlands

Chad India Canada
Pakistan Indonesia United Kingdom

Myanmar Nigeria United States
Burkina Faso Egypt Japan

Tanzania South Africa Israel
Zimbabwe Morocco South Korea

Malawi Tunisia Belgium
Haiti Argentina Luxembourg

Ethiopia Malaysia Spain
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