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ABSTRACT

The present work explores the impact of energy, financial sector development, and income on the
UAE's environmental degradation. The ARDL, DOLS, CCR, and FMOLS approaches are employed
to explore a long-run link among the examined variables. To present novel evidence to the
empirical literature, the present work utilizes the updated method of ARDL approach as introduced
by (McNown et al. 2018), and new method of Bayer and Hanck as introduced by Bayer and Hanck
(2013). The coefficients of tested models illustrate that real income positively affected the level of
environmental degradation in the UAE. Moreover, the outcomes demonstrated that the
development of the financial sector has a significant influence on the level of environmental quality
in the UAE. Furthermore, the outcomes show that nonrenewable energy positively affects
ecological pollution. The results of the present research provide valuable findings for the UAE's
policymakers heading to sustainable banking and energy sector. It suggested that the government
should use the significant growth of the banking sector to support and improve the environmental
quality

Keywords: UAE, Banking sector development, environmental degradation, Bayer and Hanck,
Bootstrap ARDL
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1. Introduction

The United Arab Emirates is a highly developed economy based on its gross domestic product
(GDP). The GDP growth in the UAE represents one of the fastest-growing economies in emerging
economies, which significantly increased from 50 billion US dollars(USD) in 1990 to 417 billion USD in
2019. On the other hand, carbon emissions decreased from 30 metric tons per capita in 1990 to 21

metric tons per capita in 2019. The UAE is still facing climate change challenges. This gets along with
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the objective of the present study, which is to explore the influence of energy, income, and financial
sector development on the level of environmental pollution over the period 1990 to 2019. In the
existing empirical studies, several studies tested the determinants of the level of environmental
degradation (Altarhouni et al.,2021; Abumunshar et al,2020; Samour et al.,2021). In comparison, few
studies investigated the effect of banking sector growth on environmental pollution. In this context,
Samour et al. (2021) explored the role of banking growth on environmental degradation in Turkey,
Obiora et al.,(2020) investigated the long-term viability of the environment as a result of banking
expansion. Limited papers have been undertaken on the impact of banking expansion on the
consumption of energy, as we have done in this research. However, the present study is the first to
estimate the effect of tested variables on the level of environmental pollution in the UAE using B-
ARDL. The new test of ARDL as proposed by McNown et al. (2018) is desired over traditional
Pesaran (2001) co-integration tests due to its advantage to estimate when resolving limitation of size

issues, which have not been addressed by traditional co-integration tests.

The banking sector of the United Arab Emirates (UAE) has undergone positive improvements during
the last decades. In this pursuit, the total credit from the banking sector to the private sector as a
percentage of gross domestic products (GDP) in 2018 rose to around 74% in 2018 compared to 30
%in 1988. On the other hand, rising natural gas prices in the UAE over the last years have combined
with the rapidly falling renewable energy system's cost, including the solar photovoltaic systems. This
in turn, leads to the use of more sources of renewable energy for power production, ramping up
renewables to 30% of total power generation, could generate annual savings of four billion US dollars
by 2030 through avoidance of the consumption of nonrenewable energy and lower energy cost. With
environmental and financial benefits factored in the transition to renewables, the country targets to
reach 44% of the installed capacity with clean resources in 2050. However, the banking sector growth
offers cheaper loans to the producer, and then they purchase advanced raises consumption of
energy. On the other hand, banking sector growth may affect the consumption of energy through
other economic channels such as economic growth and investments. For instance, financial sector
growth provides funds for the investors, which leads to boost total factor productivity, capital
accumulations and promoting total factor productivity cause to increase economic growth, and this
may lead to increase the consumption of the energy and CO2 emission. This study suggests the
influence of banking sector growth on the environment depends on how this variable affects economic
growth. In this respect, any improvement in the financial sectors, such as an increase in the credits
from the banks to the markets may lead to boots in the projects and investment and improve the risk
management systems, which may lead to affect economic growth and consumption of energy; hence,

it may lead to increase environmental degradation.

By assessing the impact of banking sector growth on the environmental quality, the existing paper
will determine the role of the banking sector in the ecological quality issues; in fact, the banking sector
has a crucial role in attaining economic and financial stability through credit that provided to banks

and markets. The banking sector should use this credit to enhance the production and investment in
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renewables. In this context, the main objective of this study is to test the impact of banking sector

expansion on the level of environmental degradation in the UAE.
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Figure 1. Carbon emissions in UAE over the period from 1990-2019

The following sections of the current paper illustrate the review of the literature (section 2), empirical
model, methodology (section 3), the empirical outcomes (section 4), and the final conclusion of our

work (section 5).

2. Review of the empirical literature

Several empirical in the literature illustrated that financial development affected the level of
environmental pollution. In this context, Zhang(2011) tested the impacts of financial sector growth on
the levels of nonrenewable energy consumption (NREC) and environmental pollution in China. The
authors affirmed that financial expansion positively affected NREC and environmental pollution. Al-
Mulali and Lee (2013) applied the DOLS approach and confirmed that financial sector growth
positively affected the level of environmental pollution in the MENA region. Sbia et al. (2015) provided
empirical evidence that financial sector growth positively affected ecological pollution in India during
the period from 1970 t02012. Pata(2018) used the ARDL model and examined the financial sector's
influence on the environmental pollution level in Turkey. The outcomes reported a positive link
between the growth of the financial industry and the level of environmental pollution. Haseeb et al.
(2018) illustrated a positive connection between the expansion of the financial sector and the carbon
levels in India, South Africa, Russia, and China. However, these studies suggested that financial
development positively affected economic growth, which in turn led to a rise in the utilization of energy
and carbon levels. However, there are limited studies that tested the impact of banking development

on environmental pollution. In this context, Samour et al. (2021) explored the role of banking sector
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development on the level of ecological degradation in Turkey, Obiora et al. (2020) investigated the
long-term viability of the environment as a result of banking development. It is apparent that limited
studies have been undertaken on the impact of banking expansion on the consumption of energy, as

we have done in this research

On the other hand, several empirical studies examined the connections between NREC, economic
growth, and environmental quality. In this context, Samour et al. (2021) used the ARDL model and
illustrated that NREC negatively links ecological pollution. Similar results were found by Abumunshar
et al. (2020), Altarhouni et al. (2021), who confirmed that real income positively affected the level of
environmental pollution in Turkey. Bento and Moutinho (2016) illustrated that NREC positively affects
the level of environmental pollution. In contrast, the results found that nonrenewable energy is
significant and positively affects CO2 emissions. Shafiei and Salim (2014) demonstrated a negative
association amongst environmental degradation in the OECD countries. Chen and Geng (2016) also
confirmed that nonrenewable energy in 30 OECD countries positively affected ecological pollution.
Dogan and Ozturk (2017) used the ARDL model and affirmed that NREC positively affected the level
of environmental degradation. In the UAE, Al-mulali and Che(2018), who used the vector
autoregressive model, and found that NREC has a positive influence on the UAE's emissions levels,
Panigrahi et al. (2020), who used the period from 1991-to 2021, affirmed that NREC affected
emissions positively in UAE. Sbia et al. (2014) used ARDL testing and approved that the ECK
approach is valid. Similarly, Charfeddine and Khediri (2016) supported that the ECK approach was
correct in the UAE from 1975 to 2011.

3. Model, Data, and Methodology

In the current study, economic growth (GDP), nonrenewable energy consumption (NREC), banking
sector development (BSD) are the main determinants of carbon emissions. Thus, the studied model is
formulated in the next formula:

CO2=f(GDP, BSD, NREC) (1)

The assumption is that environmental pollution is measured by carbon emissions and regressed of
NREC, BSD, GDP. CO2 is the carbon dioxide emissions, GDP is the economic growth in the UAE,
NREC represents consumption of nonrenewable energy in the UAE over the tested period. Thus, the

tested model can be formulated as follow:
InCO, = By + B1InGDP.+ B,InBSD; + B3InNREC, +¢ it 2)
where InCO, is the carbon-emissions in "kilotons", InGDP is the (GDP) in constant 2010 US-dollars,

B3:InBSD; is banking sector development index measured and determined by credits from banks to
markets as a % of GDP in the UAE, InNREC is of consumption of nonrenewable energy in log. The
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tested data of the current research is obtained from the World Bank Development Indicators (World

Bank). The data retrieved is yearly data and ranges from 1990-2019.

3.1 Stationary and co-integration tests

To check the co-integration amongst the selected variables, the paper uses unit root tests with break
dates (B-D) such as Zivot-Andrews (ZA) (2002), Perron-Vogelsang (PV) (1999) tests with one date of
structural change. To check the long-run link amongst the BSD, GDP, NREC, CO2, the study uses
ARDL testing. Unlike other estimating approaches, this model examines if there is co-integration
among the variables in three cases I(1), or I(0) or in both of them.

Recently, this model was updated and improved; the updated method combines additional t-test
taependent OF F-t€St Fipgepenaent ON lagged studied variables. The Hy of tgepengene testis: o1 =0. The
Hy Of tgepenaent testis: o # 0. Whereas, the Hy of Fipgependent t€Stis:Hy: 0, = 03 = 03 = 0.,= . The

Hy Of Finaepenaent testis: Hy: oy # 03 # 03 # 0,# 0.

The (CV) in the new model of the ARDL testing is based on particular level of integration for each
studied variable, which will affirm the findings of the ARDL (2001) test. The CV, as presented by
Pesaran et al. (2001) allow only for (one) selected variable to be endogenous. While the CV of the

new method of ARDL allow for all tested variable to be endogenous.

The study employed the ARDL approach to test the connection amongst the tested variables in the

short and long run.

The testing of the ARDL model of BSD, NREC, GDP, and CO:2 emissions is formulated in the next

formula:

AlnC0, , = By + Xi=1 y:1AInCO, T X1 Y2AINGDP,_; + ¥, y3 AnBSD,_j + Y1, y, AIMNREC,_; +
0,InCO, ,_, + 0,InGDP,_; + 03InBSD;_1 + 04 InNREC,_; + &1,
(3)

where A means the first difference operator, InCO —, is the logarithm of the dependent variable,
InGDP, InBSD, InNREC are the independent tested variables in log; n is the lags optimal; and &,
represents the error-term. The ECM is formulated by the equation(4) to estimate the speed level of

adjustment:

AlnCO, = By + LIy BiAINCO, _ + XTI, B, AINGDP_; + ZiL, B3 ANBSD,; + LI, B, AINNREC,_; +

ECT,_; + u, 4)

where A is a change in InCO,, InGDP,,InBSD, InNREC , and ECT,_, is error correction-term. In

addition, the Bayer and Hanck(2013) approach is utilized to confirm the ARDL of the co-integration
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method. The core advantage of this approach is that it combines (four) co-integration techniques,
namely: (1) Banerjee et al. (1998), (2) Banerjee et al. (1998), (3) Johansen (1988), (4) Engle and
Granger(1987). Besides, this method includes the Fisher (F) statistics to enhance the findings of the

co-integration. This approach is formulated in the following formulas:

EGt — JOHt = =2[IN (Pgge) + (Pione) ] (5)
EGt — JOHt — BOt — BDMt = —2[IN(Pgg,) + (Pjor) + (Psor) + (Pgar)](6)

In order to promote the results of the ARDL approach, the present research uses CCR, FM-OLS, and
D-OLS to approve the results of ARDL testing. To affirm the present study has a normal distribution,
there is no-autocorrelation, the R-Reset, LM, ARCH Breusch-Pagan Godfrey, and Normality tests

were applied.

4. Findings and Discussions

The (ZA) and (PV) unit root tests with one SBD are illustrated in Tables 1 and 2; these tests suggest
one and two structural breaks dates (SBD) in the explored variables. It was shown by these unit root
tests that all the variables of this study are non-stationary at level, but they are stationary at the first
difference. However, the results of the ZA and PV tests illustrated that InCO,,InGDP, InBSD ,and

InNREC variables have [(1) order of integration.

Table 1. The outcomes of ZA test

At-level At A
Variables t-stat SBD Variables t-stat SBD
InCO, -1.003 1999 AlnCO, -6.764** 2002
InGDP -1.967 2008 AInGDP -6.131** 2009
InBSD -0.258 1990 AInBSD -5.385** 2005
INNREC -1.251 2000 AINNREC -6.445* 2008

**means the significance of variables at 5%.

Table 2 The outcomes of PV test

At level AtA
Variables t-statist SBD Variables St-stat BD
InCO, -2.459 2001 AlnCO, -7.444* 2001
InGDP -1.785 2008 AInGDP -8.996** 2008
InBSD -1.003 2009 AInBSD -7.480** 1998
INNREC -1.115 1998 AINNREC -7.661* 2010

**means significance of variables at 5%.
The results of the bootstrap ARDL testing are displayed in Table 3. The results affirm the co-

integration amongstInCO,, InGDP, InBSD, and InNREC is valid. Besides, the outcomes of the BH
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testing as shown in Table4 illustrate that the values of F-statistics are higher than F-statistics in the
four co-integration tests "EGT-JOT" and "EGT-JOT- BOT-BAT" at 5% significant level. This finding

approves that the level of co-integration among tested variables is valid.

Table 3 The outcomes of Bootstrap ARDL test

ARDL(1,1,0,1) Fpesaran taependent Findependent
C0,, GDP, BSD, NREC
(€0, ) 5.712*** -4,99*** 7.82%**
Bootstrap-based table CV 1% 3.89 -3.78 7.00
5% 3.1 -3.07 4.45
10% 2.85 -2.05 3.86

Kk

statistical sign at 1% level.

Table 4 Results of BH test

Fisher — statistics

EGT.JOT EGT/JOT/BOT/BAT
16.669** 23.210 **

Significantly

levelat (5%) 10419 19.888

Note: ** symbolize to significantly level at 5%

The coefficients in the long run from the ARDL tested model are displayed in Table 5. The findings
illustrated the coefficient of GDP is positive and significant. These results demonstrated that a one
percent increase in GDP causes a substantial increase in the level of environmental pollution in the
UAE with 2.4% and 4.8% in the short and long-run, respectively. The DOLS, CCR, and FMOLS are
displayed in Table 5. The coefficients of GDP in these models are positive and significant. However,
the findings from ARDL, FMOLS, and CCR estimating models approve that the positive increase in
the level of economic growth significantly increases the level of environmental pollution. These
findings are in line with Shahbaz et al. (2015) who used ARDL testing and approved that GDP
affected positively the level of carbon emissions in the UAE, and Charfeddine and Khediri (2016) who
approved that GDP affected the level of environmental pollution over the period from 1975 to 2011
positively.

Furthermore, the findings from the ARDL testing model in the long run illustrated that the coefficient of
NREC is positive and significant. These outcomes display that a one percent increase in NREC
causes a considerable increase in the environmental pollution in the UAE with 1.10% and 1.01% in
the short and long-run, respectively. The coefficients of NREC in FMOLS, DOLS, and CCR models
are positive and significant. The findings from ARDL, DOLS, FMOLS, and CCR estimating models
approve that the positive increase in the level of NREC significantly increases the level of
environmental pollution. These findings are in line with Al-mulali and Che(20218) who used the

vector autoregressive model, and found that NREC has a positive influence on the UAE's emissions
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levels, Panigrahi et al.,(2020) who used the period from 1991-2021, affirmed that NREC affected

emissions positively in UAE.

On the other hand, the findings from the ARDL testing model in the long run illustrated that the
coefficient of BSD is positive and significant. These outputs illustrated that a one percent increase in
banking sector development causes a significant increase in the level of environmental pollution in the
UAE with 0.010% and 0.193% . The coefficients of BSD in FMOLS, DOLS, and CCR models are
positive and significant. However, the findings from ARDL, DOLS, FMOLS, and CCR estimating
models approve that the positive increase in the level of BSD significantly increases the level of
environmental pollution. These results can be explained that the banking sector growth offers cheaper
loans to the producer, then they purchase advanced raises energy consumption. On the other hand,
banking sector growth may affect energy consumption through other economic channels such as
economic growth and investments. For instance, financial sector growth provides funds for the
investors, which leads to boost total factor productivity, capital accumulations and promoting total
factor productivity cause to increase economic growth, and this may lead to increase the consumption

of the energy and carbon emission.

Table 5 Findings of ARDL, D-OLS, FM-OLS,CCR models

Variable ARDL D-OLS FM-OLS CCR
LnGDP 2.410* 2.001* 1.910 2.210*
InBSD 0.010* 0.020** 0.031** 0.002**
INNREC 1.010*** 1.008*** 1.991* 1.881***
R? 0.98 0.96 0.95 0.96

*, ¥ *** means significance of variables at 10%, 5%, 1% levels.

The outcome of ECM is displayed in Table 6. The ECM is -0.611, which is statistically significant and
negative. To affirm that the tested model of the present research is formulated correctly, the study
employs theNormality, Breusch — Pagan Godfrey, ARCH,LM, and Ramsey — Reset tests. The
outcomes of these tests affirm that the studied model is correct and stable. Furthermore, the results
display that the model of the present research is typically distributed, and there is no auto-correlation.

In addition, Figures 1 and 2 affirm that the tested model of the present study is correct.

Table 6 ARDL results in the short-run

Variable Coeff. t-statistics
AInGDP 4.810*** -8.991
AInBSD 0.193*** 1.004
AINNREC 1.108*** 2.881
ECT,_, -0.611 -1.910

Note: *** indicates the significance of variables at1% level
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Table 7: Diagnostic test results for ARDL

Test P/value
—Serial correlation (LM) 1.991(0.661)
—Heteroscedasticity 0.521(0.810)
—Normality test 1.441(0.210)
—ARCH Test 1.002(0.310)
—Stability Ramsey test 1.210( 0..510)

The empirical results confirm a positive impact of banking development on renewable energy
consumption levels in the UAE over the tested period. Consequently, any increase in credit from
banks to markets will lead to a rise in projects and investment, as well as strengthen risk management
systems, potentially affecting economic growth, which consequently leads to an increase in the share
of renewable energy consumption. Hence, the outcome recommends that the policymakers in the

country must use the banking development to enhance green energy investments. As a result, the
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findings of this article present valuable recommendations for the policymakers in the UAE to

strengthen sustainable development by diversifying its energy mix and promoting green investment.

5. Conclusion

The United Arab Emirates (UAE) banking sector has undergone positive improvements during the last
decades. In this pursuit, the total credit from the banking sector to the private sector as a percentage
of gross domestic products (GDP) in 2018 rose to around 74% in 2018 compared to 30 %in 1988. On
the other hand, increasing natural gas prices in the UAE over the last years have combined with the
rapidly falling renewable energy system's cost, including the solar photovoltaic systems. This in turn
leads to the use of more renewable energy sources for power production, ramping up renewables to
30% of total power generation, could generate annual savings of four billion US dollars by 2030
through avoidance of the consumption of nonrenewable energy and lower energy cost. With
environmental and financial benefits factored in the transition to renewables, the country targets to

reach 44% of the installed capacity with clean resources in 2050.

On the other hand, the UAE is still facing the climate change challenge. For these reasons, using
ARDL, FM-OLS, CCR, D-OLS, CCR, the present research aims to test the impact of banking
development, income, NREC on the level of carbon emission in the UAE over the period from 1990-
2019. In the current literature, there are limited studies that test the impact of banking development on
environmental pollution levels. In this context, Samour et al. (2019) and Obiora et al. (2020)
investigated the long-term viability of the environment and banking development. Few studies have
been undertaken on the influence of banking expansion on the level of energy consumption, as we
have done in this research. However, the present research is the first to test the impact of tested
variables on the level of carbon emissions in the UAE using B-ARDL. The new test of ARDL as
proposed by McNown et al. (2018) is desired over traditional Pesaran (2001) co-integration tests due
to its ability to estimate when resolving the limitation issues of size, its corresponding features, which

have not been addressed by traditional co-integration tests.

The finding from ARDL, D-OLS, CCR, and FM-OLS illustrated that economic growth positively
affected the level of environmental pollution in the UAE over the tested period. Furthermore, the
findings affirmed that NREC positively affected the level of carbon emission in the UAE in both the
short and long run. On the other hand, the results established that the banking sector positively
influences the environmental degradation level in the UAE. However, the study demonstrates that
more income, energy consumption, and credit will lead to further environmental degradation in UAE.
The study suggests that the governments of the UAE should design policies to reduce the costs of
renewable resources, and the policymakers in the UAE should promote the role of green energy and
reduce the level of oil consumption, which can be considered an excellent solution to reduce the

carbon emissions.

However, the empirical findings of this study present the need for strategies that support the share of

green energy usage in the total energy mix of UAE to decrease the levels of carbon emissions. Some
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of these strategies include enhancing the execution of carbon tax laws. Energy strategies should
target boosting the ability of households and investors to enable them to embrace new and green
energy sources in their homes and business. In this instance, policymakers should establish a
favorable environment such that investors and households can access cleaner energy. Furthermore,
policymakers should encourage trade and investment in green energy sources by removing trade
barriers and assuring investor confidence by minimizing trade conflicts between the local community
and investors, and ensuring energy investment assurance. As a consequence, any increase in credit
from banks to markets will lead to a rise in projects and investment, as well as strengthen risk
management systems, potentially affecting economic growth and oil consumption and therefore
increasing C0, emissions. Hence, the outcome suggests that policymakers in UAE must use the
growth of the banking sector to minimize environmental degradation by promoting investment in
energy and production through renewable energy sources. The outcomes of the present article
introduce significant conclusions for UAE policymakers to achieve a sustainable banking sector by

enhancing renewable energy use.
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