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Abstract

Environmental consequences of financial aspects, policy uncertainties and rapid globalization is the topic of intense debate
in present years. However, this study contribute to existing literature in an innovative way. We classified the 33 OECD
economies in two group’s lower globalized economies (LGE) and highly globalized economies (HGE), based on their level
of globalization. Considering the cross-sectional dependency and slope heterogeneity in the data this study employed the
Augmented Mean Group method to estimate the influence of financial inclusion, economic policy uncertainty and glo-
balization on the environment quality of both groups for the period 1996-2019. The results revealed a negative significant
impact of financial inclusion, while a positive significant impact of economic policy uncertainty on CO2 emissions in both
groups, LGE and HGE. However the globalization estimated to have positive impact on CO2 emission in LGE’s, in HGE’s
it is significantly impeding the CO2 emission. The interaction of globalization with financial inclusion and economic policy
uncertainty respectively found negative and positive to effect the CO2 in both LGE’s and HGE’s. The study suggests that,
LGE’s are need to prepare for economic globalization, move toward adopting energy-efficient technology and promote trade
in less-polluting products in order to sustain their environment quality. The outcomes of this study are robust by employing
different model specifications.
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Introduction

In December 2015, the signatories of the United Nations
Framework Convention on Climate Change (UNFCCC)
Responsible Editor: IThan Ozturk endorsed the Paris Agreement to address consequences of
climate change in the respective countries (United Nations
2015). According to the United Nations Framework Con-
vention on Climate Change (UNFCCC), carbon emissions
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gases in order to achieve and maintain economic sustain-
ability. Besides sustaining and addressing climate change
challenges, the importance of reducing GHG emissions,
particularly CO2, may be seen in the realization that pre-
serving economic growth also needs the protection of
environmental qualities at the same time. According to
the United Nations’ 2030 Sustainable Development Goals
(SDG) framework, it is unlikely to achieve socioeconomic
development without also assuring environmental protec-
tion (Li et al. 2021).

In recent years, the world economy has experienced fast
transformation, raising concerns about changing climate,
financial problems, and economic policy impasses. The
role of environmental stability has risen to new heights, and
many governments have committed to making investments
in order to achieve these objectives (Adams et al. 2020).
Environmental damages and climate change caused by
Greenhouse Gases (GHG) are presently the most pressing
worldwide challenges. Under this perspective, governments
in many nations have resorted to renewable energy that mini-
mize GHG emissions, and also have supported plans that
develop renewable energy sources in order to avert envi-
ronmental deterioration (Destek and Sarkodie 2019). Rising
temperatures, grown storm strength, changed rainfall pat-
terns, and increased sea levels are the consequences of envi-
ronmental deterioration which are caused by carbon dioxide
(CO2) and GHG (Dar and Asif 2017). The issue of CO2 and
GHG emissions is particularly pressing in advanced econo-
mies, wherein massive increases in emissions are a result of
rapid economic expansion, and high energy consumption.

Boosting economic growth while minimizing environ-
mental damages is not a new argument, however the impact
of financial inclusion and economic policy uncertainty in
managing environmental sustainability in this time of rising
globalization is a comparatively topical debate of concern.
In order to achieve financial inclusion, world economies are
boosting their productive capacity and globalizing rapidly in
term of trade and investment. Rapid economic growth, on the
other hand, demands higher energy, resulting in increased
emissions as well as posing a severe threat to the individu-
als and environment (Ozatac et al. 2017). Globalization has
transposed national boundaries, absorbed global economies,
cultures and technology, and continues to produce compos-
ite mutual linkages. It encourages economic tactics that
enhance energy usage and therefore harm the environment
by bringing financial development, direct investment, and
trade openness (Shahbaz et al. 2018). Globalization, on the
other hand, provides sophisticated, energy-efficient tech-
nology that reduce CO2 emissions while simultaneously
boosting the economy. Advanced technology allows for
more efficient energy usage, which decreases energy usage
and improves quality of the environment by lowering CO2
emissions (Saud et al. 2018).
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Economic policy uncertainty has also increased as a
result of global concerns. Certainly, anything that gener-
ates unpredictability will have an impact on the economy
(Guidolin and La Ferrara 2010). The global pandemic
(COVID-19) is a most recent case, which has caused a great
deal of economic policy uncertainty throughout the world
(Bakas and Triantafyllou 2020; Altig et al. 2020). Economic
policy uncertainty (EPU) influences the climate in which
firms operate, which has in significantly influence economic
unit’s decision making. Because CO2 emissions are related
to production choices of a firm, which have an impact on
environment quality (Jiang et al. 2019).

Financial inclusion, according to the World Bank, is
described as individuals and businesses having access to a
wide range of financial goods and services that fulfill their
financial needs in a responsible, accessible, inexpensive, and
long-term manner. Payments, transactions, savings, borrow-
ing, insurance, and remittance flows are examples of such
services and products. As a conclusion, increased access to
such financial services is seen to surge economic growth
while simultaneously reducing income disparity by offer-
ing opportunities to all; hence, a high degree of financial
inclusiveness inside a nation may be regarded an indication
of its economic stability (Sahay et al. 2015). As a result,
the importance of financial inclusion in achieving better
economic growth cannot be overstated. At the same time,
because financial inclusion is so important in supporting
economic growth, it is likely to have an impact on environ-
mental quality (Lesani et al. 2020). For example, increased
financial inclusion is likely to lead to higher gross fixed
capital formation, which in turn will raise energy needs
resources, causing environmental quality to deteriorate as a
result of energy usage emission to the atmosphere. Numer-
ous research have looked at the environmental consequences
of financial development throughout the world, but the influ-
ence of financial inclusion in environment quality is recently
debated topic. A very limited studies have examined the con-
sequences on environment quality, see for instance (Le and
Sarkodie 2020; Renzhi and Baek 2020; Zaidi et al. 2021).

Against this context, this research analyzed the influence
of financial inclusion and economic policy uncertainty on
environment quality with a role of globalization in 33 OECD
economies for the period of 1996 to 2019. The major focus
of OECD economies is green growth, however taking into
consideration the socio-economic elements of environmental
consequences (OECD 2005). The OECD economies are sig-
nificantly reducing the CO2 emissions (see, Fig. 1) because
of using energy-efficient technology since 2005.

Furthermore, the OECD panel is composed of coun-
tries that are financially developed, have steady economic
policies, and are largely globalized, with higher rates of
economic growth and CO2 emissions. In 2013, the OECD
economies provided 72% of global GDP, and 69% of
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Fig. 1 Total CO2 emissions
in OECD countries. Source:
Author’s calculation based on
IEA data
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worldwide trade, as well as 36% of CO2 emissions and
40% of global energy usage. The OECD economies are rel-
evant for our research analysis because this panel is major
contributor to global revenue, financial developed, highly
globalized, larger energy supplier, and highly industrial-
ized in the world (Dogan and Seker 2016).

This study contributes to existing literature in sev-
eral ways, but three of them are particularly noteworthy;
(i) first for financial context, just few other studies have
looked at the effects of financial inclusion upon environ-
mental quality, and we were unable to locate any research
on the confluence of financial inclusion and environment
quality in OECD countries, instead the focus of most
previous studies was financial development. As a result,
our research is a crucial step in closing this gap. (ii)
Secondly for the economic policy uncertainty, previous
studies mostly relayed on the data of Economic Policy
Uncertainty (EPU) index to measure policy uncertainty,
which is limited to few countries and for a smaller time
period that might cause inefficient results. In contrast, we
used recently published Word Uncertainty Index (WUI)
to measure economic policy uncertainty which is avail-
able for 143 countries for more than last 30 years. The
larger dataset provides more efficient and reliable results.
(iii) Thirdly for the globalization context, the inclusion
of globalization emphasizes the use of a country classi-
fication system, with lower globalized economies (LGE)
and highly globalized economies (HGE). As a result, the
estimation was carried out separately for the two differ-
ent groups of LGE and HGE, in order to better under-
stand the environmental effects from globalization. As per
our knowledge, this is very first study which classified
the sample countries on their level of globalization. The
study used the modern econometric techniques such as
cross-sectional dependency test, second-generation panel
unit-root and cointegration tests, augmented mean group
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test and panel causality test to assure the consistent and
reliable results.

The rest of the paper is organized as, section 2 is about
Empirical Literature; section 3 describe the Methodology
and Data used in this study; section 4 revealed the Empiri-
cal Results; and Conclusion and Policy Implications of this
research are presented in section 5.

Empirical literature

A wide number of empirical studies have used various
econometric approaches to empirically assess environmen-
tal quality at aggregate and disaggregate level, but we limit
the empirical evidences to some of the latest research on
the issue. We divided the empirical literature into three sub-
sections to make it easier to understand: (2.1) Economic
policy uncertainty and environmental quality; (2.2) financial
inclusion and environmental quality; (2.3) globalization and
environmental quality.

Economic policy uncertainty and environment
quality

There is a paucity of empirical research as how economic
uncertainty impacts environment quality explicitly or implic-
itly. For example, Jiang et al. (2020) explained that economic
policy uncertainty (EPU) linked with an increase in state regu-
lations, monetary, and fiscal policies influence the environ-
ment quality wherein individuals and organizations operate.
Stronger EPU impacts macroeconomic variables, innovations,
financial development, capital investment at the business level,
firm profits and working capital, tourist industry, and eco-
nomic growth according to empirical research (Adams et al.
2020; Ashraf and Shen 2019; Sagi et al. 2021). Al-Thageb
and Algharabali (2019) explained that in recent globalized
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world, the importance of uncertainties in policies associated
with economic decision is consider a significant factor. Sagi
et al. (2021) argued that EPU has an influence on Carbon
dioxide emissions thru the direct policies of the government
that may enhance or impede environmental damages. While
Das et al. (2019) explained EPU as a factor of stock market,
Xu et al. (2020) analyzed business innovation, and Levenko
(2020) addresses uncertainty as determinant of savings. Cli-
matic fluctuations are essential in economic analysis and pol-
icy advice, according to the recent climate scientific research
(Golub et al. 2017; Workman et al. 2020). According to Golub
(2020), uncertainty about climate policies reduces the prospect
that an economy will convergence to a greater stable state.
Both under-estimation and over-estimation of economic pol-
icy uncertainty insinuations for environmental policy-making
according to Guo et al. (2019). Adedoyin et al. (2021) evaluate
two policies in order to show a pathway for Japan to meet this
ambitious energy and environmental goal. The study’s findings
demonstrate that emissions of carbon dioxide have a long-term
association with GDP growth, renewables, and the economic
complexity index, whereas air travel has a short-term impact.
This is not unexpected that economic policy uncertainty is
anticipated to have a substantial effect on firm’s investment
strategies, financial policies, and consumer purchasing power.
Economic policy uncertainty also has a nonlinear effect on
inflation expectations, and economic growth, according to
Istiak and Alam (2019). These outcomes advised that investi-
gating the role of EPU in environment quality is worth estimat-
ing. Relatively high EPU, as anticipated, has an impact on the
energy usage, CO2 emissions, and economic growth, all of
which have consequences for environment sustainability and
competitiveness (Kannadhasan and Das 2020).

Many other recent studies investigated the presence of
EKC hypothesis by taking different sample in to account. For
example, Murshed et al. (2021) assessed at how environmen-
tal policies and other major macroeconomic factors influence
ecological footprints in four South Asian nations. The find-
ings demonstrated that environmental regulations have an
essential role in lowering ecological footprints in South Asia,
both direct and indirect. Furthermore, the elasticity findings
support the environment EKC curve and pollution haven theo-
ries. Non-renewable and renewable energy usage, on the other
hand, are reported to enhance and lower ecological footprints,
correspondingly. Rauf et al. (2018) examined into the Envi-
ronmental Kuznets Curve (EKC) theory of Belt and Road
Initiative (BRI) countries and found significant evidence of
EKC in almost all region. Rehman et al. (2021) investigated
the impact of CO2 emission from different sources on Paki-
stan’s economic advancement. Carbon dioxide emissions from
Pakistan’s transportation industry have an impact on the coun-
try’s economic success, according to the findings. Positive
increases to such carbon dioxide emissions have been shown
to slow economic growth in the long run, whereas negative
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shocks have been shown to promote growth in the short and
long term. In addition Murshed et al. (2021) stated that ICT
commerce significantly boosts renewable energy consump-
tion, raises clean energy shares, decreases energy intensity,
and decreases CO2 emission employing data from South
Asian nations. According to Adedoyin et al. (2021), increased
tourism, real GDP per capita, and energy usage in the Euro-
pean Union region results in increased carbon emissions. Sim-
ilarly, Salahuddin et al. (2016) found higher economic growth
and internet usage in OECD countries are augmenting CO2
emission, which is leading to environmental degradation.

Financial inclusion and environment quality

Firms and individuals in financial inclusion have access to
valuable and economical financial services which fulfill their
requirements, such as transactions, savings, payments, insur-
ance and credit, which are offered in a sustainable manner
(World Bank). Even though the effects of financial inclusion
on growth in the economy have been extensively recognized
(Huang et al. 2021; Kim et al. 2018), but the link among
financial inclusion, and the environmental sustainability has
received less attention. Among the few research which have
looked at the financial inclusion-CO2 pollution relationship,
Le and Sarkodie (2020) investigated whether financial inclu-
sion has an impact on carbon emissions in Asian. Their study
have taken financial inclusion, along with several other con-
trolled factors and found out that financial inclusion and other
factor such as country income level, urbanization, industrial
growth, energy usage, and FDI inflow, increased Carbon diox-
ide emissions also in Asian countries. Renzhi and Baek (2020)
studied whether financial inclusion is beneficial in reducing
CO2 emissions in a group of 103 economies. A GMM models
was regressed using a yearly panel data spanning 2004 until
2014. As per their findings financial inclusion was shown to
be a CO2 emission reducing tool in the nations of concern.
Furthermore, the authors claimed that fostering financial
inclusiveness can aid in mitigating the negative environmen-
tal effects of economic expansion and restoring environment
welfare. In a latest studies on the advanced countries over the
timeframe 2004-2017, Zaidi et al. (2021) used the dynamic
commonly correlated effect (DCCE) estimator to investigate
the dynamic impacts of financial inclusion on Carbon emis-
sion. They stated that increased levels of financial inclusive-
ness lowered CO2 emissions in the long and short term.
Several previous research have recorded unclear evidence
of financial development effects on CO2 emissions standards
throughout the globe, despite the fact that few extant studies
have examined the CO2 emission implications of financial
inclusion. Financial development, according to Zhao and
Yang (2020), encourages CO2 emission reduction through-
out China provinces. Likewise, Odhiambo (2020) argued
particular about Sub-Saharan African (SSA) countries that
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financial growth supports CO2 emission reduction policies.
Wang et al. (2020), on the other hand, found that financial
development increases Carbon dioxide emissions in the G7
economies. In a contrast of the environmental consequences
of financial development in developed and emerging nations,
Shoaib et al. (2020) asserted that, while financial develop-
ment increases CO2 emissions regardless of a country’s
development status, the negative environmental effects of
financial development are relatively greater in advanced
nations than developing ones. However, According to Shakib
et al. (2021) shown to be ineffective in explaining variations
in CO2 emissions among the 42 BRI countries. Li et al.
(2021) used a provincial dataset of China to indicate that
investments in green initiatives lower short- and long-term
carbon dioxide emissions. Extraction of natural resource,
financial sector expansion, and energy investments, on the
other hand, enhance carbon output in the short and long term.

Globalization and environment quality

Globalization is a broad concept and it have some serious
consequences for environmental sustainability, hence, pre-
vious researchers have devoted their significant attention to
identify the environment quality-globalization nexus. For
example, based on EKC hypothesis Haseeb et al. (2018)
investigated the connections between globalization, energy
usage, GDP, urbanization, and CO2 emissions in BRICS
nations. The study findings revealed a negative and sub-
stantial link amongst globalization and CO2 emissions for
China, South Africa and Brazil, as well as a positive cor-
relation for Russia and India. Salahuddin et al. (2019) used
panel regression to analyze the relationship between globali-
zation and CO2 emissions and found that globalization had
an insignificant effect on CO2 emissions. In Argentina, Yup-
ing et al. (2021) discovered long-term relationships between
CO2 emission, renewable and non-renewable energy use,
globalization, and economic growth. Renewable energy
consumption and globalization were found to reduce emis-
sions, but non-renewable energy consumption was found to
increase emissions, both in the short and long term, accord-
ing to the elasticity estimations. Globalization and eco-
innovation lower ecological footprints, whereas urbanization
drives environmental deterioration by increasing ecological
footprints in G-7 nations, according to Ahmad et al. (2021).

Likewise, Zaidi et al. (2019) studied at the relationship
among globalization and Carbon emission for the Asia-Pacific
Economic Cooperation countries covering the period 1990 to
2016. They found that globalization decreases CO2 emissions.
The study results also reported that globalization Granger
cause CO2 emissions. The findings of this research also backed
with the EKC hypothesis. In another study Liu et al. (2020)
employed the KOF globalization index to predict the deter-
minants of carbon emissions for the period 1970-2015 in G7

nations. The findings showed that, after raising CO2 emissions
initially, globalization leads directly to CO2 emissions abate-
ment, beyond a threshold level of globalization. Saint Akadiri
et al. (2020) used the Autoregressive Distributed Lags ARDL
model to demonstrate that globalization reduces both short -
term and long CO2 emissions in China from 1970 to 2014.

Likewise, Alola and Joshua (2020) used a dataset from
1970 to 2014 to study the globalized emissions linkage for
217 lower, lower middle, upper middle, and high-income
nations. The authors used the Pooled Mean Group-Autore-
gressive Distributed Lag (PMG-ARDL) approach to dis-
cover that globalization lowers CO2 emissions in the short
term but increases in the long term. Mehmood (2021) also
found that increasing level of globalization causing surge in
CO2 emission in case of Singapore.

Ahmed and Le (2021) examined the influence of the glo-
balization on CO2 emissions in six countries in South-east Asia
and discovered that higher levels of trade globalization lead to
reduce CO2 emissions. Shahbaz et al. (2021) examined the glo-
balization-CO2 emissions linkage for India. The Autoregres-
sive Distributed Lags (ARDL) technique was used to analyze
annual data for the period 1970 to 2012. The empirical results
indicated that the existence of long-run cointegration connection
between these variables. Furthermore, increased levels of social,
economic, and political globalization increases CO2 emissions
in India.

Several studies in the previous empirical literature have
examined the influence of financial inclusion, economic
policy uncertainty and globalization on environment qual-
ity (CO2 emission), but there is still room to endure this
argument. Most of the empirical studies have considered the
financial development which is a narrower measure to effect
the CO2 particularly in case of OECD countries. Similarly,
none of the empirical study have conducted by taking glo-
balization differences across the sample countries, which is
key factor to impact the environment quality. Also, a very
few empirical studies are available over the impact of eco-
nomic policy uncertainty on CO2 emission, and more specif-
ically for OECD economies. Hence, our study is a significant
contribution to empirical literature by filling all these gaps.

Data and methodology
Data

This research investigated impact of financial inclusion,
economic policy uncertainty and globalization on the envi-
ronment quality of 33 OECD economies for the period of
1996 to 2019. Moreover, the sample countries are classi-
fied in 2 groups; the lower globalized economies (LGE),
and highly globalized economies (HGE). According to the
2020 globalization ranking, the mean value (78.572) for the
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all sample countries is calculated. After that the countries
globalization ranking fall below the 78.572 are classified as
LGE and the countries ranked above the 78.572 are classi-
fied as HGE. This gives us 15 LGE’s and 18 HEG’s. The list
of both LGE and HGE is provided in Appendix Table 11.
The selection of countries is purely based on the data avail-
ability of all the considered variables in this study.

We used CO2 emission (per capita metric tons) as a proxy
indicator for environmental quality. For the financial inclu-
sion we followed the study of Chuc et al. (2021) and calcu-
lated a composite index for financial inclusion (FNII). FNII
is created from four indicators: the number of commercial
bank branches per 100 thousands persons, the number of
ATMs per 100 thousands persons, the number of deposi-
tors from commercial bank per thousand persons, and the
total borrowers from the commercial banks per thousand
person. After that FNII is calculated by employing Princi-
ple Component Analysis (PCA) technique, which is broadly
used in previous studies (Chuc et al. 2021; Le et al. 2019).
This technique is a modest and efficient process to reduce
the large data into small set which still contains the much
information as present in original data. Appendix Table 10
provides the outcomes of Principle Component Analysis.
World uncertainty index is used to measure the economic
policy uncertainty in the sample countries for the given time
period. The KOF globalization index is used to proxy the
globalization level. The GDP growth, energy usage (Kg of
oil equivalent per capita) and FDI inflow (% of GDP) are
used as control variables for CO2 emissions. The definitions
and sources of all the variables used in this research are
presented in Appendix Table 9.

Model description

The study applied the following dynamic panel data model
to estimate the influence of financial inclusion, economic
policy uncertainty and globalization on environmental qual-
ity along with control variables. The standard model of the
study can be indicated as:

CO2_Emis = o, + f, FNII,, + f,POLU,,
+ B;GOL;, + p,GDP;, + psGDP*,, (1
+ ENGU,, + p,FDI,, + ¢,

In Eq. (1) CO2_Emis denotes the carbon dioxide emis-
sions, i shows countries, ¢ shows a time of the study con-
ducted, and a and f’s are the coefficient to be estimated, and
€ is the residual term. The term FNII is financial inclusion,
POLU is economic policy uncertainty, GOL is the level of
globalization. Agreeing from the previous literature (Bakhsh
et al. 2021; Murshed 2020; Murshed et al. 2021; Rehman
et al. 2021; Ullah et al. 2021), we used three most important
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control variables of CO2 emission: GDP is Gross domestic
products growth rate, ENGU is energy usage and FDI is the
inflow of FDI.

Following Eqs. 2 and 3 are estimated to investigate the
joint effect of globalization with financial inclusion and eco-
nomic policy uncertainty on CO2 emissions, where GLOB
is represents the globalization level in a country and §,Z;
symbolize the control variables.

CO2_Emis;, = o, + p,FNII,, + f,POLU,,
+ p;GLOB,, + B,FNII, + GLOB,

; ()
+ Zj=15jzj” + A +€,
CO2_Emis;, = o, + p, FNII, + p,POLU,,
+ p,GLOB,, + B,POLU,, * GLOB, 3)

k
+ Zj:l 5]Z]ll + }\.[ + Ei,l‘

Estimation methodology
Cross-sectional dependence and slope homogeneity test

The economic, regional, and cultural ties between the coun-
tries used in the sample might contribute to cross-sectional
dependency (CD), which is a critical aspect in panel data
models. These OECD economies are expected to be cross-
sectionally reliant due to their economic interdependence.
As a result, this is critical to check for the likelihood of CD,
whereas overlooking CD concerns would result in estima-
tions of stationarity and cointegrating characteristics errone-
ous and inconsistent (Adedoyin et al. 2020; Luo et al. 2021).
As aresult, the Pesaran (2004) CD test is used in our study,
because of its ability to manage data with smaller cross-sec-
tional units and limited time periods. Aside from CD, it is
quite important to look for slope heterogeneity concerns, as
slope coefficients are likely to differ among cross-sections.
It is argued that ignoring slope heterogeneity issues leads to
inflated elasticity estimations. Even though selected OECD
economies are related in many ways, there are some signifi-
cant disparities between them in the context of the current
study. For example, these countries differ in terms of per
capita CO2 emissions, energy usage, globalization, national
incomes, and other macroeconomic factors. As a result, Pesa-
ran and Yamagata (2008)‘s slope homogeneity test has been
applied in this study.

Panel unit root test
This is crucial to ensure for stationarity, as non-station-

ary series might produce misleading results. The CD
problems in the data are not taken into consideration by
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first-generation approaches like the Im et al. (2003) panel
unit root test. Pesaran (2007) presented the cross-section-
ally augmented (CIPS) second-generation panel unit root
estimates to solve for the drawbacks of the first-generation
approach. In the existence of CD problems in the dataset,
this technique is thought to provide reliable and consist-
ent stationarity characteristics (Ali et al. 2021; Ullah et al.
2021).

Cointegration test

The first-generation panel cointegration estimators, like the
first-generation panel unit root techniques, fail to account
for the CD problems. In order to determine the cointegrating
characteristics between the parameters in the existence of
CD, the Westerlund (2007) second-generation panel cointe-
gration estimate was presented. The cross-sectional depend-
ency is resolved in this technique by using a bootstrapped
method to evaluate the standard errors of four statistical test:
Gt, Ga, Pt, and Pa. Gt and Ga are group-mean statistics that
are estimated where the null hypothesis of non-cointegration
is tested against the alternate hypothesis of cointegration
between the variables in at least one cross-section. In com-
parison, under a strict alternative hypothesis of cointegration
among the series in all cross-sections, the two panel-mean
statistics Pt and Pa are expected.

Long-run estimation test

The assumption of slope homogeneity across cross-sections
is a significant constraint of commonly used panel data esti-
mation methods such as the pooled ordinary least squares
(POLS), fixed effects (FE), random effects (RE), dynamic
ordinary least squares (DOLS), fully-modified ordinary least
squares (FMOLS), and generalized method of moments
(GMM). However, taking country-specific heterogeneous
characteristics into account, the probability of the regres-
sors being homogeneous for all nations within the sample

is exaggerated. As a result, these techniques are ineffective
because the cross-sections in our sample have slope het-
erogeneity problems. To attain the long-run coefficients
while controlling the CD and heterogeneity problems in
the sample, Eberhardt and Teal (2010) Augmented Mean
Group (AMG) method has been used. Besides dealing with
CD and the slope heterogeneity problems simultaneously,
the AMG method also consider the endogeneity problems
arising from a strong association between the explanatory
variables, regardless of whether the series are cointegrated
or stationary (Luo et al. 2021; Murshed et al. 2021). The
long-run coefficients for the OECD panel are also estimated
by employing Pesaran (2006) common correlated effects
mean group (CCEMG) model to ensure robustness.

Causality analysis

The implementation of the traditionally employed Granger
(1969) panel causality estimate approach is invalid consid-
ering the slope heterogeneity limitations in the model. It is
because, this approach predicts statistics where null hypoth-
esis of the non-causality among two variables and the alter-
nate hypothesis of causation between these variables over all
individual cross-sections. However, in the case of slope het-
erogeneity concerns, this assumption is unlikely to persist.
As a result, the causality technique proposed by Dumitrescu
and Hurlin (2012) is employed in this study which accounts
for the slope heterogeneity issues by estimating statistics
under the alternate hypothesis of causality presence among
two variables in at least one cross-section.

Empirical results
Pre-regression statistics

The study taken into analysis to investigate the influence
of financial inclusion, economic policy uncertainty and

Table 1 Summary statistics and

. . CO2 ENII POLU GLOB ENGU FDI GDP

correlation matrix
Mean 8.678 5.114 5.319 78.572 8.570 51.587 2.898
Std. dev 14.896 1.113 2.032 14.871 0.589 61.987 1.413
Min 0.219 -1.309 0.000 20.278 6.060 18.927 —2.143
Max 86.984 13.941 10.00 92.112 9.006 421.25 4.609
CO2 1.000
FNII —0.198*%* 1.000
POLU 0.853** —-0.102%* 1.000
GLOB 0.310%* 0.025 0.205%** 1.000
ENGU 0.672%* 0.495%* 0.586%** 0.321%#* 1.000
FDI 0.312%%* 0.330* 0.198* 0.480%* 0.953** 1.000
GDP 0.089* —0.211%* 0.013 0.118* 0.979%* 0.998%** 1.000
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globalization on the environment quality for the panel of 33
OCED economies for the period of 1996 to 2019. Table 1
reveals the summary statistics and correlation matrix of all
the variables taken in this study. The summary statistics of
all variables shows the large variation between minimum
and maximum values of all variables. Similarly, correlation
matrix shows the negative relation of financial inclusion,
while positive correlation of economic policy uncertainty
and globalization indicators with CO2 emission dimensions.

Before checking the unit root and cointegration presence
among the variables, it is necessary to check the cross-
sectional dependence among the sample countries. As level
of liberalization and globalization have increased over the
period of time, the whole world become a closer to each
other in term of economic and social aspects. As a results
measures taken in one country may effect on the other coun-
try as well. We employed Pesaran (2004) test to identify the
cross-sectional dependency (CD) among the selected OECD
countries. The results presented in Table 2 confirmed the
CD among the sample countries, indicating that any change
in level of globalization, financial inclusion, and economic
policy uncertainty in one OECD country could also influ-
ence the other OECD countries. Table 3 shows the results
of Pesaran and Yamagata (2008) slope homogeneity test for
all three regression models of the study, which confirm that
there is slope heterogeneity problem in the model.

The confirmation of CD and slope heterogeneity in the
data indicates to apply second-generation unit root and
cointegration to confirm the stationarity of the variables
and long-run relationship. The results presented in Table 4
confirms that all the variable taken into analysis are sta-
tionary at first-difference I (1), according to both CIPS and
CADEF tests. Hence, considering the problems of CD and

Table 2 CD test results

Variable BP LM CD
co2 2383.447x 73.345%%+ 26.358%#*
(0.000) (0.000) (0.000)
ENII 2435 4755 03,682+ 223854
(0.000) (0.000) (0.000)
POLU 2695.55%#* 57.343%%x 28.2544 %%
(0.000) (0.000) (0.000)
GLOB 5173.31%%* 5234455 42.3145%%x
(0.000) (0.000) (0.000)
ENGU 4471 20 42.345%x 34.035%%x
(0.000) (0.000) (0.000)
FDI 3243 4255 42 812+ 26.453 %%
(0.000) (0.000) (0.000)
GDP 517321 %%+ 181.421 %% 32,1325
(0.000) (0.000) (0.000)

##% indicates significance at 1%, values in () are p-values
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Table 3 Slope homogeneity test results

Model-1 Model-2 Model-3
; 16.475%** 17.384%#%% 15.874%%*
A - 18.384 %% 19.374%%% 17.342%%%
adjusted.

Test statistics values are reported, *** indicates significance at 1%

heterogeneity in the model we used Westerlund Cointegra-
tion method and results presented in Table 5 confirms the
existence of long-run relationship among the variables in all
three model at 1% significance level.

Regression results

Considering the problems of cross-sectional dependency
and slope heterogeneity in the data, we applied Augmented
Mean Group (AMG) technique to estimate the long-run
coefficients in all three models of the study individually for
LGE and HGE, and the results are presented in Table 6. The
reason to estimate the models individually for both groups
is that countries in both group are not similar in term of
globalization. So the diversity in globalization might have
different consequences for environment quality as suggested
by (Leal and Marques 2019).

The first panel of Table 6 indicating the results of highly
globalized economies (HGE), indicating the negative sig-
nificant impact of financial inclusion (FNII) and globaliza-
tion (GLOB) on CO2 emission. These results of financial
inclusion impact on CO2 emission are similar to the several
previous studies see for example, (Le and Sarkodie 2020;
Zaidi et al. 2021). Similarly the similar impact of globali-
zation on CO2 emission can be also seen in the empirical
studies of (Alola and Joshua 2020; Liu et al. 2020; Shahbaz
et al. 2021). The study found a positive significant impact
of economic policy uncertainty (POLU) on carbon emis-
sion in HGE’s, similar to the studies of (Ashraf and Shen

Table 4 Panel unit-root test results

CIPS CADF

At Level 1st Difference At Level 1st Difference
co2 -1.213 —3.132%%% —1.263 —3.683#:#:*
FNII -2.101 —3.562%:#* -2.039 —3.238skk
POLU -2.111 —4.63 %% —1.413 —3.693 %k
GLOB —1.416 —4.5] [k -2.026 —4 257wk
ENGU  -1.813 —3.485%#:k —1.485 —4,48 3%k
FDI —1.637 —3.589#:k:* —1.394 —3.47 5%k
GDP —1.283 —4, 583k —1.595 —4 583k
GDP? —1.223 —4.449%5% —1.362 —4 4772k

Akaike information criterion (AIC) is used to determine optimal lags,
##% indicates significance at 1%
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Ta!ale 5 Westerlund Statistic Model-1 Value Model-2 Value Model-3 Value
cointegration test
Gt —11.798%*** (0.000) —12.647***(0.000) —12.578%***(0.000)
Ga —21.114%***(0.000) —18.467***(0.000) —17.474**%%(0.000)
Pt —18.059%***(0.000) —22.473%*%(0.000) —22.848%***(0.000)
Pa —21.121%***(0.000) —17.547***(0.000) —18.466***(0.000)

AIC is used to determine optimal lags, values in () are p-values, *** indicates significance at 1%

Table 6 Long-run coefficients

Variables
results

Model 1

Model 2

Model 3

Panel 1. Highly Globalized OECD Economies (HGE)

FNII

POLU

GLOB

ENGU

FDI

GDP

GDP?
FNII*GLOB
POLU*GLOB
Constant
RMSE
Wald-test
EKC hypothesis

—0.632%%% (0.2462)
0.5327* (0.2483)
—0.987* (0.5022)
0.375%* (0.1812)
0.543%%% (0.1833)
0.256%* (0.1193)
—0.324%% (0.1591)

—4.344%%* (0.2321)
0.0031

41.374%%**
Validated

Panel 2. Lower Globalized OECD Economies (LGE)

FNII

POLU

GLOB

ENGU

FDI

GDP

GDP?
FNII*GLOB
POLU*GLOB
Constant
RMSE
Wald-test
EKC hypothesis

—0.230% (0.1172)
0.365%* (0.1813)
0.648* (0.3261)
0.476%* (0.2372)
0.326* (0.1640)
0.378%#* (0.1163)
—0.276%** (0.0921)

—2.835%#% (0.3848)

38.438%*:*
Validated

—0.387+% (0.1722)
0.465%* (0.1837)
—0.434%% (0.2112)
0.316* (0.1593)
0.367%* (0.1782)
0.386* (0.1953)
—0.228%** (0.0361)
—0.386%* (0.1911)

—4.270%* (2.129)
0.0037
46.237%**
Validated

—0.344%% (0.1617)
0.408%* (0.1998)
0.234%* (0.1162)
0.368%* (0.1823)
0.743%%% (0.2734)
0.283%* (0.1391)
—0.382 (0.3192)
—0.320%* (0.1583)

—2.380** (1.187)

41.2]12%%*
Invalidated

—0.415%%% (0.1938)
0.543* (0.2783)
—0.564% (0.2843)
0.252%% (0.1211)
0.497#%% (0.1647)
0.198** (0.094)
0.322 (0.2938)

0.274** (0.1299)
—3.123%** (0.5644)
0.0022

44.546%**
Invalidated

—0.365%+* (0.1122)
0.466%* (0.2299)
0.264%* (0.1348)
0.186%** (0.0312)
0.286%* (0.1384)
0.089%* (0.0391)
—0.128 (0.0991)

—0.230% (0.1171)
—5.868%% (1.3843)

41.577%**
Invalidated

Values in () are standard errors, FNII=Financial inclusion index, POLU =Economic policy uncertainty,
GLOB =globalization level, ENGU =Energy usage. * shows 10% significance, ** shows 5% significance,
*#% 1% significance. AMG estimation method applied. Dependent variable =CO2 emission

Source: Author’s estimation

2019; Sagi et al. 2021). Thus, it is argued that financial
inclusion and globalization improves while economic pol-
icy uncertainty damages the environment quality in HGE.
Additionally, to examine the joint impact of globalization
with financial inclusion and economic policy uncertainty,
model 2 and model 3 are respectively estimated. The joint
impact of GLOB with FNII found negative to influence the
CO2 emission, whereas POLU still found to augment CO2

emission beside interaction of globalization. All of the three
control variable found to have positive and significant impact
on carbon emission, meaning that and increase in GDP, FDI
inflow and energy usage results in increased level of CO2
emission, hence harming the environment quality in HGE.
Moreover the negative and significant values of GDP? in
model 1 and model 2 confirm the validation of Environment
Kuznets Curve (EKC) in HGE.
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The estimated results for Lower globalized economies
(LGE) are presented in the second panel of Table 6. In sec-
ond panel, the study indicated a negative and significant
impact of FNII on CO2 emission in all three models for
LGE, indicating that an increase in FNII likely to reduce
the carbon emission and hence improve the environment
quality, also seen by Renzhi and Baek (2020). Secondly,
POLU is estimated to have positive impact on carbon emis-
sion, indicating that any enhancement in form of economic
policy uncertainty in the country will retort the environment
quality, similar to the findings of Golub (2020). Globaliza-
tion also found to have a positive and significant impact
on CO2 emission in case of LGE, as shown in the study of
Ahmed and Le (2021). Finally, the joint impact of GLOB
with FNII and POLU on CO2 emission are respectively
given in model 2 and model 3 for LGE. FNII still have nega-
tive, and POLU have positive impact on CO2 emission after

interaction with GLOB, as indicated in both models. More-
over, all the control variables including GDP, FDI inflow
and energy usage have positive and significant impact on
CO2 emission, hence, impeding environment quality in
LGE. The EKC hypothesis is validated only in model 1
for LGE. Moreover, the lower values of Root Mean Square
Error (RMSE) indicate the accuracy of the estimated values
in all three models. Similarly, higher values of the Wald-
test also indicate that all the explanatory variables are suf-
ficiently explaining the dependent variable and the all the
models are good fitted.

The interesting facts we found in this analysis are that,
the magnitude of the influence of our core variables such
as FNII, POLU and GLOB on CO2 emission is higher in
HGE as compared to LGE. Secondly, the magnitude of the
influence of FNII and POLU on CO2 emission decreased
after including the interaction term GLOB in both groups.

Table 7 Robustness results Variables

Model 1

Model 2

Model 3

Panel 1. Highly Globalized OECD Economies (HGE)

FNII —0.785%** (0.2128)
POLU 0.389*** (0.0916)
GLOB —0.259%* (0.1251)
ENGU 0.292*** (0.0238)
FDI 0.982%*** (0.0314)
GDP 0.565%* (0.2631)
GDP? —0.244%*** (0.0382)
FNII*GLOB

POLU*GLOB

Constant —2.234%%% (0.4733)
RMSE 0.0131

Wald-test 51.432%%*

EKC hypothesis Validated

Panel 2. Lower Globalized OECD Economies (LGE)

FNII —0.678%** (0.0233)
POLU 0.123*** (0.0038)
GLOB 0.232* (0.1171)
ENGU 0.242*** (0.0236)
FDI 0.299** (0.1491))
GDP 0.432%* (0.2132)
GDP? —0.377%*% (0.0437)
FNII*GLOB

POLU*GLOB

Constant —3.867*** (1.0283)
RMSE

Wald-test 47.347%*

EKC hypothesis Validated

—0.474%% (0.2341)
0.320%* (0.1573)
—0.228% (0.1151)
0.218%* (0.1071)
0.624** (0.307)
0.346%* (0.1691)
—0.178** (0.0863)
—0.254%%% (0.0122)

—3.454%%* ((0.3483)
0.0029

59.389%
Validated

—0.335%* (0.1643)
0.259%* (0.1271)
0.276%* (0.1352)
0.224%* (0.1091)
0.442%* (0.2173)
0.388* (0.1951)
—0.268 (0.2312)
—0.366%** (0.0117)

—4.350%** (1.3481)

43.488%:*
Invalidated

—0.398% (0.1999)
0.232%% (0.1112)
—0.202%%% (0.0312)
0.111%%* (0.0023)
0.462%% (0.2291)
0.282%* (0.1382)
—0.196%** (0.0112)

0.332%* (0.1611)
—4.433%%* (1,3253)
0.0031

55.476%*
Validated

—0.256% (0.1241)
0.143%% (0.0211)
0.342* (0.1721)
0.228%#* (0.0212)
0.415%* (0.2061)
0.382%* (0.1872)
—0.284 (0.2411)

0.228*** (0.0226)
—2.354%%% (0.3848)

49,384
Invalidated

Values in () are standard errors, FNII=Financial inclusion index, POLU=Economic policy uncertainty,
GLOB =globalization level, ENGU =Energy usage. * shows 10% significance, ** shows 5% significance,
##% 1% significance. CCEMG estimation method applied. Dependent variable =CO2 emission

Source: Author’s estimation
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Table 7 indicates the long-run coefficients estimated by
using common correlated effects mean group (CCEMG)
method for both panels, HGE and LGE. The overall signifi-
cance level of the explanatory variables and signs in Table 7
are almost similar to those given in Table 6, confirms the
robustness and consistency of the empirical findings across
different econometric methods.

Finally, the regression outcomes are followed by the cau-
sality analysis. The results of Dumitrescu and Hurlin (2012)
causality analysis given in Table 8 confirm the bidirectional
causality among FNII and CO2, POLU and CO2, GLOB and
CO2, and GDP and CO2. However, unidirectional causal-
ity is estimated from ENGU to CO2 and from FDI to CO2.

Discussion

The negative impact of financial inclusion on CO2 emis-
sions in both groups LGE and HGE indicates the financial
sector in the OECD countries is reached to the maturity
level. It is efficiently distributing the resources to environ-
ment-friendly activities. Furthermore, the higher levels of
financial inclusion is a significant source for attracting the
foreign investment in these countries. The foreign invest-
ment always comes with latest technology, new production
methods, and high level of research and development, which
increases the energy efficiency and reduce the carbon emis-
sions, hence improve the environment quality, the similar
effect of financial inclusion on carbon emission is found in
the study of Qin et al. (2021) for Emerging-7 (E7) countries.

Table 8 Panel causality results

Null-hypothesis Z-bar statistics. Probability. Decision

FNII—CO2 4.4839 0.0000 Bidirectional
Causality

CO2—FNIL 2.4155 0.0171

POLU—CO2  6.3833 0.0000 Bidirectional
Causality

CO2—POLU 54781 0.0000

GLOB—CO2  5.7564 0.0000 Bidirectional
Causality

CO2—GLOB  4.4192 0.0000

ENGU—CO2  3.4828 0.0000 Unidirectional
Causality

CO2—ENGU  0.5383 0.5513

FDI—CO2 4.5647 0.0000 Unidirectional
Causality

CO2—FDI 0.4382 0.6473

GDP—CO2 6.4748 0.0000 Bidirectional
Causality

CO2—GDP 2.7355 0.0081

— Indicates “does not Granger cause”, AIC is used to determine
optimal lags

Economic policies of a country are strongly linked with
business decisions, production methods, investment strate-
gies and individual spending’s. Thus, any uncertainty in pol-
icies effecting the individual or business decisions’ directly
affect the environment quality. Our outcomes regarding the
role of economic policy uncertainty in CO2 emissions in
both groups, LGE and HGE, are also parallel to the Adams
et al. (2020) who find the same outcomes for resource rich
countries. The uncertain policies hinder the firm’s decision,
restrict the adoption of cross border flow of capital, latest
technology, and innovative eco-friendly production methods,
which ultimately induce the carbon emissions and damages
the environment quality.

The positive impact of economic and social globaliza-
tion found in LGE’s indicating that these countries are
not fully ascertaining the advantages of globalization in
term of adopting latest technology, research and devel-
opment, and modern production methods which emerges
due to globalization. Lower level of economic and social
globalization pushed these countries to use obsolete tech-
nology and fossil fuels that give rise to CO2 emissions
and damages the environment quality, this positive impact
of globalization on CO2 emissions in LGE is similar to
the findings of Alola and Joshua (2020). In contrast, the
increasing globalization in HGE’s are restricting the CO2
emissions. This is due the fact that these countries are tak-
ing maximum benefits from foreign direct investment in
eco-friendly production methods, which are less likely to
emit CO2 because of using modern technology. However,
in both groups LGE and HGE, financial inclusion-globali-
zation interaction has beneficial for the environment qual-
ity, whereas economic policy uncertainty-globalization
interaction harming the environment as it increases the
CO2 emissions. This negative influence of globalization
on CO2 emissions is in line with the study of Ahmed and
Le (2021), who finds the same results for South-East Asian
countries.

Conclusion and policy suggestions

This study is taken into analysis keeping in mind a very
comprehensive concerns of environmental quality; financial
inclusion and economic policy uncertainty with role of glo-
balization in 33 OECD economies using recent data from
1996 to 2019. Observing previous literature on the topic
we found out that for financial sector most of the studies
have taken financial development to influence environment
quality. Instead, we have taken a broader aspect of financial
sector, which is financial inclusion to impact environment
quality that was missing in empirical literature, more spe-
cifically for OECD economies. Thus this study filled this
gap first. Secondly, we consider the recently published data
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on economic policy uncertainty and employed WUI index
and analyzed its impact on environment quality. However, in
prior studies EPU index is frequently used as an economic
policy uncertainty measure, which is available for limited
number of countries and for few year that might blur the
actual influences of economic policy uncertainty. Similar,
we separated the sample countries in two groups according
to their level of globalization, lower globalized economies
(LGE) and highly globalized economies (HGE) and respec-
tively estimated the influence of financial inclusion, eco-
nomic policy uncertainty and globalization on environment
quality in both groups.

The estimated results indicates that financial inclusion has
a beneficial impact on environment quality in both, LGE and
HGE, as it found to have negative impact on CO2 emission.
Conversely, economic policy uncertainty estimated to have
a positive impact on CO2 emission, means damaging the
environment quality in both groups. However, globalization
in LGE estimated to have positive impact on CO2 emissions,
whereas negative in HGE. Hence globalization improving
the environment quality in HGE, while detreating in LGE.
The moderating impact of globalization with financial inclu-
sion and economic policy uncertainty is respectively found
negative and positive to effect CO2 emission in both LGE’s
and HGE’s.

The clear implications of this study on the basis of
empirical findings are; first, the OECD countries should
intensify their financial inclusion level as it helps to reduce
the CO2 emissions. It is vital to promote green industrial
sector, and green-technology through financial inclusion,
which have lower carbon emission intensity. More essen-
tially, the governments in OECD economies must formu-
late the policies which are compatible with environment
sustainability, ensuring the complementarity among finan-
cial inclusion and environmental prosperity. Second, the
economic policy uncertainty enhanced CO2 emissions in
the OECD economies. This is not surprising, as economic
policy uncertainty discourages investment in effective tech-
nology and innovation which is capable to reduce CO2
emissions. It is thus rational for OECD countries to indorse
their economic policies that stimulates innovations, and
encourage investment in the energy-efficient technology
to reduce the CO2 emission. Thirdly, globalization could
increase the environmental quality by decreasing CO2
emission as observed in HGE group. However, LGE are
not enjoying the beneficial prospective of globalization in
term of environmental consequences. The LGE’s should
focus on bringing-in investment in new technology and in
renewable energy sources instead of fossil fuels depend-
ent technology. Overall OECD economies should improve
their environment policies via globalization to reduce CO2
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emissions. For the environment sustainability through
globalization, governments should enhance the trade and
investment in energy-efficient products, and encourages the
trade and investment in eco-friendly products by giving
them different incentives and tax exemptions.

However, the findings of this study cannot be generalized
for any other group of countries of regions. This study is
limited to data of just OECD economies and there is room
for further research on the topic by taking the data of some
other country or region. The relevance of other aspects of
globalization such as economic, social and political globali-
zation can be also examined in term of their influence on
environment quality.

Appendix

Table 9

Table 10
Table 11
Figure 2

Table 9 Variables description

Variables Description Source

CO2 CO2 emission Per capita OECD database/
metric tons ‘World Bank

Financial Inclusion FNNI is financial inclusion IMF

(FNII) composite index calculated
through PCA method. The
FNNI includes 4 primary
variables; the number of
commercial bank branches
per 100 thousands persons,
the number of ATM’s per
100 thousands persons,
the number of depositors
from commercial bank per
thousand persons, and the
total borrowers from the com-
mercial banks per thousand
person.

World Uncertainty Index (WUI) WUI Index
is used to proxy economic
policy uncertainty.

Economic Policy
Uncertainty (POLU)

Globalization (GLOB)  Economic aspect of KOF KOF Index
globalization index, De facto
prospective.

GDP Per Capita GDP growth rate World Bank

FDI Foreign direct investment inflow World Bank
(GDP %)

Energy Usage (ENGU) Kg of oil equivalent per capita ~ World Bank
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Table 10 PCA results

Eigen Value Proportion Primary Variables Eigen Vector  Correlation Coef-
Explained ficients
FENII 1.14681 0.8913 (i) the number of commercial bank branches per 100 0.6853 0.7348
thousands persons
(ii) the number of ATM’s per 100 thousands persons, 0.6931
(iii) the number of depositors from commercial bank per 0.6674
thousand persons
(iV) the total borrowers from the commercial banks per 0.7669

thousand person

Table 11 Sample countries (33

Highly Globalized Economies (HGE)

Lower Globalized Economies (LGE)

OECD Economies)
Austria Iceland Australia Slovak Republic
Belgium Netherland Chile New Zealand
Canada Norway Greece Slovenia
Czech Republic Poland Ttaly Turkey
Denmark Sweden Japan USA
France Spain South Korea
Finland Switzerland Latvia
Germany United Kingdom (UK) Luxembourg
Hungary Mexico
Ireland Portugal

Fig.2 CO2 emissions (USD/
Kg of CO2) from energy usage
in OECD countries. Source:
OECD Environment Library 15
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