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Progress in financial inclusion has played a major role in economic

development and poverty reduction. However, the environmental impact of

financial inclusion calls for urgent implementation of environmental strategies

to mitigate climate change. Financial inclusion forces the policies of developed

countries to advance and not affect the present and future development of

developing countries. Therefore, the current study aims to investigate the direct

effects of information and communication technology (ICT) usage on

environment as well as its moderating role on the association between

financial inclusion and environmental degradation for six oil exporting

countries (United Arab Emirates, Saudi Arabia, Russia, Kuwait, Canada, and

the United States), using annual panel data from 1995 to 2019. We also

analyze the validity of the environmental Kuznets curve (EKC) phenomenon

for the entire sample, as well as the role of energy consumption and population.

Employing the Method of Moments Quantile Regression (MMQR) with fixed

effects, this study supported the existence of EKC phenomenon here as linkage

amid human development index and carbon intensity. We find that energy

consumption significantly increases carbon intensity. The empirical results

showed that the application of internet- and mobile use as indicators of ICT

usage lead to environmental preservation in the six oil exporting economies.

Also, we observe that financial inclusion has mitigating effects on pollutant

emissions, contributing to environmental preservation. Interaction between ICT

usage and financial inclusion jointly reduces carbon intensity in all quantile

distributions. A robustness check using an alternative proxy of the financial

inclusion also confirms that ICT usage significantly and negatively moderates
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the association between financial inclusion and carbon intensity. Based on the

findings of this study, the selected oil exporting countries should integrate

financial inclusion with environmental policies to reduce carbon intensity.

KEYWORDS

carbon intensity, financial inclusion, information and communication technology, oil
exporting countries, panel quantile regression, carbon intensity, panel quantile
regression

1 Introduction

The natural-resources-based economies across the globe

have witnessed remarkable and multifold economic growth

and development in the last few decades. While the

exploitation and depletion of their abundant natural resources

would promote and accelerate economic and financial

development (Bekun et al., 2022; Fareed et al., 2022),

environmental quality would decline with such expansion in

economic activities. This pressures countries to take special

measures to address both the economic growth and

environmental challenges under the umbrella of what is well-

termed as green growth (Demissew Beyene and Kotosz, 2020;

Jinqiao et al., 2021; Chen et al., 2022). Herein, the Climate

Change Conference in Glasgow (COP26) claimed that a

phase-down of coal power and a phase-out of inefficient fossil

fuel subsidies can get the world on a more sustainable, low-

carbon pathway forward. Grossman and Krueger (1995) have

introduced the economic growth and environmental quality

nexus with an inverted U-shaped relationship hypothesized by

Kuznets (1955). The EKC denotes the major shift of the

economic structure and the changes of production elements in

an advanced technological economy (Lau et al., 2014). It is

identified that the environment will be at stake with increased

economic growth and, up to certain levels, the negative effects of

economic growth on the quality of environment are reversed. In

other words, the environmental degradation level is more likely

to increase at the early stages of economic growth. However, once

parameters such as income per capita rise to certain levels, then it

is very likely that the growth level at this point of high income

leads to enhanced environmental quality (Grossman and

Krueger, 1992; Halkos and Managi, 2017; Alshubiri and

Elheddad, 2019; Demissew Beyene and Kotosz, 2020).

Regardless of whether economic growth is a considered a

crucial factor for the environment or an opportunity, the

financial sector plays an important role in economic growth

and consequently its influence on the environments. Based on

Robinson’s (1952) demand side hypothesis of the growth-finance

interconnection, an expansion of economic activities causes the

financial sector to magnify its services and products based on the

view that financial support creates consistent and sustainable

growth. One of the major strategies to curb environmental

degradation is the implementation of financial inclusion, while

providing reasonable, green, and reliable energy services.

Financial inclusion, as a component of sustainable economic

and financial development, has been intensively discussed, and it

is agreed that it promotes economic growth (Sethi and Acharya,

2018; Emara and El Said, 2021; Zaidi et al., 2021; Fareed et al.,

2022). Financial inclusion is part of the 2030 Sustainable

Development Goals (SDGs), and its financial inclusion

principles are commonly established as agents for several

developmental strategies. The inclusiveness of various groups

of society in the financial system warrants, among others, capital

allocations, circulation, pooling, and savings to fulfill their

requirements (World Bank, 2018). In the era of globalization,

the advancement of more sophisticated technological tools has

increased the need for energy production and consumption,

which, in turn, adds to the challenges and concerns around

environmental issues (Ahmad et al., 2021; Satrovic et al., 2021;

Beşe and Friday, 2022). In theory, financial inclusion could

influence the environment negatively via easy access to

financial products and services that increase production and

industrial expansion, leading to environment degradation

(Zhao et al., 2021). However, the financial sector may also

play a significant role in the reduction of environmental

concerns around energy emissions by promoting the use of

more advanced and green technologies that mitigate the

environmental effects of energy production, supply, and

consumption (Le et al., 2020). State-of-the-art technologies

that support a green and clean environment can foster

economic development, and maintain and preserve the

environment (Jordaan, 2017). Therefore, financial inclusion

can be a vital factor in CO2 emissions reduction (Fareed et al.,

2022). According to the IPA (2017), financial inclusion can

alleviate hardship and constraints faced by poverty-stricken

groups in society such as farmers who are in need of capital

to invest and implement cost-effective and cleaner technology.

The rise of the information and communication technology

(ICT) era has produced various advantages for economies (Zafar

et al., 2022). ICT facilitates trade by allowing new markets to

interact and creates growth opportunities for developed and

developing economies. It also eases information transmission

and enhances the tools of education, health, and production.

Undeniably, ICT is a key success factor in achieving the

Sustainable Development Goals (SDGs) (Chien et al., 2021).

ICT comprehensively contributes to achieving all goals of

sustainable development (Zhang et al., 2022), and has become

pivotal for economic and business decisions with lower costs and
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enhanced productivity (Adedoyin et al., 2022; Zhong et al., 2022).

The opportunities offered by ICT are numerous, with costs

savings and convenience becoming buzzwords (Lee et al.,

2022). According to Haldar and Sethi (2022), ICT can lead to

energy efficiency through integrating renewable energy in all

aspects of the so-called green ICT. ICT contributes significantly

to enhancing energy efficiency goals through related artificial

intelligence and grid optimization systems (Susam and

Hudaverdi Ucer, 2019). However, the growth of ICT user-

devices worldwide through mobile banking, e-government,

and social media has a critical effect on energy consumption.

The demand for energy is on the rise and in turn, the proportion

of ICT to greenhouse gas emissions will ultimately increase,

leading to environmental degradation (Zafar et al., 2022).

Despite the sizeable literature on the various aspects of

environmental deterioration, there is a still a large gap in the

literature with respect to the factors of environmental degradation

for our study sample. Recently, more factors were introduced to

analyze the reasons for environmental degradation. Considering

the abovementioned point of view, the research problem identified

in our paper states that no study to date analyzed whether ICT

diffusion can moderate the relationship between the financial

inclusion and environmental degradation for six oil exporting

countries (United Arab Emirates, Saudi Arabia, Russia, Kuwait,

Canada, and the United States). The current work accommodates

this backdrop to significantly contribute to the existing pool of

knowledge. This study contributes in four folds to the existing

literature. First, the abundance of natural resources could be

considered a factor in these countries’ rapid economic growth.

Therefore, more environmental issues are expected to arise.

Second, because the selected sample contains countries from

different regions with more involvement with regard to

financial development, financial technology, ICT, and human

capital, the expectation is that the effects of these factors on

environmental quality may vary significantly. Thus,

environmental issues might be prioritized more in the case of

countries that are not at the Frontier of development in various

aspects. Thus, oil exporting countries might produce more and

consume more energy with less financial development and

inclusiveness; furthermore, their ICT development

infrastructure is being far from the rest of the world. Therefore,

the gain effects of using green ICT could be at a minimal level.

Third, all prior research has focused on the impact of various

indicators on environmental degradation; however, this study will

further explore the beneficial effects of ICT-financial inclusion

interaction on environmental quality. Fourth, this study adopts the

Method of Moments Quantile Regression (MMQR) to spot the

effects of various indicators by the conditional median of the

response variable; hence, a robust and meaningful estimation can

be achieved compared to the conditional mean valueThis study

aims to answer two questions: 1) what is the impact of financial

inclusion, economic growth, and ICT diffusion on environmental

degradation in the six oil exporting countries? 2) Is ICT diffusion a

moderater of the relationship between the financial inclusion and

environmental degradation? The objectives of this study are to

examine: 1) the impact of financial inclusion, economic growth,

and ICT diffusion on environmental degradation in the six oil

exporting countries; 2) whether ICT diffusion can moderate the

relationship between the financial inclusion and environmental

degradation.

This study is organized as follows. The next section reviews

the existing literature review and the hypotheses of the study.

Section 3 introduces the data andmaterials of the study. Section 4

presents and discusses the findings of the study. Finally, Section 5

concludes the paper and highlights the major policy implications.

2 Literature review and hypotheses
development

2.1 Research on the relationship between
financial inclusion and environmental
degradation

The premise of financial inclusion falls under the debate on

its role in reducing poverty levels and helping underprivileged

people through promoting and inspiring economic growth

(Beck et al., 2007; Makina and Walle, 2019; Li et al., 2021).

There are two theoretical aspects of the impact of financial

inclusion on environmental quality. On the one hand, from the

theoretical point of view, financial inclusion assists various

sectors of economies through raising funds for the purpose

of expansion and growth (Rehman et al., 2021). The intensity of

economic activities by way of encouraging companies to

intensify their production causes energy consumption to

surge, and, by implication, environmental degradation (Le

and Quah, 2018; Le et al., 2020; Fareed et al., 2022). Zaidi

et al. (2021) and Zhao et al. (2021) argue that achieving

inclusiveness of financial services gives customers the ability

to finance high-energy consumer goods such as cars, coolers,

and air conditioners, with the resulting additional energy

consumption magnifying the risk to the environment.

Memduh Eren et al. (2022) have produced empirical

evidence that financial development in Turkey has an

adverse impact on environmental quality. Fareed et al.

(2022) finds that environmental deterioration in the

Eurozone is adversely affected by financial inclusion,

although these negative effects are mitigated by the

penetration of innovation. Zaidi et al. (2021) find that

during the period 2004–2017, the OECD nations have

experienced environmental problems due to increased energy

consumption, which has unequivocally steered the CO2

emissions. Shahbaz et al. (2020) support the other findings

of the negative impact of financial development on

environmental quality in eight developing countries.

Financial development increases CO2 emissions; as a result,
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the quality of the environment has worsened for the case of the

United Arab Emirates. The results of Adebayo et al. (2022),

Adebayo (2022), and Ganda (2021) might also support the

assumption that financial globalization-induced inflow of FDI

is likely to result in technology spillover.

On the other hand, other arguments have emerged in

support of the positive role of financial inclusion in

enhancing environmental quality. The financing activities

of technological development that promote sustainable

energy are key for environmental quality (Ganda, 2021).

Making funds easily accessible with lower rates and more

achievable financial requirements for various groups of

society to finance the productive activities and initiating

research and development in renewable energy play a

positive function in environmental protection and help

combat environmental degradation (Ganda, 2022;

Kirikkaleli and Adebayo, 2021). Recent empirical studies

conducted by Rahman et al. (2022), Zafar et al. (2022),

and Du et al. (2022) support the positive impact of

financial inclusion on environmental quality where more

inclusiveness leads to better environmental quality;

however, the findings of Rahman et al. (2022) are only

supported for high-income countries. This might be in line

with the EKC hypothesis. Therefore, this study hypothesizes

the following:

H1: Financial inclusion is likely to present an ambiguous environmental

impact.

Although financial inclusion might be detrimental to the

environment, little empirical evidence has substantiated that the

risk exposure of financial inclusion for the environment might be

moderated by the diffusion of ICT (Haldar and Sethi, 2022). The

latter study shows that the effects of financial inclusion on

environmental quality, given the diffusion of ICT, are mixed.

They found that the financial inclusion interaction with ICT

diffusion, as proxied by mobile use, reduced emissions, but this

not supported when internet use was applied as a proxy. Jinqiao

et al. (2021) and Fareed et al. (2022) support the findings of

Haldar and Sethi (2022) for the case of emerging countries. They

argue that effective allocation of funds in a well-developed

financial system leads to technology improvement that, in

turn, reduces the environmental effects. In contrast, Zafar

et al. (2022) finds that carbon emissions increase with an

increase in financial development through a huge proliferation

of investment in ICT equipment and infrastructure, which

accelerates energy consumption and, therefore, leads to

environmental deterioration. In view of the conflicting results

on the moderation effect of ICT on the relationship between

financial inclusion and environmental degradation, we

hypothesize the following:

H2: Financial inclusion is expected to have an ambiguous influence on

environmental deterioration with the penetration of ICT.

2.2 Research on the relationship between
information and communication
technology and environmental
degradation

Information and communication technology (ICT) is a

complex paradox that consists of various components

including hardware, communication equipment, and software

services, which has changed the lives of the people across the

world (Stamopoulos et al., 2022). The proliferation of ICT helps

to eradicate barriers in all aspects of businesses and enhances the

flows of goods and services, which accelerates economic

expansion and prosperity. One of the key areas in which ICT

claims to have a major contribution is environmental quality and

sustainability through the reduction of carbon emissions by

shifting to more eco-friendly technology (Azam et al., 2021;

Pradhan et al., 2021; Fareed et al., 2022; Zhong et al., 2022).

Zhong et al. (2022) argue that efficient ICT investment reduces

the energy and material input required for production and

inspires a new path for energy conservation and carbon

reduction. The simplification of intelligent design production

tools reduces the demand for tools that are related to energy, and

fosters the use of more advanced technology with cheaper costs

and energy-saving (Danish, 2019; Yang and Lam, 2021; Zheng

and Wang, 2021). This in turn will lead to environmental

sustainability. Jinqiao et al. (2021) suggested that innovation

nullifies the adverse environmental impacts of financial

innovation, implying that technological innovation in the ICT

sector allows the vulnerable groups of society to simultaneously

access affordable financial products and adopt technological

advancements to reduce pollutant emissions.

Rapid expansion of ICT and wireless ICT support renewable

energy development, which can provide instrumental tools to

curb emissions (Fareed et al., 2022). The findings of the study

support the notion that eco-innovation offers protection against

ecological problems, particularly in countries with high per-

capita income. The results of Fareed et al. (2022) might also

support the assumption of EKC for ICT diffusion, where ICT

advancement can be beneficial only after a certain threshold of

income (Haldar and Sethi, 2022). Evidence from China indicates

the vital role of innovation in reducing environmental

degradation (Azam et al., 2021).

Even though ICT usage facilitates the shift to low-carbon

tools that are energy-saving, ICT diffusion can be considered a

threat to the environment through the energy consumption of

penetrated tools of ICT (Asongu et al., 2018). Recent studies have

concluded that the innovation of ICT causes more environmental

damage by increasing carbon emissions of intensity of ICT and

its uses. Using wavelet tools, Kirikkaleli and Adebayo (2021)

provide evidence that innovations lead to higher emissions in

Japan. Other studies have confirmed the existence of the non-

linear relationship between ICT and carbon emissions. That

means that ICT’s positive impact on environmental quality
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occurs after a certain level of ICT development is achieved (Wu

et al., 2021). Despite the conflicting results, we state the following

hypothesis:

H3: ICT innovation reduces the environmental deterioration.

2.3 Research on the relationship between
economic development and
environmental degradation

The extant literature on environmental quality and economic

growth is based on the theoretical assumption of the EKC

hypothesis for the last few decades (Demissew Beyene and

Kotosz, 2020). Under the EKC hypothesis, it is assumed that

there is a nexus between economic growth and environmental

deterioration, as reflected by an inverted U-shaped curve. The

theory is based on the Kuznets (1955) linked the tendency of

increasing per capita income and disparity. Kuznets’ (1955)

theory has been applied later on by environmental economists

such as Grossman and Krueger (1995). Grossman and Krueger

(1995) examine the possible link between ecological deterioration

and economic prosperity. Their approach has shown that

economic expansion involves three stages, namely scale,

structural, and composite effects. The scale effect occurs

before the turning point, while the other two stages occur

once the turning point is arrived at. According to Kirikkaleli

and Adebayo (2021), the scale effect is more practical for

emerging economies with non-renewable energy sources of

production, while the other two stages are related to

industrialized economies. Therefore, the EKC hypothesis

underlines that degradation of environment is high in the

preliminary stages of economic development, and after a

certain threshold of prosperity, the trends return to being

positive; in other words, environmental quality is enhanced

with an increase in economic activities (Kuznets, 1955;

Demissew Beyene and Kotosz, 2020; Memduh Eren et al., 2022).

Empirical evidence on the applicability of the EKC

hypothesis has produced various findings (for instance,

Alshubiri and Elheddad, 2019; Sultana et al. (2022) (. Using

GDP per capita as a proxy for economic growth, the results of

ARDL revealed by the study of show that economic growth leads

to environmental degradation in both the short run and the long

run, for the case of Bangladesh. The study also reports that

human capital is negatively related to environmental

degradation. Jain and Nagpal (2019) examine the impact of

the human capital index on the environmental performance in

South Asian nations (SANs) and India. The results of dynamic

panel modelling indicate that the human capital index is

positively related to environmental quality; however, they find

the deviation from environmental Kuznets curve (EKC)

hypotheses to link economic growth positively with climatic

degradation. Their results are aligned with Demissew Beyene

and Kotosz. (2020) for selected African countries, where the

U-shaped inverted relationship between income per capita and

environmental degradation does not exist; therefore, there is no

evidence on the validity of the EKC hypothesis. Bano et al. (2018)

used a long run ARDL cointegration method and found that

human capital reduced CO2 emissions in Pakistan. Therefore,

this study hypothesizes the following:

H4: The validity of EKC hypothesis is likely to be confirmed.

2.4 Gap in the literature

Several studies have examined the impact of financial

inclusion on environmental degradation using a sample from

various regions, economic and political alliance (Jinqiao et al.,

2021; Fareed et al., 2022); however, to the best of our knowledge,

none of these studies have examined this nexus in the case of oil

exporting countries. Moreover, given the fact that oil exporting

countries are unique in terms of variation in development in the

area of economic and financial systems as well as technology, it is

worthwhile to examine this relationship, because this would

provide more insightful implications for these countries.

Earlier studies have also examined the moderating role of

financial inclusion and ICT on environmental degradation

(for instance, Haldar and Sethi, 2022; Fareed et al., 2022);

nonetheless, these studies are yet to provide conclusive results,

given their unit of analysis. Therefore, reexamining the role of

financial inclusion and ICT in environmental degradation in

selected countries, including oil exporting countries from among

advanced nations (Canada and United States) and other

emerging economies (for instances Russia and Saudi Arabia)

can significantly enrich the literature. Despite the long-standing

interest of mainstream academic studies, the role of ICT diffusion

in moderating the influence of financial inclusion on

environmental degradation remains unknown. Furthermore,

investigating the role of financial inclusion and ICT in

countries that are among the top exporters of oil can generate

further implications for these countries and contribute to policies

that drive high growth in the energy sector. Herein, increased

ICT diffusion may lead to the preservation of the environment, if

the negative coefficient is proved with financial inclusion.

3 Materials and methods

This section of the study clarifies the theoretical framework

and outlines the model construction. In addition, Section 3

discusses the data, along with the fundamental econometric

procedures used to determine the effect of the human

development index and its squared term, population, energy

consumption, ICT diffusion, and financial inclusion on

environmental degradation.
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3.1 Theoretical framework and model
construction

The theoretical underpinning behind the role of financial

inclusion in fostering economic progress concentrates on an

understanding that economic progress fosters poverty

reduction through inclusive financial systems (Dahiya and

Kumar, 2020; Adedokun and Ağa, 2021; Emara and El Said,

2021). There is no doubt that financial inclusion plays a major

role in stimulating economic progress because it ensures the

effective allocation of resources, mobilization and pooling of

savings, and improves the evaluation of investments. Herein, a

well-developed financial system ensures an increase in savings

and investment opportunities that lead to economic progress.

However, the environmental impact of financial inclusion poses a

challenge and represents a new discourse to be elaborated within

the framework of sustainable development goals. On the one

hand, financial sector innovations ease access to technological

advancements and reduce pollutant emissions by stimulating the

efficient use of energy appliances. This clearly indicates that

energy-efficient goods and technological advancement can be

beneficial in combating environmental degradation. Moreover,

by initiating research and development and increasing

investment opportunities in renewable energy sources,

financial inclusion reduces the spread of oil pollution

(Satrovic and Abul, 2021; Du et al., 2022; Fareed et al., 2022).

Financial inclusion is predominantly relevant for the vulnerable

groups of society (e.g., farmers, low-income households), where

access to affordable financial products may motivate them to

invest in the latest technology advancements that will reduce

pollution (Ahmad et al., 2022). On the other hand, financial

inclusion can be detrimental to the environment by expanding

the consumption of energy-intensive goods, which in turn results

in more emissions in the environment. Increasing financial

inclusion can also encourage companies to intensify their

production, which also causes an upsurge in pollutant

emissions and leads to an unfavorable environmental impact.

The literature to date thus documents equivocal evidence of the

interrelationship between financial inclusion and environmental

degradation.

Theoretically, ICT can affect the environment in three major

ways (Malmodin and Lunden, 2018): 1) the direct (primary)

impacts refer to the environmental consequences of ICT

production, consumption, and recycling; 2) indirect effects

arise due to the environmental consequences of ICT for

industry, transportation, or buildings, which leads to an

increase in or reduces their pollutant emissions through

technological advancements and increased energy efficiency.

The indirect effects, also referred to as secondary effects,

include the application of ICT towards innovation or for

green energy. 3) The tertiary effects pertain to the

consequences of long-term ICT adaptation that change

economic structures or consumption patterns. Considering the

tertiary effects, ICT can catalyze behavioral changes, because the

increased efficiency reduces the prices of ICT, causing more

intensified consumption. As a consequence, the consumption of

energy-intensive products increases, which causes a rise in

pollutant emissions. Thus, consumption patterns should be

taken into consideration when developing environmental

strategies directed at reducing pollutant emissions from the

ICT sector (Haldar and Sethi, 2022). The positive effect of

ICT and financial inclusion on economic growth has been

justified by studies to date (Sassi and Goaied, 2013). ICT

diffusion integrates the impact of financial inclusion on

economic progress by reducing information and transaction

costs. In addition, ICT infrastructure enables corporate

control to be exerted, which is one of the major functions of

financial intermediaries. Nonetheless, studies that explore

whether ICT diffusion consolidates the impact of financial

innovation on environmental degradation are scarce. Jinqiao

et al. (2021) suggests that innovation nullifies the adverse

environmental impacts of financial innovation, highlighting

that technological innovation in ICT sector allows the

vulnerable groups of the society to simultaneously access

affordable financial products and adopt technological

advancements to reduce pollutant emissions.

The relationship between financial inclusion and

environmental degradation has also been elaborated under the

umbrella of the environmental Kuznets curve (EKC) framework.

Grossman and Krueger (1995) defined EKC, arguing that

environmental degradation occurs during the early phase of

economic emancipation whereas benefits from further

economic progress are used for environmental protection. The

studies to date have evaluated the validity of the EKC hypothesis

by linking environmental degradation and real GDP per capita as

a developmental indicator (Adedoyin et al., 2022; Satrovic et al.,

2022). However, the quality of human life is not only dependent

on improvements in the real GDP per capita but also on health

care and education facilities. Herein, the human development

index (HDI) is a better developmental indicator (Hussain and

Dey, 2021). Along with an element of GDP, HDI also includes the

other two dimensions of development, namely health and

education; therefore, HDI is used as a developmental indicator

in this current study. Energy is of crucial importance for

economic activities, playing a major role in economic

progress. As such, it has an adverse environmental impact.

Therefore, an increase in energy consumption triggers

economic progress, which in turn increases pollutant

emissions. Many studies to date have suggested the positive

relationship between energy consumption and environmental

degradation (Muslija et al., 2019; Arshad et al., 2020; Alvarado

et al., 2021; Özden and Beşe, 2021; Abul and Satrovic, 2022).

Massive energy consumption due to urbanization increases

environmental depletion. There is a growing consensus that

population significantly promotes environmental degradation

(Sultana et al., 2022).
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This study looks at the financial inclusion status of six oil

exporting countries in mitigating pollutant emissions. Based on

the theoretical framework of the EKC phenomenon, the model

specification for this study is given as (Eq. 1):

ICDE � F(HDI, HDI2, EMPO, PECN, ICTU, FI) (1)

where HDI represents the human development index (HDI) as a

measure of development and its squared term HDI2; EMPO

indicates the employment to population ratio as a proxy for

population, PECN refers to primary energy consumption as a

proxy for energy consumption; ICTU stands for information and

communication technology usage measured in terms of internet

penetration and mobile cellular subscriptions; FI refers to the

financial inclusion measured in terms of financial institutions

index (INFII) and financial institutions depth index (INFID);

ICDE depicts the indicator of carbon intensity measured by CO2/

GDP using exchange rates kg CO2/USD (2015 prices). The basic

measure of financial inclusion to be observed in this study is the

financial institutions index, whereas the second measure is used

for the sake of robustness. Specifying the logarithmic forms of

each of the variables, the transformed layout is shown as (Eq. 2):

LICDEit � αi + β1LHDIit + β2LHDI2it + β3LEMPOit

+ β4LPECNit + β5LICTUit + β6LFIit + εit (2)

where i denotes the six oil exporting countries and t denotes the

time period; L denotes the natural logarithm;αi refers to the

intercept; εit stands for the error term; and βs’ are the

demonstrations of regressions coefficients to be estimated. For

confirmation of the U-shaped relationship between economic

development and environmental degradation, we expect β1 > 0

and β2 < 0 (Hussain and Dey, 2021). Based on the studies to date

(Ahmad et al., 2021; Alvarado et al., 2021), the coefficients of

population and energy consumption are likely to attain a positive

sign (β3 > 0, β4 > 0). The ICT diffusion coefficient sign, in terms

of its influence on carbon intensity, may be either positive or

negative (Haldar and Sethi, 2022) i.e., β5 > 0 or< 0. Financial

inclusion may also increase or reduce environmental degradation

(Du et al., 2022; Fareed et al., 2022) i.e., β6 > 0 or< 0.

Among the different indicators of ICT, a boom in the spread

of internet- and mobile use is witnessed in the countries

investigated. To test the impact of mobile cellular

subscriptions—MPH—the basic model (2) is replaced by (Eq. 3):

LICDEit � αi + β1LHDIit + β2LHDI2it + β3LEMPOit

+ β4LPECNit + β5LMPHit + β6LINFIIit + εit (3)

We further introduce the second indicator of information

and communication technology usage, and replace the basic

model as (Eq. 4):

LICDEit � αi + β1LHDIit + β2LHDI2it + β3LEMPOit

+ β4LPECNit + β5LIUIit + β6LINFIIit + εit (4)

where IUI refers to individuals using the internet (% of

population).

In addition to the direct impact of ICT, this study also

analyzes its indirect effects through interaction with financial

inclusion. The model (3) is extended to (Eq. 5):

LICDEit � αi + β1LHDIit + β2LHDI2it + β3LEMPOit

+ β4LPECNit + β5LMod1it + β6LINFIIit + εit (5)

where Mod1 = MPH*INFII.

We hypothesize that the relationship between financial

inclusion and environmental degradation strengthens with

improvement in the ICT usage. Further, to test whether the

interaction between individuals using the internet and financial

inclusion jointly reduces environmental degradation, model (4)

is replaced by (Eq. 6):

LICDEit � αi + β1LHDIit + β2LHDI2it + β3LEMPOit

+ β4LPECNit + β5LMod2it + β6LINFIIit + εit (6)

where Mod2= IUI*INFII.

3.2 Data

Our study explores the effect of the human development

index and its squared term, population, energy consumption,

ICT diffusion, and financial inclusion on environmental

degradation by using annual balanced panel data of six major

oil exporting countries (United Arab Emirates, Saudi Arabia,

Russia, Kuwait, Canada, and the United States). These

countries are selected for two reasons. First, oil exporting

countries are blessed with oil reserves with lower crude oil

prices. Second, because of the low price elasticity of crude oil

demand, oil exporting countries are able to import more

energy-intensive products thanks to more income.

Considering these two reasons, the selected countries are

likely to increase pollutant emissions. All data covered the

period 1995–2019, with sourcing restricted by data availability.

Table 1 offers detailed information on the variables used in this

study.

The annualHDI data were collected from the United Nations

Development Programme (Hussain and Dey, 2021). The data on

employment to population ratio, mobile cellular subscriptions,

and individuals using the internet were gathered from the World

Bank (Haldar and Sethi, 2022; Sultana et al., 2022). Following

(Ahmad et al., 2022; Fareed et al., 2022), this study retrieved

financial inclusion data from the International Monetary Fund.

The data on primary energy consumption were collected from

British Petroleum (Arshad et al., 2020), whereas the International

Energy Agency provided the data for ICDE, as reported in the

literature (Rahman et al., 2022). Table 2 presents the descriptive

statistics.
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As shown in Table 2, all variables have positive mean values.

The highest human development index is reported for Canada in

2019, while the lowest human development index is reported for

Russia in 1995. Considering the ICT indicators, the maximum

value of MPH is reported for the United Arab Emirates in

2016 whereas Russia reports the minimum value in 1995; the

maximum value of IUI is reported for Kuwait in 2018 whereas the

minimum value is reported for Saudi Arabia in 1995. When the

financial inclusion proxies are considered, the maximum value of

the financial institutions index is reported for Canada in 2012,

while Russia has the minimum value; the maximum value of

INFID is reported for Canada in 2016 and theminimum value for

Russia in 1995. Considering the carbon intensity, the maximum

value is reported for Russia in 1996 whereas the minimum value

is reported for the United States in 2019.

3.3 Panel estimation techniques

In this study, the fundamental procedures for determining

the effect of the human development index and its squared term,

population, energy consumption, ICT diffusion, and financial

inclusion on environmental degradation were as follows: first, we

start by checking for cross-sectional dependence (CD) in the

variables. In the second step, second-generation unit root tests

are used to obtain robust estimates. Third, after performing these

initial investigations, the Method of Moments Quantile

Regression (MMQR) with fixed effects for panel data is used

to identify the conditional heterogeneous covariance impacts of

the predictors of carbon intensity namely the human

development index, human development index squared,

population, energy consumption, information and

communication technology diffusion, and financial inclusion.

We first determine whether there is cross-sectional

dependency between the variables. Cross-sectional dependence

is an important property of the variables to be checked—if it were

ignored, it can cause size distortion and biased or spurious

results. This study employs the Pesaran (2007) cross-sectional

dependence (CD) test to identify the possible presence of the

cross-sectional dependency problem. The test statistics for CD

are explained using the following equation (Eq. 7):

CD �
���������

2T
N(N − 1)

√ ∑N−1

i�1
∑N
j�i+1

ρ̂ij (7)

where ρ̂ij refers to the residual correlation.

It is also vital to perform a preliminary test to check for the

stationary properties of the variables. In the presence of cross-

sectional dependence, it is necessary to perform second-

generation unit root tests to obtain robust estimates of the

coefficients. To avoid biased results, this study employs the

Im et al. (2003) cross-sectionally augmented (CIPS) panel unit

test to address the impact of CD and heterogeneity. Pesaran

TABLE 1 Variables used in the study.

Variable Definition Source

PECN Primary energy Consumption, Million tonnes oil equivalent BP (2021)

HDI Human development index of World Banks UNDP (2020)

EMPO Employment to population ratio, 15 + , total (%) (modeled International Labour Organization estimate) WB (2021)

MPH Mobile cellular subscriptions (per 100 people) WB (2021)

IUI Individuals using the Internet (% of population) WB (2021)

INFII Financial Institutions Index IMF (2021)

INFID Financial Institutions Depth Index IMF (2021)

ICDE CO2/GDP using exchange rates kg CO2/USD (2015 prices) IEA (2021)

TABLE 2 Summarized statistics.

Stat./Var HDI EMPO PECN MPH IUI INFII INFID ICDE

Mean 82.65 62.03 579.76 86.67 48.44 53.22 38.21 0.69

St. Dev 6.33 8.90 766.56 62.19 33.02 24.35 35.37 0.42

Max 92.90 79.25 2,316.02 212.64 99.60 90.79 95.64 2.19

Min 70.20 45.24 12.81 0.06 0.01 19.44 3.76 0.24

Skewness 0.003 0.128 1.517 0.283 -0.135 0.482 0.702 1.852

Kurtosis 1.868 2.303 3.677 1.890 1.559 1.517 1.564 6.290
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(2007) explains the estimation of the CIPS unit root test using the

following equation (Eq. 8):

ΔYit � Δ∅it + βiXit−1 + ϑiT∑n
j�1
θijΔXit−j, εit (8)

For Eq. 8, ∅it, Xit,Δ, T, and εitdepict the intercept, variables of

interest, difference, period of interest, and error term,

respectively.

Under the specification in Eq. 2, the presence of the EKC

phenomenon is certified if β1 > 0 and β2 < 0. Notwithstanding the
fact that Eq. 2 can be estimated by the traditional pooled ordinary

least squares techniques or pooled techniques upgraded with

Driscoll and Kraay standard errors, these techniques have various

limitations, as elaborated by Ike et al. (2020). By resolving these

limitations, panel Method of Moments Quantile Regression

(MMQR) with fixed effects proposed by Machado and Silva

(2019), which is more precise, is applied. The quantile regressions

aim to evaluate the conditional median or a range of distinctive

quantiles of the response variables tied to given values of the

exogenous variables distinct from traditional panel data

techniques, which provide estimates of the conditional mean

of the endogenous variable subject to given values of exogenous

variables. It is applicable in the case of weak or non-existent

linkage between the conditional means of the inspected variables.

Aside from that, it provides non-crossing evaluations of the

regression quantiles. Therefore, the MMQR method allows us

to identify the conditional heterogenous covariance effects of the

indicators of carbon emissions by approving of the individual

effects to influence the entire distribution instead of moving

averages. The panel MMQR with fixed effects equation is

formulated in Eq. 9 which is shows as (Eq. 9):

QYi,t(τ|Xit) � α(τ)′Xit + βi, i � 1, . . . , N, t � 1, . . . , T (9)
For Eq. 9, Yit is the symbol for the predicted variable

(LICDE), Xit outline the regressors, a(τ) stands for the

unknown coefficients, βi refers to the individual effects. To

analyze the impact of human development index, population,

energy consumption, ICT diffusion and financial inclusion on

carbon intensity, the authors formulated the models as shown

below:

QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLMPHit

+ a6τLINFIIit+βi (10)
QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLIUIit + a6τLINFIIit+βi
(11)

QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLMod1it

+ a6τLINFIIit+βi (12)

QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLMod2it

+ a6τLINFIIit+βi (13)
QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLMPHit

+ a6τLINFIDit+βi (14)
QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLIUIit + a6τLINFIDit+βi
(15)

QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLMod3it

+ a6τLINFIDit+βi (16)
QLICDE(τ|Xit) � a1τLHDIit + a2τLHDI2it + a3τLEMPOit

+ a4τLPECNit + a5τLMod4it

+ a6τLINFIDit+βi (17)

where Mod3 = MPHpINFID, Mod4 = IUIpINFID.

4 Empirical evidence and discussion

The analysis begins with diagnostic tests. We start by

checking for cross-sectional dependence (CD) in the variables,

employing the test first put forth by Pesaran (2007). Table 3

summarizes the initial cross-sectional dependence test for

evaluating the interconnection between the selected countries.

Table 3 depicts a signal for the rejection of the null hypothesis

of no cross-sectional dependence, implying that the variables

under investigation exhibit CD. Based on these findings, it can be

inferred that the selected six oil exporting countries have been

interconnected through several channels, especially economic

ones. This means that a shock in one oil exporting economy is

transmitted to the other five countries. In other words, the

unobserved common factors in financial inclusion and ICT

diffusion in one examined country are transmitted to other

countries. Nowadays, it is quite common for countries to hold

cross-sectional dependence in longitudinal data. If unnoticed, it

can considerably weaken the efficiency of panel data and lead to

biased results.

Given the presence of cross sectional dependence in all the

variables in the study, we further use the second-generation unit

root tests to obtain robust estimates. In order to inspect more

precisely the integrating properties of the variables, our study

employs the cross-sectionally augmented (CIPS) panel unit test

of Im et al. (2003). Table 4 depicts second-generation unit-root

test of the panel variables.

Table 4 clearly shows that human development index,

employment to population ratio, mobile cellular subscriptions,

and carbon intensity are non-stationary at levels, intercept

included. The null hypothesis on unit root could not be
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rejected for all variables at their levels, intercept and trend

included. The CIPS test was robust to cross-sectional

dependence, further showing that all variables are stationary

at their first difference. Given that we are able to reject the null

hypothesis on unit root for all variables at their first difference, it

can be concluded that this study’s variables are first-difference

stationary and exhibit the same order of integration I (1).

After performing these initial investigations, the Method of

Moments Quantile Regression (MMQR) with fixed effects for

panel data is used to identify the conditional heterogeneous

covariance impacts of the predictors of carbon intensity

namely the human development index, human development

index squared, population, energy consumption, information

and communication technology diffusion, and financial

inclusion. The outcomes of the MMQR at the odd quantiles

are presented in Table 5, whereas the graphical representations

(Figure 1) visualize the impact of predictors on carbon intensity

at the even quantiles (the voluminous output of MMQR

estimation is available upon request). Table 5 and Figure 1

estimate the effects of the determinants of carbon intensity

across the selected quantiles of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,

0.8, and 0.90.

The first finding reveals that the impact of economic

development, captured by the human development index, on

carbon intensity is significant across all quantiles, with the EKC

hypothesis being confirmed for all quantiles in models 1–4,

concurring with (Lai and Chen, 2020; Hussain and Dey, 2021;

Li and Xu, 2021). There is strong statistically significant support

for the EKC hypothesis for all countries. The outcomes of this

paper hypothesize the inverted U-shaped relationship between

economic development and environmental degradation (H4). It

means that at the early stages of economic emancipation, both

environmental degradation and income exhibit an increasing

trend, because of the higher importance given to economic

progress than to environmental protection. After a threshold

level of economic emancipation, the developmental income is

used for environmental protection, and environmental

degradation would start to dwindle. Thus arrangement of

economic development mimics environmental sustainability.

In regard to the coefficient with human development index,

Table 5 and Figure 1 depict a positive and significant association

with carbon intensity for all quantiles exhibiting a decreasing

trend. Considering the coefficient with human development

index squared, the outcomes outline a negative and significant

association with carbon intensity for all quantiles signaling an

increasing trend. It can be inferred from these findings that the

selected oil exporting countries have already reached a particular

level of development, prioritizing environmental quality above

economic progress. In contrast, (Jain and Nagpal, 2019),

confirmed the deviation from environmental Kuznets curve

(EKC) for the selected South Asian nations.

The second finding shows a positive relationship between

population and environmental degradation. The coefficient

estimates validate an adverse environmental impact of

population proxied by employment to population ratio.

Herein, models 1 and 3 reveal a positive linkage amid

employment to population ratio and carbon intensity. The

coefficients of LEMPO exhibit a decreasing trend in different

quantiles and show a statistically insignificant impact. In

contrast, models 2 and 4 suggest a statistically significant

positive coefficient with LEMPO in the 30th–70th quantile

that exhibits a decreasing trend. These findings can be

reasoned based on the fact that economic progress increases

with a rising employment to population ratio. Intensified

economic progress leads to more intensive energy

consumption and causes more anthropogenic emissions into

the atmosphere. These findings outline that a higher level of

employment to population ratio increase carbon intensity more

in countries that have median or below median carbon intensity.

The positive impact of population on environmental degradation

is pertinent to some previous studies (Rehman et al., 2021; Verbič

et al., 2021; Jena et al., 2022; Satrovic and Adedoyin, 2022;

Sultana et al., 2022). The negative trend shows that the

impact of the employment to population ratio on carbon

TABLE 3 Cross-sectional dependence test.

Test/Var LHDI LEMPO LPECN LMPH LIUI LINFII LINFID LICDE

CD-test 18.22a (0.000) 3.64a (0.000) 13.18 (0.000) 18.81a (0.000) 18.58a (0.000) 11.55a (0.000) 8.74a (0.000) 2.69a (0.000)

Note: p values in parentheses, a p < 0.01, b p < 0.05 c p < 0.10, L-natural logarithm.

TABLE 4 Unit root tests.

Var Levels 1st Diff Levels 1st Diff

No trend With trend No trend With trend

LHDI −2.21 −2.16 −4.04a −3.86a

LEMPO −1.06 −1.30 −2.53b −2.82c

LPECN −2.86a −2.51 −4.16a −4.16a

LMPH −1.39 −1.53 −3.00a −3.16a

LIUI −3.36a −2.62 −4.13a −4.67a

LINFII −2.34b −2.39 −5.21a −5.47a

LINFID −2.64a −2.38 −3.26a −3.30b

LICDE −0.97 −2.38 −4.91a −5.36a

Note: a p < 0.01, b p < 0.05, c p < 0.10.
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intensity decreases when moving from the lower to the upper

quantiles.

The third finding demonstrates that the effect of energy

consumption on carbon intensity is statistically significant

and positive for all quantiles in models 1–4. The coefficients of

primary energy consumption show a decreasing trend in

different quantiles for all models, meaning that the impact

of energy consumption on carbon intensity reduces while

moving from the lower to the upper quantiles. The finding

that energy consumption exerts a positive effect on

environmental degradation clearly indicates that energy

consumption creates environmental pressure on the oil

exporting countries. Energy exerts a negative environmental

impact because the examined nations strongly depend on

fossil fuel energy sources to meet their energy demands.

Besides, an increase in energy consumption triggers

economic progress, which in turn increases pollutant

emissions. Given the fact that oil exporting countries

mostly utilize fossil-fuel-based energy sources, the positive

impact of primary energy consumption on environmental

degradation is consistent with our expectations. This result

echoes the major conclusion of Ahmad et al. (2021), who

found that non-renewable energy consumption improves

economic performance but has an adverse environmental

impact in the case of the Organisation for Economic Co-

operation and Development (OECD) countries. Similarly,

Alvarado et al. (2021) justified a positive coefficient with

energy consumption indicating that the reduction of fossil-

fuel-based energy consumption is crucial in reducing

greenhouse gases emissions. Despite the fact that both

developed and developing countries are affected by

anthropogenic emissions, Alvarado et al. (2021) outline that

rich countries consume more non-renewable energy and,

hereinafter, make a larger contribution to climate change in

comparison with developing countries. Given that non-

renewable energy is still in high demand, the achievement

of sustainable development is more urgent than before and

demands effort from the rich and developed countries.

TABLE 5 Estimation results from the panel quantile regression model.

Model Var./QR 0.1 QR 0.3 QR 0.5 QR 0.7 QR 0.9 QR

Coef P > z Coef P > z Coef P > z Coef P > z Coef P > z

1 LHDI 161.08a 0.000 152.86a 0.000 149.07a 0.000 145.36a 0.000 141.12a 0.000

LHDI2 −18.45a 0.000 −17.50a 0.000 −17.06a 0.000 −16.63a 0.000 −16.14a 0.000

LEMPO 0.51 0.404 0.35 0.303 0.28 0.347 0.20 0.544 0.12 0.792

LPECN 0.56a 0.000 0.55a 0.000 0.54a 0.000 0.53a 0.000 0.52a 0.000

LMPH −0.06a 0.002 −0.06a 0.000 −0.07a 0.000 −0.07a 0.000 −0.07a 0.000

LINFII −0.47a 0.001 −0.49a 0.000 −0.51a 0.000 −0.52a 0.000 −0.53a 0.000

2 LHDI 138.04a 0.000 130.05a 0.000 124.13a 0.000 119.95a 0.000 112.82a 0.000

LHDI2 −15.87a 0.000 −14.97a 0.000 −14.29a 0.000 −13.82a 0.000 −13.01a 0.000

LEMPO 0.74 0.234 0.68c 0.075 0.64b 0.038 0.60c 0.084 0.55 0.312

LPECN 0.62a 0.000 0.59a 0.000 0.57a 0.000 0.56a 0.000 0.53a 0.000

LIUI −0.04b 0.011 −0.04a 0.000 −0.04a 0.000 −0.04a 0.000 −0.04b 0.022

LINFII −0.56a 0.000 −0.59a 0.000 −0.61a 0.000 −0.63a 0.000 −0.66a 0.000

3 LHDI 161.08a 0.000 152.86a 0.000 149.07a 0.000 145.36a 0.000 141.12a 0.000

LHDI2 −18.45a 0.000 −17.50a 0.000 −17.06a 0.000 −16.63a 0.000 −16.14a 0.000

LEMPO 0.51 0.404 0.35 0.303 0.28 0.347 0.20 0.544 0.12 0.792

LPECN 0.56a 0.000 0.55a 0.000 0.54a 0.000 0.53a 0.000 0.52a 0.000

LMod1 −0.06a 0.002 −0.06a 0.000 −0.07a 0.000 −0.07a 0.000 −0.07a 0.000

LINFII −0.41a 0.004 −0.43a 0.000 −0.44a 0.000 −0.45a 0.000 −0.46a 0.000

4 LHDI 138.04a 0.000 130.05a 0.000 124.13a 0.000 119.95a 0.000 112.82a 0.000

LHDI2 −15.87a 0.000 −14.97a 0.000 −14.29a 0.000 −13.82a 0.000 −13.01a 0.000

LEMPO 0.74 0.234 0.68c 0.075 0.64b 0.038 0.60c 0.084 0.55 0.312

LPECN 0.62a 0.000 0.59a 0.000 0.57a 0.000 0.56a 0.000 0.53a 0.000

LMod2 −0.04b 0.011 −0.04a 0.000 −0.04a 0.000 −0.04a 0.000 −0.04b 0.022

LINFII −0.51a 0.001 −0.55a 0.000 −0.57a 0.000 −0.59a 0.000 −0.62a 0.000

Note: a (p < 0.01), b (p < 0.05), c (p < 0.10), Mod1, MPH*INFII; Mod2, IUI*INFII; QR, quantile regression.

Frontiers in Environmental Science frontiersin.org11

Damrah et al. 10.3389/fenvs.2022.1013326

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2022.1013326


FIGURE 1
Plotting results from panel quantile regression. Note: lnhdi = LHDI, lnhdi2 = LHDI2, lnempo = LEMPO, lnpeco = LPECN, lnmob = LMPH,
lninter = LIUI, lnfii = LINFII, lnfidi = LINFID, lnmobfii = LMod1, lnintfii = LMod2, lnmobfd = LMod3, lnintfd = LMod4.
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The fourth finding includes the direct effects of ICT on

carbon intensity (H3). In order to evaluate the effect of

different indicators of ICT usage across different quantiles of

carbon intensity, we employ the MMQR with fixed effects for

panel data. The negative coefficient shows that the spread of

mobile use decreases while moving from the lower to the upper

quantiles. A 1% rise in mobile cellular subscriptions leads to a

drop in carbon intensity equal to 0.060%–0.069% in model 1. Put

differently, the negative coefficient signals that the spread of

internet use increases when moving from the lower to the upper

quantiles. A 1% rise in individuals using the internet (% of

population) leads to a decline in carbon intensity equal to

0.035%–0.047% in model 2. The outcomes discovered for ICT

diffusion intakes are negative and statistically significant across

the observed quantiles, meaning that an increase in ICT usage

will reduce the environmental degradation experienced in the

studied oil exporting countries. The results of our study support

the indirect impact of ICT usage on environmental degradation,

indicating that ICT usage reduces pollutant emissions by

increasing energy efficiency and supporting technological

advancements. The indirect impact also refers to the

application of ICT in renewable energy innovation projects.

Our finding is consistent with the empirical study of Haldar

and Sethi (2022), who confirmed that internet usage is found to

reduce pollutant emission significantly. Besides, their results

show that the use of mobile phones significantly reduce

carbon emissions. The negative sign of the coefficient value of

ICT usage echoes the major conclusion of Jinqiao et al. (2021) but

contradicts Arshad et al. (2020) who found a positive impact of

ICT usage on environmental degradation in Asian economies,

clearly pointing at the low energy efficiency of ICT goods and

services.

From Table 5 and Figure 1, our fifth finding revealed that the

coefficient of financial inclusion is negatively and significantly

related to the carbon intensity in models 1–4 (H1). Specifically,

this means that a 1% rise in financial inclusion can reduce the

carbon intensity in long term by 0.468%–0.656% in models 1 and

2. The results further indicate that the financial inclusion for all

levels has a statistically significant effect on the carbon intensity

and the estimated parameters follow a declining pattern,

signaling that a higher level of financial inclusion can reduce

carbon intensity more in the countries which have lower carbon

intensity. This implies that the improvement in financial

inclusion tends to contribute immensely to environmental

quality in oil exporting economies. The negative sign of the

coefficient value of financial inclusion may stem from the fact

that improving financial inclusion stimulate energy-efficiency of

products and services and ease the access to the technological

advancements. Also, financial inclusion initiates renewable

energy innovation projects and by that means significantly

contribute to the environmental quality. Therefore it is

consistent with Du et al. (2022) who posited the negative

relationship between financial inclusion and carbon dioxide

emissions on all the quantiles after the first. The negative

coefficient with financial inclusion is reasoned for the fact that

it improves the efficiency of money use, which may be directed

towards low-carbon emitting technologies and be beneficial for

the environmental quality. Put differently, our result differs from

Zaidi et al. (2021) who confirmed that improvement in financial

inclusion in OECD countries eases the purchase of energy-

intensive goods (such as cars and air conditioners), which

results in more pollutant emissions. For similar reasons, the

findings of Fareed et al. (2022) support the negative

environmental impact of financial inclusion in the Eurozone.

The final finding shows that the interaction effect between

mobile use and financial inclusion measured by financial

institutions is found to be statistically significant and negative

in model 3, exhibiting a decreasing trend in different quantiles

(H2). In model 4, the interaction of internet use with financial

inclusion is found to significantly reduce carbon intensity,

exhibiting an increasing trend. These findings indicate that the

introduction of moderate ICT usage on financial inclusion in six

oil exporting countries reduces environmental degradation. The

interaction effect of ICT usage leads to the preservation of the

environment, as proved by the negative sign of coefficient with

financial inclusion. It is also worth mentioning that ICT usage

improves the beneficial environmental impacts of financial

inclusion. Both ICT usage and interaction-term were found to

reduce carbon intensity significantly for all the panel-quantiles

based on their carbon intensity levels. In other words, ICT usage

and financial inclusion together interact to reduce carbon

intensity, which was validated for both mobile- and internet

use. Our findings correspond to those of Haldar and Sethi (2022)

in the case of emerging economies. Also, Jinqiao et al. (2021)

supported this view, suggesting that technological progress

supports nations in replacing polluting resources with other

environmentally friendly resources.

We check the robustness of our results using an alternative

indicator of financial inclusion, namely the financial institutions

depth index. Table A1 depicts the impact of the independent

variables on carbon intensity. The outcomes in the table are

robust to the findings presented in Table 5 and Figure 1 across

all estimations. Specifically, the effect of economic development

captured by HDI on carbon intensity is significant across all

quantiles with the EKC hypothesis being validated for all

quantiles. In addition, population has no significant effect on

carbon intensity in models 6 and 8, whereas the negative

coefficient with population is insignificant in models 5 and 7

(except for the 50th and 60th quantiles). The results based on

energy consumption, however, show that its effect on carbon

intensity is positive in all the quantiles and statistically

significant in models 5–8. As expected, the impact of ICT

usage and financial inclusion measured by the financial

institutions depth index, as well as the moderation effects,

are statistically significant and negative. Based on these

findings, it can be concluded that the impact of financial
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inclusion on carbon intensity is strengthened by better ICT

diffusion.

5 Conclusion and policy implications

This study examined a panel dataset for six oil exporting

countries from 1995 to 2019 to determine how variables such as

financial inclusion, ICT diffusion, and economic growth affect

environmental degradation and whether ICT diffusion can

moderate the relationship between financial inclusion and

environmental degradation. The six oil exporting countries are

among the world’s largest contributors to environmental

degradation. With their abundance of resources, these nations

have experienced very promising economic and financial

development; therefore, one of their major challenges is to

develop a clear vision in regard to environmental strategies

and environmental change. In combating the negative

consequences of such strong economic and financial

development, ICT can serve as a pillar to moderate this

relationship. Therefore, the moderating effect of ICT usage

encourages improvement of policies related to preserving the

environment in the six-oil exporting countries. This study

strongly concluded in its findings the existence of an inverted

U-shaped EKC hypothesis for all investigated six oil exporting

counties. This main result unveils the achievement of some level

of development in the sample of six oil exporting countries,

beyond which the importance of the environment has been

prioritized over economic growth. Furthermore, the findings

of this study for the sample of six oil exporting countries

demonstrates a negative impact of energy consumption on the

environment across the quantiles. Results show that ICT and

financial inclusion are significant factors that play a role in the

improvement of the environmental quality. Remarkably, the

interaction of both ICT and financial inclusion is very

favorable because they exert a positive impact on the

TABLE A1 Robustness analysis.

Model Var./QR 0.1 QR 0.3 QR 0.5 QR 0.7 QR 0.9 QR

Coef P > z Coef P > z Coef P > z Coef P > z Coef P > z

5 LHDI 141.27a 0.000 141.11a 0.000 140.93a 0.000 140.79a 0.000 140.62a 0.000

LHDI2 −16.30a 0.000 −16.25a 0.000 −16.21a 0.000 −16.17a 0.000 −16.13a 0.000

LEMPO −0.56 0.386 −0.59 0.188 −0.62c 0.071 −0.64 0.116 −0.67 0.264

LPECN 0.74a 0.000 0.71a 0.000 0.67a 0.000 0.64a 0.000 0.61a 0.000

LMPH −0.05b 0.034 −0.06a 0.000 −0.08a 0.000 −0.09a 0.000 −0.10a 0.000

LINFID −0.17c 0.062 −0.13b 0.037 −0.09c 0.066 −0.06 0.303 −0.02 0.807

6 LHDI 119.55a 0.002 107.68a 0.000 100.25a 0.000 92.66a 0.000 81.30b 0.026

LHDI2 −13.93a 0.002 −12.56a 0.000 −11.71a 0.000 −10.83a 0.000 −9.52b 0.020

LEMPO −0.44 0.543 −0.31 0.488 −0.23 0.534 −0.14 0.734 −0.02 0.980

LPECN 0.75a 0.000 0.73a 0.000 0.71a 0.000 0.70a 0.000 0.68a 0.000

LIUI −0.01 0.537 −0.03c 0.070 −0.03a 0.005 −0.04a 0.003 −0.05b 0.016

LINFID −0.20c 0.064 −0.18a 0.007 −0.17a 0.002 −0.16b 0.015 −0.14 0.184

7 LHDI 141.27a 0.000 141.11a 0.000 140.93a 0.000 140.79a 0.000 140.62a 0.000

LHDI2 −16.30a 0.000 −16.25a 0.000 −16.21a 0.000 −16.17a 0.000 −16.13a 0.000

LEMPO −0.56 0.386 −0.59 0.188 −0.62c 0.071 −0.64 0.116 −0.67 0.264

LPECN 0.74a 0.000 0.71a 0.000 0.67a 0.000 0.64a 0.000 0.61a 0.000

LMod3 −0.05b 0.034 −0.06a 0.000 −0.08a 0.000 −0.09a 0.000 −0.10a 0.000

LINFID −0.12 0.234 −0.07 0.320 −0.01 0.788 0.03 0.681 0.08 0.402

8 LHDI 119.55a 0.002 107.68a 0.000 100.25a 0.000 92.66a 0.000 81.30b 0.026

LHDI2 −13.93a 0.002 −12.56a 0.000 −11.71a 0.000 −10.83a 0.000 −9.52b 0.020

LEMPO −0.44 0.543 −0.31 0.488 −0.23 0.534 −0.14 0.734 −0.02 0.980

LPECN 0.75a 0.000 0.73a 0.000 0.71a 0.000 0.70a 0.000 0.68a 0.000

LMod4 −0.01 0.537 −0.03c 0.070 −0.03a 0.005 −0.04a 0.003 −0.05b 0.016

LINFID −0.19c 0.094 −0.16b 0.025 −0.14b 0.017 −0.12c 0.080 −0.08 0.425

Note: a (p < 0.01), b (p < 0.05), c (p < 0.10), Mod3, MPH*INFID; Mod4, IUI*INFID; QR, quantile regression.
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environment. Because economic growth plays a role in

supporting the environmental quality of the examined nations,

given the existence of EKC, it is strongly recommended that these

countries take advantage of their natural resources to support

and consistently drive their economic growth and hence reduce

environmental degradation. Considering that economic growth

and financial inclusion are likely to improve the environment in

the six oil exporting countries, the energy consumption patterns

in these countries promote environmental degradation.

Therefore, it is recommended that these countries improve

their energy consumption by executing activities based on

natural and renewable energy resources to prevent

environmental degradation through financing activities that

are high-tech innovative and environment-friendly.

Governments and policy-makers are highly encouraged to

introduce policies aimed at educating people on managing

and reducing energy consumption, and encouraging financial

inclusion and ICT usage. Moreover, people in these countries

should be made aware of the negative effects of energy

consumption on the environment, and educated about the

benefits of financial inclusion and given the appropriate

skillsets to optimize on ICT usage for the environment. They

should also introduce policies for businesses and enterprises to

avoid pollution and ultimately conserve the environment.

Additionally, these businesses should be environment

friendly and implement environment-friendly technologies.

Policy makers should keep in mind that attracting

investments should always be aligned with green business

vision to save the environment. Even though this study

extends several vital contributions to the theoretical and

empirical literature, some limitations may guide future

research in the same domain. Firstly, since this study is

limited to only oil exporting countries, future studies should

include importing countries which might capture various

effects regarding the ICT and financial inclusion on the

environment. Secondly, this study incorporates Depth as the

financial inclusion indicator, future studies should incorporate

more comprehensive indicators including depth and access

as well.
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