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A B S T R A C T

The rate of biodiversity loss and forest depletion has surged significantly, primarily driven by the substantial 
increase in worldwide environmental deterioration. This alarming development is nearing the critical temper
ature limit of 2 ◦C, necessitating increased scrutiny. This study therefore adopts the Load Capacity Curve 
framework that amalgamates these concepts, offering a guide for implementing a robust and sustainable 
adaptation plan in the North African region. The research utilized data spanning from 1991 to 2022 and 
employed advanced quantitative methods, including quantile regression (QR), augmented mean group (AMG), 
and the Half-Panel Jackknife (HPJ) Wald-type test, to explore causality. The empirical findings challenge the 
notion of a U-shaped relationship between per capita GDP and ecological load capacity, revealing instead an 
inverted U-shaped pattern at the 25th and 50th quantiles. Additionally, the study identifies a negative and 
significant association between natural resource rents and globalization with the ecological load capacity factor, 
indicating a detrimental effect. On the other hand, Fintech demonstrates a statistically significant and positive 
impact on environmental sustainability, indicating a mitigating effect. Causality tests further reveal bidirectional 
causality between ecological load capacity and per capita GDP, GDP squared, and Fintech, while a unidirectional 
positive relationship exists between globalization and ecological load capacity. Based on these findings, the study 
puts forth several policy recommendations to support informed decision-making.

1. Introduction

The dire condition of worldwide environmental deterioration re
quires urgent measures to avert additional disastrous occurrences (Ali 
et al., 2023a; Ezenekwe et al., 2023, Avcı et al., 2024, Udemba et al., 
2024). The adverse effects of environmental degradation are already 
being observed on Earth (2022; Okere et al., 2023a). There has been a 
substantial increase in the rate at which species are becoming extinct, 
with over 32,000 species being at risk of extinction (IUCN, 2023). 
Moreover, the swift depletion of more than 420 million hectares of forest 
from 1990 to 2020 is a matter of profound apprehension (FAO, 2020). 
Furthermore, the tendency for mean surface temperatures (MST) to 
approach the 2◦C threshold has led to a rise in severe heatwaves, 
heightened the occurrence and intensity of extreme weather phenom
ena, and played a role in the escalation of sea levels and coastal flooding 

(Alvarado et al., 2022; Cetin et al., 2023, Opoku-Mensah et al., 2023, 
Dagar et al., 2024). This expansion in environmental contamination is 
concerning particularly as it relates to the attainment of Sustainable 
Development Goals (SDGs) and guaranteeing enduring sustainability 
(Dimnwobi et al., 2022a, Rao et al., 2023, Cetin et al., 2024). Several 
SDGs can be hindered by an increase in ecological degradation. For 
instance, ecological decay influences SDG 3 by increasing health con
cerns like cardiovascular and respiratory issues. It also taints water 
bodies, hence influencing SDG 6’s drive for sanitation and clean water. 
The utilization of fossil fuels degrades the air quality which puts SDG 7’s 
sustainable energy objectives at risk (Kumar et al., 2024, Okere et al., 
2023b, Onuoha et al., 2023a, Raghavendra et al., 2024). The SDG’s 11 
target of promoting sustainable cities is also undermined by urban 
pollution while the increasing patterns of inefficient resource use which 
expands pollution levels obstructs responsible consumption (SDG 12). 
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Finally, pollution expands climate change, hindering SDG 13’s climate 
action efforts (Ozturk et al., 2022, Onuoha et al., 2023b, Omoju et al., 
2024). The reduction in pollution levels has been a major priority for 
several economies across the globe and scholars have been assessing the 
predictors of environmental degradation. Understanding the sources 
and drivers of ecological damage is essential to advancing broader goal 
of sustainability and attaining SDGs. Hence, studies on ecological sus
tainability is desirable as it assists with the initiatives for the establish
ment of a healthier and greener world.

Fintech has significantly reshaped the financial and business land
scape in the last decade, incorporating various elements such as cryp
tocurrencies, blockchain, mobile payments, online banking and 
crowdfunding (Zhang et al., 2024). Fintech has been acknowledged for 
its potential to expand financial accessibility, democratize financial 
services, and stimulate economic advancements (Sadiq et al., 2023). A 
key advantage of Fintech in connection with climate change is its 
facilitation of green funding and sustainable expansion through tools 
like carbon credit trading, green bonds, and loans for renewable energy 
(Udeagha and Ngepah, 2023). Climate change could gain from the po
tential for enhanced energy efficiency offered by Fintech (Kong and Xu, 
2023). However, the infrastructure and devices related to Fintech are 
impermanent and require high energy consumption. Harmful substances 
present in electronic waste accumulate rapidly. When electronic waste is 
incinerated or decomposes in a landfill, it emits toxic chemicals that add 
to carbon emissions. Moreover, the use of data centres, high-speed 
internet, and cloud computing by Fintech can amplify energy usage 
and carbon emissions (Lisha et al., 2022).

The presence of natural resource rents has the potential to both 
positively and negatively influence environmental quality. Specifically, 
these rents may result in investments in environmental conservation and 
protection (Usman and Balsalobre-Lorente, 2022). This outcome is more 
likely to materialize when governments assign a portion of resource 
earnings to support environmental programs (Adebayo et al., 2023). On 
the other hand, as per the resource curse theory, excessive dependence 
on natural resource rents can lead to detrimental environmental prac
tices like excessive extraction and pollution (Jahanger et al., 2022). 
Furthermore, it may contribute to the neglect of other economic sectors, 
resulting in environmental degradation and loss of biodiversity. Hence, 
effective management of natural resource rents is essential to minimize 
adverse effects and optimize positive influences on environmental 
quality (Luo and Mabrouk, 2022). The environmental implications of 
globalization have become a significant area of research interest. Sup
porters of globalization argue that increased globalization correlates 
with reduced environmental harm (Miao et al., 2022; Cetin et al., 2023). 
They claim that globalization imposes strict environmental regulations 
on companies, thereby decreasing their pollution levels (Rasool et al., 
2023). Conversely, opponents of globalization assert that heightened 
globalization levels lead to diminished environmental quality (Xu et al., 
2022). They argue that globalization results in a greater number of 
companies broadening their operations and elevating their production 
levels (Le and Ozturk (2020). This surge in production is linked to 
heightened energy requirements, thereby amplifying energy consump
tion and subsequently leading to environmental degradation (Hussain 
and Zhou, 2022)

The study zeroes in on the North African region for a multitude of 
compelling reasons. First, excluding Sudan and Libya, North African 
countries rank among the largest economies in Africa (Adun et al., 2022; 
Musah et al., 2022). While recent challenges have affected Sudan and 
Libya, other nations in the region are undergoing rapid growth and are 
expected to outpace the growth rates of several other African economies 
due to their substantial economic activities (Musah et al., 2022). Un
fortunately, this surge in economic activity has coincided with declining 
environmental conditions, positioning North Africa as one of the most 
polluted regions on the continent (Shouwu et al., 2024). Three of the top 
five emitters in Africa are situated in this area, largely due to its heavy 
reliance on non-renewable energy sources (Adun et al., 2022).

Secondly, the impact of globalization, involving integration with the 
global community, has enabled the region to access new investments 
and technology transfer (Aladejare, 2022). The expansion of in
teractions with other nations brings various advantages, including 
knowledge sharing, fostering economic interdependence, technology 
transfer, and influencing people’s ways of life (Karaduman, 2022). 
Consequently, the region has witnessed substantial growth in global
ization over recent decades, driven by its pursuit of economic 
advancement (Zeraibi et al., 2023). This growth suggests that the 
pollution halo hypothesis is highly relevant in North African economies, 
as foreign investment and trade continue to rise due to the impact of 
globalization (Aladejare, 2022). However, despite the positive impacts 
of globalization, associated economic activities could contribute to 
global warming, resulting in detrimental outcomes for the environment. 
For instance, the use of environmentally harmful industrial practices 
and reliance on traditional energy sources significantly increase pollu
tion through higher greenhouse gas emissions (Hussain and Zhou, 
2022). Therefore, understanding the significant impact of the increasing 
trends in globalization on environmental degradation in the region is 
imperative. Thirdly, North African countries are known for their abun
dant natural resources (Adun et al., 2022). Algeria’s primary exports 
comprise 93.6 % of oil and natural gas, positioning it as one of the top 
three oil producers in Africa (Khraief et al., 2018). Egypt boasts signif
icant oil and natural gas reserves, making it the largest non-OPEC oil 
nation (Adun et al., 2022). Libya, another key oil producer in North 
Africa, currently produces 1.4 million barrels of oil daily, with proven 
crude oil reserves of about 47.1 billion barrels and a natural gas reserve 
of approximately 52.8 cubic meters (Adun et al., 2022). Tunisia heavily 
relies on natural gas and petroleum reserves, generating approximately 
87,404.63 million cubic feet (MMcf) of natural gas annually 
(Attig-Bahar et al., 2021). These abundant resources have prompted 
global concern owing to their negative environmental impact, particu
larly with climate change. This influence is analogous to the far-reaching 
impact of prior global financial crises, which initially emerged in a single 
region before spreading globally (Sakariyahu et al., 2023). As a result, 
the North African region may not be entirely insulated from these ef
fects, despite its lower contribution to global warming compared to 
developed nations. Lastly, North African countries have seen the emer
gence of creators and innovators utilizing technology to offer a range of 
financial services and benefits to the local population. In 2020, Egypt 
hosted 14 % of the fintech firms in Arab nations, with Morocco closely 
following at 13 %. Additionally, Tunisia accounted for a 9 % share of the 
total number of fintech companies in the region (Statista, 2023). The 
increasing rate of fintech startup activities in the region could poten
tially lead to significant ecological challenges.

The foregoing highlights the criticality of assessing the influence of 
Fintech, natural resource rent, economic growth and globalization on 
ecological preservation in North Africa. Our interest in this area is 
motivated by the fact that despite the increasing importance of Fintech 
in promoting economic advancements and financial inclusion, its effects 
on ecological quality are yet to be given research attention in the North 
African region. Hence, this study bridges this gap by assessing the in
fluence of Fintech on ecological preservation. Additionally, this study 
appraises the influence of natural resource rent in shaping ecological 
performances in the region. Although resource rents can propel eco
nomic progress, they can also contribute to ecological decay if not sus
tainably managed. Hence, we uncover if resource rent can stimulate or 
undermine ecological integrity. Furthermore, this study also appraises 
the effect of globalization and economic growth in either advancing or 
exacerbating ecological decline in the bloc. This study offers a holistic 
comprehension of these variables on environmental protection hence 
documenting valuable insights for decision-makers in this region. 
Hence, this study answers these pertinent questions: (1) What is the 
effect of economic advancement on environmental quality in North 
Africa and if the load capacity curve (LCC) hypothesis exists in this re
gion? (2) Does Fintech stimulate or impede ecological preservation in 
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North Africa? (3) Can natural resource rent lessen ecological decay or 
boost ecological health in North Africa? (4) How does globalization 
influence North Africa’s environmental performance?

Given the foregoing discussions, our study makes significant con
tributions across various dimensions.

1. Previous studies, such as those by Jahanger et al. (2022), Usman and 
Balsalobre-Lorente (2022), Udeagha and Ngepah (2023), Usman 
et al. (2022), and Zhao et al. (2022), have predominantly relied on 
metrics like carbon emissions, methane emissions, greenhouse gas 
emissions, and ecological footprints to assess environmental sus
tainability. However, these metrics face criticism from Ezenekwe 
et al. (2023) and Lin and Ullah (2024) for their limited emphasis on 
specific ecological issues rather than providing holistic assessments. 
Recognizing the need for a more inclusive measure, the load capacity 
factor (LCF) has emerged as a suitable statistic, as highlighted by Du 
et al. (2024) and Villanthenkodath and Pal (2024). They found it to 
be a unique indicator revealing the limits ecosystems can bear before 
experiencing stress that hinders the replenishment and sustenance of 
both ecosystems and human well-being. Using the LCF as a gauge for 
environmental quality is deemed crucial due to its ability to account 
for various aspects of resource consumption and ecological stress

2. North African economies are very keen to attain carbon neutrality as 
well as several SDGs, hence developing robust strategies is crucial 
and there is an urgent need to assess recent theories that can assist in 
crafting comprehensive policies. Hence this study documents the 
first research endeavor at assessing the validity of the LCC hypothesis 
in the region. LCC illustrates an event contrary to the Environmental 
Kuznets Curve (EKC) hypothesis and indicates a U-shaped connec
tion between income and LCF. The utilization of this LCC concept as 
well as a comprehensive environmental indicator, we can assess the 
performance of North African economies, since the achievements of 
most SDG targets are majorly hinged on the environmental 
sustainability

3. Contrary to prior studies that predominantly utilized traditional 
mean regression approaches, this study applied quantile regression 
(Methods of Moments of Quantile Regression and bootstrapped 
Simultaneous Quantile Regression) because of its qualities to provide 
more elaborate outcomes. Additionally, the Augmented Mean Group 
(AMG) was also employed to obtain findings across aggregate and 
country levels. We also utilized the Half-Panel Jackknife (HPJ) Wald- 
type test to assess the causality between the variables of the study.

4. The latest datasets are utilized in this research. Hence, this study 
aside from providing the most recent insights on this issue in the 
literature, will assist in unearthing the major factors contributing to 
ecological quality. This will aid in crafting tailored strategies to 
protect the environment

The subsequent segment presents perspectives from the literature, 
complemented by data and empirical methodologies (refer to Section 3). 
Section 4 delineates the study’s outcomes culminating in the inquiry’s 
conclusion in Section 5.

2. Literature review

2.1. Theoretical insights

The EKC hypothesis forms the theoretical basis for understanding the 
correlation between economic growth and environmental well-being. 
Grossman and Krueger (1991) were instrumental in introducing the EKC 
concept to examine the influence of economic growth on ecological 
health. According to the EKC theory, during the initial phases of eco
nomic progress, environmental pressures intensify as income levels in
crease. However, once a certain income threshold is achieved, these 
pressures decline (Dimnwobi et al., 2023a, 2023b). Similar to the EKC 
theory, the LCC proposition suggests a U-shaped relationship between 

economic advancement and the load capacity factor. Notably, the LCC 
posits an evolving scenario in which increased income initially di
minishes ecological load capacity in the short term but enhances it in the 
long term (Deng et al., 2024; Fang et al., 2024).

2.2. Empirical evidence

We have segmented the empirical literature review into three 
distinct strands, specifically focusing on their associations with envi
ronmental quality

2.2.1. Natural resources-environment nexus
The excessive exploitation and usage of natural resources have 

resulted in a troubling escalation of ecological deterioration and 
resource depletion. Despite being recognized as an economic catalyst 
that drives economic growth, enhances the financial system, and im
proves the quality of life, natural resources come at the cost of 
compromising ecological balance. Consequently, the existing literature 
demonstrates a conflicting discourse regarding the interplay between 
natural resource utilization and ecological preservation. One perspec
tive suggests that natural resources contribute to ecological decay 
through unsustainable exploitation and utilization during periods of 
economic boom. For instance, Li et al. (2022) explore the influence of 
natural resources on the ecological footprint within the Arctic region, 
concluding that natural resources exacerbate the ecological footprint. 
Usman et al. (2022) arrive at analogous conclusions within the same 
region. Luo and Mabrouk (2022) focus on economies abundant in nat
ural resources and find that natural resources significantly increase 
ecological decline. This is primarily attributed to the traditional tech
nology employed in the processes of extracting and consuming natural 
resources. In a wider setting, Jahanger et al. (2022) validate this finding 
by demonstrating that natural resources lead to a significant escalation 
in the ecological footprint across 73 developing countries. Relatedly, 
Zhao et al. (2022) observe comparable outcomes in advanced countries, 
where they report that natural resources exert a strong influence on the 
intensification of the ecological footprint. The role of natural resources 
in hindering sustainable ecosystem aligns with the outcomes of 
country-level studies including China (Afshan and Yaqoob, 2022); Saudi 
Arabia (Agboola et al., 2021) and India (Hossain et al., 2022)

An alternative perspective supports the notion that natural resources 
play a beneficial role in mitigating environmental decline. As an 
example, Adebayo et al. (2023) demonstrate the positive environmental 
effects of natural resources in BRICS, achieved by increasing the share of 
renewable energy and reducing the use of fossil fuels in the energy mix. 
Likewise, Kongbuamai et al. (2020) and Xiaoman et al. (2021) confirm 
that natural resources significantly enhance environmental well-being 
in ASEAN and MENA nations respectively. This is also similar to the 
outcome obtained in newly advanced economies (Usman and 
Balsalobre-Lorente, 2022), EU-5 countries (Balsalobre-Lorente et al., 
2018), Gulf Cooperation Council countries (Majeed et al., 2021) as well 
as in country level studies including the United States (Khan et al., 2021) 
and Pakistan (Zhang et al., 2021). These studies affirm that natural re
sources contribute to environmental quality by limiting pollution

In light of the empirical results from prior research, we have 
observed the uncertain link between natural resources and environ
mental decline. This leads to the first testable hypothesis, which is ar
ticulated as follows:

Natural resources have a significant impact on environmental dete
rioration in the North African region.

2.2.2. Globalization-environment nexus
Research on the connection between globalization and environ

mental pollution frequently draws from the pollution haven hypothesis 
and the pollution halo hypothesis. The pollution-haven hypothesis 
suggests that due to globalization, inadequate environmental regula
tions in developing nations draw foreign industries, resulting in 
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heightened pollution. This theory argues that although this may spur 
economic advancement, it also markedly adds to ecological decay (Ali 
et al., 2023b). Advocates of the pollution-halo hypothesis maintain that, 
due to globalization, nations with stringent environmental policies draw 
environmentally responsible industries, resulting in lower emissions. 
They contend that failure to adhere to the environmental regulations of 
the host country may lead to significant fines and penalties for the in
dustries (Ahmed et al., 2020)

Several studies have substantiated the pollution halo hypothesis 
through the use of either country-level or regional-level data. For 
instance, Erdoğan et al., (2020), Adjei et al (2022) and Aladejare (2022)
confirm that globalization leads to improved environmental quality in 
African economies. In emerging economies, Onifade et al. (2021) and 
Çetin et al. (2023) disclose that globalization diminishes ecological 
degradation. This also supports the outcome in the MENA region (Awan 
et al., 2020), resource-rich economies (Usman et al., 2021), newly 
industrialized countries (Karaduman, 2022) and developed economies 
(Miao et al., 2022). Additionally, Rasool et al. (2023) establish that 
social globalization alleviates environmental degradation in Indonesia

Some studies report that the ecosystem development is impaired by 
globalization thereby supporting the pollution-haven hypothesis. For 
instance, Sabir and Gorus (2019) and Wen et al. (2021) report that 
globalization leads to increased ecological decay in Asia. This is also 
related to the conclusions of Wang et al. (2020) in G7 economies and Xu 
et al. (2022) in the five largest economies revealing the exacerbating 
impact of globalization on the environment. Additionally, Le and Ozturk 
(2020) and Hussain and Zhou (2022) confirm that globalization in
creases environmental degradation in 47 economies and Belt and Road 
Initiative economies respectively. Etokakpan et al. (2020) confirm 
globalization’s long-term pollutive impact on the Turkish economy 
while Murshed et al. (2022) establish that economic globalization ex
acerbates environmental pollution in Argentina

The literature lacks a consistent consensus on the impact of global
ization levels on ecological degradation. Empirical outcomes are 
significantly influenced by the methodologies employed, periods 
considered, countries included, and the specific pollution indicators 
utilized. Furthermore, country-specific elements, including the ecolog
ical policies stringency, economic structure and fossil fuel taxes may 
influence how globalization affects environmental quality. The preced
ing discussions lead to the formulation of the second testable hypothesis 
as follows:

The process of globalization has a significant impact on the envi
ronmental degradation of the Northern African region.

2.2.3. Fintech-environment nexus
The global financial markets have grown significantly due to inno

vative financial technologies, transforming the industry and impacting 
economies and the environment. Fintech assists businesses and in
dividuals with managing financial processes using technologies like AI 
and mobile apps. It also has the potential to analyze waste generation 
and guide investments towards eco-friendly products using advanced 
technologies. This has sparked increased research interest in the link 
between Fintech and ecological sustainability (Karim et al., 2022). For 
instance, Udeagha and Ngepah (2023) between 2000 and 2018, Udea
gha and Muchapondwa (2023a) and Udeagha and Muchapondwa 
(2023b) both from 1990 to 2020 find that Fintech is essential in 
attaining carbon neutrality in BRICS economies. This outcome is also in 
alignment with the outcomes of Asia (Dong et al., 2023), Belt and Road 
nations (Li et al., 2023) and G7 economies (Xia and Liu, 2024). 
Numerous Chinese studies (Muganyi et al., 2021; Cheng et al., 2023; 
Deng and Dong, 2024; Guo et al., 2023; Sadiq et al., 2023; Liu et al., 
2024) conclude that the advancement of Fintech plays a significant role 
in contributing to environmental conservation. This consensus is further 
substantiated by studies conducted in other regions, such as the research 
by Nenavath (2022) focusing on India.

On the flip side, in a contrasting study, Lisha et al., (2022) appraise 

the influence of Fintech on carbon emissions within the BRICS region 
from 2000 to 2019. Their results indicate that Fintech undermines 
environmental quality by elevating carbon emissions from lower to 
higher emissions quantiles. The direct link between fintech and 
increased emissions stems from the substantial energy consumption 
involved in mining Bitcoin, which predominantly relies on 
non-renewable energy sources such as thermal plants and coal resulting 
in significant emissions and contributing to detrimental pollution.

Consequently, the relationship between fintech and the environment 
remains a topic of debate, necessitating further research to establish 
pathways for sustainable development. This brings us to the third test
able hypothesis, outlined as follows:

Fintech significantly affects North Africa’s environmental 
degradation

2.3. Literature gaps

A thorough survey of prior related studies highlights extensive in
vestigations into the key factors shaping ecological quality. However, 
there is a noticeable dearth of research examining how Fintech, natural 
resources, and globalization collectively contribute to environmental 
concerns in the North African region. Consequently, our study aims to 
address this knowledge gap in the existing literature by reassessing the 
connection between Fintech, natural resources, and globalization. We 
explore their role in mitigating ecological decline through the applica
tion of advanced techniques namely AMG, MMQR, and BSQR ap
proaches. Furthermore, while many environmental scholars have 
utilized carbon dioxide emissions as a measure of environmental quality, 
however, this metric has been viewed by environmental scholars as an 
oversimplified and narrow assessment of environmental health. In 
contrast, some studies favour the ecological footprint, which encom
passes six distinct facets of ecological damage, providing a more 
comprehensive assessment of environmental sustainability. The 
ecological footprint illustrates the manifestation of human impact on the 
environment through the utilization of natural resources. Both carbon 
dioxide emissions and ecological footprint cover only the demand side of 
nature. Therefore, using a more comprehensive environmental measure 
becomes pertinent. This study employs the load capacity factor, as 
proposed by Siche et al. (2010) to enhance the comprehensiveness of the 
analysis. This metric offers a comprehensive evaluation of environ
mental dynamics by concurrently considering both demand and supply 
factors. The analysis takes into account biocapacity and ecological ef
fects, providing insights into the sustainability of the environment. 
Recently, some scholars have recognized the load capacity factor as a 
comprehensive metric for environmental performance (Ezenekwe et al., 
2023; Deng et al., 2024; Du et al., 2024; Fang et al., 2024; Lin and Ullah, 
2024; Villanthenkodath and Pal, 2024). However, their scrutiny has 
predominantly overlooked the influence of natural resources, Fintech, 
and globalization in determining the load capacity factor within the 
North African region.

3. Model, data and regression techniques

3.1. Construction of the empirical model

Environmental decay can result from a variety of human-created, 
technological, and structural situations, as detailed in the paradigm 
proposed by Dietz and Rosa (1994). Considering this, we factor in extra 
variables when specifying our model for the empirical investigation. 
First, we examined the environmental implications of population 
growth from an environmental standpoint. Research has demonstrated a 
direct link between the expansion of population and the degradation of 
ecosystems, which aligns with the Malthusian theory. This theory posits 
that if human populations continue to increase without constraint, they 
will ultimately exceed the Earth’s finite resources, leading to an 
ecological catastrophe (Sherbinin et al., 2007). Secondly, we 
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incorporated the hypothesis proposed by Pata and Kartal (2023)
regarding the Load Capacity Curve (LCC) which suggests that the cor
relation between per capita income (GDP) and environmental impact 
can fluctuate depending on a nation’s economic advancement. This 
theoretical framework posits that during the initial stages of develop
ment, the pursuit of higher income intensifies the demand for natural 
resources, exceeding the ecological carrying capacity. It acknowledges a 
threshold in income level beyond which further increments in per capita 
income trigger a reversal in the load capacity trend. Thus, we include per 
capita GDP as a variable in our model, both linearly and in a squared 
form. Our model specification includes additional factors such as the 
extent of FinTech integration and the impact of globalization resulting 
from technological advancements. We further acknowledge that natural 
resources can play a substantial role in understanding CO2 emissions. 
Based on the past studies presented by Dimnwobi et al. (2023b) and 
Ugwu et al. (2022), we suggest the following equation for empirical 
analysis:

The equation above presents a testable STIRPAT-ELC-adjusted 
model, underscoring the theoretical assumptions between Ecological 
Load capacity (ELC) and economic factors. The variables P, GDP, GDPsq, 
NR, GLO, and FinTech represent population total, per capita income, the 
square of per capita income, the economic contribution of natural re
sources, the impact of international integration and globalization, and 
technology-driven innovations and improvements within the financial 
sector, respectively. The functional relationship also includes an error 
term, a cross-sectional country index (i), and a time index (t) that defines 
the years covered. The theoretical foundation load capacity curve (LCC) 
hypothesis as proposed by Pata and Kartal (2023) suggests a U-shaped 
curve, indicating that environmental degradation initially decreases and 
then increases as per capita income rises. This is valid if θ3 < 0 and θ3>0. 
By using a natural logarithmic form for the variables, we obtain esti
mates of the parameters as elasticities, which facilitates interpretation 
and policy formulation. Positive and statistically significant values of θ4,

θ5and θ6 signify the distinct contributions of NR, GLO, and FinTech, 
respectively, in enhancing the ecological carrying capacity across the 
five North African nations.

3.2. Estimation approach

3.2.1. Cross-sectional dependency test
Appendix 4 depicts the methodological navigation of this study. To 

accomplish its objectives and provide novel insights, this study utilises 
panel estimators that are widely recognised for their robustness and 
reliability, even in the face of cross-sectional dependence and intercross- 
sectional heterogeneities. Therefore, this study investigates the cross- 
sectional dependency (CD) characteristics of the panel dataset by 
employing the CD methodologies established by Pesaran (2004). The 
mathematical representation of the CD can be expressed as follows: 

CD =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
2

B(B − B)

√
∑B− 1

n− 1

∑B

m=n+1
AnmB2

nm→(B(0,1) (2) 

Where B2
nmrepresents the statistical measure associated with the re

siduals, while "A" and "B" represent the dimensions of time and cross- 
section, respectively.

3.2.2. Slope heterogeneity tests
The study utilizes the slope heterogeneity (SLH) technique proposed 

by Pesaran and Yamagata (2008) to address the issue of varying slopes. 

The typical SLH framework is illustrated by Equations (3) and (4): 

Δ̂SH = (N)
1
2(2k)−

1
2

(
1
N

S − k
)

, (3) 

Δ̂ASH = (N)
1
2

(
2k(T − k − 1

T + 1

)−
1
2
(

1
N

S − 2k
)

(4) 

The null and alternative hypotheses are the delta Δ̂SH and modified 
delta Δ̂ASHthat is in tandem with the homogeneous and heterogeneous 
slope coefficients.

3.2.3. Panel unit-root tests
The research utilized various panel unit-root techniques, such as the 

second-generation cross-sectional IPS (Pesaran, 2007), and a modified 
version called truncated CIPS (CIPS-TR) that includes certain adjust
ments to the original CIPS test. Additionally, the study employed a 

third-generation panel unit-root approach developed by Karavias and 
Tzavalis (2016), which considers structural changes within the panel. 
The equation representing the CIPS is provided below. 

ΔYit = ωi + ρ∗
i Yi,t− 1 + d0Yt− 1 +

∑p

j=0
dijΔYt− j +

∑p

j=1
cijΔYi,t− j + εit (5) 

The symbol Δ is used to represent the difference operator. The var
iable of interest is denoted as Y, and the index i ranges from 1 to n, 
representing the countries being considered. Similarly, the index t 
ranges from 1 to T, representing the time periods. The stochastic error 
term is denoted as ε_it. The CIPS statistics are derived from Equation 5. 
The equation for the CIPS test can be expressed as follows. 

CIPS =
1
N

∑N

i=1
CADFi (6) 

In addition, as was previously indicated, we offer a reduced version 
of the CIPS statistics, called CIPS-TR. Modifications to the original CIPS 
test are included in the CIPS-TR, and shown below as thus: 

CIPS − TR =
1
N

∑N

i=1
CADF∗

i (7) 

This study employs CIPS panel unit root tests in our research to 
ascertain the presence of cross-sectional dependence in the data. The 
Westerlund (2007) cointegration test of the second generation is 
employed for analysing panels that possess both variation and de
pendency over several periods. This examination enables us to assess the 
presence of cointegration among the variables inside the panels, indi
cating the existence of a long-term association. If cointegration is seen, it 
becomes possible to reject the null hypothesis positing the absence of 
any such link.

Furthermore, the investigation employed a third-generation unit- 
root devised by Karavias and Tzavalis (2016) for data analysis. This 
strategy accounts for any modifications that may have taken place 
within the cohort of subjects under investigation. 

CIPS(N,T) =

∑N

i=1
ti(N,T)

N
(8) 

Xit = Dit + λʹ
tFt + λʹ

t (9) 

lnELCi, t = θ0 + θ1lnPi,t + θ2lnGDPit + θ3lnGDPsqit + θ4lnNRi,t + θ5lnGLOi,t + θ6lnFinTechi,t + εi,t (1) 
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In the eqt 9, the variables Xit, Dit, Ft , λ́tand λ́tare utilised to denote 
distinct components. Xit is a mathematical expression that encompasses 
various components, including a deterministic component of Dit, a 
common component λ́tFt, a polynomial trend function, a vector of r × 1 
common factors, a vector of factor loadings, and the idiosyncratic error 
term.

3.2.4. Panel cointegration tests
To deepen our understanding of the relationships between the 

ecological load capacity factor and the determinants that have been 
identified, this study investigates the potential long-term coevolution 
among the panel series. To examine whether there is a lasting rela
tionship between the variables, the study employs a method proposed by 
Westerlund (2007) that takes into account the presence of 
cross-sectional dependence (CD). The error-correction equation is 
formulated as follows: 

ΔYi,t = μʹ
idt +ωi

(
Yi,t− 1 − βʹ

iXi,t− 1
)
+

∑k

j=1
∅ijΔYi,t− j +

∑k

j=1
γijΔXi,t− j + εi,t

(10) 

The coefficient ωi in the error-correction term represents the speed at 
which corrections are made towards equilibrium, Yit and Xitrepresent 
the dependent and explanatory variables, respectively. Equation (10)
yields four (4) statistics that can be derived. 

Gt =
1
N

∑N

i=1

ω̂i

se(ω̂i)
(11) 

Ga =
1
N

∑N

i=1

Tω̂i

1 −
∑k

j=1
ωij

(12) 

Pt =
ω̂

se(ω̂)
(13) 

Pa = Tω̂ (14) 

The statistics Gt and Ga examine the presence of cointegration 
within specific or all cross-sectional groupings, while the statis
ticsPt and Pa analyze the panel as a whole for cointegration evidence.

3.2.5. Augmented mean group estimate (AMG)
The AMG estimator by Eberhardt and Teal (2010), aims to tackle the 

diverse tasks associated with the analysis of dynamic panel data. The 
issues encompass cross-sectional dependence, individual variances, and 
temporal changes, all of which are driven by a common underlying 
component. The estimation method considers latent shared factors 
present in sub-samples. In the first stage of the AMG method, a pooled 
regression model is implemented, which takes into account time-specific 
characteristics and variations between data points. This particular stage 
holds significant importance in acquiring a deeper understanding of the 
temporal evolution of variables and comprehending their respective 
contributions to the broader patterns. This initial phase is guided by the 
following equation: 

Yit = ρi + αiΔXit + τiδt +
∑T

t− 1
ϕtDt + εit (15) 

Where, αi is introduced as the slope, δt as the unobserved common 
factor, τi as the heterogeneous factor loadings, Dt and ϕt are the year 
dummies and their coefficients, respectively. In the second stage of the 
empirical setup, the group-specific regression specification is 
augmented by allocating a unit coefficient to each group unit, and the 
group-specific parameters are averaged across the panel. 

AMG =
1
N

∑N

i=1
α̂i (16) 

3.2.6. Method of moments quantile regression
The primary objective of our study is to overcome a limitation in 

comprehensively capturing the many aspects of the conditional distri
bution of the ecological load capacity factor. The method of moments 
quantile regression (MMQR), as proposed by Machado and Silva (2019), 
is utilised to address this matter. This methodology allows for the 
effective handling of conditional effects in panel quantile models.

3.2.7. Bootstrapped simultaneous quantile regression
Additionally, we employ the Bootstrapped simultaneous quantile 

regression (BSQR) technique, which uses asymptotically normal sam
pling to remove the parametric constraint of the distribution (Efron and 
Tibshirani, 1994). By employing the MMQR and BSQR estimators, we 
can robustly examine the impact of fintech, natural resources, and 
globalization on the lower, median, and upper distributions of the 
ecological load capacity factor in North Africa. To estimate the condi
tional quantile Qy(τ|Xit) of the location-scale variant model, we modify 
Equation 1 based on the methodologies proposed by Machado and Silva 
(2019). We use a broad specification to adjust the equations. 

Qy(τ|Xit) = (βi + δiqi)+Xʹ
itβ+ Zʹ

itγq(τ) (17) 

The function Qy(τ|Xit) represents the quantile distribution of the 
dependent variableYit, given the location and scale of the explanatory 
variable(Xʹ

it). Xʹ
it’ is a vector of explanatory variables. The term 

αi(τ) = αi +δiq(τ) represents the impact of the distribution at τ, or the 
scalar coefficient of the quantile-τ fixed effect for individual i. The value 
of q(τ) is estimated by optimizing a specific function to find the τ-th 
quantile.

3.3. Data sources and variables selection

The dataset encompasses 5 North African countries, primarily 
selected based on the availability of annual time series data spanning 
from 1991 to 2022 (32 years).4 Table A1 provides a concise summary of 
the definitions of the variables, data sources, fundamental descriptive 
statistics and correlation matrix. In this study, we utilize the concept of 
Ecological Load Capacity (ELC). As defined by Pata and Kartal (2023), 
the ELC factor represents the ratio of biocapacity to ecological footprint. 
A higher ELC factor signifies a more sustainable utilization of natural 
resources, indicating either an augmentation in biocapacity or a 
reduction in the country’s consumption footprint. Conversely, a 
decrease in the ELC factor indicates unsustainable exploitation of 
ecological resources, revealing that the consumption footprint exceeds 
the natural resource capacity. This study examines the explanatory 
relevance of three policy variables: FinTech,5 Total natural resources 
rents (% of GDP) and Overall Globalization index in North Africa, real 
per capita GDP and Population, total.

Appendix 1, Panel A of the study provides descriptive statistics. A 
higher value of the GLO, FinTech indicators suggests that globalization 
may have imposed stricter environmental regulations on companies, 

4 The choice of this period is motivated on the ability to accurately quantify 
ecological responses to various drivers of ecosystem change, such as environ
mental policies, economic activities, and natural phenomena. This time frame 
affects how well researchers can capture the complexity of ecosystem processes 
and how effectively they can provide core ecological data essential for devel
oping theoretical models and informed management strategies.

5 Constructed through principal component analysis using Fixed broadband 
subscriptions (per 100 people), Individuals using the Internet (% of population), 
Mobile cellular subscriptions (per 100 people) (refer to Table A1 in the 
Appendix).
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Fig. 1. Distributional Plots of the variables.
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resulting in decreased pollution levels. However, it could also be inter
preted that globalization has intensified, leading to a decline in envi
ronmental quality. The emergence of Fintech has significantly 
transformed the financial and business landscape, directing more re
sources towards low-carbon or environmentally friendly economic ac
tivities. Fig. 1 displays graphical plots illustrating the distribution of the 
study variables. To assess the strength of the linear relationship among 
the variables throughout the sample period, a correlation coefficient 
matrix is presented in Appendix 1, Panel B. It is evident that the ELC 
variable exhibits a stronger negative correlation with all the explanatory 
variables, with correlation coefficients of − 0.278, − 0.443, − 0.466, 
− 0.121, and − 0.052.

3.4. Societal benefits of this research

One of the key benefit of evaluation the key are as folleos: Natural 
resource rents have emerged as a significant driver of climate change 
and environmental degradation. The extraction and exploitation of 
these resources often lead to severe ecological consequences, with the 
impact varying across different countries. In some cases, the diversifi
cation of natural resource rents exacerbates ecological ruin, leading to 
widespread environmental damage. Conversely, the adoption and 
increased consumption of renewable energies have been found to posi
tively influence economic growth while enhancing environmental 
quality, presenting a viable pathway for sustainable development. Also, 
globalization, characterized by increased trade openness, has been 
linked to considerable effects on resource depletion. This impact is 
particularly pronounced in countries with medium levels of material 
footprint, where globalization accelerates the exhaustion of natural re
sources. While globalization fosters economic integration, it also poses 
significant challenges to environmental sustainability, as the rapid 
depletion of resources undermines long-term ecological balance. 
Finally, Fintech, with its potential to revolutionize financial systems, 
offers promising avenues for promoting green finance and green in
vestments, thereby contributing to environmental sustainability. How
ever, the influence of Fintech is not without complexities. While it has 
been shown to reduce mineral resource rent, this effect is not uniform 
across different economic contexts. Moreover, Fintech’s impact on GDP 
is mixed, with evidence suggesting potential systemic risks that could 
negatively affect economic stability. Thus, while Fintech holds promise 
for supporting sustainability, its broader economic implications warrant 
careful consideration.

4. Empirical findings and discussion

4.1. Initial assessment, unit root, and cointegration analyses

Appendix 2 presents tests for normality results which indicate that 
the assumption of normality in the distribution of the underlying vari
ables’ series is rejected for the group of North African economies during 
the sample period. Additionally, Appendix.3 Panel A shows the results of 

the cross-sectional dependence (CD) test conducted by Pesaran (2004), 
indicating that the assumption of no CD is rejected for the underlying 
variables. Therefore, the data series for these variables exhibits 
cross-sectional dependence.

Appendix 3, Panel B also presents the results of the test conducted by 
Pesaran and Yamagata (2008) under the assumption that the slope co
efficients are homogeneous. The delta statistics, along with the adjusted 
version, suggest that this assumption is rejected, implying that the slope 
coefficients of the model specifications exhibit heterogeneity. Further
more, Appendix 4 confirms that there are no concerns about multi
collinearity in the model specifications based on the Variance Inflation 
Factor test.

Consequently, cross-sectionally augmented unit root tests are per
formed. The study employs various panel unit-root procedures, 
including CD-adjusted (Second-generation) panel unit root tests and 
Karavias and Tzavalis (2016), to assess the order of integration of the 
panel series and to identify possible structural breaks within the panel 
series. The results indicate that the variables are stationary in both level 
and first difference form, indicating that they are integrated of order 1 (I 
(1)).

Based on the model specifications in Equation (1), cointegration tests 
are conducted. The results, as summarized in Table 2, reject the null 
hypothesis of no cointegration among the variables for both the panel 
model specifications (Pt and Pa statistics) and the cross-sectional units 
(Gt and Ga statistics). Thus, the presence of a long-run relationship is 
confirmed in all the fitted models, and the parameter estimates are 
computed using the AMG, MMQR, and BSQR estimators, which allow for 
both homogeneity and heterogeneity in the slope coefficients. There
fore, the parameter estimates are robust and reliable for making policy 
decisions

4.2. Results from panel regression techniques

Results obtained from panel regression techniques Table 3 displays 
both the overall effects estimated using the AMG approach, as well as 
country-specific effects, on the ecological load capacity in selected Af
rican countries. The AMG estimates focus on analyzing the impact of 
natural resource rent, globalization, and Fintech on ecological load ca
pacity (ELC) across the entire panel time series. On the other hand, the 

Table 1 
Panel unit-root estimates.

CD-adjusted (Second-generation) panel unit root tests Karavias and Tzavalis, (2016)

Series CIPS (level) ΔCIPS TCIPS (level) ΔTCIPS MIN Z-STAT BREAK POINT

P − 2.660** − 4.617*** − 2.660 − 4.617*** − 17.618*** 2021
GDP − 2.592** − 5.538*** − 2.592 − 4.756*** − 15.426*** 2021
GDPSQ − 2.886** − 5.170*** − 3.200 − 5.208*** − 14.843*** 2021
NR − 3.521** − 5.873*** − 2.542 − 4.916*** − 7.685*** 2021
GLO − 3.200** − 5.425*** − 2.860 − 4.851*** − 17.509*** 1992
FinTech − 1.196 − 3.520*** − 1.196 − 3.520*** − 16.280*** 2007
LLC − 2.542*** − 6.042*** − 3.521 − 5.540*** 17.683*** 2021

*if p < 0.1
*** if p < 0.01
** if p < 0.05

Table 2 
Panel cointegration outcomes.

Statistic Value Z value P-value Robust P-value

Gt − 3.432*** 1.388 0.000 0.000
Ga − 9.82*** 1.822 0.000 0.000
Pt − 6.009*** 0.231 0.000 0.000
Pa − 8.51*** 1.194 0.000 0.000

**if p < 0.05
*if p < 0.1

*** if p < 0.01
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estimates from the country-specific analysis provide insights into how 
these explanatory variables affect ELC in individual countries. Column 1 
of the AMG regression explains the average effect of the explanatory 
variables, ensuring the robustness of estimates to various forms of cross- 
sectional dependence. Columns 2–6 present estimates derived from the 
AMG approach for individual countries, aiming to identify differences in 
the effects of explanatory variables among the sampled countries.

The estimates provided by the AMG indicate that population growth, 
natural resource rent, and globalization have a significant negative 
(degrading environmental) impact on ecological load capacity factors in 
North African countries. Specifically, the estimates demonstrate that a 
change in population growth, natural resource rent, and globalization 
leads to a decrease in ecological load capacity factors by 0.532 %, 
0.0238 %, and 0.537 %, respectively, in the long term. Based on these 
findings, it is evident that these three factors pose a threat to environ
mental sustainability in North Africa. Similar conclusions are drawn 
from country-specific regression findings [2–6], except for Morocco and 
Tunisia, where natural resource rent has a positive and mitigating effect 
on ecological load capacity, and Tunisia, where globalization enhances 
environmental quality. These results align with previous studies con
ducted by Li et al. (2022), Jahanger et al. (2022), Agboola et al. (2021), 
and Hossain et al. (2022) in the Arctic region, across 73 developing 
countries, Saudi Arabia, India, Awan et al. (2020) in the MENA region, 
Onifade et al. (2021) in E7 economies, and Erdoğan et al., (2020) in SSA 
countries. Consequently, policymakers should develop strategies to 
redirect population growth, interconnectedness, and resource extraction 
towards environmentally friendly practices. Additionally, raising 
awareness among the population about the negative consequences of 
compromised environmental quality and implementing effective birth 
control measures could help alleviate the observed ecological deficits. It 
is important to emphasize that these estimates corroborate and validate 
the first and second hypotheses proposed in the existing literature.

Additional evidence regarding the environmental consequences of 
affluence, as represented by economic growth (GDP per capita), is 
examined using the quadratic specification of the LCC hypothesis. The 
results, presented in columns [1–6], indicate that the coefficients for 
both variable A and the quadratic term (ASQ) are statistically insignif
icant. This suggests that the LCC hypothesis does not adequately explain 
the process of mitigating ecological load capacity for the selected group 
of five North African economies. In relation to this panel, FinTech has a 
positive but statistically insignificant impact on ecological load capacity. 
While this result aligns with theoretical expectations, it lacks statistical 
significance at the conventional level. Therefore, based on these 

findings, it can be inferred that FinTech has the potential to mitigate 
environmental degradation by reducing intensity of energy consump
tion in productive activities. These findings are consistent with those of 
Udeagha and Ngepah (2023) and Tao et al (2021). However, our study 
indicates a relatively weaker impact on environmental sustainability 
compared to previous research, which found a stronger influence. The 
divergence in results could be attributed to differences in methodology 
and variable selection. To gain further insights and establish a more 
conclusive stance on the existing literature and hypothesis three, we 
employed additional econometric tools such as MMQR and BSQR for 
further investigation and robust verification.

4.3. Robust check

Table 4 presents the outcomes of the panel quantile regression 
model, which showcases the panel quantile results for the conditional 
ecological load capacity at different percentiles (25th, 50th, and 75th). 
The table displays the findings of both the BSQR estimator on the right 
side and the MMQR estimator on the left side. Beginning with the main 
policy variables and the model’s reported statistical significance in the 
study, the impact of income level is both mixed and statistically signif
icant across the entire quantile distribution for both MMQR and BSQR. 
This demonstrates the complex nature of the developmental path in 
North Africa. By utilizing MMQR and referring to Fig. 2, the parameter 
estimates provide evidence that contradicts the LLC hypothesis for the 
selected economies. In other words, the relationship between per capita 
GDP (A) and ecological load capacity does not follow a U-shaped 
pattern, but rather an inverted U-shaped pattern observed only at the 
25th and 50th quantiles respectively. This implies that on average, a 1 % 
change in the income level (A) leads to an increase in ecological load 
capacity from 2.111 % at the 25th quantile to 1.319 % at the 50th 
quantile. This suggests that countries at the lower quantiles of ecological 
load capacity distribution gradually shift towards environmentally 
friendly alternative economic activities, thereby reducing the degrada
tion of ecological load capacity. This result confirms that income is a 
significant driver of environmental pressures. A higher income level 
resulting from the expansion of economic activities for energy-intensive 
goods and services leads to both a lower level and an acceleration of 
environmentally friendly practices. This aligns with the technological 
effect argument of the environmental Kuznets curve (EKC) hypothesis, 
which is supported by similar findings in studies by Dimnwobi et al. 
(2023a), and Dimnwobi et al. (2023b).

Regarding the impact of natural resource rents on the ecological load 

Table 3 
Regression estimates for AMG Pooled and Country Specific.

Country Specific

1 2 3 4 5 6

VARIABLES AMG POOLED Algeria Egypt Libya Morocco Tunisia

P − 0.532** 0.735** − 0.115** 0.515** − 1.328** − 2.468**
(0.602) (0.193) (0.446) (0.553) (1.026) (4.687)

GDP 13.57 45.939 5.816 2.542 4.865 8.693
(8.152) (16.240) (11.497) (4.509) (12.698) (13.950)

GDPSQ − 1.862 6.515 − 0.741 − 0.302 − 0.440 − 1.311
(1.176) (2.293) (1.619) (0.576) (1.901) (2.013)

NR − 0.0238** − 0.074** − 0.025** − 0.177** 0.004** 0.006**
(0.042) (0.061) (0.046) (0.051) (0.019) (0.168)

GLO − 0.537** − 0.152** − 1.381** − 1.156** − 1.332** 1.033**
(0.483) (0.340) (0.482) (0.542) (0.474) (1.152)

FinTech 0.252 0.009 0.065 0.052 0.028 1.106
(0.214) (0.019) (0.039) (0.033) (0.031) (0.871)

Constant − 20.22 87.041 − 8.266 − 6.957 0.810 0.364
(16.810) (28.490) (21.841) (7.779) (26.890) (26.662)

Observations 160

*** if p < 0.01
* if p < 0.

** if p < 0.05
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capacity factor in North Africa, the study finds that both MMQR and 
BSQR exhibit a consistent negative and significant relationship across 
different quantiles. This finding aligns with the AMG parameter esti
mates in Table 1, model [1–4]. The estimates indicate that a 1 % change 
in natural resource rents leads to a decrease in ecological load capacity 
factors by 0.0337–0.0295 % for MMQR and 0.0664–0.158 % for BSQR. 
Furthermore, the parameter estimates for the upper quantile sample 
suggest that natural resource rents have a more pronounced negative 
environmental impact in these countries compared to the lower quan
tiles. This supports the findings of Usman et al. (2022), Luo and Mabrouk 
(2022), and Afshan and Yaqoob (2022), reinforcing hypothesis 1. Like 
the resource curse hypothesis, the outcome demonstrates how the 
abundance of natural resources in these countries has a detrimental 

impact on environmental sustainability. This indicates that the advan
tages benefit from extracting and processing raw materials are pre
dominantly enjoyed by a privileged few who hold positions of power 
and are unable to allocate these profits towards environmentally 
friendly economic endeavors in the five North African countries. This 
discovery aligns with earlier assertions that revenue generated from 
natural resources is frequently invested in activities that worsen envi
ronmental sustainability.

Regarding the impact of the globalization index, both the MMQR and 
BSQR estimates show a statistically significant negative effect. The es
timates indicate that ecological load capacity factors deteriorate by 
1.552–1.394 % for MMQR and 1.714–1.203 % for BSQR, given a one- 
unit change in globalization in the selected countries in North Africa. 

Table 4 
Panel quantile regression estimation results (MMQR and BSQR).

MMQR BSQR

1 2 3 4 5 6 7 8

VARIABLES location scale qtile_25 qtile_50 qtile_75 bsqr_25 bsqr_50 bsqr_75
P − 0.438** 0.0794 − 0.497*** − 0.442*** − 0.368* − 0.101 − 0.234 − 0.27

(0.170) (0.117) (0.183) (0.168) (0.205) (0.092) (0.173) (0.171)
GDP 1.257* − 1.150*** 2.111*** 1.319* 0.238 − 4.537* − 2.904 1.899

(0.714) (0.401) (0.685) (0.710) (0.907) (2.588) (4.709) (3.065)
GDPSQ − 0.169* 0.150*** − 0.280*** − 0.177* − 0.0361 0.53 0.289 − 0.330

(0.092) (0.052) (0.087) (0.092) (0.119) (0.350) (0.631) (0.427)
NR 0.0318** − 0.00259 − 0.0337** − 0.0320** − 0.0295* − 0.0664* − 0.0797* − 0.158***

(0.015) (0.010) (0.017) (0.015) (0.017) (0.036) (0.054) (0.034)
GLO − 1.480*** 0.0973 − 1.552*** − 1.485*** − 1.394*** − 1.714*** − 1.278** − 1.203***

(0.191) (0.117) (0.231) (0.192) (0.191) (0.440) (0.556) (0.431)
FinTech 0.0147 0.00172 0.0134 0.0146 0.0162 0.0917*** 0.107*** 0.0813***

(0.011) (0.007) (0.012) (0.011) (0.014) (0.023) (0.039) (0.025)
Constant 3.033* 1.464 1.947 2.955* 4.330* 12.58** 10.13 1.236

(1.722) (0.988) (1.606) (1.715) (2.230) (4.984) (8.696) (5.060)
Observations 160 160 160 160 160 160 160 160

*** if p < 0.01
** if p < 0.05
* if p < 0.1

Fig. 2. Quantile plots.
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These findings support the pollution haven hypothesis, which suggests 
that globalization leads to inadequate environmental regulations in 
developing nations, attracting foreign industries and resulting in 
increased pollution. This pollution can manifest in various ways, such as 
habitat degradation, resource competition, or a decline in biodiversity, 
leading to ecological imbalances and integrity issues. Ultimately, this 
can exceed the load capacity factor, negatively impacting the health and 
functioning of ecosystems. Similar research repositories include Eto
kakpan et al. (2020), Sabir and Gorus (2019), Murshed et al. (2022), 
Wen et al. (2021), Wang et al. (2020), and Hussain and Zhou (2022).

Interestingly, our investigation, employing sophisticated simulation 
methods like BSQR, has produced an intriguing result. Our research 
revealed that in the North African region, fintech, has a statistically 
significant and favourable effect on environmental sustainability. More 
specifically, for the 25th, 50th, and 75th percentiles, an increase of 1 % 
in fintech is linked to an improvement in ecological load capacity of 
0.0917 %, 0.107 %, and 0.0813 %, respectively. This implies that by 
utilizing big data and machine learning to motivate eco-friendly 
behaviour among economic agents and small enterprises, fintech plays 
a critical role in promoting environmentally friendly practices and in
vestments in North Africa. Local FinTech companies are hard at work 
offering substitute “green financial systems” that rely on technology 
breakthroughs to lower load capacity and boost energy efficiency, thus 
maintaining environmental integrity. These results are consistent with 
earlier research on low-carbon transition economies by Tao et al. (2021)
and the BRICS countries by Udeagha and Ngepah (2023), which also 
showed the beneficial effects of FinTech on environmental sustainabil
ity. Our results, however, run counter to those of Lisha et al., (2022), 
who claimed that FinTech accelerated environmental degradation in the 
BRICS countries. They contended that a significant portion of the energy 
used to mine different types of FinTech comes from non-renewable re
sources, which has detrimental consequences on the environment and 
reduces ecological load capacity, among other things. In a larger sense, 
the divergent perspectives of the FinTech-environment connection 
imply that it may be linked to rising death rates, global warming, and 
environmental deterioration. However, our research supports the third 
hypothesis, according to which FinTech significantly contributes to 
environmental deterioration in North Africa.

4.4. Causality results

To strengthen our findings and offer policy guidance to navigate the 
path towards environmental sustainability, we utilize the Half-Panel 
Jackknife (HPJ) Wald-type test, which was developed by Juodis et al. 
(2021). This test enhances the reliability of our empirical results and 
demonstrates better performance in terms of size and power compared 
to similar methods found in the literature. It is capable of estimating 
panel data models that are multivariate and heterogeneous. The HPJ 
Wald test employs the bias-corrected pooled estimator to assess the 
impact of selected covariates on the equation. It also utilizes 
cross-sectional heteroskedasticity-robust standard errors. The results are 
presented in Table 5. In specifications (1) of the analysis, we investigate 
whether P, GDP, GDPsq, NR GLO, and FinTech have a Granger causality 
relationship with ELC. The HPJ Wald statistic is statistically significant 
in these specifications, rejecting the null hypothesis that the covariates 
do not Granger-cause ECL in the entire sample. Additionally, the 
regression output of the bias-corrected pooled estimator in Panel B re
veals that the test outcome of the multivariate equation is significantly 
influenced by past values of P, GDP, GDPsq, NR, and FinTech. There is 
evidence of bidirectional causality between ELC and GDP, GDPsq, and 
FinTech (as indicated in columns 3, 4, and 7). Another noteworthy 
finding is the unidirectional positive relationship between GLO and ELC 
(as observed in column 1).

5. Conclusion and policy remarks and limitations

5.1. Conclusion

The rapid growth of global economic interconnectedness enables the 
movement of goods and services from high-energy consumption areas to 
those with lower energy intensity. In this research, we identified five 
countries in North Africa that heavily rely on FinTech, natural resources, 
and globalization from 1991 to 2022 (a span of 32 years). To understand 
the impact of FinTech, natural resources, and globalization on ecological 
load capacity, we used an extended LLC equation, considering potential 
differences in distribution and the direction of causality. To ensure 
robust statistical analysis, we confirmed cross-sectional dependency in 
the data and employed a second third-generation panel unit root test and 
cointegration test. Once cointegration was confirmed, we examined the 

Table 5 
JKS multivariate non-causality test.

1 2 3 4 5 6 7
Equation LCF P GDP GDPSQ NR GLO FinTech

Panel A: Non-causality test
83.309*** 13.2611*** 281.784*** 310.252*** 365.774*** 87.495*** 52.732***
0.000 0.000 0.000 0.000 0.000 0.000 0.000

Panel B: -Panel Jackknife estimates of Selected covariates
L.P 0.283 − 0.119 − 0.566 − 3.536*** − 0.370*** − 0.627

(0.262) (0.274) (2.227) (1.093) (0.057) (1.152)
L.GDP − 6.009*** − 0.244 273.3*** 15.79*** 1.056*** − 7.473

(2.040) (0.244) (24.970) (0.964) (0.285) (6.426)
L.GDPSQ 0.767*** 0.0328 − 4.432*** − 1.832*** − 0.134*** 1.107

(0.259) (0.031) (0.406) (0.123) (0.036) (0.799)
L.NR 0.0352*** 0.00300*** 0.0159*** 0.105*** 0.00012 0.0513

(0.005) (0.001) (0.003) (0.024) (0.005) (0.048)
L.GLO − 0.678*** − 0.0744*** 0.518*** 4.646*** − 1.221*** − 0.799

(0.415) (0.027) (0.188) (1.426) (0.422) (1.144)
L. FinTech 0.0386*** − 0.000617 0.0484*** 0.334*** 0.273*** 0.0283***

(0.003) (0.001) (0.005) (0.039) (0.051) (0.005)
L.LCF − 0.0155 0.338** 2.634** 0.279 0.0133 0.421**

(0.010) (0.148) (1.133) (0.391) (0.022) (0.203)
No of ID 5 5 5 5 5 5 5

Selected covariates do not Granger-cause;: H0 is violated; Standard errors in ()
* p<0.1

*** p<0.01
** p<0.05
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role of the enlisted variables on ecological load capacity using AMG and 
its country-specific analyses. Additionally, we conducted further in
vestigations using novel quantile variants and the Half-Panel Jackknife 
(HPJ) Wald-type test to test for causality. The key findings are as follows 
(see Fig. 3 for detail illustration):

• The relationship between per capita GDP and ecological load ca
pacity does not follow a U-shaped pattern, but rather an inverted U- 
shaped pattern at the 25th and 50th quantiles.

• Natural resource rents and globalization have a negative and sig
nificant relationship with the ecological load capacity factor in North 
Africa.

• The abundance of natural resources and globalization in these 
countries have a detrimental impact on environmental sustainability.

• Fintech has a statistically significant and favourable effect on envi
ronmental sustainability.

• Causality tests reveal that per capita GDP, GDP squared, natural 
resource rents, globalization, and FinTech have a Granger causality 
relationship with ecological load capacity.

• There is a bidirectional causality between ecological load capacity 
and per capita GDP, GDP squared, and Fintech.

• There is a unidirectional positive relationship between globalization 
and ecological load capacity.

5.2. Policy remark

Addressing the outcomes of our research, which highlight the 
adverse effects of natural resources on ecological quality in North Africa, 
a pivotal and intricate policy suggestion involves the implementation of 
strict resource management strategies to mitigate ecological decay. 
Decision-makers in these economies have to prioritize a sustainable 
method of extracting resources and imposing stringent ecological stan
dards to reduce their environmental effects. The utilization of economic 
inducements for the uptake of eco-friendly devices in the natural 
resource sector is also very essential. Policymakers in these economies 
can also consider funding ecological restoration initiatives to assist in 
reverting the harm triggered by harnessing resources. Additionally, 
increasing the awareness level of the public and encouraging community 

engagement in ecological protection is also critical for the sustainable 
management of natural resources. Moreover, our research emphasizes 
the vital significance of broadening revenue-generating pursuits to 
diminish the region’s dependence on industries with high resource in
tensity. Decision-makers should explore investments in unconventional 
and eco-friendly sectors, such as renewable energy initiatives or eco- 
tourism (Dimnwobi et al., 2022b, Dimnwobi et al., 2023c). This delib
erate transition not only alleviates the ecological consequences linked to 
conventional resource extraction but also encourages a more equitable 
and environmentally conscious economy, nurturing the ability to 
withstand economic disruptions while safeguarding ecosystems 
(Onuoha et al., 2023a, 2023b)

In addressing the detrimental ecological impacts of globalization in 
North Africa, decision-makers should prioritize the creation and 
implementation of eco-conscious regulations. This entails formulating 
explicit guidelines for both domestic and foreign industries, mandating 
adherence to eco-conscious methods. Concurrently, governments have 
the option to introduce incentives like subsidies or tax breaks for en
terprises embracing and showcasing a commitment to environmentally 
conscious methods. By incorporating these criteria into trade agree
ments and promoting green initiatives, policymakers can cultivate a 
more conscientious approach to economic progress, aiming to minimize 
ecological damage and encourage sustainable practices over the long 
term.

To leverage the beneficial influence of Fintech on the ecological 
quality in North African economies, decision-makers should encourage 
and facilitate collaboration within the financial technology sector for the 
creation and adoption of eco-friendly solutions. This goal can be ach
ieved by providing subsidies, tax incentives, or alternative financial 
benefits to companies actively involved in the development of eco- 
friendly Fintech products and services. Moreover, nurturing partner
ships among Fintech companies, research institutions, environmental 
groups, and government agencies can bolster the creation of inventive 
initiatives aimed at addressing distinct ecological issues. Through the 
establishment of a collaborative environment, decision-makers can 
propel the expansion of eco-friendly Fintech projects, thereby magni
fying their beneficial impact on environmental sustainability.

Fig. 3. Graphical representation of empirical finidings.
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5.3. Theoretical contribution

This study makes a significant theoretical contribution by identifying 
a inverted U-shaped relationship between per capita GDP and ecological 
load capacity, offering new insights into the intricate dynamics between 
economic growth and environmental sustainability. This finding 
challengesU-shaped assumptions and highlights how different stages of 
economic development influence environmental stress, ultimately 
informing more compex approaches to sustainable growth. Moreover, 
the study reveals a negative association between natural resource rents 
and globalization with ecological load capacity, deepening our under
standing of how these factors can detrimentally impact environmental 
sustainability. This insight underscores the importance of careful 
resource management and the potential risks associated with global
ization on ecological systems. In addition, the research highlights the 
positive impact of Fintech on environmental sustainability, providing 
valuable perspectives on the role of financial technologies in addressing 
environmental challenges. This contribution suggests that Fintech can 
be a powerful tool in promoting sustainability, offering pathways to 
mitigate environmental degradation through innovative financial 
solutions.

5.4. Limitations and future directions

The current research, akin to other studies, is not devoid of limita
tions. Primarily, since the study was conducted in North African econ
omies, the findings might not be universally applicable to other 
geographical regions. Subsequent research endeavours could explore 
the ramifications of these interactions in diverse world regions or within 
a different context. Secondly, the investigation exclusively examines 
Fintech, natural resources, globalization, population, and economic 
growth as catalysts for environmental sustainability. Future research 
should encompass additional factors influencing environmental sus
tainability, such as technological innovation, structural change, and 
other pertinent variables. Finally, within our analysis, we utilized the 

load capacity factor as a proxy for environmental quality. Subsequent 
studies should compare the load capacity factor with alternative 
ecological quality metrics to offer additional insights into how diverse 
metrics capture and portray ecological quality, acknowledging the 
multidimensional aspects of sustainability.
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Appendix: Results from Preliminary Tests

Appendix 1 
Descriptive Statistics and Correlation matrix

Panel A: Descriptive Statistics

Definition/ Measurement Variables Mean Maximum Minimum Std. Dev.

Population, total P 39228699 110000000 4300000 26297615
GDP per capita in constant 2015 US dollars GDP 4257 13729 1668 2853
Total natural resources rents (% of GDP) NR 14.56 66.06 0.195 15.767
Overall Globalization index GLO 56.65 73.35 35.00 9.171
Fixed broadband subscriptions (per 100 people).
Individuals using the Internet (% of population),
Mobile cellular subscriptions(per 100 people)
Principal component analysis of the above three variables FinTech 56.696 168.492 0.009 47.969
Ecological Load Capacity Factor = Biocapacity divided by Ecological Footprint ELC 0.386 0.812 0.147 0.145
Panel B: Correlation Matrix

POP GDP NR GLO FinTech ELC
P 1.000
GDP − 0.498 1.000
NR − 0.484 0.824 1.000
GLO 0.609 − 0.270 − 0.492 1.000
FinTech 0.129 0.098 − 0.176 0.697 1.000
ELC − 0.278 − 0.443 − 0.466 − 0.121 − 0.052 1.000

Overall globalization index KOF, complied by Gygli et al. (2019) https://kof.ethz.ch/en/forecas ts-andindicators/indicators/kofglobalisation-index.htm
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Appendix.2 
Tests for normality.

Variable Obs Pr(skewness) Pr(kurtosis) Adj chi2(2) Prob>chi2

Skewness and kurtosis tests for normality
P 160 0.000 0.635 14.55 0.001
GDP 160 0.000 0.067 22.38 0.000
GDPSQ 160 0.000 0.029 26.53 0.000
NR 160 0.002 0.333 9.15 0.010
GLO 160 0.000 0.522 14.01 0.001
FinTech 160 0.000 0.9726 19.11 0.0001
ELC 160 0.464 0.000 16.84 0.000

W V z Prob>z
Shapiro–Wilk W test for normal data
P 160 0.853 18.039 6.580 0.000
GDP 160 0.880 14.815 6.132 0.000
GDPSQ 160 0.859 17.394 6.497 0.000
NR 160 0.943 6.953 4.411 0.000
GLO 160 0.927 9.028 5.005 0.000
FinTech 160 0.80435 24.062 7.235 0.000
ELC 160 0.968 3.945 3.122 0.001

Note: ***p < 0.01 signifies that the normality assumption is rejected for the distribution at the 1 % significance level.

Appendix.3 
Estimates of CD and Pesaran and Yamagata (2008) slope heterogeneity tests (SH).

Variable CD-test p-value average joint T mean ρ mean abs(ρ)

Panel A: CD test
P 17.505 0.000 32 0.980 0.980
GDP 14.564 0.000 32 0.810 0.810
GDPSQ 14.453 0.000 32 0.810 0.810
NR 5.262 0.000 32 0.290 0.400
GLO 16.754 0.000 32 0.940 0.940
FinTech 16.701 0.000 32 0.93 0.93
LCF 13.722 0.000 32 0.770 0.770

SH p value
Panel B: SH test
Delta 3.570 0.000
Adj. 4.122 0.000

significance levels for correlation across panel groups:***p < 0.01, **p < 0.05, *p < 0.1.

Appendix.4 
variance Inflation Factor

variable VIF 1/VIF

GDP 1.363 0.734
GDPSQ 1.331 0.751
GLO 2.211 0.452
P 1.060 0.943
FinTech 2.050 0.488
NR 1.050 0.952
Mean VIF 9.065

Model construc�on: 
Malthusian theory

Load Capacity Curve (LCC) 

Collec�on of data: P, GDP, 
GDPSQ, NR, GLO, FinTech, 

LLC

Preliminary Test: 
Descrip�ve test, 

Distribu�onal Plots of the 
variables, Correla�on 

matrix 

Empirical 
(Premiliminary):Cross-

sec�onal dependency test, 
Slope heterogeneity 

testsWesterlund (2007) ,

Techniques: AMG, MMQR, 
BSQR

findings/ and policy 
Op�ons

Appendix 4. Graphical methodology.
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