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Background and Objective: The concepts of climate change and
global warming have been widely recognized as major concerns for
the survival of living organisms on Earth.This study examines the
effects of human development and digitalization indicators on
environmental quality with an emphasis on financial development:
a quantile regression approach in selected Middle East and North
Africa (MENA) countries from 2002 to 2021.

Methodology: The research method is applied and the data were
collected in the form of documents (library) and for analysis,
quantile econometric models and panel data with the Hausman test
were used. The results of the study showed that, in the research
model: HDI and NAT: have a positive and significant effect in
most quantiles. WGINDEX: This index has a negative and
significant effect in most quantiles. DIG: This variable has a
positive and significant effect at 80% and 90%. FININDEX: The
financial index has a negative and significant effect at the 90%
quantile. GDP: Gross domestic product has a positive and
significant effect at the 80% and 90% quantiles.

Results and Findings: Analyses indicate that governance has a
significant negative effect on the ecological footprint within the
middle and upper quantiles; this signifies an improvement in
governance, leading to a reduction in ecological pressure. Overall,
the findings show that digital and economic growth can help
improve the environmental situation, but unsustainable exploitation
of natural resources and political instability undermine
environmental quality.
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Introduction

In recent years, global concerns regarding
environmental quality have intensified. Rising
global  temperatures, shifting precipitation
patterns, extreme weather events, and threats to
biodiversity have created fundamental challenges
for societies (IPCC, 2024). These reports indicate
that the impacts of climate change are already
palpable, and their long-term consequences pose
serious threats to human communities and natural
ecosystems. Global warming has led to the
melting of glaciers, rising sea levels, and an
increased frequency and intensity of climate-
related events such as floods, droughts, and
severe storms. These phenomena not only affect
infrastructure and community economies but also
challenge food security and access to vital
resources like water.

Among greenhouse gases, carbon dioxide (CO2)
continues to dominate global warming, making its
control a central pillar of global sustainable
development policies (World Bank, 2025).
Primarily resulting from the combustion of fossil
fuels, CO2 contributes the most to the greenhouse
effect and, consequently, the rise in the Earth’s
average temperature. Policymakers worldwide
emphasize the necessity of reducing emissions of
this gas, a goal that forms the foundation of many
international environmental agreements and
sustainable  development  strategies.

However, environmental degradation is a
composite index of soil, water, and air pollution.
CO2 emissions are merely an indicator of air
pollution; therefore, more comprehensive metrics
are needed to assess overall environmental
degradation. To address this, Wackernagel and
Rees (1998) proposed the Ecological Footprint,
which calculates environmental degradation and
human use of natural resources in global hectares
(Pata et al., 2022).

Recent literature has identified variables such as
human development, financial development,
digitalization, political stability, and natural
resource exploitation as key factors influencing
environmental quality (Zhang & Omar, 2025).
These studies highlight the complexity of the
relationships between economic and social
development dimensions and their environmental
consequences.

The Middle East and North Africa (MENA)
region has become a focal point of recent studies
due to its reliance on fossil energy resources,
relative weakness in governance institutions, and
high vulnerability to environmental crises

(UNEP, 2025). MENA countries are heavily
dependent on revenues from natural resource
exports, particularly oil and gas. This dependency
acts as both a driver of economic development
and a factor exacerbating greenhouse gas
emissions. Weakness in economic diversification
and the transition toward sustainable energy
sources have left the region wvulnerable to
fluctuations in fossil fuel prices and international
pressure  to  reduce carbon  emissions.
Furthermore, the region’s geographical and
climatic characteristics make it susceptible to
phenomena such as water crises, desertification,
and dust storms.

Water scarcity, dust storms, and unprecedented
heating threaten the lives and economies of this
region. This complex combination of challenges
and capacities requires more comprehensive
analysis. The shortage of fresh water resources,
competition over water allocation, and the
impacts of climate change on existing water
supplies are among the most acute challenges in
the MENA region. Dust storms, exacerbated by
drought and land degradation, have negative
effects not only on the environment but also on
public health, agriculture, and tourism. Heating
that is more severe than the global average has
increased social and economic tensions, making
adaptive and mitigation strategies essential.
Therefore, the present study examines the broader
dimensions of factors affecting environmental
quality—including financial development, human
development, digitalization, political stability, and
natural resources—on environmental quality
indicators, considering both CO2 emissions and
the Ecological Footprint in selected MENA
countries.

Methodology

Regarding Quantile Regression, it is worth noting
that this approach was introduced by Koenker and
Bassett (1978) as a more widely applicable
alternative to Ordinary Least Squares (OLS)
regression. One of the problems in estimating

econometric models is the potential occurrence
of extreme value issues (Deliri, 1400). Quantile
regression allows data to be estimated at various
guantiles (e.g., 0.25, 0.50, 0.75, and 0.90),
enabling researchers to verify the robustness of
the study’s results. Compared to OLS, a key
advantage of this method is that it provides more
reliable estimates in the presence of non-normal
data and outliers.

Based on the literature and previous studies
reviewed, and inspired by the model used by King
et al. (2024), as well as considering data
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availability, the following model was employed to

examine the effects of financial development,

digitalization, human development, political

stability, and natural resources on environmental

quality:

EFye(T) = Bo(T)+ B, (T)DIG s + Ba(TINAT i + B(T)GOV + By (T)FINy + B ()HDL
+Bs(1)GDP: + &

Results and Discussion
The results of the study indicate that:
-HDI (Human Development) and NAT (Natural
Resources) have a significant positive effect in
most quantiles.
-WGINDEX (Governance/Political Stability) has
a significant negative effect in most quantiles.
-DIG (Digitalization) has a significant positive
effect in the 80th and 90th percentiles.
-FININDEX (Financial Development) has a
significant negative effect in the 90th percentile.
- GDP (Economic Growth) has a significant
positive effect in the 80th and 90th percentiles.
Overall, all three events were associated with the
intrusion of cold air from higher latitudes and the
passage or development of a mid-tropospheric
trough, but the relative contribution of advection
and nocturnal radiative cooling differed among
events. A key finding is that the presence of a
500-hPa trough alone does not constitute
evidence of surface frost; rather, cold-air
advection behind the trough lowers the thermal
background, while post-frontal subsidence,
decreasing cloud cover, weaker winds, and
reduced turbulent mixing can subsequently
intensify nocturnal surface cooling. In Semirom'’s
complex mountainous terrain, cold-air drainage
toward valleys may further strengthen near-
surface inversions and maintain low temperatures
during critical flowering hours.
These findings demonstrate that frost damage in
Semirom cannot be interpreted as a simple
function of station-based minimum temperature.
Instead, damage reflects the interaction of
synoptic forcing, nocturnal surface cooling, local
topography, and phenological timing. This
interpretation is consistent with evidence that
climate warming may maintain or increase spring
frost risk by advancing phenological development
and increasing the overlap between flowering and
late frosts (Caspersen et al., 2025; Vitasse et al.,
2018; Zhang et al., 2022). However, because
surface energy balance and microscale turbulence
were not explicitly modeled, the present results
should be interpreted as a synoptic—surface
diagnosis rather than a quantitative partitioning of
energy fluxes.

Conclusion

This study aimed to investigate the impacts of
financial development, human development,
digitalization, political stability, and natural

resource exploitation on environmental quality in
the Middle East and North Africa (MENA)
countries. The use of quantile regression allowed
us to examine the effects of these variables across
different levels of data distribution, yielding more
stable and precise results compared to traditional
methods.

The key findings reveal that the relationship
between development and the environment in this
region is complex and multifaceted. On one hand,
Human Development (HDI) and Natural
Resources (NAT) showed a significant positive
effect on the Ecological Footprint in most
quantiles. This suggests that while improving
health and education levels is essential, increased
human welfare can place greater pressure on the
ecosystem if not accompanied by proper
consumption management and a transition to
sustainable patterns. Additionally, economic
dependence on natural resources, despite its role
in development, has acted as a factor exacerbating
environmental degradation.

On the other hand, Digitalization (DIG) had a
positive effect on the Ecological Footprint in
higher quantiles (80% and 90%). While this may
seem counterintuitive, it can be attributed to
increased energy consumption in digital
infrastructure and the growth of related economic
activities. However, this finding does not
necessarily negate the green potential of
technology; rather, it indicates that, at the current
stage, digitalization in the region is not yet
sufficiently integrated with energy efficiency and
renewable energy sources.

A hopeful aspect of the study is the positive role
of Financial Development (FIN) in the 90th
percentile, which showed a negative effect on the
Ecological Footprint. This implies that at higher
levels of development, financial systems can act
as channels for attracting green investments and
reducing pollution. Conversely, Political Stability
(WGINDEX) had a negative effect on the
Ecological Footprint in most quantiles, indicating
an improvement in environmental quality. This
result  confirms that good governance,
institutional stability, and reduced corruption
provide the necessary foundation for the effective
implementation of environmental policies.
Ultimately, this study suggests that MENA
countries should not rely solely on reducing
natural resource consumption to address
environmental crises. Instead, they require a
combined approach that includes strengthening
political institutions for better enforcement of
environmental laws, directing financial flows
toward sustainable projects, and simultaneously
raising education and public awareness levels.
Digitalization must also be accompanied by
"technology greening" policies to mitigate its
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negative side effects on the environment.
Otherwise, economic growth and human
development may come at the cost of further
natural resource degradation and reduced
environmental quality.
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Table 1: Unit Root Test Results for Model Variables
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Table 2: Sargan/Hansen Test Results (over-identification test)
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Table 4: Slope Homogeneity Test Results
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Table6: Key Findings and Policy Recommendations
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