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This study characterized the link between urbanization, digital system adoption, and
environmental integration among the Euro-Mediterranean countries. Environmental
integration proxied by load capacity factor was found to be decreasing with increased
digital systems adoption. While load capacity factor decreased with increased GDP, it
increased with increased GDP2. The study provided evidence invalidating the Green IT
theory, while supporting the load capacity curve hypothesis for the Euro-Mediterranean

region.
I. Introduction

Globally, environmental integration is increasingly be-
ing recognized as a significant factor in the approach of na-
tions to growth and development. This is emphasized by
the growing threat to ecological resources due to the de-
mand from human activities (Iormom et al., 2024; Nwani
et al., 2024; Ozkan et al., 2023). In the Euro-Mediterranean
region, environmental practices and climate shifts are af-
fecting the natural potential of ecosystem services. The
region’s erratic weather, including droughts, heat waves,
and flooding, is impacting agriculture, water resources, and
livelihoods. According to Iorember et al. (2024), these con-
ditions are increasing food insecurity and economic insta-
bility. Additionally, climatic change impacts such as deser-
tification are contributing to the expansion of concentrated
population centers (Usman et al., 2020). For example, ap-
proximately 70% of the region’s estimated 530 million peo-
ple live in urban areas (United Nations, 2024).

This suggests a transition towards a highly urbanized re-
gion. Urbanization brings benefits, including the develop-
ment of industrial centers and increased adoption of dig-
ital systems intended to enhance efficiency in production
and service delivery. This expansion is necessary to meet
the high demand imposed by concentrated urban popula-
tions while maintaining environmental integration. How-
ever, current literature on environmental integration in the

region has not fully captured these dynamics. Additionally,
some experts argue that urbanization can lead to large-
scale environmental degradation, with digital system adop-
tion contributing to electronic waste generation (Bature et
al., 2020; Zhou et al., 2020). Nevertheless, the Green IT the-
sis and the digital sustainability theory provide a frame-
work suggesting that information technology adoption can
lead to environmental benefits by minimizing resource con-
sumption, optimizing energy use, and reducing pollution
(Torember et al., 2022). Overall, these theories highlight the
interconnectedness of technology and the environment and
aim to promote sustainable practices and technologies in
the IT industry to mitigate environmental harm and con-
tribute to an eco-friendlier future.

This paper aims to investigate the complex relationship
between urbanization, digital system adoption, and envi-
ronmental integration among Euro-Mediterranean coun-
tries. This region represents an excellent case study for an-
alyzing this interaction due to its distinctive environmental
challenges, rapidly urbanizing populations, and strong
commitment to technology and innovation. By exploring
how these factors interact, the study makes a significant
contribution to the ongoing discourse on the potential of
Green IT to foster environmental sustainability. Impor-
tantly, this research employs the load capacity factor as
a measure of environmental integration. This proxy pro-
vides a more comprehensive assessment of ecological im-
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pacts compared to other analyses that use metrics such as
carbon emissions and ecological footprint.

Recent studies focusing on environmental integration,
using load capacity factor as a proxy, have gathered signifi-
cant attention. For example, research by Xu et al. (2022) in-
dicates that economic growth and both renewable and non-
renewable energy reduce the load capacity factor, while
urbanization has an insignificant effect. Additionally,
Qayyum et al. (2024) found that information and commu-
nication technology (ICT) and institutional quality posi-
tively influence environmental sustainability by enhancing
ecological quality. Pata and Samour (2022) examined the
impact of nuclear and renewable energy on the ecological
footprint, carbon (CO2) emissions, and load capacity factor.
Their results suggest that nuclear energy reduces CO2
emissions and increases the load capacity factor. Similarly,
Pata and Balsalobre-Lorente (2022) discovered that tourist
arrivals, energy consumption, and economic growth have a
long-term negative impact on the load capacity factor.

The paper is structured as follows: Section II covers the
methodology, Section III discusses the results, and the final
section concludes the study.

I1. Methodology

This investigation utilizes panel data from 23 Euro-
Mediterranean countries/cross-sections (Albania, Bosnia
and Herzegovina, Algeria, Morocco, France, Croatia, Mon-
tenegro, Cyprus, North Cyprus Turkish Republic, Libya,
Lebanon, Egypt, Malta, Monaco, Slovenia, Syria, Tunisia,
Turkey, Vatican City, Greece, Spain, Israel, Italy) spanning
the years 2000 to 2019. The Load Capacity Factor (LCF) is
employed as an indicator of environmental integration. LCF
is calculated as the ratio of biocapacity to the ecological
footprint, providing a comprehensive measure of the over-
all demand for ecological resources in relation to their sup-
ply. Contrary to the Environmental Kuznets Curve, which
illustrates an inverted U-shape, the load capacity curve hy-
pothesis is graphically depicted as a perfect U-shape. This
suggests that environmental security deteriorates at lower
levels of economic growth and improves beyond a certain
income threshold, enhancing environmental sustainability.
This relationship is illustrated in Figure 1.

The primary independent variables are urbanization
(URB), measured as the urban population percentage of the
total population, and digital systems adoption (DSA), de-
fined by a metric that includes mobile telephone, fixed line
telephone, and internet subscription, obtained using prin-
cipal component analysis. The study controls for income
per capita, measured as per capita GDP in dollars, and trade
openness (TO), which corresponds to the share of trade to
GDP. Data on LCF are sourced from the Global Footprint
Network. For all the independent variables, the data are
obtained from the World Development Indicators and ex-

pressed in logarithmic terms. The functional model is rep-
resented as:

LCF; = f(GDPy, GDP%, URBy, DSAy, TOy) (1)
The exact form of the CS-ARDL model is as follows:
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where ALCF';; is the first difference of the dependent vari-
able for cross-sectional unit i at time t. «; represents the
intercept for each cross-sectional unit (country).
AGDP;; i, AGDP;, ,, AURB;;, ADSA;, and
ATO;;_, are the first differences of the independent vari-
ables with their respective lags. p denotes the optimal lag of
the dependent variable (LCF), while q1, ¢2, ¢2, ¢3, g4 and ¢5
represent the optimal lags for the independent variables re-
spectively. v; is the coefficient of the error correction term
indicating the speed of adjustment to long-run equilibrium,
ECT;;_, is the error correction term, and ¢;; is the error
term.

The C-S ARDL model is an improved panel data ap-
proach for estimating the dynamic common correlated ef-
fects (Iorember et al., 2022). The optimal lag structure is
determined using the Akaike Information Criterion (AIC),
which penalizes overparameterization and balances com-
plexity and model fit.

II1. Results and Discussion
A. Preliminary analysis

The investigation starts with a preliminary analysis that
includes examining cross-sectional dependence and the
unit root properties of the variables used in the study. The
choice of the appropriate panel unit root test is based on
the results of the Cross-sectional Dependence (CD) test, for
which this study uses the Pesaran CD procedurel. Moreover,
the study employs the Pesaran (2007) cross-sectional aug-
mented Dickey Fuller (CADF) and the cross-sectional Im,
Pesaran, and Shin (CIPS) panel unit root tests.

The results of the cross-sectional dependence using the
Pesaran (2015; 2004) procedure are shown in Table 2. These

1 The Pesaran CD test uses the Pesaran (2015; 2004) test statistic.
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Figure 1. Load capacity factor environmental Kuznets curve

Table 1. Cross-sectional dependence test

Variable CD-test p-values average joint T mean p mean abd (p)
LCF 9.498*** 0.000 14.67 0.27 0.65
GDP 21.034*** 0.000 20.00 0.60 0.78
GDP? 18.75*** 0.000 20.00 0.60 0.64
URB 27.593*** 0.000 20.00 0.86 0.86
DSA 23.281*** 0.000 20.00 0.73 0.74
TO 19.75%* 0.000 20.00 0.70 0.72

Notes: *** indicate rejection of the null hypothesis of no cross-sectional dependence at 1% level. Here, ‘mean p’ represents the average pairwise correlation coefficient and ‘mean abd
(p)’ represents the average of the absolute values of the pairwise correlation coefficients of the residuals.

results indicate a rejection of the null hypothesis of cross-
sectional independence for all the variables at the 1% level
of significance, suggesting that a shock in one of the Euro-
Mediterranean countries is transferred to other members.
Consequently, two cross-sectionally augmented unit root
methods were employed to assess the stationarity of the se-
ries.

Based on the results of the CD tests, this study employs
the Cross-Sectional Augmented Dickey-Fuller (CADF) and
Cross-Sectional Im, Pesaran, and Shin (CIPS) unit root tests
as proposed by Pesaran (2007) to verify the unit root prop-
erties of the series. Both methodologies offer robust esti-
mates and reliable inference in the context of cross-sec-
tional dependence and heterogeneity. The findings clearly
indicate that all variables achieved stationarity upon taking
the first difference, as evidenced by their strong signifi-
cance (P<1%).

III. Main Findings

Table 3 presents the results of the CS-ARDL analysis,
which serves as the primary model for this study. The
analysis indicates that economic activities have contributed
to enhancing environmental sustainability over the study
period in the Euro-Mediterranean region. Specifically, a 1%
increase in economic expansion results in an 8.4% decrease
in environmental sustainability, as measured by load factor
capacity. This finding aligns with the research by Usman et
al. (2020) for Brazil and Ozkan et al. (2023) for China.

However, the study also reveals that an increase in GDP2,
representing economic prosperity, improves environmental
quality once a certain threshold is reached, as evidenced by
the positive and statistically significant coefficient of GDP2
in the long run. A 1% increase in GDP?2 leads to a 0.45%
increase in LCF, thereby validating the load capacity curve
hypothesis. Furthermore, the results indicate that urban-
ization negatively impacts LCF in the short term, which
contrasts with the findings of Xu et al. (2022). Nonetheless,
our analysis identifies a positive and statistically significant
relationship between urbanization and LCF, consistent with
Raihan et al. (2023) for Mexico.

Regarding the impact of digitalization, a negative coef-
ficient is noted in both the short- and long-run, indicating
that digital adoption may lead to a decrease in environmen-
tal quality. However, this effect is statistically significant
only in the short run. Additionally, it is found that trade
openness raises the LCF in both the long- and short-run.
A 1% increase in trade openness corresponds with an ap-
proximately 2.11% increase in LCF in the long run, differing
from Alola et al (2023) who found a negative effect of trade
on the LCF. The coefficient of the estimated error correc-
tion term is -0.825 and highly statistically significant, sug-
gesting that short-run disequilibrium is corrected, and the
variables converge to the long-run equilibrium at a rate of
82.5%.
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@Level @First Difference

Variable CIPS CADF CIPS CADF
LCF -1.954 -2.235 -3.189*** -2.736***
GDP -0.802 -1.625 -3.724** -2.886***
GDP? -2.560 -1.974 -3.952%* -2.397%*
URB -0.560 -1.119 -3.324*** -2.980***
DSA -2.156 -1.632 -4.457*** -2.509***
TO -0.904 -1.625 -3.624** -2.796***

Notes: *** indicate rejection of the null hypothesis of unit root at 1% level.

Table 3. Results of the short- and long-run CS-ARDL regression
Variables Coefficient Std. Error t-stat Prob.
AlnGDPy -9.310 12.249 -0.760 0.451
InGDP; -8.366%%¥ 3.043 -2.749 0.009
AlnGDP? 0.540 0.597 0.906 0.370
In GDP2 0.454%%% 0.156 2,903 0.006
AlnURB; -0.515%* 0.201 -2.562 0.014
InURB;; 0.539%%% 0.176 3.049 0.004
AlnDSA; -0.207% 0.122 -1.692 0.098
In DSA; -0.079 0.071 -1.100 0.277
AlnTOy 3.980 3.354 1.187 0.242
InTO; 2.108%* 0.925 2.279 0.028
Constant -46.301%* 17.814 -2.599 0.013
ECT; 1 -0.825%%* 0.160 -5.141 0.000
CD-Stat 0.675 0.502
Root MSE 0.011

Note: ***, ** & * denote significance levels at 1%, 5%, and 10%, respectively.

IV. Conclusion

This study underscores the critical need for adopting
sustainable practices in response to rapid urbanization and
digitalization. The findings urge policymakers, industry
stakeholders, and researchers to collaboratively develop
strategies that mitigate the negative environmental im-
pacts of urban transition and digital adoption, while also
leveraging the benefits of urban development and tech-

nological advancement. By considering the U-shaped re-
lationship between GDP and environmental sustainability,
along with the limitations of Green IT theory, future initia-
tives can more effectively address the complex challenges
faced by the Euro-Mediterranean region and foster a more
sustainable future.
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