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Abstract

The research problem lies in the absence of an integrated methodological framework
for monitoring and evaluating the environmental impact of smart city applications,
despite their increasing adoption in modern urban development projects. Although
smart technologies are widely used in managing energy, water, waste, and
infrastructure, there remains a clear gap between the theoretical objectives of these
technologies and their measurable environmental outcomes. In addition, it is difficult to
isolate their impact from institutional, planning, and behavioral factors, alongside weak
measurement indicators and limited transparency.

In this context, the study aims to analyze and evaluate the effectiveness of smart city
applications in achieving environmental sustainability by examining the conceptual
framework, identifying key technologies and applications, determining the challenges
and constraints that limit their effectiveness, and proposing a practical framework for
monitoring and evaluating environmental performance within smart cities.

The significance of the study lies in addressing a central issue—environmental
sustainability—as one of the most important tools for confronting climate change. It
also highlights the role of smart cities as a modern solution for improving resource
efficiency and reducing pollution. Furthermore, it contributes to analyzing existing
challenges and providing practical recommendations, as well as enriching the scientific
literature on environmental indicators such as energy efficiency, water management,
and waste management.

The research consists of four sections: the first presents the general framework of the
study; the second discusses the conceptual and theoretical framework of smart cities
and environmental sustainability, including the emergence of the concept, its
characteristics, drivers, and applied models, as well as the concept of environmental
sustainability, its dimensions, and challenges. The third focuses on smart city
technologies and their role in supporting environmental sustainability, such as energy,
water, transport, waste, and environmental monitoring technologies, along with their
impact on improving environmental quality and the challenges they face. The fourth
section presents a practical framework for monitoring and evaluating environmental
performance through defining clear indicators, building a digital database, and
analyzing data using artificial intelligence, while emphasizing the importance of
continuous updating.

The study concludes with recommendations emphasizing the need to standardize
measurement frameworks, develop environmental indicators, strengthen digital
infrastructure, employ artificial intelligence, train human resources, and ensure
transparency and institutional integration to achieve effective environmental
sustainability within smart cities.

Keywords: Smart cities, environmental sustainability, technologies
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1. Descriptive Statistics
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Table (1): Descriptive Statistics
Variable N Minimum Maximum Mean Std.
Deviation
Smart Energy 38 2 5 4.42 0.61
Smart Water 38 3 5 4.54 0.49
Management
Smart 38 2 5 4.43 0.57
Transportation
Smart Waste 38 3 5 4.47 0.52
Management
Smart 38 2 5 4.31 0.63
Environmental
Monitoring
Environmental 38 2 5 4.33 0.58
Sustainability
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2. Reliability Test

Table (2): Reliability Statistics

Cronbach's Alpha

N of Items

0.956

28

3. Hypothesis Testing

Table (3): One Sample T-Test

Bl il Ay Ayl 8ol aia ) W Jalaad daiipall Al yuds

Variable t df Sig. (2-tailed) | Mean Difference
Environmental 14.287 37 .000 1.33
Sustainability
LS Gaall il i auis o iyl S5 ddlas) AN 2 g
Table (4): ANOVA
Source Sum of df | Mean Square F Sig.
Squares
Between 4.821 2 2.411 5.734 .007
Groups
Within 14.706 35 0.42
Groups
Total 19.527 37

4. Regression Analysis

Table (5): Model Summary

dabidall el lawgia G ddlas) AV Gl (398 a4

Model R R Square Adjusted R Std. Error
Square
1 0.81 0.656 0.641 0.348
Table (6): ANOVA (Regression)
Model Sum of df | Mean Square F Sig.
Squares
Regression 8.921 1 8.921 36.842 .000
Residual 4.606 36 0.128
Total 13.527 37

Table (7): Coefficients




Model | Unstandardized Std. Error Beta

t Sig.
B
Constant 1.214 0.381 3.186 .003
Smart City 0.742 0.122 0.81 6.07 .000
Applications
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5. Discussion of Results
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6. Conclusion
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