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Abstract

In recent years, urban heat islands have become a major issue linked to climate change, significantly impacting
cities and the environment. This phenomenon causes elevated temperatures, shifts in precipitation, added pressure
on infrastructure, declining air quality, and an increase in extreme weather events. Urban heat islands experience
higher temperatures than their surrounding areas due to concentrated heat in densely built environments, leading
to adverse effects on human health and the efficiency of cooling systems.The design and structure of urban areas,
along with the two- and three-dimensional characteristics of buildings, play a vital role in the intensity and spread
of heat islands. Elements such as building height, spacing between buildings, and the choice of construction
materials can affect how heat is absorbed, emitted, and retained. Research has investigated the connection between
urban design, architecture, and the formation of heat islands, offering strategies to alleviate the negative effects of
this phenomenon.Proposed solutions include expanding green spaces, using reflective materials for buildings, and
optimizing street and building designs. These approaches can lower temperatures, enhance quality of life, reduce
energy consumption, and improve the environmental conditions of urban areas. By implementing these strategies,
the adverse impacts of heat islands can be reduced, contributing to urban sustainability and aiding in climate
change adaptation.
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Introduction

The urban heat island (UHI) phenomenon and
its thermal impacts on cities constitute a
fundamental challenge in urban planning.
Driven by population growth, urbanization, and
land-use change, urban temperatures have risen
relative to surrounding suburban and rural
areas, giving rise to heat islands across the
urban fabric. This phenomenon elevates
temperatures in specific parts of the city,
leading to increased energy consumption,
alterations in  meteorological  patterns,
amplification of air-pollution effects, and
adverse consequences for public health. In this
study, the two-dimensional and three-
dimensional characteristics of buildings are
examined, and the contribution of various
parameters to the UHI effect is evaluated. Based
on the analysis of 2D and 3D building features,
architectural design strategies are proposed to
control and mitigate these effects with the aim
of improving urban conditions. Accordingly,
this research seeks to develop strategies for
managing and reducing the negative impacts of
the urban heat island phenomenon within the
urban fabric.

Methodology

This study employs a descriptive—analytical
approach through a systematic literature review.
Peer-reviewed articles, books, and research
reports on urban heat islands and urban
morphology were examined to establish the
theoretical framework, key concepts, and
relevant indicators. Data were collected from
major databases, including Scopus, Web of
Science, and Google Scholar, focusing on
morphological characteristics, urban design
strategies, and mitigation approaches.The
analysis involved comparative review of prior
studies to assess the role of two-dimensional
indicators (e.g., building coverage ratio) and
three-dimensional indicators (e.g., building
height and height variability) in reducing heat
island effects. Textual analysis was also applied
to explore how these indicators influence
seasonal and spatial variations in heat island
intensity. This method enabled the development
of a theoretical and analytical framework that
supports practical strategies in urban planning
to mitigate urban heat island impacts.

Results and discussion

The Urban Heat Island (UHI) phenomenon,
resulting from urbanization and land-use
change, raises temperatures in cities relative to
rural surroundings. Key drivers include dense
construction, reduced vegetation, and extensive
use of heat-absorbing materials such as asphalt
and concrete. These conditions increase energy
demand, worsen air quality, and create public
health challenges, particularly in dense districts
with limited airflow. Building characteristics
play a critical role in shaping UHI intensity.
Two-dimensional features, such as material
type, surface color, albedo, and vegetation
coverage, directly influence heat absorption and
dissipation.  High-albedo  materials and
reflective coatings reduce surface temperatures,
while permeable asphalt and phase change
materials (PCMs) help moderate thermal
fluctuations. Likewise, integrating vegetation
through green roofs and walls supports shading,
evapotranspiration, and  improved  air
quality.Three-dimensional features, including
orientation, height, and street width, determine
solar exposure and natural ventilation. Improper
orientation or deep urban canyons trap heat,
while balanced height-to-width ratios facilitate
airflow and shading. Design interventions such
as optimized building layout, reflective facades,
and climate-responsive street proportions are
therefore essential strategies to mitigate UHI
effects and improve urban environmental
quality.

Conclusion

The urban heat island (UHI) phenomenon, as
one of the major challenges in urban areas due
to rising temperatures and environmental
pollution, requires serious attention to effective
mitigation strategies. This study, with a focus
on the two-dimensional and three-dimensional
aspects of urban and architectural design,
proposes strategies for reducing the impacts of
urban heat islands. Regarding two-dimensional
features, the integration of appropriate
vegetation, the improvement of urban space
design through the use of high-reflectivity
materials, and the expansion of water bodies are
introduced as primary strategies for lowering
temperatures and improving urban climatic
conditions. These measures can significantly
reduce the intensity of heat islands. In terms of
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three-dimensional features, optimizing building
height and density, designing open spaces, and
employing green roofs and walls are
recommended as tools for better managing
urban temperatures and reducing heat
accumulation in urban environments. These
strategies not only improve thermal conditions
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