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Abstract The rapid urbanization of Egypt's new cities
has amplified the urban heat island (UHI) effect, causing
environmental and health challenges such as increased
energy demands and reduced air quality. While sustainable
urban development rating systems—Iike LEED, BREEAM,
CASBEE, The Pearl, Green Star, DGNB, and Egypt's
Green Pyramids Rating System (GPRS)—offer valuable
frameworks, they often lack specific measures to address
UHI mitigation tailored to Egypt's climatic conditions.
This research proposes a UHI-focused rating system
designed for Egyptian neighborhoods. The system aims to
develop sustainability indicators aligned with Egypt’s
environmental needs, informed by consultations with 64
experts from academia, government, and related fields.
Indicators were categorized into UHI, ecology, resource
efficiency, and governance, and evaluated using a
five-point Likert scale. Data collected in November 2024
were analyzed using the Relative Importance Index (RI1),
revealing priorities in Resource Management (21.0%),
Ecology (14.2%), Transportation (13.9%), and
Placemaking (13.0%), with UHI Mitigation ranked at
12.0%. Lower emphasis on Social, Governance, and
Economic factors reflects a focus on resources, ecology,
and urban design. The findings informed UHI-specific
enhancements to the GPRS framework, including green
and blue infrastructure, optimized urban morphology, and
heat-reducing materials. The revised framework supports
Egypt’s Vision 2030 and offers a replicable model for
climate-resilient urban design in developing regions,

addressing the critical need for sustainable strategies to
mitigate UHI effects.

Keywords Urban Heat Island (UHI), Sustainable
Urban Development, Green Pyramids Rating System
(GPRS), UHI Mitigation, Environmental Sustainability

1. Introduction

Urban Heat Islands (UHIs) are a major environmental
issue for rapidly growing cities, including Egypt’s new
urban areas. Caused by human activities, construction, and
heat-absorbing materials, UHIs lead to higher energy use,
air pollution, and health risks. Egypt’s rapid urbanization
often overlooks these environmental impacts, necessitating
sustainable strategies from planners and policymakers [1],
[2].

Various international and local rating systems guide
sustainable urban development, including LEED,
BREEAM, CASBEE, The Pearl System (Abu Dhabi),
Green Star (Australia), DGNB (Germany), and Egypt’s
Green Pyramids Rating System (GPRS) [3]. These rating
systems provide frameworks for assessing sustainability
factors like energy efficiency, water conservation, and
environmental protection. However, they often lack
emphasis on Urban Heat Island (UHI) mitigation,
especially within Egypt's unique climate and urban
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contexts [4].

The Urban Heat Island (UHI) effect in Egyptian cities is
severe due to dense populations, concrete use, limited
green spaces, and poor thermal planning. UHIs increase
energy demand, emissions, and health risks like heat stress.
Mitigation strategies must be integrated into sustainable
urban development frameworks [5].

1.1. Research Aim and Objectives

Egypt’s Green Pyramid Rating System (GPRS) has
predominantly focused on individual building performance,
emphasizing aspects such as energy efficiency, water
conservation, and material sustainability. However, these
systems often overlook the broader urban-scale challenges,
particularly the Urban Heat Island (UHI) effect, which
significantly influences neighborhood livability and
environmental quality.

This research aims to bridge this gap by expanding the
scope of GPRS from a building-centric model to a
comprehensive, neighborhood-scale framework that
incorporates UHI-specific mitigation strategies. To
achieve this, the study undertakes a comparative analysis
of several international sustainable urban development
rating systems—such as LEED, BREEAM, CASBEE,
Green Star, and DGNB—to extract key indicators that are
effective in addressing UHI impacts. These identified
indicators are then refined and prioritized through expert
surveys, ensuring that the final framework is both
theoretically sound and well-adapted to Egypt’s unique
climatic, infrastructural, and socio-economic context.

The specific objectives of this research are to:

*  Identify and compare sustainability indicators from
international rating systems with a particular focus on
UHI mitigation.

e Evaluate the relevance and weight of these indicators
for the Egyptian urban context via expert
consultation.

e Develop an  enhanced, neighborhood-scale
framework by integrating UHI-specific criteria into

the existing GPRS.
e Establish a theoretical foundation that can guide
future  empirical  validation and  practical

implementation in Egyptian urban environments.

By extending the GPRS to the neighborhood level, this
research not only enriches the current sustainability
certification landscape but also offers a more holistic
approach to urban environmental resilience, directly
addressing the pressing issue of UHI in rapidly urbanizing
regions.

1.2. Research Scope, Limitations, and Future Research

This study is dedicated to developing a
neighborhood-scale framework that extends Egypt’s
traditional Green Pyramid Rating System (GPRS) to better
address the Urban Heat Island (UHI) phenomenon. The
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research involved a comprehensive comparative analysis
of several international sustainable urban development
rating systems, such as LEED, BREEAM, CASBEE,
Green Star, and DGNB, to identify key indicators pertinent
to UHI mitigation. These indicators were then refined and
weighted through expert surveys, resulting in a robust
theoretical model that adapts established sustainability
criteria to the unique environmental, infrastructural, and
socio-economic conditions of Egyptian urban areas.

Notwithstanding its contributions, the study is subject to
certain limitations. The framework is specifically tailored
to Egypt’s urban context, which may limit its direct
applicability in regions with different climatic and urban
characteristics. Additionally, while expert opinions have
been instrumental in shaping the proposed indicators and
their weighting, the framework remains predominantly
theoretical. It has yet to be empirically validated through
real-world pilot projects, which restricts our understanding
of its practical performance, scalability, and overall impact
on mitigating UHI effects.

Future research should not only focus on empirically
validating this neighborhood-scale framework through
pilot implementations and field studies across diverse
Egyptian neighborhoods, but also on integrating
comprehensive assessments of economic feasibility and
social acceptance. Future studies will incorporate rigorous
cost—benefit analyses, market readiness assessments, and
systematic stakeholder engagement initiatives to evaluate
the financial viability and broader socio-economic impacts
of the proposed UHI mitigation strategies. Additionally,
qualitative research methods, such as community surveys
and focus group discussions, are planned to gather in-depth
insights into public perceptions and acceptance of green
infrastructure, high-albedo materials, and other technical
solutions. This holistic approach is designed to address the
current emphasis on environmental and technical solutions
by incorporating the economic and social dimensions that
are critical for sustainable urban development. By bridging
these gaps, future iterations of the framework will be better
positioned to support long-term adaptation measures
including urban heat forecasting, climate resilience
planning, and evolving land-use policies thus ensuring a
more resilient urban environment in the face of climate
change.

2. Literature Review

Urban Heat Islands (UHIs) are a major environmental
challenge in rapidly urbanizing areas, caused by elevated
city temperatures due to human activities, dense
construction, and heat-absorbing materials. This review
examines UHI effects, evaluates the effectiveness of
existing sustainable urban development rating systems, and
identifies gaps in addressing UHI mitigation, particularly
in Egypt's new cities [6].

The Urban Heat Island (UHI) effect arises from reduced
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vegetation, impervious surfaces, and heat from human
activities. It increases urban temperatures by several
degrees Celsius, leading to higher energy use, increased
emissions, and health issues like heat stress and respiratory
problems [7]. Addressing the Urban Heat Island (UHI)
effect is crucial for enhancing urban livability and
advancing sustainability, particularly in hot climates like
Egypt's.

Urban Heat Islands (UHIs) result from heat absorption
by buildings and pavements, reduced vegetation, and
emissions from human activities. They increase energy use,
air pollution, greenhouse gases, and health risks such as
heat stress. UHIs exacerbate public health issues,
especially during heatwaves, by amplifying thermal
discomfort and related risks [8].

International and local rating systems like LEED,
BREEAM, CASBEE, The Pearl, Green Star, DGNB, and
Egypt's GPRS provide sustainability frameworks
emphasizing energy efficiency, water conservation, and
environmental protection. However, they often lack
comprehensive criteria for Urban Heat Island (UHI)
mitigation. While green infrastructure and reflective
materials are acknowledged, these systems do not
adequately address UHI challenges in unique climates like
Egypt's [9].

Current rating systems fall short in addressing Urban
Heat Island (UHI) mitigation, particularly in Egypt's
rapidly expanding urban areas. Urbanization driven by
population growth and economic needs often overlooks
UHI effects, leading to greater thermal discomfort and
higher energy demands. Incorporating UHI-specific
criteria, such as high-albedo materials, expanded urban
greenery, and designs that enhance airflow and reduce heat
retention, is crucial for a more comprehensive approach to
urban sustainability [10].

2.1. Comparative Analyses of Urban Environments in
Hot-Arid Regions

A growing body of literature has examined urban heat
island (UHI) mitigation in hot-arid regions, highlighting
the unique challenges and potential strategies applicable
across diverse urban contexts. Studies in regions such as
the Arabian Peninsula, North Africa, and the Southwestern
United States reveal that cities sharing similar climatic
conditions characterized by high solar radiation, minimal
precipitation, and rapid urbanization face comparable
thermal challenges. For instance, research conducted in
these areas emphasizes the effectiveness of adaptive
building materials, strategic urban greening, and advanced
water management practices in mitigating UHI effects [11].
These studies suggest that integrating high-albedo surfaces,
green and blue infrastructure, and optimized urban
morphology can significantly reduce ambient temperatures,
thereby enhancing thermal comfort and energy efficiency
[12].

Incorporating comparative analyses into the literature
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allows for a broader understanding of both universal trends
and region-specific nuances in UHI mitigation. By
juxtaposing Egypt’s urban environment with those in other
hot-arid regions, researchers can identify common patterns
and innovative solutions that transcend local boundaries
[13]. This expanded scope not only improves the
generalizability of the findings but also provides valuable
insights for policymakers and urban planners seeking to
develop resilient urban systems under similar climatic
constraints. Consequently, future research that includes
comparative studies across hot-arid regions will be
instrumental in refining UHI mitigation frameworks,
ensuring that they are robust and adaptable to varying
urban and environmental conditions [6].

2.2. International Sustainable Urban Development
Rating Systems

LEED, developed by the U.S. Green Building Council,
emphasizes energy efficiency, water conservation, and
indoor air quality [14]. It includes criteria for sustainable
sites, energy use, and materials. However, its Urban Heat
Island (UHI) mitigation efforts are limited to credits for
green roofs and sustainable sites. BREEAM (UK) assesses
environmental performance across energy, health,
transport, and ecology [15]. It includes UHI measures like
green infrastructure and SUDS but lacks a comprehensive
approach for hot climates like Egypt's [16]. CASBEE
(Japan) focuses on indoor and outdoor environmental
quality, energy, and resource efficiency [17]. While it
addresses outdoor environments, UHI mitigation strategies
are  minimal, targeting general  environmental
improvements [18]. The Pearl Rating System (Abu Dhabi)
tailored to regional climates promotes reflective surfaces,
shading, and vegetation to reduce urban heat gain [19].
However, it lacks a holistic UHI mitigation strategy [20].
Green Star (Australia) evaluates buildings, fit outs, and
communities with criteria for energy, water, and site
sustainability [21]. UHI is addressed via green roofs and
walls but without a detailed focus [22]. DGNB (Germany)
takes a lifecycle approach to sustainability, addressing
ecological and sociocultural factors [23]. It includes green
spaces and reflective materials but lacks comprehensive
UHI-focused urban planning [24]. GPRS Egypt's local
system emphasizes energy efficiency, water conservation,
and environmental protection [25]. However, it lacks
specific UHI mitigation measures crucial for Egypt's hot
climate [26].

2.2.1. The Comparative Analysis of Six International
Rating Systems and Egypt's Green Pyramids Rating
System (GPRS)

Classification elements used in the assessment
indicators for housing development, as shown in Table 1,
focus on several key components to ensure sustainability
and long-term success:
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1. Ecological: Protects ecosystems and addresses 5. Transportation: Supports eco-friendly transit, cycling,

climate change impacts. and walking.

2.  Resource Management: Promotes efficient resource 6. Place-Making: Creates community-focused and
use and renewable energy. connected spaces.

3.  Governance: Engages communities for stable, 7. Local Community: Enhances social cohesion and
long-term planning. well-being.

4. Local Economy: Boosts agriculture, jobs, and local 8. Innovation: Delivers creative, sustainable urban
growth. solutions.

Table 1. The comparative analysis of six international rating systems and Egypt's Green Pyramids Rating System. [16], [20], [22], [24], [27], [28], [29],
[301, [31], [32], [33], [34], [35]

Category Sustainability indicators

LEED
BREEAM
CASBEE
THE pearl
Green Star

DGNB

GPRS

(Mitigating Urban Heat Island Effect): Strategies to reduce heat

Hﬁ:;(;iaer:]?m absorption and retention in urban areas, such as green roofs and NN N AN NN
P increased vegetation.
(Remediation of Contaminated Land): Cleaning and restoring N N X v ox x A
polluted land for safe and beneficial use.
Land/soil

(Soil Protection): Conserving soil quality and preventing erosion in N
urban development.

(Site Selection for Development): Choosing appropriate locations N N N x v x

Preferred Sites T : -
for development, considering environmental and social factors.

Ecological (Ecological System Networks): Integrating natural ecosystems into
System Networks  urban planning for biodiversity and environmental balance.

3 The Atmosphere (Ear?h s Atmosphere): Address!ng atmpspherlc |ssqes like air . X N X v ox 4
% quality and greenhouse gas emissions in urban settings.
(&)
W Pprotection of (Protection of Greenfields): Preserving natural, undeveloped lands N N N X X x x
Greenfields from urban sprawl.
Avoiding Floods (A_\v_0|d|ng FIooFis): Implementing measures to manage and N N N X x X x
mitigate flood risks.
(Conservation of Water Bodies): Protecting and maintaining the N N N NN NN
Aquatic health of lakes, rivers, and other water bodies.
Environment (Groundwater Conservation): Safeguarding underground water v v oY x x ox x
resources from overuse and contamination.
(Habitat Protection): Conserving habitats for plants and animals N N N NN RN
within urban environments.
Biodiversity
(Environmental Protection from Pollution): Reducing and N N N NNV
managing pollution in all its forms.
(Energy Efficiency): Maximizing energy use efficiency in N N N NN NI
buildings and infrastructure.
Energy
(Use of Renewable Energy Sources): Incorporating solar, wind, N N N v ox A 4
and other renewable energy solutions in urban development.
9 (Watfer Use Efficiency i_n B_uildipgs_): Implementing water-saving N N N NNV
o practices and technologies in buildings.
>
é Water (Water Use Efficiency Outside Buildings): Sustainable water N N N v ox o x A
management in landscaping and urban design.
(Rainwater Management): Capturing and utilizing rainwater to N N N NIV
reduce runoff and improve water management.
Building (Regional Building Materials): Using locally sourced materials to . x . v ox x A

Materials reduce transportation emissions and support local economies.
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Table 1 continued

(Use of Local Building Materials): Similar to the above,
emphasizing the environmental and economic benefits of local
materials.

(Reuse of Building Materials): Promoting recycling and
repurposing in construction to minimize waste.

Waste
management

(Efficient Waste Management): Implementing systems for
reducing, reusing, and recycling waste.

Governance

Awareness and
Participation

(Awareness and Participation): Engaging the community in
sustainable practices and decision-making.

Transparency

(Transparency): Open communication and accountability in urban
planning processes.

Local Institutions

(Local Institutions): Collaboration with local organizations and
authorities in development.

Local Economy

Employment

(Employment): Creating job opportunities within the community,
especially in sustainable sectors.

Investment

(Local Investment in Local Products): Supporting local businesses
and products for economic sustainability.

Local Production

(Food Production): Encouraging urban agriculture for local food
security and sustainability.

Transportation Modes

Public
Transportation

(Connected Street Network): Designing streets for accessibility
and connectivity, enhancing mobility.

(Access to Public Transportation): Ensuring convenient access to
public transit to reduce car dependency.

(Public Transport Services): Developing efficient and widespread
public transportation options.

Bicycle Network

(Bicycle Network): Creating networks of bike lanes and paths for
sustainable transport.

(Bicycle Facilities): Providing facilities like bike racks and repair
stations.

Parking Spaces

(Designated Parking Spaces): Managing parking efficiently,
including provisions for car-sharing and electric vehicles.

Pedestrian Paths

(Pedestrian Path Network): Designing safe and pleasant walking
paths.

Placemaking

Public Spaces

(Public Spaces): Creating inclusive and accessible public spaces
for community engagement.

Proximity of
Housing to Work

(Proximity of Housing to Work): Promoting live-work-play
environments to reduce commuting.

Density

(Density to Reduce Travel Distance): Planning for density to make
neighborhoods more walkable and reduce travel distances.

Inclusive Design

(Inclusive Design): Designing for accessibility and inclusivity for
all community members.

Connectivity

(Connectivity): Ensuring efficient connectivity in terms of
transportation and communication.

Green Buildings

(Green Buildings): This term refers to the design, construction, and
operation of buildings in ways that are environmentally responsible
and resource-efficient throughout a building's life cycle.

Green
Infrastructure

(Integrated Infrastructure System): Coordinating infrastructure
development for efficiency and sustainability.

Utilities

(Availability of Services and Facilities): Ensuring easy access to
essential services and facilities.
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Table 1 continued
Disasters (D|§aster PrevenFlon): Implementing measures for resilience . N N x x x  x
against natural disasters and emergencies.
Nuisance (Reducmg Noise PoIIut_lon): Addressing noise issues through N N N x x v N
urban design and planning.
Mixed-Use (Mixed-Use Development): Combining residential, commercial,
. ; S NN x4 ox A x
Developments and recreational spaces for vibrant communities.
Education (Ed_u_cgtlon): Providing access to educational resources and N N N X X x  x
facilities.
Health (Pul?llc Health Preservation): Promoting healthy living N N N x v x
environments.
> Diversity (Diversity w_lthl_n Ne!ghborhoods): Encouraging social, cultural, N N X v ox 4 x
= and economic diversity.
]
£ Housing Prices (Affordak?le Housing): Providing a range of housing options to suit N N x x v x x
8 different income levels.
= . . . . .
g Safety (Saffety). Ensuring public safety through design and community N N N v oN A x
| services.
Heritage (He_rltage): Preserving and integrating cultural and historical N X N x v x
heritage.
Culture (Culture): Promoting cultural activities and spaces. x N N A AN A
Identity (Identity): Fostering a keen sense of community identity and place. ~ x \/ X x x v x
Innovation (Innc_)vatlon): chouraglng innovative approaches in urban N N N v v ox o
planning and design.
\ The indicator is in the rating system. X The indicator isn’t in the rating system.

The indicator was selected due to its presence in over 50% of the rating systems, highlighting its significance in the overall
assessment framework

2.3. Gaps in Current Rating Systems Regarding UHI
Mitigation

The analysis of international and local rating systems
reveals several gaps in addressing UHI mitigation:

*  Limited Specificity for UHI Mitigation emphasizes
that many systems include general criteria like green
roofs but lack specific strategies for addressing UHI
challenges [36].

e Lack of Integration of Advanced Climate Models
indicates that few systems utilize tools like UTCI or
PET, which could enhance predictions and thermal
comfort assessments [37].

*  Insufficient Emphasis on Urban Morphology
highlights that crucial element like building and street
design, which influence airflow and heat retention,
are frequently overlooked [38].

* Need for Region-Specific Strategies stresses that
rating systems often adopt a universal approach,
missing tailored measures to address unique climate
and urban patterns [39].

2.4. Urban Heat Island Mitigation in Existing Rating
Systems

The comparative analysis of rating systems like

BREEAM, LEED, CASBEE, and Green Star reveals gaps
in addressing Urban Heat Island (UHI) mitigation. Each
system incorporates UHI-related measures within different
categories, but their focus remains limited and indirect
[28].

2.4.1. UHI Mitigation Coverage in Rating Systems

REEAM addresses UHI mitigation through Land Use
and Ecology (50%), focusing on sustainable landscaping,
Social Wellbeing (26%) with microclimate management,
and Resources and Energy (39%) by promoting
low-impact materials. LEED integrates UHI strategies into
Green Infrastructure (22%), Neighborhood Design (24%)
for shaded streets, and Smart Location (11%) for
habitat-sensitive planning. CASBEE emphasizes Nature
(63%) for greening and biodiversity and Resources (11%)
for permeable surfaces. Green Star targets UHI via
Environment (16%) and Governance (14%), focusing on
adaptive cooling and water cycle management [28].

2.4.2. Global Trends in Evaluation System Development

In recent years, systems like LEED have been updated to
address climate change by incorporating criteria for
resilience and adaptation, such as extreme weather
preparedness and energy efficiency [40]. However, these
updates have largely focused on commercial and public
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buildings, neglecting the specific challenges of residential
neighborhoods, such as waste and water management
during pandemics or climate stress [41]. Vulnerable
populations, often most at risk from climate events like
extreme heat and flooding, remain underserved by these
certifications [42]. Efforts are now underway to expand
these frameworks to residential contexts, making inclusive
standards critical for addressing the unique needs of these
communities. Extending green certifications to residential
areas will be essential for creating more sustainable and
resilient urban environments.

3. Research Method

This study employs a multi-stage approach to develop a
neighborhood-scale framework for mitigating Urban Heat
Island (UHI) impacts in Egypt. Initially, a comprehensive
comparative analysis of internationally recognized
sustainable urban development rating systems—such as
LEED, BREEAM, CASBEE, Green Star, and
DGNB—was conducted to identify key sustainability
indicators pertinent to UHI mitigation. These indicators
were then refined through extensive expert consultations,
involving a structured questionnaire administered to 64
experts from academia, government, and the urban
development sector. Participants evaluated each indicator
on a five-point Likert scale, and the Relative Importance
Index (RII) was subsequently calculated to prioritize the
indicators based on their relevance and impact. A pilot
study ensured the questionnaire's clarity and reliability, as
confirmed by a high Cronbach's Alpha value of 0.897. This
methodological framework not only lays a robust
theoretical foundation for UHI mitigation but also sets the
stage for future empirical validation and practical
application in diverse Egyptian urban settings.

3.1. Proposed UHI-Specific Criteria for GPRS

Urban Heat Islands (UHIs) are a multidimensional
challenge requiring solutions that address environmental,
structural, and social vulnerabilities. The selected
mitigation ~ domains—Green  Infrastructure,  Urban
Morphology, Blue Infrastructure, Thermal Comfort Tools,
and Material Properties—were prioritized based on their
proven efficacy, scalability, and equity impacts. Green
Infrastructure directly combats heat through biophysical
processes, while Urban Morphology optimizes built

environments to minimize heat retention. Blue
Infrastructure leverages water’s evaporative cooling
potential, and Thermal Comfort Tools ensure

human-centric design. Material Properties target heat
absorption at its source. Together, these domains address
UHI drivers holistically, supported by metrics like Plant
Area Index (PAI) and Universal Thermal Climate Index
(UTCI) to quantify success. Equity is embedded through
targeted investments in marginalized communities, where
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UHI impacts are most severe [43].
To address these gaps, the proposed UHI-specific
criteria for enhancing the GPRS include:

3.1.1. Green Infrastructure

Plant Area Index (PAI) establishes a baseline for plant
area to maximize shading and cooling effects, contributing
to improved thermal comfort in urban environments [44].
Tree Species Selection prioritizes native or well-adapted
species suited to the local climate, enhancing cooling
effects and ensuring resilience in urban environments.
Vegetation reduces surface and air temperatures through
shading and evapotranspiration while improving
biodiversity and mental well-being.

Key Strategies:

*  Plant Area Index (PAI) Optimization: Mandate PAI
>3.0 in high-density zones. A 1-unit PAI increase
correlates with 0.8-1.2°C cooling, critical for
heat-vulnerable areas like schools and senior centers.
For example, Melbourne’s Urban Forest Strategy
boosted canopy cover to 40%, cutting peak
temperatures by 4°C [45].

*  Native Tree Selection: Prioritize species like Quercus
ilex (Leaf Area Index 5.2), which provide 30%
greater cooling than non-natives [46].

3.1.2. Urban Morphology

Aspect Ratios and Sky View Factors focus on designing
buildings and street canyons to enhance airflow and
minimize heat retention. Optimizing these factors
influences how urban structures interact with solar
radiation and support effective night-time cooling [47].

Key Strategies:

*  Aspect Ratios & Sky View Factor (SVF): Limit Street
canyon height-to-width ratios to <0.7 and maintain
SVF >0.4 to minimize heat retention. In Cairo,
optimizing SVF improved nighttime cooling by 2.5°C
[47].

*  Permeable Surfaces: Replace asphalt with grass
pavers or resin-bound gravel (albedo 0.4-0.6),
reducing surface temperatures by 7-10°C compared
to traditional pavements [48].

*  Building Clustering: Use staggered building layouts
to channel breezes. A Singapore study showed
clustered high-rises lowered wind-blocking effects by
45% [49].

3.1.3. Blue Infrastructure

Water Body Location promotes strategically placing
water bodies within urban areas to deliver cooling effects
and enhance aesthetic value. These natural coolers play a
vital role in significantly reducing local temperatures [33].
Deploy water-based systems for evaporative cooling and
humidity regulation.

Key Strategies:

e  Strategic Water Body Placement: Locate ponds,
fountains, or bioswales within 150m of
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heat-vulnerable areas (e.g., schools, transit hubs).
Seoul’s Cheonggyecheon Stream reduced adjacent
temperatures by 3.3°C [33].

*  Decentralized Stormwater Management: Install rain
gardens and permeable pavements to retain
stormwater. Portland’s Green Street Program lowered
local temps by 1.8°C while reducing runoff by 80%
[50].

*  Mist Spray Systems: Deploy atomized water systems
in public plazas. Tokyo’s Koto Ward project reduced
perceived temperatures by 6°C during heatwaves
[51].

3.1.4. Thermal Comfort Tools

Advanced Climate Models Integration incorporates
tools like UTCI and PET to predict and mitigate UHI
effects. These models provide insights into how various
urban designs influence thermal comfort and guide the
formulation of effective UHI mitigation strategies [34].
Human-centric metrics ensure interventions improve
livability, not just lower temperatures.

Key Strategies:

*  Advanced Climate Modeling: Apply the Universal
Thermal Climate Index (UTCI) to map heat stress. In
Athens, UTCI-guided designs reduced thermal
discomfort by 25% in pedestrian zones [34].

* Dynamic Shading Systems: Install retractable
awnings or solar-activated louvers. A Madrid pilot
showed adaptive shading reduced surface temps by
12°C at midday [52].

*  Personal Cooling Stations: Provide public access to
cooled rest areas (e.g., mist benches, shaded bus
stops). Phoenix’s Cool Corridors program reduced
heat-related ER visits by 18% [53].

3.1.5. Material Properties

Surface Coverage and Albedo: Encourage the use of
high-albedo materials and surfaces in urban construction to
reflect more solar radiation and reduce heat absorption.
This measure helps lower surface and air temperatures in
urban areas [35].

Key Strategies:

*  High-Albedo Surfaces: Mandate cool roofs (SRI >29)
and pavements (albedo >0.4). Los Angeles’ Cool
Streets Initiative lowered road temps by 12°C,
reducing air conditioning demand by 11% [35].

*  Phase-Change Materials (PCMs): Integrate PCMs
(e.g., paraffin-based) into building facades. A Dubai
trial showed PCM-lined walls reduced indoor cooling
loads by 34% [48].

*  Photovoltaic Pavements: Test solar-absorbing
pavements that generate energy while reflecting heat.
A Nottingham prototype reduced surface temps by
8°C compared to asphalt [54].

The literature highlights the need for greater emphasis
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on Urban Heat Island (UHI) mitigation in sustainable
urban frameworks. Upgrading Egypt's Green Pyramid
Rating System (GPRS) with UHI-specific criteria can
enhance sustainability and urban livability, address
existing gaps, and serve as a model for other developing
nations, supporting global strategies for UHI management
and sustainable growth. Reduce heat absorption through
advanced materials and coatings.

3.2. Preliminary List of Sustainability Indicators for
Residential Neighborhoods

The research used a comparative analytical approach to
develop 40 sustainability indicators, where 34 general
indicators were selected due to their presence in over 50%
of the rating systems in Table 1 and 6 indicators specific to
Urban Heat Island (UHI) effects. These UHI indicators
target heat mitigation in rapidly growing areas and were
refined through testing to ensure relevance to Egypt's urban
challenges. Table 2 outlines these indicators, forming a
foundation for sustainable neighborhood development and
environmental resilience.

3.3. Experts Questionnaire

In developing countries like Egypt, imported solutions
often fail due to poor alignment with local contexts,
emphasizing the need for a customized evaluation system.
The field study aims to develop urban sustainability
indicators tailored to Egypt's unique environmental, social,
and economic conditions to address local challenges
effectively. The initial step is to define a clear objective for
creating a tailored list of sustainability indicators,
supported by expert consultations to address Egypt's
unique challenges.

The 2" step was Selecting and Validating the Sample, as
Figure 1 shows the study sample consists of 64 participants,
including 37 professionals from the Egyptian urban
development market, 23 from the academic field of urban
design, and 4 from other related areas. Following the
researcher’s visit to the World Urban Forum in Egypt and
interviews with several participants, an initial survey was
conducted with 50 participants. The sample was then
expanded to include a total of 64 participants. The results
showed a relative consistency even after increasing the
number of participants, enhancing the reliability of the
study's findings.

A comprehensive questionnaire was created to
categorize urban sustainability indicators into various
groups, including UHI, ecological, resource management,
transportation, placemaking, local community, governance,
local economy, and innovation. The questionnaire was
carefully designed to assess the importance and impact of
each category, with a focus on clarity and ease of
measurement.
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1984
Table 2. Indicators for Sustainable Neighborhood Development and UHI Mitigation. [16], [20], [22], [24], [27], [28], [29], [30], [31], [32], [33], [34],
[35]
Category Sustainability indicators
Green Infrastructure: Establishing a baseline for Plant Area Index (PAI) and minimum Leaf Area
Density (LAD) using native or adapted tree species to improve urban shading, cooling, and resilience.
o Urban morphology, including aspect ratios and sky view factors, significantly impacts Urban Heat
Mitigating Island (UHI) effects by influencing microclimates; aspect ratios determine solar exposure,
Urban Heat
Island Effect Material Properties and Surface Coverage: Albedo Ensure urban surfaces have a minimum albedo
Heat island value to reflect solar radiation and reduce heat absorption.
phenomenon Blue Infrastructure Location of the Water Body: Ensure water bodies are strategically located to

provide cooling effects and aesthetic value.

Thermal Comfort Tools: Using advanced thermal comfort tools (UTCI, PET) to show reduced UHI
impacts on human comfort.

simulation tools
and UHI Climate Models Integration: Integrating advanced climate models (Mesoscale, CFD, UTE, LCZ) in
planning to predict and mitigate UHI effects.

Land/soil (Remediation of Contaminated Land): Cleaning and restoring polluted land for safe and beneficial
use.

(Site Selection for Development): Choosing appropriate locations for development, considering

Preferred Sites - -
environmental and social factors.
Ecology Aquatic (Conservation of Water Bodies): Protecting and maintaining the health of lakes, rivers, and other
Environment water bodies.
(Habitat Protection): Conserving habitats for plants and animals within urban environments.
Biodiversity
(Environmental Protection from Pollution): Reducing and managing pollution in all its forms.
(Energy Efficiency): Maximizing energy use efficiency in buildings and infrastructure.
Energy (Use of Renewable Energy Sources): Incorporating solar, wind, and other renewable energy solutions
in urban development.
(Water Use Efficiency in Buildings): Implementing water-saving practices and technologies in
buildings.
Water (Water Use Efficiency Outside Buildings): Sustainable water management in landscaping and urban
design.
Resources (Rainwater Management): Capturing and utilizing rainwater to reduce runoff and improve water
management.
(Use of Local Building Materials): Similar to the above, emphasizing the environmental and
Building economic benefits of local materials.
Materials (Reuse of Building Materials): Promoting recycling and repurposing in construction to minimize
waste.
Waste - . . . . .
management (Efficient Waste Management): Implementing systems for reducing, reusing, and recycling waste.
Governance Awareness and (Awareness and Participation): Engaging the community in sustainable practices and
Participation decision-making.
Investment (Local Investment in Local Products): Supporting local businesses and products for economic
Local sustainability.
Economy Local
Production (Food Production): Encouraging urban agriculture for local food security and sustainability.
(Connected Street Network): Designing streets for accessibility and connectivity, enhancing mobility.
Public
Transportation (Access to Public Transportation): Ensuring convenient access to public transit to reduce car
Transportati dependency.
on Modes Bicycle
(Bicycle Network): Creating networks of bike lanes and paths for sustainable transport.

Network

Pedestrian Paths (Pedestrian Path Network): Designing safe and pleasant walking paths.
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Table 2 continued

Public Spaces (Public Spaces): Creating inclusive and accessible public spaces for community engagement.

(Density to Reduce Travel Distance): Planning for density to make neighborhoods more walkable and

Density reduce travel distances.
Inclusive . Lo i - . L .
Design (Inclusive Design): Designing for accessibility and inclusivity for all community members.
Connectivity (Connectivity): Ensuring efficient connectivity in terms of transportation and communication.
Placemaking
Green (Integrated Infrastructure System): Coordinating infrastructure development for efficiency and
Infrastructure sustainability.
Utilities (Availability of Services and Facilities): Ensuring easy access to essential services and facilities.
Nuisance (Reducing Noise Pollution): Addressing noise issues through urban design and planning.
Mixed-Use (Mixed-Use Development): Combining residential, commercial, and recreational spaces for vibrant
Developments communities.
Health (Public Health Preservation): Promoting healthy living environments.
Diversity (Diversity within Neighborhoods): Encouraging social, cultural, and economic diversity.
Local . . . . . .
Community Safety (Safety): Ensuring public safety through design and community services.
Heritage (Heritage): Preserving and integrating cultural and historical heritage.
Culture (Culture): Promoting cultural activities and spaces.
Innovation (Innovation): Encouraging innovative approaches in urban planning and design.
Questionnaire Sample
40 37
35 )
N m Urban Design
=2 30 o Fi
g Academic Field
£ 05
g 20 m Urban Development in
[ the Egyptian market
Gy
o 15
)
Z 10 m Other
4
5 —
0

Questionnaire Sample

Figure 1. The Questionnaire sample (by Author)

The fourth step focuses on prioritizing the most
impactful indicators for sustainable development in
residential neighborhoods. Experts rated each indicator on
a five-point Likert scale, ranging from 1 (*not important™)
to 5 ("very important™), ensuring the selection of the most
relevant indicators for Egypt's urban development. A pilot
study was conducted to validate and test the effectiveness
of the questionnaire. Feedback from this phase helped
refine the questionnaire, ensuring its applicability and
reliability. Expert opinions and observations were gathered,
leading to adjustments in the final design. The revised
questionnaire was officially administered in September

sustainability indicators effectively.

3.4. Relative Importance Index (RII)

The Relative Importance Index (RII) is a statistical
method used to determine the prioritization of factors in
studies like urban planning, construction, and
sustainability. As equation (1) it’s calculated using the
following formula:

RI] = 2%
AXN

@)

where:

2024. In the final phase, responses were analyzed using
Excel 2010, employing the Relative Importance Index (RII)
to allocate average categories. This statistical approach
helped extract essential findings for evaluating

W is the weight assigned to each factor by respondents,

A is the maximum possible weight (e.g., 5 on a 5-point
scale),

N is the total number of respondents.
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RII values range from 0 to 1, with values closer to 1
indicating higher importance. By ranking factors based on
their RIl scores, researchers can easily identify key
priorities, making it a wvaluable tool for informed
decision-making and strategic planning.

4. Results

The survey ranked factors influencing Urban Heat Island
(UHI) mitigation in new Egyptian cities using the Relative
Importance Index (RII). A Cronbach's Alpha of 0.897
indicated high internal consistency, confirming the scale's
reliability for assessing sustainable urban planning factors.
Table 3 presents the Relative Importance Index (RII) for
the study, ranking sustainability indicators according to
their significance in promoting sustainable urban
development. The survey results using RII highlight
several key factors essential for mitigating the Urban Heat
Island (UHI) effect in new Egyptian cities. Figure 2 shows
the summary of the findings
* The Heat Island Phenomenon category addresses

reducing urban heat retention through innovative
solutions. High-priority indicators include Green
Infrastructure (RII: 0.93125) and Material Properties
(RII: 0.9625), which emphasize using sustainable
materials and vegetation. Urban Morphology (RII:
0.9125) and Climate Models Integration (RII: 0.9125)
focus on urban layouts and predictive tools. Blue
Infrastructure  (RII:  0.775) shows moderate
importance for water features, while Thermal
Comfort Solutions (RII: 0.8875) enhance urban
liveability by addressing microclimatic need.

*  The Ecology focuses on environmental conservation
and biodiversity protection. Site Selection for
Development (RII: 0.84375) and Water Body
Conservation (RII: 0.8125) are critical for ecological
balance. Key biodiversity indicators, including
Habitat Protection (RII: 0.75) and Pollution
Prevention (RII: 0.8), highlight the importance of
sustaining ecosystems. Remediation of Contaminated
Land (RII: 0.7875) emphasizes restoring degraded
areas to support sustainable urban growth.

*  The Resources category is the most significant, with
top indicators such as Water Use Efficiency (RII:
0.9875) and Energy Efficiency (RIL: 0.9875).
Renewable Energy Use (RII: 0.84375) and Rainwater
Management (RII:  0.75625) further  boost
sustainability. The use of Local Building Materials
(RII: 0.975) and Material Reuse (RII: 0.7375)
promotes sustainable construction, while Efficient
Waste Management (RII: 0.80625) supports a circular
economy.

*  The Governance category emphasizes awareness and
stakeholder participation, with a high RII of 0.93125,
highlighting  the importance of inclusive
decision-making. Public engagement is essential for
fostering sustainable urban development and ensuring

Optimizing Neighborhood Rating Systems to Address Urban Heat Island Impacts

the successful
initiatives.

* The Local Economy category emphasizes Local
Investment (RII: 0.59375) and Food Production (RII:
0.54375), highlighting a need to prioritize economic
sustainability to boost self-reliance and urban
resilience.

* The Transportation Modes category highlights
connectivity with Pedestrian Path Networks (RII:
0.9875) and Bicycle Networks (RII: 0.89375)
emphasizing non-motorized transport.  Public
Transportation Access (RII: 0.8875) and Connected
Streets (RII: 0.89375) underscore integrated,
sustainable urban mobility.

*  Placemaking focuses on liveability and accessibility,
with Public Spaces (RII: 0.94375) and Inclusive
Design (RII: 0.80625) creating equitable urban areas.
Connectivity (RII:  0.825) and Integrated
Infrastructure (RII: 0.83125) support seamless
networks, while Mixed-Use Development (RII:
0.74375) and Noise Reduction (RII: 0.78125)
improve neighbourhood quality.

* The Local Community category highlights public
well-being, with Safety (RII: 0.95) and Public Health
(RII: 0.88125) as top priorities. Cultural Heritage (RII:
0.76875), Diversity (RII: 0.625), and Culture (RII:
0.71875) promote community cohesion and preserve
local identity in urban development.

*  The Innovation category (RII: 0.93125) is vital for
sustainable urban solutions, emphasizing creative,
technology-driven approaches to tackling Egypt’s
unique challenges.

Each sector contributes to sustainable urban
development tailored to Egypt’s needs. Prioritizing
resources, transportation, and placemaking reflects a
holistic strategy, while innovation and governance drive
effective implementation. Strengthening local economy
indicators is essential for balanced sustainability.

implementation of sustainability

4.1. Average Categories Allocation

Figure 3 shows the prioritization across various urban
sustainability categories, reflecting the average percentage
allocated to each category and the emphasis placed on
different aspects of sustainability:

*  Resource category holds the highest allocation at 21%,
signifying a strong focus on resource management.

*  Ecology category is allocated 14.3%, reflecting its
importance in urban sustainability.

¢  Transportation category follows closely at 14.1%,
underscoring the significance of transportation
infrastructure.

*  Heat island phenomenon is allocated 12%, showing
the impact of urban heat on sustainability.

*  Placemaking category has 13%, highlighting the role
of creating meaningful public spaces.
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Local community category is at 8.7%, indicating the *  Local economy category and Innovation category

value of community involvement.
Governance category holds 6.4%, pointing to the role aspects.
of governance structures.

each have 5.2%, balancing economic and innovative

Table 3. The Relative Importance Index (RII) for the study results, ranking sustainability indicators (by Author)

Category Average Categories Allocation Sustainability indicators RII
Green Infrastructure 0.93125
Urban morphology 0.9125
Heat island 1% Material Properties and Surface Coverage 0.9625
phenomenon Blue Infrastructure Location of the Water Body 0.775
Thermal Comfort Tools 0.8875
Climate Models Integration 0.9125
Land/soil- (Remediation of Contaminated Land) 0.7875
Preferred Sites-(Site Selection for Development) 0.84375
Ecology 14.2% Aquatic Environment (Conservation of Water Bodies) 0.8125
Biodiversity-(Habitat Protection) 0.75
Biodiversity-(Environmental Protection from Pollution) 0.8
(Energy Efficiency) 0.9875
(Use of Renewable Energy Sources) 0.84375
(Water Use Efficiency in Buildings) 0.975
ResoLrces 1% (Water Use Efficiency Outside Buildings) 0.9875
(Rainwater Management) 0.75625
(Use of Local Building Materials) 0.975
(Reuse of Building Materials) 0.7375
(Efficient Waste Management) 0.80625
Governance 6.4% (Awareness and Participation): 0.93125
Local Economy 5 4% (Local Investment in Local Products) 0.59375
(Food Production) 0.54375
(Connected Street Network) 0.89375
Transportation 13.9% (Access to Public Transportation): 0.8875
Modes (Bicycle Network) 0.89375
(Pedestrian Path Network) 0.9875
(Public Spaces) 0.94375
(Density to Reduce Travel Distance) 0.8
(Inclusive Design) 0.80625
Placemaking 13% (Connectivity) 0.825
(Integrated Infrastructure System) 0.83125
(Availability of Services and Facilities) 0.83125
(Reducing Noise Pollution) 0.78125
(Mixed-Use Development) 0.74375
(Public Health Preservation) 0.88125
(Diversity within Neighborhoods) 0.625
Con';‘r’rfj'ni y 8.7% (Safety) 0.95
(Heritage) 0.76875
(Culture) 0.71875
(Innovation) 5.4% (Innovation) 0.93125
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Relative Importance Index (RIl)

(Innovation) 0.93125

Local Community (Culture)

Local Community (Heritage)

Local Community (Safety)

Local Community (Diversity within Neighborhoods)
Local Community (Public Health Preservation)
Placemaking (Mixed-Use Development)
Placemaking (Reducing Noise Pollution)
Placemaking (Availability of Services and Facilities)
Placemaking (Integrated Infrastructure System)
Placemaking (Connectivity)
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Figure 2. RII for Sustainability indicators (by Author)
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Average percentage Categories Allocation diagram

5.40%

5.40% ke

6.40%

8.70% [ N

13%

13.90%

Figure 3. Average percentage Categories Allocation diagram (by Author)

This distribution highlights the primary importance of
resource management and ecology, with a balanced
emphasis on other essential urban sustainability
dimensions.

5. Discussion

The survey results reveal a strong consensus among
experts regarding the most effective indicators for UHI
mitigation, as demonstrated by high RIl values. Energy
efficiency, with an RII of 0.9875, is validated as a critical
factor for reducing urban heat and greenhouse gas
emissions. This indicator's high ranking reflects its central
role in heat-resilient urban planning, which is well
supported by literature and local environmental challenges.
Similarly, water use efficiency in buildings, with an RII of
0.9750, underscores the necessity of sustainable water
management in mitigating heat loads—a finding that is
particularly relevant given Egypt's arid climate. Pedestrian
path networks, which achieved an RII of 0.9875, further
affirm the importance of designing walkable, shaded urban
spaces that not only enhance thermal comfort but also
reduce vehicular dependency. The validity of this indicator
is bolstered by its alignment with global trends in
sustainable urban mobility. In addition, material properties
and surface coverage, registering an RII of 0.9625,
highlight the critical role of high-albedo, reflective
materials in minimizing heat absorption. This is especially
pertinent for Egypt, where intense solar radiation demands
innovative construction solutions to combat urban
overheating.

Green infrastructure, with an RI1 of 0.93125, is validated
by its capacity to cool urban areas, improve air quality, and
provide essential shade. The robust support for this
indicator from the expert panel confirms its strategic
importance in the framework. Conversely, lower-ranked

= Heat Island Phenomenon
= Ecology

= Resource

14.20%
= Transportation

= Placemaking

= Local Community
= Governance

= Local Economy

= [nnovation

indicators such as local investment in local products (RIl =
0.59375) and food production (RII = 0.54375) suggest that
while these economic and agricultural measures are
integral to long-term sustainability, they are considered
secondary to immediate UHI mitigation. Blue
infrastructure, although recognized with an RII of 0.7750,
indicates moderate validity, primarily due to challenges
associated with its integration within the urban fabric.

Furthermore, the high internal consistency of the survey
responses (Cronbach's Alpha = 0.897) reinforces the
reliability and validity of the selected indicators. In
summary, the current study contributes significantly to the
understanding of sustainable urban development by
extending the Green Pyramid Rating System (GPRS) to the
neighborhood scale with a specific focus on UHI
mitigation. The findings lay a robust foundation for
immediate environmental interventions, while also
pointing to the need for future work to incorporate
long-term adaptation strategies. This dual focus will be
crucial in creating urban environments that are not only
resilient in the short term but are also capable of adapting
to the evolving challenges of a changing climate.

Table 4 demonstrates the alignment of the proposed
UHI-specific  framework indicators with several
internationally recognized sustainability certification
systems, including LEED, BREEAM, CASBEE, The Pearl,
Green Star, and DGNB. By mapping indicators such as
green infrastructure, urban morphology, high-albedo
material usage, and advanced climate model integration
across these systems, the table illustrates how our
framework can be integrated within global urban planning
standards. This alignment not only reinforces the relevance
of our proposed indicators but also underscores the
potential for these strategies to bridge local UHI mitigation
efforts with broader, internationally accepted sustainability
practices, thereby facilitating wider applicability and
integration.
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Table 4. Alignment of Proposed UHI-Specific Framework Indicators with International Sustainability Certification Systems. (by Author)

w 4 ©
r 3 2 I3 g
Category Sustainability indicators E E ﬁ b a 2
zmzs g 7
Green Infrastructure: Establishing a baseline for Plant Area Index (PAI) and
minimum Leaf Area Density (LAD) using native or adapted tree species to NoNN A AN
improve urban shading, cooling, and resilience.
s Urban morphology, including aspect ratios and sky view factors, significantly
S  Mitigating Urban Heat impacts Urban Heat Island (UHI) effects by influencing microclimates; aspect V¥ v v v
g Island Effect ratios determine solar exposure.
2 Material Properties and Surface Coverage: Albedo Ensure urban surfaces have a
5 gy S ' NN AN
- minimum albedo value to reflect solar radiation and reduce heat absorption.
o
_‘—2 Blue Infrastructure Location of the Water Body: Ensure water bodies are Vo N NN
= strategically located to provide cooling effects and aesthetic value.
Q
T Thermal Comfort Tools: Using advanced thermal comfort tools (UTCI, PET) to
o ( VoA
simulation tools and Show reduced UHI impacts on human comfort.
UHI Climate Models Integration: Integrating advanced climate models (Mesoscale, N N NI
CFD, UTE, LCZ) in planning to predict and mitigate UHI effects.
o Land/soil (Remediation gf.COntamlnated Land): Cleaning and restoring polluted land for N NI
[=2]
g safe and beneficial use.
IS]
3 - - : - - -
g Preferred Sites (Site Selection for !Dev_elopme.nt). Choosing apprgprlate locations for N N
development, considering environmental and social factors.
(Use of Renewable Energy Sources): Incorporating solar, wind, and other
Energy ~9 \
renewable energy solutions in urban development.
o (Water Use Efficiency Outside Buildings): Sustainable water management in
8 Water g ) VoY
= landscaping and urban design.
§ (Use of Local Building Materials): Similar to the above, emphasizing the
& ; : ; ; NN
o . environmental and economic benefits of local materials.
Building Materials — : : - —
(Reuse of Building Materials): Promoting recycling and repurposing in NI N
construction to minimize waste.
_ E‘ Investment (Local Inve§tment |_n Lgc_al Products): Supporting local businesses and products N
% 5 for economic sustainability.
o <
1 9Q H . H H H
S Local Production (Foogi Prc_)c!uctlon). Encouraging urban agriculture for local food security and NI
sustainability.
5 public Transportation (Conne(?te_d Street Ngtwork):_l?emgnmg streets for accessibility and NI
p
g o connectivity, enhancing mobility.
T QO
S T P . ; R i
g § Bicycle Network (Bicycle Network): Creating networks of bike lanes and paths for sustainable NI
= transport.
S
= Pedestrian Paths  (Pedestrian Path Network): Designing safe and pleasant walking paths. \
Public Spaces (Public Spaces): Creating inclusive and accessible public spaces for community N
engagement.
Densit (Density to Reduce Travel Distance): Planning for density to make N N
= y neighborhoods more walkable and reduce travel distances.
% A (Availability of Services and Facilities): Ensuring easy access to essential
€ Utilities i o N \
] services and facilities.
8 ; - - - . -
o .
Nuisance (Redu_cmg Noise Pollution): Addressing noise issues through urban design and NI
planning.
Mixed-Use (Mixed-Use Development): Combining residential, commercial, and N N
Developments recreational spaces for vibrant communities.
2 Health (Public Health Preservation): Promoting healthy living environments. \ v
<
£ Diversity (I;)lver'sny within Neighborhoods): Encouraging social, cultural, and economic N N
€ diversity.
]
5 Heritage (Heritage): Preserving and integrating cultural and historical heritage. v S v
3 Culture (Culture): Promoting cultural activities and spaces. \
Innovation (Innovation): Encouraging innovative approaches in urban planning and design. v
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6. Conclusions

Egypt's rapid urbanization has worsened environmental
challenges like the Urban Heat Island (UHI) effect. This
research calls for using tailored sustainability indicators to
assess urban efficiency and environmental impacts in
Egyptian neighborhoods.

The proposed system integrates UHI-specific criteria
into Egypt's Green Pyramids Rating System (GPRS),
focusing on green infrastructure, urban design, and
material properties to improve environmental quality and
reduce energy consumption. This approach aligns with
Egypt's Vision 2030 goals.

These indicators provide a useful tool for identifying and
addressing environmental challenges, offering a model for
sustainable urban development in Egypt and other
developing countries.

7. Recommendations

Based on our field study of urban sustainability
indicators and UHI mitigation strategies in residential
neighborhoods, we propose the following
recommendations, structured into three distinct categories:

1. Recommendations for Local Communities

Local communities play a vital role

sustainable urban change. We recommend:

e Community Empowerment & Public
Participation: Encourage active involvement
through local workshops, citizen advisory boards,
and public forums. These initiatives will raise
awareness of UHI challenges and promote
community-led actions such as urban greening and
the adoption of low heat-absorbing materials.

. Placemaking & Urban Ecology: Develop
inclusive public spaces and mixed-use areas that
enhance livability, support local urban food
production, and foster biodiversity.
Community-led initiatives should focus on habitat
protection and pollution reduction to create
healthier, more resilient neighborhoods.

*  Cost-Effective Sustainable Practices: Promote
the use of affordable, recyclable materials and
low-maintenance green infrastructure. Local
educational campaigns can highlight best practices
and success stories to build community support for
sustainable initiatives.

in driving

2. Recommendations for Government Agencies

Government agencies are essential for ensuring policy
enforcement and creating the regulatory environment
needed for sustainable urban development. We
recommend:

*  Policy Enforcement & Governance: Strengthen

and enforce policies that mandate the integration of

1991
UHI mitigation strategies—such as green
infrastructure, energy and water efficiency

measures, and sustainable urban design—into
urban planning practices. Establish monitoring
systems to evaluate compliance and impact.

* Integrated Urban Planning & Infrastructure
Development: Invest in efficient public
transportation systems, enhanced pedestrian and
bicycle networks, and connected street designs.
Undertake comprehensive cost—benefit analyses to
ensure  that sustainability —measures are
economically viable and scalable.

¢  Stakeholder Engagement & Broader Validation:
Extend the validation of sustainability indicators
beyond expert surveys by incorporating feedback
from local communities, academia, and industry
stakeholders. This inclusive approach will help
mitigate potential subjectivity in the framework
and support its broader acceptance.

3. Recommendations for Private-Sector Entities

Private-sector involvement is crucial to drive innovation
and implement sustainable solutions on a scale. We
recommend:

* Resource Efficiency & Innovation: Invest in
advanced technologies and smart solutions—such
as high-albedo materials and cutting-edge climate
modeling—to  optimize energy and water
efficiency. Such investments should be guided by
market readiness assessments and long-term
cost-effectiveness.

*  Public—Private  Partnerships: Engage in
collaborative pilot projects with government
agencies and local communities to empirically test
and refine UHI mitigation strategies. These
partnerships can help bridge the gap between
theory and practice, ensuring that proposed
solutions are both practical and economically
viable.

*  Economic Feasibility & Sustainable Business
Practices: Conduct rigorous cost—benefit analyses
to verify the economic attractiveness of sustainable
initiatives. Private-sector players should also
support local investments and incentivize
sustainable business practices that contribute to the
resilience of urban neighborhoods.
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