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Abstract:

The object of research is a comprehensive understanding of sustainable development in the
urban structure of cities, especially in tourist cities undergoing rapid transformation, by analyzing the
methods used in building these cities and their previous experiences with them. The research uses the
city of Karbala as an example as it has a necessary historical background and long growth experience.
Method. The research analyses the obstacles to their urban environment, structure, and components to
understand and evaluate the strategies used in their development to promote sustainable development.
These challenges require immediate and comprehensive intervention. Emphasis is placed on the
development and achievement of sustainable development in various city centers and their internal and
external neighborhoods. The comprehensive analysis of current and future challenges and urgent needs
for a more sustainable urban environment and an improved quality of life for the city's population is
reflected. Results. By achieving these goals, the city of Karbala can achieve a balanced and sustainable
urban environment and improve the quality of life of its citizens. This requires close cooperation between
local government, stakeholders, and the community and effective integration of efforts to implement
development policies and programs while preserving historical and cultural identity of cities.

1 Introduction

Sustainable development in urban structures represents one of the most critical challenges of our
time, particularly for cities undergoing rapid transformation [1], [2]. As urban centers expand and
modernize, they encounter numerous issues related to infrastructure degradation, inefficient resource
management, environmental threats, and the need to enhance the quality of life for their inhabitants [3],
[4]. Addressing these multidimensional challenges requires a comprehensive approach, focusing on
immediate interventions and long-term strategies that align sustainable development goals [5], [6]. The
need for an integrated response that balances economic growth, social equity, and environmental
preservation has never been more urgent [7], [8].

The ESG (Environment — Social — Governance) strategy is a megatrend in urban sustainable
development.
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The research work [9] highlights the cost-effectiveness of green envelopes in improving building
efficiency. The results indicate that green roofs could reduce peak temperatures by up to 34.3 °C, leading
to daily energy savings of 12.5% during summer. Green fagades decreased the wall exterior surface
temperatures by up to 3.4 °C and 5.1 °C on the test cold and hot days, respectively. Urban blue-green
spaces can regulate the microclimate of the surroundings through providing shade and transpiration while
saving the energy use of residents [10]. The study [11] used a new indicator, the ratio of construction
land area to green space area (UGI). The analysis revealed that urban construction land expanded by a
factor of 1.85 between 2000 and 2020, while China's overall UGI saw a substantial decline of 77.8%.
Green building certification systems (GBCS) are vital for ensuring sustainable practices in the
construction industry. However, limited works have holistically studied the operational, embodied and
whole life cycle assessment (OEW) credits in GBCS [12], [13], [14]. Theoretical contribution of the
research [15] to green building literature is to develop a consumer behavior model that is strategy-
oriented and has generality and to offer empirical evidence. The study [16] underscores the importance
of tailoring green building evaluation systems to regional attributes and provides a theoretical foundation
to refine assessment systems and foster regionally adapted, sustainable green building development.
The research [17] provides actionable insights to balance fiscal sustainability and environmental goals in
promoting high-quality green construction development within the multi-level governance systems,
offering a useful reference for countries with similar policy agendas.

This research takes a deep dive into sustainable development in the urban fabric, focusing on cities
of historical and strategic significance currently experiencing accelerated urbanization [18], [19]. The
study examines both the successes and shortcomings of the methods employed in urban planning,
offering a critical analysis of past efforts and the lessons learned from them [20], [21]. Among these cities,
Karbala, Iraq, stands out as a particularly compelling case study [22]. With its profound historical legacy
and the pressures of modern urbanization, Karbala provides an ideal backdrop for examining the
challenges of achieving sustainable urban growth while preserving cultural and environmental integrity
[23], [24].

Although much research has been conducted on sustainable urban development, existing studies
often fail to address Karbala's specific complexities [25], [26]. The unique blend of cultural heritage,
religious significance, and rapid urban expansion presents challenges not fully explored in previous
literature [27], [28]. There remains a significant scientific gap in understanding how to integrate
environmental preservation with infrastructural modernization and cultural conservation in a city like
Karbala [29], [30]. This gap underscores the necessity for innovative solutions to navigate the tensions
between development and sustainability, providing a blueprint for other cities facing similar issues [31].

This research aims to fill this gap by developing a comprehensive framework for sustainable urban
development in Karbala. Through a systematic analysis of the city's current urban challenges — from
infrastructure deterioration and inadequate public services to environmental degradation and resource
overconsumption — this study seeks to propose viable solutions to balance urban growth with
sustainability. By doing so, it aims to contribute to the broader discourse on sustainable development
and offer actionable strategies that can be adapted to other rapidly transforming cities.

This study also seeks to enhance the quality of life for Karbala's residents by fostering a balanced
approach to urban expansion. This involves improving the efficiency of resource use and public
infrastructure and addressing social and environmental concerns central to sustainable development. By
integrating advanced urban planning algorithms, data-driven decision-making, and evidence-based
strategies, this research will offer a roadmap for policymakers, urban planners, and stakeholders to
collaboratively pursue sustainable development goals, ensuring that Karbala evolves into a model of
sustainable urban growth while preserving its historical and cultural identity.

2 Materials and Methods

Based on the ESG strategy, we will highlight four key aspects to sustainable urban development.

Land uses and transport. Due to the clustering of diverse activities within the urban core
significant dependence appeared on public transportation. This reliance has become complete, with
private cars and taxis being predominantly utilized. The geographical separation between the central
work area and residential areas has consequently contributed to a rise in energy consumption and
subsequently led to an escalation in air pollution within the urban environment. There is a need to
prioritize the implementation and enhancement of comprehensive planning initiatives, road planning
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strategies, efficient transportation systems, expanded greenery, regions, and the development and
beautification of roads and streets.

Natural resources. Efficient utilization of natural resources, both within and outside the city, is
imperative as they play a crucial role in enhancing the city's appeal to residents and fostering sustainable
development. These resources encompass various elements such as parks, water resources, river
banks, and green spaces.

Energy use. The urban core represents a significant concentration of energy consumption,
necessitating the adoption and enforcement of effective energy policies within its buildings.
Consequently, building regulations should incorporate environmental criteria, mandating heightened
energy efficiency standards with a particular emphasis on integrating renewable energy sources.

Environmental waste. Commercial activities and mixed land use in urban city centers generate
significant waste. Consequently, it becomes necessary to implement ecological management and
disposal strategies to address this issue. By focusing on the reuse and manufacturing of waste materials,
it is possible to reduce the overall volume of waste in city centers effectively.

The research object is the city of Karbala, the focal city of its district, not only serves as the
administrative heart of the Karbala Governorate but also stands as one of the three main districts within
the province. These districts are Karbala, Al-Hindiya, and Ain Al-Tamr. These districts encompass three
district centers and four sub-districts, with each center comprising a district and each sub-district
comprising a collection of villages and rural areas of various types.

The city of Karbala is situated between the latitudes ("0 40 °32) and ("'0 "30 °32) north of the
equator and the longitudes ("0 ‘55 °43) and ('O '5 °44) east of the Greenwich line. The area of this city
is 135 km?, constituting 26.63% of the area of the Karbala district, which is 507 km?.

Karbala experiences a hot desert climate (BWh in the Képpen climate classification) with extremely
hot, long, dry summers and mild winters. Almost all of the yearly precipitation is received between
November and April, though no month is wet.

Typically, daily mean temperatures range from 36.4 °C in July to 10.6 °C in January. Daily
maximum temperatures range from 44.7 °C to 16.6 °C respectively. Annual precipitation is 93.5 mm.
Average relative humidity range from 28.2 % in June to 72.1 % in January.

3 Results and Discussion

3.1 The City Center

The city center of Karbala exemplifies the urban configuration of the city, which has experienced
numerous urban changes in the last century and continues to transform. Moreover, the urban fabric of
the city center is gradually deteriorating through:

e Challenges and maltreatment of heritage structures.

The lack of organization in the blending of various purposes.

The condition of the urban landscape has undergone a decline.

Insufficient provision of green spaces and recreational amenities.

Inadequate housing, particularly in the historic districts of the city center.

Instances of Misuse of Government Constructions and Alterations in Utilization.

The ecological issues linked to the discharge of wastewater into the Euphrates River.

The issue pertains to housing and the densities at which accommodation is constructed.

The issue at hand pertains to the inefficiency and deterioration of the public transport system.
Infrastructure degradation and the inadequacy of solid waste management and collection
systems.

e The issue at hand pertains to the indiscriminate encroachment on buildings, consequently

leading to visual pollution.

e Urban regions sometimes experience traffic congestion due to an overwhelming number of cars

on the road, leading to delays and decreased travel speeds.

e The degradation of public and essential services, the insufficiency of the allocated infrastructure

in terms of functionality, and their non-compliance with established standards.

The central area of the city serves as its focal point, characterized by the high level of activity and
the substantial traffic it generates. Implementing sustainable Development practices in the city center
contributes to the long-term viability and sustainability of the city (Figure 1).
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Fig. 1 — Sustainable development of the urban center of Karbala.

To attain equitable growth at the urban core level, it is imperative to focus on the development of
the following aspects:

The city's central region stands as a significant attraction for both residential and occupational
endeavors.

There's an emphasized need to reduce reliance on prolonged distances between functional
zones, facilities, and residential conglomerates.

It's paramount to address traffic congestion through the adept design of residential
neighborhoods and sectoral hubs that adeptly cater to the populace's requisites in an efficient
and direct approach.

The quality of housing units can be elevated through the deployment of policies emphasizing
restoration, advancement, and infrastructural improvement while moderating population
density.

An envisaged strategy for ameliorating environmental, aesthetic, and recreational components
is the augmentation of green space areas.

Advancement and broadening public transportation networks, considering future challenges,
are crucial.

A cornerstone in proficient urban planning is the optimized and efficient provisioning of parking
facilities.

A proposed strategy to combat traffic challenges involves bolstering pedestrian pathways while
curbing direct vehicular accessibility.

Adhering to international standards plays a pivotal role in enhancing energy consumption
efficacy within edifices, endorsing renewable energy sources, and integrating innovative
thermal energy systems.

Waste minimization, recycling, and repurposing stand as foundational pillars in sustainable
waste management.

Given the scarcity of available land within urban zones, contemplating the implementation of
refrigerated housing units emerges as an effective alternative.

A viable strategy to alleviate workload intensity in urban city centers is the emphasis on
cultivating a specialized workforce.
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e The formulation of strategic housing policies includes capitalizing on vacant land through the
regularization and incentivization of historically valued areas.

3.2 The Inner City

The internal region, the contemporary sections of the city center represent the subsequent stage
of the urban development cycle, showcasing the following distinctive attributes:

First, the shift from residential utilization to Commercial Development.

Secondly, the prevalence of large housing blocks near central areas exemplifies the absence of
individual families’ dominance over specific housing units, coupled with the increasing demand for
efficient housing solutions and accompanying infrastructure. This has resulted in significant pressure on
these housing blocks due to the intense focus on redevelopment in the central region. Consequently,
these areas' living patterns and population density have been affected, as they can accommodate mixed
uses and expansions.

To effectively implement sustainability standards within urban areas, it is imperative to establish a
harmonious equilibrium between environmental considerations and housing requirements. This
necessitates prioritizing specific criteria, including providing green spaces, afforestation initiatives,
mitigating overcrowding, and reducing mixed land use (Figure 2).
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Fig. 2 — Sustainable urban development of the inner area in Karbala.

Therefore, to attain sustainable development in the region, it is imperative to establish the following:
The interior structure of the urban area requires design adaptations to fit the unique local conditions,
which encompass:
The utilization of renewable energy sources.
The enhancement and advancement of public transport.
One key objective is to enhance the quality of public services.
The processes of collecting, treating, reusing, and utilizing waste materials.
Sustaining the integration of diverse land uses within this geographical area.
The revitalization of residential areas and the conservation of their inherent qualities.
This study aims to explore the re-engineering of the existing road network to identify and
implement road design strategies that prioritize safety and minimize pollution levels.
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One potential strategy for mitigating the impact of current mixed uses and future expansions of
non-residential use is implementing measures to reduce the associated pressure.

Enhance the design and development of residential areas to create a visually appealing
environment by leveraging the benefits of urban design principles.

Enhancements in the previously underutilized regions currently engage in environmentally
harmful practices overseas.

One potential strategy for mitigating overcrowding is prioritizing utilizing public and metro
transportation systems.

One potential area for enhancement involves the optimization of mixed-use zones and the
mitigation of pollutants.

Implementing measures to mitigate traffic speed and density is crucial for safeguarding
residential areas.

To uphold the stability of residential areas, it is imperative to prevent substantial population
increases.

Based on our analysis, it is evident that future modifications are necessary to attain sustainable
development within the region's interior. These modifications can be enumerated as follows:
First, one potential approach to enhancing the appeal of residential areas involves implementing

strategies to augment the presence of green spaces.
Secondly, the mitigation of excessive population densities by incorporating open spaces in regions

exhibiting undesirable levels.

3.3 The Outer City

The following elements must be considered to achieve sustainable development at this level (Figure 3).
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Fig. 3 — Sustainable urban development of the outer area in Karbala.

The outer framework of the urban area requires design modifications to accommodate specific local
conditions, including:

The need to preserve gardens and reclaimed lands.
There is a need to balance land use in all areas of the city to ease pressure on the center.

There is a need to develop public transport.
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e To strengthen the urban fabric of the outlying city by making the most of the land within the
current urban structure by selecting land below the level of use or vacancy and developing
mechanisms for linking new and old neighborhoods.

o |tis essential that the current development of the world &apos; s region be made more intensive
in existing neighborhoods through a policy of filling out empty and underutilized areas.

e The possibility of directing urban upgrading beyond the metropolitan area at a later stage on
priorities beginning with empty land followed by non-productive land.

e Use and exploitation of vacant land for agriculture and afforestation and use as urban vents to
improve the environment.

It can be said that future changes are required to achieve sustainable development in the outlying

area of the city, which can be mentioned as follows:

e They are improving the environment of residential areas and providing diversity in housing

patterns.

Provision of more significant areas of open land and linking them to natural sites.
Provision of mixed-use areas of work and housing.

Development and development of public transport.

Use of renewable sources of energy.

Development of residential centers.

Use waste reuse policy.

4 Conclusions

1. To ensure sustainable development in urban limbs, it is necessary to develop public transport
systems, preserve green spaces, and adopt balanced land use practices. Comprehensive urban
planning is necessary for enhancing infrastructure, roadways, and transportation systems,
focusing on augmenting green areas, and revitalizing historic buildings inside the city center.

2. To achieve sustainability in transport and energy consumption, it is essential to shift towards the
implementation of efficient public transport systems and decrease dependence on private
automobiles.

3. Adopting renewable energy sources and enforcing stringent energy efficiency requirements in
buildings is crucial.

4. The attainment of a balanced state between residential and commercial expansion is crucial
within the urban core development, requiring a methodical strategy that emphasizes the
conservation and revitalization of residential areas. Urban design and land-use management,
through implementing concepts that promote aestheticism and strategically expand green
spaces, contribute to addressing the challenges of overcrowding and pollution.

5. Improving housing diversity and promoting the environment is vital for sustainable development,
and these aspects can be enhanced by developing various housing designs and establishing
effective communications between open spaces and natural areas.

6. In promoting sustainable urban development in the suburbs, two key strategies emerge:
implementing legislation on waste reuse and expanding the use of renewable energy sources.
The development of public transport and services in conjunction with integrating renewable
energy sources and applying effective waste management techniques may significantly mitigate
the environmental impacts of high population density in urban environments.
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