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Abstract

This paper investigates the application of Transit-Oriented Development (TOD) principles
to the retrofitting of historic Gulf urban cores through a comparative analysis of Souq Waqif
(Doha) and Qasr Al Hokm (Riyadh). The research employs field observation, thematic
mapping, and qualitative diagnosis using the Integrated Modification Methodology (IMM)
to assess compactness, intricacy, and connectivity within walkable station catchments. The
findings indicate that Souq Waqif has a highly compact and intricate historic core with ro-
bust pedestrian activity, yet exhibits discontinuities at its periphery, such as car-dominated
streets, fragmented green spaces, and weak connections between the metro station, parks,
and adjacent blocks. In Qasr Al Hokm, the analysis affirms the value of its fine-grained
historic fabric and civic landmarks, but also identifies deficiencies in shading, last-mile
connectivity, and land-use balance surrounding the new metro station. Drawing on lessons
from Souq Waqif, the paper proposes a TOD-oriented urban design framework for Qasr Al
Hokm, emphasizing shaded pedestrian corridors, active ground floors, intermodal hubs,
and heritage-compatible mixed-use intensification. This comparative approach demon-
strates how TOD can foster more livable, accessible, and climate-responsive historic cores
in Gulf cities, while maintaining respect for local identity and governance structures.

Keywords: transit-oriented development (TOD); sustainable urbanism; walkability;
cultural heritage; multimodal connectivity; Doha metro; Riyadh metro

1. Introduction
Since the emergence of mechanized modes of transport, urban landscapes have under-

gone radical shifts, introducing a host of new challenges. These range from infrastructural
inefficiencies and increased levels of environmental pollution to the diminishing presence
of human scale in urban design [1,2]. Such challenges extend beyond physical infrastruc-
ture, exerting substantial impacts on public health, community well-being, and ecological
resilience [3]. Urbanization, identified by the United Nations as a defining trend of the 21st
century, has already concentrated more than half of the global population in cities, with
projections suggesting this proportion will approach 70% by 2050 [4]. In this context, the
pursuit of sustainability has become a central priority in urban development, emphasiz-
ing the need for innovative planning frameworks that safeguard resilience and enhance
long-term urban livability [5]. Transit-Oriented Development (TOD) represents one such
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framework. As an urban planning approach, TOD promotes compact, pedestrian-friendly
neighborhoods structured around efficient, easily accessible public transport systems. By
integrating land-use planning with mobility infrastructure, TOD seeks to reduce reliance
on private vehicles, improve accessibility for diverse populations, and advance the creation
of sustainable and socially vibrant urban environments foster the creation of sustainable,
socially vibrant urban environments [2,6].

Scholars have extensively explored TOD as a progressive paradigm capable of fos-
tering walkable, well-connected urban communities while mitigating the negative conse-
quences of rapid metropolitan expansion [7,8]. Nonetheless, the literature cautions against
adopting a universal or standardized TOD model. Su et al. [9] emphasize the need for
context-sensitive frameworks tailored to distinct urban typologies. At the same time, Alam
and Khalil [10] argue that successful TOD implementation must be shaped by a given
place’s cultural, spatial, and socio-economic conditions. Empirical findings support the role
of TOD in advancing sustainability objectives by promoting public transport use and curb-
ing car dependency [11]. Yet a persistent gap remains in identifying the specific conditions
that maximize TOD’s effectiveness across diverse contexts.

The selection of Souq Waqif in Doha and Qasr Al Hokm in Riyadh as comparative
case studies is grounded in their shared role as historic, centrally located, mixed-use
districts that are now being reshaped by the introduction of new metro systems. Souq
Waqif represents Doha’s restored historic marketplace, an intensely used, low- to mid-rise
heritage quarter that functions as a cultural, commercial, and touristic hub [9,12–14]. Qasr
Al Hokm embodies the historic and civic core of Riyadh, an area that has evolved from the
old city nucleus into a complex urban environment where heritage preservation [15–17],
administrative functions, and new mobility infrastructures intersect [18].

Both districts sit on key metro corridors and are embedded in national regeneration
agendas, making them well suited for examining how TOD principles can be adapted to
heritage-based Gulf urban morphologies. Both analyses are conducted within a consistent
1000 m TOD catchment (≈3.14 km2) around the station access point, ensuring a like-for-like
spatial frame for mapping and observation. In Doha, Souq Waqif is served by the Gold Line
(≈14 km, 11 stations) within a metro system of roughly 76 km and 37 stations, operational
since 2019. In Riyadh, Qasr Al Hokm is a major downtown interchange within the Riyadh
Metro (176 km, 85 stations), connecting the Blue and Orange lines, with a reported station
area of approximately 22,500 m2. At the district scale, the Qasr Al Hokm redevelopment
program documents a phase area of 320,000 m2 (about 60% of the district), reinforcing
the cases’ comparability as compact, metro-served heritage cores subject to public-realm
retrofit constraints. Using the same 1000 m catchment also standardizes the comparative
reading of mapped indicators (e.g., permeability and route continuity), allowing differences
to be attributed to urban structure and station-edge conditions rather than study extent.

Souq Waqif was selected because it exemplifies a compact, heritage-based urban dis-
trict where the introduction of metro infrastructure directly intersects with pedestrian life,
tourism flows, and a regenerated historic fabric. Souq Waqif’s significance lies in its dual
identity as a heritage marketplace and major mobility node within central Doha. Served
by the Souq Waqif station on the Doha Metro, the area combines compact street patterns,
arcaded commercial fronts, and a dense program of cafés, shops, hotels, and cultural
venues within a highly walkable yet climatically demanding setting. The neighborhood has
undergone intensive regeneration since the mid-2000s, with a comprehensive restoration
program that reintroduced vernacular architectural language and reorganized its plazas
and internal alleys to support pedestrian life. Nonetheless, despite its strong center–city lo-
cation and human-scale fabric, the area continues to face challenges, including fragmented
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links to surrounding blocks, car-dominated edges, limited shaded connections to adjacent
parks, and discontinuous cycling and pedestrian infrastructure.

Qasr Al Hokm, by contrast, represents Riyadh’s historic and administrative heart [15],
anchored by Qasr Al Hokm Palace, Al Masmak Fort, the Imam Turki bin Abdullah Grand
Mosque, and traditional souqs such as Al Zal. While its urban grain is inherently pedestrian-
oriented, decades of piecemeal modernization have produced broad vehicular corridors,
surface parking, and discontinuous public spaces that compromise walkability and micro-
climatic comfort. Qasr Al Hokm’s significance lies in its dual identity as a cultural and civic
center and as a gateway for sustainable mobility integration within Riyadh’s downtown.
The inauguration of the Qasr Al Hokm Metro Station on the Riyadh Metro Blue Line creates
new possibilities for integrating TOD strategies within a heritage-sensitive context, but
also exposes gaps in last-mile connectivity, shaded networks, and multimodal integration.
The area combines traditional street patterns, compact blocks, and mixed-use activities,
mosques, souqs, government buildings, and small-scale commerce, within a walkable
yet climatically challenging setting [17]. The district has been the subject of successive
regeneration initiatives since the 1980s, most notably the Qasr Al Hokm Development
Project, which sought to revitalize the old city core through public space enhancement
and architectural restoration. However, despite its pedestrian-oriented morphology, issues
such as fragmented land ownership, limited shading, and inconsistent urban continuity
persist, constraining the potential for true TOD integration. Examining Qasr Al Hokm thus
enables the study to explore how TOD strategies can operate within heritage-sensitive,
climatically extreme environments, where modernization must coexist with cultural au-
thenticity [19,20].

The comparative approach, therefore, enables a cross-scalar understanding of TOD
application in Gulf cities at different stages of modernization. Specifically, it examines
how regulatory adaptation, design integration, and governance coordination can facilitate
walkability, multimodal access, and mixed-use intensification in contexts with contrasting
spatial legacies. Both case studies share the following baseline characteristics:

Central heritage districts with strong symbolic value;
Served by new metro stations;
Characterized by compact, intricate fabrics interlaced with car-oriented retrofits;
Targeted by national visions [21,22] that emphasize sustainable mobility and cul-

tural preservation.
Within this scholarly discourse, the present research is positioned. The study seeks to

address the central questions:
How do Souq Waqif and Qasr Al Hokm differ in their spatial morphology, land-use

structure, and connectivity profiles relevant to TOD?
What cultural, regulatory, and design barriers constrain TOD implementation in

heritage-based districts in Doha and Riyadh?
How can TOD principles be contextually operationalized to enhance livability and

accessibility while preserving cultural identity and climatic resilience in both sites?
What comparative lessons from Souq Waqif and Qasr Al Hokm can inform adaptable

TOD strategies for historic cores in Gulf cities more broadly?
Through these questions, the research aims to develop a context-responsive TOD

framework that addresses both heritage preservation and sustainable growth, reinforcing
urban resilience and accessibility across diverse Gulf environments.

To answer these questions, the study applies five TOD-informed design principles as
evaluative lenses:

(1) Pedestrian walkability;
(2) Balanced land use at the ground level;
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(3) Integration of mixed-use development with public spaces;
(4) Intermodality and transport hub efficiency;
(5) A resilient public transportation network.

The research first contextualizes Souq Waqif within the broader policy and planning
framework of TOD in Doha. It then grounds the analysis in TOD theory, with particular
attention to the ways compactness, connectivity, and urban intricacy shape urban livability
and resilience.

The methodological approach employs the Integrated Modification Methodology
(IMM) and TOD-informed indicators, combining field observation, thematic/visual map-
ping, and qualitative diagnosis of station-area performance across the three IMM pillars
(compactness, intricacy, and connectivity).

Findings reveal significant deficiencies in the connectivity and multimodal integration
surrounding the Souq Waqif and Qasr Al Hokm metro stations. At the same time, the
analysis demonstrates the potential of metro stations in heritage-rich areas to operate not
only as transport infrastructures but also as catalysts for sustaining cultural identity and
social interaction in rapidly modernizing urban settings.

The paper concludes by proposing design interventions that are both sensitive to
the unique urban fabric of Souq Waqif and Qasr Al Hokm, particularly aligned with the
broader goals of sustainable urban development. These recommendations reinforce the
necessity of locally responsive planning approaches in rapidly urbanizing regions. By ana-
lyzing the interplay between porosity, proximity, and accessibility, the research contributes
to a more integrated understanding of how TOD principles can be adapted to specific
contexts. Ultimately, the study provides a comprehensive framework for reimagining
transit-oriented development through strategies that are at once theoretically grounded
and contextually tailored.

This study adopts a comparative logic because Souq Waqif and Qasr Al Hokm repre-
sent two emblematic Gulf historic cores that are simultaneously cultural destinations and
emerging metro-access nodes. Comparing them enables the identification of transferable
TOD retrofitting strategies, while also acknowledging context-specific constraints related to
heritage protection, governance, and public-realm use. The comparison is therefore used to
produce design-oriented guidelines aligned with compactness, intricacy, and connectivity.
This study addresses a documented gap in Gulf TOD research by providing a cross-country,
station-specific qualitative spatial diagnosis of newly realized metro precincts anchored in
heritage cores, using IMM-based mapping to translate observed conditions into transferable
retrofit guidance.

Accordingly, the study proceeds through Phase I context analysis and Phase II qualita-
tive diagnosis using IMM-informed mapping and structured field observations, and then
translates the diagnosed weaknesses into Phase III station-area retrofit guidance.

2. Background
2.1. Souq Waqif in Doha

The rapid urban expansion of Doha has generated a series of critical challenges, partic-
ularly in mobility. Among the most pressing issues are traffic congestion, unchecked urban
sprawl, and the inefficiency of public transport systems [23,24]. These conditions not only
undermine residents’ quality of life but also exacerbate environmental degradation and the
overuse of finite natural resources [1,25]. The city’s urbanization strategies have historically
prioritized large-scale infrastructure and private vehicular mobility, often at the expense
of human-centered planning [13,26,27]. Consequently, Doha’s urban form frequently dis-
courages pedestrian activity and weakens both place identity and community cohesion.
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The marginalization of walking as a viable mode of transport has particularly reduced the
livability of central districts while reinforcing reliance on private automobiles [23].

In an effort to address these challenges, the State of Qatar introduced the Qatar Na-
tional Vision 2030 [21], a comprehensive framework designed to balance rapid urban
growth with long-term sustainability objectives. Central to this vision is the establishment
of integrated, efficient transportation networks encompassing both roadway systems and
public transit infrastructure. Against this backdrop, the present study evaluates the po-
tential of Transit-Oriented Development (TOD) around the Souq Waqif metro station. The
objective is to propose urban design and planning strategies that can strengthen livability,
sustainability, social cohesion, and economic vitality within the surrounding neighborhood.
Furthermore, the study situates Doha within the framework of a complex adaptive system
(CAS). It examines how compactness, connectivity, and intricacy can be leveraged to retrofit,
renovate, and revitalize the Souq Waqif area.

Souq Waqif, a historic marketplace with roots extending back at least a century, under-
went major revitalization in 2006 to preserve its vernacular architecture while positioning
it as a leading cultural and touristic attraction. Situated at the heart of Doha, it has since
become both a commercial and cultural landmark [12,13,28]. Of particular relevance is the
Souq Waqif metro station, strategically located along the metro network and providing
direct access to key destinations, including Msheireb Downtown Doha, the Corniche, the
Museum of Islamic Art, and the adjacent Asiri, Al Jabr, and Gold Souqs (Figure 1).

Figure 1. Location map of the study area, red dotted line represents Souq Waqif neighborhood,
red line represents Souq Waqif Metro Station area.

The study focuses on the Souq Waqif metro station, a key transit hub along the metro
line that provides access to significant landmarks such as Msheireb Downtown Doha, the
Corniche, the Museum of Islamic Art, and the traditional Asiri, Al Jabr, and gold Souqs
(Figure 2).

This context offers a valuable case for exploring how intricacy, compactness, and
connectivity, principles highlighted in the literature on sustainable urbanism, can inform
regeneration practices. By applying TOD-driven design strategies, this research aims to
support the transformation of Souq Waqif into a more sustainable, efficient, and pedestrian-
oriented urban environment.
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Figure 2. Significant landmarks near Souq Waqif.

2.2. Qasr Al Hokm in Riyadh

While much of Riyadh’s TOD discourse has centered on emerging business corridors
and planned megaprojects such as the King Abdullah Financial District, far less emphasis
has been placed on the historic and civic heart of the city surrounding Qasr Al Hokm.
This area, anchored by the eponymous palace and the nearby Imam Turki bin Abdullah
Grand Mosque, represents the symbolic and administrative core of Riyadh, an urban
fabric characterized by compact street networks, traditional souqs, and heritage structures
interwoven with recent public realm improvements. The introduction of the Qasr Al Hokm
Metro Station along Riyadh’s Blue Line provides a transformative opportunity to integrate
sustainable mobility within this dense, walkable, and culturally significant environment.

Unlike post-oil-era corridors such as Olaya, Qasr Al Hokm was not shaped by automo-
bile urbanism but rather by pedestrian-oriented morphology rooted in Najdi architectural
traditions. Nevertheless, decades of ad hoc modernization, surface parking expansion,
and fragmented redevelopment have weakened the area’s continuity and accessibility.
TOD-oriented revitalization thus holds the potential to reconcile heritage preservation with
contemporary mobility and livability goals.

The area’s fine-grained block structure, high population density, and proximity to
major civic and commercial nodes create ideal preconditions for transit integration, mixed-
use intensification, and climate-responsive public space retrofits [19,20,29]. Recent studies
on Riyadh’s downtown regeneration highlight the challenge of balancing conservation
mandates with vertical densification [30].

In this respect, Qasr Al Hokm offers a laboratory for low-rise, high-density TOD
models compatible with heritage contexts, emphasizing shaded arcades, adaptive reuse
of historic buildings, and micro-mobility linkages to adjacent neighborhoods such as Al
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Batha and Al Dirah. Comparative TOD research [31,32] underscores the role of form-
based codes, pedestrian prioritization, and multimodal integration in achieving urban
livability in climatically demanding cities [33,34]. Moreover, the integration of the station
with Riyadh’s broader pedestrian network and public transport grid requires coordinated
governance among the Royal Commission for Riyadh City (RCRC), the Saudi Public
Transport Company (SAPTCO), and heritage preservation bodies [20].

In synthesis, Qasr Al Hokm stands as a pivotal site for applying TOD principles in a
heritage-sensitive context, where urban mobility, cultural identity, and sustainable design
intersect [35] (Figure 3). By aligning land-use policy, regulatory incentives, and public
realm investment, the district can evolve into a model of contextual TOD that redefines
central Riyadh as a walkable, connected, and inclusive urban core [31,32].

Figure 3. Significant landmarks near Al Hokm. Orange and blue lines represent respectively Orange
and Blue Metro lines in Riyadh.

3. Literature Review
Most urban studies addressing neighborhood analysis and activation tend to concen-

trate on isolated components of the built environment. By contrast, this research adopts
a more systematic and integrative framework by applying the Integrated Modification
Methodology (IMM). Unlike conventional approaches, IMM dissects the Design Ordering
Principles (DOPs) of the built environment into their fundamental subsystems and provides
a synthesis mechanism that highlights how these subsystems interact and reinforce one
another (Figure 4).

The DOPs represent core principles for shaping sustainable and optimized urban
environments. Grounded in systems thinking, they enable urban designers and planners
to bridge multiple engineering domains while balancing competing trade-offs to arrive at
holistic solutions. These principles emphasize dimensions such as building and population
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density (compactness), socio-spatial transactions and interactions (intricacy), and accessi-
bility to key destinations (connectivity). The subsequent review will unpack these concepts
to frame the research questions and situate the findings within the Souq Waqif and Qasr Al
Hokm case studies (Figure 5).

Figure 4. The list of the DOP (Ordering Design Principles) in IMM and their relationship with key
categories (KC). Source: adopted from IMMdesignlab and re-elaborated by the authors.

Figure 5. IMM overview adopted from IMMdesignlab and re-elaborated by the authors.

The spatial organization of a city plays a decisive role in shaping its environmental
efficiency, energy consumption, transport performance, distribution of green and public
spaces, and, ultimately, the well-being of its inhabitants. IMM conceptualizes the city
as a Complex Adaptive System (CAS), in which a network of interdependent elements
collectively shapes the behavior of the whole. Accordingly, the analysis considers both the
tangible and intangible aspects of the built environment, encompassing urban volumes
(built-up areas), urban voids (open spaces), land-use functions, and mobility infrastructures
(Figure 5).

Central to IMM is the identification of Key Categories (KCs), which serve as diagnostic
tools for detecting systemic weaknesses and dysfunctions within the urban fabric. These
structural attributes provide insights into the city’s spatial complexity and performance.
The methodology organizes eight KCs into three overarching themes: compactness, con-
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nectivity, and intricacy. The KCs include porosity, permeability, proximity, accessibility,
effectiveness, interface, diversity, and continuity.

A substantial strand of Transit-Oriented Development (TOD) research operational-
izes station-area performance through quantitative indicators and benchmarks [36,37],
commonly focusing on density and mix measures, walk-shed/catchment analytics, and
travel outcomes such as transit use and mode share. Empirical syntheses in the built-
environment literature have demonstrated consistent relationships between travel behavior
and measurable urban form variables, including proximity to transit, land-use diversity,
and street-network characteristics, and these are frequently tested through statistical mod-
els and standardized indicator sets [2]. Complementing this evidence base, widely used
assessment frameworks such as the ITDP TOD [38,39]. Standard translate TOD princi-
ples into measurable criteria that support benchmarking across station areas. Quantitative
station typologies derived from the node–place family of models similarly classify TOD con-
ditions by scoring transit “node” strength and urban “place” intensity/diversity, enabling
comparative evaluation across contexts [36,40].

While these quantitative approaches are essential for network-wide performance
auditing, they do not always capture the micro-scale, context-dependent conditions that
often determine whether station areas function effectively as walkable TOD environments,
particularly in heritage cores and hot–arid settings where last-mile comfort, interface quality,
and barrier crossings can dominate user experience. For this reason, the present study
positions IMM as a scientific, diagnostic, and comparative framework that complements
quantitative TOD metrics by translating observed station-to-core conditions within the
TOD radius into a structured identification of systemic weaknesses and retrofit priorities.
This positioning aligns with contemporary measurement research that recognizes the value
of combining mapped indicators with fine-grained diagnostic assessment of station-area
environments when ridership or pre/post datasets are unavailable or not accessible at the
required spatial resolution for heritage-core catchments.

The following sections examine these KCs under their respective thematic categories,
demonstrating how each contributes to a comprehensive urban diagnosis. By applying
IMM to the Souq Waqif and neighborhood, this study seeks to evaluate its structural organi-
zation and propose design interventions that enhance sustainability, mobility, and livability.

Recent scholarship has increasingly examined the intersection of Transit-Oriented
Development (TOD) and historic districts, highlighting both synergies and tensions when
new station-area intensification meets conservation imperatives [41]. A key thread argues
that TOD implementation in heritage contexts must prioritize public-realm performance
and access quality over conventional densification logics, because historic cores often al-
ready contain compact block structures and mixed uses, while their main constraints are
typically last-mile friction, edge/interface conflicts, and pedestrian comfort rather than
land-use scarcity. In this regard, Renne emphasizes that TOD and historic preservation can
be mutually reinforcing when station planning is aligned with district character and when
retrofit actions protect heritage value while improving walkability and multimodal access,
but also notes that TOD delivery can generate conflicts if redevelopment pressures or infras-
tructure requirements undermine historic fabric or displacement-sensitive uses [41,42]. A
second body of work focuses on station proximity to historic assets and the implications for
planning controls, finding that a substantial share of station areas intersect with designated
historic districts and therefore requires governance tools that go beyond standard TOD play-
books. Guidance-oriented studies show that the “heritage–TOD” interface benefits from
a clearer distinction between interventions that are primarily physical-design and public-
realm retrofits (often more transferable) and those relying on regulatory and operational
mechanisms (often context-dependent), including curb allocation, parking management,
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enforcement, and incentive structures that mediate land-use change and visitor mobility.
This distinction supports an evidence-led approach to TOD in historic settings, where
the goal is to convert station proximity into low-friction, legible, and climate-comfortable
station-to-anchor movement without compromising authenticity [42]. Within Gulf city
scholarship, emerging work has begun to connect heritage regeneration and metro-era
accessibility through station-area planning and retrofit strategies. Research on Souq Waqif,
for example, frames station integration as an urban-regeneration problem in which her-
itage protection, land infill, and public-realm upgrading must be coordinated to improve
walkability and the station interface, reinforcing the relevance of heritage-sensitive TOD
toolkits for traditional market districts [12]. These studies collectively indicate a research
gap that remains central to this paper: while TOD principles are widely discussed for Gulf
metropolitan transformation, fewer studies operationalize how heritage-core morphology
and microclimate constraints interact with station-edge operations and governance capacity
to shape TOD performance. Addressing this gap requires methods that translate heritage-
sensitive TOD concepts into mappable evidence and implementable retrofit priorities,
which motivates the study’s IMM-based comparative diagnosis.

Ultimately, IMM provides an advanced analytical framework that captures the in-
terdependencies within urban systems, generating actionable insights to guide urban
regeneration and transformation.

3.1. Urban Morphology and Compactness: Pathways to Sustainability

Compact cities are typically defined by high-density development and a diverse mix
of land uses. The literature underscores numerous benefits associated with compact urban
forms, including reduced reliance on private vehicles, lower fuel consumption and emis-
sions, and greater uptake of sustainable modes of mobility such as public transit, walking,
and cycling [43]. Compactness also facilitates efficient access to services, improves the
provision of infrastructure and utilities, and generates opportunities for urban regeneration.

A pedestrian-oriented focus in compact cities resonates with public demand for walk-
able and vibrant environments. By integrating different land uses within concentrated
spaces, compact urban forms help to mitigate urban sprawl and prevent land fragmen-
tation [44]. High-density, mixed-use environments are widely acknowledged as critical
indicators of sustainable urbanism, addressing the challenges of rapid urbanization while
maximizing economic, social, and ecological outcomes [25,45].

Extensive research links compact urban development to lower transportation-related
emissions, reduced energy consumption, and improved accessibility to amenities. Fur-
thermore, compactness fosters labor productivity through agglomeration economies and
results in a smaller ecological footprint due to efficient energy and land use [39,46]. The
Organization for Economic Co-operation and Development has also reported that compact
city policies reduce carbon emissions and transport energy demand, while simultaneously
lowering infrastructure costs and enhancing productivity.

Urban morphology plays a crucial role in reinforcing compactness. A well-designed
physical layout, encompassing street patterns, block structures, and open spaces, can mini-
mize land consumption, optimize infrastructure use, and enhance connectivity. Compact
urban forms tend to support sustainable transport modes by encouraging walking, cycling,
and public transit, thereby reducing congestion, greenhouse gas emissions, and air pollu-
tion [1]. They also improve social cohesion by ensuring proximity to essential services and
fostering inclusive urban systems.

Compact cities further contribute to resilience by promoting efficient land use, en-
hancing connectivity, and reducing vulnerability to environmental risks. Their smaller
per capita ecological footprint, particularly in terms of energy use and carbon emissions,
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supports environmental sustainability [47]. Social equity is also advanced, as compact
urban environments provide more equitable access to education, employment, healthcare,
and recreational opportunities.

The Integrated Modification Methodology (IMM) supports compactness as a key
diagnostic tool for assessing a city’s resilience. Within IMM, compactness captures both the
density and the spatial distribution of functions, focusing on proximity and interrelations
among different components of the built environment [48]. IMM evaluates compactness
through Key Categories (KCs), which highlight systemic strengths and weaknesses across
dimensions such as porosity, permeability, proximity, accessibility, effectiveness, interface,
diversity, and continuity. For instance, porosity, reflecting the degree of interconnection
between built and open spaces, plays a pivotal role in understanding both the physical and
functional aspects of compactness [49].

In sum, compactness emerges as a critical dimension of sustainable urbanism, influ-
encing efficiency, livability, resilience, and inclusivity. This research extends the discussion
by examining compactness as a multidimensional attribute of urban systems. Using the
Souq Waqif metro station in Doha as a case study, this study investigates how compactness
manifests in practice and how targeted interventions can enhance its role in promoting
sustainable urban development.

3.2. Enhancing Urban Connectivity: Socio-Economic and Ecological Dimensions in
Transit-Oriented Contexts

Urban connectivity can be broadly understood in two dimensions: socio-economic
connectivity and ecological connectivity [50]. Socio-economic connectivity refers to the
infrastructure and systems that enable the movement of people, goods, and services, such
as transportation networks. Ecological connectivity, in contrast, emphasizes the integration
of natural and semi-natural environments, including urban green parks and open spaces.
Together, these dimensions contribute to urban sustainability, livability, and accessibility.

In recent decades, the focus of connectivity has shifted from prioritizing private ve-
hicle movement to advancing sustainable forms of mobility. Increasingly, cities prioritize
pedestrian connectivity and intermodal transportation systems, which enhance accessibility
while reducing environmental impacts. This shift is reflected in Transit-Oriented Devel-
opment (TOD) models, which promote integration of multiple transport modes, metros,
buses, cycling, and walking, to strengthen urban connectivity [51].

Within the framework of the Integrated Modification Methodology (IMM), urban
connectivity is analyzed through the relationship between:

• Mobility and built-up areas;
• Mobility and function, particularly through the dimensions of effectiveness and

accessibility.

Accessibility refers to the ease of reaching key destinations through public transporta-
tion within reasonable travel times [49]. Effectiveness, on the other hand, evaluates the
efficiency of public transport systems in relation to the volume of building blocks and their
spatial layout [48].

From an IMM perspective, urban connectivity shapes a city’s overall performance in
several ways:

• Efficient Mobility: Well-structured transport networks, including public transit and
pedestrian pathways, facilitate access to services, jobs, and amenities, directly improv-
ing quality of life.

• Resource Optimization: By diagnosing systemic inefficiencies, IMM identifies op-
portunities to reduce energy use, ease traffic congestion, and allocate resources
more effectively.
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• Resilience and Adaptability: Robust connectivity enhances a city’s capacity to with-
stand and recover from disruptions such as natural disasters or socio-economic shocks.

• Data and Information Flow: In the digital era, connectivity supports governance,
decision-making, and citizen participation by ensuring the efficient flow of information.

• Environmental Impact: IMM evaluates the ecological implications of connectivity,
particularly regarding air quality, greenhouse gas emissions, and land-use patterns, to
reduce negative externalities [26,52,53].

Closely related to connectivity is the concept of permeability, which refers to the ease
of pedestrian movement and the degree to which urban layouts encourage access to public
spaces. While permeability primarily concerns pedestrian flows, connectivity encompasses
the broader movement of people, goods, and services across multiple urban systems [54].
In urban planning, the two are treated as interdependent: permeability fosters vibrant and
walkable neighborhoods, while connectivity ensures integration across larger urban and
regional scales [26,52,53].

This study applies IMM to assess the connectivity of the Souq Waqif metro station
area in Doha, Qatar, where challenges include limited public transportation options and
weak continuity between urban blocks. By diagnosing existing connectivity gaps, the
research identifies design interventions that could strengthen accessibility and enhance
overall mobility for residents and visitors alike.

3.3. Spatial Complexity and Functional Dynamics: Insights from the Integrated
Modification Methodology

Modern cities are inherently complex, characterized by social diversity, uncertainty,
and interwoven systems arising from the dense presence of people, activities, and infras-
tructures. Understanding the city as a complex system is essential for effective urban
analysis and informed policymaking. Complex urban environments exhibit nonlinear,
often unpredictable dynamics, in which minor interventions can lead to substantial, unfore-
seen consequences [55]. This unpredictability complicates the evaluation of policy impacts
and underscores the necessity of careful, evidence-informed planning. Consequently, cities
are frequently conceptualized as complex adaptive systems (CAS), in which components
evolve and adapt in response to both internal dynamics and external influences [56,57].

To advance sustainable urban strategies, it is crucial to: (1) comprehend the behavior
of cities and the built environment, and (2) identify the core characteristics of contemporary
urban contexts. Within the Integrated Modification Methodology (IMM), the concept of
urban intricacy is central. Urban intricacy is defined as the degree of efficiency in the
distribution of functions across an urban area. Its analysis involves integrating functional
diversity (the synthesis of activity types and spaces) and mobility interfaces (the movement
and circulation of people and goods), thereby revealing imbalances or inefficiencies in
urban functional arrangements. In essence, urban intricacy measures the organization, con-
nectivity, and operational coherence of urban systems, providing a quantitative framework
for assessing spatial complexity.

Urban intricacy is not static; it fluctuates over time and varies across different spatial
scales. IMM accounts for these temporal and spatial dynamics to evaluate how urban
systems adapt and evolve. A thorough understanding of intricacy enables urban designers
and planners to optimize spatial layouts, enhance energy and resource efficiency, improve
environmental performance, and elevate the overall quality of urban life [58].

Within IMM, urban intricacy serves as a key tool for identifying strategies that promote
sustainable resource use, reduce environmental impacts, and increase urban livability. Two
primary dimensions inform the analysis of urban intricacy:
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Functional Diversity: This dimension examines the variety and spatial distribution
of uses within urban blocks and across the city. Functional diversity provides insight
into employment density, urban barriers (physical or psychological obstacles that impede
movement), and catchment areas, the zones effectively served by specific land uses or
facilities. For instance, around a metro station, the catchment area defines the region readily
accessible to commuters. Land-use types, grouping functions often classify functional
diversity according to their primary roles within the urban fabric [48].

Interface: This dimension evaluates urban circulation and transportation quality
within the street network. Interface analysis illuminates the permeability and connectivity
of urban voids, highlighting how efficiently people, vehicles, and goods traverse the city
and how well distinct urban zones are interconnected.

By capturing both the distribution of functions and the dynamics of mobility, urban
intricacy provides a comprehensive lens for evaluating and optimizing urban performance,
sustainability, and quality of life. IMM leverages this concept to identify areas requiring
intervention, ensuring cities are more accessible, resilient, and livable.

Applied to the Souq Waqif and Qasr Al Hokm neighborhood and metro stations,
the study of urban intricacy underscores the importance of understanding functional
distribution and movement patterns. By diagnosing gaps in connectivity, mobility, and
accessibility, planners can propose interventions that enhance the efficiency of the urban
system, improve livability, and support sustainable urban development.

3.4. Comparative TOD Framework for Historic Gulf Cores

Building on the comparative rationale established in the Introduction, this section
defines the shared evaluation lens and the IMM/TOD criteria used to read both heritage
cores consistently [52,59]. Both districts constitute historic cores retrofitted with modern
metro infrastructure, yet they differ in their national planning frameworks, governance
structures, and patterns of urban transformation (Table 1). Souq Waqif exemplifies a
state-led, design-driven heritage regeneration project tightly coupled with new transit
infrastructure. At the same time, Qasr Al Hokm illustrates a longer, more incremental
trajectory of renewal, in which heritage, administrative, and mobility interventions have
unfolded through multiple phases.

Souq Waqif emerged as a traditional market at least a century ago and underwent
major revitalization beginning in 2006, with the explicit goal of preserving vernacular
architecture while promoting it as a cultural and touristic destination [60,61]. The Souq
Waqif metro station, strategically located along the Doha Metro, provides direct access to
key destinations such as Msheireb Downtown, the Corniche, and the Museum of Islamic
Art, reinforcing its role as a transit-accessible cultural node. Despite its compactness
and intense pedestrian activity, the surrounding blocks exhibit fragmented land use, car-
dominated edges, limited greenery, and weak intermodal connections to the broader
bus network.

Qasr Al Hokm, one of the oldest parts of Riyadh, developed organically around Al
Masmak Fort and the palace complex, with an intricate street network serving traditional
markets and civic functions [55,56,62,63]. Regeneration efforts since the 1980s have intro-
duced open plazas, structured parking, and pedestrian linkages intended to bridge heritage
areas and newer civic buildings. The arrival of Qasr Al Hokm Metro Station consolidates its
role as a multimodal hub within central Riyadh, serving worshippers, employees, residents,
and visitors. Yet, like Souq Waqif, the district suffers from heat exposure, discontinuous
shading, and fragmented pedestrian connections to adjoining neighborhoods [64].
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Table 1. Key spatial, functional, and governance-related similitudes and differences between Souq
Waqif and Qasr Al Hokm regarding TOD prospects.

Aspect Qasr Al Hokm (Riyadh) Souq Waqif (Doha)

Period of
Development

Historic urban core, systematically
redeveloped since the 1980s

Historic marketplace (pre-oil),
comprehensively restored since mid-2000s

Urban Typology Organic, compact street pattern with mixed
heritage, civic, and commercial uses

Compact heritage souq with arcaded streets,
plazas, and low- to mid-rise mixed-use blocks

Spatial
Configuration

Fine-grained, pedestrian-oriented blocks
integrated with public squares, mosques

and souqs

Fine-grained alleys and courtyards, opening
onto plazas and a waterfront-adjacent

park system

Building Types
Low- to mid-rise religious, civic, commercial,
and administrative buildings with adaptive

reuse potential

Low-rise traditional shops, cafés, boutique
hotels, cultural and religious facilities

Land-Use Intensity
and Mix

High functional diversity (religious, civic,
retail, cultural) within short

walking distances

High functional diversity (retail, leisure,
cultural, touristic) within walking distance

Transit Context Served by Riyadh Metro Blue Line (Qasr Al
Hokm Station) and bus network

Served by Souq Waqif Metro Station (Doha
Metro) plus nearby bus stops

Transit Connectivity
and Access

Strong central location, challenged by heat,
limited shading, fragmented pedestrian links

and surface parking.

Strong central location; constrained by
car-dominated edges, limited shading, and

missing cycling infrastructure

Challenges Heritage conservation constraints, climatic
exposure, fragmented governance

Discontinuous public realm, fragmented
multimodal integration, low residential

presence near the station

Opportunities
Cultural tourism, adaptive reuse, shaded

pedestrian retrofitting,
metro-led revitalization

TOD retrofitting, better linking of Souq,
parks, and Corniche; integration of mixed-use

infill and bike/ped networks

Governance and
Planning

Under Vision 2030, Royal Commission for
Riyadh City oversight,

heritage-sensitive frameworks

Under Qatar National Vision 2030 and QNDF
2032; strong role of central government and

municipal agencies

This comparative summary establishes a foundation for subsequent analysis. The
dimensions highlighted, urban typology, spatial configuration, transit access, and gover-
nance, are revisited in the discussion to illustrate how TOD strategies must adjust across
different historic cores while still pursuing shared goals of walkability, multimodal access,
and heritage-compatible intensification. By juxtaposing Souq Waqif urban morphology
with Qasr Al Hokm’s historic fabric, the study seeks to generate transferable insights
on integrating sustainable mobility, mixed-use intensity, and livability across the historic
metropolitan cores of the Gulf region [32,65,66].

3.5. Advancing Sustainable Urbanism in Qatar Through Transit-Oriented Development

Transit-Oriented Development (TOD) is a strategic urban planning approach that
emphasizes the creation of compact, mixed-use communities centered around public
transportation hubs, such as metro stations. Its primary goal is to foster walkable, livable,
and sustainable neighborhoods that are seamlessly integrated with public transit systems,
providing residents with convenient access to a variety of services and amenities. Over
recent years, TOD has gained significant attention as an effective mechanism for promoting
sustainable urbanism (Figure 6).
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Figure 6. Impact of TOD.

At its core, TOD seeks to harmonize land-use planning with transportation infras-
tructure. By focusing on dense, walkable, and mixed-use environments anchored around
efficient public transit, TOD aims to enhance urban accessibility, reduce commuting times,
and minimize environmental impacts, including energy consumption and land-use pres-
sures [25]. Beyond transportation efficiency, TOD provides multiple social, economic, and
health benefits. Encouraging active transportation modes such as walking and cycling pro-
motes physical well-being, while access to public spaces and green areas supports mental
health and fosters social cohesion [67]. TOD also improves accessibility for people with
disabilities, contributes to public safety, stimulates local economies, and reduces overall
carbon emissions [11,26].

From an environmental perspective, TOD enhances sustainability by promoting re-
sponsible land use, reducing greenhouse gas emissions, and increasing resilience to climate-
related challenges. It also improves urban mobility and connectivity by reducing de-
pendence on private vehicles, thereby facilitating easier access to essential services and
amenities [61,68]. In Doha, TOD is increasingly recognized as a solution to pressing urban
challenges, including traffic congestion, air pollution, and housing affordability [13]. The
Qatar National Vision (QNV) 2030 and Saudi National Vision 2030 [22] emphasize the
development of an efficient transportation network that integrates roads, public transit, and
transit-oriented communities around metro stations [31]. By linking land use to transporta-
tion planning, TOD has the potential to transform Doha and Riyadh into more sustainable,
connected, and livable cities [27,69].

Applied to the Souq Waqif neighborhood and metro station, the principles of TOD
intersect with the study of urban intricacy, highlighting the importance of understanding
functional distribution and movement patterns within the urban fabric. By analyzing
how people, goods, and services circulate through the area, planners can identify inter-
ventions that enhance connectivity, mobility, and accessibility, ultimately improving the
neighborhood’s overall sustainability and quality of life.

3.6. Navigating Rapid Urbanization: Challenges and Sustainable Approaches

Since the late 1990s, Doha has undergone a profound urban transformation driven
by large-scale development initiatives [70]. This rapid urbanization has shifted the city
from compact, vernacular settlements toward postmodern urban forms characterized by
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sprawl. Consequently, challenges such as traffic congestion, inefficient public transportation
networks, and dispersed urban patterns have emerged [71] (Figure 7).

Figure 7. Spatiotemporal transformation of the Souq Waqif neighborhood (1995–2024) based on
historical satellite imagery. The Souq Waqif boundary (red dashed line) and the Souq Waqif Metro
Station location (yellow) are indicated. (source: National Planning Council. Edited: Authors, Adapted
from Osman et al. (2024) [72]).

The urban development of Riyadh over the past decades has been marked by rapid
modernization, infrastructure expansion, and a heavy reliance on automobile mobility.
Within this context, the area surrounding Qasr Al Hokm Metro Station, located in Riyadh’s
historic administrative core, exemplifies the tensions between traditional urban form and
contemporary mobility demands. While the district retains significant cultural and adminis-
trative importance, its current urban layout, narrow streets, fragmented public spaces, and
limited pedestrian infrastructure, presents challenges for implementing effective Transit-
Oriented Development (TOD) [73,74].

Recent policy reforms under Saudi Arabia’s Vision 2030, along with initiatives by
the Royal Commission for Riyadh City, highlight a shift toward compact, walkable, and
transit-integrated urban environments. The historic core’s strategic location, combined
with Qasr Al Hokm’s metro connectivity, positions it as a key site for TOD-focused urban
regeneration. Nevertheless, existing urban morphology and governance structures reveal
persistent gaps that constrain the adoption of TOD.

Economic growth and urban planning policies in Doha and Riyadh have fostered
diverse, dense neighborhood structures, often incorporating intermodal transportation
systems to promote active, sustainable urban living. However, this rapid expansion has also
contributed to the physical and functional separation of historic city cores from surrounding
suburban areas [75]. In response, there has been growing interest in revitalizing these
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historic cores, particularly downtown, to leverage their central locations and preserve
pre-oil-era built heritage. Redevelopment projects such as Souq Waqif and Msheireb in
Doha and Qasr Al Hokm in Riyadh aim to strengthen urban identity, provide housing,
and support economic activities, reflecting policymakers’ efforts to enhance the city’s
livability [76].

Despite these initiatives, rapid urbanization has had notable negative impacts on the
built and natural environment. The construction of roads, highways, and other infrastruc-
ture often results in community displacement and the degradation of natural habitats [13].
Additionally, the widespread reliance on private automobiles has contributed to increased
air and water pollution, posing serious public health risks [77,78].

Moreover, the limited presence of pedestrian-friendly, human-scale urban environ-
ments can make city spaces feel unwelcoming and impersonal, undermining the sense of
place and community cohesion [5]. These challenges underscore the need for sustainable
urban strategies that reduce the negative effects of rapid development while enhancing
the livability of Doha and Riyadh [68]. One such strategy is Transit-Oriented Development
(TOD), which promotes the creation of compact, walkable, and well-connected commu-
nities centered around public transit hubs. TOD reduces reliance on private vehicles,
improves mobility, and fosters pedestrian-friendly urban spaces, thereby supporting more
sustainable and resilient urban growth [52].

4. Methodology: Applying (IMM) to Assess TOD Potential in Souq
Waqif and Qasr Al Hokm
4.1. Study Design and Unit of Analysis

To comprehensively understand the built environment and its multiple layers of
interaction, this study adopts a systemic approach that integrates direct observation with
holistic urban analysis. The analysis is structured around walkable station catchments,
using 400 m as the primary pedestrian shed and 800 m as a complementary buffer to
capture broader land-use and access conditions around each metro node. A broader 1000 m
TOD envelope is referenced only for comparability in the cross-case discussion, while the
mapped diagnosis is consistently operationalized through the 400 m (primary) and 800 m
(secondary) walk sheds.

At the core of this approach is the Integrated Modification Methodology (IMM),
a structured yet flexible framework for analyzing urban environments and evaluating
their performance across various design scenarios. IMM enables the identification of key
weaknesses and the formulation of targeted interventions, offering an evidence-informed
tool for assessing environmental performance and guiding urban regeneration strategies
(Figure 8).

IMM is distinguished by its integrative, multiscale, evidence-informed, and systems-
oriented characteristics. It combines sustainability principles with model-based methods
and aligns with the United Nations Sustainable Development Goals (UN SDGs), positioning
it as a robust tool for addressing complex urban challenges. By conceptualizing cities as
complex adaptive systems, IMM recognizes the intricate internal dynamics and external
interactions that define urban environments.

A central principle of IMM is the relationship between urban structure and perfor-
mance, whereby the spatial configuration of buildings, open spaces, and infrastructure
directly influences energy efficiency, resource management, waste generation, and overall
functionality. Developed in 2017 by IMMdesignlab at the Politecnico di Milano’s Depart-
ment of Architecture, Built Environment and Construction Engineering (DABC), IMM
comprises four primary phases:
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• Context Analysis—Examining socio-cultural, economic, and spatial dimensions of the
urban system.

• Identification of Key Weaknesses—Detecting deficiencies such as inadequate connec-
tivity or limited land-use diversity.

• Proposal of Design Principles—Recommending interventions based on principles such
as walkability, intermodality, and Transit-Oriented Development (TOD).

• Design Proposal and Implementation—Developing and executing tailored urban
regeneration strategies.

IMM is further structured as a multi-stage, non-linear process encompassing Investi-
gation, Formulation, Modification, Retrofitting, and Optimization. Its spiral-like design
reflects the dynamic and evolving nature of cities, enabling adaptive, self-learning processes
that operate across scales while maintaining both precision and flexibility in addressing
shifting urban needs.

In this research, a simplified application of IMM is employed to qualitatively assess
the TOD potential of the Souq Waqif metro station in Doha and compare it with the Qasr
Al Hokm metro station in Riyadh. IMM is applied as a qualitative diagnostic workflow
that covers Phase I context analysis and Phase II identification of key weaknesses through
thematic mapping and structured field observations, and then advances to Phase III by
translating the diagnosis into targeted retrofit guidance and station-area intervention
packages, while leaving quantitative KPI benchmarking for future validation. The TOD
potential is evaluated across five core urban design dimensions:

• Walkability;
• Ground Use Balance;
• Mixed-Use Spaces and Public Spaces;
• Intermodality and Transportation Hubs;
• Public Transportation Network.

Figure 8. Conceptual framework of the IMM-based methodological approach (Source: Authors).

4.2. Data Collection and Thematic Mapping

Consistent with the literature that distinguishes between quantitative TOD bench-
marking and diagnostic evaluation, this study uses IMM to provide a structured qualitative
assessment of station-to-heritage-core conditions within the TOD radius, complementing
metric-based approaches when fine-grained ridership or pre/post datasets are not accessi-
ble for the selected catchments. The study employs two principal data collection strategies:
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4.2.1. Site Visits and Field Observations

Fieldwork was conducted through structured site visits in both Riyadh (Qasr Al
Hokm) and Doha (Souq Waqif) during the Fall season (September to December 2025), on
weekdays and across multiple site-walk windows to capture typical station-area condi-
tions and pedestrian experience. Using the same protocol in both catchments, repeatable
walking transects were carried out from metro access points to primary heritage anchors
to document spatial configuration, public-space use, transit accessibility, walkability, and
street-level dynamics. Observations were recorded through field notes, mapping, pho-
tography, and geo-referenced photo logs, with particular attention to first and last mile
friction (drop-off, parking conflict, and curb behavior), shaded-route continuity (thermal-
comfort gaps), and station–edge interface quality (crossings, thresholds, and legibility).
Photographs and annotated satellite imagery complemented the on-site documentation.
To improve traceability, field evidence was triangulated with public geospatial and plan-
ning layers, including Royal Commission for Riyadh City open-data layers for metro lines
and stations [79], Balady Urban Maps and other national open-data repositories [80], and
publicly available Doha Metro station and line information from Qatar Rail sources [81],
so that mapped accessibility and land-use interpretation could be cross-checked against
observed movement and interface conditions.

4.2.2. Application of IMM Parameters

The IMM framework was applied to evaluate key spatial and functional indicators
central to effective TOD implementation, including the porosity and permeability of the
street–block structure, the diversity and distribution of land uses across core and peripheral
blocks, the effectiveness and accessibility of transit networks linking Souq Waqif to major
city nodes, and the balance of ground uses with the integration of open, green, and shaded
spaces. These parameters were synthesized into thematic maps (street typology, ground
use balance, land-use structure, transportation hubs, and network catchment), enabling
a spatialized reading of TOD performance. Secondary sources (planning and regulatory
documents, publicly available mapping layers, and station-area access information) were
used to triangulate and validate the field-based interpretation.

In this study, the IMM key categories were read qualitatively through observable
urban cues that could be mapped and cross-checked in the field, namely porosity through
block permeability and passage availability, interface through edge activity and station
threshold conditions, accessibility through directness and safety of routes and crossings,
effectiveness through last-mile friction at curbs and drop-off zones, diversity through the
spread of active ground-floor uses and destinations, and continuity through the presence
of uninterrupted shaded pedestrian routes and legible connections between station exits
and heritage anchors.

Building on the Phase II diagnosis derived from thematic mapping and structured field
observations, the figures and maps serve as the main analytical outputs of the qualitative
workflow used to operationalize the IMM assessment. The mapped layers synthesize struc-
tured field observations, photo documentation, and triangulated public planning/station-
access information to visually test and compare Key Categories such as continuity, acces-
sibility, effectiveness, interface, and permeability across the two station catchments. In
this sense, the graphics function as evidence-informed tools that reveal spatial patterns
of last-mile friction, barrier effects at arterial edges, discontinuities in shaded comfort,
and gaps in legible station-to-core connections, which then directly structure the Phase II
diagnosis and the Phase III retrofit guidance. This contribution responds to a clear gap
identified in the current literature, namely the limited documentation and comparative
analysis of recently realized metro systems in fast-growing Gulf capitals, and the absence
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of cross-country, station-specific studies focusing on strategic cultural-core precincts that
represent national identity, such as Souq Waqif and Qasr Al Hokm.

The main IMM parameters were operationalized as consistent qualitative criteria
applied in both catchments. Accessibility was interpreted as the ease of reaching the
heritage anchors and everyday services from the station within the 400–800 m network
shed, considering route continuity, barrier crossings, and the availability and legibility of
feeder stops. Effectiveness was assessed as the time- and effort-efficiency of station-to-
destination movement using observable proxies such as path directness, crossing safety,
shade continuity, sidewalk obstructions, wayfinding cues, and transfer friction at station
exits (curb and interchange conditions). Each parameter was judged qualitatively through
repeated site observations and cross-checked against the thematic maps, ensuring that the
Key Categories in Table 2 were systematically applied as assessment criteria rather than
listed in general terms.

Table 2. IMM synthesis: Key Categories (KCs) and related parameters used in the qualitative diagnosis.

Synthesis Key Category KC Related Parameters

Void/Built-up Porosity Built-up density, population density, average Size of Household, Block
Size, etc.

Void/Mobility Interface The geometry of the street network, the boundary of the system,
modes of street-level transportation, etc.

Function/Built-up Functional
Proximity

Employment density, walkability, catchment areas, functional
classification, distribution of the related functions, urban barriers, etc.

Function/Void Functional Diversity Employment density, functional period, walkability, urban barriers,
catchment areas, functional classification, etc.

Mobility/Built-up Effectiveness
Geometry of the streets, catchment areas, modes of public

transportation, structure of the links, population density, employment
density, etc.

Mobility/Function Accessibility
The structure of the links, the structure of the node’s population
density, employment density, catchment areas, modes of public

transportation, etc.

The study’s claims of “deficiencies” and “potential” are therefore presented as criteria-
led qualitative outputs of the IMM diagnostic process rather than as quantified impact mea-
sures. Specifically, weaknesses were identified only when converging evidence emerged
across (i) repeated on-site observations and photographic documentation, and (ii) thematic
maps derived from publicly available planning layers and station-area access information
(e.g., metro network/line layers, right-of-way configurations, land-use and block structure).
For Riyadh, this included publicly accessible datasets such as the RCRC Open Data portal
metro-line layers, used to support station location and network interpretation. This triangu-
lated approach strengthens the credibility of the diagnosis within the adopted qualitative
methodology and clarifies how observational evidence is systematically translated into
mapped findings and intervention logic.

While pedestrian counts, station-level ridership figures near the heritage cores, and
pre/post-metro comparative metrics can strengthen an evidence-informed impact assess-
ment, they were not part of the adopted IMM-based qualitative methodology implemented
in this paper and were therefore not included in the analysis. In addition, such datasets
are often not publicly available at the spatial granularity required for the specific station-
area/heritage-core catchments examined here. Accordingly, the manuscript positions
its results as a robust diagnostic baseline and a set of testable hypotheses that can be
empirically validated in subsequent work through a mixed-method monitoring package.
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Together, these instruments contributed to a field-informed diagnosis of Souq Waqif’s
TOD performance, which is then mobilized to inform design guidelines for Qasr Al Hokm.

4.3. Analytical Procedure and Comparative Logic

The study adopts a qualitative, multi-method methodology tailored to the complex,
context-specific dynamics of TOD in heritage cores. The primary analytical tool is the Inte-
grated Modification Methodology (IMM), conceptualizing the city as a Complex Adaptive
System and diagnosing urban performance through three key categories: compactness,
connectivity, and intricacy. Here, intricacy refers to the fine-grained spatial and func-
tional richness of the heritage core; its permeability, interface quality, land-use mix, and
public-realm legibility, often discussed in urban studies as a form of spatial complexity.

The IMM framework is operationalized through six interrelated steps for Souq Waqif:
Context analysis—inventory of spatial, functional, and policy conditions around Souq

Waqif metro station;
Identification of key weaknesses—diagnosing gaps in walkability, land-use integration,

intermodality, and public realm quality;
Thematic mapping—producing maps of street typologies, ground use balance, land-

use diversity, transit hubs, and network catchment areas;
Synthesis of key categories (KCs)—relating porosity, interface, functional diversity,

effectiveness, and accessibility to observed conditions;
Definition of TOD-oriented design principles—focusing on compactness, intermodal

connectivity, public realm activation, and climatic comfort;
Translation to Qasr Al Hokm—adapting Souq Waqif-derived principles to the

Riyadh context.
The Integrated Modification Methodology (IMM) was applied to Souq Waqif to evalu-

ate key spatial and functional indicators relevant to TOD implementation within a heritage-
based district. As the primary testbed, Souq Waqif enables an examination of how com-
pactness, connectivity, and functional diversity influence transit-oriented performance
in restored historic cores. This structured yet flexible framework allows TOD and IMM
principles to be tested and refined in a real-world heritage context, while simultaneously
generating a contextually informed set of design strategies that can be transferred to Qasr
Al Hokm, given their comparable climatic and cultural conditions. The same IMM-based
reading was applied to Qasr Al Hokm to identify its specific constraints and to assess the
transferability of the Souq Waqif-derived retrofit principles.

5. Findings
5.1. Case Study 1: Souq Waqif (Doha)

The findings are presented through a site analysis and a set of design recommendations
for the Souq Waqif Transit-Oriented Development (TOD), organized according to the three
thematic pillars of the Integrated Modification Methodology (IMM): Compactness, Intricacy,
and Connectivity.

5.1.1. Compactness

The initial focus is on strategies that enhance pedestrian and bicycle accessibility, along
with their effective integration into the public transportation network. These strategies
are critical for promoting compact urban development grounded in human-scale mobility
and sustainability.

In parallel, the analysis considers measures to increase permeability, the ability of
people and goods to move efficiently through the urban environment. This involves
creating interconnected open spaces, strengthening physical and visual linkages, and
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supporting urban metabolism, the continuous flow and interaction of resources within the
city. A fundamental component of compactness is proximity, which is assessed through
walkability within the study area.

5.1.2. Walkability

To better understand walkability in the Souq Waqif district, an assessment based on
proximity to amenities and pedestrian-friendly urban characteristics has been applied. The
evaluation considers the walking distance to key daily destinations, with closer amenities
contributing more strongly to overall walkability, while those located farther away con-
tribute progressively less. Destinations beyond a reasonable walking time are considered
to have minimal influence on pedestrian activity.

Beyond proximity, walkability is examined through the physical qualities of the urban
fabric, including population density, block length, and intersection density, all of which
influence pedestrian movement and comfort. This analysis indicates that the area supports
walking for certain daily activities, but it still presents notable constraints. These findings
highlight both the opportunities and limitations of walkability in Souq Waqif and provide
a foundation for proposing design interventions to strengthen pedestrian connectivity and
enhance urban compactness.

The Souq Waqif area is served by a network of arterial and local roadways, with major
thoroughfares such as Al Corniche Street, Ali Bin Abdullah Street, and Grand Hamad
Street providing direct access to key community amenities and linking iconic landmarks,
including Al Fanar and Souq Waqif (Figure 9). Site observations and mapping reveal three
primary street typologies within the study area (Figure 10):

(1) Streets flanked by buildings on both sides;
(2) Streets bordered by buildings on one side and open spaces on the other;
(3) Streets framed by open spaces on both sides.

Figure 9. Context and Transport System of Souq Waqif metro station (a) location (b) 400 m catchment
area (c) entrance (Source: Authors).

The first typology, streets lined with buildings on both sides, emerges as the most
prevalent, particularly along the neighborhood’s inner routes. Exceptions to this pattern
are found in areas with vacant land, primarily within and along the site’s periphery.
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Figure 10. Mapping of street typology around Souq Waqif metro station (Source: Authors).

The site includes some of Doha’s most prominent traditional marketplaces, such
as the Gold Souq, Souq Asiri, Al Jabr Center, and Souq Al Dira. It displays a variety
of urban typologies ranging from medium-rise office buildings to low-rise commercial
developments. Despite this richness, the commercial zones within Souq Waqif are visually
and functionally disrupted by urban voids, such as vacant lots repurposed for parking and
streets designed primarily for vehicular traffic, that interrupt pedestrian continuity. These
discontinuities, including on-street parking and fragmented sidewalks, reduce the vibrancy
and legibility of the pedestrian network.

Visual connectivity is especially compromised along the periphery and toward the
eastern edge of the neighborhood, where the street grid becomes more fragmented and
less pedestrian-oriented. Unlike Souq Waqif, the adjacent Souq Zone comprises dispersed
individual buildings with minimal physical continuity, further inhibiting pedestrian flow.
These challenges are exacerbated in the eastern areas of the site, where a lack of dedicated
pedestrian infrastructure, due to ongoing construction activities and diverted sidewalks,
renders the environment uninviting and difficult to navigate on foot.

These conditions pose significant challenges to pedestrian safety. Although many
streets are designed to accommodate pedestrian movement during favorable weather,
excessive car use, temporary construction barriers, and the prevalence of on-street parking
frequently obstruct pedestrian access and diminish its quality (Figure 11).

The site also lacks essential infrastructure for non-motorized transport, such as bi-
cycle stations and dedicated cycling routes, thereby limiting the potential for intermodal
connectivity. Moreover, sidewalks in the area are generally devoid of shading devices
or tree canopies, rendering them inhospitable during Qatar’s extreme summer condi-
tions, when temperatures can reach 50 ◦C. These environmental constraints further deter
pedestrian activity.
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Figure 11. Al Souq zone problems. (Source: Authors).

In addition, the urban morphology of the areas surrounding Souq Waqif is charac-
terized by autonomous buildings and large urban blocks, which do not foster a cohesive
streetscape or promote a sense of community. This fragmented urban form disrupts spatial
continuity, undermines walkability, and weakens opportunities for spontaneous social
interaction. As a result, the compactness of these adjacent areas is significantly compro-
mised. However, within Souq Waqif itself, walkability has been largely preserved through
deliberate efforts to maintain a human-scale, pedestrian-friendly environment.

5.1.3. Compactness and Ground Use Integration in Souq Waqif

The study area encompasses significant cultural and institutional landmarks, such as
Souq Waqif, the Al Fanar Islamic Centre, and various government buildings, including the
Ministry of Municipality. Despite the presence of these important nodes, the public realm,
defined as accessible spaces where social interaction occurs, is severely limited. Public
green areas constitute only approximately 6% of the total land area (Figure 12), falling short
of supporting a truly compact and vibrant urban environment. This study evaluates the
balance of ground uses within the Souq Waqif area, emphasizing the concept of porosity,
the degree to which built environments and open spaces are spatially interconnected. Field
observations reveal a marked imbalance in ground-use distribution across the site. While
several peripheral green spaces, including Souq Waqif Park, the Museum of Islamic Art
(MIA) Park, and Al Bidda Park, offer potential for ecological continuity and recreational
opportunities, these areas remain largely detached from the daily life of the neighborhood.
This limited integration diminishes their functional value and restricts their contribution to
local livability. Climatic factors, particularly Doha’s extreme summer temperatures, which
often exceed 45–50 ◦C, further constrain the year-round usability of these outdoor spaces.
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Figure 12. Ground use balance (Source: Authors).

Furthermore, the architectural character of the area adjacent to Souq Waqif is discor-
dant with the traditional vernacular of the historic core. The proliferation of uncoordinated
urban elements, including haphazard on-street parking, undefined lots, and fragmented
spatial arrangements, detracts from both the aesthetic coherence and the walkability of
the district. These conditions compromise the sense of enclosure and continuity that is
essential to compact urban form. Among the existing parks, Souq Waqif Park, located
directly north of the Souq, is the most accessible. However, its connectivity to the broader
neighborhood is hindered by “border vacuums,” such as major roadways, walls, and
underutilized lots, which disrupt pedestrian circulation. For green spaces to fulfill their
intended public function, they must be accessible from multiple directions and seamlessly
linked to transit and pedestrian networks. In the case of Souq Waqif Park, its connection to
the nearby metro station remains weak and poorly articulated.

5.1.4. Spaces Spatial Integration and Functional Diversity: Mixed-Use and Public Realm
Dynamics in Souq Waqif

Within Souq Waqif, particularly at key nodes, a relatively balanced land-use composi-
tion supports pedestrian activity and social interaction. However, this diversity diminishes
significantly toward the eastern and southern edges of the study area, where building
functions become increasingly homogeneous. The southern edge, in particular, shows
a clear dominance of single-use blocks. A hierarchical transition of land uses can be ob-
served as one move outward from the Souq: beginning with commercial units at the
core, transitioning into office buildings, and eventually into residential units towards the
periphery. This gradation in land use reflects a lack of integration, weakening the area’s
potential for continuous, vibrant urban life. This section examines the Design Ordering
Principles (DOPs) related to: (1) achieving balanced distribution of functions and pro-
moting multifunctional urban spaces; (2) establishing a cohesive system of open spaces;
and (3) stimulating urban metabolism. Within Souq Waqif, a rich mix of land uses fosters
pedestrian activity and social interaction, yet the adjacent eastern block, commonly referred
to as the “Souq Zone” and located near the metro station, remains largely dominated by
commercial retail. The area surrounding the metro station is primarily commercial, with
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only a limited number of residential units, typically occupied by low-income laborers.
This pattern reflects socio-economic stratification and highlights a mismatch between the
land uses prescribed in official planning documents and the functions observed on the
ground. Within the historic core of Souq Waqif, land-use diversity supports a vibrant
public realm. Key nodes feature a balanced combination of commercial, cultural, and social
functions that encourage pedestrian engagement. Moving outward toward the eastern
and southern peripheries, however, this diversity declines sharply. The southern edge, in
particular, is dominated by mono-functional blocks, primarily commercial or office uses.
A hierarchical gradation is observable: commercial activity is concentrated in the core,
gradually transitioning to office buildings and ultimately to residential units at the outskirts
(Figure 13). This uneven functional distribution undermines the potential for continuous
urban vibrancy and diminishes neighborhood integration.

Figure 13. Intricacy: Mixed-Use Spaces, Community and Public Spaces.

The disparity in land-use distribution is largely a result of isolated rehabilitation efforts
concentrated within Souq Waqif itself. While the historic core has undergone intensive
restoration, the surrounding blocks have received comparatively limited attention. Visual
connectivity remains relatively intact to the north. Still, vacant parcels, surface parking, and
unregulated development along the edges disrupt both spatial continuity and circulation
patterns, thereby reducing overall urban cohesion and walkability. These fragmented
conditions underscore the need for strategic interventions to enhance functional and spatial
integration across the neighborhood.

Spatial segregation further exacerbates these challenges. The internal promenades
and pedestrian alleyways of Souq Waqif create a walkable and inviting environment.
Conversely, residential units are scarce in the northern sections, which governmental
institutions and commercial developments predominantly occupy. Dispersed vacant plots,
often used as surface parking, further fragment the urban fabric, weakening visual legibility
and pedestrian connectivity.
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The front two blocks, encompassing Souq Waqif and the adjacent Souq Zone, con-
stitute the most active areas due to dense concentrations of retail outlets and traditional
markets. However, activity diminishes eastward, where government buildings and office
towers dominate, with mid-range hotels interspersed among commercial functions. Resi-
dential presence remains minimal, particularly near the metro station, resulting in isolated
functional zones and limited opportunities for social interaction.

Souq Waqif Plaza and Souq Waqif Park serve as the primary public gathering spaces.
The plaza hosts seasonal events, such as food festivals and Eid celebrations, while the
park offers recreational facilities for people of all ages. Despite these focal points, in-
adequate pedestrian infrastructure and weak spatial connections between the Souq and
surrounding areas continue to hinder seamless movement and compromise the urban
environment’s cohesion.

5.1.5. Enhancing Urban Connectivity: Intermodality and Public Transit Networks in
Souq Waqif

The bus stop catchment area provides significant coverage along the south and west
of the site, with bus stations at Souq Waqif and Old Al Ghanim. The performance of
public transportation could be improved by enhancing connections, particularly to the
east, where transportation linkages are currently poor. Introducing walkways and bicycle
tracks in this area could significantly enhance urban connectivity. Within the framework
of connectivity, the key Design Optimization Proposals (DOPs) focus on: (1) transitioning
from a multimodal to an intermodal transport approach, (2) optimizing the efficiency of
public transit systems, and (3) introducing smaller urban blocks to increase intersections
and naturally slow vehicular traffic.

Current observations indicate that intra-modal connectivity within the Souq Waqif area
is relatively limited. The primary transportation infrastructure consists of two modes: the
metro station and a nearby bus stop. Although there are visible cyclists, the lack of dedicated
cycling lanes undermines safety and discourages cycling as a practical transportation
alternative. Sidewalks are generally available; however, without designated bicycle paths,
cycling remains marginalized within the mobility network.

The metro station serves as the most accessible public transport hub, attracting both
transit users and private car visitors to Souq Waqif and the adjacent Souq Zone. Enhancing
pedestrian and bicycle linkages from the metro station to surrounding high-footfall desti-
nations, such as municipal offices and other government institutions, would significantly
strengthen urban connectivity. Integrating bike lanes, bike-sharing stations, and e-bike
options could foster a three-modal transport system combining metro, bus, and cycling,
facilitating smoother intermodal transitions.

Souq Waqif’s accessibility is further supported by a hierarchy of arterial roads linking
the district to surrounding neighborhoods, including Al Corniche Street and the ring roads
encircling Old Doha. Key corridors, such as Al Muthaf Street, connect the Qatar National
Museum to Souq Waqif. The road network features well-defined classifications, including
six-lane primary roads, four-lane collectors, and two-lane access streets. Nevertheless,
certain access points, particularly in Zone 17, are narrow one-way streets with insufficient
parking regulation, contributing to recurrent congestion.

The bus network partially extends coverage along the southern and western edges,
with stations at Souq Waqif and Old Al Ghanim. Yet, connectivity is notably weaker toward
the eastern sector, limiting transit accessibility. Expanding pedestrian walkways and bicycle
tracks in this area could mitigate connectivity gaps and promote a more integrated urban
mobility framework (Figure 14).
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Figure 14. Mapping of the catchment area of public transportation networks around Souq Waqif
metro station (Source: Authors).

Private car use predominates in the area, restricting the adoption of sustainable mobil-
ity options such as public transit, walking, and cycling. The existing Karwa bus system
suffers from discontinuities, particularly in the last-mile connections from metro stations.
Addressing these gaps through feeder route enhancements, route optimization, and service
standardization would improve public transit efficiency and attractiveness. Moreover,
medium-rise governmental office buildings to the east remain inadequately served by the
bus network, creating a spatial divide in public transportation coverage.

In summary, Souq Waqif’s urban mobility landscape demonstrates both potential and
constraints. Strategic interventions, including intermodal integration, enhanced pedes-
trian and cycling infrastructure, and improved public transport coverage, are essential to
establish a seamless, sustainable, and accessible connectivity framework across the district.

5.2. Case Study 2: Qasr Al Hokm (Riyadh)
5.2.1. Site Analysis

The analysis of the urban environment surrounding Qasr Al Hokm Metro Station is
grounded in urban design principles derived from the Integrated Modification Method-
ology (IMM) introduced by Tadi et al. [48] and expanded by Tadi and Bogunovich [82].
This analytical framework evaluates urban performance through three interdependent
dimensions: compactness, Intricacy, and connectivity. These categories are applied in this
study to systematically assess the existing spatial conditions of the Qasr Al Hokm district
and to identify opportunities for Transit-Oriented Development (TOD) enhancement within
Riyadh’s historical and administrative heart (Figure 15).

Located at the interface between Al Batha and the Al-Dirah/Qasr Al Hokm historic
core, the station area forms part of Riyadh’s most established inner-city commercial belt,
widely recognized as one of the city’s oldest downtown trading districts with continuous
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street-level retail and wholesale activity. Within this historic city-center system, a fine-
grained market fabric remains legible through compact blocks and active ground floors.
At the same time, a hybrid street hierarchy, where traditional souq alleys and narrow
corridors coexist with later widened vehicular streets and service access, creates a layered
morphology that both concentrates destinations and intermittently fragments pedestrian
continuity. Key heritage and civic anchors reinforce the readability of the historic center
within the station catchment, including Al Masmak Fort as a primary heritage landmark,
the long-established Souq Al Zal market as a traditional retail spine, and the Imam Turki
bin Abdullah Grand Mosque as a major civic-religious focus adjacent to the Qasr Al Hokm
ensemble. This urban tissue has also been shaped by structured regeneration efforts
under the Qasr Al Hokm development program, which consolidated key squares and civic
spaces and sought to re-position downtown Riyadh as a political, cultural, and commercial
heart, an essential context for interpreting compactness, Intricacy, and connectivity in the
TOD assessment.

Figure 15. TOD Riyadh—Qasr Al Hokm Metro Station. Mapping of the 400 m and 800 m catchment
areas around Qasr Al Hokm Metro Station and its key heritage–civic destinations within Riyadh’s
historic city center (Source: Authors).

Figure 16 maps land-use distribution and key destinations within the station’s walka-
ble catchment, showing Qasr Al Hokm’s position between touristic–cultural assets, govern-
ment functions, and active commercial frontages. The mapping confirms a destination-rich,
compact context but reveals a fragmented last-mile interface across major corridors and
discontinuous pedestrian links. This establishes the baseline for the IMM assessment of
compactness and walkability.

5.2.2. Compactness: Ground Use Balance and Walkability

Qasr Al Hokm, located at the core of Riyadh’s historic Al Batha district, is one of
the city’s most symbolically significant and spatially compact urban areas. Dense urban
blocks, narrow streets, and a rich layering of traditional and modern land uses, including
governmental institutions, heritage sites, retail markets, and religious landmarks, define
the surroundings of the metro station. The district’s compactness is deeply rooted in its
pre-automobile urban fabric, which evolved organically around Qasr Al Hokm Palace, the
Imam Turki Bin Abdulah Grand Mosque, and Al Zal Market.
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Figure 16. Mapping of the ground-use distribution and key destinations within the walkable catch-
ment area around Qasr Al Hokm Metro Station (Source: Authors).

Site observations confirm that the urban grain is highly fine-meshed, with buildings in
proximity and minimal residual open land. This morphology supports short walking dis-
tances but also presents functional and climatic challenges. Many streets remain optimized
for vehicular traffic or informal parking, limiting pedestrian safety and comfort. Despite its
walkable scale, the absence of continuous shaded walkways, dedicated bicycle lanes, and
well-designed crossings limits the district’s potential to fully support TOD principles.

Two dominant street typologies were observed:
Traditional narrow corridors, flanked by mid- to low-rise buildings, provide enclosure

and visual continuity but often lack adequate pedestrian infrastructure.
Wider arterial streets were introduced during later modernization phases, such as

Imam Turki bin Abdullah Street, which interrupts the pedestrian fabric with broad car-
riageways and limited crossing points.

These contrasting conditions create a fragmented walking experience. Additionally,
while the district’s land-use intensity is high, the public realm lacks cohesive urban de-
sign, consistent paving, and adequate street furniture, elements essential for encouraging
non-motorized mobility. Addressing these gaps is crucial to reactivating Qasr Al Hokm
as a walkable, transit-oriented civic hub that integrates seamlessly with the Riyadh Metro
network. Figure 17 documents these compactness and walkability conditions within the
station’s immediate catchment by mapping the metro location and the main pedestrian
pathways across the fine-grained urban blocks, while indicating key observation points
that reflect the contrast between traditional narrow corridors and wider modern streets.
The figure highlights where pedestrian continuity is strongest within the historic tissue
and where it becomes interrupted by vehicular-dominated segments, thereby support-
ing the assessment of ground-use balance and the identification of priority links for a
more continuous, safe, and climate-responsive walking network around Qasr Al Hokm
Metro Station.
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Figure 17. Mapping of walkability conditions and pedestrian connectivity around Qasr Al Hokm
Metro Station within the Al Batha historic city center (Source: Authors).

5.2.3. Spatial Complexity: Mixed Uses, Heritage, and Public Realm

The spatial complexity of the Qasr Al Hokm area is one of its defining characteristics.
The district combines administrative, religious, commercial, and cultural uses within a
relatively compact footprint. Landmark buildings, including the Qasr Al Hokm Palace,
Al Masmak Fort, Imam Turki bin Abdullah Grand Mosque, and several municipal offices,
anchor the area’s institutional and civic identity. Meanwhile, adjacent zones such as Al Zal
Market and Deira Souq contribute vibrant layers of retail and social activity, attracting both
residents and visitors.

However, site analysis reveals notable imbalances between heritage conservation and
urban functionality. While restoration initiatives led by the Riyadh Development Authority
(RDA) have revitalized key heritage assets and public squares, adjacent secondary streets
remain underutilized or in deteriorating condition. Several traditional buildings have been
replaced by low-quality modern structures, disrupting the area’s architectural continuity.
Furthermore, open spaces around the metro station, though numerous, often lack clear
programming, seating, shade, or visual coherence, resulting in underused or transient
public areas.

Through field documentation and digital mapping, buildings in the vicinity of the
metro station were categorized into three broad conditions:

Well-maintained heritage or civic structures, such as Qasr Al Hokm Palace and munic-
ipal offices;

Recoverable traditional buildings, which retain cultural value but require restoration
or adaptive reuse;

Irrecoverable or poorly integrated modern additions disrupt scale and harmony.
While the district’s functional diversity is high, the vertical mix of uses remains

limited, with most buildings dedicated to single functions (e.g., retail at ground level,
storage above). This limits urban vitality beyond working hours. Similarly, the scarcity
of green and shaded public spaces, a necessity given Riyadh’s climate, reduces outdoor
livability and social engagement. Addressing these deficiencies would reinforce the area’s
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potential as a culturally vibrant, mixed-use TOD node linking Riyadh’s heritage core with
its emerging multimodal transport network.

Figure 18 maps public-realm edge conditions within the 400 m catchment, distinguish-
ing continuous building-to-building frontages from building-void/void-void segments.
It shows where historic enclosure supports legibility and pedestrian comfort and where
discontinuous edges weaken the public realm. These locations define priority areas for
public-realm repair and activation.

Figure 18. Mapping of street-edge typologies within the 400 m catchment area around Qasr Al Hokm
Metro Station ((a) building–building vs. (b) building–void/void–void sections) (Source: Authors).

Figure 19 maps open spaces and vacant parcels around the station, indicating that
many operate as residual or parking-dominated areas rather than active civic spaces. The
distribution highlights priority plots for shade, seating, and clearer spatial definition to
strengthen the public realm between the station and the area.

5.2.4. Connectivity: Transit Integration and Accessibility

The Qasr Al Hokm Metro Station, located on the Blue Line (Line 1) of the Riyadh
Metro, is strategically positioned at the intersection of historic pedestrian routes and mod-
ern transport corridors. The station serves as a vital access point for both local commuters
and tourists visiting the historic center. However, the surrounding street network shows
limited permeability and weak integration among metro entrances, bus stops, and pedes-
trian pathways.

Field observations and thematic mapping identified several key connectivity barriers:

• The discontinuity of shaded walkways linking the station to key landmarks such as Al
Zal Market and the Imam Turki Bin Abdullah Mosque (Figure 15).

• A lack of multimodal integration, with few dedicated drop-off points for taxis or
ride-share services;

• The dominance of surface parking and service roads fragments pedestrian movement
and diminishes the spatial quality of arrival zones.
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Figure 19. Mapping of public open spaces and vacant parcels within the walkable catchment
area around Qasr Al Hokm Metro Station, highlighting their distribution and potential role in
strengthening the station-area public realm (Source: Authors).

Priority shade interventions (lightweight devices and targeted planting) are most
impactful along the primary pedestrian desire lines that connect metro exits to the main
civic and heritage anchors, where observed gaps in shaded continuity currently weaken
walking comfort and station-to-destination effectiveness.

Despite these challenges, the station’s proximity to major civic destinations provides
a foundation for multimodal synergy. The introduction of last-mile connectivity mea-
sures, such as shaded pedestrian corridors, micromobility infrastructure, and enhanced
wayfinding systems, could substantially improve accessibility and comfort. Additionally,
adaptive reuse of adjacent vacant plots for pocket parks or community plazas could help
knit the fragmented urban fabric together. Figure 20 supports the connectivity assessment
by mapping the station’s immediate catchment and indicating the potential two-way cy-
cling connections that could structure last-mile movement around Qasr Al Hokm Metro
Station. By visualising the alignment of these links in relation to the metro entrance and
the surrounding street network, the figure highlights where cycling continuity can be
strengthened across key corridors and where gaps in safe, legible routes currently limit mul-
timodal integration. In doing so, it reinforces the need to complement pedestrian upgrades
with micromobility infrastructure and coordinated wayfinding, so that access between the
station, nearby civic destinations, and the wider Riyadh Metro network becomes more
direct, comfortable, and cohesive.

Figure 21 documents pedestrian-accessibility gaps within the 400 m station catchment
by mapping street segments requiring sidewalk upgrades, distinguishing between priority
interventions along main roads and more localized improvements along secondary streets.
The figure highlights how walking continuity is currently weakened by narrow or discon-
tinuous sidewalks, vehicular encroachment, and inconsistent edge conditions, particularly
on routes that should function as direct links between the metro entrance and nearby civic,
commercial, and heritage destinations. By spatially locating these deficiencies, Figure 21
provides an operational basis for targeted public-realm repairs, continuous sidewalks,
safer crossings, and climate-responsive comfort measures, needed to strengthen last-mile
connectivity and reinforce Qasr Al Hokm Metro Station as a walkable TOD anchor.
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Figure 20. Mapping of existing two-way cycling routes and related street sections within the walkable
catchment area around Qasr Al Hokm Metro Station, indicating opportunities to strengthen active-
mobility links to key destinations (Source: Authors).

Figure 21. Mapping of sidewalks requiring improvement along main and secondary streets within
the walkable catchment area around Qasr Al Hokm Metro Station, highlighting priority segments for
upgrading pedestrian comfort and continuity (Source: Authors).

The IMM-based diagnosis of Qasr Al Hokm identifies five primary urban design
challenges relevant to TOD adaptation:
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• Urban Form and Block Structure—Irregular historic street patterns and narrow blocks
limit visual continuity, pedestrian movement, and integration with surrounding areas;

• Pedestrian Infrastructure—Sidewalks are often narrow, discontinuous, or encroached
upon by vehicular activity, reducing pedestrian comfort and accessibility;

• Functional Integration—Ground-floor uses, including shops and public services, are
unevenly distributed and underutilized, weakening street-level vibrancy;

• Modal Hierarchy and Transit Interface—Roads continue to prioritize car move-
ment over pedestrian and transit users, creating challenging conditions around the
metro station;

• Public Realm Deficiency—A shortage of plazas, shaded areas, and communal spaces
reduces opportunities for social interaction and limits neighborhood livability.

Following the point on public realm deficiency, Figure 22 maps the limited greenery
and tree cover within the 400 m catchment of Qasr Al Hokm Metro Station. Vegetation
appears mostly as small, discontinuous pockets and along selected street edges, rather
than as a connected network of shaded corridors or usable public open space. This pattern
helps explain the shortage of comfortable plazas and communal areas, and it highlights a
key TOD-related gap in Riyadh’s historic core: the need for climate-responsive landscape
interventions that improve microclimate comfort, support walkability, and convert residual
streets and open plots into more livable, socially active public realms around the station.

Figure 22. Mapping of existing greenery and tree-covered areas within the walkable catchment area
around Qasr Al Hokm Metro Station, indicating where landscape elements support microclimate
comfort and can be extended to strengthen shaded pedestrian routes (Source: Authors).

Despite these challenges, Qasr Al Hokm offers a unique opportunity to integrate TOD
within a historically significant district. Its central location, administrative significance, and
existing metro connectivity make it an ideal candidate for demonstrating how Riyadh can
transition from car-dependent mobility to a more pedestrian-friendly, transit-integrated
urban core. Successful TOD implementation here must balance three priorities: (1) preserv-
ing the historic and administrative character of the area; (2) enhancing the public realm
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through climate-responsive, pedestrian-oriented design; and (3) promoting equitable access
to transit, amenities, and open spaces. The livability parameters [83] for mixed-use neigh-
borhoods, functional diversity, accessibility, environmental comfort, and spatial identity,
are contextualized within the historic, administrative, and cultural realities of Qasr Al
Hokm, offering a tailored approach to transforming the area into a pedestrian-friendly,
transit-oriented, and socially inclusive urban district. Figure 23 maps bus-stop locations
and service coverage within the 400 m catchment, highlighting gaps in metro–bus transfer
and supporting priorities for safer, shaded first/last-mile links and clearer wayfinding.

Figure 23. Mapping of bus-stop locations and service coverage (200 m and 400 m radii) within
the walkable catchment area around Qasr Al Hokm Metro Station, highlighting public-transport
accessibility and feeder-network integration (Source: Authors).

5.2.5. Key Recommendations

• Repurposing urban voids into shaded plazas/pocket parks.
• Selective demolition/redevelopment of unsafe structures, respecting historic scale.
• Improve legibility and wayfinding (signage and naming).
• Preserve and strengthen mixed-use character.
• Support local economies and craft/cultural activities.
• Enhance multimodal connectivity through a prioritized station-interface package:

formalize pick-up/drop-off and curb allocation at station exits, integrate feeder stops
with safe crossings, and deliver unified wayfinding and continuous shaded pedestrian
routes to the primary heritage anchors, complemented by protected cycling links on
the highest-demand corridors.
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To support policy prioritization within the qualitative scope of the study, the recom-
mended actions are presented as a staged investment sequence derived from the mapped
diagnosis of last-mile friction, barrier crossings, shade discontinuities, and station-edge
interface conflicts. Near-term priority should be given to the “critical links” that most
directly constrain accessibility and effectiveness, namely continuous shaded pedestrian
connectors on dominant desire lines, upgraded crossings at arterial barriers, and organized
interchange and curb operations at station exits supported by unified wayfinding. These
priority measures are expected to yield the most immediate, observable gains in last-mile
performance because they directly reduce station-to-anchor friction points identified in the
maps, including unsafe crossings, discontinuous shade, and interchange conflicts. Mid-
term actions should focus on consolidating public-realm hierarchy and edge repair to
reduce conflicts and extend walkability beyond the immediate core. Longer-term actions
can then reinforce TOD outcomes through targeted infill and active ground-floor activation
on underused parcels and the programming of shaded civic spaces that extend activity
into the wider catchment. Even without a formal cost–benefit assessment, this sequencing
enables decision-makers to prioritize low-regret measures and track progress through prac-
tical implementation proxies aligned with the study findings, such as continuity of shaded
routes, number and quality of safe crossings on key approaches, interchange functionality
at station exits, and observed station-to-anchor travel-time friction.

5.3. Similarities and Differences Between the Two-Case Study

Table 3 summarizes the similarities and differences between the two case studies.
Moving beyond descriptive juxtaposition, the cross-case reading indicates that governance
and planning arrangements mediate the relationship between comparable heritage-core
morphology and observed TOD performance. Where public-realm delivery and station-
interface responsibilities are coordinated, retrofit elements such as continuous shaded
connectors, legible wayfinding, and consistent crossing treatments are more likely to form
a coherent station-to-core pedestrian system. Where responsibilities are distributed across
actors and implemented incrementally, continuity is more likely to break at arterial edges,
curbs, and transition zones, producing a patchier pedestrian interface even when destina-
tions remain within reach. In governance terms, Souq Waqif reflects a more consolidated,
destination-led regeneration model in which public-realm upgrades, heritage character,
and station access can be delivered through a coordinated program, improving feasibility
for network-consistent shade, wayfinding, and interface design. Qasr Al Hokm, by contrast,
operates within a more complex civic–heritage setting where station-edge operations, curb
allocation, and land-use activation typically require multi-agency alignment, approvals,
and phased delivery, which can constrain direct transfer of operational and regulatory mea-
sures even when the physical design toolkit is replicable. This governance-to-morphology
mechanism helps explain differences in permeability, legibility, and last-mile comfort across
the two heritage cores and clarifies transferability. Interventions that are primarily mor-
phology and public-realm design tools, such as shaded pedestrian spines linking station
exits to anchors, upgraded crossings at barrier roads, and unified wayfinding, are largely
transferable because they respond to recurring spatial conditions in heritage-core fabrics.
By contrast, strategies that depend on operations and regulatory instruments, including
curb allocation, parking controls, enforcement, and land-use incentive packages, require
contextual tailoring to match each city’s institutional setting and implementation pathways.
This “direct versus conditional” framing makes the knowledge-transfer logic explicit and
strengthens the analytical contribution of the comparison.
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Table 3. Governance-to-Morphology Mechanism and Transferability Matrix. This matrix explains
how governance/planning conditions translate into distinct morphological/interface outcomes and
clarifies which interventions are directly transferable versus those requiring contextual tailoring.

Governance/Planning
Condition (Mechanism)

Observed
Morphological/

Interface Outcome

Evidence in Doha
(Souq Waqif)

Evidence in Riyadh
(Qasr Al Hokm)

Transferability Rule
(Direct/Conditional/

Context-Specific)

Delivery structure &
responsibility clarity

Mechanism: Consolidated
delivery vs. multi-actor

fragmented responsibility for
public realm and station

interfaces

Outcome: Continuity
of pedestrian spine,

consistency of materi-
als/shade/wayfinding
at station-to-core links

Doha evidence:
Coordinated public

realm treatments
and legibility

around heritage
destination network

Riyadh evidence:
Interface breaks at

arterial
edges/transition

zones; discontinuities
in pedestrian comfort

and legibility

Transferability: Direct
for design toolkits

(shade spine,
wayfinding);

Conditional for
implementation
requiring agency

alignment

Street hierarchy control and
curb/traffic operations

Mechanism: Strength of curb
regulation, parking control,
and enforcement capacity

Outcome: Quality of
edges, conflict points at

crossings, last-mile
friction near

heritage gateways

Doha evidence:
Strong destination

access but
perimeter

streets/curb spaces
still shape last-mile

comfort

Riyadh evidence:
Car-oriented edges

and curb friction
reduce continuity and
perceived safety on

key approaches

Transferability:
Conditional (depends

on enforcement/
operations); physical

design Direct (crossing
upgrades, edge

treatments)

Heritage governance and
public-realm standards
Mechanism: Heritage

protection frameworks +
design standards (materials,
signage, shading typologies)

Outcome:
Compatibility of TOD
retrofit elements with

heritage identity;
cohesive public-space

character

Doha evidence:
Strong identity-led

public realm
supporting

walkability within
heritage fabric

Riyadh evidence:
Need for

heritage-compatible
retrofits to connect

metro access to
civic/heritage

anchors

Transferability: Direct
(heritage-compatible
shade/wayfinding

principles);
Context-specific

(approval pathways)

Land-use and activation
incentives Mechanism:

Ability to incentivize/permit
mixed-use activation and
frontage intensity around

heritage cores

Outcome: Active edges,
pedestrian “reasons to

walk,” continuity of
destinations
along routes

Doha evidence:
High destination
pull and active

frontage support
pedestrian
movement

Riyadh evidence:
Activation varies by

segment; institutional
edges can reduce

continuity

Transferability:
Context-specific

(depends on land-use
tools); Direct

(public-realm stitching
between anchors)

Capital-programming and
phasing model Mechanism:
Whether implementation
occurs through bundled

programs vs.
incremental projects

Outcome:
Network-level
continuity vs.
“patchwork”

improvements

Doha evidence:
More

network-consistent
public realm within

the core
regeneration area

Riyadh evidence:
Improvements occur
in phases; network

gaps persist at
key barriers

Transferability:
Conditional

(phasing/budget
structures); Direct

(prioritization logic for
“high-impact links”)

6. Discussion
A Comparative Transit-Oriented Development Assessment of Souq Waqif and Qasr Al Hokm

The comparative reading confirms that both Souq Waqif (Doha) and Qasr Al Hokm
(Riyadh) function as highly symbolic heritage cores with strong cultural centrality, yet
their TOD performance is constrained by different types of “last-mile friction.” Souq Waqif
demonstrates high public-realm vitality and a mature destination ecosystem. Still, TOD
effectiveness is reduced by car-oriented edges, interface conflicts, and discontinuities in
pedestrian/cycling approaches beyond the core. Qasr Al Hokm benefits from clear civic
legibility and recent regeneration efforts. Yet the station-area experience remains weakened
by road severance, fragmented shaded routes, surface parking, and incomplete multimodal
interchange design. These differences are important because they clarify which retrofit
actions are transferable across Gulf historic cores (e.g., shaded pedestrian continuity and
interface design) and which require context-specific governance and land-use tailoring.

In Doha, Souq Waqif’s restored fabric and internal permeability support walkability
and place-based activity, reinforced by its position on the Doha Metro Gold Line and its
connection to central destinations. However, the approach streets and edges of the catch-
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ment remain discontinuous and car-dominated in places, limiting the effective pedestrian
shed and undermining seamless station-to-souq access. In Riyadh, Qasr Al Hokm similarly
anchors a concentration of civic and heritage landmarks, and the metro station positions
the district as a key node within the emerging multimodal network. Yet the immediate
surroundings continue to exhibit surface parking, uneven public realm continuity, and gaps
in climatic comfort infrastructure, which reduce the appeal of walking and limit integration
between metro access points and nearby heritage anchors.

Read through the IMM pillars, the comparative diagnosis highlights three aligned
priorities. Compactness is not only a question of density or destination value (both cases
already attract intense activity), but of whether the wider catchment supports short trips
through active edges, proximate services, and continuous pedestrian access. Intricacy de-
pends on fine-grain spatial continuity, legibility, and microclimatic comfort, critical in both
contexts where exposed connectors and weak “stay” spaces discourage walking outside
peak periods. Connectivity is the most immediate constraint for both districts, manifested
in friction at the station-edge interface, incomplete intermodality, and discontinuous first-
and last-mile networks. Wayfinding and feeder integration should be prioritized along the
weaker approach corridors east of Souq Waqif to improve legibility beyond the core, and
at Qasr Al Hokm station edges by organizing bus, taxi, and ride-share pick-up/drop-off
interfaces at station exits and aligning them with safe crossings and unified signage.

To translate these findings into implementable guidance, the comparative diagnosis
can be summarized as a set of pillar-based weaknesses and actions (Table 4). The table
makes explicit how mapped evidence (street typology, land-use structure, hubs, and
network catchment) is converted into targeted retrofit measures and expected TOD benefits.

The Phase III actions in Table 4 are framed as mechanism-based interventions rather
than universal prescriptions. The “Expected TOD benefit” column is supported by empirical
evidence showing that:

• Shade measurably affects pedestrian activity and comfort in hot conditions.
• Ground-floor interface quality and street elements influence staying/stopping behav-

ior and street vitality.
• Wayfinding and protected active-mobility infrastructure improve navigation and mode

uptake in comparable urban environments.
• To ensure a clear line of reasoning from evidence to recommendations, the findings

are synthesized around the three recurring constraints that most consistently reduce
TOD performance across both heritage cores: last-mile friction (car-dominated edges,
surface parking, and pick-up/drop-off conflicts), discontinuous shaded pedestrian
continuity (thermal-comfort gaps along key desire lines), and a weak station–edge
interface (fragmented arrival spaces, unsafe crossings, and limited legibility at station
exits). These mapped and observed weaknesses provide the direct basis for the con-
cluding claims and the prioritization logic that follows: interventions are therefore
framed first around public-realm retrofit and edge repair to reduce friction, second
around continuous shaded connectors and upgraded crossings to convert proximity
into comfortable walkability, and third around interchange/curb management and
unified wayfinding to strengthen station-to-anchor integration and improve multi-
modal effectiveness.
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Table 4. IMM-based comparative diagnosis and retrofit actions.

IMM Pillar Key Weakness
(Souq Waqif)

Key Weakness
(Qasr Al Hokm) Design Action Expected TOD

Benefit
Evidence Base

(Empirical Support)

Compactness

Discontinuous
pedestrian
approaches;
car/parking-

dominated edges
(Figures 10 and 11)

Walkability
severance to

heritage anchors;
limited safe

crossings
(Figure 17)

Continuous
shaded pedestrian

spine + crossing
upgrades on
desire lines

Larger effective
400 m shed;
safer first/
last-mile

Shade increases
pedestrian activity and

preference in hot
conditions;

shading/courtyard
research shows reduced

thermal stress in hot-arid
climates [84,85].

Compactness

Ground-use
imbalance and

limited
greenery/shade on

approaches
(Figure 12)

Ground-use
distribution

constrained by
parking/

underused parcels
(Figure 16)

Targeted infill +
active ground

floors +
microclimate
nodes/green-

shade network
(Figure 22)

Higher
proximity and
comfort; longer

dwell time

Ground-floor interface
qualities correlate with
staying activity; street

elements influence
stopping behavior; shaded

microclimate nodes
improve comfort in

hot-arid settings [85–87]

Intricacy

High vitality but
interface conflicts
and public-realm

friction (Figure 11)

Weak/fragmented
street-edge
activation

(building-void/
void-void)
(Figure 18)

Edge repair +
service/curb

management +
public-realm

hierarchy

Better legibility,
safety, and

public-realm
continuity

Evidence links
street-edge/interface
quality to pedestrian

engagement and stopping
behavior, supporting edge

repair and hierarchy
measures [86,87]

Intricacy

Public-space
diversity strong

but less continuous
beyond core
(Figure 13)

Open spaces/
vacant parcels

underdefined and
weakly connected

(Figure 19)

Programmed
shaded plazas/

courtyards +
linked civic loop

Stronger
place-making;

all-day
public-realm

vitality

Shade increases use under
heat; courtyard

microclimate studies in
hot-arid climates support

shaded courtyards and
linked loops for comfort

and usability [84,85]

Connectivity

Public transport
catchment present

but transfers/
wayfinding gaps

persist (Figure 14)

Feeder/bus-stop
integration and
station interface

need strengthening
(Figure 23)

Integrated
interchange
(bus/taxi/

ride-share) +
unified wayfinding

Higher
intermodality;

increased
transit

attractiveness

Wayfinding/signage
studies show measurable
effects on navigation in

transport hubs;
wayfinding dynamics in

historic environments
support legibility
interventions near

heritage cores [38,88].

Connectivity

Cycling/active
mobility limited;

approach-
sidewalk

continuity weak
(Figures 10 and 11)

Cycling links
incomplete;

sidewalks require
upgrades

(Figures 20 and 21)

Protected bike
links + continuous

sidewalks to
key anchors

Stronger
active-mobility
access; reduced
car dependence

Protected bike
infrastructure is associated

with increased
cycling/bike-share use,

supporting protected links
as an uptake lever [89].

7. Conclusions
Using this interdisciplinary, evidence-informed qualitative methodology, the study

identifies shortcomings in urban design around Souq Waqif and Qasr Al Hokm. It proposes
practical recommendations for strengthening TOD integration in Doha’s and Riyadh’s plan-
ning agendas. The research contributes to the evolving discourse on context-specific TOD
applications in the Gulf region. It serves as a valuable reference for policymakers, planners,
and designers striving to foster sustainable, pedestrian-oriented urban environments.
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7.1. Addressing Challenges in the Souq Waqif Neighborhood

This study proposes a comprehensive planning strategy to tackle the challenges
facing the Souq Waqif neighborhood, with a focus on enhancing connectivity, livability,
and sustainability. Central to this strategy is the promotion of high-density residential
development near well-integrated public transportation networks. Analysis of the area
surrounding the metro station, particularly to the east of the Souq, indicates relatively low
development density, offering an opportunity for targeted infill development that aligns
with the principles of Transit-Oriented Development (TOD).

To improve the overall quality of the public realm, the study recommends a series
of street-level interventions, including effective signage, dedicated bicycle lanes, and
safe, comfortable pedestrian and cycling facilities. Place-making initiatives that activate
public spaces within the Souq Waqif neighborhood are also encouraged, along with the
development of a multimodal circulation network linking these spaces to nearby parks and
green areas. These measures aim to foster a more vibrant, accessible, and socially inclusive
urban environment.

The research underscores the importance of embedding sustainable development
principles into planning processes, particularly in historic neighborhoods undergoing
revitalization. Expanding and enhancing the public transportation network while system-
atically assessing mobility and accessibility is essential to advancing Doha’s vision as a
sustainable, livable city, in alignment with Qatar National Vision 2030.

Finally, the study highlights the need for further research into the socio-economic and
cultural dynamics that shape mobility and development patterns in Doha. Understanding
these broader factors will provide valuable insights to inform urban planning strategies
and ensure that future interventions are both context-sensitive and sustainable.

7.2. TOD Strategies for Qasr Al Hokm

The evolution of the historic core reflects Riyadh’s long-standing car-centric planning
paradigm, with wide roads, fragmented public spaces, and limited pedestrian connectivity.
However, these same characteristics create a unique opportunity: Qasr Al Hokm’s centrality,
administrative importance, and existing density make it an ideal candidate for TOD-focused
regeneration. This district can serve as a demonstration corridor for Riyadh’s Vision 2030
urban renewal agenda.

Qualitative spatial mapping and field observation indicate the district’s strengths,
including compact urban footprints and a diverse mix of land uses, while highlighting
deficiencies in pedestrian connectivity, continuity of public space, and thermal comfort. The
proposed framework recommends phased, scalable interventions: retrofitting superblocks
with pedestrian corridors, reactivating underused spaces through tactical urbanism, in-
stalling shading systems to enhance environmental comfort, and promoting mixed-use
programs to boost street life and urban vibrancy.

Successful implementation requires coordinated governance, involving the Royal
Commission for Riyadh City (RCRC), municipal planning authorities, and private-sector
stakeholders. Regulatory incentives, such as density bonuses for mixed-use developments
and streamlined approvals for projects aligning with TOD principles, should complement
these efforts. Community engagement is crucial to ensure the transformation is inclusive,
equitable, and culturally sensitive.

If executed effectively, Qasr Al Hokm could serve as a replicable model for TOD in
other historic or administratively significant districts across Riyadh and the Gulf region.
Future research should monitor TOD performance metrics, such as pedestrian flows, air
quality improvements, land value capture, and social cohesion indicators, to inform adap-
tive design strategies and guide integrated, people-centered metropolitan development.
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7.3. Souq Waqif vs. Qasr Al Hokm

A comparative assessment of Souq Waqif in Doha alongside Qasr Al Hokm in Riyadh
underscores the extent to which Transit-Oriented Development (TOD) outcomes are con-
tingent upon the morphological, socio-economic, and functional characteristics of each
urban context. Souq Waqif exemplifies the potential of a restored heritage marketplace,
where a compact, intricate street network and high levels of ground-floor activation sub-
stantially reinforce metro use and pedestrian circulation. Nevertheless, the district’s TOD
performance remains constrained by car-dominated perimeter roads, fragmented and
climatically exposed open spaces, and discontinuities in shaded pedestrian routes that
weaken accessibility across the wider catchment.

When compared to Souq Waqif, Qasr Al Hokm, anchored by a civic–religious core and
key administrative functions, exhibits a similarly fine-grained morphology and significant
cultural value, yet confronts more pronounced structural and environmental challenges.
These include extensive surface parking, spatial fragmentation, thermally stressful pedes-
trian environments, and limited integration between heritage assets and the emerging
metro infrastructure. Addressing these constraints requires a TOD agenda centered on
regeneration: retrofitting pedestrian linkages, rehabilitating shaded pathways, integrating
green, climate-responsive public-space networks, and enhancing last-mile connectivity to
ensure equitable access to transit and to reinforce the district’s civic and cultural identity.
The insights from Souq Waqif provide a transferable reference for informing these interven-
tions, particularly in extending heritage-based walkability beyond the immediate core and
coordinating land-use intensification with intermodal upgrades.

More specifically, the directly transferable interventions include continuous shaded
pedestrian spines along key desire lines, curb and pick-up/drop-off management, and
unified wayfinding that links metro exits to heritage anchors, whereas governance coordi-
nation, land-use incentive tools, and implementation phasing require contextual tailoring
to Riyadh’s institutional responsibilities and heritage controls.

Collectively, these two cases articulate the need for a differentiated, context-sensitive
TOD approach. Historic or administratively significant districts such as Qasr Al Hokm
require heritage-led revitalization strategies informed by precedents like Souq Waqif. In
contrast, formally planned, commercially dominant districts call for performance-driven
optimization. This comparative analysis highlights that successful TOD implementation
in Riyadh, and in cities exhibiting similar urban conditions, must adopt a place-based
planning logic that aligns transportation infrastructure with urban regeneration, envi-
ronmental resilience, and sustainable socio-economic development, while safeguarding
cultural identity and local community needs.

7.4. Contribution to Knowledge

This study contributes to urban planning and design in the Gulf region by examining
how Transit-Oriented Development (TOD) principles can be applied within two historic
and culturally significant urban cores: Souq Waqif in Doha and Qasr Al Hokm in Riyadh.
By employing the Integrated Modification Methodology (IMM), the research provides
a systematic, multidimensional qualitative diagnosis of compactness, connectivity, and
intricacy across both districts, revealing critical insights into their spatial performance and
TOD potential. This diagnosis is intended as a structured qualitative baseline for identifying
priorities and guiding retrofit actions, rather than a performance audit validated through
numerical standards, thresholds, or pre/post monitoring datasets.

For Souq Waqif, the study demonstrates how a regenerated heritage marketplace,
characterized by compact urban morphology and dense ground-floor activity, provides
strong foundations for walkability and public transit use. However, key weaknesses, such

https://doi.org/10.3390/su18062774

https://doi.org/10.3390/su18062774


Sustainability 2026, 18, 2774 43 of 48

as fragmented edges, limited shading continuity, exposed streets, and weak multimodal in-
tegration, continue to undermine the district’s wider catchment performance. The analysis
highlights the need for green and shaded public-space spines, stronger intermodal links,
and land-use diversification to extend pedestrian activity beyond the immediate souq core.

For Qasr Al Hokm, the research underscores the value of its fine-grained Najdi fab-
ric [90–92] and civic–religious landmarks, which provide inherent conditions for pedestrian-
oriented urbanism [24]. Yet decades of incremental modernization have produced thermal
discomfort, extensive surface parking, discontinuous shaded routes, and gaps in last-mile
connectivity. The study demonstrates how TOD strategies, such as shaded pedestrian corri-
dors, adaptive reuse of heritage structures, and intermodal upgrades, can restore spatial
continuity while preserving the district’s cultural identity and administrative functions.

By comparing these two contexts, the study offers new theoretical and practical in-
sights into how TOD must be adapted to heritage-based environments in arid climates.
The findings show that while TOD principles provide a robust framework, their imple-
mentation requires sensitivity to cultural patterns, microclimatic constraints, governance
structures, and historic fabric conditions. The comparative perspective reveals that Souq
Waqif can serve as a reference for heritage-based walkability. In contrast, Qasr Al Hokm
highlights the importance of climate-responsive public realm retrofits and coordinated
intermodal planning.

More broadly, the study contributes to TOD scholarship by extending its application
to historic Gulf cities, a context that remains underrepresented in the global literature.
By integrating IMM with TOD principles, the research demonstrates a structured and
replicable approach to diagnosing urban weaknesses, informing regeneration strategies,
and aligning mobility, land use, and cultural sustainability. These contributions support
ongoing national agendas, including Qatar National Vision 2030 and Saudi Vision 2030,
which call for more livable, connected, and culturally grounded urban environments.

Souq Waqif and Qasr Al Hokm demonstrate that TOD in historic Gulf cities requires
more than transit infrastructure; it requires integrated public realm strategies, culturally
sensitive design, and governance coordination. When implemented holistically, TOD
can strengthen cultural identity, enhance urban resilience, and foster livable, inclusive
environments that reflect both local heritage and contemporary mobility needs.

7.5. Conditions of Applicability and External Validity

The study’s transfer claims are intended to apply to heritage-core metro precincts
that share four boundary conditions: a walkable, fine-grained historic fabric within a
roughly 1000 m station catchment; hot-arid microclimate constraints where shade continuity
strongly conditions pedestrian choice; identifiable station-edge friction (curbside pick-up
and drop-off, parking dominance, or arterial severance); and an active regeneration or
heritage-management mandate capable of delivering public-realm retrofits. Findings
should not be extrapolated to greenfield TODs, high-rise CBD station areas, or contexts
where governance and curbside operations are not controllable, because the feasibility and
sequencing of interventions depend on local institutional responsibilities, heritage controls,
and implementation capacity.

8. Limitations and Advancement of Research
This study intentionally applies the Integrated Modification Methodology (IMM) as a

scientific, qualitative and diagnostic framework to examine station-area conditions through
comparative case-study analysis of two heritage-core precincts. The evaluation is grounded
in structured field observations, systematic spatial mapping, and triangulation with publicly
available planning layers and station-access information, producing a transparent analytical
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workflow that links observed patterns to clearly defined weaknesses and intervention
priorities. Within this scope, the paper does not aim to provide a quantitative performance
audit; instead, its contribution lies in offering a replicable qualitative method for diagnosing
last-mile connectivity and public-realm performance in heritage-led TOD contexts, and in
translating the diagnosis into actionable Phase III design guidance and graphic proposals
that can directly inform TOD implementation strategies in rapidly transforming Middle
Eastern capitals.

This study acknowledges several limitations inherent in its qualitative approach,
particularly in Phases I and II of the IMM. A key limitation is that the study does not
empirically test the impact of the proposed strategies; therefore, the recommendations
should be interpreted as diagnostic, criteria-based actions derived from observation and
mapping rather than as demonstrated performance gains. Assessing effectiveness would
require empirical data, monitoring, and comparative pre/post analyses. Additionally, the
study was conducted within a specific time frame, which may not fully capture ongoing
changes or emerging trends in the urban context.

Despite these limitations, the comprehensive analysis of indicators and key categories
across Phases I and II provides valuable insights into the current configuration of the urban
system and identifies potential intervention areas. By considering the values, preferences,
and needs of various stakeholders, the study proposes context-responsive strategies for
urban regeneration grounded in TOD principles, intended as a robust diagnostic baseline
and implementation guidance for heritage-core station areas.

To address these limitations, future research could integrate both qualitative and quan-
titative methods to provide a more holistic understanding of urban systems. Expanding
the scope of study to multiple neighborhoods or cities would allow for the identification
of broader patterns and trends, supporting the development of transferable strategies for
sustainable urban planning and TOD implementation.
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