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Abstract: This article presents an argument for the enhanced utilisation of urban morphology in
urban design, drawing inspiration from space syntax theory and methodologies, advocating for the
integration of social, economic, and cultural considerations alongside physical structures. This per-
spective shift entails transitioning from descriptive analysis to quantitative inquiries for the prediction
and assessment of urban dynamics. By incorporating spatial analysis and socio-economic factors,
urban morphology offers a competent understanding of the complexities inherent to urban environ-
ments. This comprehension supports the development of evidence-based designs and predictive
models that enable such an approach in urban design. To operationalise this approach, the article
introduces a methodology that interlinks urban morphology and design through a cyclic process
encompassing analysis, design, evaluation, and further design development. This framework is
illustrated through the case study of Jilin City, where an assessment of the public transport system led
to a comprehensive urban design strategy. The study demonstrates how urban morphology insights,
supported by analytical investigations enabled by space syntax methodology, can actively influence
urban design and planning practices. By effectively embedding this morphological approach, urban
designers and planners acquire the tools needed to navigate the evolving urban systems while
respecting the interplay between physical structures and human existence. The article concludes by
highlighting the need for an ongoing evolution of this approach to maintain relevance in shaping
future urban settings.

Keywords: urban morphology; space syntax; integration; socio-economic impact; analytical design;
evidence-based design; spatial models; predictive models

1. Introduction: The Fundamental Questions of Urban Morphology

Urban morphology, as it is conventionally defined, investigates the intricacies of urban
forms. It is customary to refer to urban morphology as an exploration of constituent
urban morphological elements, including buildings, development zones, urban blocks,
plots, and more. While certain urban morphologists attempt to broaden the scope of
urban morphology to embrace the interplay between built forms and societal, cultural, and
economic contexts [1], the diverse approaches to urban morphology predominantly remain
situated on a platform of investigating the physical attributes of cities. These attributes are
rooted in spatial arrangements, architectural typologies, and morphological patterns that
have permanently moulded urban environments across history [2].

It is fair to say that urban morphology, as a distinct realm of scholarly inquiry, does
not possess a particularly extensive lineage, even though the practical application of urban
morphology, embraced by urban planners, goes back to antiquity [3]. The meticulously
planned cities of ancient China, India, Persia, Mesopotamia, the Near East, Egypt, Greece,
Rome, and beyond, attest to the knowledge that city-makers held for the coordinated
combination of physical attributes and urban configurations to create a city. This tradition
persevered into modern times, spanning the medieval period, the Renaissance, both pre-
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and post-industrial, and modern eras. Nevertheless, these collective endeavours did not
coalesce into a methodical exploration of the urban form until the 20th century. It was
during this era that professionals from diverse fields of architecture, urban planning, and
urban geography began the process of shaping what we presently identify as the discipline
of urban morphology [2,4-8].

To comprehend the present state of urban morphology as a distinct academic domain,
it becomes essential to explore the diverse range of approaches that have emerged over the
past century or so. Regardless of their specific focuses, these approaches can be broadly
grouped into three categories [2]. Primarily, there are approaches centred around the
historical progression and evolution of cities, engaging with the shifts and alterations that
urban form and morphology have undergone over time. This line of inquiry highlights an
examination of urban forms, their expansion, and their metamorphosis throughout various
historical periods. Following this are the approaches associated with what is commonly
referred to as the typological schools of urban morphology. Within this field, the scrutiny
and categorisation of urban structures hinge on architectural typologies and the classifica-
tions of building styles. Here, the emphasis is placed on an investigation into the patterns
and designs of buildings, and the resultant impact on the overarching urban fabric. The
third overarching approach shares similarities with the preceding two, yet it incorporates
quantitative metrics and analytical methodologies to establish a coherent foundation for
cross-comparative analysis, facilitating a more comprehensive comprehension of diverse
urban contexts [9,10].

In this article, the intention is not to extensively examine the diverse schools of urban
morphology, as comprehensive investigations have been conducted in other
contexts [2,5,7,11-13]. Instead, the emphasis of the discussion is redirected towards identi-
fying the gaps within urban morphological studies and exploring potential approaches that
might address these gaps. This process can start with this fundamental question: should
urban morphology examine the physical component of the built form, or focus on the
spaces between them?

2. An Intrinsic Challenge of Urban Morphology: Built Form versus Space Form

The question of whether urban morphology should primarily scrutinise the physical
constituents of the built form or focus its attention towards the interstitial spaces between
them is a nuanced consideration [14]. Both aspects hold intrinsic significance in compre-
hending the urban landscape (Figure 1). Examining the physical built components, such
as structures and architectural typologies, offers insights into the tangible manifestations
that shape urban environments. Conversely, investigating the spaces between these built
elements uncovers the intricate networks, connections, and interactions that underpin the
functionality and dynamics of urban spaces. Striking a balance between these perspectives
could foster a more comprehensive understanding of urban morphology, encompassing
not only the tangible physical entities but also the connective spatial system that weaves
the urban fabric together.

Figure 1. What we study in urban morphology: the form of the built fabric (left, in black), or the
form of the interstitial spaces created by the built fabric (right, in green).
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This opens the door to two additional inquiries that carry equal weight. The foremost
among these queries is as follows: between these two approaches (concentrating on the
physical form or centring on the vacant spaces among them), which of the two serves
as a conduit to interlace urban morphology with the human, societal, and functional di-
mensions intrinsic to cities? The question involves a pivotal consideration of how urban
form intertwines with the multifaceted aspects of human existence within cities. While an
analysis primarily centred on the physical form grants insights into architectural aesthetics,
formal compositions, and structural arrangements, exploring the spaces between structures
unravels the intricate patterns of movement, social interactions, and functional interdepen-
dencies that animate urban life [15-17]. A balanced integration of both perspectives could
potentially forge a more comprehensive connection between urban morphology and the
intricate tapestry of human experiences, societal dynamics, and urban functionality.

This brings us to the second pivotal question concerning the dichotomy between the
physical built elements and the interstitial spaces: how can we effectively analyse and
gain insight into the living spaces nestled between the city’s physical components? Or, in
other words, does the conventional arsenal of metrics, such as length, area, and volume,
suffice to fully apprehend the intricate contours and operational dynamics of urban spaces?
The customary morphological measures, while essential, might offer a limited perspective,
potentially failing to capture the intangible yet profound qualities that define the essence of
these spaces. Navigating this inquiry necessitates a more encompassing framework that
recognises not only the dimensions and geometries, but also the experiential, social, and
functional dimensions intrinsic to urban space.

Even if we uncover a methodology to concurrently study and scrutinise the city’s
physical components alongside the interstitial living spaces, a subsequent dilemma arises
concerning the alignment of this analysis with the social and human dimensions that define
the city. In actuality, these two aforementioned inquiries appear to be two facets of a singular
enigma; the imperative to confer significance upon urban morphology necessitates a
profound exploration of human activities within the city, thereby requiring a mechanism to
interlink the living spaces with human experience [15]. While it is evident that individuals
engage, to a certain extent, with the physical components of space, viewing them as either
obstructions or aesthetic elements, the primary link between the urban realm and human
presence unfolds within the very interstitial spaces: the living space.

Despite the attempts undertaken by diverse urban morphologists across various
schools of thought within urban morphology, the field remains marked by a scarcity of
comprehensive theoretical frameworks adept at seamlessly unifying the imperative to
scrutinise interstitial spaces with the individuals who inhabit them. In the following
section, the existence of a theoretical framework capable of achieving this cohesion is
discussed and its evolution over the course of the past five decades is described.

3. Can Urban Morphology Offer a Theoretical Framework for Unifying the Urban
Space with Its Inhabitants?

Originating as a response to the void in urban morphology outlined in the preceding
discussion, space syntax, a theoretical framework pioneered by Bill Hillier and his colleagues,
began to take shape during the 1970s [18-20]. This approach carries a dual-fold premise.
Firstly, it asserts that space and society constitute an intertwined paradigm, where space
substantially transcends its role as a mere backdrop to human endeavours. Instead, it
emerges as a dynamic entity moulded by human activities and, in turn, influences and
shapes those very activities [15,21]. Remarkably intuitive though it may be, the explicit
discourse on the man—-environment or space—society paradigm appears conspicuously
absent in other prevailing urban morphological theories.

This proposition immediately surmounts the obstacle of treating urban morphology as
an abstract study confined solely to form, addressing its traditional challenge of seamlessly
aligning urban form with societal dynamics in a streamlined manner. Nevertheless, for
this approach to yield effective outcomes, a second, equally pivotal, assertion comes to the
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forefront. This secondary assertion pertains to the intrinsic nature of urban or architectural
space as a configurational entity [17,22-24]. Here, space syntax offers a resolution through
its assertion that any living space fundamentally embodies a configurational system—a
composite of spaces in which every sub-space within the system maintains a topological
relationship with others. This relationship is delineated by how these sub-spaces are
navigated or utilised by human interaction. In essence, to truly imbue the space-society
paradigm with significance, an approach becomes requisite that can decipher the intricacies
of human behaviour within a spatial system.

These two foundational propositions usher in a multitude of inquiries demanding
illumination. What, precisely, constitutes the configuration of distinct spatial spaces? How
can the elements of configuration, or the sub-spaces within the broader configurational
system, be meticulously delineated and then subjected to meaningful analysis? To what
degree does the definition of these configurational components hinge upon the intricate
web of human interactions? What analytical methodologies should be employed to unveil
the inherent configurational traits of these spaces? How might the scrutiny of spatial
configuration furnish insights into the operational dynamics of cities? In its evolution
in the past fifty years, and predominantly based on empirical, evidence-based research,
space syntax has attempted to address such queries in two ways: firstly, by developing
further sub-theories that can deal with various aspects of the space-society paradigm, and
secondly, by developing methods and tools that generate tangible, analytical evidence.

As the trajectory of space syntax theory has progressed, a series of sub-theories have
emerged, each aiming to clarify and underpin distinct facets of urban systems. One such
theory is the concept of ‘natural movement’, which proposes that the movement stimulated
by the spatial grid inherently fosters the vibrancy of the city’s life. This perspective chal-
lenges the conventional dichotomy between place and the act of moving between places. In
tandem, the theory of ‘movement economy’ explains that urban activities adeptly adjust to
capitalise on this movement’s potential [25]. An additional strand of thought, known as the
‘pervasive centrality’ theory, proposes that central functions permeate the network, produc-
ing a pattern that surpasses the expectations delineated by theories of poly-centrality [26].
Such an intricate pattern, more effectively captured through a configurational analysis
of spatial networks, is advocated by Hillier [17,26]. Further theoretical constructs have
been crafted, encompassing topics such as the following: ‘order and structure’ in urban
systems [16,27], urban migration and ethnic clustering [28-30], behavioural dynamics and
interactions within workplaces [31,32], the fusion of accessibility, density, and diversity
to illuminate ‘spatial capitals’ [33], the cognitive understanding of spatial configuration
and way-finding [34-36], encoding natural movement as an emerging bottom-up inter-
action between agents [37,38], as well as informal and organic urban growth [17,39,40].
This interconnected matrix of theories collectively establishes a diverse yet harmonised
foundation, providing a comprehensive platform for the research conducted within the
realm of space syntax.

While discussing the field of space syntax, it is important to acknowledge that it has
been subject to various critiques. However, as most of these critiques have been addressed
elsewhere (e.g., in reference [41]), this article does not primarily focus on them. It is worth
noting that these critiques primarily examined methodological or representational aspects
of space syntax, rather than its core propositions or specific research outputs. Additionally,
they have overlooked the significant developments in space syntax over the past two
decades, which are crucial in understanding its evolving and valuable role in the fields of
architectural and urban design.

4. Spatio-Configurational Representation and Analysis of the Living Spaces: The
Significance of Visibility and Movement

In tackling the complexities of spatial analysis, space syntax adopts a straightforward ap-
proach. It begins by pinpointing the most fundamental and prevalent patterns of interaction
between individuals and space. This undertaking is underpinned by a dedicated focus on
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humanity’s predominant senses—vision and its principal function, movement—arguably
the two quintessential facets that, if omitted from a city, would render it unrecognisable.
The rationale behind this approach lies in comprehending the nuanced ways in which
individuals engage with and deploy each component of a spatial system (Figure 2). By
considering these aspects, a method of inquiry emerges that effectively unifies the spatial
dimension of a city, defined by its tangible attributes, with the human dimension embodied
by its inhabitants [15]. This foundational methodology, while seemingly simple, proves
remarkably effective. It generates a framework capable of bridging the gaps inherent to
urban morphology, thereby presenting a significant advancement within the field.

Movement Visibility
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Figure 2. Space syntax methodology utilises two fundamental human functions—visibility and
movement—to chart the layout of urban spaces. People comprehend their surroundings through their
fields of vision, navigate in straight lines, and engage in convex spaces. By representing and analysing
spatial systems with these concepts, we can construct models that unify spatial configuration and
human interactions within a single framework.

The space syntax methodological answer to the representation of the spatial system is
based on breaking up the overall spatial system into smaller chunks and convex spaces.
These convex spaces possess the unique quality that every location within a given space
remains perceptible from any other point within the same space. While this approach offers
a meaningful dissection of the spatial system, providing a valuable lens to explore the
network of spaces accommodating stationary activities, it does not inherently encapsulate
another pivotal feature intrinsic to any city: its movement network. To address this
challenge, an alternative method of representation is introduced. This method constructs
an interconnected network of movement lines, or ‘axial lines’, weaving together the longest
and shortest lines of sight that traverse all convex spaces [42,43]. This network emerges as
a blueprint of movement routes, capturing the skeletal structure of the city’s movement
network. Through this innovation, a proficient methodology emerges—one capable of
concurrently capturing both the geometrical and social attributes of the urban system,
yielding a comprehensive perspective on its multifaceted nature (Figure 3).
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Figure 3. An axial model is created by running a series of straight lines through the network of
interconnected convex spaces (left). These lines depict the desired lines for visibility and movement.
The model can then be analysed to reveal various configurational properties of the system, such as
closeness centrality, or ‘integration” in space syntax terminology (middle). The colours range from the
most accessible (dark red) to the least accessible (dark blue). Alternatively, instead of employing axial
lines, Visual Graph Analysis (VGA) can be used, considering the intervisibility between cells within
all publicly accessible convex spaces within the network (right). The colours range from the most
visually accessible (dark red) to the least least visually accessible (dark blue).

5. From Spatial Representation to Spatial Analysis: Quantifying the Topological
Characteristics of Urban Morphology

One of the primary gaps in most urban morphology approaches is the absence of a
method that can systematically and analytically establish an understanding of an urban
structure as a comprehensive system. To better grasp this concept, we must first define
what is meant by an urban structure. An urban structure refers to the specific spatial
arrangement, organisation, and composition of diverse elements within an urban area
across different scales. This encompasses the distribution of buildings, open spaces, urban
areas, infrastructure, transportation networks, and land uses, highlighting the importance
of objectively comprehending the interrelationships between these components. An urban
structure is also affected by the interplay between the configuration of the city as a whole,
and the configuration of its parts [16,44]. Achieving such an understanding requires
employing methods capable of explaining the inherent patterns of connectivity, hierarchy;,
and interactions within the urban system. This structural approach to comprehending cities
should encompass the capacity to address various scales of the urban system, ranging from
the very small to the very large. Moreover, it necessitates a methodology that facilitates the
comparison of different urban systems or the various internal elements within any given
urban system.

While a configurational representation or model of the spatial system constitutes a
vital step towards unravelling the complexities of the urban environment, the subsequent
need to decipher these configurational models to unveil the operational mechanisms of
the city persists. Nevertheless, conventional methods of morphological analysis, reliant on
the geometric attributes of urban form, appear to yield limited advantages in this pursuit.
Acknowledging this difficulty, space syntax turns to an alternative avenue—one that aligns
more closely with configurational models: topological analysis. This approach, pioneered
by luminaries such as Christopher Alexander [45,46], hinges on graph mathematics and
emerges as an appropriate means to tackle this challenge (Figure 4). Its suitability rests on
its capacity to provide a methodological framework conducive to navigating the intricacies
of spatial networks and capturing the essence of urban functionality.

However, the adoption of the space syntax methodology does not imply a complete
abandonment of the traditional metrics inherent to urban morphology or a disregard for
the geometric intricacies of an urban form. The graph-based, configurational analysis of an
urban form is capable of operating in tandem with the more established geometry-based
models. In fact, as the space syntax analysis evolved, it reintroduced the geometric attributes
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of urban form into the equation, particularly through the consideration of the angle of inci-
dence between axial lines. This evolution extends even further by segmenting the axial lines
into smaller fragments defined by the intersections of these lines [47]. Termed ‘segment-
angular’ analysis, this method harmoniously reconciles the geometry and topology of the
urban system within a single cohesive model, while it enhances its relevance to human
navigation by emulating the inclination of individuals to traverse routes characterised by
smoother directional changes, rather than abrupt turns (Figure 5). The segment-angular
analysis opens doors for other types of modelling that could be very useful for large-scale
models. The utilisation of road centrelines, which are increasingly available for all cities
and regions, offers a major step towards creating spatial network models of the city.
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Figure 4. The connectivity between various spaces within a spatial system can be represented by a
graph. The nodes in the graph (from ‘a’ to 'k’ in this example) can represent a convex space, an axial
line (shown on the left), or a segment of an axial line. The graph can be used for computing various
measures, such as ‘closeness centrality” (integration in space syntax terminology) or ‘betweenness
centrality’ (choice in space syntax terminology). The measures can be turned into a colour spectrum
from most connected to least connected (Figure 3, middle).

S\

Figure 5. A spatial network model can be created either by using axial lines (left), or road centrelines
(right). The colours range from the most accessible (dark red) to the least accessible (dark blue).
While axial lines are more accurate in terms of capturing the geometry of the layout, road centrelines
provide a fast way to create very large models. The models can be analysed using direct topological
connections (either 0 or 1), or the angle of incidence between the axial lines, or between segments,
can be used to incorporate the intricacies of the geometrical layout in the topological analysis. The
models also can be used to capture the city-wide (left) or local scales (right).
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Spatial accessibility

While space syntax is often recognised for its distinctive analytical methods, such
as axial, segment, or convex models, it has evolved well beyond its original method-
ologies. These expansions include approaches like Visual Graph Analysis (VGA) [48],
vision-guided Agent-Based Modelling [37], origin-destination weighted network analy-
sis [38,49], GIS-linked tools and software for conducting space syntax analysis within a
GIS environment [50], Place Syntax—an amalgamation of accessibility and urban func-
tion analysis [51], and more recently, Integrated Urban Models (Figure 6), which aim to
unify spatial attraction, land-use attraction, and density attraction into a comprehensive
multi-modal spatial network model [52,53]. As new questions continue to emerge, the
development of novel methods and tools becomes an inevitable and ongoing aspect of the
field’s progression.

p R~ %

Density Land-use Transport system

==, > =

Integrated Urban Model

Figure 6. An ‘integrated urban model” incorporates various measures, such as spatial accessibility,
land-use and density, and various layers of networks, such as roads, railways, and canals, into one
single model. This is carried out in two ways: for the incorporation of public transport, a dual-layer
graph is constructed, but for land use and density, proportional weighting is calculated and applied
to the various segments of the dual-layer spatial network model.

6. From Spatial Analysis to Spatial Design, or Can Urban Morphology Be Used
Effectively in the Design and Planning Processes?

To grasp how urban morphology can seamlessly inform design, one must first recog-
nise the fact that design is intrinsically a “process " that has two important inherent character-
istics: it is sequential and iterative [54]. Viewing design through this lens effectively undoes
the misconception that design could be an instantaneous generation of ideas. Instead,
design should be considered as a progressive journey, in which we uncover the intricate
interplay between intuitive and objective decision-making patterns in a cyclic process. This,
consequently, emphasises a crucial argument: the nature of spatial design inherently resists
immediate enactment; instead, it fundamentally unfolds as an evolutionary process. This
process intrinsically mandates the merger of diverse functional considerations, harmonising
within the spatial form. Therefore, spatial design essentially aligns itself with an approach
of iterative development, one that seamlessly accommodates ‘user feedback’ garnered from
the realms of ‘user experience’. This results in a constructive iteration loop, appropriately
termed, by Hillier and Penn, a ‘virtuous circle’ [55]. Addressing the complexity of dis-
parate functions that seamlessly intertwine and causally impact one another necessitates
an approach firmly rooted in a ‘structural analysis’ of the urban fabric. Such an approach
empowers a comprehensive grasp of the intricately interconnected urban functions [55].

In principle, the design process can be compartmentalised into discrete components,
subject to individual examination, subsequently culminating in synthesis within the over-
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arching design framework. Within this context, analysis emerges as not only pertinent
to the process but also as an invaluable approach when there arises a necessity to infuse
greater precision into the scrutiny of design constituents and their assessment against
specific criteria.

The design process, in broad terms, is defined by what happens between a
problem—encompassing a brief, a need, or a demand—and a solution, characterised by an
outcome, an output, or a product (Figure 7, left). What happens between the beginning
and end of the process normally entails a phase of idea generation followed by a phase
of idea development. A critical aspect of this progression is the necessity to subject these
ideas and solutions to an evaluation against a set of criteria, either introduced externally or
emerging from within. During a typical design process, conjectures are frequently tested
intuitively, with designers relying on their own discernment to gauge the feasibility of a
design conjecture. However, as design concepts take shape, a more meticulous evaluation
becomes requisite, aiming to ascertain whether a given design idea possesses the potential
to evolve into an appropriate design solution for the project at hand (Figure 7, right).

Desi : Des»
esign Eedn Design Output]

Ideas/ Options Development
Figure 7. A generic urban design model is a non-linear process that starts from a brief and ends with

Wider Design Issues

a design (left). An analytical, evidence-based approach adds a baseline analysis in the beginning
and an evaluation phase after the generation of design options, shown in green (right), which are
undertaken before and after design idea/option generation and design development phases, shown
in yellow (right).

Space syntax navigates this complexity using a two-fold strategy (Figures 8 and 9).
Firstly, it undertakes a series of comprehensive analyses on both city-wide and neighbourhood-
wide scales, examining the spatial networks alongside associated socio-economic factors.
This meticulous investigation reveals a discernible structural pattern intricately linked to
human activities and urban functions. This scrutiny of urban structure enhances designers’
contextual understanding, facilitating the identification of inherent challenges and latent
opportunities within the site. Furthermore, it holds the potential to inspire improved or
more contextually relevant design concepts and solutions. Secondly, the analytical models
crafted during the initial phase of the process serve as potent tools for scrutinising and ap-
praising any design idea or alternative design proposals. This approach not only enables the
integration of urban morphology within the design process but also significantly enriches
the iterative cycle of conjecture-testing or solution-evaluation intrinsic to design endeav-
ours. Notably, this evaluative process is conducted in an objective and quantitative manner,
ushering the design process towards a more analytical and evidence-based trajectory.
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Figure 8. An analytical, evidence-based design process. Each main stage of the design is followed by

an intermediary stage, in which some form of analysis/synthesis, or conjecture/test, is applied to
assess and evaluate that stage and connect it with the next phase.

DESIGN BRIEF

Diagnosis Phase

Diagnosis Phase
tEGRATED S - /SpATIAL:
| g ELLINGS” I~ ANALYSIS

DESIGN

WIDER DESIGN
CONSIDERATIONS

DESIGN
OUTPUT
. OPTION
. ELECTION.
< FORTHER 4
INTEGRAT! 2
! MODELLING <2
Prognosis Phase d I b

Prognosis Phase

CONSULTATION

Figure 9. The space syntax approach follows a process akin to a generic, evidence-based design but
places significant emphasis on spatial network analysis and integrated models during the baseline

and evaluation phases [54]. The design process moves back and forth between a diagnostic semi-cycle
to a prognostic semi-cycle.
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7. Space Syntax and Analytical, Evidence-Based Design

The merits of analytical, evidence-based design have been documented
elsewhere [32,54,56], but it is crucial to emphasise that urban morphology, as applied
through the space syntax methodology, provides a tangible and meaningful platform for
operationalising such a process. This argument suggests that any evidence-based approach
intended for integration into the design process must possess three fundamental char-
acteristics: it should be specifically spatial, inherently social, and intrinsically analytical.
Moreover, evidence-informed urban design demands an inherent social dimension, given
that any conceivable urban design endeavour invariably harbours a potent human and
societal aspect. This imperative reverberates across the design process’s earliest stages,
encompassing brief development, to its culminating juncture—the emergence of the final
design. Hence, the presence of the human element is a prerequisite for any meaningful ur-
ban design endeavour. Lastly, an evidence-based process gains significance only when the
distinct components of design undergo individual scrutiny before being deftly interwoven
into a coherent whole. This integrative exercise invariably ushers the process towards an
analytical trajectory, rendering the analytical aspect indispensable.

Expanding on the outlined urban design process, a model of the analytical design
process can be shaped to introduce stages before and after idea generation and design
development. This model has been extensively introduced elsewhere [54,56,57]. At each
phase of this process, there is an analytical feedback loop, either as an analysis—synthesis or
conjecture—test evaluation, which utilises analytical methods to assess and evaluate the out-
puts of each phase. Starting with an analytical sequence ‘baseline analysis’ prior to design
inception aims to reveal contextual factors, constraints, and relevant aspects. Design solu-
tions emerge after synthesising analytical investigation and broader considerations—social,
economic, and political. Analytical tools scrutinise design ideas and identify the strengths
and weaknesses of each design scenario. Rejected ideas lead to repetition until alignment
with internal analysis and external consultations is achieved (Figure 8).

In the space syntax approach, spatial configuration analysis prevails during the baseline
and evaluation stages, but composite models that combine configurational analysis with
additional information to address specific issues could be developed and applied at the
baseline and evaluation phases (Figure 9). The evaluation of the design brief, the devel-
opment of spatial and integrated models, and the early design ideas constitute a phase of
the design that we can call the “diagnosis phase’. After design option development, ana-
lytical methods developed in the diagnostic phase evaluate the design options to help the
designers choose the right option, after which they can embark on a process of consulting
stakeholders. When the design option is agreed upon by stakeholders, the process moves
on to develop the design further until it reaches a satisfactory level. The phase in which
design options are created, evaluated, consulted, and developed further could be called the
‘prognostic phase’. The important thing is that further iterations of the process are possible
by going back to earlier stages and repeating the cycle until a desirable output is obtained
(Figures 8 and 9). In fact, since the entire process is driven by analysis and evidence, the
final design can also provide a meaningful reflection on the original brief to identify the
weaknesses of the brief and how it could be improved for the further iteration of the design
process, or for the future continuation of the project (Figure 8).

8. An Analytical, Network-Based, Multi-Scalar Approach to Urban Design and
Planning: The Case Study of Jilin City, China

To demonstrate how urban morphology can be seamlessly integrated into the urban
design process, this section of the article introduces a comprehensive case study. The study
encompasses a range of urban design and planning initiatives on various scales, offering
practical insights. The selected case is the city of Jilin in northern China, a rare instance
where a comprehensive journey spanning wide-scale urban planning to detailed urban and
architectural design was realised !. Given the extensive array of analytical methods applied
in this project, a detailed examination of every technical aspect falls outside the scope of this
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article. Instead, the focus remains primarily on explaining the process itself and showcasing
the role of spatial and morphological analysis, in conjunction with socio-economic data, in
informing and shaping the different stages of the urban design and planning process.

The journey began when city authorities commissioned the development of an ‘as-
sessment model” to optimise routes and station placements for a newly planned public
transport (monorail) system. However, this evaluation needed to align with the city’s main
masterplan and transport strategy (Figure 10). Initially focusing on assessing two lines, the
project intended to expand its scope to cover all inner and outer city transport lines, along
with associated stations, in subsequent phases. During the first project phase, it became
evident that station locations in key public areas required a detailed study followed by an
urban design process for four major city squares in the central parts of the city. This, in
turn, led to the immediate necessity of developing architectural proposals for specialised
stations within these public spaces. The outcomes of these urban and architectural design
attempts subsequently informed a broader urban design strategy for the city centre. Addi-
tionally, city authorities requested an ‘economic potential assessment model” to guide their
plans through public—private partnerships. Ultimately, these initiatives collectively laid the
foundation for a revision of the city’s masterplan (Figures 10-23).

&g,
2 \\e\’;/sx\eé
f.;:‘/**‘“ X

Figure 10. City of Jilin, China. Public transport plan overlaid on the masterplan of the city
(left, the non-English words indicate the stations” names, which are not relevant this article).
Two priority public transport lines are shown in blue and red (right, the stations are marked by
alphanumeric characters).

The initial focus of this request was directed at the two pivotal monorail lines, intended
to traverse the city centre diagonally (Figure 10). The assessment procedure for these lines
and their corresponding stations commenced with the establishment of an assessment
model. This model encompassed diverse metrics, including urban morphology elements
such as block size and perimeter, spatial attraction indicators like spatial network closeness
and betweenness centrality (referred to as integration and choice in space syntax terminol-
ogy), and functional attraction aspects such as proximity to employment opportunities and
human-activity-oriented land uses. Before crafting the assessment model, the selection
of spatial network metrics to be integrated into the matrix was crucial. While some of
these metrics were drawn from prior studies or reasonable assumptions, a Point of Interest
(POI) analysis in the city revealed that specific space syntax measures, notably ‘Integration’
(closeness centrality), constrained by radii of 2.4 km (local scale) and 25 km (city-wide
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scale), exhibited the strongest correlation with the density of human-activity-oriented land
uses such as retail and dining establishments (see Figure 11). These robust correlations
reinforced confidence in the use of spatial measures at both local and city-wide scales as
reliable proxies for human activities.
0.8 JrTER
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Local-scale radii Mid-scale radii City-wide radii

INTEGRATION (CLOSENESS CENTRALITY)  CHOICE (BETWEENNESS CENTRALITY)
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Figure 11. The study has shown that ‘Integration’ (closeness centrality), constrained by radii of
2.4 km (on the left part of the diagram in blue) and 25 km (on the right part of the diagram in pink),
exhibits the strongest correlation with the density of human-activity-oriented land uses [58].

To assess the line alignment, a comprehensive assessment matrix was created incorpo-
rating all spatial, morphological, and functional measures. This matrix aimed to establish
a ‘rank order’ of measures for diverse line options and station placements (Figure 12).
While each option received an overall rank order, retaining the complete rank order of all
measures within the matrix ensured transparency in the decision-making process for the
city’s urban and transport planners (Figure 13). This approach was primarily adopted to
ensure that critical factors like engineering complexities, infrastructure constraints, and
even major socio-political concerns were not overlooked during the assessment process.

The spatial network has a strong indicator of an area’s permeability to station place option is located near land
relationship to movement. The degree ease pedestrian movement toward use activity?

to which each space is connected to its stations.

wider context, which then facilitates or

diswumT urban activity.

Q2

5

z o

‘:_ Spatial Urban morphology

S O Analysis of network structure including Various land uses generate and attract
E attraction urban block analysis, Is an important urban activity. To what extent does the
3

2

=2

OPTION TESTING

PREFERRED
OPTION

Figure 12. The adopted methodology for testing various options for line alignment and station
placement.
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Figure 13. Network catchment for pedestrians from entrances of different options overlaid on various
morphological, spatial, and functional metrics (network’s local spatial accessibility analysis, left;
urban block size analysis, right) to derive some metrics for comparing various options. While a
total rank score is presented in the last column, the ranking for each specific criterion is included
in the decision-making matrix shown at the bottom. The lowest rank is in red, the mid-rank in
yellow/orange and the highest rank in green).

Systematically evaluating each individual line alignment option and station location
choice, the team collaborated with the city’s principal urban and transport planners to
finalise the optimal selections, taking into account their perspectives on other pertinent cri-
teria influencing the ultimate decision. Except for a few distinct instances, nearly all options
identified by the assessment model aligned with the viewpoints of the city’s decision-
makers. However, these exceptional cases proved to be perhaps the most interesting and
intriguing cases.

Among these exceptional cases was Dadongmen Square, arguably the most important
public space in Jilin. The assessment model indicated that inserting a raised station in
the heart of the square would yield greater benefits compared to the initially designated
station location (Figure 14). Engaging in dialogue with city experts revealed that the
original site selection was influenced by recent square enhancements, aiming to avoid
costly redesign efforts. Nevertheless, subsequent on-site inspections unveiled the square’s
inadequate functionality (Figure 15), necessitating a substantial overhaul to transform it
into a prominent square befitting the city’s stature. This realisation stimulated a consensus
among all stakeholders that a comprehensive study of this square and three other major
squares was imperative for the success of the city’s future plans and the proposed public
transport system. This was a shift from public transport planning to urban design during
the course of this project.

Following the early site visits, an analytical, evidence-based investigation of Dadong-
men Square yielded compelling findings. Primarily, an analysis of the city in its historical
configuration (Figure 16, left) unveiled that the square had historically served as the city’s
focal point, positioned at the junction of its two primary thoroughfares. Analysing the
city’s contemporary layout (Figure 16, right) indicated that this prominence to some de-
gree persisted at the city-wide level. However, the challenge arose from the fact that this
significance was not mirrored by the square’s local conditions (Figure 17). Consequently,
an in-depth scrutiny of the site was conducted, incorporating comprehensive analysis and
on-site observations.
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Figure 14. The station placement analysis showed that placing the station in the middle of Dadong-
men Square was more advantageous. (Similar to Figure 13, the lowest rank is in red, the mid-rank in
yellow/orange and the highest rank in green).

Figure 15. Dadongmen Square. The site visit revealed serious problems, including the interruption
of the historical and commercial thoroughfares (top, left), severance of the public space by a busy
vehicular road (top, right), the dysfunctional layout of the inner square (bottom, left), and the poor
quality of the public realm (bottom, right).

Implementing a range of analytical techniques, including ‘high-resolution segment
analysis’, Visibility Graph Analysis (VGA), and Agent-based Modelling (ABM), illuminated
that the division of the square by an expansive and bustling vehicular thoroughfare had
effectively severed its two sides and disrupted the two historic diagonal thoroughfares
(Figure 17). The outcomes derived from spatial analysis were substantiated by a survey
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capturing pedestrian movements and vehicular traffic. Employing drones, videos capturing
diverse time periods within and around the square were acquired and transformed into
figures and diagrams illustrating the density of pedestrian flows (Figure 18). The obser-
vations drawn from these results clearly demonstrated the square’s domination by heavy
vehicular movement. Moreover, a critical insight emerged that the pedestrian passage
between the square’s southern and northern portions was severely restricted, with pedes-
trian movement predominantly facilitated by a mere footbridge. Notably, the observations
emphasised that a significant portion of individuals refrained from entering the central
expanse of the square, rendering it largely unused.

o f 2 Wpkh /

Figure 16. The spatial network analysis of historic Jilin reveals the highly significant character of the
square, situated at the crossroads of two major city thoroughfares, in its historic condition (left, white
circle). This prominence persists within the city-wide structure, as demonstrated by spatial network
analysis (right, black circle).

Spatial accessibility
—— high

1]
Agent Gate Count

low

Figure 17. Agent-based analysis of the square demonstrates the intensity of potential pedestrian
flows, ranging from high in red to low in blue (left). The analysis distinctly illustrates the disruption
caused by the extensive vehicular road and the poor square layout. This finding is corroborated
by a high-resolution segment model, highlighting robust connections in red and weaker ones in
green-blue spectrums (right). It also indicates the potential for direct connections across the street
(black circles).
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Figure 18. A survey of actual pedestrian flows (left) and cars (right). Higher flows are shown with
thicker lines. The study reveals the dominance of car traffic and poor pedestrian connections.

The analysis of data pertaining to the square unequivocally exposed its inefficiency in
terms of pedestrian engagement and accessibility to key land uses. Moreover, the urban
environment was found to be uninviting, and tainted by pollution and noise, a far cry from
the stature of a noteworthy central square (Figure 15). The examination unequivocally
revealed the necessity for a comprehensive redesign of the square. Drawing insights from
multifaceted analytical investigations and evidence, a design strategy materialised and was
subsequently deliberated upon with city experts (Figure 19, right).

Rooted in capitalising on the square’s spatial, historical, and functional potentials, this
strategy sought to mitigate or eliminate the adverse influence of vehicular traffic while
seamlessly integrating the station’s design into the urban fabric, thereby fashioning a
prominent, globally commendable space that remained acutely functional and attuned
to the public’s requirements. A number of alternatives were conceived and assessed,
leveraging the analytical models developed for the anticipatory phase of the study in order
to ultimately identify the most optimal design option (Figures 19 and 20).

W= || g
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e || ¥\

|
Main connections -
through the square

Direction of extension !
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~[AThe amount of trafficiin}

environment
\to/the square:]

Figure 19. Urban design strategy based on the strengths and weaknesses of the site, revealed using
various analytical and observational methods (right). In the final option for the square’s urban
design (left), the vehicular through-movement is eliminated by an underpass, while the local traffic
is allowed around the square. The historic thoroughfares are reinstated as pedestrian routes that
traverse the square diagonally and the station sits in the middle of the square at a high level, allowing
the pedestrians to continue on the diagonal routes.
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Figure 20. Agent-based analysis of the new design illustrates the intensity of potential pedestrian
flows, from high in red to low in blue (left). The analysis clearly indicates that the disruption caused
by the extensive vehicular road has been eliminated, and the new diagonal routes function effectively.
This finding is supported by a high-resolution segment model, which highlights strong connections
in red and weaker ones in the green-blue spectrum (right). It highlights the strength of diagonal
connections across the street (highlighted by black circles) and through the square.

The design of the square could not be completed without consideration for the raised
railway and the station for the trains. This was carried out with close consideration of
the railway guidelines and standards that had to be followed for such a design. The
architectural design of the station went through various iterations until a highly functional,
yet attractive design was created that could represent the prominent location of the square
and its historic significance as the location for the main gateway to the city (Figure 21).
All iterations of the architectural design were also evaluated with analytical methods (not
presented in this article). No doubt this architectural design, such as any other architectural
design, is still open to artistic and aesthetic critique, but the analytical, evidence-based
approach undertaken in the design process does not leave room for any criticism of the
functional and operative aspects of the design in providing a sustainable, accessible, usable,
and well-functioning place.

Figure 21. Iterations and evolution of the architecture of the station. All design options followed the
same urban design principles that were established by the analytical, evidence-based study.

Upon completing a similar evaluation for the other three significant squares within the
city, it became evident that a comprehensive urban design strategy for the city centre could
be formulated. This strategy aimed to seamlessly integrate the design of the new public
transport system with the urban design of the major squares, the architectural design of
the stations, and an overarching urban design initiative to enhance the streets and public
spaces in the vicinity of and between these squares (Figure 22).
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Figure 22. A new urban design strategy (right) aims to integrate the design of the new public
transport system with the urban design of the four prominent squares (left) and enhancement of the
connecting streets and surrounding urban fabrics.

= Square and Public Space Design

Figure 23. The full picture of the chain of study phases and design initiatives: review of the masterplan
and public transport plan, evaluation of line alignment options, assessment of the station placements,
urban design of four major squares, architectural design of the stations, a new urban design strategy
for the city centre, and an economic assessment model.



Land 2023, 12, 2084

20 of 23

This urban design strategy, integrated with the new public transport system in the
city, followed by an economic potential assessment model, can fundamentally impact the
masterplans of the city for the near and far future, completing a cycle of urban design
and planning that started from the assessment of line alignments but led to a series of
other evidence-based design endeavours in the city of Jilin. The integration of this urban
design strategy with the new public transport system has the potential to exert a substantial
influence on the city’s masterplans, both in the immediate and distant future, completing a
chain of urban design and planning that started from the assessment of line alignments
but led to a series of other urban design efforts in the city of Jilin. The rigorous analytical,
evidence-based methodology undertaken in various stages of the Jilin projects transitioned
seamlessly from one urban project scale to another, but most importantly, this methodology
not only informed each specific phase but also laid the groundwork for the subsequent
phases of this journey (Figure 23).

9. Discussion and Conclusions

Urban morphology offers a pragmatic avenue for exploring the intricate realm of
spatial systems, enabling us to explore, comprehend, design, and evaluate these systems
through their tangible forms, configurations, functions, and human engagement. The
pursuit of this vision necessitates a methodological compass capable of navigating the
complex urban landscape. This methodology should harness quantitative spatial models,
acting as bridges between the built environment and the intricate tapestry of social contexts
and behavioural complexities. The root of this approach lies in its ability to seamlessly
interlace diverse urban data layers into a cohesive whole—an urban model resting upon
interconnected networks. Through this lens, urban morphology ushers in a nuanced per-
spective, facilitating a deeper grasp of urban intricacies and fostering creative design, and
informed evaluation, all while honouring the interplay of structures and human existence.

As argued in this article, the urban environment possesses an inherent configurational
nature, signifying the presence of an intricate network of interconnected urban spaces. This
network, characterised by its specific interrelationships, is termed a spatial structure. In
consonance with space syntax theory, it was posited that this structure maintains a robust
correlation with movement, wayfinding, behavioural patterns, and the overall functionality
of any given spatial system. With this perspective in mind, it becomes strikingly apparent
that urban morphology, as both defined and operationalised through the lens of space
syntax, presents an exceptionally effective avenue for engaging in analytical, evidence-
based design.

This, however, requires a more advanced understanding of urban morphology, and
the further development of such understanding in the future. To begin with, it has to be
accepted that urban morphology encompasses far more than the examination of physical
structures. Truly understanding urban form requires a comprehensive appreciation of
its intricate social context. Urban morphology goes beyond merely dissecting physical
shapes; it involves exploring the symbiotic relationship between form and people. This
dynamic interaction between physical elements and human activities defines the essence of
urban morphology as a unified paradigm, where the study of form and the study of people
converge seamlessly.

Furthermore, the exploration of urban morphology extends far beyond the confines
of mere descriptive mapping or analysis of physical configurations. While geometrical
characteristics do play a pivotal role, the study of urban morphology demands a broader
perspective. This entails venturing into the realm of quantitative and analytical inves-
tigations that encompass not only geometrical attributes but also consider the intricate
non-geometrical facets and underlying structural patterns. The evolution of urban mor-
phology necessitates a shift towards a more comprehensive approach, one that embraces
a multifaceted understanding of urban landscapes. At its core, an effective methodology
should possess the capacity to transcend superficial observations, instead investigating the
nuanced complexities that underlie urban environments.
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Note
1

In adhering to these foundational principles, the methodology for studying urban
morphology must not only unfold the composition of form but also weave together the
intricate threads of the social, economic, and cultural dimensions. Such a methodology
should not be confined to retrospectively describing what is evident, but rather, it should
possess the power to predict and evaluate the dynamics that will shape urban spaces.
Through the lens of this approach, the study of urban morphology emerges as a dynamic
field that not only dissects the visible shapes and patterns but also illuminates the invisible
forces that steer their evolution. The ultimate aspiration of this methodology lies in its
capacity to generate evaluative and ‘predictive urban models’. These models are not static,
isolated representations; they are evolving entities that predict the trajectories of urban
growth and transformation. By marrying the analytical rigour of quantitative assessment
with the complexity of urban dynamics, this approach seeks to transcend the conventional
limitations of urban morphology. Through predictive modelling, it strives to offer decision-
makers, planners, and architects a compass to help them navigate the ever-changing urban
landscape, one that is grounded in a nuanced understanding of form, function, and the
interplay of diverse factors.

We can now confidently address a pivotal question in this article: can urban morphol-
ogy meaningfully inform the urban design process? Based on our observations from the
Jilin case study, the answer is not only affirmative but also highlights a potent approach ca-
pable of weaving together different aspects of urban design and planning through a cyclical
process of analysis, design, evaluation, and development. Such a process becomes achiev-
able when urban morphology transcends its traditional boundaries and evolves into a more
comprehensive methodological approach. The article has aimed to both theoretically argue
and practically demonstrate that methodologies like space syntax can serve as a conduit,
transforming urban morphology into an immensely efficient platform for urban inquiries
and urban design or planning. This transformation is facilitated by generating evidence
through the application of analytical methods and the development of exploratory and
predictive models, which can be seamlessly integrated into the urban design and planning
process. Nonetheless, this approach is inherently dynamic and requires continual evolution
and adaptation to retain its relevance for future utilisation.
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