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Abstract: This contribution demonstrates how space syntax methods on various scale levels can be
used to identify and describe the spatial features of a compact city. Firstly, the term urban compact-
ness is discussed. A short discussion of some writings on the compact city are elaborated. As it
transpired, urban compactness can best be approached from a spatial topological point of view,
since compactness is a topological property. Secondly, urban compactness will be reconsidered in
spatial configurative terms through the use of space syntax and urban micro scale tools. Examples
from car-, pedestrian-, and public transport-based centres in Oslo and Bergen will be used through-
out this contribution. Discussions of the examples in this contribution are discussed with references
to other space syntax research results. As the case studies show, enhancing compact neighbour-
hoods with good walkability potential from a spatial perspective relies on spatial interaccessibility
on all scale levels. Accessibility depends on spatial configurative compactness. Seemingly, it de-
pends on the following complex set of sufficient conditions: a spatially integrated street network on
all scale levels, short urban blocks and streets with building entrances with windows and doors on
the ground floor level.

Keywords: urban compactness; space syntax; walkability potentials; sustainable urban centres;
street safety; building-street interfaces

1. Introduction— Conditions for Urban Compactness

This contribution attempts to answer how a spatial configurational approach of the
built environment can contribute to identifying the spatial features of a compact city. The
focus is on to reveal the spatial features of urban compactness—whether an urban centre
or neighbourhood has walkability potential or not.

There exist several writings on the social, economic, political and environmental as-
pects of sustainable cities dating back to the 1990s. This led to the proposal of a set of 17
sustainability goals in September 2015 at the UN Sustainable Development Summit [1].
Relevant for urban studies are sustainability goals 3 (good health and well-being), 5 (gen-
der equality), 7 (affordable and green energy), and 11 (to make cities and human settle-
ments inclusive, safe, resilient and sustainable).

Regarding the physical aspects of built environments, there exist several pieces of
writing on sustainable building materials, recycling processes, conditions for sustainable
ways for heating or cooling of buildings, and so forth [2]. However, the spatial parameters
(including the spaces shaped by physical objects such as buildings) are not always taken
into account. This contribution aims to reveal the spatial parameters for generating walk-
able neighbourhoods and compact well-functioning vital local urban centres. How can
these spatial parameters be measured and analysed? Proper analysis methods and
knowledge gained from research are particularly necessary for evaluating urban planning
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and design proposals. The overall purpose is to discover to what extent these planning
and design proposals can generate sustainable means of its users.

The focus of this contribution is specifically on a built environment’s walkability po-
tentials. It is not enough to enhance a good public transport system to urban centres. The
built environment has also to offer the spatial conditions for walking the last meters or
kilometres towards the final destinations. Facilitating walkable cities does not only con-
cern a provision of sidewalks. A wide range of other issues are also at stake, such as safe
and gender-equal public spaces and streets, a natural variation of experiences on the way,
and a wide range of urban functions and activities within a short distance.

The overall question is about how the space syntax method can describe the spatial
properties of a compact city with high walkability potential. As presumed in most pieces
of writing, a city is sustainable when the city is compact. For this, the conceptual frame-
work regards compactness needs first to be discussed in relation to writings on compact
cities. For this, the application of modal logics from George Henrik von Wright is applied.
The focus is on the necessary conditions as to why something becomes possible, and on
the sufficient conditions as to why something becomes necessary [3]. In the urbanism dis-
cipline, the largest current challenge is to enhance sustainable mobility means. The focus
in this contribution is on the walkability potential, as the last meters from public transport
stops and daily activities on a neighbourhood scale level influence to what extent one
chooses to walk or to use a car.

Secondly, the next step is to discuss current space syntax theories and to show some
space syntax examples of urban areas that are considered to be compact or not for the two
Norwegian cities Oslo and Bergen. Both cities have large variations of urban areas, in line
with other cities around the globe. In addition, private car ownership in Norway belongs
currently to the top 24 countries in the world with 514 cars per 1000 people. Since 2016,
there has been a shift in urban planning in Norway where the focus is on making city
centers car-free [2]. As it turns out, the space syntax method is able to reveal with precision
the spatial components of a compact city. In line with current space syntax theories, high
building density and land use diversity depends on a compact, well-connected and spa-
tially integrated street network and short topological distances between private and pub-
lic space. At the end of this article, it will be discussed how these spatial conditions can
enhance safe and vital streets attractive for walking.

2. Writings on Compact Cities

Since the 1990s, there have been several writings on sustainable cities. From the Mil-
lennium onwards, the term compact city has often been used. Some of these writings are
discussed here in this section. Firstly, an introduction on urban sustainability and a defi-
nition of urban compactness is given. Secondly, an elaboration on sufficient and necessary
conditions for walkability is applied to the relationship between walkability and urban
compactness. Thirdly, some writings on compact cities are discussed. Finally, a shift is
made towards the role of the mobility network and urban compactness. This will be dis-
cussed with regards to various space syntax theories at the end.

2.1. Sustainable Development, Urban Sustainability and Moving towards the Compact City
Concept

The subject of sustainability was introduced for good reasons. Christian Patermann,
the director of the Environmental and Sustainable Development research programme, no-
ticed that during the 20th century, cities tended to put economic expansion on their agen-
das. They did so at the cost of social well-being and environmental equilibrium. The social
effects are, for instance, placelessness, exclusion, insecurity, crime, and a loss of cultural
identity. The environmental effects are, among others, poor air quality, pollution, and
low-density urban sprawl. Furthermore, the effects of traffic congestion and deteriorating
infrastructure and built environments have affected the locations of economic activities

[4].
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The Brundtland report of 1987 and the 1992 Earth Summit in Rio de Janeiro rightly
predicted that in the beginning of this century more than 50% of the world’s population
will live in urban areas [5]. During the last decades, increased energy use for transporta-
tion in urban areas contributed to the greenhouse effect and climate change. In these con-
texts, the concept of sustainable development was considered and became fashionable in
the 1990s. After the millennium, several concrete policies were made in various countries
for generating sustainable cities and communities [2,6]. However, most of them have a
normative approach, based on thin descriptive knowledge.

There are numerous definitions of the term ‘sustainable development’. According to
the 1992 Earth Summit in Rio de Janeiro, sustainable development is defined as a “devel-
opment which meets present needs without compromising the ability of future genera-
tions to achieve their needs and aspirations” [7] (p. 233). A major problem in defining
sustainability in this manner results from the term’s normative as well as descriptive as-
pects. From a normative point of view, questions of the following kind seem appropriate:
Should something be sustainable and what should be done to guarantee its sustainability?
In this case, the intentions are to assess a certain goal in terms of sustainability. The de-
scriptive aspects of sustainability, however, concern what actually is sustainable. If inten-
tions of future generations are taken into account at present, it is difficult to guarantee to
what extent it will be sustainable in the future. Accessing whether scientists or politicians
propose a normative or descriptive understanding of sustainability is difficult. For the
suggestions proposed in the Brundtland Report concern the present as well as future
needs, hence not just descriptive, but likewise normative matters.

At the millennium, various strategies and proposals on how to achieve a sustainable
city were prioritized [1,8,9]. Yet, what is a sustainable city? Is it an object or a process?
Sustainable, according to the quoted definitions, indicates that a city is not an object but a
development or process. That is to say a development influenced by or consisting in hu-
man interaction. Urban sustainability is a particular case of sustainability. If sustainability
is about processes, then the term ‘sustainable urban development’ is more appropriate
than a ‘sustainable city’. Conversely, the concept ‘sustainable city’ or the more recently
used ‘compact city’ is about the physical aspect of built environments. Here the city is
treated as an object. A clear distinction between the city as a transformation process and
an object is lacking in many recent writings about sustainable built environments. More-
over, the distinction between what is a sustainable city and what should be a sustainable
city is not always clear. Probably, the concept ‘compact city’ was a first step to make a
distinction between the city as an object and to distinguish it from sustainable urban pro-
cesses.

Still, we have no clear ideas of what a sustainable city is and what a sustainable city
would look like. Already in the 1990s, the concept of compact city was used. The idea
behind it is that all urban functions are located at a walkable distance from each other for
reducing energy use for transport per visitor and inhabitant. The more diverse functions
and the higher density of the buildings within a short metrical distance, the more the
neighbourhood enhances its walkability and can serve a public transport stop with a high
frequency of services. Examples from traditional urban centres are used as examples of
compact cities.

The compact city concept is in contrast with the green city concept. Johan Radberg
states that we have a density paradox. On the one hand, a compact city has high density
of the built mass and short distances from the edges to the centres, implying short travel
distances, less pollution, and less energy use and time for transport. On the other hand,
the green city has available land for organic local waste, recycling, waste water infiltra-
tions, and cultivations, implying urban sprawl into the countryside [10]. As Radberg
claims, we need operational methods for identifying the spatial parameters on an urban
block level rather than on a city level, to be able to make operational densification strate-
gies. Operational methods depend first and foremost on clear and well-defined definitions
of the components that are at stake.
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2.2. Definitions of the Compact City and its Conditions

There are numerous writings on urban areas and their sustainable development.
Most of them set out as a criticism on Le Corbusier’s Radiant City model, Ebernezer How-
ard’s Garden City model, Frank Lloyd Wright's individualistic dwelling model, and gen-
eral post-war planning. These kinds of anti-urban city models and planning are recog-
nised to contribute to a separation of functions and simplification of urban areas [7-
9,11,12]. What all these authors search for is an understanding of the compact city model,
which is recognised to encourage sustainable ways of living and low energy use for trans-
portation. Generally speaking, urban sustainability is thus accounted for in terms of com-
pactness. In one way or another, a city’s compactness is taken to condition a sustainable
urban development. In essence, this contribution is intended to render this thesis some-
what more precise. At least the following features are recognised from recent writings to
be essential to compact cities:

*  Physical aspects: High density of the built mass in central areas and sub-centres, pe-
destrian-friendly streets, and clear demarcation of what is public and private space.

. Functional aspects: Dense location and mixed use of dwellings, work, services, retail
and shops in urban areas, short movement routes between facilities, pedestrian-
friendly, dense concentration of people, access to public transport, and an intensify-
ing of human activities in the urban centres.

*  Social aspects: Low crime, mixture of people of different class and race, healthy and
good dwelling areas, safe streets, possibilities for social contact between inhabitants
and visitors.

*  Economic aspects: Vital centres and sub-centres and a mixture of small and large
enterprises in urban areas.

*  Environmental aspects: Reduction of energy use, new development on recycled
land, and reduction of low-density urban sprawl in the countryside.

*  Political aspects: The ways in which governments on the local, regional, and national
level should act or not in order to encourage sustainable development rather than the
opposite.

Is then the compact city a product of walkability? Or is walkability possible in terms
of compactness? Initially, compactness is a topological property. In a very loose and sci-
entific way of speaking, compact is what is closely and firmly united, pressed together,
dense, fine-grained and packed into a small space [13]. In addition to quantitative aspects,
the qualitative, economical, and aesthetic aspects of the term are thus mentioned.

What are then the spatial conditions for walkable urban areas? As von Wright claims,
explaining cause—effect relations relies on identifying the particular sufficient condition
as to why something became necessary. When there are several conditions involved, a
complex set of necessary conditions are used. The explanation models used with regards
to cause—effect relations pertain to the positivistic research tradition, and they are context-
independent. The level of predictability is high, and these explanation models are used
for theory building [3]. Conversely, understanding a phenomenon depends on identifying
the necessary condition as to why something became possible. Where several conditions
are involved, a complex set of sufficient conditions are used in these types of explanation
models. Explanations models involving human intentions require a hermeneutic ap-
proach, where the aim is to understand a phenomenon [3]. The application of these expla-
nation models is useful for testing out the explanatory power of various general state-
ments and theories on built environments [14]. At least two hypotheses may be proposed
regarding the compact city:

* A city is not walkable unless the city in question is compact. Thus, compactness of
urban environments is a necessary condition for walkability.
*  Compactness guarantees walkability. It is a sufficient condition for walkability.

Is then urban compactness a sufficient condition or a necessary condition for walka-

bility? Or is it neither-nor? So far, it seems difficult to make general statements on the
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physical conditions for walkable cities because a concise definition of urban compactness
is missing. Presumably, urban compactness can contribute to a certain kind of walkability,
but in which way depends on what is meant by compactness. Here, a short briefing of
some of the most influential writings on urban compactness might be helpful.

2.3. Influencial Writings Related to Compact Cities

Jane Jacobs’s book The Death and Life of Great American Cities introduces different
ways than those of urban planners and architects for understanding cities in terms of the
social behaviour in the city, the economic behaviour of cities, generally speaking, the way
in which cities are used and function. Her main message is that life on streets makes the
city lively. A well-used city and diversity in cities create safe streets [15] (p. 44). She makes
the following suggestions for enhancing lively and safe cities: short urban blocks, a high
mixture of various urban functions, eyes on the streets from adjacent buildings, and safe
sidewalks. Her conclusions are based on observations in well-functioning traditional ur-
ban areas. Jacobs” account of urban compactness illustrates methods in the qualitative so-
cial science. She does not rely on quantitative measures falsifying or confirming her ob-
servations. Her work consists of descriptions of essential spatial features. She offers some
normative directions as to how things should be to ensure livable cities with a strong focus
on the pedestrian.

A different kind of approach is offered by Christopher Alexander’s article A City is
Not a Tree. It is a criticism of the modern planned structure of cities. Alexander discusses
the structure of information processing of human beings in society. He does not set out
from observations, but proposes a formal approach. Alexander tries to give an explanation
as to why many cities do not fulfil the social task for which they were designed. Regarding
their inner organisation, natural cities have the form of a ‘semi-lattice’, whereas artificial
ones have a ‘tree structure’. According to Alexander, a city with a tree structure is divided
into different zones. Each zone has a set of functions not relating to other zones [16] (p.
51). For Alexander, organising cities in the form of trees is a means of simplifying the
spatial organisation of the complex environment. Cities with a semi-lattice structure usu-
ally dispose of a complex transportation network. The different zones overlap with each
other and are well-integrated with one another. According to Alexander, this structure
improves a city’s economic development, its safety and its liveliness.

Through Alexander’s work, urban compactness can be understood in terms of the
complexity of the transportation network and the intertwined functions of the semi-lat-
tice-structured cites. However, consequences regarding further improvements of urban
compactness are not discussed in his work.

While the writings from the 1960s were concerned with the social, economic, and
communicative aspects of the compact city, environmental issues and sustainability were
explicitly taken into consideration in more recent writings. Richard Rogers’s approach to
urban sustainability involves reinterpreting and reinventing the dense city model. It is
defined to consist of anti-zoning, an increase in energy efficiency, consuming fewer re-
sources, producing less pollution and avoiding sprawl into the countryside [8] (p. 33).

Like Jane Jacobs, Rogers discusses the compact and well-connected city. In a sense,
he takes up principles introduced by Jane Jacobs. Rogers makes proposals on how a com-
pact city should be designed. He does not specify how such a design is brought about, but
makes normative statements on how things should be done to achieve a compact urban
form. A comprehensive understanding of the economic and social behaviour of a compact
city’s inhabitants and visitors is missing in Rogers’s books. As future human beings will
have their own values and intentions, it is, in principle, difficult to guess or even know
what their future will be.

Like Jacobs” writings, Peter Calthorpe’s book, The Next American Metropolis em-
phasises the role of the pedestrian and the mixed usage of urban space in neighbourhoods.
His concept of the pedestrian pocket accounts for the idea of an opportunity for walking
distances for all kinds of people to all activities from home. Therefore, he introduces the
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‘Transit Oriented Development’ concept in a word “TOD’. Calthorpe explains TOD as fol-
lows: “moderate and high-density housing, along with public uses, jobs, retail and ser-
vices are concentrated in mixed-use developments at strategic points, along the regional
transit system” [11] (p. 41). Like Rogers, this author promotes a normative approach.
Calthorpe makes proposals as to what should be done to produce ecologically, economi-
cally and socially sustainable urban areas. However, what is missing is a genuine under-
standing of how the built environment and the generative power of the urban street net-
work itself are working. Calthorpe’s proposals refer to the regional scale and to the scale
of the urban block. However, the spatial organisation of a neighbourhood unit and its
location in the city as a whole are not discussed at all.

Most writings on compact or sustainable cities describe the problems that built envi-
ronments are facing today regarding sustainability. The various authors offer quick pro-
posals on how to design or plan a compact city. But what is missing is a concise under-
standing of how compact cities function regarding their social and economic activities.
Some recent attempts are made to write on the physical conditions of the built environ-
ment. Examples are Stephen Marchall’s street network and junction typologies [17], Nico
Salingaros criticism on modernism based on CIAM’s principles from the 1933 [9], Car-
omona et al.’s approach to describe various spatial and morphological aspects of urban
areas [12], and Radberg’s classification system on building density and typology [10]
which was later named Spacematrix [14,18-20].

2.4. The Mobility Network and Urban Compactness

According to the Brundtland report, one of the basic environmental problems of
modern cities is high energy use for transportation —generally speaking, car dependency
[6]. Does this relate to the spatial structure of the mobility network? Public spaces between
buildings are potential movement routes from everywhere to everywhere else [21]. The
way in which the functions in an urban street network are dispersed must, to a substantial
extent, result from potential movement routes through these public spaces. First and fore-
most, density and a mixture of activities depend on the spatial structure of an urban street
and road network [18-20]. Car dependency is one of the issues illustrating the technolog-
ical complexity debates on urban sustainability. The subsequent account of compactness
will reckon with this precondition.

On the other hand, cultural interaction, perception on street safety, and physical
movement certainly shape a built environment [21-23]. There is interdependence between
the physical built environment and economical as well as socially motivated movement.
Thus, physical form and how human beings behave in it influence each other. Urban com-
pactness thus should be understood in terms of movement and interaction and their rela-
tionship to urban space.

How is it possible to find out whether compactness is a necessary or sufficient con-
dition for walkability given that concepts of urban compactness are imprecise? Even
though the writings above indicate to some extent what a compact city might be, the con-
cept of density is still vague and the concept of the spatial structure of a street network is
unclear. If compactness is basically a topological property, it certainly makes sense to use
a topological consideration to understand or explain urban compactness. The following
subsection will set out to explore in which way a spatial configurative approach can offer
a more concise account of urban compactness than most writings on this topic.

2.5. The Spatial Configurative Approach— Space Syntax

An account of compactness in spatial configurative terms has to be descriptive. It
concerns both structural and social aspects. While Alexander concentrated on structural
aspects and while Jacobs accounted for social aspects, a space syntax approach offers
mathematical means to reconsider them jointly. Compactness is then understood in terms
of urban space, and various ways to describe and measure the spatial properties of built
environments that are recognised to be sustainable or the opposite.
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First and foremost, an approach of this kind requires a concise definition of urban
space. Regarding research on built environments, Bill Hillier distinguishes between in-
trinsic and extrinsic properties of space. Extrinsic ones determine how spatial units relate
to one another, thus about the configurative laws of space. From this perspective, primar-
ily topological issues become relevant. Extrinsic properties of space determine both built
form and its possible function. While extrinsic properties of space consist in invisible,
structural relationships, intrinsic properties relate to visible ones. They present them-
selves mostly through geometrical properties, pattern and texture. They account for the
articulation of social meaning via built form [24].

The elements that all built environments have in common are extrinsic properties of
space and functions occupying these spaces. Thus, from a spatial configurative point of
view, a city is conceived as a set of spaces. Urban space is mostly linear. It consists in
mostly streets, alleys, roads, boulevards, highways, which, in contrast with squares, are
linear items. Spaces of these kinds can be represented as linear items such as axial sight-
lines or segment lines [25]. The axial and segment map is the basis for calculating the in-
terrelationship of these lines, in particular their topological distance from one another.
Topological distance is about calculating how every street is related to all others in terms
of the total number of direction changes.

According to Hillier, economic and social activities are influenced by the spatial
structure of a city as an object [25]. The kind of rationale behind economic activities in
cities is that the predominant implicit intention is profit maximising. All cultures exhibit
this feature [14]. In a free market, shops and retail owners choose the most optimal loca-
tion to reach as many potential customers as possible. While the rationale behind eco-
nomic activities is rather unambiguous, the rationale behind social activities depends on
an understanding of society and cultures [14].

The Space Syntax method, developed by Bill Hillier and his colleagues at University
College London, consists of calculating and describing spatial configurative inequalities
in an urban street and road network. These calculations have been compared with the
registration of human movement, social and anti-social behaviour and location patterns
of shops, dwellings, social and cultural institutions. As world-wide research has shown,
streets with the highest spatial integration have the highest flow of human movement and
tend to be the economic centres in towns and cities [26,27]. There exist the following three
space syntax theories with clear cause—effect relations [14]:

*  The theory of spatial combinatorics [28];
*  The theory of the natural movement, or natural movement economic process [26-29];
*  The theory of the natural urban transformation process [19].

The theory of spatial combinatorics focuses on what happens with the level of spatial
integration when blocking longer or shorter streets, or placing long or curled up buildings
in urban space. The focus is on the city as an object. As various model studies show, the
findings are in line with Jane Jacobs’s presumptions. Short urban blocks integrate spatially
more than large urban blocks, which implies higher accessibility. Compact curled up
buildings spatially integrate a neighbourhood more than long buildings, which implies
higher permeability for pedestrians.

The theory of the natural movement or natural movement economic process states
that the degree of spatial integration of the street and road network influence the flow of
movement. Shops locate themselves along the highest integrated streets. Higher spatial
integration leads to greater flow of movement. The theory does not state in what way the
movement takes place, by car or by foot.

The theory of the natural urban transformation process states that the degree of spa-
tial integration of the street and road network influences the degree of land use diversity
and building density. The higher integration on the street and road network, the higher
building density and the higher land use diversity. Low spatial integration on the street
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and road network contributes to low density monofunctional urban areas and to urban
sprawl.

These theories have high levels of predictability, and pertains to sufficient conditions
[14]. Only one new street link or blocking a street is a sufficient condition for a change in
the spatial integration of the street network. If the spatial integration of an optimal loca-
tion for shops is affected, shops will relocate themselves to another optimal location [29].
If the spatial integration of the street and road network increase, the accessibility to adja-
cent land increases, and so the attraction increases.

The success of the space syntax method and its theories is grounded in the precision
of the spatial elements used, high level of falsifiability and testability and high levels of
empirical support. Throughout the years, the calculations have been refined, applied on a
large variety of built environments, and to strengthen and develop descriptive theories
on urban space [30].

The next step is to discuss how these space syntax theories can contribute to the com-
pact city debate. Results from previous space syntax studies are discussed with reference
to the various space syntax analyses of Oslo and Bergen.

3. Materials and Method

An axial map of Oslo and Bergen was drawn manually. In addition, some data are
available for both cities regard energy use for transport, building density and degree of
land use diversity. The location pattern of shops was registered manually.

Space syntax classical axial integration analyses consist of analysing how each axis
relates to all others in terms of the total number of direction changes. The integration (I)
of an axial line (i) is a function of its topological depth related to all other axes. The calcu-

lation behind the integration of an axial line is [31] (p. 64):

_2n (tog2 (% ;r 2) - 1) +1)/(n— D - 2)

2= )—1)/(71—2)

where 7 is the number of segments and dj is the shortest distance (least number of direc-
tion changes) between two segments i and j. The greater the number of direction changes
or topological steps (dij) between street axes, the lower the integration values become.
Conversely, the lower the number of the total number of direction changes to all other
axis, the higher the spatial integration. Later, the axial map was broken up to segments at
every junction. This makes it possible to add angular weighting between each segment
into the calculations. The formula of angular choice C of a segment i is as follows [31] (p.

64):
C, _z Z g® /g4

where gjk (i) is the number of shortest paths between segment j and k containing 7, and gjk
is the number of all shortest paths between j and k. The angular choice shows the through-
movement potentials for each street segment in relation to all others.

The formula for the angular integration (AI) of a segment x is:

Z do (x, 1)

where 7 is the number of segments and do the angle between any two segments on the
shortest path on a segment x and when adding the length I of segments [31] (p. 66):

Xiza do(x, DI
=1l (@

The angular integration analysis shows the potential to-movement potentials.
Whereas the classical space syntax analyses show mostly the to-movement potentials on
various scales based only on direction changes, the angular segment and angular choice
analyses takes also angular weighting and metrical properties into account. In particular,

Al =



Sustainability 2021, 13, 5785 9 of 25

the various local metrical radius, such as how integrated a street segment is within a ra-
dius of 500 m, are of interest in indicating the level of walkability of a neighbourhood.

Later on, urban micro scale tools were developed by van Nes and Lépez in a research
project on space and crime in urban areas [32]. These micro scale tools are able to analyse
the spatial relationships between private spaces inside buildings and the public streets. In
the past, most space syntax research was conducted on either the spatial arrangements
inside buildings or on neighbourhoods, city or metropolitan levels. The micro scale tools
consist in to quantify to what extend a street segment is constituted by entrances with
windows or not from adjacent buildings, to what extend adjacent buildings of a street
segment have intervisible entrances with windows on ground floor level, and the number
of semi-public spaces between the street and the private space inside buildings.

Figure 1 shows five different street segments with five different entrance situations.
For each direction change in a semi-public or semi-private space, a topological step is
taken. Often, after two topological steps, there is a lack of visibility from buildings towards

the streets.

I sii:nl

Street A: 0 steps between Street B: 1 step between Street C: 2 steps between
private and public space private and public space private and public space

|:11 step

|:| 2 steps
D 3 steps
|:| 4 steps
|:| 5 steps
- 6 steps
- 7 steps
- 8 steps

Private space

Street D: 3 steps between Street E: Average 6.5 steps between
private and public space private and public space

Figure 1. The principles of quantifying the topological depth between private and public space.

As the application of these tools in research has shown, the more direct the spatial
accessibility and visibility is between buildings and streets, the more the streets are per-
ceived to be safe [33], gender-balanced [21,23], and to enhance walkability [34]. Moreover,
the lower the spatial integration of the street network, the more building entrances with
windows on ground floor level are turned away from the street [32].

4. Results from the Spatial Analyses



Sustainability 2021, 13, 5785

10 of 25

Three aspects of spatial configuration can provide an understanding of lively urban
areas and illustrate the configurational inequalities responsible for attractional inequali-
ties in an urban street network: to-movement and through-movement potentials of the
street and road network and the private—public interface of buildings. The next sub-sec-
tions will discuss these aspects more precisely in light of the question of urban compact-
ness and urban vitality.

4.1. Spatial to-Movement & through-Movement Potentials and Their Influences on Economic
Vital Urban Centres and Sustainable Mobility Means

If urban compactness consists of encouraging the location of a large variation of eco-
nomic activities in city centres with short walking distances, the aim must then be to un-
derstand where the most optimal location is for shops and retail locations along a built
environment’s street and road network. Research carried out by various space syntax re-
searchers has shown the following results in line with the theory of the natural movement
economic process: First of all, shops locate themselves in streets where most people move
[29,35-37]. Evidently, shops tend to become attractors for people’s urban movement. At-
tractors and movement may influence each other, but they do not influence the spatial
configuration of the urban street network. On the other hand, the street network seems to
influence movement and attractors. The dispersal of global and local integration and con-
nectivity is decisive [27] (p. 61). The next step is to identify the spatial properties of the
street and road network that encourage sustainable mobility means or the opposite.

Figure 2 shows a global and local spatial integration analyses of Oslo’s street and
road network. Here the degree of spatial integration is calculated in terms of the total
number of direction changes from all streets to all others. The red and orange lines show
the streets with the fewest total number of direction changes to all others, thus they are
the spatially highest integrated streets. Global spatial integration indicates where the glob-
ally most integrated roads or streets are located in a city on a macro scale. In the case of
Oslo, the most integrated roads are located on the outer ring road. At every junction, car-
based shopping malls are located.
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Figure 2. Global (a) and local (b) axial integration of Oslo. The car-based shopping centres are located at the junctions
along the highest globally integrated streets (the black circles).

When calculating how integrated each street is within three times direction changes,
the local integration can thus be calculated. Local integration indicates the various vital
local pedestrian-based centres. In the case of Oslo, the pedestrian-based shopping areas
are situated along the locally most integrated streets, while the car-based shopping centres
are situated along the junctions of the globally most integrated streets [35] (p. 211). As the
local integration analyses of Oslo show, a large number of direct connections from a shop-
ping street to its vicinity within a short metrical distance influence the degree of walkabil-
ity.

Figure 3 illustrates an example of two steps analyses for two different types of shop-
ping streets in Bergen. The two steps analyses illustrate the degree of accessibility two
direction changes away from a particular street. The image of the left shows the local
catchment area of the shopping street Torgallmenningen in Bergen and the car-based
shopping centre, Asane, a suburb of Bergen. Most of the customers in Torgallmenningen
do their shopping on foot, by bike or public transport, whereas a large number of custom-
ers in Asane use a car. In comparison with Asane, Torgallmenningen has a high density
of the street network within a short metrical radius from the shopping street. The results
are in line with earlier space syntax research. The more compact the lines are within a
short metrical distance from the shopping street, the more attractive the shopping street
is for pedestrians [33].



Sustainability 2021, 13, 5785

12 of 25

Torgallmenningen, Bergen centre Asane centre

Figure 3. Two steps analyses of two different types of shopping streets in Bergen.

How can a street network’s spatial configuration influence how people move on foot
or by car? High local spatial integration conditions the location of successful pedestrian-
based shopping areas. It often is indicated by a dense structure on the street network
within a short metrical distance in the vicinity of a shopping street. Shops have a linear
location pattern along the most locally integrated streets, while they tend to be clustered
at the junctions of the most globally integrated roads where the local integration is low.
Thus, indication of a successful vital shopping and retail area which is pedestrian-based
requires a strong local and global position in an urban street and road network. If urban
growth changes the integrated core, either on a local or a global scale, the optimal location
for profit maximising is affected.

In order to survive in a competitive environment, shop and retail owners will always
search for the optimal location to reach potential customers. Thus, creating a vital city
centre and sub-centres calls for an account of their global and local location in an urban
street network and the respective degrees of connectivity to their vicinity. High density of
the street network within a short metrical radius encourages human movement on foot.
A globally integrated street network with poor connections to its vicinity and low density
of the street network within a short metrical radius encourages private car use.

Recently, the angular weighting between street segment and metrical radius has been
added into space syntax analyses [38]. Two types of refined space syntax analyses have
emerged through testing on pedestrian flow data and the location of economic activities—
to-movement and through-movement potentials. The angular segment integration anal-
yses show the to-movement potentials and the results have similarities with the classic
axial integration analyses discussed in Figure 2. Obviously, shops locate themselves along
the highest spatially integrated streets, on different scale levels [14,35-37]. The angular
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choice analyses show the through-movement potentials on various scale levels. The re-
sults correlate with the flow of pedestrian and vehicle transport movement [38].

Figure 4 shows an angular choice analysis of the two different areas in Bergen sur-
rounding the shopping streets analysed in Figure 3 with a radius of 5000 (top) and 500
(bottom) m. The analysis with the low metric radius indicates the through movement po-
tentials for pedestrians, whereas the high metric radius indicates the through movement
potentials for cars and bicycles. Bergen has two modern and one historic shopping centre.
Asane was a separate municipality that became a part of Bergen municipality in 1972.
During the last 50 years, Asane has offered space for providing housing for the population
growth in Bergen [20]. The current centre of Asane contains one of Bergen’s two large car-
based shopping malls. The historic shopping area in Bergen centre, named Bergenhus, is
located on the peninsula between seven mountains. The current street pattern dates back
to the end of 1700, after some large city fires.

The streets in the historic centre have high values (coloured in red and yellow) in the
analyses with a radius of 500 m. An integrated main route runs through the centre with
the radius of 5000 m. Mostly public transport busses are using this integrated main route.
The historic city centre is very popular for shopping on foot. Conversely, the values of the
streets are low in the analyses with the 500 m radius in the modern shopping centre,
whereas it is high in the analysis with the 5000 m radius. This modern shopping centre in
Asane enhances private cars usage. The shopping centre is surrounded by parking lots for
cars. At present, strategic plans are made for making a light rail connection between Ber-
gen centre and Asane centre. However, plans are missing for improving the walkability
conditions in the vicinity of the proposed new light rail stops.

Figure 5 shows a segment integration analysis of the same shopping centres in Bergen
with a radius of 5000 (a, b) and 500 (c, d) m. The small metric radius indicates the to-
movement potentials for pedestrians, whereas the large metric radius indicates the to-
movement potentials for cars and bicycles. As can be seen, the modern shopping centre
has the highest to-movement potentials on a city scale, whereas the historic city centre has
the highest to-movement potentials on a local scale. As the results of both the angular
choice and segment analyses show, the vicinity of the modern shopping centre has a street
network configuration that is less attractive for pedestrians.
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Figure 4. Angular choice analyses of two different centres in Bergen with the two different types of shopping areas with
radius like 5000 m (a,b) and radius like 500 m (c,d).
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Figure 5. Angular segment integration analyses of two different centres in Bergen with the two different types of shopping
areas with radius like 5000 m (a,b) and radius like 500 m (c,d).

The angular choice analysis is applied in a research project on space and energy use
for transport in Bergen and Ziirich [5]. Here the angular choice analyses with a low and
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with a high metrical radius are applied. In other words, here we measure how integrated
the various main routes are in terms of the fewest angular deviations within a radius of
500 m or 5000 m. As the results show, neighbourhoods with high values on the angular
choice analyses with both a high (5000 m) and a low (500 m) metrical radius have low
energy use for transport. The public transport lines tend to be located on the angular in-
tegrated main routes running through locally integrated neighbourhoods. The degree of
walkability is high. Conversely, neighbourhoods with low values on the angular choice
analyses with both a high and a low metrical radius have high energy use for transport
[6].

Figure 6 shows a bar chart with a juxtaposition of the angular choice analyses with
energy use for transport for Bergen. Here the numerical values from the angular choice
analyses are juxtaposed with the energy data for transport. The higher the local angular
choice integration values, the greater the degree of walkability [34]. As Jane Jacobs pre-
sumes, short urban blocks enhance short walking routes [7]. The same results on spatial
configuration and energy use for transport are found in Ziirich, too. Thus, the spatial
structure of the street and road network on a local scale matters for understanding to what
extent people use sustainable mobility means or not.

Angular Choice with Low Radius (R =500 m)

Angular Low LL LM
Choice with Medium
High Radius .
(R =5000 m) High

Low Medium High

Energy usage for each aggregated choice category

80,000,000,0001 - [75469,785,616.9 LL

75,000,000,000-
70,000,000,000
65,000,000,000
60,000,000,000
55,000,000,000
50,000,000,000
45.000,000,000
S 40,000,000,000

35,000,000,000

KWh/day

30,000,000,000
25,000,000,000
20,000,000,000
15,000,000,000
10,000,000,000

5,000,000,000

44,540,770,898.4 M
41,060,379,380.7 LI

[24,896.753,351.4 HL|[24.109.544.954 2 MM

[8.002,759,916.87 HM
39794465822 LH| 555 513,968.07 iF|

H
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M v HL L ™ H HH

Aggregated Choice

Figure 6. The juxtaposition between aggregated choice (combination of choice with a high and low metrical radius) and
energy use for transport for Bergen.
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Seemingly, a well-integrated street network on a local scale within a short metrical
distance enhances walkability. In addition, a highly integrated main route running
through local areas with high local integration enhances the location of public transport
means, because the walking distances to these lines tend to be short and easily orientable.

4.2. The Building—Street Interface and its Influence on Street Safety and Vitality in Urban Areas

As Rogers [8], Jacobs [15] and Calthorpe [11] suggest, one of the aims of repopulating
city centres is to provide safe central areas where streets are free from anti-social behav-
iour. As mentioned earlier, neighbourhoods with a highly integrated street network on a
local scale enhance walkability. However, if the streets lack intervisibility from adjacent
buildings, people tend to avoid being in the streets and the streets are perceived to be
unsafe [21,23,39].

The topological relationship between private and public space matters for the per-
ception of street safety in terms of eyes on the streets from adjacent buildings and the
possibilities for social interaction between people on street and people inside buildings.
Figure 7 shows a topological depth between private and public space analyses of two dif-
ferent neighbourhoods close to the city centre in Bergen, Norway. The black dots are areas
pointed out by 200 respondents as ‘dodgy” and perceived unsafe places [33]. In the Lak-
sevag neighbourhood, most of the streets have adjacent buildings that are turned away
from them. The area is often perceived as unsafe to walk through. Conversely, in the
Sandviken neighbourhood, most buildings have their entrances with windows located on
ground floor level oriented towards the streets. The area is perceived to be lively and safe.
Families with children prefer to live in this neighbourhood [20,40].

\ SO\
X N e \ =
' P s
3 PSS

'b) Sandvikeng (N

2 - 5 steps
@® Areas perceived as unsafe

Figure 7. Topological depth analysis between private and public space with registrations of areas that are perceived as
unsafe for the Laksevag (a) and the Sandviken (b) neighbourhoods of Bergen, Norway.

In a research project on space and crime, the position of building entrances influences
also the risk of burglary, the perception of safety, the presence of women in streets, and
sexual harassment rates. The more that building entrances are turned away from streets,
the higher the risk of burglary [32], the streets are perceived to be unsafe [33], women
avoid frequenting these streets [21], and the higher the risk of sexual harassment [23]. The
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design of urban space can thus affect the perception of safety and the use of space. This
issue seems to touch upon the problem of architectural determinism. However, whether
crime or social malaise will occur in spatially segregated areas with a lack of active build-
ing frontages or not naturally depends on the behaviour of their inhabitants and the local
cultural context [14]. A space syntax approach, on the other hand, can identify the spatial
features of the areas that have a high level of crime and social misuse. As research has
shown so far, the means of a built environment are physical while its ends are functional —
not vice versa as argued in many publications on the built environment [28].

4.3. Identifying Urban Compactness through Spatial Configurations

The following examples will demonstrate how the spatial features of a compact city
can be described with a spatial configurative approach. Here again, we use Oslo as an
example. Figure 8 (above) shows Rogers’ diagram where he tries to illustrate or clarify the
relationship between a compact city centre and its compact sub-centres [8] (p. 53). The
darkest colours indicate high density or high urban compactness. In what way these cen-
tres are compact is not clear. This diagram has much in common with Christaller’s model
[41], proposed in the 1930s regarding the relationship between city centre and sub-centres.
Models of this kind are often used in various policy and strategic planning documents.
However, the finer spatial content inside the circles is missing. It does not say how these
centres can function spatially, socially and economically in a sustainable manner. Like-
wise, a concise understanding of the way each centre relates to their surrounding areas
and the whole city is lacking. In general, the fine-grained street network and its intercon-
nectivity are not taken into consideration at all.
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Figure 8. Using space syntax to demonstrate urban compactness in the pedestrian- and car- based shopping areas in Oslo.

From a space syntax approach, Figure 8 (below) shows the results from the space
syntax analyses of the street network of one car- and one pedestrian-based shopping area
in Oslo within a radius of 1 km. Three scale levels are used —global integration addresses
the city level, local integration for the neighbourhood level, and the topological depth be-
tween private and public space addresses the street-building level.

Both centres have high global integration values, whereas the car-based shopping
centre has low local integration values. The pedestrian-based shopping area has high local
integration, whereas it is low in the car-based shopping centre. The short urban blocks
and the orthogonal street network in Griinerlekka contribute to these high local integra-
tion values. Regarding the spatial relationship between streets and adjacent buildings,
most buildings in the vicinity are turned away from the street in the car-based shopping
centre. Conversely, most buildings have entrances with windows on ground floor level
oriented towards the streets in the pedestrian-based shopping area.
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As the results from the spatial analyses on various scale levels indicate, most shops
are clustered in a shopping mall in the car-based shopping area, whereas the shops have
a linear location pattern located along the highest locally integrated streets in the pedes-
trian-based shopping area. Moreover, the Griinerlokka also has a large number of cafés
and restaurants. These findings are in line with the theory of the natural movement eco-
nomic process. However, pedestrian-based shopping areas depend on high local integra-
tion. City centres with low local integration and high global integration enhance car-based
shopping malls.

On a micro scale, streets with building entrances and windows located directly to-
wards streets enhance ‘eyes on the streets’, and thus have a high level of perceived safety
and walkability. Conversely, streets where the buildings are turned away from streets en-
hance private car usage. Often, dwellers living close to the Ulleval shopping centre tend
to use their car for the daily shopping, whereas dwellers in the Griinerlekka do their shop-
ping on foot. The same accounts for Asane and Bergenhus centres.

Most traditional urban shopping areas tend to obtain a dense street network within
short metric distances. Moreover, often a high number of adjacent buildings tend to have
windows and doors facing the streets. Seemingly, these spatial features are present in ur-
ban areas that are defined to be compact and sustainable. Conversely, most car-based
shopping centres tend to have low local integration and low density of the street network.
This does not encourage movement by foot. In addition, most buildings inside these areas
are turned away from the streets, in terms of complex entrance situations and lack of win-
dows on the ground floor. Urban areas with these kinds of spatial features do not enhance
walkability and encourage private car usage [40,42,43].

In order to add properties related to building density and land use diversity into
Roger’s grey circles, spacematrix, function mixture (MXI) and street functions/profiles
analyses methods were applied to Ulleval and Griinerlgkka centres. Figure 9 shows the
results of these analyses. The spacematrix analysis, originally developed by Johan Réad-
berg, is a method for quantifying buildings shapes based on correlating floor space index
(FSI) with ground space index (GSI). The resolution of the urban blocks is used in the
spacematrix analysis [10]. The MXI analysis consists of registering the percent of three
main categories of land uses of buildings on the urban block resolution level. The catego-
ries for the functions are roughly divided into dwellings, working places and amenities
[44]. In line with the theory of the natural urban transformation process, the degree of
density and land use diversity depend on the spatial configuration of the street network
[18,19]. The street function/profiles consist of classifying the street profiles in the following
four groups: pedestrian and bicycles only streets, balanced streets, vehicle dominated
roads and highways and vehicle only roads. The balanced streets tend to contain building
entrances, and are found in most pre-War urban areas [44].
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Figure 9. Using spacematrix, function mixture (MXI) and street functions/profiles analyses to demonstrate urban com-
pactness in Griinerlgkka and Ullevél areas in Oslo.

Ulleval has a low density of buildings and the area is mainly mono-functional, im-
plying large travel distances between the various urban functions. Most building en-
trances are turned away from the streets, which reduces the attractiveness of walking as
transportation mode. The area mostly consists of car-dominated roads, and the shopping
centre is surrounded by parking lots. Conversely, Griinerlgkka has high building density
and a high degree of land use mixture of the buildings. That implies short and safe walk-
ing distances between various urban functions, supported by a highly integrated street
network with buildings with doors and windows connected directly to the streets. Most
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streets in Griinerlokka have a balanced street profile. At present, Griinerlekka has become
an attractive area for dwelling, to invest in, and to enjoy the urban street life. The findings
are in line with the theory of the natural urban transformation process, where the street
network configuration influences the degree of building density and land use diversity
[19].

5. Conclusions: Spatial Conditions for Generating Walkability Potentials

How can these findings on street network integration, through-movement potentials
and the building-street interface provide an understanding of urban compactness related
to walkability potentials? Since the industrial revolution we have seen how comprehen-
sive technical inventions affect the spatial structure of built environments and conversely
its spatial product has affected social and economic behaviour. People are able to change
their built environment and have purposes and intentions to do so. It is not always clear
what the intentions are, but those concerning economic activities strive for profit max-
imising [14]. With the aim of creating urban areas and developing them in a sustainable
way, we cannot ignore the behaviour of producers and consumers and the way the built
environment influences them. However, the various spatial micro as well as macro scale
conditions seems to affect the perception of safety regarding walking as transportation
mode, in particular for women [23,42,43,45]. As research has shown, perceived unsafe
streets encourage private car usage as a transportation mode [45].

From a spatial configurative point of view, understanding how urban compactness
can affect walkability potentials depends on an account of the geometrical and topological
structure of its street and road network and the topological relation between private and
public spaces. Thus, a highly integrated street network on various scale levels is a suffi-
cient condition for the location of economic activities. Likewise, a highly integrated street
network with high angular choice values with both high and low metrical radii is a suffi-
cient condition for high sustainable through-movement potentials in terms of high de-
grees of walkability.

High density of streets and their interconnectivity within a short metrical radius con-
tributes to vital urban centres and dwelling areas. It is not enough to encourage high den-
sity of building volumes in neighbourhoods for reducing energy use for transport and
encouraging walking. It is the density of the street network and its local and global posi-
tion in the whole system that are the drivers for a natural urban transformation process
towards a dense and multifunctional compact city. The same accounts for the degree of
street-building interface on a building’s ground floor for making streets perceived to be
safe for walking [23,43,45]. Lively well-functioning urban areas with a high density of
buildings seem to be a by-product of the density of the urban street network, the dispersal
of integration values on it [19], and short topological connections between private and
public space [33,39,40].

My approach to the question of urban sustainability from a topological approach
consists of a conceptual application of a spatial configurative approach to the compact city
debate. What are the results? Is a compact city a necessary or sufficient condition for en-
hancing walkability? Here we need to break up the spatial parameters to several elements
where each of them is one condition. von Wright operates with a complex set of sufficient
or necessary conditions [3]. The findings from the space syntax analyses show that attrac-
tive walkable built environments need a complex set of sufficient conditions. The aim is
to identify all these conditions for that to become possible. The complex set of necessary
conditions can only be used for explaining how one spatial change, whether it is a road
blockage or a new road link, changes the spatial configuration of a street network. It is
enough that only one of the condition is present for that a change in the spatial variables
occur [14].

If a compact city is conceived of as having a dense, well-connected street network,
both on a local and metropolitan scale, and high intervisibility between buildings and
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streets, then urban compactness of this kind is a complex set of sufficient conditions for gen-
erating sustainable urban processes in terms of low energy use for transport. All these
spatial parameters must be present for enhancing street safety and street life, in which
enhance walkability. If a street has a high level of spatial integration but all buildings have
their entrances and windows on ground floor level turned away from streets, the degree
of walkability and perception of street safety will be affected. Blind walls and buildings
turned away from streets are perceived to be unsafe and enhance avoidance. Thus, mak-
ing attractive walkable cities requires more than making traffic safe and walking comfort-
able surfaces on pathways, pavements and sidewalks. The underlying drivers are the spa-
tial configurative parameters which again contributes to a compact multifunctional urban
neighbourhood, attractive for walking the last kilometre to and from public transport
stops.

The challenge for further research is to build up a systematic empirical database for
identifying all the spatial and physical conditions for shaping the opportunities for en-
hancing walkability. In particular, systematic registrations of people in streets at different
time periods needs to be conducted for different types of urban centres. In addition, vari-
ous cultural aspects, traditions, planning and organisational constraints need to be added
into the research. In some cultures, planning cities for facilitating private car ownership is
perceived as a part of the modernisation process, whereas in other cultures, the focus is
now on pedestrianising the streets in city centres. Research of this kind requires context-
dependent cases, where the aim is to understand the necessary conditions as to why some-
thing became possible for each specific case. At present, recent political decisions for mak-
ing the three dense urban centres of Oslo car-free has been a necessary condition for im-
proving the streetscapes of these centres. The current spatial conditions in these three
highly locally integrated historic urban centres function as a complex set of sufficient con-
ditions for enhancing walkability, and provide the suitable spatial framework for an easy
implementation of these policies.

Seemingly, the spatial structure of the street network on various scale levels matters
for achieving some of the United Nations” sustainable development goals. Reduced en-
ergy use for transport touches upon parts from goal 7 (affordable and green energy) and
goal 11 (sustainable cities and communities). Walkability touches upon parts from goal 11
and 3 (good health and well-being). Streets enhancing gender balance touches upon goal
5 (gender equality), whereas safe streets and possibilities for microeconomic activities
touches upon goal 11. Compared with many other accounts of urban sustainability, a
space syntax approach can offer specific concepts of spatial and functional aspects to ex-
plain or understand compact cities and their effects on economic and social behaviour—
whether it turns out to enhance walkability or not.
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