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Abstract: The increases in both the elderly population and urbanization present new problems for
planning new cities and managing old cities. To solve this challenge, innovative ideas/proposals that
encourage walkability and reduce fossil energy motor transport are needed, in line with the actions
advocated by Sustainable Development Goal #11 (SDG11), Sustainable Cities and Communities.
Opening passages that cross blocks, creating connections between the streets, is the proposal discussed
in this paper, as seen in cities like Paris, Prague, Milan, and Juíz de Fora, which have passages in their
urban fabric. These can be implemented in a building’s rehabilitation or when a new building replaces
it. New architectural project designs should have several characteristics that promote walkability in
the city, including passages and galleries. Although previous research has obtained promising results,
extending the research to different urban fabrics and block sizes is needed. Using space syntax and
data analysis, we simulated and quantitatively assessed the walkability of three neighborhoods in
Lisbon, Portugal. The comparison of all simulations and the discussion of the results show that the
passages improve walkability. It is also noticeable that there is higher walkability in orthogonal urban
fabrics than in non-orthogonal fabrics. The results for block size are inconclusive.

Keywords: walkability; pedestrian passages; space syntax method; natural movement; pedestrian
mobility; connecting streets; opening blocks; urban permeability; sustainable cities

1. Introduction

Most contemporary cities in the Western world struggle with reduced and decreasing
walkability for their citizens, especially the most vulnerable. While the planning of new
cities or new urban areas benefits from anticipated concerns about growing walkability
needs and, considering current knowledge, can promote the implementation of urban
solutions that guarantee this increase, older and more consolidated cities that were unable
to foresee that this problem would affect them must devise innovative proposals [1] to
respond to this challenge. In this sense, promoting walkability (ease and comfort with
which people can walk within a given area [2]) involves space syntax (solid scientific
method that consists of calculating spatial relationships in the built environment, allowing
to analyze and understand how it functions both spatially and socially [3], enhancing
connectivity and permeability (ease linkage and movement between different parts of an
urban area), prioritizing pedestrian mobility (the ability of individuals to move within
a city or region [4]), ensuring safe passages (physical pathways, corridors or galleries
that connect different spaces within a city [2]), and addressing the needs of vulnerable
road users (individuals more susceptible to accidents and injuries due to their exposure
to traffic [2]). These concepts intersect to shape urban environments that promote health,
sustainability, and community well-being.

The growth of the Portuguese elderly population in recent decades (from less than
1.5 million in 1991 to more than 2.2 million in 2019 [5]), combined with the increased rate of
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population aging—which will almost double, going from the current 159 to 300 elderly peo-
ple for every 100 young people by 2080 [5]—are issues that should concern contemporary
Portuguese society. These trends and concerns are not exclusively national [6,7], and as “it
is a culture’s duty to take care of its elderly” [8], the WHO (World Health Organization)
declared the decade of 2021–2030 as the Decade of Healthy Aging [9]. Although the INE
(Portuguese Statistics Institute) [5] predicts a decrease in the young population, this is
also a vulnerable age group [10], which is not neglected in the solution proposed in this
paper. The opening of the passages provides several benefits for the overall population,
particularly for these vulnerable groups, as it encourages the occupation of spaces inside
the blocks (Figure 1). These benefits include protection against heat/cold, noise, and air
pollution, especially for the most vulnerable population; greater shading and lower ex-
treme temperatures; pedestrian areas without motorized vehicles; spaces for socializing
and leisure, especially for the most vulnerable population; spaces for children to play in a
safe environment; contact with local fauna and flora; and intergenerational living, reducing
elderly isolation.
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To work toward SDG11 (Sustainable Development Goal #11), and given the aging
population in old cities, it is imperative to propose solutions [1] that promote walkability
and reduce the use of fossil energy motor transport. Hillier [11] previously argued that a
city should be lived by pedestrians, enhancing the public space and its relationship with
buildings [12].

Currently, urban research suggests that the renewal of cities should avoid barriers and
increase the prevalence of open spaces, facilitating permeability for walking for periods of
up to 15–20 min, called “hyper-connectivity” or “chrono-urbanism”, as defined by [13,14]
and supported by [10,15–17].

Following previous research [18,19], and inspired by the network building concept,
the idea emerges of creating passages that open closed blocks, increasing pedestrian perme-
ability, as seen in cities like Paris, France; Prague, Czech Republic; Milan, Italy; and Juíz de
Fora, Brazil, which use this concept in their urban fabrics. Schematically, Figure 2 shows an
urban fabric with several blocks (Figure 2a) and the same blocks with open passages, with
noticeable changes in the allowable paths (Figure 2b).
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Figure 2. Schematic depiction of opening passages through closed blocks [20]: (a) paths allowed
before opening passages (green arrows); (b) paths allowed (green arrows) after opening passages
(red dotted lines).

The revitalization of empty and/or abandoned spaces is at the core of this proposal,
which is where the passages would be opened. During a building’s rehabilitation or its
replacement with a new one, it is essential to consider these solutions, which include
buildings that contribute to facilitating walkability or at least that do not reduce it [20].

Scientifically grounded spatial analysis tools have an active role in assessing the func-
tioning of a neighborhood. Namely, the space syntax method supports the urban design,
planning, and refurbishment of cities and neighborhoods [3], strengthening research about
the built environment’s spatial properties. These tools’ ongoing development, in line with
Heraclitus ‘panta rhei’ (everything flows), emerges from the merging of natural, technical,
and social sciences and contributes to theories of the built environment [3]. Space syntax
evolution requires interconnection not only among several cultural contexts but also among
different scientific fields, such as anthropology, cognitive sciences, applied mathematics,
and computing, as well as philosophical issues. On one hand, this method allows for
identifying revitalization opportunities to be included in new proposals according to the
existing urban areas spatial potentials and assessing the liveliness of urban centers because
of new passages added [3]. On the other hand, it can also give warnings of the future
socio-economic impacts of the proposed urban design alternatives [3].

Harmonized interactions between the city environment (urban and architectural) and
the social matrix result from the establishment of guidelines, achieved by the relationship
between the city scale and the applied sociological codes [21].

Depending on people’s sense of living in urban places, a city’s uses will be defined,
and interconnections will be created. Building design is essential [12] for urban planning
and changing public space uses [16,22].

Combining movement, land use, and behavior factors, the space syntax method relates
each space to all others, in terms of changes in direction and angular deviation [23,24],
focusing on the relationship between increased walkability and the openness of passages
in the urban fabric.

In particular, the aim of the exploratory analysis was to assess the permeability and
improvement in spatial structures as more passages were opened.
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To achieve this goal, an approach methodology was defined, which is outlined in
Figure 3. It consists of a literature review of two main themes—space syntax and graph
theory. After intensive fieldwork to identify potential passage locations, a segment map is
constructed. This map is submitted to the calculation software, and the obtained results are
analyzed and discussed.
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It is also intended to expand the study to other neighborhoods of Lisbon (the old city)
with diversified urban fabrics, following the research work carried out in [20].

This paper is structured into seven sections. Following this introduction, the Section 2
presents the theoretical background, the Section 3 offers a comprehensive case study de-
scription, and the Section 4 presents the materials and methods used. The Sections 5 and 6
present the results and their discussion, respectively, while the Section 7 offers concluding
remarks on the research.

2. Theoretic Background

Consolidated cities, which include most Portuguese ones, have complex morphological–
demographic–socio-economic characteristics resulting from their growth and development
process, pointing to an urgent need to rethink and reimagine them [1] and changing the
way of life of the (world) population. Although Otto, in [1], refers to new cities when
defining this need as a “planning revolution”, it does not prevent the same need from being
extended to consolidated cities. She adds a paradigm shift in creating and planning cities,
complemented by a holistic strategy [25] of building “compact cities strategically structured
with neighborhoods and mixed-use buildings and with an emphasis on integrated urban
systems” [1].

This strategy includes increasing mobility [26] and connectivity [27,28] in consolidated
cities. Choay [29] criticizes urban design based only on rationalist models imported from
the modern period, arguing that cities should be more humanistic and less theoretical,
valuing integration, mobility, and the use of public space. Architecture should not create
walls or physical limitations or obstruct movement [30]. Also, from a sociological point
of view, Ascher [23] studied urban mobility, the dynamics of life, and the urbanization
of modern cities and concluded that they are essential for cities to become alive and
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dynamic. Monofunctional and dispersed cities, criticized by Alexander [31], have led to the
introduction of innovative ideas into the conceptual processes of urban design (e.g., [32]).

Furthermore, the current discussion and research on air quality and climate change
(urban areas produce 70% of harmful emissions [1]), as well as the recent constraints
brought about by the 2019 pandemic, have placed walkability in a prominent place in
sustainable urban planning [2], making it increasingly mandatory for neighborhoods in
metropolitan areas to be walkable, especially for the most vulnerable populations [10].

Entities like UN-Habitat (United Nations Human Settlements Programme) and ITDP
(Institute for Transportation and Development Policy) [33] advocate for the creation of slim-
mer pedestrian networks in large blocks, prioritizing connectivity, in line with [34,35]. This
article goes further, expanding this opportunity to other urban fabrics (smaller, orthogonal,
and non-orthogonal) by adding permeability.

Several spatial models have been widely used [28,36], combined or not with GIS [37]
and multivariate analysis techniques [38–44]. Recently, urban studies have examined walk-
ability using a wide range of variables of a diverse nature [45], e.g., geometric, functional,
social [28], environmental [38], etc., which translate into pedestrian flow indicators [3],
attractiveness [37], usability [28], comfort, safety, quality [39], etc. They have generally
used graph theory and, above all, the space syntax method [3,46–48] in particular. Graph
theory allows for a structural analysis of urban networks, which serve as the basis for the
space syntax method. The latter assesses the accessibility of urban spaces, allowing for an
understanding of pedestrian movement and interactions with the city, to better plan the
urban network and improve walkability. It is important to remain mindful of the oversim-
plification of reality that these models imply and to always understand some subjectivity
when interpreting the results. Furthermore, when emphasizing both connectivity and
permeability, it is essential to not neglect the quality of the public space, safety, or comfort.

In the space syntax method, to compare the “before” and “after” changes introduced
in the urban fabric, the theory of natural movement is used [15,47]. This theory states that
the natural flow of movement in built environments depends on the spatial integration of
the street network, that is, the distance from one point to all points. Thus, the greater the
spatial integration, the greater the natural flow of movement at all scales [47].

Currently, the axial map has been replaced by angular segment analysis using distance
measures [23,48,49], as it focuses on the angles of intersecting streets and their spatial
arrangements and calculates the distances between segments, allowing for the assessment
of the overall urban flow. This operational issue can be resolved with the DepthmapX soft-
ware, version 0.80 (https://www.spacesyntax.online/software-and-manuals/depthmap/
(accessed on 18 April 2022)). The space syntax method examines the relationships between
each public space or street segment within a constructed urban environment and all other
public spaces.

According to [21,50], this method shows that measures to capture spatial structures
optimally are the to-movement and the through-movement potentials. The to-movement,
or closeness, measures the probability of a street being an attractor space. The through-
movement, or betweenness, measures the probability that a street is used as part of a route,
i.e., the shortest path from each point to all other points. Hence, the defined movements
represent several accessibility potentials and are best predicted by integration and choice
measures [51].

These two measures allow simulating scenarios in the study area, before and after the
opening of the passages, as well as their comparison.

3. Case Study

At the beginning of the last century, Lisbon grew toward the northeastern rural
area. The built neighborhoods are mainly orthogonal or semi-orthogonal. The three
neighborhoods, named N1, N2, and N3, selected to test the influence of the passages, are
currently located at the center of the city and are shown in Figure 4.

https://www.spacesyntax.online/software-and-manuals/depthmap/
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Figure 4. Location of the three neighborhoods in Lisbon, Portugal.

These three neighborhoods are crossed by two perpendicular road axes—the structural
Almirante Reis Avenue in the N-S direction and D. Afonso Henriques Avenue in the W-E
direction. In general terms, an orthogonal urban fabric defines neighborhoods N1 and N3.
There are medium-sized blocks in N1 and small-sized blocks in N3 (orange and yellow lines,
respectively, in Figure 4). A non-orthogonal urban fabric with large blocks characterizes
neighborhood N2 (green line in Figure 4).

In these buildings, there are often some places, predominantly on the ground floor, that
can be replaced by passages to the interior of the blocks without requiring extensive work.

By carrying out extensive fieldwork in the neighborhoods described above, it was
possible to classify the places into several categories, such as vacant stores, private passages,
buildings under construction, and abandoned and ruined buildings. These marked places
were spots for passage openings in study development, thus establishing more connections
between the current streets and increasing walkability.

These spaces were identified in manually generated maps, and passages were opened
in the buildings to the interior of the blocks, creating more movement possibilities inside
the neighborhoods.

This area’s urban fabric and its use have the potential to ensure safe, inclusive, and
resilient mobility and to create attractiveness and well-being for the resident citizens and
visitors. This is aligned with the strategic pillar of “More Innovation”, as defined by the
Municipality of Lisbon, which states, “To make Lisbon a pioneering and testing city for
innovative mobility solutions in real but controlled environments, generating a positive
impact both on the economy and users” [52].

4. Materials and Methods

Considering the study area described above, different simulations were computed
using the space syntax method, and maps were manually generated.

Taking into account the proportions of the three neighborhoods for the current scenario
(without passages), a buffer area of 1000 m (15/20 min walking time), was considered to
reduce the impact of edge effects (Figure 5).
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(yellow area). (a) Study and buffer area; (b) zoom in on the study area.

The study area axial map, which includes the three neighborhoods, was converted
into a segment map using DepthmapX software (version 0.80).

In urban design and spatial analysis, an axial map represents the primary axes or main
streets within an urban area that connect squares and intersections.

Instead of relying solely on axial maps, modern approaches use angular segment
analysis, considering the angular relationships between different segments (streets, paths,
etc.) in a city. It focuses on the angles of intersecting streets and their spatial arrangement.

By analyzing distances between segments, the walkability, travel times, and overall
urban flow can be assessed. These measures play a crucial role in understanding urban
connectivity and permeability. DepthmapX software allows for spatial configuration
analysis as it performs tasks like calculating distances, identifying angular relationships,
and assessing urban layouts.

This shift from axial maps to angular segment analysis using distance measures
reflects significant improvements in urban planning methodologies. DepthmapX software
facilitates this analysis by providing tools to explore urban spatial patterns—particularly
in this case study, identifying the potential increase and improvement of walkability and
proposing passages within the neighborhoods—and by providing quantitative measures of
spatial accessibility.

In addition, DepthmapX allows for calculating integration and choice, which measure
the walkability options in the current and proposed scenarios for the neighborhoods
studied (without and with passages, respectively). Specifically, T1024 Integration and
T1024 Choice were calculated in this study. Simulations were computed for each of the
three neighborhoods separately (neighborhoods N1, N2, and N3) and for the entire study
area. The results were compared.

Also, statistical measures, like the mean and maximum, were considered to compare the
simulations obtained in previously defined scenarios. The mean indicates the background
movement in the spatial structure, whereas the maximum accounts for the foreground
movement [53]. These measures provide a comprehensive view of the results achieved.

5. Results

The T1024 Integration and T1024 Choice measures were computed with DepthmapX
software in the segment map for four local radii: 500 m, 750 m, 1000 m, and 1200 m.
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Figure 6 shows maps of the T1024 Integration for the current situation: N1, N2,
and N3 without passages (first line of Figure 6); N1, N2, and N3 with passages (second,
third, and fourth lines, respectively, of Figure 6); and, finally, with the passages in the
three neighborhoods simultaneously, named All (last line of Figure 6), all for metric radii
from 500 m to 1200 m. They show an increase in the T1024 Integration when the metric
radii increase.
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Figure 6 shows a comparison of the “Current” and “All” scenarios (including passages
in the three neighborhoods simultaneously), and column analysis indicates that T1024
Integration increases notably in the areas defined by the three neighborhoods for all metric
radii and decreases in the surrounding areas, which implies greater attractiveness of the
neighborhoods with passages.

Opening passages in each neighborhood at the same time produces an increased effect
on the T1024 Integration of the neighborhoods and the surrounding area as the metric radii
increase, mostly in the orthogonal neighborhoods N1 and N3. Besides increasing the T1024
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Integration within the neighborhoods, it also increases in all the surroundings as the metric
radii increase.

Moreover, the mean and maximum of the T1024 Integration were quantitatively
analyzed (Figure 7).
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Figure 7. T1024 Integration for the passage’s simulations: (a) T1024 Integration mean; (b) T1024
Integration maximum.

Globally, when passages are included in neighborhoods N1, N2, N3, and in All neigh-
borhoods simultaneously, Figure 7 shows a T1024 Integration that is higher than in the
Current scenario for all metric radii, both for background (mean) and foreground (max-
imum). In addition, the introduction of passages (blue line) in all three neighborhoods
reveals the highest to-movement in the background (mean) and in the foreground (maxi-
mum). The passages opened in N2 (green line)—with a non-orthogonal urban fabric and
large-sized blocks—did not significantly increase the T1024 Integration in the background
(mean) or foreground (maximum). In N1 and N3 (orange and yellow lines), with orthogonal
urban fabric, there is a relevant increase in the T1024 Integration in the background (mean)
and foreground (maximum).

The coherence of the variation in the T1024 Integration between the means and maxi-
mums and mapping pictures is evident.

Figure 8 shows maps for the metric radii from 500 m to 1200 m of the T1024 Choice for
the Current scenario: N1, N2, and N3 without passages (first line of Figure 8); N1, N2, and
N3 with passages (second, third, and fourth lines, respectively, of Figure 8); and finally, with
the passages in the three neighborhoods simultaneously, names All (last line of Figure 8).
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Globally, there is a small increase in the T1024 Choice when the metric radii increase as
the passages are added in N1, N2, N3, and the three neighborhoods simultaneously (All
scenario), all for metric radii from 500 m to 1200 m. As expected, this increase is more
notable in the last case (Figure 8).
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Comparing, in Figure 8, the Current with the All scenario (including the passages in
the three neighborhoods simultaneously), the T1024 Choice increases notably for all metric
radii in the areas defined by the three neighborhoods and decreases in the surrounding
areas, which implies a higher probability of a street being used as part of a route in the
neighborhoods with passages.

The orthogonality and block size of the neighborhoods do not seem to affect the T1024
Choice after opening passages in each neighborhood, with an evident increase in the T1024
Choice up to 1000 m in the orthogonal N1 and non-orthogonal N2 and up to 1200 m in the
orthogonal N3. On the other hand, open passages in orthogonal N1 and N3, with medium-
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and small-sized blocks, respectively, decrease the T1024 Choice in the surrounding areas,
whereas in non-orthogonal N2 with large-sized blocks, this does not happen.

In general, T1024 Choice and T1024 Integration show similar variations in their respec-
tive metric radii for through-movement both in the background (mean) and the foreground
(maximum).

Figure 9 shows through-movement growth in the background (mean) and foreground
(maximum) as the metric radii increase. It can also be observed that in the current situation
(without passages), the through-movement in the background (mean) and foreground
(maximum) always presents the lowest T1024 Choice (black line). These values are closely
followed by N2 (green line), where a few passages were added. N1 (orange line) has
higher through-movement in the background (mean) and foreground (maximum) than
N2. N3 (yellow line), where a high number of passages were added, has higher through-
movement in the background (mean) and foreground (maximum) than N1. The blue line
that represents all the passages in the three neighborhoods reveals the highest through-
movement (T1024 Choice) in the background (mean) and foreground (maximum).
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6. Discussion

Following the research carried out in [20] and the promising results that were obtained,
the hypothesis of the urban fabric having an influence on walkability when passages are
introduced in neighborhoods was tested. The results clearly show that the opening of
passages in orthogonal neighborhoods contributes more to increasing walkability than in
non-orthogonal neighborhoods. In orthogonal neighborhoods, the size of the blocks had
no apparent effect on the walkability of these neighborhoods, although it was expected that
larger blocks would benefit more, in terms of increased walkability, than smaller blocks.
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Even though it is necessary to continue this study, its greatest contribution lies in
the fact that the introduction of open passages through the interior of blocks increases
pedestrian permeability, especially in orthogonal neighborhoods. In terms of walkability
enhancement, the proposal to create passages that cross city blocks is a step in the right
direction. These passages can connect streets, making it easier for pedestrians to move
around, especially for vulnerable populations.

This research shows the importance of urban fabric for walkability and allows for
its understanding. Regarding the block size, future research will be extended to other
examples that may highlight significant differences in terms of walkability. Also, the idea
of pedestrian-friendly design is complementary to creating passages since it can be an
incentive for walkability; for example, wider sidewalks with smooth surfaces and proper
lighting (including in the introduced open passages); the integration of green spaces along
pedestrian routes; including benches, shelters, and public art to encourage walking in those
passages and to ensure accessibility for people with disabilities.

Future project designs involving funding should conduct pilot projects in specific
neighborhoods to test walkability interventions and measure their impact on pedestrian
behavior, safety, and the overall quality of life using statistical methodologies. Another
possible approach to evaluating the impact of creating passages through blocks would be
to gather data on pedestrian movement patterns, traffic flow, and existing infrastructure.

Through continuous monitoring and a responsive feedback loop, the long-term impact
of walkability interventions may be assessed while refining and adapting strategies over
time to enhance health, the environment, and social well-being.

The simulated situations of opening passages that can be implemented in the future are
inspired by cities where these already exist, such as Juíz de Fora, Brazil, and Prague, Czech
Republic. The study of these cases, by fictitiously eliminating their passages, is another
approach that could be tested to quantify their effective influence on urban mobility.

This entire discussion aims to provide a comprehensive overview and highlight
effective strategies for making cities more pedestrian-friendly.

7. Conclusions

This study contributes to the affirmation that the addition of passages to the urban
fabric increases and consequently promotes the local walkability, which is so necessary
nowadays in the sense of a change in lifestyle. It shows that this increase is more notable in
orthogonal neighborhoods (and does not apparently depend on the size of the blocks) than
in a non-orthogonal urban fabric. In any case, there appears to be a dependent relationship
between the urban fabric and the walkability increment. It was also noticeable that there
was higher walkability in the orthogonal urban fabrics than in the non-orthogonal, with
inconclusive results for the block size. A probable reason for this outcome may be explained
by the perception that in an orthogonal urban fabric, any new path (open passage) is a
potentially shorter one in terms of distance traveled. Further research should be carried
out concerning this issue.

In addition, the to-movement and the through-movement in the background (mean)
and foreground (maximum) always increase in all metric radii with the addition of passages.
Therefore, it is shown that with open passages, neighborhood attractiveness and the
probability of a street being used as part of a route increase in all metric radii, contributing
to a more livable, dynamic, and humanistic city.

The opening of new passages, which are easy to implement in the building rehabilita-
tion process, allows for obtaining an increase in permeability, which encourages walkability
for old and consolidated cities’ inhabitants (especially the vulnerable population), ensuring
safe, inclusive, and resilient mobility and creating attractiveness and well-being.

Simulations, as performed in this study, prove to be crucial for assessing the viability
of open passages.

In conclusion, this research shows that passages are important for promoting the
local walkability of old city neighborhoods where the street network cannot obviously
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achieve soft mobility. On a larger scale and in the long term, the achieved outcomes will
certainly improve air quality, preventing climate change and moving toward sustainable
urban planning. Particularly in Lisbon, this proposal meets the strategic pillar of “More
Innovation”, as defined in [52] by the municipality.

This innovative approach affects the residents of the blocks in a more direct way since,
in addition to the benefits listed above, it interferes with private collective spaces that
become public, in line with the new Community Land Trust Brussels model (awarded by
UN_Habitat 2021 with the World Habitat Gold Award), which is beginning to be supported
by EU countries in the form of using collective ownership of land that removes it from the
speculative market as a way of guaranteeing housing. Residents do not lose their private
collective space, benefiting from sharing and community involvement in the building and
space renewal. In this sense, it is essential to raise awareness of the importance of urban
collaborative spaces that promote protection and social inclusion and ensure their renewal.

In short, opening passages and pre-existeng renewal bring countless benefits, both
at a private, social, and community level, and contribute towards a paradigm change.
Concerning cost estimations, it is premature given the exploratory nature of the approach.

Obviously, if there are no potential locations for passage openings, this approach is
not viable. Also, this methodology only assesses walkability in terms of integration and
choice measures.
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