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Preface

PREFACE

The second year of the People-City-Transport 2024 conference aims to strengthen research
activities in urban mobility, especially its behavioural, economic and social aspects. The conference
is organized by the Department of Spatial Planning, Faculty of Architecture, CTU in Prague,
in cooperation with the Faculty of Transportation Sciences, CTU in Prague.

People-City-Transport 2024 is primarily a scientific conference of doctorate students.
It provides an opportunity for the mutual presentation of their research activities and open
discussion of research plans and preliminary results of ongoing projects. The conference aims to
give constructive feedback to presenters and, by that, improve their future research. The conference
is complemented by presentations by prominent figures of scientific research: Maria Attard,
University of Malta, Jesper Blafoss Ingvardson, Technical University of Denmark and Lukas
Makovsky, University of Reading, United Kingdom.

Urban mobility is a complex phenomenon, and the investigation requires the strategic
partnership of scientists and experts from technical fields, social sciences and humanities.
This year, the conference hosts 18 presentations by young scientists worldwide who investigate
the phenomenon from different points of view. | believe that the multi-disciplinary approach
of the conference may lead to understanding current urban mobility problems and their possible
solutions.

Jakub Vorel

Head of Department of Spatial Planning
Faculty of Architecture,
CTU in Prague
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Public transportation systems in urban India, like those in Kochi, Kerala, are often designed with
limited consideration of the needs of women, particularly low-income female workers. This paper
examines the gender-specific challenges faced by domestic workers in Kochi, who rely heavily
on public buses for their daily commutes. Through in-depth interviews with 25 female domestic
workers, the study identifies critical issues such as poor bus design, overcrowding, inadequate bus
shelters, and safety concerns during peak hours and first/last-mile connectivity. The findings reveal
that high bus steps, inaccessible handrails, and congested conditions make commuting uncomfor-
table and unsafe for women, particularly those in traditional attire or older age groups. Women also
face safety risks, especially in the early morning or late evening, when harassment and crime
are more prevalent. This paper calls for the implementation of gender-responsive transportation
planning to address these challenges, including redesigning public buses and shelters and
enhancing safety measures. Improving public transportation infrastructure and operations for
women can lead to more equitable, inclusive urban mobility and better access to socioeconomic
opportunities for low-income women workers.

1. Introduction

Public transportation systems play a crucial role in shaping the mobility and access of urban
populations [1], [2]. However, the design and operation of such systems often fail to account for the
specific needs of women, particularly low-income women workers [3], [4]. Globally, transport
planning has been largely male-centred, with infrastructure and services designed to meet the
needs of able-bodied, working-age men. As a result, women, especially those from lower-income
groups, are disproportionately disadvantaged when using public transportation systems [5], [6].

This paper examines the challenges faced by domestic workers in Kochi, Kerala, in accessing
public transport and how these challenges highlight broader gender inequities in urban mobility.
Domestic workers, a predominantly female workforce, rely heavily on public buses for their
daily commutes. The study investigates specific design and operational flaws in Kochi's public
transportation system that limit the safety, comfort, and convenience of these workers. Additionally,
it explores opportunities for integrating gender-responsive design solutions that can enhance
the accessibility and efficiency of public transport for women.
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2. Background and Context

Kochi, the commercial capital of Kerala, is a rapidly growing city with significant urban expansion.
Despite this development, its public transportation infrastructure has lagged in addressing the
diverse needs of its users, particularly women [7]. Kochi's public bus system, which serves as the
backbone of transportation for low-income workers, is inadequately designed to cater to the unique
travel patterns and requirements of women.

Studies show that women travel differently than men, making multiple short trips throughout
the day to fulfill both work and domestic responsibilities [8], [9], [10]. Unlike men, who typically
travel for paid work, women's travel patterns are often fragmented, involving multiple stops for
errands, childcare, and other household-related tasks. Despite this, public transport systems
in Kochi are designed primarily for single-destination trips, ignoring the complexity of women’s
commuting needs [11].

In Kochi, domestic workers—who form a significant part of the low-income working population
— face compounded difficulties due to the poor design of public transport vehicles, overcrowded
conditions, and the lack of safety measures in transit. These challenges are often exacerbated
by the lack of gender-sensitive planning in public transportation.

3. Methodology

This study is based on qualitative data collected through in-depth interviews with 25 female
domestic workers in Kochi, conducted over a period of two months. The women were selected using
a purposive sampling strategy, ensuring representation from various geographic locations around
Kochi, including the islands surrounding the city center. The interviews aimed to capture
the participants’ daily commuting experiences, their perceptions of safety, and their views on the
adequacy of transport infrastructure.

A thematic content analysis was employed to identify key challenges faced by these women.
The interviews focused on specific areas such as the design of public buses, the adequacy of bus
shelters, safety concerns, and the accessibility of services during peak hours. The findings from
these interviews were then mapped against existing literature on gender-responsive transportation
planning.

4. Key Findings

4.1. Poor Bus Design and Accessibility Issues

One of the major challenges highlighted by participants was the poor design of public buses, which
fails to accommodate women'’s needs. For instance, the steps of the buses are too high, making
it difficult for women, especially those dressed in sarees (traditional Indian attire), to board. This
design flaw is particularly problematic for older women and those carrying shopping bags or
children.

Additionally, the internal layout of the buses does not account for women'’s shorter stature.
Many participants reported difficulty in reaching the overhead handrails, which are designed with
average male height in mind. This forces shorter women to stand unsteadily, holding onto the
partition between the driver and passengers, leading to discomfort and increased fatigue
during the journey.
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4.2. Overcrowding and Health Implications

Overcrowding is a significant issue during peak hours, with women often forced to stand for the
entire duration of their commute. Despite the availability of a greater number of buses during rush
hours, all buses are heavily congested, leaving women with no choice but to travel in uncomfortable
conditions. Many participants reported experiencing body pain and fatigue due to prolonged standing
in cramped spaces.

Women also expressed concerns over the speed at which buses operate during peak hours.
Drivers, in an effort to meet schedules, often drive recklessly, leading to frequent accidents
or near-accidents. Participants recounted incidents of women falling inside buses due to sudden
braking or falling while alighting from fast-moving buses.

4.3. Uncomfortable and Unsafe Bus Shelters

Bus shelters are another area where gender-insensitive design affects women’s mobility. Many
participants noted that they avoid sitting on bus shelter benches even when they are available,
citing reasons such as discomfort, dirt, or the presence of men at the bus stop. The lack of
cleanliness at bus shelters was a recurring issue, with several women mentioning the smell
of urine and unclean surroundings.

The absence of well-designed and well-maintained bus shelters also affects women'’s safety.
Many women reported feeling unsafe while waiting for buses in isolated areas, particularly during
early morning or late evening hours. In some cases, women take longer, more expensive routes
to avoid unsafe areas or opt to travel with male relatives or friends.

4.4, Safety Concerns: Fear of Crime and Harassment

Safety remains a paramount concern for women using public transport in Kochi. Although the
frequency of sexual harassment on buses has decreased in recent years, primarily due to age
and vigilance, younger women and daughters of participants have experienced harassment. First
and last-mile connectivity, i.e., the walk between home and the bus stop, remains a particularly
dangerous part of the commute, with women reporting incidents of catcalling, exhibitionism, and
other forms of harassment.

In response to these concerns, some women pay extra for autorickshaw rides to avoid walking
long distances in the dark, highlighting the financial cost of poor urban planning and public safety.
Fear of crime significantly restricts women’s mobility and forces them to make choices that
compromise their safety, time, and financial well-being.

4.5. Discussion

The challenges faced by women domestic workers in Kochi underscore the need for a gender-
responsive approach to public transportation planning. The current design of public transport
systems prioritizes efficiency over inclusivity, with little attention paid to the specific needs
of women.

Gender-sensitive transportation planning could address many of the issues raised by the
participants. For instance, bus designs with lower steps and accessible handrails would make it
easier for women to board and travel safely. Additionally, increasing the frequency of buses during
peak hours and improving the design of bus shelters would reduce overcrowding and improve
safety for women.

Gender-Inclusive Public Transportation: Addressing the Mobility Needs
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5. Conclusion

This paper highlights the critical gaps in the design and operation of public transportation systems
in Kochi, particularly from the perspective of low-income women workers. By examining the
experiences of domestic workers, the study demonstrates how public transportation, as it currently
exists, fails to meet the needs of a significant portion of the urban population.

To create a more inclusive and equitable transportation system, city planners and policymakers
must adopt gender-responsive design principles that consider the unique mobility patterns and
safety concerns of women. This will not only improve the quality of life for women but also contribute
to more sustainable and efficient urban transport systems.
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1. Introduction

Urbanization and mobility are interconnected concepts, bringing both obstacles and opportunities,
in contemporary civilizations. Accelerated urban growth strains transportation infrastructure,
leading to congestion, longer travel times, and increased pollution. Effective mobility promotes
economic activities, whereas inefficient mobility undermines the economy and quality of life. This
research establishes a framework for the complex interplay between gender inequalities and
everyday mobility in urban areas, to understand how public transport planning, the design of cities,
and the physical environment of transport spaces may exacerbate or reduce such gaps.

People tend to move around in cities in their social and physical arena, leading to the fact that
cities are not gender-neutral. Social inequity in urban design can act as a magnifying glass to
aggravate the differences among social groups. Social equity and community interaction are key
drivers of a sustainable urban development model. Public transport is integral in upholding both
social equity, as well as community engagement. Gender differences often remain hidden while
designing and implementing mobility planning for cities, mainly disempowering women from
enjoying equal freedom of access to transport. These differences are hardly ever addressed in
the urban development plans, particularly for developing nations [9].

This study attempts to respond to enduring difficulties in this area while contributing to
an improved comprehension of how public transport space could be designed to answer the
safety needs of women, who comprise most users. Even though the implications for urban
planning are not fully understood, women's travel behaviors differ significantly from men's [5].
European urbanization has the effect of reinforcing gender inequalities through spatial and
social segregation [12].

Women would have little hope of finding relatively cheap accommodation in city center
neighborhoods that offer maximum job opportunities, thus resulting in long distances to travel to
work and not much choice in the career they wish to pursue [10].

Public transport transitory spaces should not be designed gender-neutral since the mobility
demands and realities of men and women are very different in this respect. Traditional urban
planning prioritizes linear traffic patterns that fit well while meeting the demands of commuting
males who need undisturbed commutes. Women have generally complex travel patterns, which
are short trip chains, connected to obligations in work and family domains [4]. Women also travel
less distance than men within their local areas, owing to major part to their increased duties as
mothers [8]. Women's safety issues in public transportation is a critical subject. The space of the
public sphere influences the psychological dimension of comfort, security, or even serenity, as it
serves as a conduit for social connection [1]. Several studies have made gender specific analytical
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findings regarding, perceptions of risk while using transportation services, including crime and
harassment [2]. Lack of effective safety measures in public transit networks, inadequate illumination
in public spaces, poorly designed public spaces, and disorganized infrastructure, may cause anxiety
among women, especially in the evenings [3].

In post socialist regions like Prague, urbanization processes and socioeconomic transformations
have specific consequences on gendered mobility. The women in these regions face enormous
impediments to mobility due to economic inequality, poor public transport systems, and security
concerns [11]. The city center is arguably one of the most disjointed parts of Prague, with a blend
of tourism and commercial service activity, but seems to be a space where social evils manifested
and gained momentum. The city center has also the highest per capita crime rate of all parts
of Prague [6].

To better understand and solve the special mobility demands for safety reasons and obstacles
experienced by females, this research attempts to incorporate the female viewpoint in the public
transportation transit area and policy-making processes. It aims to advance the methods of data
collection and analysis toward an enhanced understanding of gender disparities in public transport
with evidence based decision making and safety for females in daily mobility.

1.1 Objectives and question

« Female perspective incorporation to public transport transits area and policy making processes
in the understanding of particular mobility needs and challenges facing females, at their
disposal, including safe and convenient alternatives for transportation.

« Undertake online quantitative research to examine women's everyday mobility patterns,
physical surroundings, practices in public transportation, mode selections, motivations for a trip,
and spatial behaviors. A range of techniques including questionnaire-based quantitative research,
observation studies, comprehensive interviews, and travel diaries to understand issues related
to environmental factors, gender dynamics, and relevant context-specific factors that determine
women'’s mobility experiences in public transport transit spaces. Based on these qualitative and
quantitative data, targeted interventions and policy recommendations aimed at, strengthening
the security of public transport systems for women shall then be derived.

» Improving data collection and analysis methodologies will be instrumental in furthering their
understanding while improving the provision of evidence based decisions and increased
security for women in their daily mobility, especially in public transport.

In this research, | address these questions:

» What are the perceptions of women about different transport spaces in Prague regarding their
feelings of safety? It will utilize online research to identify which spaces of transportation are
perceived as unsafe by women and what features evoke feelings of unsafety among them.
Diversity of experience among women will be in the foreground.

* What characteristics of the transport spaces of Prague make them insecure for women? The on
line survey will partially answer this question, while observations made in selected locations
identified and validated by women, will mainly provide answers. | will focus on identifying
the specific social and physical aspects that create feelings of insecurity in chosen locations,
based on literature.

» Using literature, | will uncover social and physical elements of selected areas that may
contribute to feelings of insecurity.

» How safe is Prague’s urban transportation for women right now, and the scope for betterment?
In-depth interviews with professionals in Prague planning would be conducted to get
information for the answer to the query.
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2. Methodology

The mixed-method approach will be the research methodology employed, which combines the
gathering and analysis of qualitative and quantitative data. The study will have three phases mainly:

i. Online Questionnaire Survey:

This online survey will be designed and administered to the women living in Prague. The perception
of safety at various chosen public transportation places and their surroundings will be measured.
It will utilize Likert scales and multiple choice questions to gather extensive qualitative data about
perceptions of safety, travel habits, and experiences. For designing the survey, Qualtrics will be
used and distributed through social media avenues and local community groups.’

ii. Observational Studies:

Systematic observation will be executed at specific public transport hubs, stops, and adjacent areas.
Researchers will rely on standardized observation protocol to document the underlying aspects
affecting women'’s safety such as lighting, visibility, crowd density, and security deployment. Data
will be recorded from mobile devices, equipped with a custom made observation application.

Expert Interviews:

Urban planners, geographers, and architects will be interviewed using a semi-structured format.
Professional attitudes towards the connection between the urban design, public transportation,
and women's safety would be involved in the topics of interviews. The interviews will be taped and
transcribed using Atlas.ti software for qualitative analysis.

Data Analysis:

» SPSS Software will be used to analyze the quantitative data from this survey.

» The software ArcGIS will be used for processing and visualizing spatial data to devise
perception maps of safety.

* Responses from the open ended survey and the qualitative interview will be coded with the
support of Atlas.ti for key themes.

» The integration of the above methodologies would give an overall understanding of women's
safety in the public means of transport in Prague, hence evidence based recommendations
for improvement.

3. Conclusion

This study hopes to get an in depth understanding of women's safety issues in the public transport
system, in Prague, by using quantitative and qualitative methods of data collection and analysis.
The results will inform policy recommendations and measures to increase female safety and
accessibility in urban public transportation. The study aims to support the broader interests of
gender studies and urban geography by inquiring into how a specific, socially politicized, and
individualized experience of safety can be promoted in Prague as a city that has taken on such
radical changes since the fall of socialism [7].

The research will focus on improving women's safety in public transportation in Prague due to
multiple experiences living in and studying different metropolitan areas. In doing so, one can build
an even more just urban environment where everyone has the opportunity to reach their full
potential. The experience of this research will be applicable to drive systemic change and make
intelligent policy decisions toward achieving gender parity in urban planning and public transport.
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1. Introduction

Public transit systems are the backbone of mobility in cities. With the increased dependency on
these systems, good quality public transit spaces and infrastructure are essential for enabling
inclusive mobility. Mainstream literature demonstrates that the assessment of efficiency in transit
systems has involved evaluating factors like accessibility to destinations, network connectivity
and transit mode integration among others [1]. However, the way people experience a space is
a function of how they navigate it. Wayfinding is the medium through which people interact with
transit systems, thereby forging a deeper connection with their cities. It is defined as the
comprehensive process of seeking, exploring and route-planning from one location to another [2].
The different elements of wayfinding design that have been studied are signs, maps, landmarks and
tactile or auditory elements.While literature has documented the complexity of wayfinding due to
its reliance on both cognitive behavior and information processing [3], its practical implementations
are often limited to signages. Transit spaces can truly be navigable when wayfinding systems are
considered experientially, with attention drawn to aspects such as sensory cues, spatial perception,
existing navigation mental models, crowd movement andindividual mobility behaviors.

Wayfinding design must consider people of diverse physical, social, intellectual and cultural
needs. However, this can be challenging as individuals’ identities are intersectional in nature.
Intersectionality is well-explored in disciplines such as law, racial, gender studies or health but
remains unconsidered in wayfinding design. The lack of an intersectional approach induces the risk
of creating blind spots or exclusions of specific groups that are affected more deeply, thereby
hampering how people navigate and experience cities. Current rapid transit systems like metro
stations cater primarily to high-mobility users with healthy bodies and require quick physical
movement. Commuters from lower socio-economic backgrounds who are dependent on public
transport, non-english or non-native language speakers, first-time commuters and senior citizens
are among those who are particularly vulnerable due to the lack of accessible wayfinding systems.
Limited mobility and reduced cognition can hinder senior citizens’ ability to navigate complex spatial
layouts and gather essential travel information [4]. These challenges are exacerbated for senior
citizens with intersectional identities, such as first-time commuters, women, or those who cannot
speak English or the local language. This results in an intimidation caused by infrastructure,
highlighting the need for wayfinding to be made more inclusive by integrating concepts from social,
behavioral and cognition studies.

Beyond Signage: Rethinking Wayfinding in Bengaluru's Metro Stations

Currently, metro stations connect commercial, residential areas and educational hubs in Bengaluru
through its two operational lines, making urban travel more accessible. It is proposed that six new
lines will connect unserved parts of the city, leading to the increase in the number of junctions
or interchange stations. To ensure accessibility of the city, it is necessary for public transit
infrastructure within these stations to be inherently inclusive, especially with respect to the
wayfinding systems. The scope of this research focuses on the only interchange station in Bengaluru,
which is a critical node and can serve as a case study for emerging stations.

2. Research Questions

Building an inclusive wayfinding system demands a comprehensive approach of study beyond
redesigning signage graphics or providing additional mobility support - an area where current
research is lacking. All elements within the built environment need to be evaluated from different
perspectives to satisfy heterogeneous needs. This research aims to establish a method to study
interactions in transit systems through the lens of wayfinding infrastructure and develop a more
nuanced approach of evaluation to uncover layers of social exclusion. This was guided by the
following fundamental research questions:

* How can wayfinding systems be enhanced to make public transport and therefore,
our cities more accessible?

* How can insights from literature and concepts relevant to inclusive design and
intersectionality be applied to wayfinding design?

3. Method

Wayfinding studies have outlined multiple frameworks of evaluation in literature. However, to
evaluate the inclusivity of an existing system, hybrid or interdisciplinary methods need to be devised
to understand users’ existing perception, their usage of infrastructure in action and nuances of their
specialized needs. The interchange metro station in Bengaluru was considered as a case study and
was initially studied through commuter audits and spatial mapping.

Existing wayfinding evaluation frameworks studied the impact of color, graphics or employed
usability testing methods [5]. However, in order to let users' perspectives guide the methodology,
this research was driven by participatory design activities. Multiple iterations of activities with
categories of wayfinding elements (signage, cues, floor markings, announcements, etc.) were
designed to gain unique feedback from commuters. Each of these were based on different objectives
like understanding the existing perception of signages, elements of signages they responded to,
audio-visual cues they sought, all as a function of their identities. The wayfinding elements were
classified according to the various identities and their types of perception.

Mobility exclusions are challenging to articulate, especially by those experiencing it. To address
this, the methodology needed to identify which individuals were affected, physical areas of impact,
and the different factors contributing to this. Commuters in the station were shadowed and their
routes were mapped. These route maps were largely based on observation and studied a user’s
journey through the station as a function of their identities. Additionally, layers of data on
interactions with elements, cues sought, movement times, wait times, and detours were recorded.
To study their correlation with the space, these maps were overlaid on each other, highlighting
distinct spaces or junctions that were ‘excluding’ users - termed ‘conflict zones'. This visualization
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technique was a crucial step in achieving a cross-sectional view of physical areas of exclusion
during movement.

=

Beyond Signage: Rethinking Wayfinding in Bengaluru's Metro Stations

Figure 1. Spatial representation of the Majestic station with mapped user routes overlaid over each other
to identify ‘conflict zones’

This method revealed insights beyond literature’s understanding that elderly commuters struggled
with small signage, inconsistent design, large distances [6]. It provided context-specific findings
from spatial, signage and identity perspectives. Behavioral nuances like women refraining from
asking directions, physical limitations such as senior citizens with canes experiencing fatigue,
or pre-existing mental models from other navigational systems - all factors that would have gone
unnoticed emerged as significant drivers of navigation patterns. These ‘invisible’ nuances along
with the identified junctions led to a richer understanding of intersectional navigational experiences.
To dig deeper into this data and collect intensive qualitative accounts, semi-structured interviews
were also conducted.

4, Results

Combining these methodologies bridged the gaps of studying nuanced human navigation and adap-
tability to existing systems. Though wayfinding principles seem effective in theory, their real impact
hinges on execution. This varies according to contexts, geographies and identities of users. Hence,
an experiential analysis through a people-centric approach such as this could effectively evaluate
the inclusivity of a wayfinding system to build practical solutions to address the challenges.

The findings of this research culminated in a design guidebook that demonstrated methods
to reorient existing wayfinding systems to accommodate the needs of elderly commuters. The
guidebook consisted of - revised design principles to inform the design of wayfinding components,
strategies to design ‘conflict zones' in Indian metro stations and a set of dos and don'ts for signage
design. While this case study focused on the elderly, the research contributes a nuanced framework
of decoding exclusion due to wayfinding in public transit spaces that can be adapted to any context,
to identify context-specific ‘conflict zones'. It considers intersectional identities and effectively brings
out intricacies of their exclusion by identifying its primary areas and causes through spatial
visualization. This methodological approach can be scaled to evaluate various types of transit
environments as well as different identities to uncover the different forms of exclusions that are
present.
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1. Introduction

Walking is a fundamental form of transport and a sustainable, healthy way of experiencing the city.
However, walking behavior contains complicated decision mechanisms based on personal attitudes,
preferences, and environmental variables [1], and it can be conducted with various motivations and
in different types, such as utilitarian, social, and recreational [2]. So, studies related to
walkability/walking behavior have many layers to understanding real-life situations and pedestrian
dynamics. From an urbanistic perspective, especially with the new urbanism movement, accessing
activities for daily life within walking distance is highlighted in terms of neighborhood design [3];
walkability is associated with quality of urban space, activities, and walking as a tool for boosting
pedestrian culture and urban advantage [4], and several researchers focus on pedestrian move-
ments, public space and urban life for better cities [5], [6]. Recently, with the impact of the pandemic,
the importance of walkability and proximity-based ideas became more visible in the urban agenda
[7].

Despite the existence of planning documents, such as the national development plan and
several strategic and action plans, which espouse pedestrian-centric approaches, numerous cities
in Turkey continue to exhibit deficiencies in infrastructure and the absence of comprehensive
systems for green transportation. However, in general, urban transportation strategies are less
oriented towards bicycles and pedestrians than other modes of transportation [8]. Accordingly,
the objective of this paper is to gain insight into the pattern of urban walkability research in Turkey
by analyzing academic studies in the WoS database. To this end, the following questions will be
addressed:

Q1: What are the emerging trends in urban walkability studies in Turkey, and what sub-topics and
scales are commonly used in these studies?

Q2: What are the overstudied areas and neglected dimensions of walking-related studies in
Turkey?

2. Materials and methods

This study adopts a systematic approach to analyze urban walkability research patterns in Turkey-
based cases to reveal trends, challenges, and needs for future directions. In that manner, articles
in the WoS database were scanned with relevant keywords [(walkability OR “pedestrian behavior”
OR "walking behavior” OR “pedestrian movement” OR “pedestrian mobility”) AND (turkey OR
“tiirkiye”)]. Some were eliminated through urban walkability perspective, duplications, inclusion
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of case studies (Turkey), and limited access to full texts. Accordingly, selected articles are
categorized into sub-topics such as walkability assessments, walking behavior and its relation with
"x," pedestrian-centric approaches, and walking types. Furthermore, the interrelations between
parameters are visualized with a Sankey chart to show cumulation dynamics in the research area
and direct further research in Turkey.

3. Results

Sub-categorization is conducted through three main highlights following the evaluation of abstracts
manually (Figure 1). The first of these is the walkability assessment, which encompasses approa-
ches that employ multi-parameters to measure, score, and evaluate the walkability of a given area.
The second category, ‘walking behavior and its relation with "x™, includes studies that seek to
understand walkability or walking behavior in relation to other concepts or adopt a more limited
perspective on the subject. The third category is studies focusing on pedestrian movement from
a pedestrian-centric and individual experience perspective.

Articles Sub-Topics Scale

s— walking behavior and “x" i~

neighbourhood

e

streetscape

(UM SRR

Figure 1. Spatial representation of the Majestic station with mapped user routes overlaid over each other
to identify ‘conflict zones

3.1 Walkability Assessments

In a simple sense, scoring walkability refers to metrics, indices, or sets of measures that allow us
to classify parameters related to walkability in a specific systematic. In that manner, GIS-based
approaches are pretty popular regarding built-environment-focused analytic scorings[9]. Relatedly,
also in Turkey-cases, several studies conducted assessments often using Space-Syntax or/both
GIS analysis; in that context, Sahin-Kérmecli [10] evaluated street network accessibility in Cankiri;
Gundogdu [11] examined and scored eleven different axes in the Tekirdag city center considering
spatial structure and pedestrian numbers; Akbaba et.al. [12] interested with evaluation of bicycle
and walking paths via GIS in Ankara, Ege neighbourhood; Unal-Gilek [13] design a spectrum for
categorizing optimum pedestrian routes to access urban green space through walkability criteria.
Some of the studies adopt neighborhood-scale study areas (mostly in Ankara or Istanbul) and
also use observatory approaches to consider pedestrian dynamics and to integrate multi-layer
perspectives such as Yildirim et. al.'s study [14] about Besiktas which is overlapped spatial analysis,
space-syntax (connectivity, local/global integration analysis, mean dept) and mobile techniques;
Ozbil et. al. [15] also integrate pedestrian flows and micro & macro-environmental features to
compare peripheral neighborhoods in different districts in istanbul; Ghanat-Bari & Tekel [16] created
a walkability index with a survey and spatial analysis considering streetscape values and so on.
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3.2 Walking behavior and its relation with “x
Walking is associated with several topics in urban planning practices. In Turkey-based cases, it has
also been seen that it is also often studied through age (for vulnerable groups), as well as pro-
ximity/accessibility to facilities. In terms of age-based approaches, children’s behavior or route cho-
ices to school are subject to several studies [17], [18], [19]; and Bayar & Yilmaz [20] use quantitative
data to measure the age-friendliness of urban space through a spatial perspective. Another study
interested older adults’ life satisfaction related to urban space and accessibility [21]. Apart from
that, some studies concrete on accessibility/proximity issues through specific amenities; for in-
stance, Senol et al. [22] discussed park accessibility linked with environmental justice for disadvan-
taged groups through plans; additionally, Unal et al. [23] calculated service areas of urban green
spaces with network analysis at Cukurova considering accessibility dynamics. Durmaz et al. [24]
mentioned the relationship between walkability and creative clusters and some advantages of wal-
king distance; additionally, Kahya [25] interested with pedestrian use, street network and art events
relation. As another focus, Yildirim et al. [26] examined the difference between low/high social and
economic status women'’s neighborhood walkability perspectives.

3.3 Pedestrian-centric approaches

Regarding pedestrian-centric approaches, some studies use multiple observations to reveal pede-
strian dynamics in urban environments, while others focus on pedestrian safety and crossing be-
havior in more detail. These studies were separated in terms of the scale of the area they studied
and the scope of what they searched for. Related to the pedestrian movement-oriented ones, for in-
stance, Yilmaz & Kurkcuoglu analyze pedestrian movement in Istiklal Street in a quantitative way
and measure walking speeds, density and flow, personal space of pedestrians [27]; Kesici & Erkan
reveal pedestrian movements in two nodes in public space to understand public fagade characte-
ristics and behavior relation [28], one of the other study is focus on linkage of pedestrian density,
spatial feature and activity in a pedestrianized zone [29]. While other studies concrete on walking
habits ant its connection with illegal crossing behaviors [30], the gap distance between pedestrians
[31], cultural differences between pedestrian behaviors in five countries including Turkey [32]. Re-
lated to the all, Tuydes-Yaman & Karatas [33] highlighted the obvious disconnection between wal-
kability and pedestrian level of service concepts and put forward suggestions about it, and conduct
field studies in METU Campus [34].

4. Conclusions

A comprehensive city-scale walking score incorporating perceptual and built environment parame-
ters has yet to be developed for cases in Turkey. Despite Istanbul and Ankara being subjects of ex-
tensive study, existing research in these cities is characterized by fragmentation in terms of the
research zones and parameters examined. The majority of studies have concentrated on analyses
at the neighborhood level and on the built environment. Additionally, some studies concentrate on
walking behavior through the lenses of quality of life, age-oriented and proximity perspectives, and
the impact of digitalization. This indicates a deficiency in the development of an integrated, city-
wide walkability assessment that incorporates both physical infrastructure and user perceptions.
Most studies do not clearly define the types of walking behavior under investigation, with only a
few studies mentioning recreational walking behaviors. Conversely, there has been a recent surge
of interest in these research areas in Turkey, as evidenced by the growing number of academic case
studies. Based on reviewed papers, there has been a shift in research trends lately rather than pe-
destrian movement-oriented approaches and toward exploring walkability overall or with broader
themes such as health, sustainability, and urban quality of life.
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As Karachi grew into a megacity, its rapidly growing population made the public transport network
an important part of daily life. However, transport infrastructure, like bus stops, became unsafe
and inaccessible. The research aims to explore the relationship between crime, urban planning
frameworks, and public transport infrastructure by focusing on the safety of commuters at bus
stops in Karachi. The study will use and analyze urban planning frameworks, such as the design
and layout of bus stops and their integration with urban environment, to identify the key risk factors
that contribute to the safety or insecurity of bus stops in Karachi. This study will help urban
planners, policymakers, and transport authorities develop targeted strategies for making bus stops
safer and more secure, ultimately contributing to a more reliable and user-friendly public transport
system in Karachi.

1. Introduction

Karachi, the world's 6th largest metropolitan city, with a significant population., is experiencing
rapid expansion [1]. This rapid urbanization has significantly increased the number of vehicles on
the road. However, the city's public transport sector is in disarray due to inadequate infrastructure,
such as the lack of bus terminals, workshops, and facilities for drivers and conductors [2]. Buses
frequently bypass designated stops, which are often obstructed by permanent and movable
encroachments, as well as para-transit modes, rendering many stops unsafe and inaccessible [3].
Hence the placement, design and layout of bus stops should be considered important because bus
stops are essential components of the public transport system, significantly enhancing its appeal
through improved quality, accessibility, and safety and can greatly impact a bus user’s perception
of safety at the stop [4].

Research by [5] indicates that people may avoid certain bus stops, limit their use to
daytime, or refrain from using public transit altogether if they fear harassment or victimization. The
perception of safety while waiting at bus stops is as important as the safety experienced on the bus
itself in influencing public transit use. [6] further emphasize that fear and anxiety about personal
security can deter individuals from using public transit, significantly affecting ridership. A 2002
survey by the Department of Transport in United Kingdom found that improving public safety could
increase travel by an additional 10.5 percent [7].

Enhancing Safety and Accessibility at Karachi's Bus Stops:
Addressing the Intersection of Urban Design, Crime Prevention, and Public Transport

In addition, crime on public transportation is a significant issue in developing countries such as
India, Pakistan, and China [8]. Research consistently underscores the crucial role of urban design
in influencing crime rates and overall safety in public spaces. [9] highlighted that well-designed,
visible, and accessible spaces can deter criminal activity by reducing opportunities for crime. Bus
stops, often prime locations for criminal behavior, offer cover for individuals who may prey on
unsuspecting victims while waiting unnoticed. Urban riders frequently express concerns about their
safety at bus stops, feeling uneasy about individuals lingering behind them or being intimidated by
homeless individuals who use bus stops as gathering places [10]. They often experience discomfort
when waiting alone in areas with vacant buildings or fenced lots, where the absence of other people
heightens their sense of vulnerability.

Harassment at bus stops is a prevalent issue, with many women reporting daily experiences
of unwanted advances and verbal abuse from individuals in nearby cars or on the street [2]. In
Karachi, the poorly designed and neglected bus stops, often situated on grimy street corners amidst
concrete and speeding traffic, exacerbate commuters' feelings of insecurity and discomfort. Incidents
such as the loss of personal belongings like wallets and mobile phones are also common at these
locations [11]. There are many studies done on the bus stops and transportation system in Karachi
such as [12, 13, 14, 15] however, there is a lack in exploring the buss stops infrastructure by focusing
on the safety of commuters in Karachi. Futhermore, how can we determine the safety level of bus
stops? While there is extensive literature on designing bus stops, research into assessing the safety
of existing bus stops remains relatively underdeveloped [16]. The security and protection of lives
and property rely heavily on the effective functioning of various infrastructure systems. The CPTED
(Crime Prevention Through Environmental Design) concept offers a modern approach to reducing
crime through thoughtful design. Applying CPTED principles to transport terminals can enhance
safety and security by addressing environmental factors that contribute to criminal activity [17].
Therefore, this research will be analysing the design and layout of bus stops and their integration
with urban environment, to identify the key risk factors that contribute to the safety or insecurity
of bus stops in Karachi by using CPTED principles.

The principles of CPTED includes:

1. Surveillance includes both formal and natural surveillance. Closed-circuit television
(CCTV) camera installation has been viewed as a surveillance tool and a potential social
control instrument [18, 19].

2. Territoriality is the concept of how physical design may create a sense of ownership in
particular regions [19]. It may be accomplished by ensuring that every location has
a clear function [20]

3. Access control means restricting access to a property through gates, fences,
and entrance points [20]

4. Activity support (which encourages relationships between users and locals, which
deters crime) [21].

5. Image of the place- maintenance (It explains how an environment's aesthetic appeal may

strengthen people’s perception of its safety and prevent potential criminals
by demonstrating that people are in charge of it) [20].
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2. Materials and methods

This research uses a qualitative approach, incorporating comprehensive examination of various
sources such as scientific journal articles, books on transportation systems, research reports,
newspaper articles, and other media resources. To gain a more detailed understanding of bus stops
a Crime prevention through environmental design (CPTED) checklist will be used. A total of ten
busses stops will be selected across three areas varying socio economic characteristics to perform
this inspection. The check list will be focused on five key principles, visibility and surveillance, access
control, territorial reinforcement, image of the place, activity support [17].

3. Expected Results

Urban planning and transportation system design go hand in hand. In Karachi there are many
different public departments that are responsible for this planning and work. The number of these
departments has become a big issue in terms of inter-coordination [2]. Additionally, fear about
personal security respectively a perceived sense of being unsafe in public space has the potential
to discourage individuals from travelling [22]. From a Crime Prevention Through Environmental
Design (CPTED) perspective, it is expected that bus stops in the city of Karachi are not safe due to
poor visibility, no access, inadequate lighting, lack of surveillance, and insufficient design features
that enhance safety and security. Furthermore, findings of this study may suggest that specific
environmental features in the immediate vicinity of a bus stop can significantly influence the
possibility of criminal activity.

4. Conclusions

Crimes at bus stops are often concentrated in those areas with high population density, and with
inadequate infrastructure, poorly maintained public spaces . The higher crime potential of these
locations can also be partially attributed to their social and compositional characteristics. However,
within these high-crime areas, some bus stops are significantly more dangerous than others. The
design and layout of the physical environment can either foster criminal activity or help mitigate
opportunities for crime. This study identified several bus stops in three socio economic areas
including historic core—a region known for its high crime potential—that experienced frequent
criminal incidents, while others in the same area and along the same bus route remained relatively
unaffected. Therefore, by incorporating the CPTED principle, safety of bus stops can be enhanced,
like enhancing visibility through clear signage and removing obstacles. Surveillance can be
increased by installing CCTV cameras, and natural surveillance can be enhanced by incorporating
features that allow for clear sightlines and encourage the presence of passive observers, such as
open spaces and transparent shelters. Proximity to active spaces like retailes and shops can also
increases the possibility of natural surveillance and reduces opportunities for crime.

Further, preventing neglect and vandalism at the bus stop is possible by keeping bus stops
clean and well-maintained that will help in making a positive image of the place. Access can be
enhanced by making the bus stop universally accessible for all users, including handicapped, and
by providing comfortable waiting areas, and access can be controled by defining entry and exists
and clearly define boundaries. Activity support can be done through providing different activities
like cafe, reading areas, public art, landscaping, or community information boards that can make
the space more engaging and welcoming. Last but not least is the territorial reinforcement that can
be achieved by creating a sense of ownership like use landscaping and other design elements to
create a sense of ownership and pride in the bus stop area. Well-maintained areas signal that the
space is cared for, which can discourage vandalism and other criminal activities.
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1. Introduction

Already in 20th century was as subject of city planning also determination of the basic amenities in
a walkable distance. This topic was solved not only abroad [1], but also in our country [2]. Both
models consider no more than a 5 minutes walk to basic amenities from each residence. Quite
similar concept is the concept of a city of short distances which was popular especially in German-
speaking countries at the turn of the 20th century. Since year 2016, when Carlos Moreno published
his first article about 15-minute city [3], has been more often applied the concept of 15-minute city.
This concept differs from the concept of a city of short distances mainly by the threshold value that
is declared by the name of the concept, but also more specifically defined basic human needs and
preferred modes of transport. The 15-minute city model comes with a much more ambitious idea
of providing basic human needs compared to the models and concepts detailed above, because this
model counts with more amenities available by walk or by bike and also with longer time to reach
these facilities by preferred mode of transport. The 15-minute city model according to Carlos Moreno
[4] is based on the availability of six basic human needs. These needs are housing (= living),
(= work), food (often replaced by commerce), health (also confused with a more complex set of care
= care; of which health is a part), education and culture and leisure (often replaced by entertainment
= entertainment), which should be accessible within 15 minutes by walk or by bike. But is it this
idea realistic?

2. Materials and methods

The research work builds on my diploma thesis, which theoretically and analytically dealt with the
city of short distances. The follow-up works consist of the survey of theoretical concepts of the
15-minute city with focus to clarify each part of the basic definition. Due to the diversity of works
and sub-themes in relation to the theme of the 15-minute city, a similar interpretation by two
or more authors was considered theoretical agreement. The theoretical research was also
supplemented by a hypothetical confrontation of the considered framework of the maximal airy
distance of the 15-minute city and the standardized values of the summary research doc. Sindlerova,
which were the basis of the methodology [5].

3. Results

Due to the time limitation of 15 minutes availability of basic human needs by walk or by bike, the
authors [6, 7] conclude that the basic unit of the 15-minute city concept is a district/neighborhood
with only a limited amount of amenities. Within this unit, it is only possible to consider a 15 minutes
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bike ride would no longer be walking, because 15 minutes of cycling equals more than 15 minutes
of walking, which is not in accordance with the maximum time limit. The range of this unit in meters
corresponds to the lowest and highest detected average walking values. The lowest value found
matches 3,6 km/h [6] - generally the average walking speed of a person regardless of age, fitness
and weather (approx. 900 m) and the highest value found matches 5,15 km/h [7] - during dry,
summerlike, road conditions, the average walking speed of adults (approx. 1300 m). Nevertheless,
according to basic definition of the concept of 15-minute city is necessary to reflect the walking
value of the slowest part of population, because within this concept it is necessary to ensure time
availability for all their residents.

When we focus on individual daily needs, then there is a theoretical conformity [é, 8, 9, 10]
about the unavailability of work and higher education within 30 minutes of travel, let alone the
necessary 15 minutes. In the case of the remaining devices for basic human needs, their need
is already based on the standardized values of the required physical availability. However, this
required physical availability is often stricter than the considered 15 minutes limit. In many cases,
the establishment of a given device is conditioned not only by the need for its physical availability,
but also by other criteria. For example, Rogers [1] states that higher residential density provides
greater amount of public amenities to be located within walking distance and conversely lower
residential density will not disturb the required quantity. However, he adds that the optimal level
of density is dependent on individual local conditions. If these criteria were not met, then the
considered unit of 15 minutes of the city would not be covered by the required amount of the given
amenities according to the relevant standardized values. It follows from the above that in such
a case not all residents would be guaranteed the declared availability of all basic human needs.

4. Conclusions

The concept of a 15-minute city represents only a limited idea of providing basic human needs.
However, even this limited idea is not uniformly graspable. Not all districts have sufficient conditions
for all daily needs according to the concept of 15-minute city. In this case the concept of 15-minute
city cannot be used as a flat rate. This conclusion was detected also in the diploma thesis [11].
The results of the analysis pointed to the fact that each of the locations fulfils different attributes
of short-distance cities. In this regard, for precise clarification, he should focus primarily on
commercial amenities, because these amenities are conditioned primarily by the economic need
for efficiency. Furthermore, this primary focus should be narrowed down to equipment, which will
always be needed given the socio-demographic situation, namely health and social care.
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1. Introduction

This study is part of two doctoral research projects: on the one hand, on planning through
accessibility, to increase proximity to amenities and reduce the car’s share of daily mobility, and on
the other, on the daily travel experience of public transport users. This paper presents the results
of a multi-scale analysis of accessibility in the Rabat-Salé area of Morocco. Several theoretical and
methodological issues justify the choice of this study area and place it in the context of broader
academic and operational research programmes. Firstly, this study draws on the concepts of the
‘15-minute City’ and ‘walkability’ [1]. These approaches are still relatively unexplored in the context
of Moroccan cities, and more broadly in that of North African cities. In many respects, urban planning
in the Rabat-Salé conurbation is representative of the main cities in this geographical area:
combating heat islands, managing dense informal housing, developing new towns on the outskirts,
balancing the distribution of urban facilities in a context of strong urban and demographic growth,
improving public transport infrastructure and promoting active modes of transport. Against this
backdrop, the conurbation has embarked on drawing up a Sustainable Urban Mobility Plan (PMUD)
to plan its mobility system for 2040 [2]. The core of the region's public transport offering is the
tramway network, which has been in service since 2011. Two lines currently link the cities of Rabat
and Salé, serving the main districts at the heart of the conurbation, and are set to be significantly
extended to serve outlying areas by 2030. Our study therefore takes place in a context of
major planning challenges, requiring a multi-scale approach due to the diversity of the urban areas
concerned and the issues addressed. For this reason, a significant methodological contribution
of our study lies in the use of Fractalopolis analysis software, currently under development. This
software, based on the principles of fractal geometry, enables us to measure the accessibility of an
area’s amenities by taking into account the hierarchical and complementary organisation of its
various centres [3]. While several studies have already been carried out using Fractalopolis on
French and European cities, this is the first time the software’s accessibility model has been applied
in a non-European context. This study gives concrete expression to our thoughts on the software’s
adaptability to other cultural and socio-spatial contexts. The reproducibility of the methodology for
the Rabat-Salé area has also been made possible by the emergence of global databases. Through
this contribution, we hope to present a set of open data that will facilitate research into urban
mobility and spatial planning for a wide range of areas.
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2. Materials and methods

2.1. Methods

The study is based on two main stages of analysis, representing the multi-scale nature of our
approach. The first stage involves an overall measurement of accessibility to amenities in the
Rabat-Salé area, based on the organisation of its urban and commercial framework. The second
stage is based on a more detailed understanding of accessibility indicators in the districts served
by the tramway.

2.1.1. Global scale

Using the Fractalopolis methodology, we carry out an initial phase of diagnosing the area by
measuring accessibility to amenities according to the organisation of the various urban centres.
The first step is to understand the polycentric nature of the area and the spatial hierarchy that exists
between the different polarities. Using the urban system we have constructed, we can identify the
main areas of the conurbation from which we will measure levels of accessibility. This measure
of accessibility is based on various indicators: the selection and classification of the different types
of points of interest (POIs) used for the study, the choice of preferred access distances according to
the type of POl and the frequency of use by the population. The POls considered for this study are
shops (grocery shops, supermarkets, coffee shops, pharmacies, etc.), services (nurseries, schools,
sports facilities, health services, etc.) and green and leisure areas (parks, forests, beaches, etc.).
With around thirty types of POl selected and geolocated in the form of points, the database used
is particularly rich for this study area.

2.1.2. Local scale

As part of the preparation of the PMUD, we wanted to expand on existing knowledge of the urban
characteristics of the areas served by the tramway and their integration with the rest of the
Rabat-Salé conurbation. By focusing on the neighbourhoods around the tramway stations, the aim
was to assess the level of walkability of these areas and their interactions with the public transport
network. Our analysis therefore focused on a detailed analysis of accessibility to the POls around
the stations and in the rest of the city. We also focused on a number of indicators associated
with the territorial design of these spaces (jobs, land use, pedestrian network, etc.). To
calculate multimodal accessibility combining walking and trams, we used the open source tools
OpenTripPlanner [4] and r5r [5], via the R environment. These tools can be used to calculate journey
times and estimate accessibility to POls via different types of location-based measures. This
methodology required the use of GTFS (General Transit Feed Specification) data from the Rabat-
Salé tramway network, which cross-references itineraries (organisation of routes and location
of stops) and vehicle timetables.

2.2. Materials

The main GIS data used and their sources are shown in Table 1. The use of open and recent data
has been favoured wherever possible, to facilitate the reproducibility of the methodology. Similarly,
the preference for global spatial data may favour applications over a wide variety of territories.
QGIS Desktop 3.32 software was used for GIS processing.
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TYPE OF DATA SOURCE PERIOD

Building footprint Google-Microsoft Open Buildings 2023

Global Human Settlement Layer - GHS-

Building height BUILT-HR2023A 2023
Population / Number Population census (RGPH) 2014
of households

Number of jobs Rabat Région Mobilité 2022
Land Use OpenStreetMap / geoportal of the Rabat Salé 2024

Urban Agency
) Google maps / geoportal of the Rabat Salé

Shops and services Urban Agency 2024
Green and leisure areas OpenStreetMap 2024
Tram lines and stations OpenStreetMap 2024
GTFS tramway Rabat Région Mobilité 2022

Table 1. Principal data used in the study

3. Results

The first contribution of this study is the formalisation of Rabat-Salé's ‘urban system’, reflecting the
multi-scale organisation of its urban and commercial frameworks. Accessibility levels to shops,
services and green spaces were estimated and indexed according to the different urban polarities
identified. There is a disparity in scores between neighbourhoods, particularly between the heart
of the conurbation and non-regulated built areas. It is therefore possible to identify areas that
are suitable for future development, taking into account these assessments and the PMUD's
recommendations. A detailed analysis of the areas served by the tramway provides a precise
diagnosis of the nature of urban development and the potential for walkability and multimodal
accessibility in these areas. This paves the way for more in-depth studies on the relationship
between urban planning and transport in the Rabat-Salé conurbation, particularly with regard to
the future development of its mobility system.

4. Conclusions

The contributions of this study are important in several respects, both in terms of improving specific
knowledges of the study area and in the wider development of new theoretical and methodological
thinking on the measurement of urban accessibility. This is an interesting contribution to the
application of the ‘15-minute City' concept in the urban and socio-cultural contexts of a North African
metropolis. This application of Fractalopolis is also an important step in developing the
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operationality of the software and the reproducibility of its methodology. Finally, we hope to
contribute to the dissemination of the latest innovations in the field of existing open geographic
data on a global scale.
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1. Introduction

Since its introduction in 2016 [1], the 15-minute city (FMC) has become a popular model for urban
planning and urban design [2]. The central idea is to provide people with all the essential amenities
they need in their everyday-life within 15 minutes walking or cycling. This contributes to achieving
several sustainability goals, especially reducing greenhouse gas emissions, promoting active
mobility and enhancing public life [3].

As the concept aligns in many aspects with paradigms of contemporary and sustainable urban
planning and urban design such as the New Leipzig Charta, the C40 Cities Network has declared
the FMC concept a cornerstone for the sustainable transformation of urban regions according to
United Nations' Sustainable Development Goals [4]. This raises the question how cities and urban
regions can actually apply the concept or which policies they need to implement in order to become
a 15-minute city or, more general speaking, a city of proximities.

Consequently, especially in recent years after COVID-19, numerous studies have been published
investigating questions like “Is [city] already a 15-minute city?” or “which parts of [city] can already
be regarded as 15-minute neighbourhoods?” or familiar questions. These studies assume that
monitoring the alignment of urban regions, cities or neighbourhoods with the proximity-criteria
of the FMC can be a first step towards its implementation into urban planning and urban design
policies, as it can help to identify deficit areas which should be closer looked at or prioritised by
further efforts.

It is important to notice that these studies interpret the FMC as a planning model pursuing
proximity-centred accessibility [5] for active modes of mobility . For this reason several studies
refer to the conceptual foundations as the 5 dimensions of accessibility introduced by Penchansky
and Thomas [6]. However, when taking a closer look at these studies, it becomes obvious that,
although continuously referring to Carlos Moreno'’s concept of the FMC, their operationalisations of
the concept differ, as well as from the original concept as among each other substantially. That is
why this meta-study compares the FMC definition and methodology of a random selection of 14 stu-
dies investigating the question if city X or neighbourhood Y already comply with the FMC concept.
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2. Materials and methods

In this meta-study 14 studies (see Table 1) published in scientific journals between 2021 and 2024
on measuring compliance of cities and urban regions with the FMC concept have been analysed
regarding their specific conceptual operationalisation of the FMC (definition of accessibility) concept
as well as their technical approaches to evaluating proximity-centred accessibility (methodology).

AUTHOR(S), YEAR SUBJECT

Nowordl et al., 2022 [4] Geographical proximity of Services in Krakow

Abbiasov et al., 2024 [7] The 15-minute city quantified using human mobility data
Birkenfeld et al., 2023 [8] Behavioural perspective on 15- / 30-minute city in Montréal
Knap et al,, 2023 [9] Development of a composite cycling accessibility metric

demonstrated in case study in Utrecht

Assessing urban accessibility in Monterrey (Mexico)

Gaxiola-Beltran et al,, 2021 [10] at the metropolitan and local levels

Ferrer-Ortiz et al., 2022 [11] Mapping pedestrian accessibility in Barcelona

Comparison between 15-minute neighbourhood accessibility

Gaglione et al., 2021 [12] in Naples and London

- Are Italian Cities already 15-minute? Presenting

Olivari etal, 2023 [13] the Next Proximity Index (NEXI)

Comparison of 15-minute pedestrian accessibility

Vale & Soares Lopes, 2023 [14] in European cities with 100,000 inhabitant or more
Evaluating x-minute accessibility in 500 cities in the US

Logan et al., 2022 [15] and 43 urban regions in New Zealand

Nicoletti, Sirenko & Verma, 2023 [16] Evaluating the nature andl Qistribution of spatial accessibility
among 54 urban communities

Starrico, 2022 [17] Accessibility to services in Turin

15-minute approach to transforming disused

Baletto et al., 2021 [18] public properties in Cagliari

Table 1. List of the 14 studies from the sample for the meta-study.

2.1. Definition of accessibility

An important precondition for measuring accessibility is to present a definition which operationalises
the term for measurement. Therefore, the studies of the sample have been analysed and compared
regarding the following questions:

definition of active mobility (walking, cycling, public transport)

« time threshold for accessibility (5, 10, 15, 20, 30 minutes)

definition of essential functions, especially if working is considered an essential function

» does the same time threshold apply to all functions or are there different levels of importance
or rather urgency resulting in differentiated time thresholds
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2.2. Methodology

Regarding the technical details of measuring accessibility, all studies of the sample chose a metho-
dology based on the use of GIS- and statistics software, e.g. QGIS and R. The following technical
details are of importance:

+ How is the location of origin defined (e.g. point data of post-addresses, centroids of parcels,
building blocks or census blocks, nodes of the street network)

+ How is the catchment- or service-area calculated (e.g. Euclidian distance, network distance)

+ Which speeds are assigned to the different modes of active mobility (walking, cycling,
public transport)

3. Results

Comparing the studies from the sample, two general approaches can be identified: The first approach
is to measure accessibility by analysing actual mobility data (n=1) [7] or by analysing mobility
surveys (n=2) [8, 9]. The second approach is to analyse the topological proximity of residents to
essential amenities (n=13). These numbers do not add up to 14, because Abbiasov et al. (2024) [7]
and Knap et al. (2023) [9] combined both approaches and thus were counted in both categories.

3.1. Definition of accessibility

The majority of studies from the sample (11/14) considered only walking as active mobility and
defined a 15 minutes time-threshold for their analysis (9/14). Only three studies considered working
an essential amenity [8, 9, 10]. That is noteworthy, because in Moreno's original FMC concept
working is one of the essential social urban functions. Concerning the other functions the picture
is quite diverse. However there seems to be a broad consensus on the point, that supermarkets,
primary schools, primary health facilities (11/14) and parks (10/14), kindergartens and playgrounds
as well as pharmacies (9/14) are essential social urban functions whereas the status of sports
facilities, places of worship and stops or stations of public transport (4/14) as wells as secondary
schools (6/14) is more disputed. This is astonishing as the accessibility to public transport is a key
issue of reaching destinations beyond the neighbourhood-scale without the use of a private car.
Almost all studies applied the same accessibility threshold to all POls. Only Ferrer Ortiz et al. (2022)
[11] developed a more sophisticated model in which different amenities from one category have
been assigned different time thresholds, for example five minutes for kindergartens and primary
schools and ten minutes for secondary schools. Such differentiations can be an efficient way to map-
ping the complexity of mobility decisions and considering differing catchment areas of amenities.

3.2. Methodology

In general, two approaches can be distinguished whose methodology will be explained below: First,
a supply-based approach (n=5) and, second, a demand-based approach (n=11). These numbers add
up to more than fourteen, because some studies [9, 11] combined both approaches. Out of nine
studies which applied a strictly demand-based approach - Knap et al. (2023) [9] and Gaglione et al.
(2021) [11] excluded - six used centroids of cadastral parcels, urban blocks or census blocks as
origins points for the calculation of their service areas, whereas two studies [13, 14] used the nodes
of the pedestrian network. Only one study calculated the catchment-area of its service based on
the Euclidian distance [4]. The overwhelming majority (13/14) calculated the catchment-area based
on the pedestrian- or cycling-network assuming speeds between 3.6 and 5.0 km/h for walking and
between 12 and 15 km/h for cycling.
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3.2.1. Supply-based approach

Based on the locations of the amenities which shall be accessible within the time threshold using
active mobility, the catchment areas of POls (amenities considered essential by the specific definition
of accessibility) are calculated. Depending on the definition of active mobility, only those areas where
the catchment areas of all functions overlap are considered accessible or proximity areas. This
methodology is for example used by Nowordl et al. [4] to measure the accessibility in Krakow trying
to find correlations with morphological features of different morphogenetic zones of the city.

3.2.2. Demand-based approach

Based on people’s places of residence (origin], distances to POls (destinations) are calculated
(0-D). For each category only the distance to the nearest POl is relevant. Depending on the specific
definition of active mobility, the largest value among the different POl-categories like, e.g. education,
healthcare, provisioning, defines the accessibility value for this specific point. For example and
according to Logan et al. (2022) [15], if accessibility is defined as being able to reach at least one
kindergarten, one supermarket and one public park within 15 minutes walking from home and the
next kindergarten is 8 minutes away, the nearest supermarket 14 minutes and the nearest public
park only 5 minutes, then the value for this point is 14 minutes, because all needed amenities
can be reached within 14 minutes walking from home.

Those accessibility values can then be aggregated to produce an accessibility index for a certain
area, e.g. a city, a neighbourhood, or a census block. Depending on the research question it might
be useful, if these areas matched with the spatial units in which other necessary data is provided,
e.g. statistic cells or census blocks.

4. Conclusions

The meta-study shows that the when measuring the FMC it is generally operationalised as pro-
ximity-centred accessibility which can be measured by analysing real mobility behaviour or topo-
logical proximity of residents to services in a certain area. The absolute majority of studies from
the sample measure accessibility as proximity of services defined as within 15 minutes walking
from home, according to the original FMC concept. Whereas the list of amenities considered essen-
tial differs significantly among the studies, there is stark agreement on the significance of super-
markets, primary schools, primary health facilities, parks, kindergartens and playgrounds as well
as pharmacies. Regarding the technical details of evaluating accessibility most studies opted for a
demand-based approach measuring the network-distance from the centroids of census blocks to
essential destinations. Several studies have combined their x-minute statistics with other informa-
tion such as urban morphology, demographics or socio-economic data in order to identify possible
correlations and approaches for development, transformation or intervention.

List of symbols
FMC 15-minute city
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1. Introduction

Residential car dependency is a significant challenge to achieving sustainable urban mobility,
especially in suburban areas. Its negative impacts include energy consumption [1], land-use
inefficiency [2], public health [3], deepening socio-economic polarization [4], all hindering the
transition to resilient and inclusive urban mobility. This research focuses on Prague’s suburban
areas, specifically exploring the relationship between accessibility to primary educational amenities
and parental transport behaviour, measured through both car dependency and public transport
(PT) use frequency.

Urban planning concepts like the 15-minute city [5] or Transit-Oriented Development (TOD) [6]
aim to address car dependency by improving access to essential services and amenities, but their
real-world impact on transport behaviour, particularly in suburban environments, is still not fully
understood. This study adds new insights by examining parental travel behaviour using travel
diaries and regression models, focusing on how proximity to primary educational facilities correlates
with both car and PT used in the Prague suburban area.

2. Materials and Methods

The dataset comprises geolocated travel diaries from parents living in Prague’s suburban areas.
The research applies three regression models to analyse parental transport behaviour, focusing
on the following dependent variables:

a) Model A: Car Use Frequency: Measured on a 5-point scale (> 3 times per week,

1 - 3 times per week, 1 - 3 times per month, < 1 time per month, Never)
b) Model B: Public Transport Use Frequency: Measured on the same scale as car use frequency.
c) Model C: Ratio between Car and PT Use Frequency. A matrix-based ratio derived from

the car use and PT use scales. See the matrix below.
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CAR < 1TIMEPERMONTH | 0.03 0.06 020 0.50 0.97

CARNEVER | 0.03 0.03 0.03 0.03 NA

Table 1 - Car and PT Use Ratio Matrix

The independent variables across the three models include

+ Sex (dummy 1=female)
- Driving licence possession (dummy 1=yes)
+ Number of cars in the household
+ House characteristics - latent variable based on house type and size
- Municipal suburban category - according to suburbanisation zones defined by Ourednitek [7]
+ Accessibility ratios for regional centres (PT/car) - latent variable based on accessibility
to regional centres defined by the Central Bohemian Regional Plan [8]
- Accessibility ratios for local centres (PT/car) - latent variable based on accessibility
to local centres defined by the Central Bohemian Regional Plan [8]
- Respondent workplace accessibility ratio (PT/car)
- Municipal population density - inhabitants per hectare
- Walk time to the nearest primary educational facility - categories for walk times
<6 minutes, 7-15 minutes, and » 16 minutes (base category).

The models (model A, model B, model C) were run for two subsamples: all parents (N=247) and
a subsample of parents with known “off-house” workplaces (N=152). This allows for a comparative
analysis between general parental travel behaviour and known workplaces.

! Other socio-economic variables were also considered (respondent education, age, household income, etc .);
however, none of them showed significance in any model.
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3. Results

The results from the three models collectively highlight key factors that shape parental
transport behaviour. Several variables consistently influence both car dependency and public
transport (PT) use.

In Model A (Car Use Frequency), men are more likely to use cars than women, with an estimate
of 0.6 for women (p < 0.01), indicating a notable gender difference in car use patterns. Having
a driving licence strongly increases car dependency, with highly significant estimates of -4.593
(p < 0.001) for all parents and -7.426 (p < 0.001) for parents with known workplaces, suggesting
that possessing a licence is a major determinant of car reliance. The number of cars in a household
is another strong predictor of car use frequency, with estimates of -1.123 (p < 0.001) for all parents
and -0.94 (p = 0.013) for parents with a known workplace, reinforcing the idea that car ownership
directly correlates with higher car usage. House characteristics, such as size and type, are significant
only for parents with known workplaces, with an estimate of -0.5 (p < 0.1), indicating that larger
or more detached homes may increase car use. The accessibility ratio (PT/car) to regional and
local centres also plays a critical role, with estimates of -0.45 (p = 0.04) and -0.38 (p = 0.02) in the
full sample, showing that better public transport access to these centres reduces car dependency.
Municipal population density becomes significant when combined with the workplace accessibility
ratio (PT/car), reducing car use by an estimated -0.03 (p < 0.05). Finally, proximity to educational
facilities significantly decreases car use, with estimates of around 1.4 (p < 0.05) for both short
(<6 minutes) and moderate (7 - 15 minutes) walk times, emphasising the role of school accessibility
in reducing car reliance.

In Model B (Public Transport Use Frequency), similar patterns emerge. Parents with a driving
licence are less likely to use public transport, with estimates of 1.944 (p = 0.005) for all parents
and 2.492 (p = 0.006) for those with known workplaces. The number of cars in a household remains
a strong predictor of PT use, with an estimate of 0.44 (p = 0.005) for both samples, indicating that
more cars lead to less PT usage. Living in more distant suburban areas correlates with lower
PT use, with significant estimates of 0.288 (p < 0.001) for all parents and 0.195 (p = 0.04) for working
parents. Interestingly, the regional centre accessibility ratio (PT/car) becomes significant only
for the total sample, with an estimated 0.268 (p = 0.054). Conversely, municipal population density
is significant only for parents with a known workplace, reducing car use by an estimated -0.017
(p = 0.007), indicating that denser areas promote public transport use. The workplace accessibility
ratio (PT/car) is also important (estimate = 0.278, p = 0.004). Educational facility accessibility
is essential for parents with known workplaces, where a 7-15 minute walk time has a significant
estimate of -0.79 (p = 0.041), further supporting the idea that proximity to schools encourages
public transport use.

In Model C (Car/PT Use Ratio), which focuses on the balance between car and PT use, several
findings align with the previous models. Women are more likely to use PT relative to cars, with an
estimate of -0.17 (p < 0.1) in both subsamples. Having a driving licence increases car use relative
to PT, with significant estimates of 2.116 (p < 0.001) for all parents and 2.592 (p < 0.001) for working
parents. Similarly, more cars in a household increase car use relative to PT, with estimates of
0.333 (p < 0.001) for all parents and 0.257 (p = 0.01) for parents with a known workplace. Suburban
living is associated with a higher car/PT use ratio, with an estimate of 0.132 (p = 0.003) for all
parents, though this effect is not significant for parents with known workplaces. Regional centre
accessibility shows the same significance as in Model A, reducing the car/PT use ratio with an
estimated 0.15 (p < 0.001) for all parents. Municipal population density significantly reduces car
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dependency, with an estimate of -0.005 (p = 0.085) for all parents. Finally, workplace accessibility
ratio (PT/car) significantly reduces car use relative to PT, with an estimate of 0.125 (p = 0.01), and
proximity to schools is crucial in lowering the car/PT use ratio. A 7-15 minute walk time significantly
reduces car use relative to PT, with estimates of -0.32 (p =0.067) and -0.507 (p = 0.02), suggesting
that moderate proximity to schools encourages parents to rely more on public transport.

In models B and C, a notable pattern emerged: only the 7-15 minute walk time to educational
facilities was significant, while the 0-6 minute category was not. This may suggest that parents
living within closer proximity to schools may not need to adjust their transport behaviour, as children
residing within a short walking distance (0-6 minutes) are likely permitted to travel independently,
thus negating the need for a car journey or public transport accompaniment.

Overall, these results demonstrate the strong correlation of socio-economic factors, built
environment characteristics, and educational facility accessibility with parental transport choices.

4. Discussion

The results indicate that educational facility accessibility significantly correlates (along with other
built environment variables) with lower car dependency and higher public transport use. However,
several limitations should be considered when interpreting these findings. The sample size
is relatively small (N=247 and N=152), which may affect the generalizability of the results.
Furthermore, while the focus is on educational facilities, the proximity of other amenities, such
as shops or healthcare services, could also influence transport behaviour. The categories for car
and public transport use frequency in the analysis are broad and not equally spaced, potentially
limiting the precision in capturing nuanced transport behaviours. Additionally, this study only
considers car and public transport use, excluding other travel modes such as cycling or walking,
which could offer further insights into suburban transport behaviour. Finally, the research identifies
correlations rather than causal relationships, meaning that other factors, such as individual attitudes
or the availability of other amenities, may also be contributing to the observed patterns. Future
studies should aim to address these limitations better to understand the complex dynamics
between accessibility and transport behaviour.

5. Conclusion

This research proves that proximity to primary educational facilities significantly correlates
with parental transport behaviour, reducing car dependency and increasing public transport use.
These findings support the integration of educational accessibility into urban planning strategies
aimed at promoting sustainable mobility, particularly in suburban areas where car dependency
is more prevalent. By addressing both socioeconomic factors and built environment characteristics,
cities can create more resilient and inclusive mobility patterns that align with the principles of
urban sustainability.
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1. Introduction

Infrastructure projects are pivotal in enhancing connectivity between cities and people, thereby
driving economic growth but also fostering social development and improving urban mobility
systems [1, 2, 3. However, these infrastructure projects can also pose significant environmental
risks [4]. This is where the role of Environmental Impact Assessment (EIA) becomes crucial, with
environmental monitoring serving as a cornerstone of this process [5]. In the context of modern
infrastructure development, environmental monitoring has become a critical tool for ensuring
sustainable growth [6]. Environmental monitoring, articulated in, pre-operam, in-operam and post-
operam, plays a crucial role in the sustainable management of infrastructure projects ensuring that
environmental impacts are not only continuously monitored but also mitigated with implementing
actions throughout the entire lifecycle of the project [7].

This research delves into the role of environmental monitoring in infrastructure projects by
analyzing three case studies from the SEW-Line Project, an inter-university research initiative
involving research units from the Universities of Padua, Bergamo and Rome. In alignment with
European directives, the project aims to develop a model that adopts a holistic approach, which is
replicable and applicable on various scales, to propose the adaptation, as well as a more suitable
planning, of infrastructures [8].

The principal issue addressed in this research is the challenge of balancing infrastructure
development with environmental sustainability and urban mobility [9]. Infrastructure projects,
especially large-scale ones, inherently lead to environmental changes even if they implement
mobility system [4]. However, through rigorous environmental monitoring, it is possible to minimize
negative impacts and ensure that projects contribute positively to regional development [7, 10].
The aim is to explore how environmental monitoring has been implemented in the infrastructure
projects, evaluate its effectiveness, and find elements for improvement and innovation.

The methodology involves a thorough review of the existing literature, the consultation of
project reports, environmental assessment documents and national regulations. These data were
used for developing a comparative analysis to evaluate the effectiveness of the monitoring process.
The focus has been on identifying recommendations to emphasize a continuous evolution
of monitoring technologies and methodologies to further enhance the sustainability of large
infrastructure projects.
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2. Discussion and methods

The challenge of balancing infrastructure system and sustainability goals has been analyzed with
a comparative analysis of three case studies in urban mobility, highlighting both similarities
and differences in the topic of environmental monitoring. These cases were selected based on
specific characteristics, such as the project size, the purpose of the project and the different stage
of development, to better define an analysis that could compare a wide range of infrastructure
projects. Each case has been briefly analyzed, focusing on crucial aspects of the monitoring phase
of the during and post-operam phase, like monitoring actions, tools used, environmental parameters
measured, results obtained, but it also sought to highlight some strengths, weaknesses, and
potential innovations. The data from the pre-operam phase were not considered because they
provided the state of the environment and estimated some possible qualitative effects of the project.
This study has provided an initial overview of environmental monitoring practices, offering valuable
insights to enhance the sustainability of infrastructure projects.

2.1. Case Study 1: BreBeMi A35 Highway

The A35, an alternative route to the A4 Highway, was opened to traffic in 2014 to connect the
cities of Brescia, Bergamo, and Milan, from which the name “BreBeMi” originates. It represents
a significant infrastructure project aimed at improving regional connectivity [11]. Despite these
benefits, the construction and operation of the expressway introduced several environmental
challenges, particularly in terms of air quality, noise pollution, and potential soil contamination [12].
To address these concerns, the environmental monitoring plan was implemented and was conducted
under the supervision of ARPA Lombardia with the Environmental Observatory, focusing on various
environmental factors such as air quality, noise levels, soil and water contamination, fauna, and
flora. In Table 1 are reported the overall considerations emerged by this initial analysis.

ASPECTS DETAILS

Monitorin . - . . . . }

Acciic:nosl 9 Continuous monitoring of air quality, noise pollution and impacts on local ecosystems.

Tools Used Real-time sensors for detecting NO, CO, PM10, and acoustic sensors for noise.

ter . . . . -

Parameters Air quality, noise levels, soil and water contamination, fauna, and flora.

Measured

Strengths Real-time data collection, allowing prompt responses to emerging environmental issues.
Limited biodiversity monitoring; potential underestimation of long-term

Weaknesses )
ecosystem impacts.

Potential Development of a more extensive biodiversity monitoring system; integration

Innovations of new technologies for ecosystem management.

Table 1. Aspects analysed from the BreBeMi environmental monitoring

An interesting aspect was the attention to historical and archaeological pre-existing elements, along
with the preliminary risk assessment. It has conducted a preventive investigation to verify these
pre-existing elements, then retrieved during the construction process and now preserved in the
M.A.G.0 museum of Pagazzano, located in the province of Bergamo [13].

The monitoring stations were deployed along the route to continuously collect and register
data. The results, as stated from the report [14], indicated that while the highway facilitated faster
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travel times and reduced congestion on the A4, air quality remained within acceptable limits, noise
levels near residential areas occasionally exceeded the threshold. The overall results of the
monitoring will be available when the post-operam monitoring will be completed, and so it will be
possible to make more valuable considerations.

2.2. Case Study 2: Mestre A4 Highway Bypass
The Mestre Bypass, opened to traffic in 2009, is one of Veneto's key infrastructures, designed to
reduce congestion on the Mestre ring road and separate local traffic from through traffic. [15]

The environmental monitoring plan was conducted by ARPA Veneto coordinated by the Soil
and Remediation Observatory Service, focusing on various environmental factors.

Among the different factors, the water quality monitoring was notable for its use of bioindicators
to assess the impact on nearby water bodies. In Table 2 are reported the overall considerations
emerged by this initial analysis.

ASPECTS DETAILS
Monitorin - . ) . . - .
Actions 9 Monitoring of air, water, soil quality, noise levels and biodiversity along the route.
Tools Used Fixed and mobile monitoring units; use of bioindicators for water quality.
Parameters Air pollution (NOx, PM), water quality (bioindicators), soil contamination, noise levels.
Measured
Strengths Holistic approach to environmental monitoring; broad coverage of environmental parameters.
Complex management of soil contamination; need for more
Weaknesses . - - ;
effective soil protection strategies.
Potential Implementation of integrated soil protection strategies; development of advanced
Innovations technologies for contaminant monitoring.

Table 2. Aspects analysed from the Mestre Bypass environmental monitoring.

The project was one of the first cases of wildlife monitoring application for the control of large- scale
infrastructure construction. It focused on vertebrate species in ecologically valuable areas to assess
biodiversity and ensure compliance with European and national environmental laws. During con-
struction, monitoring controlled target populations, while post-construction, it evaluated the effec-
tiveness of mitigation measures [16].

The general results, as stated from the report [17], demonstrated a broad improvement in traffic
flow and a reduction in vehicle emissions in the urban area, although some localized increases in
soil contamination were observed due to construction activities.

2.3. Case Study 3: Verona-Padova High-Speed/High-Capacity Railway section
The Verona-Padova railway section (1 subsection completed, 2™ ongoing, and 3™ in design phase)
is part of the Turin-Milan-Venice railway line, a component of the Mediterranean corridor of the
trans-European transport network (TEN-T core network) that will link Spain and Ukraine. The project
aims in 2026 to quadruple the railway line, while also relocating the old line where the two tracks
come close to each other [18].

The environmental monitoring for this project focused heavily on noise and vibration impacts
due to the proximity of the railway to urban centers [19, 20]. Advanced monitoring technologies,
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including remote sensing and GIS-based tools, were employed to assess these impacts along the
railway corridor. In Table 3 are reported the overall considerations emerged.

ASPECTS DETAILS
Mopitoring Monitoring of water, soil quality, vibrations and noise levels,
Actions and biodiversity along the route.
Tools Used GIS tools, remote sensors, advanced vibration monitoring technologies.
Parameters . . . .
Measured Noise and vibration levels, impacts on urban centers and nearby green areas.
Strengths Use Of. innovative 'mon|tor|ng technologies; detailed spatial analysis

of environmental impacts.
Weaknesses Limited monitoring of wildlife impacts; potential underestimation of long-term effects.
Potential Introduction of more extensive biodiversity and wildlife monitoring;
Innovations development of new techniques for vibration management.

Table 3. Aspects analysed from the Verona-Padova Railway section environmental monitoring.

The monitoring for the pre-operam phase, estimated, among other factors, the reduced travel times
and improved logistic efficiency. Although, there were reported challenges in managing noise levels,
particularly in densely populated areas, but there will be a clearer scenario when the 3™ subsection
will be finished, and the monitoring completed.

3. Results and Conclusions

The comparative analysis of these three case studies underscores the pivotal role of environmental
monitoring in infrastructure projects. Although each project has made significant strides in
mitigating environmental impacts, the analysis reveals areas where improvements and innovations
are needed. By addressing these deficiencies and integrating advanced monitoring tools and

RECOMMENDATIONS DETAILS

Infrastructure projects should invest in the latest monitoring technologies,
Invest in advanced such as real-time sensors and predictive models, to ensure accurate and timely
monitoring technologies data collection. (e.g. use of drones and loT sensors for a more detailed

and efficient monitoring)

Projects should adopt adaptive management strategies that allow
for adjustments in monitoring and mitigation measures based on real-time data.
(e.g. implementation of Al systems on the monitoring program)

Implement adaptive
management strategies

Transparent communication and active engagement with local communities

Engage local are essential for building trust and ensuring the success of environmental

communities monitoring efforts. (e.g. use of apps for reporting environmental anomalies)

) Encourage continuous learning and improvement in monitoring methodologies
Promote continuous by staying updated with the latest scientific research and technological
learning advancements. (e.g. public workshop for citizens to explain updates on the

monitoring program of a project)

Table 4. Recommendations for environmental monitoring in infrastructure projects.
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methodologies, future infrastructure projects could achieve a more balanced development approach,
ensuring both environmental sustainability and advancements in urban mobility.

This analysis establishes an initial framework for enhancing environmental monitoring
practices. The subsequent step involves planning additional case studies to further advance the
goal of sustainable infrastructure development. The findings presented in Table 4 suggest that
future infrastructure projects would benefit from adopting more comprehensive monitoring
practices, which should include a broader range of environmental parameters such as biodiversity
and long-term ecosystem health. Furthermore, the potential for innovation in monitoring
technologies - such as the development of sophisticated systems for managing vibrations and
soil contaminants - offers a promising avenue for improving the effectiveness of environmental
assessments.

In conclusion, while the analyzed projects have effectively enhanced connectivity and fostered
socio-economic growth, they also reveal areas where environmental monitoring could be
strengthened. By leveraging insights from these case studies, future infrastructure development
can achieve a more sustainable balance between economic advancement and environmental
conservation, ultimately contributing to a more resilient mobility system.
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1. Introduction

This study is part of the research project "SEW Line: Socio-Ecological Way for a Holistic Mobility
Infrastructure Planning in Periurban and Rural Landscapes”, which seeks to establish a holistic
approach for the design of large-scale linear infrastructures in agricultural and periurban
landscapes [1]. Within this broader framework, the present study focuses on the development
dynamics of integrated land-use functions associated with motorway corridors, particularly in
relation to the Logistics System.

This contribution aims to analyse the dynamics of logistics platform development near motor-
way corridors by examining two distinct case studies that differ significantly in terms of development
period, geographical location, and scale. The first case is the logistics cluster surrounding
Bergamo - Orio al Serio airport, covering an area of approximately 16 km?, which benefits from
its proximity to the A4 motorway (Turin - Trieste). In this peri-urban area near Bergamo, industrial
and commercial expansion was already well-established between the 1980s and 1990s. The second
case is the logistics cluster that has emerged along the A35 “Brebemi” motorway (Brescia - Milan)
in the southern part of the Province of Bergamo, in the upper Po Plain. This cluster spans a much
larger area, approximately 265 km? and has seen rapid development, particularly since 2015,
following the opening of the A35 motorway. This more recent growth has taken place in a period
marked by greater awareness of environmental and landscape concerns, as well as within the
context of a renewed urban planning vision focused on sustainable spatial management. In contrast,
the airport area experienced logistical developments much earlier, within a broader framework
that included industrial zones, at a time when socioeconomic paradigms were significantly different
from today.

Logistics functions usually tend to form clusters, but the two cases presented here were selected
for their distinct reasons for agglomeration. The Cluster Aeroporto, strategically located near the A4
motorway - a key section of two major European routes, the E55 and E70, crucial for continental
connections - and to one of Italy’s primary airports in terms of freight handling, focuses on both con-
tinental and intercontinental traffic while maintaining strong ties with local companies. In contrast,
the Cluster Brebemi is more detached from the local business network, prioritizing and servicing
long-range routes, and this can also be seen in the differentiation of the types of logistics established.
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1.1. Body

In recent decades, rural areas have undergone significant changes due to evolving consumption
habits and lifestyles, leading to urban expansion and new forms of urbanization. This has highlighted
the need to differentiate between urban and non-urban spaces, with a focus on defining "rural”
areas. Current views challenge the traditional urban-rural divide, recognizing these peri-urban
areas as "operational landscapes” [2,3] that provide essential services like resource extraction,
energy supply, waste management, and logistics, despite not fitting typical urban definitions.

Since the 1980s, the traditional conception of "logistics™ has undergone significant transfor-
mation due to industrial decentralization and the global division of labor, which has diminished the
importance of local production in favor of a globally interconnected network of logistics nodes [4].
Today, logistics encompasses a complex system that manages the production, storage, and trans-
portation of goods on a global scale [5], and that relies heavily on integrated and efficient mobility
infrastructures.

The logistics system is structured around mobility infrastructure, logistics nodes such as ports
and airports, and goods distribution and management activities, including e-commerce and reverse
logistics technologies [6]. This system plays a crucial role in enhancing territorial competitiveness,
which is often linked to the logistical attractiveness of a region [7].

Moreover, the expansion of logistics activities presents significant environmental and landscape
challenges. Logistics sprawl, particularly in suburban areas, has led to issues such as soil sealing
and increased traffic-related pollution. Therefore, a balanced approach to spatial planning that
integrates the needs of the logistics sector with environmental and social considerations is essential.
Today, logistics can be viewed in a broader context, incorporating services such as goods recycling
and other activities that provide environmental benefits [8].

Last-mile logistics, driven by the rise of e-commerce, significantly contributes to urban
pollution through increased traffic and CO? emissions in city centers. This underscores the growing
complexity of logistics and its impact on urban life.

The examination of this topic within the context of the Province of Bergamo has revealed that,
despite decades of rapid growth and evolution, the logistics sector faces a significant regulatory
gap. This gap exists both in legislation and in urban and territorial planning instruments across
all administrative levels, even though the Lombardy Region has recently enacted a law regulating
logistics settlements of supra-municipal importance [9]. The location decisions of logistics
infrastructures are influenced by municipal choices regarding territorial planning, determining
where these facilities can be situated. Each type of logistics infrastructure has specific requirements
based on the activities it supports. As logistics infrastructures play a key role in contemporary
suburban areas, the decisions made by urban planners will significantly shape the future economic
and social geographies of the territory [10].

Given this regulatory void, it is essential to begin with an analysis of existing conditions.
The foundation for this study is a report by the Centro Studi sul Territorio (CST) ‘Lelio Pagani’ of the
University of Bergamo [11], which aims to establish a comprehensive framework of knowledge on
the logistics system in the Bergamo provincial area.

2. Materials and methods

The methodology employed in this study to analyse logistics and related topics is based on
a multidisciplinary approach. Initially, scientific literature review was conducted to familiarize with
existing theories and studies on the subject. A foundational database was compiled by data from
the above-mentioned report by CST, complemented during an internship at the Territorial Planning
and Urban Planning Service of the Province of Bergamo.
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To construct a regulatory framework and understand the relevant urban and territorial planning
instruments, databases of the Lombardy Region's laws, the Gazzetta Ufficiale of the Italian Republic,
and the Official Journal of the European Union were utilized. Furthermore, the Metropolitan
Territorial Plan of the Metropolitan City of Milan and the Regole di Piano (Planning Rules) of the
Provincial Coordination Territorial Plan of the Province of Bergamo were reviewed.

In addition to this initial data, the study was further developed through detailed cartographic
analyses performed using GIS, with databases sourced from the of the Lombardy Region Geoportal.
Field surveys were also conducted in the areas under investigation to identify issues related to the
integration of different functions and assess the quality of structures. Additionally, dimensional pa-
rameters of logistics buildings were recorded, contributing to a hierarchical analysis of spatial di-
mensions.

3. Results

Logistics geographies in the Province of Bergamo have been categorized by type (Figures 1, 2, and
Table 1). Of the 1,016 logistics units, the majority are freight forwarders and hauliers (733 units,
72.1%). Other categories include 164 third-party logistics platforms and warehouses (16.1%), 77
distribution centers (7.6%), 27 postal operators (2.7%), and 15 couriers (1.5%).

In the "Aeroporto” and "Brebemi" clusters, while freight forwarders and hauliers remain
dominant (32 units or 57.1% in Aeroporto; 91 units or 69.5% in Brebemi), there are notable
differences. The Cluster Aeroporto has a significant number of courier and postal operators,
benefiting from proximity to the airport. Conversely, the Cluster Brebemi, situated in a more
agricultural area of the upper Po Plain, features a higher concentration of distribution centers,
reflecting its more dispersed and less congested space compared to the historically industrialized
Cluster Aeroporto.

Types of Logistics 77 Logistic Cluster “Aeroporto di Bergamo Orio al Serio” — Autostrada A4

@ Distribution Center 2\ Bergamo Orio al Serio International Airport Roads

[7] Third Party Logistics (3PL) Province of Bengarng N Buildings

@ Courler [ Municipal boundaries

@ Postal Operators 0 1 2km
@ Freight Forwarder and Haulage

Figure 1. Types of Logistics in Logistic Cluster "Aeroporto di Bergamo-Orio al Serio”
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Types of Logistics T-] Logistic Cluster “Brebemi (Autostrada A35)" — Autostrada A35
I Distribution Center Province of Bergamo Roads

[7] Third Party Logistics (3PL) [ Municipal boundaries W Buildings

@ Courier

@ Postal Operators o 25 5km
@ Freight Forwarder and Haulage e

Figure 2. Types of Logistics in Logistic Cluster "Aeroporto di Bergamo-Orio al Serio”

PROVINCE OF BERGAMO|CLU5TERAEROPDRTO CLUSTER BREBEMI
Units % | Units % Units %
DISTRIBUTION CENTER n m

164
COURIER

POSTAL OPERATORS

FREIGHT FORWARDER
& HAULAGE

TOTALE

1.016 100% 100%

131 100%

Table 1. Number of units of the different types of logistics in the Province of Bergamo and in the clusters
Aeroporto and Brebemi..

To better define the territorial framework and assess the impacts of logistics expansion, the land
use of the study areas was analysed using the most recent version of the DUSAF database from
the Lombardy Region, updated to 2021 (Figures 3, 4, 5).
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B X

Land use (DUSAF 7.0 2021)

|1 Urban Fabric (Continuous and Discontinuous) i Agricultural Areas ] Logistic Cluster *Aeroporto di Bergamo Orio al Serio"

[l industrial, Commercial and Logistics | Uncultivated Green Areas
Roads and Rail Network [} Wooded Areas

l Airport Area Il Hycrographic Network 0 1 2km
Agricultural Production Sites @

Figure 3. Land Use in Cluster Aeroporto

Land use (DUSAF 7.0 2021)
|7 Urban Fabric (Continuous and Discontinuous) i Agrieultural Areas [ Logistic Cluster “Brebem (Autostrada A35)"
I Industrial, Commercial and Logistics | Uncultivated Green Areas
Roads and Rail Network [l Wooded Areas
0 25 5km
Agricultural Production Sites [l Hycrographic Network = e— @

Figure 4. Land Use in Cluster Brebemi
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CLUSTER AEROPORTO CLUSTER BREBEMI

Figure 5. Charts showing land use percentage in the two clusters.

Direct comparison between the two clusters is challenging due to significant differences. However,
there is a notable variation in the proportion of green areas (both cultivated and uncultivated)
relative to industrial, commercial, and logistics areas, which highlights their locational distinctions.
Historical analysis shows an expansion of “purple” areas from 1990, when the A35 motorway project
was initiated, through 2015, a year after its operation began, with this expansion continuing to the
present.

Additionally, an analysis classifies logistics settlements based on the size of their operational
buildings. This hierarchical analysis aims to provide a comprehensive understanding of the
significance and functionality of logistics structures according to their scale, offering insights into
logistics organization and its territorial impact. The size of the buildings is a crucial indicator
for differentiating between various logistics types, such as large-scale platforms and last-mile
logistics.

4. Conclusions

Extending this analysis to encompass all logistics clusters within the Lombardy Region could
significantly contribute to the knowledge base required to support the new regional legislation on
logistics settlements of supra-municipal importance. Specifically, Article 1, paragraph 5, and Article
3, paragraph 1, letter h of the law, emphasize the need for Provinces and Metropolitan City of Milan
to provide and update a comprehensive knowledge framework to define suitable areas for logistics
location. This analytical approach would not only support the effective application of these legal
provisions but would also facilitate the strategic identification of key areas for logistics development.
This would ultimately strengthen regional planning efforts, promoting informed decision-making
that addresses both current logistical demands and future growth opportunities.
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1. Introduction

The research presented, still in development, is part of a project called Sew-Line, coordinated
by the University of Padua, along with the University of Bergamo and the University of Rome
La Sapienza [1]. The Sew-Line project aims to identify a holistic methodology for the design of large
linear infrastructures in agricultural and peri-urban landscapes. Large infrastructures deeply
influence landscape perception [2; 3], often appearing disconnected from the landscape, as if they
had been placed there without establishing any relationship with it (ibid.).

The study in question concerns one of the case studies of the Sew-Line project: the
high-speed/highcapacity line under construction between Verona and Montebello Vicentino'.
The 44 km stretch between Verona Porta Vescovo and Montebello Vicentino, construction of which
began in 2020, traverses an already critical landscape marked by the presence of other transport
infrastructures such as the A4 motorway, the historic Milan-Venice railway line, and the
Porcilana road. The landscape crossed, characterized by pronounced fragmentation, retains a clear
agricultural vocation.

The initiated research focuses on the impact of construction sites on this type of landscape.
Construction sites are a strongly impactful feature on landscape perception [4], configuring
themselves as marginal, transitional spaces. Their activities have a significant impact from both
environmental and social perspectives. Despite their temporary nature, they play a crucial role
concerning land consumption, soil quality loss [5], landscape perception [6], and residents’ quality
of life [7].

The ongoing study aims to develop a design methodology that can leverage the potential
for territorial change inherent in construction sites, transforming them from a line of disruption
to a line of conversion.

1 The line between Verona and Montebello Vicentino is the first segment of the Verona-Padua and is part of
a national and continental strategic context aimed at optimizing rail traffic of people and goods. It is part of
the European infrastructure corridors system, TEN-T, with the goal of connecting the most significant logistics
and settlement hubs in the European Union by rail (EU Regulation 2024/1979)
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2. Body

The study of landscape is a discipline at the intersection of academic research and design research
[8] as the landscape itself is a highly mutable element [9], responding to the increasingly rapid
changes of the real world [10].

The study begins with the definition of the term “landscape,” here understood as the synthesis
of human activities on a territory [11; 12]. We considered it important to define the scope within
which the landscape fits to delineate the breadth of landscape research. To address the issues
related to the multi-sectorality imposed by the meaning of landscape, the research methodology
we decided to adopt is Research by Design. This research method is based on the premise that
both project and research assume the same elements: awareness, articulation, and acceptance
of a problem [13; 14].

First, we formulated the research question: Can a construction site, with its highly disintegrative
character, become an element of cohesion and landscape connection?

To answer this, it is necessary to evaluate its impacts, study similar cases, and identify a design
strategy that allows for assessing the specific requirements demanded by the broad disciplinary
scope of the intervention.

We identified Research by Design as an effective method for managing information from
multiple disciplines [15], synthesizing it into a design process that begins with a question,
develops with the tools of architects for spatial understanding (data collection, analysis, drawings,
mapping, site inspection, scientific literature review, and case studies collection), and aims to
conclude, in this case, with a design methodology that manifests as projections of possible future
scenarios responding to the initial question [16]. Indeed, design research creates new relationships,
possibilities, and, in some ways, new realities [17].

The first step of our research was to analyze and evaluate the extent of soil consumption
caused by the construction sites. The assessment of soil type loss is a proxy for identifying the
loss of Ecosystem Services, as soil quality and land use are two fundamental indicators for the
provision of ES [19].

2.1 Impact Assessment

First, we analyzed the Environmental Impact Assessment documents presented to the Ministry
of Environment by IRICAV2 and contacted IRICAV2 and RFI (Italian Rail Network) to access the
design drawings, which were provided to us.

We then gathered territorial data related to the project. From the Geoportal of the Veneto Region
website, we obtained data on provincial boundaries, buildings, types of agricultural landscapes,
and connectivity elements (roads and railways).

We downloaded land use data from Corine Land Cover, in the latest available edition, that of
2018. Finally, using the Google Satellite QGIS layer, we expanded the analysis with data provided
by the Satellite Orthophoto.

The data were processed using the QGIS mapping management program to complete the
mapping of the construction areas and identify portions of the construction site not accounted
for in the Environmental Impact Assessment.

Additionally, we had the opportunity to conduct two site visits to the construction sites under
study as part of a Workshop organized by the Sew-Line research in Verona at the end of April 2024.
The act of walking is a methodological analysis tool [18] that allowed us to practically identify the
impact of construction sites on the territory, soil degradation, and its consumption.
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Table 1: type of construction sites according to the project documents
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2.2. Results & Discussion
From the study of the documents and design drawings, a discrepancy was found between the project
documents and the drawings. The number of construction sites classified in the documents and
design drawings (Table 1) is lower than the number of sites mapped from the orthophotos (Map 1).
A related issue is the lack of mitigation strategies: the construction sites declared in the project
documents are indeed accompanied by an environmental mitigation strategy, which does not appear
to be present for those mapped by the research.
Y {' L 5 2 LR

) A

oL RIS

Provincial boundaries: Verona-Vicenza Construction Sites @
B Adige River I Base Camp
I Buildings B Generic Construction Sitte
Contour Lines [ Track Construction Site
" | Railway Line under Construction B Industrial Construction Site
~— Historic Rrailway Line I industrial and Operational Construction Site

Operational Constrtuction Site
B Technological Construction Site
" Track and Technological Construction Site
| Construction Site Derived from Orthophotos

Map 1: Mapping of Construction Site

The map is an analysis conducted using QGIS to represent the construction areas of the section. The colored fills
represent those derived from the project documents; in gray, instead, are the construction sites inferred
and traced from the Google Satellite layer. The territorial data (the historic railway line, contour lines, provincial
boundaries, and the course of the Adige River) are sourced from the Veneto Region Geoportal.
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We then analyzed and quantified the type of Land Cover affected (Map 2; Chart 1). The majority of
the consumed land is agricultural, with a prevalence of non-irrigated arable land and vineyards.

W Adige River Corine Land Cover-2018 @
[ ] Construction Sites | Urban Fabric (Continuous and Discontinuous)

B industrial or Commercial Units

M Roads and Rail Networks

I Non-Irigated Arable Land and Permanently Irrigated Land

I Vineyards

I Fruit Trees and Berries

B Olive Groves

I Complex Cultivation Patterns

B Agricultural Areas with significant Natural Spaces

Map 2: Land Cover Types Affected by Construction Sites

The map is an analysis conducted using QGIS to evaluate the types of land cover impacted by the construction
sites. The data are sourced from CORINE LAND COVER 2018.

B Complex Cultivation Patterns
B Fruit Trees and Berries

Ml Non-irrigated Arable Land
B Vineyards

B Urban Fabric

. Industrial or Commercial Use

. Road and Rail Networks

Chart 1: Construction Site Land Consumption based on Land Cover (CORINE 2018)

Processing of territorial data derived from the map: Land Cover Types Affected by Construction Sites.

Out of a total of 2,582,525 m? of construction areas, 66% was determined from the processing and
overlay of satellite data, resulting in an increased actual land consumption.
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The site visits allowed us to qualitatively assess the impact of the construction sites on the territory,
particularly in terms of their disintegrative effect on the land, as well as soil degradation [18]
(Images 1 and 2). The visited construction sites appeared as expanses of bare earth where existing
trees had been uprooted, separated from the surrounding landscape by orange nets. Soil compaction
is a well-known problem concerning soil quality maintenance [19; 20].

Thus, the construction site proved to be a disturbing element from both a perceptual and
ecological standpoint.

Figure 1: Construction Site, photograph by the author Figure 2: Construction Site, photograph by the author

Figure 3: Construction Site, photograph by the author Figure 4: Construction Site, photograph by the author

The results show that the agricultural land consumption caused by construction activities is
a significant factor in the overall impact assessment of the infrastructure. The construction sites
affect an agricultural area for 96% of their extent. Land consumption proves to be a problem from
many perspectives. Firstly, for the provision of ecosystem services [21], and secondly, for the loss
of soil quality. Indeed, agricultural areas are extremely important vectors for providing ecosystem
services, especially those related to maintaining ecological integrity [22;23].

Unfortunately, the proposed compensation measures do not seem adequate to offset the
damage (Table 1). The mitigation measures presented in the Environmental Impact Assessment
do not cover all construction areas, as there are discrepancies between the actual areas
and the planned areas, leading to a severe crisis regarding the maintenance of ecological and
landscape integrity.
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From the site visit to the two construction sites, it was also possible to qualitatively assess their
impact on the territory. It is interesting to note how the construction sites indeed function as a buffer
zone completely disconnected from the traversed territory. According to the project documents, the
previous state will be restored once the sites are decommissioned. However, it will take a significant
amount of time for the landscape to return to providing the ecosystem services and environmental,
social, and productive functions that were disrupted by the presence of the construction site.

A limitation of the collected results is the partial update of the data, especially those from
Google Satellite: the different satellite cells are not all from the same period, so they do not all
have the same level of update.

3. Summary

The ongoing study of the AV/AC line construction sites between Verona and Montebello Vicentino,
part of the Sew-Line project, highlights the importance of a holistic approach in designing and
managing construction sites for large-scale infrastructure. The research reveals a significant impact
on the landscape, with 96% of the affected areas being agricultural land. This leads to a loss of
productive and environmental functions, contributing to territorial degradation.

A key issue identified is the discrepancy between the construction areas planned in official
documents and those observed on-site, which results in inadequate mitigation strategies for some
regions. This lack of proper planning threatens ecological integrity and the provision of essential
ecosystem services. Site visits provided qualitative insights, showing that construction zones often
exist as disconnected marginal spaces, further fragmenting the landscape.

The study calls for a design approach that integrates construction site management into the
broader process of territorial transformation. By treating construction sites not merely as temporary
disruptions but as opportunities for landscape cohesion and ecological restoration, the negative
impacts can be minimized, fostering greater resilience in the affected regions. This proactive
strategy could transform construction sites into instruments of territorial regeneration rather
than fragmentation.
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1. Introduction

A high level of integration of public transport services in terms of scheduling, ticketing, and
cross-operator data provision and others is crucial to provide a high level of service to potential
users. Transport integration issues are a growing need as transport providers consider low
cost ways of increasing ridership following the travel pattern disruptions exacerbated by the
recent pandemic, along with the equity and accessibility barriers created by poorly-integrated
transit systems.

Particularly in Europe, there has been increasing privatization of services, which are tendered
to private operators that bid in a competitive process, though public authorities often retain the
power to define such services [1]. This has created operator fragmentation [1], and requires further
research on cross-operator service integration. Previous scholarship has found that larger tenders
and more integrated tenders should, over time, facilitate further cooperation [2], but more research
is needed on the process for developing such tenders, how its ability to overcome transport
fragmentation is influenced by the centralization of the process and the centralization of government
decision making [3]. Israel presents a case with a highly centralized transport decision making
process that will add to existing literature on tendering and transport fragmentation.

The challenge of delivering an integrated system has increased over the past decades, due
to the (gradual) privatization of public transport services over multiple private public transport
providers in many countries. Israel is one of the countries that have followed this path since the
early 2000s, with the public tendering process resulting in the fragmentation of services from merely
2 into 17 bus operators.

In this paper, we study the tendering reforms in Israel and their cross-operator integration
policies to learn from how they addressed operational barriers to coordination created by the
increase in operators; and the institutional factors that facilitated or hindered service integration
through managed competition. The Israeli case is compelling for this analysis because it involved
a national tendering process in multiple metro regions, including intercity buses. The lack of strong
local transit agencies illustrates the possibilities for a fully integrated tendering system, though
strong local governance in other countries would make certain accomplishments more difficult.
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We argue these policies should be of interest in other countries, but Israel’s governance structure
facilitated their implementation.

2. Materials and Methods

In this paper, we use document analysis as well as interviews with key members of the national
government, private consultants, private operators and municipalities, to understand how the Israeli
tendering process fragmented services into 17 operators, but also developed ways to integrate
them. The study uses this information to understand the role of formal institutions in coordinating
schedules, integration of fares and fare cards, shared use of terminals, and cross-operator data
sharing across the country. We identify a number of ways integration was enhanced in each
category, with the national government making use of its strong leverage over private operators.
We also highlight the limitations of this approach due to the separate management of bus and rail
services within the national government. The study closes with findings that Israel has achieved
coordination despite a large amount of private ownership and fragmentation across operators.
Flexibility over time has helped to refine this coordination with each new tender. However the
results have been confined to the bus system, with poor coordination across modes (bus/rail), and
results that are unsatisfactory to local municipalities, which are often not included in the decision
making process. In this case, the use of a higher level of government to effect coordination has
been effective, though it has also impeded their ability to adapt to local needs.

We followed standard research methodology for qualitative interviews outlined by Yin [4].
Interviews were conducted from 2022-2023. The interviews were semi-structured and followed
a standard interview guide. Most interviews lasted between 1-2 hours. All were recorded and
transcribed with the interviewees' permission, and anonymized. Interviewees included agency
directors in the national government, private operators, consultant companies hired to write tenders
for the government, municipal elected officials, and NGOs advocating for public transit riders.
Interview findings were coded by topic area and compared with information from official government
decisions and a state comptroller report auditing the tenders, their impacts and implementation [5].

3. Results and Conclusions

This paper identifies integration methods that were seen as necessary and possible to integrate
private services regulated by a public-private partnership through a national tendering program.
These included 1) de facto schedule coordination through high frequency of services; 2) fare
equalization progressively expanding across clusters and nationally; 3) terminal sharing including
regulation of private terminals and development of public transit terminals ; and 4) cross-operator
data sharing, which provided the foundation for national fare equalization policies, universal national
bus arrival signage and other means of relaying integrated multi-operator real time information to
riders. The national regulatory structure clearly facilitated the level of integration, and indicates
the possibilities for integration of multiple operators in a centrally-managed tendering process.
We could surely imagine such integration happening at the state/provincial or regional level
in a country with stronger local authorities, though the process would be more complex.

Some examples of this appear even in the centralized system we examined. We find limits
to integration at the fault lines in Israel’s governance structure: Bus operators did not follow the
schedule without sufficient monitoring and schedule coordination did not encompass bus and rail
(managed by a separate corporation). Rail joined the fare card last, and rail was not included in the
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fare equalization reforms. The failure to include Israel Railways in the tendering program is an
example of how separate government agencies make it difficult to integrate tenders across them,
just as [6] found was the case in Copenhagen.

By contrast, the tendering process facilitated service integration by giving the Ministry of
Transport and the Ministry of Finance significant and progressively increasing leverage over private
operators. This paper confirms the hypothesis from [6] that larger tenders at higher levels of
government (e.g. regional, provincial/state or national) provide advantages for integration
of services. We might imagine it would be very difficult for a local government to accomplish strong
integration, for example. Higher levels of government provide more leverage on operational
subsidies and regulation to require universal standards on fares and fare media, terminals, and
information, making questions of hierarchy or rigidity of the power structure between the Public
Transport Authority and private operators less of a concern than in the cases studied by [6], due
to the Israeli national government’s significant leverage.

With regard to management at higher levels of government, specifically, we find here that there
were two important benefits to managing integration at the national or state level: 1) Since higher
level management captures most travel, the share of traffic crossing a jurisdictional border is rather
limited. The share of trips that cross jurisdictional lines would increase as we go down the levels
of government. 2) Higher levels of government have the most authority to set rules for private
providers including rules requiring integration, while local or regional governments have to act
according to those rules. Implementation of these rules is strengthened by higher levels of
government and their greater ability to collect taxes, subsidize services, and use those subsidies
as leverage to require policy changes in the tenders, including cross-operator integration. However
the important drawback is the lack of ability to tune decisions to local needs, which may make the
national level, as we saw in Israel, too high a level for most places, though it offers a number of
lessons on strategies and types of multi-operator integration that lower levels could strive for.

A continuing theme was the importance of gaining leverage in order to effect integration policies
that may be undesirable or unprofitable for a single operator to perform independently, but were
beneficial to ridership when implemented by all operators.
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1. Introduction

The recent COVID-19 pandemic, and the economic crisis of 2008 are some of the more recent
examples of major disruption on a global scale. Mobility practices are often rooted in habits or
routines rather than a rational decision-making process and are usually resistant to change [1].
External events such as strikes and protests or natural hazards may disrupt them and represent
a window of opportunity for change. The purpose of this paper is to review the literature published
on the possible long-term impacts of crises on mobility. It examines 47 peer-reviewed journal
articles, 3 non-refereed reports, and other grey literature sources that were published between
the years 2009 and 2024 covering two major crises, namely the economic crisis of 2008 onward
and the COVID-19 pandemic and touches on the ongoing war in Ukraine. The short-term effects
of a crisis are reviewed, and more importantly, the long-term effects after the presumed end of
the crisis are addressed. In the final analysis, the main reasons for a long-term change in mobility
patterns or the lack thereof will be discussed.

2. Literature and background

Crisis, as an interdisciplinary concept, can be encapsulated by “temporality, spatiality, and scale”
[2]. Therefore, it is bound to a specific time and space. Thus the 2008 economic crisis and the
COVID-19 pandemic are counted as crises. Both events had an impact on mobility on a global scale,
forcing individuals and communities to adapt. Both crises emphasized existing inequalities and
while being different across most parameters mark the vastest global crisis of the current century
with the exclusion of the ongoing climate crisis. The beginning of the pandemic and its end are
marked by decisions of the World Health Organization [3] for the purpose of this study. The 2008
economic crash was marked by a series of economic events and its boundaries are defined by data
from the European Parliament [4].

Sustainable modes such as cycling have been shown to increase the resilience of urban
populations in various crises. This is demonstrated in the case of plummeting petroleum prices [5].
During the 2020-21 pandemic, bike sharing contributed to the resilience of local mobility in cities
such as Lisbon [6], Brussels [7], New York [8], and enhanced the resistance of transport systems
in the case of the shutdown of major public transport systems [9]. Thus, promoting active mobility
in times of relative calm may prove beneficial during harsher times.

The long-term effects of crises on mobility behavior have been researched several times in the
past [10, 11]. The economic crisis of 2008 is a well-studied case though not from a mobility
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perspective. Before the end of the 2020 pandemic, such attempts had not been made systematically
and covered only the pandemic itself [7]. Comparisons of the effects of various crises on mobility
are also nowhere to be found in the literature. This work is an attempt to systematize such
phenomena and draw conclusions leading toward better crisis adaptation and goal-oriented
reconstruction efforts in crisis-stricken areas.

2.1. Research question
The systematic review is set to aggregate the main findings in the literature on the long-term impact
of economic crises on sustainable urban transportation systems.

* Which modes of urban transportation are most affected by each crisis?

* What insights can be inferred from the literature regarding the lessons learned and best
practices of crises and their impact on sustainable urban transportation?

» How have crises influenced sustainable transportation initiatives in urban areas?

» What are the key differences and similarities in the individual and collective response
to each type of crisis (economic crisis and pandemic)?

» What are the gaps in the literature on crises and sustainable urban transportation?

« Did any mobility changes that accrued during crises persist after it was over and why?

3. Materials and methods

An initial and a complimentary search were conducted in 2023 and 2024 respectively. The initial
search yielded 847 papers and was reduced to 508 unique entries after the removal of duplicates.
Next, the titles were screened to exclude papers unrelated to mobility or crisis, resulting in
53 relevant items. This process was repeated in 2024. Screening by title resulted in 97 papers from
this search, and 84 articles after the results of both searches were merged.

During the screening process, some of these 84 were excluded based on their abstracts, while
others required full-text screening. Ultimately, 50 relevant articles were identified, with 47 from
database searches and 3 from other sources. Figure 1 details the PRISMA protocol [12] followed
for the selection of peer-reviewed articles and the exclusion criteria.

68



Crises and Sustainable Urban Transportation: Systematic Literature Review

Crises and Sustainable Urban Transportation: Systematic Literature Review

Identification of studies via databases and registers

Identification of
studies via other

2023 2024 methods
Records identified: Records identified:
- Web of Science: 372 - Web of Sci 358
- Scopus: 475 - Scopus: 574 1
Total: 847 Total: 932
Keywords used:
E 1 l - Financial Crisis
= - Economic Crisis
5 = e =
:.9_ Records after removing Records after removing _ E::::g:m:::::;:::::; RXCDR
= duplicates: 508 duplicates: 776 Transportation Records identified: 3
_g - Sustainable Transportation
= 1 l - Sustainable Mobility
Records after exclusion Records after exclusion
by title: 53 by title: 97
Records after second removal of
duplicates: 84
Records after reading abstract
- Excluded: 24
- Included: 40
=2} Exclusion Criteria:
5 l - Not focused on mobility
g - Not crisis-related
‘3 Records after full text screening: A G S S
- Excluded: 13
- Included: 7
|
@ Records included in literature g J
% review: 50
&=

Figure 1. PRISMA diagram on the protocol of the systematic literature review

4. Preliminary Results

This literature review shows mobility changes occurring after and during the economic crisis
of 2008 and the COVID-19 pandemic. Both crises lasted around two years and had a great variation
of impact between countries and regions. The articles examined in the review were published
between 2009 and 2024. Changes in all modes are examined in each crisis separately, however,
special attention is given to changes in sustainable modes. The studies cover a worldwide sample.
Europe and North America are the most frequently studied locations in the selected literature.
Papers also include studies from Australia and Latin America.

Around 50% of the reviewed studies deal with the consequences of the economic crisis and 40%
discuss the pandemic. Another 10% of the articles feature both crises. The methodologies employed
exhibit a wide range of approaches including Empirical Case Studies, Quantitative Modeling,
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Review and Analysis and Survey-Based Analysis.

Around 60% of the studies directly measure or predict mobility changes as the goal of their
research and the rest mention long-term mobility changes as part of general findings or as the new
status quo. Only 25% of the studies present direct results of measurements for permanent mobility
changes while the others provide predictions and projections of long-term mobility changes based
on surveys conducted during or after the crisis or on synthesis of their findings.

As the COVID-19 pandemic had more vivid long-term effects on everyday life these are also
reflected in mobility changes during and after the crisis. The pandemic was also better scrutinized
by studies of mobility and by systematic reviews. Thus a comparison of post-crisis changes between
the economic crisis of 2008 and the recent pandemic is fascinating despite being asymmetric
as during the pandemic more explicit mobility policies were introduced, having the potential
to support a long-term change.

An overall increase in cycling in many cities [7], and a clear increase in remote work
(5 percentage points in the EU [13, 14]) was found. The COVID-19 crisis also provided communities
with an opportunity to expand cycling infrastructure as streets were devoid of cars. This includes
major cities in Australia [15], major metropolitan areas in the Philippines [16], and a wide selection
of European and North American cities [7, 17, 18]. Such infrastructure improvements included
the opening of new bike lanes and the widening and enhancement of the safety of existing ones.
Rail transportation has been severely hit during the pandemic however it experienced a steady
recovery of 16.6% in 2021 compared to 2020, and 2022. Much of the recovery was attributed
to active policies by France [19] and Germany [20].

4.1. Key findings and themes identified

The effects of crises on mobility, as examined in the literature, reveal significant shifts in travel
behavior, modal choices, urban planning strategies, as well as budget constraints and resource
allocation. The economic crisis resulted in reduced trips and a modal shift to cycling and public
transport in some regions [10]. However, the mobility shift only lasted as long as the crisis [10]. In
both types of crises, public transportation suffered for different reasons. Remote work and changes
in urban form are especially prominent after the pandemic. Some studies note that the changes in
mobility behavior during crises might dissipate as the economy recovers, while others suggest
these shifts may indicate longer-term trends toward more sustainable transportation. The
long-term effects that have outlasted the crises have yet to be fully reviewed. More conclusive
results of this review will be ready to present at the upcoming conference in November. The next
steps in the research include full-text reading and the extraction of relevant post-crisis effects
and the circumstances leading to them.

5. Preliminary Conclusions

Mobility changes during the crisis have a nature of emergency responses and reflect the type of
crisis at hand. After the crisis has subsided a return to normality is often the most expected outcome.
However, under certain circumstances, new habits and behaviors formed as crisis behavior are
consolidated and carried on to the new normality. Such changes are unlikely to consolidate on their
own. They rather appear with the help of new policies and developments. Pop-up bike lanes during
the pandemic [21] and street interventions [22] are the best examples of such helping measures.
Understanding the factors leading to long-lasting changes in favor of sustainable mobility will serve
policy management for the mitigation and recovery from future crises.
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1. Introduction

Alternative mobility services such as car-, bicycle- and E-scooter sharing, carpooling or on-demand
microtransit services are considered to have great potential to make a significant contribution to
the mobility transition. Although numerous different services have been provided by various
operators in Austria for quite some time, they have not yet become established on the market on
a broad and comprehensive scale. Therefore, according to recent strategies adopted by the Austrian
Federal Ministry for Climate Action, Environment, Energy, Mobility, Innovation and Technology, their
integration into the public transport system, but also into sectors relevant to mobility as for example
residential housing should be driven forward [1]. Since the mobility services available in the
residential area play a key role in determining mobility behaviour, the planning of new urban
development areas and housing projects, but also the transformation of the existing building stock
offer the opportunity to implement sustainable mobility concepts, including alternative mobility
services like car- or bike-sharing in the residential environment.

For the successful implementation of an integrative approach that combines housing and the
mobility needs of residents in an appropriate way from the perspective of sustainable mobility,
a reasonable legal framework is considered a key factor. However, just as alternative mobility se-
rvices in general are hardly regulated in Austrian administrative law, which leads to a number of
legal uncertainties [2], by now, the legal basis for the integration of alternative mobility services
into housing projects in Austria often remains unclear. This paper examines the relevant legal
framework in Austria, starting from an analysis of the status quo and addresses open questions,
needs for action and possible new approaches.

2. Methodology

In a first step the central issues of the existing legal framework in Austria for alternative mobility
services and their integration into housing were recorded and systematised by conducting
a legal-dogmatic analysis of the relevant applicable legal provisions. At the same time, selected
case studies were analysed, for which guideline-based expert interviews were conducted in order
to record experiences and problem areas relevant to practice. Based on the analysis of the legal
framework and the evaluation of the results of the expert interviews, as well as a supplementary
literature analysis, problem areas were identified and the need for action pointed out.
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3. Results

The relevant legal framework in relation to the linking of housing and mobility is laid down in the
building and spatial planning regulations of the federal states and currently consists primarily of
regulations regarding the construction of car parking spaces for residential buildings (so-called
parking space obligation). The aim of the regulations is to ensure that sufficient parking spaces are
available for residents’ cars and bicycle parking spaces are provided, alternative mobility services
are usually not taken into account [3].

A legal obligation to provide alternative mobility options (such as car sharing services) has not
yet been laid down in law. However, the integration of alternative mobility services in residential
buildings is occasionally provided for as an option to deviate from the number of mandatory car
parking spaces. Whether and under what conditions the number of car parking spaces can be
reduced in favour of alternative mobility options is primarily in the hands of the administration.
Only in Vienna, a recent revision of the building code introduced the option, that by establishing
a car-sharing service as a “compensatory measure”, the number of compulsory parking spaces
is reduced [4, 5].

Therefore, the use of the parking space obligation as a starting point or control mechanism for
the promotion of shared mobility services is currently mainly carried out via instruments under
private law. Municipalities conclude contracts with property developers - so called Urban
Development Contracts or ,Mobility Contracts”, as for example in the city of Graz [6]. Property
developers undertake a contractual obligation to implement alternative mobility solutions (for
example provision of bicycle parking spaces, charging facilities for e-vehicles, car-sharing
services, bike-sharing, public transport passes for tenants, bicycle service stations, mobility
counselling services, etc.). In return, the municipality agrees to reduce the mandatory number of
parking spaces.

However, the use of such contracts has also some disadvantages. The contents of the contracts
are legally only guided by the objectives set in the spatial planning laws, which are very vague in
this respect [7]. Also, there is no obligation to make the contracts accessible to the public. Further-
more, the long-term financing of the operation of sharing services is not secured in most cases, as
the property developers undertake to provide only temporary financing for the first few years. Later
on, the sharing services are supposed to be economically self-sustaining, but in practice this is often
not the case, which is why they are then discontinued. Finally, the possibilities for use of urban
development contracts in existing buildings in refurbishment projects are limited.

Due to these shortcomings of the currently used legal instruments, changes in the legal
framework and new approaches are being discussed to push the integration of alternative mobility
services in residential housing. For example, the obligation to provide parking spaces could
generally be (partly) replaced by the obligation to implement a sustainable mobility concept,
consisting of various measures, including for example car sharing. Examples for this model can be
found in Germany (e.g. Bremen'’s Mobility for New Buildings Bylaw) [8]. Another option could
be that property developers could be legally obliged to contribute to a special “mobility fund”,
which is set up to finance the implementation of mobility concepts for housing projects in urban
development areas and managed either by the public authorities or privately. In Austria, one
“mobility fund” has already been set up in Vienna [9].
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4. Conclusions

A suitable legal framework is a key factor for a successful integration of alternative mobility services
into housing projects, which contributes to shared mobility services becoming a decisive factor in
changing mobility behaviour and achieving the goals set for the mobility transition. In view of
the shortcomings of the current regulatory system in Austria, still mainly focusing on the obligation
to build parking spaces for cars, it is assumed that corresponding regulations in the building and
spatial planning laws have to be adopted. Therefore, new instruments for the integration
of alternative mobility services into housing still have to be examined more closely with regard to
their possible legal implementation.
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1. Introduction

The research for this contribution was prompted by the following question. If the management of
public transport relies on technical knowledge, does it deserve to be called technocratic? For the
tekhne, | draw on Thorsten Veblen's theoretical justification of the difference between engineers
and financiers. For the kratos, | attract the anarchist critique of authority. This contribution argues
that the epistemic superiority of a particular knowledge lies in the procedures of bureaucratically
organised knowledge production. Empirical observations from the reopening of the trolleybus
system in Prague show that the decision-making process was influenced by more than a century
of tradition in building and maintaining transport systems and was supported by the available
procedures.

2. Technocracy

The earliest documented use of the term "technocracy” clearly refers to issues of industrial
management [1], while its contemporary understanding tends to avoid it. This term has a very
straightforward definition nowadays, understood as the power of experts. It means that the
knowledge produced by experts has an epistemic superiority over other types of approaches to the
same questions. In two very recent publications on the issue, Andres Esmark [2] claims that
technocracy manifests a specific type of rationality, while Jeffrey Friedman [3] takes a less
straightforward position. He introduces “citizen technocrats” and argues that government-friendly
experts share the same esoteric type of knowledge. Neither thinker, however, went very far into
the question of technical control over the industry and the question of authority, even though
it is the combination of these two words that defines the term.

3. Technology

Veblen's perspective on technical control over the industry is primarily based on three theoretical
arguments [4; 5]. The first one posits that curiosity and creativity are integral and inextricable
aspects of human nature. Technological development and progress can be seen as an outcome of
this intrinsic feature. This perspective enables Veblen to regard technology as a public good rather
than as a privately owned commaodity.
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The second argument presents a clear anti-capitalist excitement. The understanding of efficiency
as a commercial success contaminates the process of industrial production. It substitutes the need
and ability to satisfy the demand of the general public with the peculiar gain of “captains of industry.”
Consequently, the potential of technology to foster prosperity is significantly constrained. The
technical understanding of efficiency suggests the liberation of the engineer’s logic in the mechanical
organisation of production.

The third argument put forth is the necessity for collective decision-making. Veblen argued for
the Soviet of technicians, the voluntary union of “competent” people. Some authors [6] contend that
Veblen was sympathetic to the anarcho-syndicalist movement, which espouses a non-authoritarian
and horizontal type of industrial management.

4. Power

As Mariya Rakhmaninova [7] notes, the justification of power in Western knowledge can be traced
back to ancient and Christian metaphysical traditions. Michael Huemer [8] presents a more
straightforward argument, suggesting that the authority of government is ultimately an illusion
because the available explanations are insufficient to explain it.

A left-wing intersectional approach reveals the expressions of privileges situated within specific
contexts, disseminated according to the inherited institutions of hierarchically organised societies.
Privileges, frames of reference, patterns of daily living and associated forms of epistemic superiority
are expressed in hierarchies [7]. Metaphysical illusions, stereotypes and assumptions can thus be
seen as expressions of fantasies that are structured by executive mechanisms. There are a plethora
of ways to conceptualise the future. However, a clear distinction is often made between one
particular style of conduct and all others.

The methods employed to address social concerns tend to be characterised by a high degree
of bureaucracy. Bureaucracy is understood as a technical approach to money redistribution through
the set of procedures. Bureaucracy is responsible for designing markets and establishing the
principles that regulate the implementation of specific agendas. Epistemic superiority lies therefore
in the bureaucratically sanctioned procedures of knowledge production which constitute the ability
to dream about the future. Ultimately, esoteric epistocracy [3], the metaphysics of authority [7]
and the animistic contamination of instincts [6] demonstrate that contemporary experts occupy
a comparable position in society to that of shamans and oracles during the era of savagery.

5. Fieldwork

The fieldwork conducted Prague in spring 2024 aims to answer the question of the knowledge used
to implement the decision on the restoration of trolleybus service. | spent 16 days in the city, riding
buses, visiting transport museums, and talking to public transport professionals, activists, planners,
industry representatives, and academics. An empirical argument is that the reopening has its
roots in the tradition (of workmanship) of Czech electrical engineering, which has been carefully
maintained in the course of decades.

The production of electrical infrastructure and planning capabilities have been inherited and
successfully preserved in the Czech Republic since the middle of XIX century. After the Velvet
Revolution there has been a notable absence of infrastructure development that would facilitate
the use of cars and simultaneously the development of public transport. One potential explanation
of such an unusual actions is that the reforms were "right-wing in rhetoric with left-wing practice”
[9]. Secondly, the governance reform of public transport did not result in the transfer of all
responsibilities for service provision from operator company DPP to the contractor PID. Also the
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establishment of self-governance in 56 districts across the city helped DPP to celebrate a city-wide
influence. A third aspect is the stance mentioned by numerous respondents with whom | spoke. The
trolleybus was dismantled by the communist regime; therefore, it is imperative that it be rebuilt.

Electrification of a bus fleet in Prague initiated from the internally financed experimentation.
The DPP possessed the requisite capabilities to plan, construct, and operate the system indepen-
dently and after test rides, they applied for the external finding with a very clear understanding
what kind of technical specifications they demand. Success of the test operation was not the type
of marketing research, but rather the technical one, aiming to get the maximum out of the existing
infrastructure.

The tradition of over a century in the production of various vehicles and the management
of public transport had a great influence on the restoration of the trolleybus system in Prague.
Furthermore, despite the political and social changes that have occurred over the course of decades,
there has been a continuity in engineering knowledge tradition. The organisational structure and
procedures are also of relevance in this context, namely the structure of governance, finance,
and distribution of responsibilities.

6. Conclusions

The objective of these epistemic properties is to construct a future and implement measures to
make it a reality. Technocracy, as a response to social problems and as a fundamentally epistemic
project [3], is inextricably linked to the bureaucratic structures of execution and imagination
associated with this vision. The restoration of trolleybuses in Prague demonstrates that the
implementation of established procedures does not necessarily result in the exclusive manifestation
of the executive power of accountants. Furthermore, there is room for manoeuvre for engineers.

The main reason for Prague’s trolleybus restoration is that the fantasies of engineers celebrate
the availability of procedures that make the dream come true. Therefore, the restoration can
be considered a matter of maintaining tradition. It can be argued that care is the most crucial
component in ensuring the continuity of such an incentive.

From this perspective, sustainability can be conceptualised as a bottom-up phenomenon,
constituted by local knowledge, tradition and, arguably, aspirations for the future. It is therefore
evident that the capacity for workmanship is inherent to each individual within a community,
and the mobilisation of this capacity represents a pivotal step in the direction of enhancing
publicly-owned transport systems on a global scale.
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Artificial Intelligence (Al) stands at the forefront of revolutionizing the transportation sector,
heralding a new era of innovation, efficiency, and sustainability. This paper examines the
transformative influence of Al on the future of transportation, with a specific focus on enhancing
sustainable transportation systems. By leveraging Al technologies, transportation systems are being
reimagined and optimized to address key challenges such as congestion, emissions, and resource
utilization, ultimately paving the way towards a more sustainable and efficient mobility landscape.

Al is driving a paradigm shift in transportation by enabling intelligent decision-making
processes, predictive analytics, and automation across various facets of the sector. Through machine
learning algorithms and data analytics, Al empowers transportation systems to analyse vast
amounts of data in real-time, optimize routes, and predict traffic patterns with unprecedented
accuracy[1]. Such capabilities are instrumental in reducing congestion, improving traffic flow, and
enhancing the overall efficiency of transportation networks.

One of the most notable applications of Al in transportation is the development of autonomous
vehicles. These self-driving cars leverage Al algorithms to perceive their surroundings, make
split-second decisions, and navigate complex road scenarios autonomously. By reducing human
error and optimizing driving behaviours, autonomous vehicles have the potential to significantly
enhance road safety, reduce accidents, and improve overall traffic management [2]. Furthermore,
Al-driven autonomous fleets offer the promise of shared mobility services that can revolutionize
urban transportation models and reduce the need for private car ownership.

In addition to autonomous vehicles, Al is reshaping the public transportation landscape
by optimizing scheduling, routing, and capacity management. Intelligent systems powered by
Al algorithms can dynamically adjust bus and train schedules based on real-time demand, optimize
transit routes, and improve the overall efficiency of public transportation services. By enhancing
the reliability and accessibility of public transit options, Al contributes to reducing reliance on private
vehicles, lowering emissions, and promoting sustainable urban mobility [3].

Moreover, Al plays a pivotal role in promoting sustainable transportation practices by optimizing
energy consumption, reducing emissions, and encouraging the adoption of ecofriendly modes
of transport [4]. Al-powered traffic management systems can optimize traffic flow to minimize
fuel consumption and emissions, while predictive maintenance solutions can enhance the efficiency
of vehicles and infrastructure, reducing waste and promoting longevity.

Furthermore, Al-driven mobility services such as ride-sharing and on-demand transit contribut
to reducing the environmental impact of transportation by promoting shared mobility options and
minimizing empty vehicle miles.
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The integration of Al in transportation not only enhances operational efficiency and sustainability
but also transforms the passenger experience and promotes user-centric transportation services.
Al-powered navigation systems provide personalized travel recommendations, real-time updates,
and seamless trip planning experiences, enhancing user satisfaction and convenience. By leveraging
Al technologies to deliver tailored transportation solutions, service providers can create more
inclusive, efficient, and user-friendly mobility experiences that cater to diverse passenger needs.
In conclusion, the transformative power of Al is reshaping the future of transportation
and driving the evolution of sustainable transportation systems. By harnessing the capabilities
of Al technologies, transportation stakeholders have the opportunity to optimize operations, improve
efficiency, and reduce environmental impact while enhancing the overall mobility experience
for individuals and communities. The integration of Al in transportation holds immense potential
to create a more sustainable, accessible, and interconnected transportation ecosystem that
addresses the evolving needs of society and fosters a greener, more efficient future of mobility.
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1. Introduction

City planning is often seen as the domain of urban planners and architects, but in Czechia, it's
transportation and civil engineers who play a more significant role. While the layout of towns and
cities is largely in place due to mild population changes [1], it is constantly evolving to address
mobility issues. [2] [3] [4] Streets are designed to balance car lanes, parking, sidewalks, cycle paths,
and tram tracks, along with traffic control systems like signs and signals. [5] [6]

Although necessary, traffic signs contribute to visual pollution. The design and meaning of road
signs are established by the Vienna Convention on Road Signs and Signals [7] [8], yet their practical
application differs across Europe. How are transportation engineers in Czechia deciding their
placement, and are they as effective as intended? This abstract provides an empirical analysis
of traffic sign usage in Czechia and their impact on urban visual pollution, drawing from six years
of professional and eight years of academic experience.

2. Background and objectives

Urban space is limited, requiring compromises in street design. In Czechia, the road network was
unprepared for the post-communist surge in car use [9], leading to congestion and unsafe conditions
for all road users. Since major construction is slow and costly, temporary solutions like traffic signs
and speed bumps are often used to manage traffic. However, this has led to another issue: visual
pollution. An excess of signs not only detracts from the street’s appearance but can overwhelm
drivers with too much information. [10]

7 e
Figure 1: Excessive use of traffic signs.
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3. Legal framework

Traffic sings and road markings are defined by Czech regulation no. 294/2015 [6], the highway code
is law no. 361/2000 [5]. The design of roadways in Czechia is governed by technical standards.
The most important standards related to transportation include:
« CSN 73 6101: Design of roads and highways ' [11],
- CSN 73 6102: Design of intersections 2[12],
-+ CSN 73 6110: Design of urban roads [13],
« CSN 73 4001: Accessibility and barrier-free use [14].
These standards ensure the basic requirements for safe traffic operation. Additionally, several topics
are expanded upon in documents called "Technické podminky” (abbreviated as TP) issued by the
Ministry of Transportation. These documents provide more detailed explanations, approaches, and
possible solutions for various topics. TP 65 [10] extensively addresses the use cases and placement
of traffic signs, TP 133 [15] focuses on road markings, and TP 131 [16] outlines principles for mar-
king traffic situations on roads using both signs and markings.

None of these Czech standards are binding unless explicitly mandated by law, which is rarely
the case in transportation design and planning. Nonetheless, both the standards and the TPs are
widely used by transportation engineers and officials.

4, Main objectives

4.1. Identified issues

Nowadays, there are many traffic signs along the streets despite the main document TP 65 stating
that traffic signs are meant to be used only when necessary for safety reasons since too many traffic
signs lowers its respectability. [10] Few main reasons were identified as causes of traffic signs
(over)use contributing to visual pollution:

« Size of traffic signs,

+ Unnecessary use of (another) traffic sign,

« Lack of law enforcement,

» Low-cost changes,

« Traffic lights,

» Standalone poles.

4.1.1. Size of traffic signs

Traffic signs in Czechia are generally larger compared to countries like the Netherlands or Switzer-
land, with smaller versions allowed only on minor roads. The same large signs are used regardless
of speed limits, creating disproportionate visual clutter.

! The official English name “Design of highways and motorways” is misleading, as the standard
encompasses all types of roads.

2 The official English name “Design of intersections on highways” is misleading, as it does not reflect
that the standard addresses all types of intersections.
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Figure 2: Comparison of smaller and standard lane sign sizes on arterial road.

This is particularly problematic for lane arrangement signs, where large, detailed signs are required,
even though in other countries (e.g., France, Norway, the Netherlands), smaller or no signs are
used, relying on visual cues like coloured bike lanes.

Figure 3: Visual pollution on every bike-friendly Figure 4: Smaller and simpler sign
road in Czechia. used in Norway

Figure 5: No sign used in the Netherlands
due to coloured bike lane. with no erected traffic sign.

Figure 6: 4-lane arrangement in the Netherlands

84



Visual Pollution in Czechia: Why Are Transportation Engineers Part
of It and What Can They Do Better?

The Czech practice is to place these signs at every junction, see Figure 2. The description of traffic
sign IP 19 states it "displays the lane arrangement in front of a junction,” [6] [10] but this should be
interpreted as a description, not an order. Other signs, such as those marking hotels or restaurants,
also use descriptive language without being mandated everywhere.

Conversely, signage for cyclist and pedestrian pathways should be utilized in a smaller size
as specified by TP 65 [10]; however, this is rarely observed as shown in Figure 7.

< 7

AR
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Figure 7: Standard sized cycle track signs.

4.1.2. Unnecessary use of (another) traffic sign

Unnecessary use primarily involves danger warning signs. In urban areas, these signs often warn
of hazards that drivers should expect. For example, a danger sign for a pedestrian crossing is often
placed in a village where the crossing is clearly visible and marked by a zebra stripe and a standard
traffic sign. The use of a warning sign, especially with a fluorescent background, seems redundant
when TP 65 already mandates signs to be visible from 50 meters [10] and braking distance from
city limit 50 kph is 34 meters. [11]

Figure 8: Warning signs placed in close proximity to the “danger”
This overuse of warning signs extends to other situations like traffic lights and roundabouts, where

signs are placed despite the visibility and predictability of the hazard. It also encompasses various
other situations and traffic signs as illustrated in the following figures.
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Figure 9: Unnecessary parking signs at clearly Figure 10: Anomalous and irrelevant use
designated parking spaces. of overtaking signs in built-up area

NS

Figure 11: Redundant additional plates showing Figure 12: Unnecessary give way signs
standard intersection diagram. at the end of a home zone.

4.1.3. Lack of law enforcement

A general lack of law enforcement in the Czech Republic contributes to traffic violations. Part of this
problem stems from historical factors, but the absence of consequences also plays a major role.
For example, bus stops often feature multiple signs and markings indicating a no-stopping zone, in
addition to prohibition set by the highway code [5], but drivers frequently ignore these rules (see
Figure 13), affecting mainly public transport users. Temporary traffic signs are another example,
particularly during street cleaning in spring and fall, when signs are placed even where there are
permanent parking bans, as shown in Figure 14. These signs serve as reminders that "today you
really shouldn't park here."

\
\
A

LY

Figure 13: 3 traffic signs and 2 road markings Figure 14: Disregard for both permanent
fail to prevent drivers from stopping. and temporary no parking signs.
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Another common issue is drivers parking wherever they can, even when it contradicts the highway
code or common sense, e.g. on sidewalks, grass as illustrated in Figure 15. This behaviour is often
enabled by poor street design, and rule-breaking often requires a physical barrier like a concrete
block (ironically called “city block”; see Figure 16) to prevent parking.

Figure 15: Illegal parking on sidewalks
and greenery. stripe of a street.

Figure 16: Prohibited parking in purposeless

4.1.4. Low-cost changes

Low-cost traffic modifications are a significant source of visual pollution. While construction projects
take years and require building permits, adding road markings and traffic signs is faster, simpler,
and cheaper. This approach is common at intersections, where streets converted to one-way for
parking leave wide pedestrian crossings, although the lane used is only about 3 meters wide. Often,
plastic bollards are added to prevent parking, making the crossings and intersections unsightly as
shown in Figure 17. Another example is the spread of parking spaces, where sidewalks are
repurposed for parking, requiring additional signs to indicate allowed parking (see Figure 18).

Figure 17: Reducing intersection size with
road markings and bollards. an erected traffic sign.

Figure 18: Parking on sidewalks requires

A similar problem arises on main roads passing through built-up areas. Instead of constructing sa-
fety islands, excess road width is simply narrowed to the actual lanes, see Figures 19 and 20. While
this might meet technical standards, it does little for pedestrian safety or traffic calming. [17] [18]
All these changes are not meant to be temporary, but they often look like quick fixes rather than
permanent solutions without any long-term plan for improvement.
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Figure 19: Permanent shortening of pedestrian Figure 20: Missed opportunities to build
crossing using temporary measures. a pedestrian crossing island.

4.1.5. Traffic lights
Traffic lights are useful when applied correctly, particularly at busy intersections, but they often
hinder traffic flow when used on roads with normal or light traffic. For example, signalized pedestrian
crossings on two-lane roads often create unnecessary delays, as heavier traffic occurs only 3 to
6 hours a day during rush hours. A pedestrian crosses the road in 4 to 5 seconds after a necessary
5-second wait to get a green light, but traffic is halted for at least 15 to 20 seconds [19], causing
delays for both pedestrians and vehicles. Excessive use of traffic lights not only adds to visual
pollution but also leads to air, light, and noise pollution in the area. The safety benefits are
questionable, as pedestrians often jaywalk.

T

Figure 21: Visual pollution from excessive
signage and railings near a traffic light. for traffic lights.

Figure 22: Railings: frequent accessories

Additionally, intersections with traffic lights require more lanes, signs, and road markings, further
increasing their footprint, and surrounded by railings increasing visual pollution [20]. In many cases,
traffic lights cannot simply be turned off due to overly wide crossings, caused by multiple lanes or
a lack of safety islands. Fixing this issue would require a complete redesign of the intersection,
which is a frequent reason for maintaining the current status quo unsuitable for all users.

4.1.6. Standalone poles

Traffic signs need to be placed somewhere, but even when streetlamps are available, separate poles
are often used to avoid dealing with third parties. This leads to a clutter of poles, with some placed
very close to existing vertical elements (see Figure 23). Traffic signs can also be mounted on
buildings or walls, which avoids adding obstacles to narrow or busy sidewalks. However, this more
aesthetically pleasing option is rarely used despite its benefits.
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Figure 23: Standalone poles next to vertical elements and signs mounted on a building (right).

4.2. Mitigation

There are many factors contributing to the issues outlined above, some of which may be specific to
certain countries. However, two overarching causes stand out: the separation of responsibilities
and limited resources. Road administrators tend to focus solely on their own network, lacking
a broader perspective that integrates all modes of transport. Municipalities, which should provide
this oversight, often lack the knowledge, authority, or manpower to influence outcomes effectively.
This is further compounded by low salaries on all included sides leading to a reactive rather than
proactive approach. As a result, there is little time or capacity for strategic thinking.

A key solution lies in education. By equipping municipalities with the knowledge to demand and
implement better, more integrated solutions, we can improve traffic systems and make streets
livable. [21] These solutions should prioritize sustainable modes of transportation while also
considering the aesthetic quality of streets. [3] [4] The encouraging news is that these changes
can be made within the existing legal framework, without requiring alterations to Czech laws
or standards.

Ultimately, the core issue is the lack of planning and long-term vision in road construction.
Street layout is the most significant factor in shaping how drivers behave and perceive their
environment. [22] While traffic signs and road markings can provide guidance, they cannot
substitute for a well-designed street layout. [18] Thoughtful, comprehensive road design encourages
safe driving and reduces the reliance on signs for speed regulation and risk assessment. [23]

In addition, the increased use of road markings can help define space distribution more
effectively [18], see Figures 24 and 25. The latter road with cycle lanes is 0.7 meters wider, yet
it appears otherwise due to the road markings.
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Figure 24: 7.0 m wide road without road markings Figure 25: 7.7 m wide road with protective cycle lanes

All of the above must be supported by law enforcement from the municipal police, which is respon-
sible for addressing most driving offenses. The police established by the town often face political
pressure that limits its ability to address offenses to avoid unpopularity, which could impact the
town'’s political leadership. However, effective law enforcement is crucial for ensuring compliance,
as drivers are unlikely to change their behaviour if violations are tolerated. [24] The municipalities
and other agencies should work to eliminate the underlying causes of rule violations, which often
implies changes in street and road design. [25]

5. Conclusions

Traffic signs are often viewed as a solution for driver behaviour and enhanced safety, but the design
of the road itself plays a far more important role in influencing how drivers perceive speed and
assess risk. This empirical analysis identifies six major causes of visual pollution caused by traffic
signs in Czechia, all of which can be effectively mitigated through a more integrated approach
to street design.

While the tools and frameworks needed for more thoughtful design already exist, they are
often underutilized because they require additional effort. Transportation engineers, focused on
completing their tasks efficiently, may default to simple solutions, which are not always the best
ones. Only municipalities and agencies, as the project investors, are in a unique position to push
for more thoughtful and comprehensive designs; however, they often lack the necessary knowledge
and strategic approach nowadays.
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