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ABSTRACT

The increasing complexity of metropolitan areas with a consistent growth of population has
raised several challenges regarding urban mobility and logistics. Cities have become
complex dynamic systems where multiple stakeholders perform their activities, sharing the
same space and resources. Seeking to improve the quality of life of the citizens,
municipalities are investing in new solutions for the use of public spaces and the mobility
of people and freight. However, the increasing level of digitalization and the multiplicity
of information and technology communication tools led us to a socio-technical transition
period with visible changes in the behaviour of people and emerging new business models,

thus creating even more challenges for urban planning and urban mobility.

Common strategies to tackle these problems are based on designing new policies or
improving transportation networks, either by investing in infrastructure or optimizing
transport services and operations. Nevertheless, if the ultimate goal is to improve the quality
of urban life, those solutions must be centred on the needs of urban stakeholders, mainly
the citizens. Moreover, recent European guidelines point towards the integration of
different transport modes, creating multimodal networks and the consideration and study of
the interactions between land use and urban mobility. The current socio-technical transition
period, grounded on the digitalization trends and the awareness of a need for integrated
solutions, provided the opportunity to design and deploy a multidisciplinary approach to
handle current challenges. Observing cities as complex systems allows us to apply concepts
commonly used in service design, such as service-dominant logic and value co-creation, in
order to improve the participation of the different stakeholders and include citizen-centred

solutions in the design of smart sustainable cities.

One main contribution of this thesis is the multidisciplinary approach designed around four
dimensions of the urban context (social, urban, technological, and organizational). This
approach is based on three concepts that result from adopting a service-dominant logic
perspective. Considering technological resources for digital communication, we have
developed a conceptual framework for integrated information systems with the goal of
improving the way stakeholders share and access information and, consequently, enhance
their decision-making processes. Finally, the application of the framework in four distinct
cases allowed for the development of a set of generic guidelines that can help increase
stakeholder participation and engagement. The cases also serve as a validation of the

framework, showing its versatility and application potential.

Keywords: urban mobility; urban planning; service design; service-dominant logic;

information systems; stakeholder participation; value co-creation.
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RESUMO

O aumento da complexidade das dreas metropolitanas, acompanhado do constante aumento de
populagao, tem criado novos desafios para a mobilidade e logistica urbanas. As cidades tornaram-
se sistemas dindmicos complexos onde diversos atores realizam as suas atividades, partilhando o
mesmo espaco e 0s mesmos recursos. Procurando melhorar a qualidade de vida dos cidaddos, os
municipios tém investido em novas formas de utilizar os espagos publicos, e em novas solugdes
para mobilidade dos cidaddos. Contudo, a existéncia de diversas ferramentas de tecnologias de
informacdo e comunicac¢do e o aumento da digitalizac@o, criou um periodo de transi¢do socio-
técnica, levando a mudancgas visiveis no comportamento das pessoas, a0 mesmo tempo que
surgem novos modelos de negdcio, aumentando ainda mais os desafios para o planeamento

urbano e para a a mobilidade urbana.

As habituais estratégias para abordar estes problemas baseiam-se na criacdo de novas politicas
publicas ou na melhoria das redes de transportes, seja através de investimentos na infraestrutura
ou da otimizag@o dos servigos e operagdes de transportes. Ainda assim, se o principal objetivo é
melhorar a qualidade de vida no espago urbano, essas solugdes devem ter como foco as
necessidades do atores do meio urbano, principalmente dos cidadaos. Além disso, as recentes
orientacdes da Unido Europeia apontam para a integracdo de diferentes meios de transporte,
levando a criacdo de redes multimodais e tendo em conta as interacdes entre uso do solo e
mobilidade urbana. O atual periodo de transi¢do socio-técnica, potenciado pela digitalizagdo e
pela necessidade de solucgdes integradas, originou a oportunidade de desenhar uma abordagem
multidisciplinar para lidar com os desafios atuais. Estudar as cidades como sistemas complexos
permite a aplicacdo de conceitos habitualmente usados no desenho de servicos, tais como légica
servico-dominante e co-criagcdo de valor, para melhorar a participacdo de diferentes atores e para

incluir solugdes focadas nos cidadios no desenho de cidades inteligentes e sustentaveis.

Uma das principais contribuicdes desta tese é a abordagem muldisciplinar que considera quatro
dimensdes do contexto urbano (social, urbana, tecnoldgica e organizacional). Esta abordagem ¢é
baseada em trés conceitos que derivam da adoc@o de uma légica servico-dominante. Tendo em
conta os recursos tecnolégicos que suportam as comunicagdes digitais, foi desenvolvido uma
framework para um sistema de informacdo integrado, com o objetivo melhorar a forma como os
atores partilham e acedem a informacdo, e consequentemente, melhorar os processos de tomada
de decisdo. Por fim, a aplicacdo desta framework em quatro casos distintos permitiu a criacio de
um conjunto de linhas orientadoras que permitem melhorar a relagdo entre os diversos atores.

Estes casos também servem como forma de validar a framework mostrando a sua versatilidade.

Keywords: mobilidade urbana; planeamento urbano; desenho de servigos, ldgica servigo-

dominante; sistemas de informagdo; participacdo; co-criagdo de valor.
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1
INTRODUCTION

1.1 CONTEXT AND MOTIVATION

The growth of cities is highly related to transport evolution. For centuries, transport
networks were designed to allow the flow of people and goods. Therefore, the urban layout
evolved as transport technology changed, leading to different shapes depending on the
primary transport mode (Snellen, Borgers, and Timmermans 2002). In the last decades, it
became clear that car ownership could not increase forever. It was necessary to find
solutions to improve mobility with low negative impacts in the city. One of the main

objectives was to increase accessibility by improving urban mobility (Rode et al. 2017).

However, cities are not static and can be considered dynamic systems that change with
several factors. Economic cycles and technology usage change citizens’ habits and
behaviours, creating the need for better transport systems. These changes will attract new
population segments, leading to demographic change, which then leads to further changes

in the city (Figure 1.1).

New challenges arise as urban population keeps increasing, and negative impacts keep
growing. In the EU alone, urban population may reach 80% of the total population by 2050
(ALICE 2015). Statistics show that urban areas are growing, leading to more megacities
with larger suburbs (ALICE 2015; The Economist 2014). The increase of the suburban
regions leads to the rise of commuters towards the centre (The Economist 2014), hence the

importance of choosing the right mobility policies.
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Figure 1.1. Urban system loop.

To decrease the negative impacts of urban growth, local authorities are seeking new
solutions to make the city more sustainable. Transportation is especially relevant due to its
essential role in citizens’ daily lives and its significant environmental impacts. Although
other sectors are steadily decreasing emission levels, that is not the case of the transport

sector (European Union 2017).

Besides congestion, the increasing number of trips also increases air and noise pollution,
reducing the quality of life in urban areas (Fagnant and Kockelman 2015; Cochrane et al.
2017; Lindholm and Behrends 2012). But businesses also suffer the negative impacts of

congestion because it delays deliveries and increases shipping expenses (Downs 2004).

Since the efficiency of the urban mobility solutions relies on the efficiency of public
transport, freight transport, and the individual usage of the network, there have been
significant developments in the design of multimodal networks. Planning for a multimodal
network means integrating road and rail, private and public, and even passenger and freight
(Sousa and Mendes-Moreira 2015). However, transport planning should consider other

characteristics of the city such as morphology, economic activities, and population.

The concern for an integrated approach to urban mobility is also visible in the European
guidelines for Sustainable Urban Mobility Plans (SUMP) that envision a global plan for all

urban activities (European Commission 2013). SUMP guidelines not only point towards



more integration between different transport systems that coexist in the city, but they also

stress the need to integrate urban and mobility planning (Rupprecht 2019).

Adding to the existing challenges, recent developments in technology, namely the evolution
in information and communication technologies (ICT) and the increasing digitalization
level are significantly changing how people behave, interact, and communicate; and how
companies provide their services. The deployment of new technologies in developing new
transport modes and services will also affect how and why people travel. Despite that,
technology usage varies across different age ranges (Alessandrini et al. 2015), and this must
be taken into account by urban and mobility planners in order to create more inclusive

solutions.

The current period of societal changes caused by technology represents a socio-technical
transition during which organizational and institutional changes need to follow technology
trends (Spickermann, Grienitz, and Von Der Gracht 2014). In this period, new business
models help to bring new technology into the daily activities of cities (Spickermann,
Grienitz, and Von Der Gracht 2014). Businesses based on sharing economy principles are
emerging. Whether one is paying for car sharing, carpooling, or ridesharing, sharing private
transports is becoming more common. This comes with two major benefits: saving time and
saving money. In theory, if people share cars, there will be the same number of people in
fewer cars, leading to lower congestion levels (Transport & Environment 2017; Glotz-

Richter 2016).

Not only passenger-related businesses emerge, but freight-related businesses are changing
as well. E-commerce leads to smaller and more frequent door-to-door (D2D) deliveries,
increasing the number of urban freight movements. Concepts such as crowd logistics allow
common citizens to take part in freight transport (Buldeo Rai et al. 2017), making it more
difficult to separate passenger and freight transport. These new socio-technical aspects
must, therefore, be included in new action plans. Governments and companies should take
advantage of technology to align their policies and regulations with the contemporary urban

scene.

The socio-technical transition can be viewed as an argument in favour of improving
participation and collaboration in urban and mobility planning. If changes are visible in
citizens’ behaviour and in both passenger and freight businesses, all stakeholders should
participate in urban and mobility planning (Macharis, Turcksin, and Lebeau 2012;
Nathanail, Gogas, and Adamos 2016). Not only will their participation improve the end
result, but it will also enhance knowledge co-creation by promoting information sharing

and transparency (Deligiannidou and Amaxilatis 2016).



Moreover, methods used in service design have proven to be successful in involving
different stakeholders, by fostering a co-creation environment and by empowering
customers. Hence, adapting some service design concepts to the urban context can assist

municipalities in overcoming some of the existing challenges in stakeholders’ participation.

In a service exchange, value is co-created through physical or virtual interactions between
networks of suppliers and customers (Frow et al. 2014; Patricio et al. 2018). According to
the service-dominant (S-D) logic, value is co-created with customers, as they play an active,

connected and informed role in the value creation process (Vargo and Lusch 2008).

By considering the three elements of the framework presented by Lusch and Nambisan
(2015) — service ecosystems, service platforms, and value co-creation — it is possible to
adopt an S-D logic to design an integrated approach to urban and mobility challenges. This
perspective is justified when assuming that citizens’ well-being must be central in planning
activities. Therefore, it is possible to compare cities to services (city as a service), citizens
to customers, and municipalities to services providers. The concept of smart city as a
service system demonstrates the advantages of fostering value co-creation and sharing

information in the urban context (Polese et al. 2019).

Moreover, the service design domain has strongly embraced information technologies,
allowing for new services to adapt to the digital world (Grenha Teixeira et al. 2017; Lusch
and Nambisan 2015; Patricio et al. 2011) and following the trend of digitalization in the
socio-technical transition period. Therefore, an S-D logic can help, not only in improving

participation but also in facing the digitalization challenges.

However, not every activity of the municipality can be directly compared to a traditional
service as provided by a company. Specific characteristics of city management such as
budget, organizational structure, bureaucracy, and legal obligations can be barriers to the
digitalization success. In these cases, the answer may be viewing the municipality as an
enterprise. For that reason, digitalization in this context encompasses resorting to
Management Information Systems (MIS). In the case of municipalities, examples of these
systems are the Decision Support Systems used in operations planning and management,
and Customer Relationship Management software (CRM) used in managing the support to
citizens. Even though information systems are already in use by municipalities, they need
to be rethought and redesigned to take into account the new socio-technical trends. Hence,
in addition to the S-D logic approach, it is necessary to consider information system (IS)

design methods such as Enterprise Architecture Frameworks (EAF).

Information Systems (IS) have the potential to solve many of the issues presented here if

they explicitly consider multiple perspectives. First, information with varying degrees of



detail about aspects such as traffic congestion, service levels, parking, or traffic lights, is
essential for urban planners, transportation system users (citizens), logistics service
providers, public transportation operators, and others. Having access to relevant
information can significantly increase the quality of the decisions made by urban and
mobility planners (supply) and citizens (demand). This will positively impact the efficiency
of the transportation network. Second, integrating information from different sources
increases the knowledge stakeholders have about the city. Thus, IS are essential in

generating a co-creation environment where collaboration and participation occur naturally.

In short, studying the city in a socio-technical transition context generates a case for a
multidisciplinary approach. Considering the city as an object of study, it is necessary to
understand population, their behaviour, and needs. This includes the relationship people
have with the territory and how people move in that territory. In a more digital world, this
encompasses understanding how technology is shaping people’s behaviours and taking
advantage of that digitalization to improve the quality of life of the citizens. In the light of

this multidisciplinary context, integration emerges as a natural solution.

This novel approach to urban and mobility planning seems to add a significant value to
existing research due to its focus on an integrated view of multiple problems and its

multidisciplinary perspective.

1.2 RESEARCH PROBLEM AND OBJECTIVES

This research was driven by the goal of contributing to a cultural change in the urban
context to pursue higher levels of integration, as presented above. When governments are
pushing towards more sustainable cities, including more sustainable and efficient urban
mobility, we believe that a change is needed in the way urban mobility is approached.
Instead of dealing directly with the problems of climate change, transportation planning, or
even land use planning, this research deals with those issues indirectly, in a higher and more
abstract level, by proposing a new approach to how urban stakeholders interact, how they

obtain information and how they influence each other decisions and behaviours.

The main problem addressed in this work can be summarized in one word: integration. The
systemic approach to cities provides the context for a multidisciplinary approach since it
considers, at the same time, socio-demography, technology, mobility, land use, and service
management. A second concern that emerges from involving people in decision processes
is the development of a participatory and collaborative environment that can only exist in

a context where information is easily accessed and shared.



These integration issues can be overcome if there is co-creation of valuable information
that can influence decisions and behaviours. In the context of urban mobility, the expected
end result of co-creation is the mutual understanding of other users of the transportation
system regarding the shared use of space (different modes coexisting in the same network)

and the respect for the urban mobility policies.

In the light of the above-mentioned issues, the fundamental goal translates into the

following research question (RQ):

How to improve information co-creation for urban mobility, in a socio-

technical transition context?

To address this main research question, three main research objectives were outlined:

ROI1. To understand urban mobility through a multidisciplinary approach.

RO2. To develop a conceptual framework for redesigning information systems to support

urban mobility management and urban planning.

RO3. To develop a set of guidelines to increase stakeholders’ participation and

collaboration in the urban context.

The way and sequence in which these three objectives were outlined assures that each
objective contributes to the next one. The first research objective (RO1) provides the
foundation and the adopted positioning regarding urban mobility. Its purpose is to
understand how different concepts from other research domains can be adapted to the urban
mobility context, thus creating a new integrated perspective of urban mobility issues.
Achieving this objective requires exploring a systemic perspective of the city. Moreover, it
also demands understanding how different research domains can contribute to improving

co-creation in the urban context.

The second objective (RO2) materializes the integrated multidisciplinary approach
developed in RO1. It consists of the development of a conceptual framework that takes into
account different constructs from different areas (e.g., frameworks, methods, etc.), adapting
those constructs to the urban mobility context to represent the integrated vision of the city

as a system. Due to the focus given to a socio-technical transition period, the framework



resorts to multi-channel information systems to create an inclusive environment where all

stakeholders are included.

RO3 emerges naturally from RO2. The framework provides the mind-set to deal with urban
mobility planning and management, resulting in guidelines that aim to improve interaction

between stakeholders. The framework was then applied to a few illustrative cases.

1.3 METHODOLOGICAL OVERVIEW

To successfully respond to the objectives presented in the previous section, a combination
of methods was selected. The first research objective (RO1) comprises the theoretical
framing of the research and was developed based on the information collected in the

scientific literature, newspapers and websites, and conferences.

There were two central stages of the literature review. The first stage aimed at
understanding the current practices and problems in urban mobility management and
planning. Since the research was based in Portugal, Portuguese regulations were studied.
The second literature review stage comprised the study of existing methods in other
research domains, namely Information Systems and Service Design. This second stage of
literature review supported the development of research objectives 1 and 2, providing the
theoretical background for developing the multidisciplinary approach and the methods

included in the framework.

Following the recommendations proposed for the design of frameworks (Hevner et al. 2004;
Peffers et al. 2012), the suitability of the proposed framework was demonstrated through a

set of cases represented by illustrative scenarios.

To develop these cases, interviews with experts and practitioners were performed. Those
interviews helped in designing the cases as close to reality as possible. Moreover, the
interviews supported the identification of best practices, thus fulfilling the third research
objective (RO3). The illustrative cases and the resulting guidelines were also used to adjust

the framework, in an iterative process.

1.4 MAIN CONTRIBUTIONS
This thesis contains three main contributions.

The first major contribution is the multidisciplinary approach to urban planning and urban

mobility that results from a vision of the city as a service, and has a strong focus on



integration. The proposed approach covers aspects related to changes in technology, in

society, in policy design (decision-making), and in urban mobility and urban planning.

This approach can be seen as the starting point to rethink and redesign how information is
shared and how people interact, leading to the development of a conceptual framework for
the design of an integrated information system. This is the second contribution of this thesis.
The framework combines knowledge, methods, and tools from service design and

information systems.

Finally, the third main contribution of this work is a set of guidelines for improving value
co-creation among stakeholders. These guidelines suggest how the framework can be

applied in specific cases.

Together, these contributions help in answering the main research question, in a progressive
way along the research development. The multidisciplinary approach provides the vision
and logic for how urban mobility should be tackled. Then, the conceptual framework
provides the structure to enable the usage of technology-based services to enhance urban
mobility. Finally, the guidelines show some aspects to take into consideration when

redesigning existing services and systems.

1.5 THESIS OUTLINE
This thesis is organized as follows.

Chapter 2 provides a literature review on urban mobility and urban planning, including
some considerations about the relationship between transport evolution and the urban space,
and the evolution of concepts linking technology and cities (e.g., smart city). To completely
understand the challenges and requirements of the urban mobility context, this chapter
includes a description of Portuguese regulation and the identification of transportation
problems. This chapter finishes with a description of the research opportunity to be

addressed by this work.

Chapter 3 is a literature review setting the theoretical background for the work developed
in the following chapters. It describes the existing methods and tools from the research
domains that are part of the multidisciplinary approach and the conceptual framework,
namely Information Systems and Enterprise Architecture Frameworks and Service Design.

The chapter also presents existing theoretical works in public participation.

Chapter 4 describes two of the main contributions of this thesis. First, we present the

multidisciplinary approach, that results from the literature review in chapter 2. Then, we



describe the conceptual framework, that emerged from the multidisciplinary approach and

uses methods presented in chapter 3. This chapter fulfils RO1 and RO2.

Chapter 5 describes the four illustrative cases that exemplify the application of the
multidisciplinary approach and validate the framework. For each case, we establish a
relation between the framework and the methods used and propose the redesign of one or

more processes. Each case highlights a facet of the framework.

Chapter 6 continues the work begun in chapter 5. It presents the main findings from the
four illustrative cases and the resulting guidelines, thus fulfilling RO3. Then, considering
the guidelines and the structure presented in chapter 4, we refine the framework and draw

some practical considerations for the development of an information system.

Chapter 2 Chapter 3
Urban planning and Literature review
urban mobility

Chapter 4
Sec. 4.1 Sec. 4.2.
Multidisciplinary Conceptual framework
approach to urban for anintegrated
mobility information system
(RO1) (RO2)
y
Chapter 5
Demonstration of the
framework
Chapter 6

Guidelines for the
development of an
integrated IS (RO3)

Figure 1.2. Thesis outline overview



Due to the iterative process of the research methodology, chapter 6 somehow complements
chapter 4. However, the illustrative cases described in chapter 5 contribute to the guidelines
and the refinements of the framework, and therefore we have opted to separate the three

chapters.

Chapter 7 concludes this thesis by revisiting the research objectives and discussing the main

contributions of the research. It also provides some future research directions.

Figure 1.2 shows how the thesis is organized, with the relations between chapters, and their

links to the research objectives.
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2

URBAN PLANNING AND URBAN
MOBILITY

This chapter starts with a brief reference to some concepts that are important to the research.
Then, considerations are made about the evolution of transportation and urban space. In the
end, current regulations and common transport network problems are presented. This
overview on different topics related to urban mobility allowed us to identify the gaps in the

literature, that justify our research.

2.1 CONCEPTS

Before presenting the literature review, it is important to clarify some underlying concepts.
Currently, cities are seeking to increase sustainability and implement new technologies.
Moreover, mobility plans are used to plan transport networks and services to improve urban
mobility. Hence, the concepts of smart sustainable city (SSC) and urban mobility are

addressed here.

2.1.1 SMART SUSTAINABLE CITY

The current research in urban planning or transport topics often refers to the concepts of
urban sustainability or sustainable cities. Though the concepts have first appeared related
to pollution control in 1986, they have evolved to include the technological reality of the
21% century. It is common to see the concept of sustainability related, not only to

environmental issues but also to economic issues in the city. Then, with the evolution of

11



technology, the concept of smart city started to emerge. This means that now, the concepts
of sustainable city and smart city are highly connected. Even if the concept of smart city is
more associated with technology usage, urban sustainability also relies on technological
innovation (Fu and Zhang 2017). Other concepts that relate to the socio-eco-economic
triangle may refer to only one aspect of the urban system, as it is the case of eco-city, low-
carbon city, green city, digital city, liveable city, information city, or knowledge city (Fu

and Zhang 2017; Jabareen 2006; De Jong et al. 2015).

In this context, one can say that a sustainable city is a city that promotes energy and mobility
efficiency, meaning that citizens can easily perform their business and leisure activities
with low energy consumption but with high economic and personal gains. When compared
to the concept of sustainable cities, smart cities emphasize the use of technology to improve
socio-economic activities and do not include the environmental aspects of the city (Fu and
Zhang 2017). As technology usage grows, the concept of smart city is also gaining attention,
but the frameworks related to smart cities lack environmental concerns. Since the goal is to
improve sustainability through technology, some authors argue that environment should not
be neglected and refer to the concept of smart sustainable cities (Ahvenniemi et al. 2017;

Bibri and Krogstie 2017).

Since the previously mentioned concepts only focus on one of the aspects of sustainability
(eco-city, green-city, etc.) we believe that the smart sustainable city is, in fact, the concept

that better describes the goal for the cities of the 21° century.

2.1.1 URBAN MOBILITY AND ACCESSIBILITY

Urban mobility is a result of the flow of people and goods in the urban area. It derives from
the interaction of several subsystems that coexist in cities (Nemtanu et al. 2016; Fistola and
Raimondo 2017), and new approaches to mobility have therefore to consider the

relationships between how, why and where people and goods move:

=  How, relates to the transport services that carry passengers or freight.

= Why, refers to the activities performed by citizens.

=  Where, means the infrastructure and the transport networks used.
Mobility is defined as “the ability to move or be moved freely and easily” (“Oxford Living
Dictionaries” n.d.). Therefore, improving urban mobility is improving people’s ability to
move inside the city. When one thinks about improving mobility, it is common to think
about the efficiency of the transportation network (time, pollution, and other quantifiable
factors). However, improving the perception of the quality of mobility is equally an

important aspect to be considered.

12



Another key concept that relates to urban mobility is accessibility. In an urban environment,
this idea focuses on the ability to access places. Accessibility is the result of good urban
planning and efficient transport systems (Chen et al. 2018; Rode et al. 2017). Increasing
people’s ability to easily move (mobility) will increase their access to activities

(accessibility), with significant economic benefits for the society (Li and Liu 2017).

The relationship between mobility and accessibility strengthens the dependency between

transportation and land use.

2.2 URBAN SPACE AND TRANSPORTATION EVOLUTION

The evolution of urban mobility patterns was mainly caused by the increasing capabilities
of transportation and consequently has influenced changes in the development of the urban
space. The fastest the transport, the longer the distance a person could travel and the larger

the city would become.

Using the city of Porto as an example, we can see that 100 years ago the city was contained
in what today is considered the “downtown” (Figure 2.1), and what was the suburbs is now
part of the city. In fact, the houses near the ocean (in today’s Foz do Douro borough) were

mainly for weekends and vacation of wealthy people (Duarte 2009).
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Figure 2.1. Porto, 1900 (https://www.discusmedia.com/maps/porto city maps/3792, accessed 29th April 2021)

While public transport networks emerged during the 1800s with the use of horse buses,
urban spaces started to change with the deployment of the first railways during the 19

century, with the oldest underground line in London — the Metropolitan Railway opened in
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1863 (“London Transport Museum” n.d.), and after, in the 1880s, in Germany with the first
electric tram line (Siemens n.d.). But it was in the 20™ century that the car revolutionized

the way people could move freely, with the mass production of the Ford T in 1908.

Today, urban areas continue to attract more people (Figure 2.2) and suburbs continue to

grow (The Economist 2014).
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Figure 2.2. Evolution of urban population, United Nations (https://population.un.org/wup/Country-Profiles/).

Still, the same car-dependent urban lifestyle has been growing in developed countries. Data
shows that, in 2015, there were 498 cars per 1000 inhabitants in the EU-28 (European Union
2017). This evolution is increasing congestion and pollution, and strongly decreasing the
quality of life in large urban areas. Concerns about environmental issues in the urban space
have drawn attention to a need to change transportation since, while most sectors have been
decreasing emissions, that is not the case of transportation that is responsible for one-third

of total emissions, and still increasing (European Union 2017, Figure 2.3).
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Figure 2.3. Energy consumption per sector, in Portugal, in 2015 (European Union 2017).

For years, several solutions have been experimented in cities everywhere in the world. Some
cities developed attractive public transports, increased sidewalks, and reduced street
capacity, as strategies to reduce the use of private transportation. Other cities tried to
discourage the usage of more congested roads by implementing taxes where congestion was
higher; or even by implementing taxes to enter the city. Some initiatives were successful
for a while, but cities continue to grow, and people still depend on urban areas to get access

to public services, retail, workplaces, etc.
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Figure 2.4. Congestion levels for Mexico City Figure 2.5. COngStiQH levels for London (“Tomtom
(“Tomtom Traffic Index” 2017). Traffic Index” 2017)

Mega-cities in developing countries are those facing major problems. In 2017, Mexico
City was at the top of the congestion ranking, with a congestion level of 101% in the evening
peak (“Tomtom Traffic Index” 2017) and an extra travel time increasing tendency (Figure
2.4).

(D'We chose to ignore data from 2020 since, due to the covid-19 pandemic, it does not fairly represent the
reality of transportation.
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Even first-world countries, that have been dealing with the problem for decades, are still
far from finding a solution. For instance, London had a congestion level of 40% with a peak
of around 70% (Figure 2.5). Despite being much lower than Mexico City, it also shows the

same growth trend, being 25" on the ranking.

As public policies have been unable to successfully address the problem, sharing economy
started to make progress in transportation systems. Uber is probably the most known
example, although there are several other cases based on the same principles. Whether one
is paying for car sharing, carpooling, or ridesharing, sharing private transport vehicles is
becoming more common. In theory, if people share cars, there will be the same amount of

people in less cars, which will lead to lower congestion levels.

The car is still the preferred vehicle, representing up to almost 70% of modal share in
Portuguese larger cities (INE - Instituto Nacional de Estatistica 2018). In fact, the car
industry is still pushing to innovate private and individual vehicles, only considering the
problems of emissions and not the problem of the occupied space. In fact, there is a
regulation regarding carbon emissions for motorized vehicles, but there is no regulation for
other technologies or components that have been turning cars into more than just vehicles,
but symbols of economic status (Pojani, Van Acker, and Pojani 2018). For instance, the
design of car lights is part of a broader marketing strategy that goes far behind the normal

lightning requirements.

One of the solutions proposed by the car industry to change mobility are the autonomous
vehicles (AV) that are expected to serve people’s goals with a decrease in time, pollution,
traffic, and accidents. Still, there are some uncertainties regarding the true impact AV may
have in cities (Alessandrini et al. 2015; Fagnant and Kockelman 2015; Hoérl, Ciari, and
Axhausen 2016; Pillath 2016). Promises include improvement in urban traffic and
congestion, lower pollution levels, and increased mobility and safety due to less human
caused-accidents (Hayes 2011; Moore and Lu 2011; Fagnant and Kockelman 2015). On the
other hand, successful examples of autonomous public transport start to emerge with

promises of a less congested city (e.g., London).

At the same time, in another line of research promoted by urban planners, are the soft or
active modes, and better usage of public space (Southworth 2005; Moura, Cambra, and
Goncgalves 2017; Bhattacharyya and Mitra 2013). Moreover, some promote the concept of
compact city as a new way of living, increasing proximity and reducing travelling (Varma

2017).
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The idea of a compact city is disruptive when compared with just improving public transport
or private car usage. Instead of promoting and improving movements of people, a compact

city invests in people moving less and having everything they need in proximity.

In fact, in the last decade, many European cities have tackled the issue of lowering
emissions in the central neighbourhoods by reducing car access (e.g., Ghent, in Belgium,
or Pontevedra, in Spain). In 2019, Barcelona presented a plan for creating superblocks
(groups of 9 blocks) where cars have no access, and that will free up to 92% of public space
(“Energy Cities” 2019). However, these ideas still promote traveling and require investment

in public transport.

At the beginning of 2020, the mayor of Paris, Anne Hidalgo, announced her goal of creating
the 15-minute city (Reid 2020), showing the intention of not only improving mobility but
the overall accessibility to all services and essential commerce. After a few months, the
covid-19 pandemic accelerated the deployment of new solutions across Europe to “give the
cities back to people”. This sentence has an unknown author and was used by many to show

the new emerging paradigm.

Cities such as London and Milan strongly invested in the creation of cycle networks to
foster the usage of bicycles. Meanwhile, in the USA, social media users were sharing how
they were taking over the streets, in a broader movement supported by urban planners such
as Brent Toderian and Mike Lydon, who are active voices in pushing cities to open streets

for people by closing them to cars.

All these examples stress how mobility and land use influence each other and how new
social habits are changing the city. Problems often arise when municipalities are not able
to keep up with the changes, that strongly depend on the local cultural values. In European
countries such as Portugal, it is difficult for a municipality to implement any change without
a formal regulation, and changes tend to be more permanent. On the other hand, the “open
streets” movement in the USA showed the potential of tactical urbanism, with low
regulation and by testing in practice the acceptance of certain measures. This type of
experiments clearly facilitates the policy design process, as urban planners know a-priori

the potential success of a given policy.
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2.3 URBAN PLANNING — PORTUGUESE POLICIES

In order to understand the perspective of urban planners, we describe, in this section, some

of the current regulations and policy practices in Europe, with a focus on Portugal.

Local authorities and governments recur to regulations to implement strategic plans. Land
Use Plans (LUP) or Master Plans are used to determine what types of constructions and
activities are allowed in some zones of the city, defining the strategic guidelines regarding
land use. The most common types of land use zones are residential, commerce, business,
and industrial (Rodrigue 2017). In Portugal, municipalities have Planos Municipais de
Ordenamento do Territério (PMOT) — Territory Management Municipal Plans — to regulate
the possible construction and activity development, depending on the city zone. Since there

are different levels of detail, these plans are divided into three groups (IMTT 2011):

= Plano Director Municipal — PDM (Municipal Master Plan) — describing the possible
land use in the urban perimeter;

= Plano de Urbanizagdo — PU (Urbanization Plan) — detailing the master plan in a
zone of the city;

= Plano de Pormenor — PP (Detailed Plan) — detailing the plan for a specific
neighbourhood.

Recently, the EU introduced the concept of Sustainable Urban Mobility Plans (SUMP) so
that mobility and transports could be included in the urban planning process. These plans
are part of the Mobility Package, and they promote cooperation, bringing together different
administrative sectors and different stakeholders. The mobility package was created in 2013
and promotes the development of urban mobility actions for sustainability planning, public
transport, urban logistics, and environmental initiatives (green zones and alternative fuels)
(European Commission n.d.). In 2019, these guidelines were presented in an updated

version which included a 12 step approach structured into four phases (Rupprecht 2019).

According to the Commission’s platform for Urban Mobility (ELTIS 2015), a SUMP is a
“strategic plan designed to satisfy the mobility needs of people and businesses in cities and
their surroundings for a better quality of life. It builds on existing planning practices and
takes due consideration of integration, participation, and evaluation principles.” The
Commission also provides some principles and objectives that cities should follow when
implementing a SUMP. It is important to highlight that SUMP assume that all modes are
developed in a balanced and integrated approach. Therefore, the following topics should be

considered (European Commission 2013):
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= public transport;

= non-motorised transport;
= inter-modality;

= urban road safety;

= road transport;

= urban logistics;

= mobility management;

= intelligent transport systems.

In the Portuguese case, SUMP were included in a more global plan — the Strategic Plan for
Urban Development (Plano Estratégico de Desenvolvimento Urbano — PEDU). Besides
SUMP, the PEDU includes the Action Plan for Urban Regeneration (Plano de Acg¢do de
Regeneragdo Urbana — PARU) and Integrated Action Plan for Disadvantaged Communities
(Plano de Accdo Integrada para Comunidades Desfavorecidas — PAICD) (Specific
Regulation for POSEUR - Portaria n.o 57-B/2015, 27th February 2015).

Even though EU guidelines about SUMP are quite recent, congestion and mobility issues
have been addressed before. Studies about congestion control usually propose the
development of policy measures that discourage private car usage and promote public
transport services. In addition, due to its characteristics, freight transport is also regulated.
Regulations reflect policy measures used to create Limited Traffic Zones — LTZ (Gholami
and Tian 2016; Stathopoulos, Valeri, and Marcucci 2012; Migliore, Burgio, and Di
Giovanna 2014). Common practices typically cover the following aspects:

= pricing;

= vehicle weight;

= pollution;

=  time windows;

= traveller type (residents, visitors, workers, customers, etc.);

= number of vehicles;

= parking (availability, pricing, location).

Besides LTZ, other measures aim at reducing vehicle circulation inside the urban area.
These measures may include capacity reduction, such as road diet that reduces car
accessibility, by decreasing the number of available lanes for private cars (Gholami and

Tian 2016). Table 2.1 gathers these measures into three main groups.
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Table 2.1. Traffic reduction policy measures (based on Gholami and Tian 2016)

Policy approach

Examples of measures

Capacity management

Road diet

Improved sidewalks

Pricing Access fee
Parking pricing
Restricted access Vehicle weight

Fuel type and emissions
Traveller type
Time windows

2.4 URBAN TRANSPORT PLANNING

In this section, we briefly address urban transport planning in what concerns the transportation

networks design and optimization. Problems related to urban transport planning were first

formulated in the 1960s, particularly addressing decision-making processes with limited

resources and fulfilling more than one objective (Tong, Zhou, and Miller 2015). These problems

may relate to infrastructure or service planning, or to freight or passenger, but they all seek to

support a diversity of strategic, tactical, and operational decisions. Common objectives vary

throughout time, with a recent focus on accessibility and environmental problems (Tong, Zhou,
and Miller 2015; Farahani et al. 2013).

Table 2.2. Urban Transport Network Design Problems and Sub-problems (based on Farahani et al. 2013; Cantarella

and Vitetta 2006)

Problems

Decisions

Urban Transport Network Design Problems

Road Network
Design
Problems

Discrete Network Design
Problem

(or simply Network Design
Problem)

Constructing roads

Adding lanes

One-way vs. two-way streets and their
direction

Continuous Network Design
Problem
(or Traffic Signal) Setting

Capacity
Traffic lights scheduling
Tolls

Mixed Network Design Problem

Combination of discrete and
continuous decisions

Public Transit
Network
Design and
Scheduling
Problems

Transit Network Design Problem

Routes

Transit Network Design and
Frequency Setting Problem

Routes + Bus frequency

Transit Network Frequencies
Setting Problem

Frequency for a given route

Transit Network Timetabling
Problem

Timetable for a given frequency and
route

Transit Network Scheduling
Problem

Frequency and timetable for a given
route
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Tong, Zhou, and Miller (2015) identify the work of Magnanti and Wong (1984) as one of the first
reviews of network design models and mention the work of Crainic (2000) as a more recent review
of freight transport design problems. Farahani et al. (2013) also present a comprehensive review
of Urban Transport Network Design Problems (UTNDP) at the date. UTNDP includes the Road
Network Design Problem (RNDP) and the Public Transit Network Design and Scheduling
Problem (PTNDSP). The RNDP focuses on infrastructure and the PTNDSP on service. These
problems can be classified in the sub-problems presented in Table 2.2 (Farahani et al. 2013;
Cantarella and Vitetta 2006). Table 2.3 summarizes freight-related issues that are analysed under

the Service Network Design Problems presented by Crainic (2000).

Table 2.3. Service Network Design Problems (Crainic 2000)

Problems Decisions

Service selection Routes, frequency, and schedule

Traffic distribution Routes (terminals passed through)

Terminal policies For each terminal, the consolidation activities

General empty

balancing strategies Empty vehicles repositioning

Facility location* Location

* may refer to delivery collection kiosks, urban consolidation centres, and others.

2.5 RESEARCH OPPORTUNITY

In this chapter, we discussed how the evolution of transportation systems is linked to the
evolution of the urban space. Our literature review shows that researchers and practitioners
are both concerned with improving urban quality of life, mostly by focusing on
environmental issues. As described, some common approaches to these issues are regulation

and policy design or design and optimization of the transport network.

Nevertheless, we live in a socio-technical transition context, with people constantly
changing their habits, and with companies developing new business models (see chapter 1).
Although cities are creating new regulations or improving infrastructure for optimizing the
public transport network, when solutions are implemented, behaviours have already

changed, probably jeopardizing the impacts of those solutions.

Hence, there is a need for a new approach that does not focus exclusively on urban planning
or on urban mobility but considers the behaviour of those who use the transportation system
and the urban space — the citizens. Influencing citizens’ and other stakeholders’ behaviour

and decisions will improve the utilization of these assets and resources.
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Research on service design and management has shown the potential for improving the
results when customers participate and become the focus of the service provider. Service
design considers that managing expectations, and really focusing on the needs of the
stakeholders, can improve the perception of the system. In the urban context, this can be
illustrated by shifting from “I want to go to store A”, to “I need to buy product X, wherever
I can find it”. Therefore, urban planners should try to understand what people really need
and not where people want to go. In the end, all those decisions require information, and
we can take advantage of the increasing level of digitalization in this socio-technical

transition context to improve how people interact and access information.

To accomplish this goal, we need to create an approach that resorts to service design
concepts and information system tools, adapting them to the urban context. This new
approach is described in chapter 4, but before, chapter 3 explores some of the existing

methods and tools that support the design that approach.
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3
LITERATURE REVIEW

This chapter presents the theoretical background that supports the core of this work.
Considering the research opportunity presented in chapter 2, we have studied existing
theories that can be adapted to the context of urban mobility in a socio-technical transition
period. We first analyse existing methods and procedures for public participation; then, we
consider concepts and methods from service design; and, finally, we describe existing

frameworks and methods for enterprise architectures and information systems architectures.

3.1 PUBLIC PARTICIPATION AND STAKEHOLDER INVOLVEMENT

Urban activities affect different groups of stakeholders that need to be included in city
planning. Lindenau and Bohler-Baedeker (2014) mention stakeholder involvement as a
precondition for sustainable mobility. There are at least five main benefits from public
participation: increasing process transparency, knowledge base, mutual understanding
among stakeholders, acceptability, and considering everyday knowledge (Lindenau and

Bohler-Baedeker 2014).

Different European research projects, as mentioned in the roadmap developed by the
ERTRAC and ALICE technological platforms for urban freight (ALICE 2015), show that
stakeholders’ involvement is desired even for urban logistics (BESTFACT 2014; Andersen
2017). Stakeholders may help by bringing to consideration different perspectives, goals,

and constraints (Awasthi, Adetiloye, and Crainic 2016; Andersen 2017; Lindawati et al.
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2014; Lindholm and Browne 2013). On the other hand, the level of acceptance and open-
mindedness may hinder the process (Selhofer, Mahieu, and Gaboardi 2012; Lindawati et al.

2014).

Freight-related studies have also shown that stakeholders should be involved in initiatives
related to policy development and technology deployment (Lindawati et al. 2014;
Eidhammer, Andersen, and Johansen 2016; Awasthi, Adetiloye, and Crainic 2016). In these
two groups of initiatives, stakeholders may participate with different roles and with a
different level of engagement. Some authors even classify some initiatives as company
driven (Quak and Tavasszy 2011; Macharis and Melo 2011), showing that not all projects

are promoted by local authorities.

3.1.1 CONCEPTS

The terms integration and involvement may be used in similar circumstances since both are
related to inclusion. In the literature, different words may refer to stakeholders’
involvement in developing an integrated planning strategy, such as participation,
collaboration, cooperation, engagement, and integration (Lindholm and Browne 2013;
Lagorio and Golini 2016; Kin et al. 2017; Lindawati et al. 2014; Eidhammer, Andersen,
and Johansen 2016; Baumann and White 2015; Finka et al. 2017). These concepts focus on
different perspectives of policy design, but they all mean that stakeholders’ opinions and
wishes are included in the process. While collaboration and participation are often
considered during the project phase, cooperation implies that stakeholders not only
participate in the project but also share some tasks after implementation (Nathanail, Gogas,
and Adamos 2016). Regarding participation and collaboration, they may appear in similar
contexts, though they might reflect different levels of stakeholder involvement (Soria-Lara

and Banister 2017; Baumann and White 2015).

3.1.2 METHODS AND PROCEDURES FOR STAKEHOLDER INVOLVEMENT

Different approaches to urban planning issues reflect various levels of engagement, and the
reviewed literature shows diverse levels of interaction among the different stakeholders

(Finka et al. 2017; Lindenau and Bohler-Baedeker 2014).

Finka et al. (2017) propose a procedure to engage stakeholders that consists of five phases
(Table 3.1) where the level of participation increases from passive to active, from listening

to aiding in decision making.
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Table 3.1. Participation procedure tools (based on Finka et al. 2017).

Phases Collaborative behaviour Tools

Expert opinions, focus groups, interviews, self-
0 Stakeholder mapping selection, public events, check-list of the likely
stakeholder categories, etc.

Newsletters, advertising in newspapers and on project

1 Spread of information .
P websites, fact sheets, etc.
. . . Pool v mmunity profil riefings, written

2 Collection of information 0018, SUrveys, co. unity profiles, briefings, te

responses, and online tools, etc.
. . . Public meetings, workshops, urban walks, open houses,

3 Intermediate discussion N nes, w ps, urban w P u
and any other formats of discussion.

4 Engagement Negotiations, arbitration, and mediation.

5 Partnership, empowerment  Multi-actor decision-making, voting, or referenda.

By using a structured procedure, it is possible to foster stakeholders’ participation, thus

increasing their willingness to be involved in the project (phase 1 — spread of information)

until they become partners seeking mutual goals (phase 5 — partnership).
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Figure 3.1. Participation procedure (Finka et al. 2017).
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In between, stakeholders engagement is done by collecting information in a consultation
scenario (phase 2 — collection of information), by discussions using dialogue techniques,
and negotiation (phases 3 — intermediate discussion and 4 — engagement) (Finka et al. 2017).
This procedure helps to understand the possible existing levels of involvement in transport
projects. Figure 3.1 represents the relation between these phases and the level of

participation.

Arnstein  (1969) presents eight levels of participation, including scenarios of

nonparticipation (Figure 3.2).

Citizen control
8
Degrees
Delegated power pom  of
7 citizen power
Partnership
6 -
Placation
s Degrees
Consultation = of
tokenism
4
Informing
3
—
Therapy -‘
2 = Nonparticipation
Manipulation
1
—

Figure 3.2. Participation ladder (Arnstein 1969)

Information Decision
[ | [ |

Consultation Co-decision

Dialogue —

Influence
(open)

Figure 3.3. Chances and potential of participation for better transport planning presented by Sturm (2013) (based on
Lindenau and Bohler-Baedeker 2014)
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According to Lindenau and Bohler-Baedeker (2014), Sturm’s work refers only six levels of
participation, considering information to be the most passive form of participation, and
decision the most active (Figure 3.3). Sturm’s six levels of participation are directly related

to the six highest levels presented by Arnstein (1969) (Table 3.2).

Table 3.2. Participation levels comparison (Lindenau and Bohler-Baedeker 2014)

Citizen participation ladder (Arnstein) Potential for participation (Sturm)

Manipulation -

Therapy -

Informing Information

Consultation Consultation

Placation Dialogue
Influence

Partnership

Co-decision

Delegated Power

Decision
Citizen Control

Considering the importance of stakeholder engagement in policy design, the CIVITAS
initiative created a toolkit for stakeholder involvement (Civitas 2011). The toolkit report
discusses the importance of stakeholder consultation (Table 3.3) and presents five key
recommendations for successful involvement: (1) follow the six-step strategy (see below);
(2) build effective partnerships; (3) develop a strategy; (4) plan involvement activities; and

(5) evaluate and follow-up.
The recommended six-step strategy includes (for more detail see Civitas (2011)):

specify the issues to be addressed;

identify which stakeholders to involve;

analyse the potential contributions of various stakeholders;
set up an involvement strategy;

consult your stakeholders;

AN N B W NN =

evaluate and follow up.
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Table 3.3. Benefits of stakeholder involvement (Civitas 2011).

1 Greater stakeholder input improves the quality of decisions.

2 Controversial issues and difficulties can be identified before making a decision.

By bringing together different stakeholders with different opinions, an agreement can be
3 reached together. This prevents opposition from emerging later, which can slow down the
decision-making process.

4  Stakeholder involvement prevents delays and reduces costs in the implementation phase.

Stakeholders gain a better understanding of the objectives of decisions and the issues

5 )
surrounding them.

6 Stakeholder consultation creates a sense of ownership of decisions and measures, and
improves their acceptance.

7 The decision-making process becomes more democratic, giving citizens and local

communities the power to influence decisions, and thus a greater sense of responsibility.

8  Stakeholder consultation can help build local capacity.

9 Public confidence in decision makers is enhanced.

Stakeholders and decision makers learn from each other by exchanging information and

10 .
experiences

From the recommendations presented, we focus on a few aspects of our context.

In what concerns building effective partnerships, the toolkit refers to the importance of
identifying and communicating with the stakeholders to analyse their objectives, and the
need to develop a “planning culture based on a regular communication, mutual
consultation, and cooperative decision-making”. Creating this planning culture demands a
high level of involvement of all stakeholders in a collaborative and reliable environment,
where conflicts can be resolved and do not create more barriers. Only such an environment

will foster a good sense of partnership in the stakeholders.

Regarding the development of a strategy, the toolkit highlights again the importance of
planning by having a well-defined timeline and a budget. That timeline must include the
participation of all stakeholders in every stage of the process. Communication between the
stakeholders must be transparent in order to avoid negative perceptions, and to enable a

well-informed participation of the stakeholders.

To plan successful involvement activities, the toolkit suggests that each activity must
consider the level of engagement desired for each stakeholder. Then, the planned activities
must include a combination of methods and techniques to reach that level of engagement.

Whatever that level is, stakeholder involvement should be present in every stage.
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3.1.3 PARTICIPATION IN DECISION-MAKING PROCESSES

The participation of stakeholders has been a concern of research on the decision-making
domain, mainly within the Multicriteria Group Decision-Making methods (MGDM),
applied in contexts where there are conflicting goals and the decision is not dependent on
one single stakeholder (de Almeida et al. 2015). In this section, we briefly present the Muti-
actor Multi-criteria Analysis method (MAMCA), which was developed to be applied in the
context of urban logistics. MAMCA is an extension of classical MCDA methods that can
be used as a method to evaluate policies and help in policy design and decision making for
transport-related projects, having the advantage of including stakeholders in a very early

stage of the process (Verlinde and Macharis 2016; Macharis, De Witte, and Ampe 2009).

MAMCA is one type of Social Multi-criteria Analysis (SMCA). The motivation for its
development came from the fact that, in the context of transport planning, the group is not
homogenous. Thus, there should be one value tree per stakeholder (Macharis, Turcksin, and
Lebeau 2012). MAMCA was first presented in 2005 (Figure 3.4) and has been used by its
authors in several case studies. It has been referred to as a methodology, a framework, and
a method (Macharis 2005; Macharis, De Witte, and Ampe 2009; Macharis, Turcksin, and
Lebeau 2012; Macharis et al. 2014; Kin et al. 2017).

Stakeholder analysis

T Measurement

_ Results

]
) +0- B3
scenarios I
Altern

Figure 3.4. MAMCA methodology (Macharis, De Witte, and Ampe 2009).
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As referred, stakeholders are included in a very early stage of the process, as it happens in
the second of the seven steps of the approach (Macharis, De Witte, and Ampe 2009).
Nonetheless, stakeholders can participate further ahead in the process, with inputs in the

evaluation stage and provide personalized weights for the different criteria.

The process is briefly described in the following paragraphs (for more detail, see Macharis,

De Witte, and Ampe (2009 and Macharis, Turcksin, and Lebeau (2012)).

ALTERNATIVES DEFINITION

The methodology starts with the problem definition and the definition of its possible
solutions (alternatives). These alternatives can represent, for instance, different

investments, scenarios, and policies.

STAKEHOLDER ANALYSIS

At this stage, stakeholders are selected and profiled. Every stakeholder that may affect the
decision, or be affected by it, should be included in the process. Besides, they should be
profiled, in order to understand their objectives and wishes. Their participation will help to
refine previously defined alternatives. Only by choosing the right stakeholders, is it possible

to define relevant alternatives.

CRITERIA AND WEIGHTS DEFINITION

The criteria will be de