[BPORTO

FEU P FACULDADE DE ENGENHARIA
UNIVERSIDADE DO PORTO

DEMAND RESPONSIVE TRANSPORTATION
FOR A SUSTAINABLE MOBILITY IN
MATOSINHOS

GONCALO NEVES DE LIMA

Dissertacdo submetida para satisfagcdo parcial dos requisitos do grau de

MESTRE EM ENGENHARIA CIVIL — ESPECIALIZAGAO EM PLANEAMENTO URBANO

Orientador: Professora Doutora Cecilia do Carmo Ferreira da Silva

Coorientador: Arquiteto Jorge Manuel Andrade Pereira

JANEIRO DE 2016



MESTRADO INTEGRADO EM ENGENHARIA CiviL 2015/2016
DEPARTAMENTO DE ENGENHARIA CIVIL

Tel. +351-22-508 1901

Fax +351-22-508 1446

DA< miec@fe.up.pt

Editado por

FACULDADE DE ENGENHARIA DA UNIVERSIDADE DO PORTO
Rua Dr. Roberto Frias

4200-465 PORTO

Portugal

Tel. +351-22-508 1400

Fax +351-22-508 1440

D4 feup@fe.up.pt

) http://www.fe.up.pt

Reprodugdes parciais deste documento serdo autorizadas na condi¢éo que seja mencionado
o Autor e feita referéncia a Mestrado Integrado em Engenharia Civil - 2015/2016 -
Departamento de Engenharia Civil, Faculdade de Engenharia da Universidade do Porto,
Porto, Portugal, 2016.

As opinides e informages incluidas neste documento representam unicamente o ponto de
vista do respetivo Autor, ndo podendo o Editor aceitar qualquer responsabilidade legal ou
outra em relacéo a erros ou omissdes que possam existir.

Este documento foi produzido a partir de verséo eletrénica fornecida pelo respetivo Autor.


mailto:miec@fe.up.pt
mailto:feup@fe.up.pt
http://www.fe.up.pt/

Demand Responsive Transportation for a sustainable mobility in Matosinhos

Aos meus pais, Luisa e Jorge, e ao meu irmao, Joao.

Be water my friend.

Bruce Lee



Demand Responsive Transportation for a sustainable mobility in Matosinhos




Demand Responsive Transportation for a sustainable mobility in Matosinhos

ACKNOWLEDGEMENTS

Em primeiro lugar gostaria de agradecer a minha orientadora Professora Doutora Cecilia Silva, por toda
a ajuda e tempo dispensado a guiar-me. N&o foi um percurso facil para mim e sem esta ajuda essencial
a realizacdo deste trabalho teria sido muito mais complicada. A minha gratiddo estende-se ao
coorientador, o Arquiteto Jorge Pereira, e a toda a Camara Municipal de Matosinhos, pela oportunidade
e disponibilidade fornecida. O estéagio realizado foi uma importante experiéncia profissional para 0 meu
desenvolvimento pessoal.

Agradeco a minha familia por toda a minha vida até este momento. Nunca me deixam sentir sozinho,
sei que posso contar com vocés para o que for preciso. Tudo o que tenho deve-se a vocés e aos muitos
sacrificios que sei ter causado. Obrigado.

A todos 0s meus amigos, aqueles do passado, aos presentes e aos que ainda virdo, um obrigado. Foi
através de todas as experiéncias vividas convosco que sou a pessoa que existe hoje.



Demand Responsive Transportation for a sustainable mobility in Matosinhos




Demand Responsive Transportation for a sustainable mobility in Matosinhos

RESUMO

O sistema de transportes publicos tradicional é essencial para responder as necessidades de mobilidade
da populacdo. Porém, por vezes, esses sistemas de transportes publicos convencionais ndo sdo
adequados, nem sustentaveis, para responder/atuar em certas situacdes ou locais. E neste enquadramento
gue surgem os transportes flexiveis e todas as suas nuances, incluindo o tema desta disserta¢do, o
transporte a pedido (DRT).

O objectivo desta dissertacdo é estudar a realidade atual dos DRT, apurar caracteristicas e indicadores
que permitam encontrar oportunidades de aplicacdo para 0s mesmos. A estratégia para este trabalho foi
a seguinte: desenvolvimento da reviséo de literatura, estudo de casos reais de aplicagdes dos transportes
fléxiveis, estudo do municipio de Matosinhos, tanto da populacdo como do sistema de transportes
publicos e, finalmente, encontrar oportunidades de aplicacGes para os DRT no local.

No final, foi possivel encontrar oportunidades de aplicagdo para diferentes tipos de DRT. Este & um
trabalho académico que néo procura dar solu¢Ges pormenorizadas e especificas. Esta informagdo pode
servir de base para futuramente, com recurso a estudos financeiros, criar novos servicos de transportes
adequados a realidade de Matosinhos.

Esta dissertagdo permitiu perceber que os DRT tem um potencial real para oferecer solucdes de

mobilidade sustentaveis, onde o transporte publico tradicional ndo consegue, aumentando a eficiéncia
do uso de recursos disponiveis.

PALAVRAS-CHAVE: Transportes flexiveis, transporte a pedido, transportes publicos, transportes
sustentaveis, planeamento de transportes.
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ABSTRACT

The traditional public transport system is essential to answer to the mobility needs of the population.
Although, sometimes, those conventional public transport systems are not as adequate, or sustainable to
respond/act in certain situations or places. It is with this mindset that flexible transports and all their
subtleties appear, including the focus of this thesis, demand responsive transports (DRT).

The objective of this thesis is to study the current reality of DRT, find characteristics and indicators that
allow to find application opportunities for them. The strategy of this work was as follows: development
of literature review, analysis of real case studies of flexible transport application, study of the
municipality of Matosinhos, both population and public transports, and lastly, finding opportunities of
application for DRT in Matosinhos.

In the end, it was possible to find opportunities of applications for different types of DRT. This is an
academic work that does not try to find detailed and specific solutions. This information can serve as a
basis for future works, with extra financial studies, create new transport services adequate for the
Matosinhos reality.

This dissertation allowed to understand that DRT have real potential to offer sustainable mobility
solutions where traditional public transport cannot, increasing the efficiency of use of available
resources.

KEYWORDS: Flexible transports services, demand responsive transports, public transports, sustainable
transports, transport planning.
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1
INTRODUCTION

This dissertation was developed during the Master in Civil Engineering course at Faculdade de
Engenharia da Universidade do Porto (FEUP), inserted in the area of Urban Planning. The first chapter
introduces the thematic, followed by the objectives of the work, the method and the structure of the
document.

1.1. The need for sustainable transport solutions

Currently, one of the problems of society lies on the population reliance on private car usage to satisfy
their mobility needs. This causes several issues, environmental, social and economic, such as pollution,
severe traffic congestion and social exclusion. Traditional public transports help in fighting against those
problems but they are not always sustainable or the best solution. The study of new sustainable transport
solutions, in all its components (Figure 1), is essential for the future of society.

Ferreira et al. (2007) describes the scenario that calls for action in the transport sector, in particular by
the flexible transportation services, FTS. An ageing population with very diverse traveling patterns and
behaviours makes sustainable PT systems hard to achieve. Large portions of the population, the youth,
the disabled and the elderly, do not usually have access to car and rely on public transports to meet their
traveling demands. In Europe the percentage of population that uses public transports is on average 17%
(source: Eurostat,
http://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=tsdtr210 ).

Social exclusion is a serious problem of present days that will keep affecting mainly the elderly and
people living in suburban or rural areas that do not have access to private car. Without transportation,
there is no way that those groups of people can be an active part of society, they will simply limit


http://ec.europa.eu/eurostat/tgm/table.do?tab=table&plugin=1&language=en&pcode=tsdtr210
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themselves to a small area around their residence. Children need access to education and health facilities
and the older generation should be able to use urban equipment. If there is a way of giving them that
access, with flexible transportation, there is no reason not to do it, provided the service is well planned
and has some degree of financial sustainability (Ramazzotti and Lois., 2009).

Liveable cities
and
communities

A better quality
Long-term of life for all
environmental members of
practices society
Economic development
Business practices combined with sustainable Social inclusion
with low tnns'&on systems bringing bringing economic
environmental solid economic prosperity
impact

ECONOMY

Figure 1: Different aspects of a sustainable transport system (source: Ramazzotti and Lois,
2009)

Sustainability has been on the discussion table in Europe for some time. The Green Paper (2007) and
the White Paper (2011) discuss this theme and bring to light some important data. Urban transports are
liable for 40% of CO, emissions, and urban traffic congestion costed 1% of the European GDP per year
(Commission of the European communities, 2007). By 2050 congestion will cost society an extra 50%
and the accessibility difference between urban, suburban and rural locations will continue to rise.
Transportation must be sustainable and currently it is not. The Green Paper (2007) and the White Paper
(2011) by the European commission point the direction for a sustainable future. For an effective
transportation system, all the services need to be integrated and planned. Getting all the operations
working together for the improvement of the quality of the service offered is essential. Only when the
quality and offer of transportation service get close to that of the private car, will the users change the
mode of transportation in any significant way.

Public transportation as it is known in urban areas has close to no flexibility and is designed to serve
large demands. It is with no surprise that the lack of efficient public transport services in low population
and low demand areas were the main catalysts for the emergence of flexible transports and consequently
demand responsive transports (DRT). Flexible transportation services (FTS) are a part of public
transportation that is explored in a way that is adapted to the needs of the users, allowing flexibility in
at least one of the following dimensions: route, schedule, designed stops and type of vehicle (Portuguese
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legislation Law n°52/2015, 9" of July; Brake et al., 2006). According to Ferreira et al. (2007) FTS
contains several concepts, some of them being: car sharing, carpooling, community and special needs
transport and Demand Responsive Transports. The focus of this document will be the DRT.

Scheme 1.1: The place of DRT in the big picture concerning public transports.

There are references to DRT since the 70’s where they were defined as a type of transport that carried
the user from its origin until an exact destination upon its request (Higgins, 1976). DRT is a category
of FTS that “... provide transport “on demand” from passengers using fleets of vehicles scheduled to
pick up and drop off people in accordance with their needs. DRT is an intermediate form of transport,
somewhere between bus and taxi which covers a wide range of transport services ranging from less
formal community transport through to area-wide service networks” (Grosso et al., 2002).

The origin of the term DRT is given to the USA when in 1970 in response to the ‘The Amendment to
the Urban Mass Transportation Act’ of 1966 some innovative ideas were tried with demand responsive
buses that had the purpose of serving low density areas. In the 90’s the ADA (American with Disabilities
Act) brought further development and applications to the subject. In Europe, the first signs of DRT and
flexible transport services appeared in France during the 70’s. The French transportation plans had in
them ‘collective services with reservations’ that would only run if the minimum of four reservations was
achieved. The term DRT in the United Kingdom showed up later in 1985 when shared taxis were
implemented.

1.2. Objective

The objective of this work is looking into possible transport solutions, specifically demand responsive
transport solutions, that can be applied in situations where traditional public transport is not sustainable.
The target for this work is the municipality of Matosinhos, that will serve as an example of how to find
opportunities for applications of DRT services.

The dissertation goals are:

- To gather knowledge about DRT, presenting information about their organization and
characteristics;
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- Fully characterize the municipality of Matosinhos in the themes that relate to DRT;
- Analyse if DRT solutions are applicable to the municipality of Matosinhos.

1.3. Method

The work starts by doing a literature review about demand responsive transports. It gathers information
about their possible types, organization, problems, target users, target markets and past applications.
Several case studies about DRT are also visited to better know the impacts they cause, where they were
implemented and why.

Following the literature review is the characterization and analysis of the municipality of Matosinhos.
This analysis focuses on the data that is found to be relevant to the application of DRT services.

After the analysis, comes the looking for possible opportunities of implementing DRT services in the
case study of Matosinhos. This is followed by a discussion of the results, future developments and
recommendations.

1.4. Structure

Chapter 2 develops the thematic of FTS and DRT. This chapter gathers knowledge about the subject of
DRT services and their characteristics. This chapter covers DRT organization, challenges and problems,
impacts, possible targets and case studies.

In chapter 3 the area of the municipality of Matosinhos is characterized according to relevant
information for DRT services such as: its population, public services and public transport system.
Chapter 4 focus is the analysis of the information gathered in chapter 3. Crossing that information with
the knowledge of chapter 2 an analysis was made about possible DRT opportunities in Matosinhos. The
final chapter discusses the results of the previous chapter and gives a conclusion to the work.
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2
DRT = INTO DETAIL

This chapter starts by briefly describing different opinions about classification of DRT services. The
second part of chapter 2 is about the different aspects of the organization of a DRT service followed by
a section concerning possible problems of DRT services. The current situation about DRT in Portugal
is also discussed. The final parts of the chapter are about DRT targets and case studies.

2.1. Types of DRT

Davison et al. (2014) classifies as DRT all the services that fulfil the following conditions: the service
cannot be restricted to anyone, regardless of age, social standing or disabilities; vehicles used are of low
capacity (taxis, minibus); it is flexible in its schedule and route and the cost must be per passenger and
not per vehicle.

DRT are a part of FTS which were mainly used to fight against social exclusion and provide
transportation in areas that the public transports don’t support, such as suburban or rural areas. In their
genesis, the majority of the markets for DRT were aimed at the elderly and the disabled who couldn’t
pay for the existing means of transport available to them (taxis) and had no other way of reaching
destinations of need (Mulley and Nelson, 2009). Nowadays DRT acts in a wider range of markets and
should be an important and integrated part of the transportation system.
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Rural, Urban and Suburban

Urban and Suburban

Rural
and Suburban

Rural

Rural and Urban

Figure 2.1: Geographical distribution of DRT services (source: Laws et al., 2009)

Derek Halden Consultancy (2006) splits the DRT in four categories (Figure 2.2):
- ‘High care needs’ that include door-to-door services mainly health related;

- ‘Best value solutions for low demand public transport” which act in low demand areas, usually rural
or suburban places and offer better services than the traditional PT;

- ‘Premium value services’ such as airport shuttles and time sensitive services, cost to user is a less
important issue in this case;

- ‘High value to agency services’ take care of some demands of society, such as education transport
and access to work place.
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High Care
Needs DRT

High Value to
Agency DRT

Medical patiant transport

Social and geogrgphical
patient transport

Education transport

Joblink

Hotel shutiles

Ring-and-Ride

Interconnect

Public Transport
DRT

Premium Service,

Figure 2.2: DRT Markets (source: Derek Halden Consultancy, 2006)

As can be observed, DRT acts in the areas that PT cannot reach or is insufficient such as low density
areas, times of the day that demand is low (between 00:00 and 6:00) or niche markets. For this reason,
these types of services are not always profitable but should be encouraged for the value they bring
fighting against social exclusion, reducing environmental impacts of transports.

Enoch et al. (2004) opts to split DRT services in four classes:

- ‘Interchange DRT” are the services that feed the existing fixed public transport routes. This type of
service should have integrated timetables with connecting services and if possible a way of buying both
tickets, for DRT and PT after interchange, together. The service has to guarantee connections and be
reliable. If it fails to arrive in time the journey back home should be guaranteed. Normally it has prices
similar to traditional bus.

- ‘Network DRT. This type of DRT is found operating, instead of the PT services, at low demand times
and in low demand locations. They serve to complete the transportation network and not only to link the
existing PT. Network DRT may charge more than traditional PT, if appropriate, for example for
premiums and door-to-door services.

- ‘Destination-specific DRT’ were made to bring people to specific locations such as airports and hotels
where traditional PT would not work. Partnerships between the authority and the ‘location’ are
encouraged. It has the advantage of knowing the destiny or origin of the trip since its constant. Users
are either willing to play extras (airport shuttles) or subject to subsidies (Healthcare transport). No need
for schedules tailored according to PT or integration in the network.

- ‘Substitute DRT’ happens where the DRT replaces completely or almost completely the traditional
PT. This service is the hardest to explain to users and is mostly seen in rural areas and small settlements.



Demand Responsive Transportation for a sustainable mobility in Matosinhos

Some connections can be seen between the two different classifications, ‘Premium value services’ has
a similar function to ‘Destination-specific DRT’ and ‘Best value solutions for low demand public
transport’ is similar to ‘Network DRT".

2.2. Organization of a DRT service

To fully characterize a DRT service it is necessary to consider its degree of flexibility and the concepts
of route and schedule, booking, intermodal integration and vehicle allocation (Ambrosino et al., 2004).
This idea is very similar to the way Enoch et al., (2004) opts to categorize DRT operations. The author
categorizes DRT services by having the following characteristics, which differ between services,
scheduling type, route type, vehicle type, origin and destination relationship, origin and destination
service (table 2.2). Choices inside all of those characteristics have to be made to fully define a DRT
service.

Concerning routes, stops and schedules there are several options. They can be pre-defined or partially
defined, can allow for detours, can have pre-defined stops along a corridor or area or act in a general
area. DRT can be a substitution service and/or complementary service. It can have special fares or use
the same fares as local PT. Vehicle and resource allocation can be pre-defined or dynamic according to
demands, one example would be having several sizes of vehicles according to the number of trip
requests. The level of technology used can vary, it can range from low tech to high tech service (IMTT,
2015).

Characteristic Alternatives

Scheduling type Fixed-schedule
Demand-responsive
Unscheduled

Route type Fixed-route
Route-deviation
Flexible-route

Vehicle type Minicab
Taxi
Minibus
Midibus

Origin and destination relationship  One-to-one
One-to-many
Many-to-one
Many-to-many

Origin and destination service Door-to-door
Checkpoint™

Table 2.2: DRT characteristics (source: Enoch et al., 2004)

Type of scheduling is one of the big decisions to take when making a new DRT service. Should the
service only be available when there is demand or during a fixed-schedule? Choosing the wrong option
can be the difference between success and failure. If a DRT operation has a more free and flexible
schedule it will be more enticing for the users. One of the major characteristics that make people use
private car it is its liberty and freedom of choice of when to use it.
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The level of flexibility in routes is highly linked with demand, land use and road network. (Enoch et al.,
2004). To give a better idea of route and scheduling types available, Ambrosino et al., (2004) manages
to pass that information with some scenarios examples. The first scenario has a predefined route with a
schedule that is part fixed and extra stops that are only used if there is demand. One problem that might
arise with this type of service is the scheduling that is prefixed. For example, if there is demand for the
extra non-fixed stops, the time of arrival in the fixed stops will change too. The completely black squares
are stops that are predefined and are always served with fixed schedule. The white squares represent
predefined stops with fixed schedule that only have service if there is demand. The circles are stops that
only are served when there is demand and the ‘house’ symbol represents stops that can be anywhere in
the service area, for example a house address or any point of interest.

888000

Figure 2.3: Scenario 1 (source: Ambrosino et al., 2004)

The second scenario uses a route that follows a main corridor that is fixed and allows for deviations of
that corridor.

Figure 2.4: Scenario 2 (source: Ambrosino et al., 2004)

The deviations to the route only happen when requested and are made to places within short distances
of the main corridor. One aspect to have in mind when planning this kind of service is adjusting the
schedule to consider the increased travel time when there are deviations.
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Figure 2.5: Scenario 3 (source: Ambrosino et al., 2004)

In scenario 3 there is a main corridor with few pre-defined stops that have scheduled service and several
pre-defined stops that are only used if there is demand. To comply with the schedule in the stops that
are always used there should be some margins that take into consideration the possibility of serving
extra stops on demand. When there are a lot of extra stops, the service will lose quality regarding the
speed of service. There exists the possibility of removing some of the predefined stops and do the service
only taking demand in consideration.
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Figure 2.6: Scenario 4 (source: Ambrosino et al., 2004)

The fourth service option is area based, it can have one predefined stop with fixed schedule or no fixed
schedule. When there is not any predefined schedule the service will be totally dependent on the demand
and be more similar to a traditional taxi. If the possibility of reserving the trip with some anticipation is
available, a more optimized route can be made so that multiple users can be served at the same time.
Without pre-reservations the vehicle will make more trips for the same number of users, making the
service a hard one to maintain economically.
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Figure 2.7: Scenario 5 (source: Ambrosino et al., 2004)

The last scenario is similar to the fourth. The main difference is the type of stop, in this scenario the
stops can be any kind of place, in an area, that the user demands, like houses, points of interest...

Several combinations can be made between the services described above. Each situation must be
analysed carefully to find out which service, or combination of services, is more adequate to its
characteristics. There is not one solution that can be applied to every case. The degree of route flexibility
is an important choice that must be made based on the level of demand and its spatial distribution.
Processing user requests for trips can be done having several criteria in mind. Some examples would be:
using the least number of vehicles, driving the shorter distance possible, planning the trip so it has the
least amount of risk of having schedule deviations (Ambrosino et al., 2004).

Booking is a critical part of DRT services that can be wildly different between different operations.
Ambrosino et al., (2004) identified five steps in the booking process, from the request until the actual
trip. It has to be kept in mind that not all services go through the same steps, several can be skipped. It
is important to have a booking process that allows for efficient trip planning. If every trip has to be pre-
booked the service might be losing potential clients that did not go through with the process of booking
(Brake et al., 2007).

Scheme 2.1: The process of booking according to Ambrosino et al., 2004.

The first step consists on the interested user contacting the provider, with the means used by the service,
(e.g. phone or internet), and giving the details of the desired trip. The details will be different depending
on the type of service, some examples would be: Place of departure and destiny, time of departure and
arrival, special requirements, number of users. After this first contact the service provider gives some
feedback about the request, with one or more possible routes and schedules that can have a relevant time
window for departure and arrival. A more defined plan for the trip is then provided and the time window
is greatly diminished. With the final offer on the table the client has to confirm the trip so that finally it
can be done (Ambrosino et al., 2004).

The next characteristic is vehicle type. The size of the vehicle should be chosen considering the expected

demand of the service. The bigger the demand the bigger the vehicle. Keep in mind that bigger vehicles
usually have a larger cost associated with them.
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When choosing the type of vehicle, it is important to keep in mind that different vehicles need different
licenses to drive, so the driver choice can be a factor. Some women are uncomfortable using vehicles
that have five or less seats, bigger vehicles give a more ‘official’ feeling, possibly for the similarities
with the traditional bus. There are some examples of operations using more than one type of vehicle,
that way they can respond to the peaks of demand that may occur during the service hours. Some types
of operations that deal with disabled users, must have custom made vehicles that can accommodate their
special needs (eg. Access ramps in the vehicle, space for wheelchairs) (Enoch et al., 2004)

I n m v

Type and purpose of use &-8 pass, 10-14 pass.  15-18 pass.  22-30 pass.

Demand responsive

D1 Shared Ride Taxi ++ + - _
D2 Special Transport Service ++ + - -
D3 Medical Transport + + - _
D4 Flexible Service Route (+) ++ - -
D5 Route Deviation - + ++ +
Dé Geods Distribulion + -+ + [+)

Legend: ++ very appropriate, + appropriate, |+] in cerlain cases, — less appropriate/non appropriate

Table 2.3: Appropriate vehicle size for different types of service (source: Ambrosino et al.,
2004)

Moving on to ‘Origin and destination relationship’ there can be seen four choices: one-to-one, one-
to-many, many-to-one and many-to-many. They are self-explanatory, one-to-one takes users from one
origin to one destination, one-to-many takes them from one origin to multiple destinies or vice versa
and finally many-to-many takes them from multiple points of origin to multiple destinies, the last one
has the highest level of flexibility.

The two categories of ‘Origin and destination service’ are door-to-door and checkpoint. Door-to-door
services take the user from their address of choice to the destiny they wish for, it is a very flexible service
with high costs associated that are even higher in low density areas like rural locations. Checkpoint
service happens when the stops happen at locations such as end of streets, pubs or other equipment
instead of door-to-door.

2.3. Challenges and difficulties

DRT are often seen as a way to solve many transportation problems, such as car dependency, but some
adversities, such as economic viability, technological needs and legal issues, kept it from really being a
staple solution (Enoch et al., 2004). Nowadays in a reality where virtually everyone has access to the
internet or a smartphone the technological difficulties seem less important. The main issue in a world
marked by a recent economic crisis is the economic viability that public funds struggle to achieve.

The success of DRT is also connected to the place where it is applied, a cultural barrier can exist. For
example, some users in the United Kingdom were averse to sharing taxis because of the physical

proximity with unknown people (Enoch et al., 2004). Users are often more comfortable with fixed
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schedules and stops since that is what they are used to, some resistance to change is common even in
some areas with poor PT services. Even operators, like the taxi sector, might hesitate to apply DRT
services. In Europe, the lack of connection between the population and FTS is recognised as one of the
main issues to surpass (Mulley et al., 2012). Providing the population with information about FTS should
be priority, marketing can help achieve this goal.

An analysis of several DRT services that failed by Enoch et al. (2004) and another by Pots et al., (2010)
allowed to gather some data and problems that came up and lead to their failure. Some of the problems:

-Variation in the demand caused problems with the scheduling;

-Low demand when replacing a previous line operated by traditional PT;

-If the demand was too high the operator changed back to a traditional service;

-Using untested and unreliable technology;

-Using technology that is not adequate to the situation;

-Lack of will and experience running DRT services;

-No marketing, the service was unknown to the users;

-Offering a service that is too ambitious, too flexible without proper planning, leading to its downfall;
-Service was too expensive;

-Fares too low to cover a significant part of the costs;

-Conflicts with local authority.

Some thoughts about the problems that showed up in the case analysis in discussion. Partnership is a
vital aspect to take into consideration when planning a DRT service. The operator of a public service
should be chosen carefully and a contract made between the public and private entities. Control of the
quality of the service must be ensured. Having too much flexibility is a real problem that can lead to the
service getting out of hand financially. High levels of flexibility usually need a bigger demand to be

viable. No service will be successful if the users do not know about it, marketing is a significant part of
the future of DRT.

2.4.DRT in Portugal

Recent Portuguese legislation was made to go in the direction that the European Commission desires
and update to a more actual reality. The European legislation points out the conditions in which public
services can be imposed in public transportation services contracts. According to the regulation

13
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1370/2007 of the European Commission every land transportation service has to have been to public
procurement by the 3™ of December of 2019.

It is predicted the possibility of FTS services that feed the PT network sharing revenue with the PT
provider.

Exploration of flexible transportation services can be made in one or more of the options given by the
legislation (Article 34°, Law n°52/2015):

-Total or partial flexibility regarding the definition of stops, routes, frequency and schedules of the
service;

-Flexibility in the capacity and characteristics of the vehicles;

-Existence of solicitation or reservation systems by the passenger;
-Existence of special fares;

-Exploration of the service using resources related to education transports;
-Exploration of the service using taxi transportation;

-Exploration of the service using rent a car services with or without driver, taking in consideration the
respective legislation.

The Portuguese legislation refers that FTS are put into use taking into consideration the existing PT
network. If the possibility to integrate, or articulate, FTS into the PT of the targeted area exists, it should
be taken. FTS can be applied to areas that are already being explored by an exclusive operator and if
that operator shows no interest in that particular service, a deal to modify the ruling contract should be
made. If there is no agreement between the FTS provider and the exclusive operator, the transportation
authority can intervene and work to achieve a new contract to provide the proposed service.

The minimum services are described in the same document, those have to be reached by the 3™ of
December of 2019. These minimum objectives can be disregarded, with proper justification, if the
available resources do not allow it. Even when the minimum goals are achieved they may not be enough
to satisfy the needs of a location. The responsible authority has to analyse each situation and find out
the real needs of the users.

In locations with more than 40 residents there should exist access to FTS that ensures the connection to
the municipality and the main public services. For suburban and rural locations with more than 40
residents there must assured one trip to the maincenter of the municipality from the location of origin
and one trip, in the afternoon peak, back to the starting location. Between two maincenters of different
municipalities at least one trip in the morning and one in the afternoon, both ways, should be provided.

There are comfort requirements, regarding connections and interchange to others transports, with the
objective of providing a timely and convenient interchange. Inside an urban perimeter there is not a
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maximum number of interchanges but the waiting time cannot exceed 15 minutes. When the trip has
both origin and destination inside the same maincenter of the municipality the maximum number of
transfers is one with a time of waiting under 30 minutes. Trips between a local and a maincenter of the
municipality the number of interchanges cannot be more than one and the waiting time inferior to 15
minutes.

2.5. DRT Targets

Filling the voids left by the PT and creating a sustainable transport network is the general function of
DRT. To achieve this goal an analysis must be made on several points. According to Derek Halden
Consultancy (2006) the starting point should be the user. The target population most likely already has
an idea of what the problems are and what they need. When planning a DRT service, it is important to
clearly define the goals, social, economic or geographical, target user and type of demand (Davison et
al., 2014; Ambrosino et al., 2004).

An example of a social goal would be making a service to give a way for people living in remote areas
to join the community. Economic motivator can simply be the need to replace a traditional PT that is
not financially sustainable. A geographical objective would be to increase access, from and to, remote
rural areas.

The Portuguese document by Seabra, M. 1. et al. (2011a) gives us some information on the elements that
should be gathered and analysed about the possible demand for DRT (table 2.4). Enquiries should be
made to the population to fully characterize possible users according to age, sex, activity, their
willingness to use DRT and their demands. About the service several metrics should be known, such as
the number of passengers transported per day, number of entries/exits in each stops, average distances
per trip and main origin-destination patterns.
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Dimension Elements to characterize Sources
Users (present and future) -Age, sex, activity; -Mobility enquiries to FTS
users;

-Willingness to use flexible
transports; -Authority (Operator, IMTT)

-Reason of travel;
-Payment system used;
-Reservation system;

-Satisfaction with the current
offer of transports.

Service -Number of passengers
transported per day and in peak
hours;

-Number of entrances/exits by
stop and average distances
travelled;

-Main origin-destination
patterns;

-Utilization rate by zone.

Table 2.4: DRT demand analysis (adapted from Seabra, M. I. et al. 2011a)

Characterizing the target area is vital. The UK Community Transport Association good practices guide
for DRT services (2003) and Ferreira et al. (2007) mark the following data as a requisite to analyse
transport needs: Definition of the boundaries of the study area, socio-economic characteristics, complete
analysis of existing PT, existing unmet demands and groups of concern.

A survey made by Davison et al., (2014) to community transport operators and governmental
organizations, allowed to know the main reasons to install a DRT service. One of the reasons was the
rural aspect of an area, where the population is spread, in several small clusters, that traditional PT
cannot serve in a sustainable way. Another great motivator for DRT is the slice of population that cannot
reach PT either because of reduced physical mobility, like the elderly or disabled, or because they do
not have services available nearby.

Davison et al., (2012) identified several markets where DRT is present and successful and other less
certain markets that have potential. Established markets are the ones that gave birth to DRT such as
services for the ones without access to car or PT, health related transports, rural transportation, users
with limited mobility, special education needs transport and shopping trips. The less safe markets are
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the ones that exist but need more time to establish themselves. Examples of these services are: airport
links for employees and travellers, job link offers, services for tourists in rural areas.

Potts et al. (2010), believes that the types of service with the most potential for DRT are services for the
youth and the elderly (table 2.5). According to the article connecting the youth to health services,
shopping centres and areas used to socialize has higher potential for DRT than all of the possible services
for adults. The elderly is also a high potential group when responding to demand for health, shopping,
shopping for food and social trips

Demographics/Trip Youth Adult Elderly Persons Low-
Purpose <18 18-64 65 and with Income
over Disabilities | Persons
Work
Low Potential for Flexible Public Transportation

School
Non-Emergency
Medical . Medium

R Potential
Shopping/Groceries Low High Potential for

Flexible Public Transportation

Shopping/ Other

High Low
Social

Table 2.5: Viability of FTS by demographics and trip motivation (source: Potts et al., 2010)

The target market should be clearly defined and studied, this study should be made along a financial
study to estimate the level of sustainability of the service (commercially viable, acceptable subsidy,
justifiable higher subsidy, financially unsustainable). There are some characteristics that successful
services seem to have in common that Enoch et al. (2004) observed during the study made. Make the
service simple and easy to understand for the user, this makes it more likely to make it appealing and
successful. If the objective is to do a commercially viable service, it is likely that it will be a premium
service that is less focused on social aspects, and more focused on markets that can be profitable.

According to Ambrosino et al. (2004) the main expectations and needs of end users are: several
destination options, wide coverage, easy access to service, service tailored for their specific needs,
reliable communication with operator, easy and fast booking, reliable service concerning times,
minimum detours on trips, having return trip if wished for, vehicles with space for luggage, accessibility
to other modes, minimize transfers, reasonable pricing and long working hours.

Different demographics have different needs, Ferreira et al. (2007), provides information on some of
their defining characteristics. The youth is more likely to walk some distance until PT stops and are
more adaptable to new transports and technology. Most of them do not have their own car and so rely
almost completely on PT, or on their family who might not have the means or availability to transport
them.
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Elderly population has more complicated needs. Most are retired/pensioners and may have mobility
disabilities. If the elderly is a target for a DRT service, the operation needs to be specifically tailored for
them. They are not willing or able to walk the same distances as the youth to reach transportation. The
service should be simple and easy to use (Ferreira et al., 2007).

Another group that requires very specific needs is the disabled. The service needs to be tailored
specifically for them, including special vehicles and trained personnel. DRT operation has to be reliable
and comfortable so that the disabled have the confidence to use the service independently. One last
special group is the unemployed one. They need reliable and affordable services, some of their
destinations may not be near any stop. Discussion with business communities should be encouraged as
a way of reaching solutions (Ferreira et al., 2007).

2.6. DRT case studies

In this section a review of previous cases of DRT services is made followed by a review of the FLIPPER
Project and its results.

2.6.1. DRT cases

The table (2.6) contains information on 13 cases of DRT services. It is possible to pin the main purpose
and type of service. As an example of this, the case of ‘Supershuttle’ is clearly a destination specific
DRT and premium service. It is an example of a commercially driven DRT service that does not have a
social goal as the main purpose. The special ‘premiums’ of the service show that it was tailored
specifically for the demand it responds to. Another example of destination specific DRT, but with a
more social objective, is the ‘Orange DRT’. This service links the users to their workplace at times
where traditional PT does not offer them options, such as night time and weekends.

‘Ringbuss’ and ‘Belbus’ are a good example of Interchange DRT, their purpose is to feed the train
system, linking the population to the traditional PT. Substitute DRT, as seen before, completely replaces
traditional PT. ‘Personalbus’ does this, it serves areas that could not be served otherwise due to
degraded/narrow streets. These last two types services have a clear social focus, but this does not mean
that they cannot be sustainable or profitable.

Network DRT completely replaces the traditional PT at low demand times and locations. ‘Safety Bus’
serves students in campus during night time when there is no other PT, and ‘Shared Taxis’ (Beja) offers
options for weekend mobility.

Some general observations of the cases:

-Mainly use one of three types of vehicles: taxi, minibus/shuttle or bus;

-Route is either zone based or has some predefined routes that may or may not allow detours;

-Booking method, if necessary, is made generally by phone and sometimes internet;
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-Pre-booking is almost always recommended/mandatory since it allows for a better optimization of
service, for example, when there is no demand there is no service;

-The stops the service does highly depend on the type of service. A DRT that serves disabled users is
likely to have door-to-door service and a service that replaces the traditional PT like ‘Taxibus’ has
predefined stop locations;

-The schedule is also adapted to the type of service. While a service that acts to cover low demand times
like weekend will only operate at that time, another that replaces completely the traditional PT like
‘Personal Bus’ operates almost daily;

-Objectives range from substituting PT, complementing the transport network, providing mobility to the
disabled/elderly and providing destination specific services;

-Pricing is usually between traditional PT prices and below taxis.

From the results, both positive and negative, it can be observed that some services, while more
sustainable than traditional public transport, are still far away from being profitable and most certainly
need subsidies or sponsorships. The two cases that provide user satisfaction data give an optimistic view
of DRT, most of users classified the service as good.

Many services target users that had no mobility before, many of those were not car owners (disabled,
youth, elderly). Some interesting data would be information about the share of the DRT users that
previously travelled by car. This would allow to understand if DRT has relevant impact on modal shift,
or if it just creates extra trips. More data about the results and current state of the services studied would
provide a clearer idea of what to aim for when planning DRT operations.
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2.6.2. FLIPPER Project (Wright and Masson, 2011)

FLIPPER was an European project with the aim of exchanging knowledge about FTS between several
European countries to improve sustainability, social, environmental and financial, of transports. There
were 7 cases that were studied, each with different characteristics (density, type of service, prices...).
To evaluate each case data was collected regarding target groups, target area, passengers carried,
revenues, distance driven, vehicles, emissions, operating costs and subsidies.

Table 2.8 gives an overview of the target area, type of service and operational data. Something that pops
out is the relation between population density and subsidy per passenger trip. As expected, services that
serve areas with lower population density have higher subsidies. Subsidy per vehicle hour is consistent
when related with the type of vehicle used. In the 3 cases they are used, taxis have the lowest subsidy
per hour, it being of around 10€. On the other end of the spectrum there is the Volos case at 31,23€. It
uses high tech vehicles specialized for the mobility impaired, which involves custom made vehicles and
trained personnel.

Subsidy per vehicle km cannot be taken very seriously to assess performance because it also counts km
made with an empty vehicle. If a service has vehicles doing empty runs it might appear more effective
than a service for short trips with multiple passengers. Doing a ratio between subsidy per passenger km
and subsidy per vehicle km an average of the occupancy can be obtained. The only cases below 1 are
South Tipperary and Formenterra which indicates that these services have more trips without passengers
compared with the others.

Volos South Borgo Formenterra Purbach Kastoria Almada
Tipperary Panigale

1,01 0,59 1,00 0,83 1,00 1,08 2,00

Table 2.7: Ratio between subsidy per passenger km and subsidy per vehicle km

Ratio of fare revenue to operating cost reveals that none of the services are financially sustainable. While
higher densities increase this ratio not even the best case, Kastoria with 0,51, is close to self-
sustainability. These values include the cost of acquisition of the vehicles, without those values some
values increase, for example the case of Almada goes from 0,22 to 0,34.

Trip purpose can be directly related to the type of user, for example Almada has 90% of FTS users above
the age of 65 so the main purpose of the trips is not work or school related, shopping and health trips
dominate. The three services that use taxis show a much larger share of trips related to work and
education than the services that use bus (graphic 2.1)
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Purpose of trips
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Graphic 2.1: Trip purpose (source: Wright and Masson, 2011)

Wright and Masson (2011) provides information about modal shift caused by the services (graphic 2.2),
such as the percentage of the FTS users that were previously using private car, either as a passenger or
driver. The best case is Borgo Pangale with 60% and the worst is Almada with 11,2%.

Previous Mode of Travel
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Borgo Panigale

Graphic 2.2: Previous mode of travel (source: Wright and Masson, 2011)
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75% of the trips made in the Almada service were previously done by walking. This might point towards
several aspects, like lack of car access, short trip distance or poor PT service. Knowing that most of
Almada users are the elderly it is understandable this shift to the FTS service, it is more comfortable for
them.

Another interesting case is the case of Kastoria, more than 3 quarters of the users do not have access to
car and most do not have a driver license. Users previously mainly used other PT services, 56% of the
trips are work related. This shows that workers give value to comfort, reliability and flexibility of the
taxis and can afford it even if they pay a bit more.

Finally, the satisfaction levels of the FLIPPER project were quite good. The two highest satisfaction
rates were in Almada and Kastoria, the same places that have the lowest subsidy per passenger. One
possible explanation found by Wright and Masson, (2011) is that when the complexity and diversity of
user demands increases it is harder to meet user expectations. Simple services that respond to the
demands of one group of users usually meet the expectations.
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3

CHARACTERIZATION OF
MATOSINHOS

Following the knowledge gathered in the literature review comes the characterization of the target area
of study, Matosinhos. For the following chapter was essential the use of GIS software. This
characterization targets three mains areas: Public services, population and public transports.

The first step was the characterization of the population of Matosinhos. With the information from INE
(‘Instituto Nacional de Estatistica’) several maps were created to find out and understand how the
population is spread. The characterization was made not only considering the age of the residents but
also other aspects such as retired residents, employed residents, illiteracy levels and where they worked.

After characterization of the population comes the characterization of public services. The collected
information about public services is focused on public services that have potential for the DRT like
health, education, employment centres and shopping. This allows to know how the different public
services are distributed among the different areas of the territory.

Thirdly comes the study of the PT system in Matosinhos. This study is based on information provided
by CMM (‘Camara Municipal de Matosinhos’), SIGGESC and the study made by P. Pinho et al. (2016).
This study covers the most used transports in Matosinhos, bus and metro. The service is studied
according to spatial distribution of the lines, their frequency and schedules. The final point of analysis
is the potential travel time by PT when accessing several different public services.
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3.1. Population

The municipality of Matosinhos has an area of 62,42 km?, is located in the north-western shore of
Portugal, and is a part of the NUTS II ‘Norte’ and NUTS III ‘A.M. do Porto’ (Metropolitan area of
Porto). After the 2013 rearrangement of the Portuguese territory Matosinhos is organized in four
parishes: Custoias, Leca do Balio and Guifdes; Matosinhos and Leca da Palmeira; Perafita, Lavra and
Santa Cruz do Bispo; Sdo Mamede de Infesta and Senhora da Hora.

PERAFITA LAVRAe
SANTA CRUZ DO BISPO

CUSTOIAS,
LECA DO BALIO
e GUIFOES

SAOQ MAMEDE
DE INFESTA e
SENHORA DA HORA

MATOSINHOS e
LECA DA PALMEIRA

Figure 3.1: Municipality of Matosinhos (source: http://www.cm-matosinhos.pt/pages/46)

The total number of residents in 2011 was 175 478 and its density 2 811,2 (residents/km?), from 2001
to 2011 the population grew around 10,5%. As can be seen in the table 3.1, most of the population
belongs to the age group from 20 to 64 years old. The largest part of the population is concentrated in
the urbanized southern areas and in Lega da Palmeira, with higher densities of inhabitants (map 3.1).
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Age N° of residents %
0-19 34207 19,5
20-64 112986 64,4
65+ 28285 16,1
Total 175478 100

3.1.1. The youth

Table 3.1: Population split by age group (2011).

Population density
] 0- 1000

] 1000 - 3000
[ 3000 - 6000
I 6000 - 9000
I 9000 - 15000
Bl 15000 +

Map 3.1: Population density (residents/km?2).

The youth group was split into 2 groups, from age 5 to 13 and from 13 to 19. This split allows to better
understand the target populations for elementary school and high school. From observing the two maps
(3.2, 3.3) it is possible to conclude that both groups densities are higher in the south area, having lower
densities in the remaining areas.
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Density of residents (age 5 to 13)

[Jo-20
[J 20-160

[J 160 - 380
[ 380-720
I 720 - 1400
B 1400 +

Map 3.2: Density of residents from the age 5 to 13 (residents/km2).

Density of residents (age 14 to 19)

[10-15
[] 15-130

[ 130-280
[ 280 - 500
Bl 500 - 1000
Bl 1000 +

Map 3.3: Density of residents from the age 14 to 19 (residents/km?2).
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3.1.2. The adults

The adult population, from age 20 to 64, has a density distribution similar to the 14 to 19 age group,
which is higher in the south (map 3.4). The adult population is the great majority of the working
residents, they are the brunt of the population and the ones with the highest economic impact in the
municipality.

Density of residents (age 20 to 64)
[ 0-500

[J 500 - 1800

[ 1800 - 3600

I 3600 - 5600

Il 5600 - 9600

Bl 9600 +

Map 3.4: Density of residents from the age of 20 to 64 (residents/kmz2).

3.1.3. The elderly

Elderly resident densities follow the general pattern of the municipality. In many areas, the percentage
of elderly residents is over 30%, reaching values above 50% in some of them (map 3.6). This shows that
some areas of Matosinhos are severely aged and might need special attention when it comes to transport
services.
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Density of residents (age 65+)
[Jo0-135
[ 135-400
] 400 - 800
[ 800 - 1400
I 1400 - 2300

Map 3.5: Elderly population density (residents/km2).

Percentage of residents (age 65+)
[J00-70
1 70-13.0
[ 13.0-18.0
[ 18.0-23.0
I 23.0-30.0

Map 3.6: Percentage of elderly residents.
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3.1.4. Disabled or disadvantaged residents

In the map 3.7 can be seen all the disabled parking places attributed by the CMM in the last years. More
than 90% of them are near the place of residence of the disabled user that requested the spot. This does
not give us much information regarding public transportation since these disabled users likely have
private car and use it regularly to have requested a parking spot. More data like the level of disability
they have, where they live and their trip demands is necessary to make any conclusions.

® Handicapped parking spot

'{i\-— | 2 .
\“/ -n"“\ J1

"_'I' ‘j‘l <

RS

ﬂ% {l"*/f}""

Map 3.7: Handicapped parking locations.

The percentage of illiterate residents is an important factor to know since those potential users can be
harder to ‘convert’ to the use of unconventional transport systems like the DRT. Marketing will not be
as effective on illiterate targets. The highest values of illiteracy are seen in the north and central areas
of Matosinhos. Many of those areas also have high percentages of elderly population there.
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Illiteracy (%)
[100-10
[ 1.0-20
[ 2.0-4.0
Bl 4.0-6.0
Hl 6.0+

Map 3.8: Percentage of illiteracy.

3.2. Public services

Matosinhos presents both urban characteristics in some areas and rural aspects in others. This results in
a heterogenic territory with consequences caused by urban sprawling and an uncontrolled expansion in
low density areas. One of these consequences is the inequality of access to public services. The locations
of several equipment like schools, high schools, university, healthcare facilities, hospitals, supermarkets,
shopping centres and main job centres, are marked in maps.

3.2.1. Education

Starting by education facilities, both elementary and high schools show the same pattern. Clusters of
schools exist in the southern areas of Matosinhos, while in the north, residents are only served by one
high school that is close and three elementary schools (maps 3.9 and 3.10). University level education
is only present in the most southern areas of Matosinhos along circunvalacéo, in P6lo da Asprela and in
the area around IPAM and ESAD (map 3.11).
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Map 3.9: Elementary school locations.
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Map 3.10: High school locations.
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@ College level School
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Map 3.11: College level School locations.

3.2.2. Health services

Moving on to hospitals, observing the two following maps (3.12 and 3.13), the majority are also along
circunvalacdo, the only hospital that is closer to the centre of the territory is a private one (Hospital
privado da Boa Nova). Many healthcare centres are concentrated in the area around Cémara de
Matosinhos. Again, the zone that is more lacking is the northern one, having only Lavra health centre
and Penafiel health centre nearby. Pharmacies show the same pattern of the healthcare centres, scarce
in the north.
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Map 3.12: Hospital and healthcare services locations.
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Map 3.13: Pharmacy locations.
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3.2.3. Supermarkets and shopping centres

Supermarkets are an important part of modern times consumer patterns. Only two exist in the northern
part (Continente Bom Dia and Pingo Doce) compared with 10 in the area around Camara de Matosinhos.
The central part of the territory also shows a lack of supermarkets (map 3.14). There are two large
shopping centres in Matosinhos, Norteshopping and Marshopping (map 3.15)

® Supermarket

Map 3.14: Supermarket locations.
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Shopping Center

Map 3.15: Shopping centres locations.

3.3. Economic Panorama

As it could be expected, the areas that have the highest percentage of retired/pensioners, coincide with
the areas with the highest percentage of elderly residents. Logically that map (3.16) has a stark contrast
with map 3.19 that represents the percentage of employed residents. These two groups have very
different needs regarding transportation. While the elderly are more concerned with the price and ease
of reaching the pickup point and less about the time schedule, the commuters care about the schedule
reliability of the service and less about the price.
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Retired residents or pensioners (%)

[] 0.0-10.0
[ 10.0-17.0
[ 17.0-24.0
[ 24.0-28.0
[l 28.0-35.0
Il 350+

Map 3.16: Retired residents or pensioners (%).

Nearly 79% of the employed residents work in the tertiary sector, leaving only around 20% for the
secondary sector and less than 1% for the primary sector. Most of the workers in the primary sector are
located in the north area. The highest percentages of residents looking for employment can be found in
the north and central areas of the territory while the highest offer of employment is found in Leca do
Balio and Perafita industrial areas (map 3.18). Curiously the areas that surround those employment offer

centres have high levels of residents looking for employment (map 3.20).
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Map 3.18: Number of jobs at each location.

Residents with no economic activity (%)
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Employed residents (%)
[ 0.0-30.0
[ 30.0-35.0
[ 35.0-40.0
[ 40.0 - 45.0
B 45.0-50.0
Bl 500+

Map 3.19: Employed residents (%).

Residents looking for employment (%)

[Jo00-35
[] 35-55
[ 55-7.0
[ 7.0-85
Bl 85-115
Bl 11.5-50.0

Map 3.20: Residents looking for employment (%).
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3.4. Public transportation system

® Metro Station A
® Bus Stop ]

Bus Lines

Map 3.21: Matosinhos public transport network.

In the latest available information, Matosinhos residents are increasingly using private car instead of
other modes of transportation. The use of PT decreased from 30% to 23% from 2001 to 2011 while the
private car use increased by 11%, sitting at around 63% in 2011. This worrying trend can be consequence
of the disperse land use in some areas, for example in the north and centre region of Matosinhos.

The main public transport in Matosinhos is without doubt the bus. According to SIGGESC (March of
2016) there are currently 10 operators working in the area. The following table (3.2) paints a clear picture
of who are the biggest operators, Resende and STCP overwhelm the rest. Resende has nearly 40% of
the lines in the municipality and is accountable for 62,9% (941,502 km) of the total length of bus lines.
STCP has 31,4% of the lines but the length of those is only 18,4% (275,676 km).
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Operator Ne of Total % of % of Average

lines length (km) lines length speed
(km/h)

A. Nogueirada 4 11,485 2,9 0,8 17,4

Costa

Antdnio da 4 14,554 2,9 1 20,3

Silva Cruz

Arriva 5 30,812 3,6 2,1 18,5

Auto Viagdodo 6 49,645 4,4 3,3 17,8

Minho

Gondomarense 2 18,127 1,5 1,2 18,3

Minho Bus 6 46,805 4,4 3,1 40,7

Resende 54 941,502 39,4 62,9 21,7

D’Entre Douro 9 63,817 6,6 4,3 39,5

e Minho, SA

STCP 43 275,676 31,4 18,4 21,6

Valpi 4 44,269 2,9 3,0 19,6

Total 137 1496,693 100,0 100,0 -

Table 3.2: Data from bus operators in Matosinhos (Source: P. Pinho et al., 2016)

The average speed of the dominant operators in Matosinhos is of 21,7 km/h and 21,6 km/h. Excluding
the two operators that use highways for interregional services, causing them to have a much higher
average speed, Resende and STCP have the highest values of average speed.

3.4.1. Municipal bus service

Resende is the only operator with municipal lines, six of them, the others only make use of Matosinhos
territory through intermunicipal lines.
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Resende municipal service

@ Bus stops
Bus lines

Map 3.22: Resende municipal bus service.

This service provided by Resende has the following average characteristics shown in the table 3.3.

Monday - Friday Saturday Sunday
Frequency 20 to 45 minutes 30 to 45 minutes 30 to 55 minutes
Schedule 6:30 — 20:00 7:00 —20:00 8:00 — 20:00

Table 3.3: Average characteristics of Resende municipal bus service.

It should be noted that there is only Sunday service in three of the lines. The price of this service
ranges from 1,10€ to 1,60€ depending on the distance travelled (AMP December 2016).

3.4.2. Intermunicipal service

There are many operators that have one or more lines doing intermunicipal services that go through
Matosinhos. While this is true, their usefulness for day to day trips is questionable. Many of them have
frequencies of 1 or less buses per hour and the prices are more expensive than Resende municipal
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services prices. The following map only represents the intermunicipal services with high frequency, at
least 1 per hour during week days.

A.S. Cruz lines
@ A.S. Cruz stops
Gondomarense lines
@ Gondomarense stops
\ —— Resende lines
122, ® Resende stops
( Valpi lines
/’\\ @ Valpi stops
A S STCP lines
L\ e STCP stops

¢ A%

Map 3.23: Intermunicipal service with frequency of at least 1 bus per hour.

As it can be seen most of the network is covered by Resende and STCP. Gondomarense only acts in
circunvalacdo and Valpi acts in the southern areas (east-west connection). A.S. Cruz only acts in the
eastern area making a north-south connection but only going through a small part of Matosinhos. The
prices range from 1€ to 3€. Many of the services stop between 19:00 and 21:00, STCP is the only one
that provides services until 00:00.

Another service that is only provided by STCP (lines 1M, 3M, 4M, 9M and 13M) and Resende (lines
104N, 105N, 106N, 107N and 130M) is late night bus transportation. Resende late night service ends at
1:00 while STCP usually keeps the service up until 5:00. This Resende schedule implies that excluding
the areas served by STCP, most of the territory has no options for late night transportation, besides taxi
services.
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Map 3.24: Night bus services.

3.4.3. Metro

The metro service (Metro do Porto) has good quality and high frequency (between 10 and 30 minutes
in Matosinhos), but it becomes evident that it serves only a small portion of Matosinhos territory as can
be observed in the buffer map.

Metro do Porto connects the municipalities of Porto, Vila Nova de Gaia, Matosinhos, Vila do Conde,
Povoa de Varzim, Maia and Gondomar. It also connects to important locations, such as the airport
(Francisco S& Carneiro airport) and the University of Porto Campus. There are 5 metro lines that stop
in Matosinhos: Line A, B, C, E and F. Respectively they have 11, 5, 7, 5 and 2 stops inside the territory
of Matosinhos but many of the stops are not exclusively for one line.
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Map 3.25: Reach of metro stations (500 meters).

The average speed of the metro in 2015 was of 25,8 km/h, with line A going at 22,4 km/h on average
and line B at 33,0 km/h. This difference can be explained by the kind of trip they make. Line A travels
in the southern urban area of Matosinhos making many stops, while line B goes to P6voa de Varzim,
travels longer distances without the need to stop and uses a different vehicle that can achieve higher
speeds (Relatério e Contas Metro do Porto 2015).

The map of the percentage of residents that travel by metro (3.26), is only a 7% share of the total trips
made by all PT, and is highly focused in the areas around the stations are as could be expected. The most
eastern area also has a high use of metro since it is close to the station of Hospital de S&o Jo&o and IPO.

46



Demand Responsive Transportation for a sustainable mobility in Matosinhos

VILA DO CONDE

MAIA

PORTO.

% da Populagéo que se desloca em TCR PM.06

N N % g _ % da Populagéo residente que
B o -35% Reparticdo média do Metro = 7% sa desloca para de Metro
35%-7%

Plano de Mobilidade e Transportes de Matosinhos
7%-41%

N
B 1% - 75% gﬂi’:;dsews (H |emm .
W g5 Citta

0 05 1

Km

Map 3.26: Percentage of population that travels by metro (source: P. Pinho et al., 2016).

3.5. Potential travel time

P. Pinho et al. (2016), provides information about potential travel times by PT and private car to public
services, such as elementary/high schools, universities, healthcare services, hospitals and main centres
of employment. Car potential travel times are under 10 minutes for nearly every area-public service
combination. The only exception is the north residential area near the shore for some public services
(public hospital and universities). This can indicate that Matosinhos has a good road network that
encourages car usage. PT needs to offer quality services with competitive schedules and prices to be
able to ‘convert’ car users. Travel times using PT are not as good as the car ones, as can be seen in the
more detailed descriptions below.

3.5.1. Education

Even assuming students go to the most nearby elementary/high school, many areas take over 20 minutes
to arrive by PT. Areas like Matosinhos centre and Leca da Palmeira are among the best areas in this
criteria. Those have several schools nearby that can even be quickly accessed by foot by many residents.
In the other end of the spectrum there is the north area that only has one school nearby causing many
residents trips of over 20 minutes by PT.

Travel times to universities is above 20 minutes for most of the territory. This is probably consequence
of the universities locations, being that most of them are in Pdlo da Asprela near Hospital de Sdo Joéo.
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Even users that are close to a metro station take more than 20 minutes to arrive to Pdlo da Asprela since
there is no direct line to there. A change of vehicle in Trindade, to line D, is necessary.

. TROFA_

WILA 30 CONE

PORTY

N
i
Tempo de deslocagao (min) SE.TRO1A
. l A ibili aos servicos i
Ensine basico/ secundario (em TP}
0 20 20
Destino da viagem [ T ———

Ensino Basice ou Secundario Pablico ou Privado
+  Com acessibilidade em TP
= Semacessivilidade em TR

g Citta

Map 3.27: Potential travel time by PT to elementary/high schools (source: P. Pinho et al.,
2016).
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Map 3.28: Potential travel time by PT to Universities (source: P. Pinho et al., 2016).

3.5.2. Health

Access to hospital by public transport is in a very bad situation currently. More than half of the territory
needs more than 20 minutes of potential travel time by PT to reach one public hospital. This can possibly
be explained by the worse PT services in the north region but also because the hospitals are mainly
concentrated in the south near the border with Porto.

The status of access by PT to healthcare facilities (healthcare services and clinics) is better but could

still use some improvement. Many of the residential areas in lower hierarchy roads have more than 20
minutes of potential travel times by PT until they arrive to their destiny.
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Map 3.29: Potential travel time by PT to healthcare services/clinics (source: P. Pinho et al.,
2016).
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Map 3.30: Potential travel time by PT to Hospitals (source: P. Pinho et al., 2016)
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3.5.3. Employment

Once again, the top left part of the territory has the worst conditions. A combination of most employment
centres being in the south, with the worse density of PT in the north, is probably the cause for it.
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Map 3.31: Potential travel time by PT to main employment centres (source: P. Pinho et al.,
2016)
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A

ANALYSIS AND
OPPORTUNITIES FOR DRT

In this chapter an analysis of the information described in the previous chapter, focusing on the data
from population, public services and public transports that concern DRT services. Following the analysis
comes the application of the DRT knowledge, discussed in chapter 2, to find situations where they could
be installed in Matosinhos.

4.1. Analysis

4.1.1. Population

The municipality of Matosinhos is characterized by a clear preference of the population for the south
areas, leaving the north and the central part of the territory with lower densities and dispersed
occupation. This creates an unbalance of demand and accessibility that causes the inability of the PT to
satisfy many of the residents that live in the unfavourable areas. It is mainly in these unsustainable areas
for public transport that DRT will act.

One major target group for DRT is the elderly group. Even if the areas with high numbers of elderly

population have access to traditional PT, they can still be a target for DRT. The needs of the elder are
very specific and many times not satisfied by traditional PT.
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4.1.2. Public services

Regarding public services there are some that stand out. This analysis aims to find out whether there is
potential for DRT services or not.

4.1.2.1. Education

Accessibility by PT to education services is lacking as it was seen in the previous chapter. The maps
concerning travel times and locations of education services clearly show a lack accessibility to
elementary schools, high schools and universities. DRT can be used to satisfy the needs of the population
that travel to these destinations.

4.1.2.2. Health

Health transport is mainly offered to the elderly and disabled population since they have the hardest time
moving around, and are a large percentage of the users of health services. The offer for this type of
service will focus the same areas that transport for the elderly does, their place of residence.

4.1.2.3. Shopping

Norteshopping can be accessed by metro and bus, being in a highly dense area regarding public
transports. Marshopping is in a more remote location, not having a metro station nearby makes it highly
reliable on individual car use. Probably to increase consumers, free bus services (MAR lines) were
provided which grant access to Marshopping. Mar lines operates every day except for Sundays and has
three origin points, being one of them in Matosinhos (Camara Municipal de Matosinhos). As discussed
before the existence of supermarkets is severely lacking in the north areas of Matosinhos, This situation
creates a demand for transportation that can be responded by DRT services.

4.2. Overview

This section offers a way to visualize the main aspects of the analysis in an easily read map.

4.2.1. Population and public services

The major points to retain from this analysis regarding population and public services are represented
in map 4.1 and are the following:

- High density of residents in the south areas of Matosinhos and Leca da Palmeira (1);

- Dispersed residential occupation in the north and central areas (2);

- Most equipment is concentrated in the south, being scarce in the north (1);

- Very high percentage of elderly population in some areas (3);

- Employment is spread all over the territory but there are still two areas that stand out (4).
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Map 4.1: Current situation of population and public services.

4.2.2. Public transportation system

Bringing together previous data regarding PT it is possible to build a map of the population served by
high frequency PT (4.2 and 4.3), at least 1 bus per hour, and a map of the density of lines. Observing
the following maps (4.3, 4.4) it can be argued that some of the areas with high frequency service do not
have high density of lines. This may translate into fewer options regarding origin-destination
combinations.

Currently 54% of the population is in the high density of lines area, 34% is in the low density of lines

area and 12% has no service at all. The high frequency lines reach 78,1% of the residential areas, leaving
21,9% without service or low frequency service.
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Map 4.4: Spatial coverage of the PT (adopted from P. Pinho et al., 2016)

To summarize, the main characteristics of the PT system are represented in the map 4.5 and are the
following:

- Existence of significant coverage of high frequency and high density PT (1);

- Metro service of good quality that connects to surrounding territories;

- Broad range of public transport offer in some areas, allowing easy interchange;

- ‘Andante’ system payment for different transport modes;

- Some areas have access to high frequency lines but are limited by the line offer (2);
- There are areas that do not have access to traditional PT (3).
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Map 4.5: Analysis of the public transportation system.

4.3. DRT - Looking for opportunities

This section uses the knowledge gathered in chapter 2, particularly the types of DRT described by Enoch
et al. (2004): Network DRT, Interchange DRT, Destination-specific DRT and Substitute DRT.

4.3.1. Network DRT

4.3.1.1. Late-night transportation

Previous analysis showed that one aspect that is lacking transport wise is late-night transportation (after
1:00). Currently the only options are STCP buses and taxis. STCP buses only act in a very narrow part
of the territory (map 4.6) and taxis are associated with high prices. The late-night transportation target

demographic is mainly the youth.

Many users may have ‘Andante’ monthly card because they use the PT network during the day, but
during the night they may be forced to use taxis because of the lack of options. A possible DRT service

would be late-night door-to-door transportation.
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Map 4.6: STCP late night bus service.

The service encourages pre-booking, so that the trips can be better planned and if there is no demand
there will be no expenses. The ticket price per passenger trip would have to be cheaper than taxi services
but could be more expensive than traditional PT for providing premiums such as door-to-door service.
Vehicle size must answer to the demand, for late-night services the most adequate would probably be
taxis of several sizes (4 to 8 passengers). To make the service more sustainable it is recommended to

only make it available at certain level of passengers per trip (pre-booking) or in days that justify the
offer (Fridays / Saturdays).

4.3.1.2. Areas without PT

As seen in the analysis, there are some places in Matosinhos that PT does not reach (map 4.5). One
example of this can be seen below, circled in blue (map 4.7). The operator, Resende in this situation,
could offer one extra stop in this location as a continuation of the already existing line nearby. Buses
would only go to this new stop if there was demand. Users would call and pre-book so that the driver
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could go there only when necessary. If it is discovered that the demand justifies a fixed PT service, the
new stop can be integrated in the line easily and the pre-booking requirement dropped.

Map 4.7: Example of one possible location for network DRT.

4.3.1.3. Transportation for the elderly and disabled

Regarding DRT services, the elderly need easy access to Health facilities (Hospitals, pharmacies,
healthcare centres), shopping centres (mainly food products), and places with social events for them.
The distance that is convenient to walk, for the oldest target group, is not long, this means that the pickup
spots need to be very close to their place of residence or the service has to be door-to-door. One of the
main areas of action for this service are the ones with large numbers and large percentages of elderly
residents. Those areas are circled in blue in the following map (4.8).
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Map 4.8: Possible areas to offer DRT services for the elderly population.

Transportation tailored specifically for the elderly can be provided by DRT. The service requires pre-
booking so that its route and schedule can be optimized. Since the elderly are not usually constrained by
time demands, it is possible to wait until a certain number of reservations is made and then plan the
service accordingly.

The vehicles need to be able to accommodate wheel chairs and whatever special needs the disabled may
need. To know what type of vehicle to use, it is necessary to know the disabilities of the population. One
way of getting this information is doing enquiries to the target population.

4.3.2 Interchange DRT

4.3.2.1. Late-night transportation

Another possible option for late-night transportation, is having a service that gets users from the existing
late-night STCP network. Users would take the bus until a predefined stop, and there change to a DRT
service that would take them home. Target locations for pick-up can be based on bus stops that multiple
late-night services use (map 4.9). For example, STCP lines 1M and 13M both use the stops that are very
close to each other (1) (‘Fonte Luminosa’ and ‘Carcavelos’). Some other possible pick-up locations are
the areas where the line 9M crosses with 3M (2) (‘Monte dos Burgos’) and where 9M crosses with 4M
(3) (‘Amial’).
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Map 4.9: Pickup points of possible DRT service.

This option would add value and extra users to the current STCP network. Optimally the same system
of payment (Andante) can be used for both services, DRT and STCP bus.

4.2.3 Destination-specific DRT

4.2.3.1. Hospitals

As seen in the previous chapter travel times to Hospitals are above 20 minutes for most of the territory.
A DRT service that connects users to hospital in a door-to-door offer would be optimal. This type of
service mainly targets the elderly and disabled but can be used by anyone. The service needs to be
requested by phone, in advance if not an emergency, and has some specific requirements that need to be
fulfilled such has:

- Vehicles that are comfortable, customized and able to adapt to special needs like wheel chairs
and access ramps;

- Provide direct service, most users of this service do not want to change transport mode;

Many users cannot afford to pay taxi-level prices. This type of service fulfils an important social
objective and therefore fits in the category of justifiable higher subsidy level.
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4.2.3.2. Education

One potential application of DRT in education could be in serving the only high school in the north area
of Matosinhos, EB 2/3 Dr. José Domingues dos Santos. An essential part of education related
transportation is the timetable. Students need to arrive in time according to class schedules. This aspect
calls for collaboration between operators and schools. The service needs to be reliable, affordable and
have the trust of the children parents.

The school should reach to the parents of the students and inquire about their needs of transportation
(days of the week they need transport, at what time) and then communicate with the municipality. That
way the proper vehicle can be arranged to answer the demand, the route can also be pre-planned to
optimize the use of resources.

4.2.3.3. Shopping

Shopping trips are a necessity for every household. The market for shopping trips is mainly the non-car
users like the elderly and the youth. The two main destinations for shopping are Norteshopping and
Marshopping. Despite Marshopping offering the Mar lines service, it only covers a very small part of
Matosinhos and has no flexibility in route. A DRT service could increase the number of users going to
both commercial surfaces.

Another aspect of shopping purpose trips, is to transport users to get groceries from supermarkets. For
this type of trip the municipality has multiple supermarkets spread in the territory. The presence of only
two of them in the north may cause the need for this type of service.

A DRT service for shopping purposes needs to have vehicles that are ready to support users that have
extra baggage on the return trip, and if possible help the elderly load them into the vehicle. It also needs
to be door-to-door, or at least drop the users at their door after the return trip.

4.2.3.4. Airport transport

Currently there are several ways to reach the airport by PT. Either by bus (Resende and STCP), by
metro, by taxi or by shuttle services (source: https://www.aeroportoporto.pt/pt/opo/acesso-e-
estacionamento/chegar-e-sair-do-aeroporto/transportes-publicos). There may not be space in the market
for a DRT service similar to Supershulttle.

4.2.3.5. Commuters

Commuting services usually use shuttles and result of initiatives of the companies that are the destination
of the trip. If the employers do not have access to PT the company and the municipality should start
conversations to find solutions. This type of service can greatly reduce the use of private car. If the
service is reliable, commuters will not mind to pay a bit more than for traditional PT.
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4.2.4. Substitute DRT

Substitute DRT is the hardest one to plan and find opportunities. This service has the purpose of
replacing unsustainable traditional PT with a more sustainable service. For that reason, demand and
economic data about the present PT in Matosinhos is necessary to make any concrete proposal.
Operators can find what are the least profitable lines, which are not always the ones with lower demand
or passengers per trip, since many users may benefit from subsidies and not pay full price ticket.

This type of service is usually found in areas with low populational densities, connecting dispersed
settlements. In Matosinhos the area that seems to fit this criteria is in the north.
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5
CONCLUSION

5.1. Conclusion

This work focused in investigating a piece of the public transportation system, the flexible transportation
services, more specifically the DRT. The literature review allowed to know more about their
organization, applications and their importance to a sustainable transport system.

DRT aims to enhance and complement PT while diminishing their most serious consequences (private
car use, traffic, environmental impacts) by avoiding wasteful services and optimizing available
resources. DRT aims to provide a quality service with the same or lower degree of expenses as the PT.
Integration of DRT with PT increases the whole transportation net worth and completes it. It is wise to
continue exploring DRT solutions for they seem to be an important part of our future. Sustainable and
efficient transportation is the way forward.

The previous chapter allowed to understand that Matosinhos is a potential location for DRT services.
Several locations were found to be a possible target for DRT. If possible, more data, similar to the one
gathered in the project FLIPPER, should be collected about the current PT services. This would allow
to deepen the analysis of this dissertation and get more meaningful results.

The current offer of transport services covers most of the municipality of Matosinhos, still there are
some voids that can be acted upon, like late-night transport, elderly focused transports, health related
transport and education transport. Other areas already have offer of DRT services, such as airport
connections.
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Another void, areas that have no public transport services, can be acted upon by the Network DRT. The
lack of service might be due to a broad range of reasons like lack of interest, lack of money, or not
having enough demand to justify a traditional bus line. When PT is unsustainable DRT options should
always be explored. It is possible that new DRT services generate new trips that might make a fixed
public transport justifiable and sustainable. If that happens the DRT can adapt and become a traditional
PT. It would be interesting for the two major bus operators in the municipality of Matosinhos, Resende
and STCP, to explore DRT services to expand their current lines to reach territories that are not currently
served.

5.2. Further developments and recommendations

One essential aspect of DRT is the needs/demands and opinion of the population. To better plan DRT
operations, enquiries should be made to the residents and potential target users. This would allow to
know with more certainty where and when to act. It would also allow to question residents about their
willingness to use this particular type of transportation. During this dissertation, this was not feasible to
do but it is an important side to DRT.

A vital aspect that should be studied is the economic side of PT and DRT. Important data to know would
be the current level of expenses of the services acting in Matosinhos. Specifically, in the lines that are
acting in areas with lower density of residents and worse PT. This would allow to know if those lines
could be replaced with DRT services that may have lower level of expenses. This analysis requires
information of existing PT that is not available, like cost per passenger trip, subsidy per passenger
received, number of users according to line / time of the day, information that was collected about DRT
in the FLIPPER Project.

Marketing is also an aspect that cannot be ignored. Users need to be informed and educated about DRT

services. Some demographics, like the elderly, have more difficulty adapting to them. Marketing plays
an essential role to improve the chances of success of new services.
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