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Abstract: Transport can play a key role in mitigating climate change, through reducing traffic, emissions and dependency on private vehicles. Transport is also crucial to connect remote areas to central
or urban areas. Yet, sustainable and flexible transport is among the greatest challenges for rural
areas and rural–urban regions. Innovative transport concepts and approaches are urgently needed to
foster sustainable and integrated regional development. This article addresses challenges of sustainability, accessibility, and connectivity through examining complementary systems to existing public
transport, including demand-responsive transport and multimodal mobility. We draw upon case
studies from the Metropolitan Area of Styria, Ljubljana Urban Region and rural Wales (GUSTmobil,
REGIOtim, EURBAN, Bicikelj, Bwcabus, Grass Routes). In-depth analysis through a mixed-methods
case study design captures the complexity behind these chosen examples, which form a basis for
analysing the effects of services on accessibility for different groups, connectivity to public transport
and usability as a “first and last mile” feeder. We further explore the weaknesses of complementary
transport systems, including legal, organisational and financial barriers, and offer potential solutions
to structure and communicate complementary transport systems to improve access and use. Looking
ahead, we use the case studies to anticipate innovative, sustainable “mobility as a service” (MaaS) solutions within and between urban and rural areas and consider how future public policy orientations
and arrangements can enable positive change. A main concern of our article and the contribution
to scientific literature is through exploring the benefit of well-established multi-level governance
arrangements when introducing smaller-scale mobility solutions to improve rural–urban accessibility.
It becomes clear that not a one-size-fits-all model but placed-based and tailored approaches lead to
successful and sustainable concepts.
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While it is axiomatic that achieving sustainable transport goals must entail a modal
shift [1], it is also evident that modern car dependency is a self-reinforcing dynamic [2].
Within the EU, over two thirds of passenger journeys are made by car [3]. Private cars
continue to attract negative attention amongst sustainable transport proponents for the
high emissions of conventional engine technologies [4], urban congestion patterns [5],
poor public health outcomes [6], and the broader social and spatial consequences of
‘automobility’ [7]. Making transport more sustainable has rightly become a key European
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policy goal. The recent European Green Deal states that, ‘Achieving sustainable transport
means putting users first and providing them with more affordable, accessible, healthier
and cleaner alternatives to their current mobility habits’ [8]. These are ambitions with
considerable implications for rural–urban connectivity.
Many European cities have established public transport networks, and recent years
have witnessed further multimodal mobility innovations [4,9], alongside planning interventions to reduce congestion and promote healthier active travel [4,6]. Just as sustainable
transport has climbed the urban agenda [10], long-term processes of rural marginalisation [11,12] have entrenched both the necessity for travel over longer distances and
made transport accessibility an emblematic rural problem [13]. This has especially disproportionate effects on certain groups, such as persons without a private car or driving
licence. [14,15]. Reducing the risk of social exclusion, however, tends to make car ownership a necessity [2,16]. These contrasting rural and urban transport conditions are,
equally, inter-related. After all, transport systems connect rural and urban areas, and
most functional regions combine both geographies in patterns of daily life, work and
leisure. This article places passenger transport in a rural–urban perspective, through engaging with the practical problem of facilitating the modal shift from private car usage to
(micro-)public transport, not only to reduce emissions [4] but, and most importantly, to
improve accessibility and prevent social exclusion [16–18]. Poor access to services results in
socio-economic and demographic challenges and is, therefore, greatly linked to the quality
of life of a region [13].
We recognise, however, that public transport requires infrastructures and investments
that are at times inefficiently utilised and, furthermore, face physical and financial limits.
In addition, existing public transport systems suffer from missing links, notably the ‘first
and last mile’ [19], and poor cooperation between providers that cannot be remedied by
extension alone. Our argument therefore is neither for simply more infrastructure nor
more public transport, but for solutions to facilitate the modal shift towards (micro-)public
transport that are flexible, cost-effective and connect the small-scale to wider rural–urban
flows. We conceptualise such solutions through multimodal complementary mobility.
Here, we refer to implementations that complement existing (public) transport systems
and infrastructures. There are numerous good examples of multimodal complementary
mobility systems. However, most concepts implemented in rural areas are rarely profitable
due to low density and low customer numbers. In many cases, these solutions are shortterm projects financed by subsidies and terminated shortly after the funding period due to
limited financial resources. Therefore, we investigate multimodal complementary mobility
through two research questions:
1.
2.

What are the promoting and inhibiting factors for multimodal complementary transport systems?
How can the operation of multimodal complementary systems be sustained over a
longer-term perspective?

The article proceeds as follows. We begin by reviewing the literature to demonstrate
the rural–urban challenges for sustainable and accessible transport. This review is used
to outline the conceptual framework of multimodality and complementary transport.
Following an explanation of methodology, we present the practical case studies from
the Metropolitan Area of Styria (Austria), Ljubljana Urban Region (Slovenia) and rural
Wales (UK). Further, we conduct an analysis of the implemented mobility solutions in
the case studies. In the discussion section, we then assess the effects of complementary
interventions on accessibility and connectivity, as well as on our criteria defined in the
methodology section, including legal framework and financial barriers. We look upon the
different governance arrangements in the case study regions, as well as the innovative
concept of ‘Mobility as a Service’ (MaaS), as an opportunity for rural–urban connectivity,
considering how future policy mechanisms can enable positive, sustainable change. Finally,
we conclude with lessons learned and opportunities for durable implementation strategies.
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2. Literature Review
Mobility is an ambivalent phenomenon [9], which has enabled positive economic and
social benefits while simultaneously producing new problems and externalised costs [1].
The sustainability challenges of automotive transport, in particular, began to be recognised
in the 1970s [5], and are now widely reflected in policy [8,10]. The social, economic and
environmental dimensions of sustainability undergird most contemporary approaches [5].
Vreeker and Nijkamp [20] are representative in defining sustainable transport through
objectives for: (1) Economic efficiency, including improved regional connectivity; (2) social
equity, including improved access to overcome socio-economic and spatial marginalisation;
and (3) environmental sustainability, including reduced pollution, congestion and noise.
While sustainability has become an imperative for the urban agenda [10], accessibility
endures as a rural impediment [13]. In contrast to urban density, rural populations are
typically small and dispersed, and rural geographies may be remote or rugged. Providing public transport is challenging in this context [13,21]. Infrastructures in many rural
regions are underdeveloped or outdated [12], and costs for transport over long distances
are high [22]. As limited critical mass provides few economies of scale [14], there are
disincentives to innovation in rural public transport [17] and market failure can occur [13].
Market and public provision cutbacks alike create a vicious cycle whereby fewer routes
lead to fewer passengers, and in turn, to further reductions [11,14]. As a result, many
rural residents necessarily depend on private cars [21,22], and there is evidence that emissions from transport are higher per capita in rural and peri-urban areas [2]. However,
car-dependency leads to social injustices as the access to mobility services is enormously
limited for those population groups without driving licences or a private car. This affects children and young people, the elderly, people with disabilities and members of
low-income households [16,18].
Poor access to transport is known to increase the risk of social exclusion, which means
‘the lack or denial of resources, rights, goods and services, and the inability to participate in
the normal relationships and activities, available to the majority of people in a society’ [23].
Social exclusion emerges in the interaction between individual and structural factors [24],
and the risk can become acute for disadvantaged groups [2,24] and in marginalised geographies [13]. At fundamental issue here is not access to transport per se, but rather the social
and economic consequences [24]. As a result, there remains ‘a latent tension between ensuring fair levels of access [ . . . ] and achieving a rapid reduction in transport emissions’ [2].
This tension has particular implications for rural–urban connectivity. Banister [25] has
influentially argued for four transitions towards sustainable transport: (i) Modal shift; (ii)
planning interventions, such as compact cities; (iii) new technologies to increase transport
efficiency; and (iv) reducing the need to travel.
Again, it is certainly possible to envisage ‘cities of such quality and at a suitable scale
that people would not need to have a car’ [4], but there are far greater difficulties in imagining an equivalent for dispersed rural areas. As urban issues tend to dominate sustainable
transport research [26] and policy [10], there is a risk of overbalanced investments and
initiatives unintentionally displacing car dependence from the city to the country. Indeed,
as sustainable transport becomes part of a desirable urban lifestyle [4], worsening rural
public transport is simultaneously making it more difficult to reconcile reducing emissions
while maintaining acceptable standards of living [2]. More so, the ongoing expansion of
functional urban areas, which centralise employment and services in cities, also intensify
traffic flows [5] and grow travel distances [4]. If car dependency is being displaced to
the country, then traffic is flowing back to the city. As this suggests, the rural and urban
challenges for sustainable, accessible transport are at once distinct and inter-related. While
urban areas mostly focus on reducing emissions and the total number of cars, the aim in
rural areas is to improve accessibility [27], which has become increasingly important for
transport planning [28]. Preston and Rajé [29] describe a basic level of accessibility as ‘ease
of reaching’. This can be further broken down into: (1) The accessibility of destinations; and
(2) the capability of people to access services [22]. As these factors are interdependent [22]
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and determined by a range of influences, from infrastructures to individuals, accessibility
is always relative [29]. Further, accessibility as subjectively perceived by users may differ
from accessibility as objectively measured by planners [28]. The decisive factor is that walking is most likely to be chosen for short distances up to one kilometre or 15 min. The major
disadvantage of public transport in rural areas is that the stations are not located directly at
the actual starting or ending point of individual journeys. Opportunities or restrictions to
travel this ‘first or last mile’ are crucial for a high acceptance of public transport. Especially
in rural areas and regions with dispersed population, this speaks for the expansion of
demand-responsive services [30]. However, in order to achieve a modal shift towards
alternative and flexible modes of transport, accessibility must be improved and behaviour
change is vital [4]. Push measures for instigating behaviour change involve interventions
to discourage private car use, such as parking costs. Pull measures, however, include
improving the quality and attractiveness of flexible, micro-public and public transport, as
well as cycling and walking infrastructure and promoting sharing concepts [1]. A study
conducted by the Bundesverband CarSharing e.V. [31], in which different carsharing user
groups in four German cities were surveyed, shows that the car ownership among users
of station-based and combined carsharing models decreased by around 65% compared to
12 months before they first joined carsharing. Reasons for this result were low utilisation
costs, high convenience of use, good vehicle availability and fast accessibility of booked
vehicles. Another key issue of managing demand is the promotion, communication and
any tariff support of such systems to guarantee high utilisation rates [32]. Brake et al. [33]
emphasise the importance of awareness raising, when introducing and operating a new
form of public transport service. Especially, flexible services need to be clearly recognisable
and visible to the end user. Marketing measures include next to a distinctive branding, the
promotion of the service to the local stakeholders and the general public. Communicating
the benefits, the timetable and the tariff system are crucial measures to raise the acceptance
and utilisation rate of the new service.
This section has outlined the considerable challenges posed by providing sustainable,
accessible transport to support modal shift and foster rural–urban connectivity. It is easy
to simply advocate for more public transport—a response that has been critiqued [29].
In reality, the costs and infrastructures required to provide traditional models of public
transport over large rural–urban spaces are prohibitive. In the following chapter, we will
present the scope of the paper and define necessary terms. At the same time, we will give
an insight into the state of the art in the field of innovative mobility concepts.
3. Conceptual Framework
We focus in this section on the current and future opportunities for small-scale mobility solutions and look particularly at those that can promote sustainability and provide
accessibility by ‘filling the gaps’ in existing public transport systems. Some such solutions
must be able to operate at a scale that is local enough to cover the ‘first and last mile’ [34];
others have to be flexible enough to enable longer-distance rural–urban connectivity. To
this end, we focus on the concept of multimodal ‘complementary mobility’ services with
demand-responsive or flexible characteristics that support rural and rural–urban connection. We specifically explore micro-public transport services and shared mobility services.
In Figure 1, the different categories of existing small-scale concepts are illustrated.
Multimodal mobility involves using more than one mode of transport along different
routes, or combining modes within a route [34]. In a classic multimodal form, different
modes of transport are used for different journeys, such as a bicycle for short distances, a
bus for shopping trips, and a train for daily commuting. In the intermodal form, different
modes are integrated into a single journey, such as a home-to-work journey involving a
shared car to the train station, a train to the city, and a bicycle to the office. The ability to
use many different means of transport is intended to enable each individual to achieve
optimum mobility [34]. Multimodal mobility is part of a trend in which ‘the traditional
contrast between collective and individual transport solutions is gradually blurring’ [35] as
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new alternatives to public and private transport open up alongside established systems
5 of 23
Examples include ‘complementary [...] as well as flexible’ transport,
dynamic car- and ridesharing systems, and peer-to-peer services [35].

Sustainability 2021, 13, x FOR PEER REVIEW
and infrastructures.

Figure 1. Mobility
Mobility concepts
concepts and
and services. ©
© Reichenberger,
Reichenberger, 2021.

By Complementary
mobility,using
we refer
forms
transport
whichalong
cannot
alone
Multimodal
mobility involves
moretothan
oneof
mode
of transport
different
satisfy
an
individual’s
complete
mobility
needs,
but
bridge
gaps
as
a
complement
to
routes, or combining modes within a route [34]. In a classic multimodal form, different
other
forms
of
mobility.
Preferably,
complementary
mobility
services
interface
with
the
modes of transport are used for different journeys, such as a bicycle for short distances, a
existing
public transport
systems
that In
form
backboneform,
of multimodal
bus
for shopping
trips, and
a trainand
forinfrastructures
daily commuting.
thethe
intermodal
different
mobility.
with demand-responsive
modes
are Additionally,
integrated intomultiple
a single complementary
journey, such asservices
a home-to-work
journey involvingor
a
flexible
characteristics
can
interact
with
each
other.
Many
modes
of
transport
and
transport
shared car to the train station, a train to the city, and a bicycle to the office. The ability to
delivery
canmeans
have aofcomplementary
function,
theyeach
needindividual
not necessarily
have
use
manymodels
different
transport is intended
to but
enable
to achieve
this
function
at
all
times,
nor
for
all
users.
A
form
of
transport
becomes
complementary
optimum mobility [34]. Multimodal mobility is part of a trend in which ‘the traditional
when it: between
(1) Complements
(public)transport
transportsolutions
systems and/or
infrastructures;
(2)
contrast
collectiveexisting
and individual
is gradually
blurring’ [35]
enables multimodal mobility; and (3) offers convenience, flexibility and integration for
as new alternatives to public and private transport open up alongside established systems
users. There is hence no single model for complementary mobility, but a variety of ways in
and infrastructures. Examples include ‘complementary [...] as well as flexible’ transport,
which it may be achieved, including: Adapting part of an existing system; extending an
dynamic car- and ridesharing systems, and peer-to-peer services [35].
existing route, area or time; and connecting with longer-distance services. In this article,
By Complementary mobility, we refer to forms of transport which cannot alone satwe focus especially on micro-public transport systems and shared mobility.
isfy an individual’s complete mobility needs, but bridge gaps as a complement to other
Micro-Public Transport Systems are still defined as public transport, but are demandforms of mobility. Preferably, complementary mobility services interface with the existing
responsive and have greater flexibility than regular, line-bound services [36]. Demandpublic transport systems and infrastructures that form the backbone of multimodal moresponsive transport (DRT) is ‘a user-oriented form of passenger transport characterised
bility. Additionally, multiple complementary services with demand-responsive or flexible
by flexible routes and smaller vehicles operating in shared-ride mode between pick-up
characteristics can interact with each other. Many modes of transport and transport delivand drop-off locations according to passengers’ needs’ [37]. Service operation typically
ery models can have a complementary function, but they need not necessarily have this
only takes place if there is at least one active request for a journey [38]. DRT presents an
function
at all
times, nor for
all users.
A is
form
becomes
when
alternative
to fixed-route
transit,
which
tiedof
totransport
fixed pick-up
and complementary
drop-off locations
and
it:
1)
Complements
existing
(public)
transport
systems
and/or
infrastructures;
2)
enables
a rigid schedule. While fixed-route transit is more cost-efficient if the occupancy rate is
multimodal mobility; and 3) offers convenience, flexibility and integration for users. There
is hence no single model for complementary mobility, but a variety of ways in which it
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high, services can fall victim to low demand in rural and sparsely populated areas [39].
When passenger demand is low and dispersed, target-oriented solutions are crucial in
order to meet customer demands [40]. DRT was first introduced via dial-a-ride services
to provide mobility options for older people and people with disabilities. In the last two
decades, DRT services have gained a broader audience with opportunities increased by
information and communication technology (ICT). While initial DRT implementations
lacked flexibility due to the need for advanced booking, intelligent software systems
can now match supply and demand effectively, enabling travellers to request real-time
rides [41–43]. Examples include shared taxis and ‘call-a-bus’ services, which provide first
and last mile feeder connections to public transport interchanges or direct transport to
regional service centres on low-demand routes. These services can provide mobility in
accordance with passenger needs and present a feasible response to gaps in existing public
transport systems [34]. However, on-demand systems are, in general, more cost-intensive
to deploy [39]. As a consequence, these systems are often economically not profitable and
are therefore dependent on alternative financing systems. These include financing through
public private partnerships and public subsidies [44].
Shared Mobility is a further step towards complementing existing services to enable different access needs (such as time, distance or user preference). It is part of the
growing Sharing Economy, and involves the organised sharing of mobility services and vehicles [42,45]. Many shared mobility services are organised via a contract between operator
and user, enabling provided vehicles (commonly e-cars, bicycles or scooters) or infrastructures, such as parking spaces, to be used independently. Depending on the system,
vehicles are either bound to fixed stations or freely available in a defined area [46]. A high
density and a well-balanced distribution of vehicles at key locations within an occupancy
area are crucial for systems bound to fixed stations in order to guarantee a high utilisation
rate [47]. Although sharing systems are predominantly found in urban areas, it has the
potential to enable highly flexible individual multimodal mobility, as well as in low-density
regions, by offering both an alternative to private car ownership and a complement to public transport [46]. Increasing demand for and implementations of flexible DRT and shared
mobility concepts, that can complement public and individual transport, represent a shift
from a rigid focus on motorised individual transport to multimodal mobility behaviour
and towards the concept of Mobility-as-a-Service (MaaS) [48].
MaaS is an approach in which different transport services are technologically linked
to each other and integrated via a single platform offering on-demand services to users.
The aim is to provide users with a single source for routing information and streamlined
booking and payment options to enable an optimal multimodal combination adapted to
individual travel requirements. In other words, MaaS brings together single pieces of a
puzzle to form a comprehensive mobility picture [35]. In the following sections, we present
case studies to illustrate these concepts in operation.
4. Methods and Choice of Cases
The case studies presented in this article are drawn from the Metropolitan Area of
Styria (Austria), Ljubljana Urban Region (Slovenia) and rural Wales (UK), representing
three out of eleven Living Labs within the Horizon 2020 ROBUST project (Rural–Urban
Outlooks: Unlocking Synergies). Before introducing the case study regions, the various
methods used within the project are described:

•
•
•
•
•
•

Living Lab Approach [49–55],
Community of Practice [56–58],
Qualitative case study approach [59–66],
Desk Research combining desk-based appraisal and documentary analysis,
Semi-structured interviews and
Analysis of quantitative data.

The project is focused on consolidated policy frameworks and governance models
for mutually beneficial rural–urban synergies. The methodological approach of the Liv-
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ing Labs is region-specific, while over-arching Communities of Practice enable thematic
comparison between different case studies and support the international exchange of
experience and knowledge. Living Labs are place-based forms of experimental collaboration. Research takes place in a real-life setting, ‘in which user-driven innovation is
fully integrated within the co-creation process of new services, products, and societal
infrastructures’ [49]. They provide platforms in which different regional stakeholders,
such as policymakers, researchers, businesses, service providers and citizens, contribute
to the joint development of new approaches [50,51]. Through joint work, researchers and
nonresearch actors benefit from shared knowledge [52]. As a consequence, Living Labs
are not only a practical network of expertise and experience, but a new approach to foster
community-driven innovation [53]. The advantages of this approach can be seen in the
open system, that allows knowledge to flow both internally and externally. Products and
services are more likely to be used by the target group if various stakeholders, as well
as end users, are included in the development process. Furthermore, the research and
innovation process is beneficially embedded in real and everyday living environments in
order to integrate realistic challenges and effects. In recent years, the Living Lab approach
has been increasingly applied in academic research projects, as scientists are encouraged to
engage more with end users, such as governments, private businesses and other relevant
stakeholders [54,55]. However, one challenge of the Living Lab approach is to motivate
stakeholders to actively participate over a longer period of time [51,53].
A Community of Practice is a network of people with a common interest, practice or
problem, who share knowledge and experiences [56,57]. Within ROBUST, this involves
exploring multi-sectoral cooperation opportunities and identifying synergistic rural–urban
governance structures [58]. Communities of Practice act as an analytical tool on a meta-level
above the Living Labs by exploring thematic priorities in a broader, cross-regional context.
The selection of case studies is crucial in order to be able to draw conclusions for
practitioners and politics [59]. In this article, case studies were selected based on shared
results within a Community of Practice focussed on public infrastructures and social
services. Seven out of eleven Living Labs chose this Communities of Practice, next to two
others, as a priority in their research during the ROBUST project. Within the Community
of Practice, initial identification and comparison of practice examples illustrated innovative
concepts and revealed localised challenges. The thinning out of public transport and need
for demand-oriented mobility solutions emerged as a common challenge. This encouraged
the researchers to closely examine case studies in order to contribute potential solutions to
this challenge. Three out of the seven participating Living Labs have previously developed
mobility concepts. From these three, a total of five case studies addressing rural connectivity
were chosen for in-depth analysis within this paper. The researchers primarily used a
qualitative case study approach [60,61]. The method aims to investigate each specific case
within a “real life” context [62], and to analyse the complexity of the various components
within an example [63,64]. As a key step in the comparative qualitative analysis, we
conduct a thorough data description. Qualitative, quantitative or mixed research methods
are possible [65]. Research for the present article made use of a combination of desk-based
appraisal and documentary analysis, alongside small-scale empirical research, including a
small number of semi-structured interviews with key project stakeholders in the regions.
Further, quantitative data were used in cases where project results needed to be verified,
and such data were available. An intensive collaboration with project partners working
closely with these case study examples simplified the access to data material. The lack
of data in some cases, such as user satisfaction and ridership, only allowed parts of the
examples to be analysed. Further, the diversity of the examples makes comparability
difficult and thus represents a limitation of our analysis. Based on the available data and
its description, criteria for comparison were developed: Governance arrangement, legal
basis, connectivity to other systems, experienced obstacles and gains, as well as aspects of a
sustainable development of the cases (see Tables S1 and S2). For each example, these criteria
were elaborated, and in a further step, the results were brought together and discussed in a
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comparative way. Of special interest herein were the effects of services on the accessibility
for different groups, the connectivity to public transport and usability as a ‘first and last
mile’ feeder. Beyond the actual comparison, the intention was to share experiences and
gain knowledge from other European regions. The case study approach supports mutual
learning as the illustration of successful examples fosters beneficial insights [66]. Each case
study region will now be briefly introduced.
The Metropolitan Area of Styria is one of seven regional administrative units in Styria
and connects Graz, the second largest city in Austria, with 51 municipalities across the
Graz-Umgebung and Voitsberg districts. With 498,186 inhabitants, the region is the most
populated in Styria. Located in the south-eastern Alpine foreland, the region of about
2000 km2 is characterised by a relatively abrupt change from urban to rural, especially
along the northern, eastern and western transition zone of the city to its hilly surroundings.
Within the region, Graz is the major public transport hub. From there, the district of
Graz-Umgebung has a very good train network to the north and south and the district of
Voitsberg to the west, offering intra-regional commuter connections. In areas without a
(sufficient) railway service, a large number of regional bus lines form the public transport
network. Despite high frequencies on the main axes, bus services in the outlying areas are
mainly designed for school transport, with few routes offered outside school hours. In
Styria as a whole, private car ownership was 615.7 per 1000 inhabitants in 2019, meaning
statistically there is more than one car for every two persons [67].
Ljubljana Urban Region lies in central Slovenia at the crossroads of two major European transport corridors. With 26% of the national population, Ljubljana Urban Region is
the most populous and most urbanised region in Slovenia. The region also has the highest
number of jobs, as the city of Ljubljana is the national capital, hosting administrative,
educational and cultural services alongside considerable business activity. Every day,
77,000 people on average commute to Ljubljana from both within the region and further
afield. Additionally, eight larger towns within the region serve as secondary employment
centres, attracting further commuter traffic [68]. Nevertheless, most of the region’s 26 municipalities, and a considerable part of the Municipality of Ljubljana itself, are rural. These
rural areas have noticeably experienced in-migration, due to lower housing costs and
proximity to employment, increasing rural–urban commuter traffic. However, declining
public transport means most commuting is necessarily by private car. Additionally, declining local services, such as post offices, banking and shops, have increased the need for
travel and reduced accessibility for those without a car. As of 2019, there were 560 cars
per 1000 inhabitants in Slovenia [69,70].
Nine out of the twenty-two ‘unitary authorities’ in Wales are predominantly rural,
with a combined population of approximately 1.02 million spread across 17,054.8 square
kilometres. Geographically, this includes much of the central land area, as urban populations are concentrated in the south (including capital city Cardiff) and, to a lesser extent,
the North Wales coast. Rural Wales faces major challenges due to the remoteness of many
areas, and limited infrastructure. Five medium-sized towns (pop. approx. 20,000) are the
main service centres, linking with dispersed small market towns with populations between
750 and 5000 people. For access to major services, such as specialist hospital facilities,
residents must travel to cities in Wales, or larger urban centres across the English border.
However, the dispersed rural population presents challenges for connecting people with
urban services. Transport connections are poor, with railways and arterial roads running
east-west into England (a legacy of former extractive industries) rather than north-south
within Wales. Although car ownership is high, a significant minority of residents depend
on an increasingly limited public transport network to access employment and services [21].
There were 607.6 cars per 1000 inhabitants registered in Wales in 2018 [71].
In the following empirical section, we present the governance arrangements in terms
of transport of all three regions. Further, we show two case studies from each of the
Metropolitan Area of Styria and Ljubljana Urban Region, and one case collating two similar
services offered in rural Welsh counties.
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5. Analysis of Implemented Solutions for Rural-Urban Connectivity
5.1. Metropolitan Area of Styria
In order to serve areas with insufficient public transport connections, alternative
mobility concepts, such as on-demand mobility, recently developed within the Metropolitan
Area of Styria. The introduction of future-oriented projects, such as micro-public transport
or e-car sharing, is enabled by the Regional Management of the Metropolitan Area of
Styria’s long-standing establishment and regional, national and European networks, as well
as governance arrangements and collaboration between political decision makers, public
institutions and external experts. Resources for funding such projects can be provided
at provincial, national and EU-level. A new legal basis in the province of Styria enables
further funding opportunities. The Law on Planning and Development of the Province
of Styria and its Regions (Landes- und Regionalentwicklungsgesetz 2018 (StLREG)) is
a legal foundation for regional development budgets. This funding can be allocated to
projects that are (i) based on intercommunal cooperation and (ii) part of the thematic focus
according to the Regional Development Strategy 2020+ [72], which includes as one priority
‘Enabling demand-oriented mobility & intelligent transport solutions’. The allocation of
funds is voted on an annual basis by the regional association. When introducing the
regional development law, the Metropolitan Area of Styria has been committed to ensuring
that projects of high regional importance can receive long-term support. These include the
two Austrian examples, GUSTmobil and REGIOtim.
Beyond these implementation projects, the Regional Management cooperates with
the city of Graz, the public transport-operator Holding Graz, the province of Styria and
the Styrian Transport Alliance in order to develop a MaaS platform. With the objective to
implement such a strategy in the entire region in the future, various modes of mobility are
intended to be bundled and easily accessible in a central ‘one-stop-shop’.
5.1.1. REGIOtim
REGIOtim is a network of multimodal mobility nodes located along public transport routes in the districts of Graz-Umgebung and Voitsberg, providing complementary
services like e-car sharing, public charging stations, bicycle parking and micro-public
transport [73]. The REGIOtim system aims to provide an affordable and stable alternative
to car ownership that matches the local population’s varying daily needs and serves them
with 24/7 accessibility.
The basis of the REGIOtim project is ‘tim’, an existing model of multimodal mobility
in the City of Graz, developed by Holding Graz [74]. The name ‘tim’ abbreviates and
combines the German words ‘täglich.intelligent.mobil’ (daily.intelligent.mobility). The tim
concept was developed in 2015 within the project KombiMo II [74], funded by the Austrian
Federal Ministry of Transport, Innovation and Technology. The roll-out of REGIOtim
began in 2017 through a cooperation between the Regional Management, the City of
Graz and Holding Graz. The first location in a peripheral municipality was implemented
through the Interreg Central Europe project “Peripheral Access” [75]. Further REGIOtim
nodes are funded by the European Regional Development Fund (EFRE/IWB) and the
regional budget.
The Regional Management supports the coordination and implementation of REGIOtim together with the participating municipalities, and is responsible for networking
activities between the stakeholders. To facilitate a continuous coordination process, the
Regional Management, Holding Graz (as developer and tim brand owner) and externals
jointly lead a Steering Committee, where they collaborate on important milestones, such as
operational structures and innovations. The core topic is therefore the station-based e-car
sharing [46]. Creating unified structures for all locations in- and outside of Graz helps to
achieve an important objective of the project—the optimal and most flexible utilisation of
regional synergies, which ultimately benefit the users.
The initial implementation phase of REGIOtim started in April 2018 and will last until
March 2021. The first step in implementation was an analysis of potential locations for
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tim nodes. Evaluation of locations required the adaption of the location-based criteria
from an urban context towards the needs of people in the suburban and rural areas. A
location which is public, visible, scalable, easily accessible within walking and biking
distance for many residents and connected to public transport is crucial for tim nodal
sites [30]. Technical requirements, especially the grid capacity for e-carsharing and public
charging, are crucial. In order to better assess the carsharing potential, initial analysis on
combined location characteristics with research on local mobility needs is necessary. In
many municipalities, railway stations are node locations, while other nodes may be located
at municipal offices or existing park and ride facilities.
In November 2019, Hart bei Graz became the first municipality to implement a
REGIOtim node. This new service including one Renault Zoe as station-based carsharing
has made one local family refuse to buy another vehicle after theirs broke down, and
another family actively selling theirs [76]. This so-called substitution effect was described
as follows within a tim user survey in Graz: 65% of tim members in the city either replaced
an existing private car or avoided the purchase of it [77]. A similar effect confirms a study
on carsharing user groups in four German cities [31]. The first major evaluations and
surveys of REGIOtim users will show the extent of this effect in suburban–rural areas. As
of the end of September 2020, five tim nodes are in operation and 87 users have registered
to use the e-carsharing system outside the city of Graz.
The Regional Management developed a set of performance criteria for operators
and customer support, which serve as the basis for procuring external contractors. The
contracted company is responsible for the 24/7 customer service and provides the municipalities with support regarding accounting and system administration. The cooperation
with Holding Graz guarantees attractive cost sharing terms for all tim locations in Graz and
the region in terms of the IT system, specifically the server hosting and management. Furthermore, the booking platform structure implemented in Graz was adapted and expanded
to cover all REGIOtim locations. Identifying the ideal fit for multi-layered framework conditions linking locally required services and regional carsharing partners posed a central
challenge in developing and expanding tim’s urban success into a peripheral-rural setting.
Furthermore, some aspects of the operation, that could be easily managed by Holding
Graz as the city public transport and tim operator, proved significant obstacles for smaller
municipalities with fewer resources and less experience. An example is the ability to
register the necessary commercial law requirements for operating a carsharing system. In
general, however, an interlinked multimodal mobility service has advantages over single
solutions such as better public perception, visibility and scale of the service, and the number
of e-carsharing vehicles available to individual users.
5.1.2. GUSTmobil
In the Metropolitan Area of Styria, city-suburban express trains provide transport connections between municipalities and the city of Graz, as well as to the long-distance railway
network. In areas without adequate train services, regional buses complement the public
transport network. However, the regional bus service is mainly focused on school transport.
In order to serve remote areas with insufficient public transport connections, a demandresponsive mobility service was launched. GUSTmobil (Graz-Umgebung-Sammel-Taxi) is
a micro-public transport service, which connects dispersed settlements to arterial public
transport, and aims to ensure intra-local accessibility for everyday mobility [41].
The Regional Management of the Metropolitan Area of Styria coordinated stakeholder
involvement in the planning and conceptualisation phase, and facilitated the following
implementation process together with the operation company ISTmobil GmbH. After the
Regional Management set-up an implementation budget for all 36 municipalities in the
Graz-Umgebung district, 29 municipalities ultimately agreed to a three-year trial operation.
The main reason cited by the municipalities that decided not to commit was the financial
challenge, with additional micro-public transport investment costs adding to the already
high payments for public transport. The 29 participating municipalities, with 105,000
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total inhabitants, collectively pay approximately 900,000€ per year including VAT towards
GUSTmobil’s operation [78].
GUSTmobil’s acceptance among users is shown by the following usage data. From the
start of the operations in July 2017 until the end of December 2019, 86,251 journey requests
with 103,223 passengers have been provided. Collating individual call orders resulted
in 58,286 shared trips, for an average occupancy rate of 1.77 per trip, with 375,651 total
kilometres driven. Notably, the main user group is female and over 49 years old [78].
GUSTmobil’s tariff structure is designed for short distances and first and last mile feeder
trips. For at-home pick-ups for disabled people, the average journey is 5.3 km long; 87% of
these journeys do not lead to a main public transport hub, instead mainly providing access
within the town for doctor’s appointments or shopping [78].
GUSTmobil call orders are distributed unevenly across the service area. It can be
deduced that the better and more comprehensive the existing public transport system
in a municipality, the lower the number of micro-public transport orders. This reflects
the prohibition on competition with public transport, required by the province of Styria
as a funding body. Micro-public transport use also reflects the settlement structure of a
municipality. The higher the degree of urban sprawl, the more likely it is that a journey will
be completed without changing to public transport along the desired route. Importantly,
the call order patterns in individual municipalities are influenced by application, communication and possible tariff support [32]. Thus, adapting the micro-public transport system to
the existing public transport system remains one of the biggest challenges. This challenge
is increased because micro-public transport users have little willingness to switch to public
transport, especially on short trips to the nearest town centre for errands or shopping.
GUSTmobil’s three-year trial phase officially ended in December 2020. The Regional
Management of the Metropolitan Area of Styria has evaluated the project and, together
with participating municipalities and external experts, proposed converting GUSTmobil
into a permanent operation from 2021. One main objective for a further three years of
operation is more integrated planning with existing public transport. In July 2020, the
province of Styria launched new criteria for when to use micro-public-systems, public
transport or a mix of both. According to these criteria, GUSTmobil rides are reasonable
if people cannot reach a bus or train stop within 500 m walking distance. Call-taxi-rides
can then be carried out for at least 7 km without the condition of changing to parallel
public transport. These criteria allow more flexible use and simple communication on how
and when a GUSTmobil journey is appropriate, which is crucial for the persistence of this
complementary mobility service.
5.2. Ljubljana Urban Region
Local transport is administered by the municipalities and funded by the revenue
generated from the fees, as well as the municipal and state subsidies. In Ljubljana Urban Region, the Ljubljana Public Transport Utility (Ljubljanski potniški promet) that is
owned by the Municipality of Ljubljana is the main player, but there are several other
transport companies (e.g., Arriva/Kam-bus) involved in local transport. The railway
passenger transport is relatively weak and entirely managed by the state, but it is large
enough to be considered when planning the transport development. The Local Transport
Plans/Sustainable Mobility Plans are the key planning documents, and the small size of
municipalities is the main obstacle for improved transport planning, especially between
urban municipalities which can organise more financially viable urban and peri-urban
transport, and more rural municipalities. However, EU funds (predominantly European
Regional Development Fund (ERDF)) are used for the funding of activities and mobility
infrastructure, while participation in various international projects, such as INTERREG,
provided new ideas and opportunities to exchange experience and know-how. Newer
forms of mobility, such as shared-hailed taxis, are mostly in a pilot phase and sources of
funding for their long-term operation are being developed.
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5.2.1. BicikeLJ
In Ljubljana Urban Region, commuting and high car use have led to increased traffic
congestion, affecting public transport functionality and increasing the pressure to widen
the streets at the expense of cycle paths and pedestrian areas. To promote sustainable transport, the Municipality of Ljubljana has instead pursued multimodal solutions, including
improvements to cycling infrastructure. The BicikeLJ bicycle-sharing system provides an
opportunity to hire bicycles from self-service terminals located across the wider Ljubljana
city centre and at park-and-ride facilities on the outskirts of the city. BicikeLJ particularly
encourages shorter rides, as hire is free if the bicycle is returned to the nearest docking
station within an hour. Use of the BicikeLJ system is hence practically free of charge, with a
symbolic fee for pre-registration of €3.00 per year, or €1.00 for a week (catering to tourists
and short-term visitors). BicikeLJ is the result of a public–private partnership between
the City of Ljubljana and Europlakat, a subsidiary of the French advertising multinational
JC Decaux [79]. In agreement with the City of Ljubljana, Europlakat manages the entire
BicikeLJ system and assumes the costs of installation and maintenance. In return, the
municipality has leased 360 advertising spaces in the city to Europlakat [79]. At launch
in 2011, 300 BicikeLJ bicycles were available to users at 30 stations [80]. The popularity of
the system has since exceeded all expectations and the network of stops and number of
bicycles is still expanding. By 2017, there were 580 bicycles available to users at 58 stations.
Between 2011 and 2018, 5,081,354 total bicycle borrowings were made.
Despite the enviable statistical indicators of the system’s popularity, there are continuing challenges and scope for improved functionality. As mentioned in the literature
review, a balanced spatial distribution of sharing stations and bicycles between the stations
is crucial [47]. However, it poses a challenge in Ljubljana, like in many other urban regions.
Most sharing stations are concentrated in the city centre and along main thoroughfares,
which does not offer sufficient connectivity to the outskirts of the city. Connections beyond
the city centre are primarily to park-and-ride facilities and shopping centres, and suburban
stations are either rare or absent [81]. Despite the system’s expansion, the distribution of
sharing stations has changed little over time. Moreover, to keep the system operational,
the distribution of bikes between stations must be ensured to offset unidirectional use in
peak hours.
BicikeLJ was not developed to deal with the first and last mile gap, but rather to promote cycling in the city. It creates an incentive for multimodal mobility by complementing
public transport and can further lead to less car usage within the city [46]. The objectives of
the city management have been achieved through popularisation of the system, and high
use of bicycles. Further development could explicitly tackle the first and last mile, shifting
emphasis from (car-centred) park-and-ride facilities to integration with arterial transport
routes. The key will be to manage the system and develop the potential for complementary
connections.
5.2.2. EURBAN Demand-Responsive Transport, Ljubljana Urban Region
Within the Ljubljana Urban Region, rural service decline has increased the need
for travel, yet inconvenient and costly public transport increases car dependency and
poses accessibility problems for groups such as older people [16,18,21,22]. However, hilly
terrain and dispersed settlement patterns make it difficult to provide public transport
economically. Despite efforts to expand the city public transport network into surrounding
rural municipalities along main commuter routes, frequency issues and first and last mile
gaps remain.
In 2016, the Ljubljana Public Transport Utility introduced EURBAN, a fleet of electric
vehicles for DRT [40]. Operated in partnership with the Municipality of Ljubljana, the main
objective was, like in many other dispersed areas, to provide an alternative in times of
low frequency or no public transport [12,14,40]. A test route was first established in the
hilly, rural eastern part of the municipality, then extended to other rural routes. In 2019,
participation in the Interreg Central Europe Peripheral Access project enabled the Regional
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Development Agency of Ljubljana Urban Region to develop a further pilot in the rural
Municipality of Škofljica. The pilot aimed to close the first and last mile gap by providing
EURBAN car connections between points otherwise not served by public transport [82].
Both EURBAN and the Škofljica pilot received initial coverage from national newspapers.
The EURBAN fleet consisted of 12 electric cars leased via public tender. Passengers
were collected and dropped off at regular bus stops during low (or no) service timeslots,
and the car could pick-up several passengers along the way. Booking was required at least
two hours in advance. The ride cost the same as a single bus ride and was paid for in the
same way—with an Urbana Transport Card or by phone. By integrating a new mobility
service to the existing public transport payment option of the Ljubljana Urban Region, the
basic idea of Mobility as a Service has already been considered within the implementation
process [35]. The Škofljica pilot similarly provided a DRT service using two EURBAN
vehicles and the public transport switchboard. The difference was that passengers were
collected at 17 designated locations, otherwise not accessible without public transport, and
dropped off at the nearest bus stop (and vice versa). The locations and bus connections
were published on an online map and were marked on location with a noticeboard.
Ljubljana Public Transport Utility did plan a second phase of EURBAN offering rides
to individual passengers outside published timeslots; due to low demand, the second
phase was only partially implemented. EURBAN proved such a success along the initial
route that a regular bus service was introduced. However, overall, EURBAN had few
users: In 2018, an average of just five rides were made per month. The operational costs
hence outweighed the accessibility benefits. The Škofljica pilot project had better, but still
limited, results, transporting 158 passengers in 128 rides during the two-month trial [83].
The service proved most popular with high school students seeking off-peak transport,
particularly in the afternoon. The Škofljica service was not renewed after the pilot ended in
January 2020; EURBAN itself was phased out in early 2020.
Due to the low number of rides, EURBAN had little visibility in the communities
where the service operated. However, the extent to which the service was actually known
and understood among potential users has not been evaluated. A further question remains
regarding service convenience. While both EURBAN and the Škofljica pilot provided
connections to bus services, these were peri-urban routes with relatively low frequency.
EURBAN’s time slots were limited to off-peak hours only suited to some user groups,
and were inconveniently short for multi-purpose trips. Additionally, the advance reservation system and time to arrive at the final destination likely did not match the instant
convenience of a private car.
The Škofljica pilot was funded by the ERDF via Interreg, but the estimated cost for the
municipality to continue to operate the scheme was 20,000€ per year for two vehicles. For
a small municipality of 11,500 inhabitants, the cost was disproportionate to the benefits,
and financial sustainability was the main reason for the decision not to continue with
the scheme.
Demand-responsive micro-public transport in Ljubljana Urban Region still has potential as rural areas remain well populated, but depend on travel to urban service and
employment centres [5]. Other municipalities have shown interest in reviving DRT projects
to increase the scale of the system. However, the ultimately unsuccessful EURBAN case
demonstrates the need for simplified booking, improved timing and extensive promotion,
alongside fleet optimisation using routing, GPS and predictive algorithms to balance range
limitations with user demand.
5.3. Rural Wales
While inter-regional transport, including rail and long-distance bus services, is sponsored and administered by the Welsh Government, local public transport is typically
governed by the relevant local authority. Local authorities develop transport strategies,
procure services, and issue contracts to commercial providers. The Transport (Wales) Act
also enables the Welsh Government to give financial assistance to local authorities in order
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to facilitate transport, primarily through the Bus Services Support Grant. While most of
this funding goes to public transport, some is ringfenced for community transport. Local
authorities provide subsidies to transport services as a public good; this is particularly
important in rural areas where many routes are otherwise not financially viable. In some
cases, local authorities directly provide transport services themselves.
Bwcabus and Grass Routes, Rural Wales
Over the past decade, austerity budgets and falling patronage have seen considerable
decline in rural bus services. Between 2010 and 2016, funding for buses in Wales fell by
20% [84]. Cuts disproportionately affect rural areas, where a combination of population
dispersal and topology makes provision costly, and under-developed rail infrastructure affords few alternative options. Many rural residents necessarily depend on private cars [16],
reflected in higher levels of car ownership in rural compared to urban Wales [85,86].
However, rural Wales has an ageing demographic and older residents are less likely to
have access to a car [21]. Loneliness and social isolation are also of considerable concern
in Wales [87].
The large geographical scale of rural areas in Wales creates logistical and financial
challenges for operating a regularly timetabled bus network [39] capable of linking outlying
places to service centres. The demand-responsive transport services Bwcabus and Grass
Routes were implemented to address this challenge by enabling journeys that could not
otherwise be made by car. The services dynamically plan each day’s routes and stops
according to individual users’ needs, using mapping, routing and GPS technologies. Bwcabus and Grass Routes users call a bookings line in advance and are collected at their
nearest bus stop. By only running where and when needed, the services are intended to
reduce costs and emissions, while facilitating service access and social meeting.
Bwcabus and Grass Routes are adaptations enabling public transport connectivity in
rural areas where fixed timetables are no longer viable. These services can also complement
existing public transport by providing a first and last mile solution, and connecting users
to bus and rail interchanges for onwards journeys. An evaluation has shown that Bwcabus
has cut average journey times to the nearest employment centre from 52 to 27 min [86].
The accessibility of the region was therefore massively improved [16–18].
Bwcabus, operated in partnership between local authorities and the Welsh Government, covers three predominantly rural counties: Carmarthenshire (pop. 187,568), Ceredigion (pop. 72,992) and Pembrokeshire (pop. 125,055). Fares are charged by distance, but
external funding remains necessary to sustain and expand services. Bwcabus has received
funding from the ERDF, European Agricultural Fund for Rural Development (EAFRD),
Welsh Government, local authorities and the University of South Wales as a sponsoring
partner. Grass Routes is operated by Monmouthshire County Council (pop. 92,142), with
grant support from the Welsh Government. The service is subsidised, enabling a flat-rate
fare system. Grass Routes costs approximately £530,000 per year to operate, and provides
58,000 annual passenger journeys [85]. The Grass Routes fleet is also used for school
transport, reducing costs through shared resources.
Bwcabus and Grass Routes are well-established. Bwcabus was first introduced in
2009, and has expanded geographical coverage over time. Grass Routes was implemented
in 2004. The service has also grown over time, with Welsh Government funding used to
expand the in-house fleet. In some areas, Grass Routes has now taken over routes that were
formerly run on a regular timetable.
The major limitations for Bwcabus and Grass Routes are service availability, accessibility and technology. Service availability is limited in terms of fleet capacity and hours
of operation. As user pre-registration and advance booking are required, ad hoc journeys
cannot be accommodated, and the services are less likely to be used by tourists and younger
people. Grass Routes also only operates between 9 am and 4.30 pm, hence is unavailable
for typical commuter trips. Further, the in-house fleet used to operate Grass Routes is
also used for school transport. While this restricts the Grass Routes services that can be
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provided during school transport peak times, it also makes ‘double’ use of the resource.
Although some journeys on Grass Routes may potentially be booked to railway stations or
bus interchanges for onwards journeys, precise data on this are not available. Bwcabus,
by contrast, is intended to be able to offer connections to bus interchanges for longerdistance TrawsCymru services. Consequently, the general conditions for multimodality
are given [34].
Accessibility poses challenges as users need to be able to physically book a journey
and meet the bus (although passengers with disabilities can be collected from home, where
possible). However, perceived accessibility can be more problematic: Without fixed routes
and obvious infrastructure, DRT services can be invisible to many residents, who may also
believe that DRT is only for certain kinds of users [86]. A recent evaluation found that many
Monmouthshire residents were either not aware of Grass Routes, or did not believe the
buses were available to their destinations [85]. This fact emphasises the importance of an
active demand management plan including information and marketing activities [28,32,33].
In Wales, technology for rural DRT has not yet been digitalised. Digital solutions could
make the services more responsive from a user perspective, although current rural DRT
users are typically from demographics less likely to use digital technology. Bwcabus and
Grass Routes use phone lines for booking, and there is evidence from other projects that
using call centres for DRT can increase overall operating costs [86]. Future fleet upgrades
to ultra-low-emissions vehicles (ULEVs) will also require significant investment.
The challenges for rural DRT in Wales can be viewed as opportunities for future
development. This is certainly the case for multimodal complementary mobility. DRT has
the capacity to improve integration with regional and national transport networks, but this
requires complex coordination between stakeholders, ICT and financing. Timetabling, for
example, can mean that DRT passengers have long waits before their onward bus or train
journeys. These are difficult logistical challenges to solve, but they equally point towards
future solutions that may move DRT closer to Mobility as a Service [48].
6. Discussion
The Metropolitan Area of Styria, Ljubljana Urban Region and rural counties in Wales,
like many other European regions, increasingly need to offer sustainable alternatives
to the conventional transport infrastructure and cost-effective solutions to complement
public transport systems. The case studies presented above show a diversity of smallscale multimodal initiatives that overcome missing links in public transport networks by
accompanying other forms of mobility. As these examples illustrate, demand-responsive
modes and alternative forms of mobility can complement existing public transport and
enable accessibility in rural areas [16–18]. As mobility solutions for the first and last
mile, these initiatives can further help improve rural–urban connectivity. In this section,
we discuss comparative findings between the case studies, based on the defined criteria.
Therefore, we will look at the governance arrangements and legal basis of the systems, and
identify challenges and limitations, as well as opportunities for long-term sustainability; we
turn to the future potential for development and policy recommendations in the conclusion
to follow.
The five case studies presented result from research within the Horizon 2020 ROBUST project’s Community of Practice on public infrastructure and social services. Three
rural examples, Bwcabus/Grass Routes, GUSTmobil and EURBAN, are shared DemandResponsive Transport services, utilising existing public transport stops as pick-up and
drop-off locations [37]. BicikeLJ is an urban bike-sharing system with fixed stations [46],
available within Ljubljana’s pedestrianised city centre, that has been expanding to parkand-ride facilities and peripheral shopping areas. REGIOtim is a regional network of
multimodal mobility nodes, connecting micro-public mobility offers to public transport in
order to promote multimodality [34]. This selection is, of course, not a complete picture
of all potential complementary mobility solutions, but draws attention to the need for
approaches resulting from and responsive to specific local needs. Further examples of mul-
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timodal complementary mobility not considered here could include demand-responsive
and/or micro-public transport with door-to-door or stop-to-door collection, and shared
mobility through commercial or voluntary carsharing [37]. Table 1 summarises the variety
of modes, interventions and designs shown by the case studies.
Table 1. Overview of the variety of modes, interventions and designs shown by the case studies.
Case Study

1 REGIOtim
Styria, Austria

2 GUSTmobil
Styria, Austria

3 BicikeLJ
Ljubljana, Slovenia

Concept

Modes

How Complementary?

Design

Connection of

e-carsharing
Charging
Cycling
(Micro-) Public
transport

Enabling users to combine
multiple modes of transport, with
the existing public transport
system as a base.

Fixed-Schedule
Demand-Responsive
Flexible

Shared-hailed taxi

Enables reaching public transport
or a city centre from dispersed
areas without a private car.

Demand-Responsive

Cycling

Supporting car-free urban
transport and connecting users to
key transport routes and public
transport hubs.

Flexible

Demand-Responsive

Demand-Responsive

·
·
·
·

Public
Micro-Public
Shared
Individual

Micro-Public
Transport

Shared Mobility

4 EURBAN
Ljubljana, Slovenia

Micro-Public
Transport

Shared-hailed taxi

Substitutes public transport at
off-peak hours in rural areas with
scarce public transport, but also
enables reaching the public
transport network from distant
rural areas without use of a
private car.

5 Bwcabus and
Grass Routes
Rural Wales

Micro-Public
Transport

Call-a-bus

Sustaining rural transport services
by replacing timetables with
demand-responsive routing.

Note: More detailed information on the elaborated criteria can be found in Tables S1 and S2 in the Supplementary Material. Source: Own
compilation, 2021.

The main intention of implementing BicikeLJ and REGIOtim was to drive a shift
from motorised private transport towards multimodality and sustainable transport. These
examples succeeded in implementing a flexible and attractive alternative to the private
car. Their design and user-friendliness present pull measures, which encourage behaviour
change, as argued in the literature [1,4,27]. EURBAN, GUSTmobil, Bwcabus and Grass
Routes, however, were primarily introduced to improve accessibility and to avoid social
exclusion. DRT serves especially the social aspect of mobility, as it offers increased mobility
options for those population groups without a private car [1,24].
User-friendliness poses challenges for accessibility, however. For example, booking a
DRT journey by telephone takes more effort than using an app and may be particularly
perceived as a hurdle by younger demographics, yet sufficient broadband coverage for
mobile booking systems is not always available in rural areas. Bwcabus and Grass Routes
both require pre-registration and advance booking, and EURBAN similarly required a
minimum of two hours’ notice, which implies planning ahead. Pre-registration poses
an entry barrier for one-time users such as tourists, and may be perceived as too time
consuming for infrequent local users. This is reflected in the numbers of users. GrassRoutes
has long been established, but like EURBAN, it is mostly used by people who depend on
it. Therefore, as broadly discussed in the literature [41–43], the application of intelligent
software systems is indispensable to increase user satisfaction and the number of riders. The
better and more flexible the service, the more attractive it becomes to different user groups.
In turn, service availability increases. GUSTmobil can be highlighted as an example. The
service offers both telephone and mobile app booking with short waiting times, opening
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the service to a broader audience. As this suggests, how the booking process is designed
offers considerable potential to broaden the user base and increase occupancy.
As a convenient form of shared mobility, BicikeLJ reaches a large audience. At the
same time, the service is limited by only being offered in the city centre and a few suburban
locations. This current limitation, however, also holds the prospect of enlarging the network
in the future. Expanding further into the outskirts of the city and beyond would provide
coverage for first and last mile gaps in the existing public transport system. REGIOtim
offers lessons here, having successfully transformed the concept of an urban multimodal
node into a solution adapted to the wider peri-urban environment. Both examples further
serve as a reminder of the value of small-scale multimodal solutions that complement,
rather than compete, with rural–urban public transport arteries. Shaheen et al. [45] further
argues that sharing assets, such as bikes and cars, enables an efficient use of resources and
also reduces costs for individuals by saving fuel and repair costs.
The complementary role of such services necessitates careful coordination with existing public transport systems. From a user perspective, effective coordination should result
in reduced waiting times for onward connections, and routing services from a single source.
From a management perspective, the success of complementary projects strongly depends
on local and regional governance arrangements from an administrative and financial point
of view, as well as the legal framework. Connecting different services means connecting
different operators, stakeholders and interests. These new alliances require a high degree
of willingness to open-up systems, create interfaces and work in cooperation on the bigger
picture instead of sticking to isolated implementations.
In all five examples, the common element is substantial involvement and planning
by local and regional authorities, to decide initial steps and implement an operational
framework. While the operators are diverse (a local authority in the case of Grass Routes, a
public utility for EURBAN, and a combination of municipal services and private contractors
for REGIOtim and GUSTmobil), all operate via a subsidised framework provided by public
authorities. In addition, multi-level governance arrangements and the willingness for
co-operation with all stakeholders have proven to be fundamental.
EURBAN is an example of a project that grew organically from the municipal to
regional level, assisted by the activities of an Interreg project. However, the implementation
of a further pilot in the rural Municipality of Škofljica showed that multi-party governance
arrangements are much more complex and require more time and commitment by the
partners involved. In particular, the difference in the budgets and priorities (both of the
inhabitants and the municipal councils) between a large, highly urban municipality like
Ljubljana, which is also a capital city, and the much smaller, more rural municipalities
surrounding, hampered the expansion and continuation of the project [2]. Bwcabus is
an interesting example because it operates within three separate local authorities and
also integrates with the national TrawsCymru network. Governance is hence a complex
partnership arrangement between various stakeholders: Local authorities, the Welsh
Government, contracted bus operators, Traveline (booking and travel advice line) and
the University of South Wales (which originally developed the project). GUSTmobil and
REGIOtim have been promoted by the Regional Management of the Metropolitan Area
of Styria. Due to the spatial conditions of rural, peri-urban and urban areas and different
socioeconomic and demographic developments, the challenge lies in coordinating the
various needs and interests across the region, as well as in the collaborative and mutual
benefit. As a service-oriented intermediary institution, the Regional Management acts
as an interface between the various stakeholders within the region and thus has the role
to advise, moderate and drive regional development processes. This shows that the
governance structures differ from region to region and that the implementation process as
well as the success of projects are highly dependent on local requirements.
Governance arrangements can also be used to promote the integration of isolated
projects into a holistic approach towards MaaS [48]. It brings together single pieces of a
puzzle to form a comprehensive mobility picture. To date, MaaS has been primarily ori-
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ented towards cities. Yet, it has clear potential wherever complementary mobility services,
such as those we have profiled here, exist alongside backbone public transport systems.
The Metropolitan Area of Styria is planning to be a MaaS pilot region in Austria, with the
public sector coordinating the implementation process alongside broad participation from
various stakeholders. REGIOtim and GUSTmobil are both services that are conceptualised
as part of the existing public transport network and set-up on the regional project level.
Grass Routes is largely used to make short journeys for shopping and appointments, for
example, and does not directly connect to other forms of public transport. However, a
report commissioned for Monmouthshire County Council [85] does look ahead to a model
much more akin to MaaS. There is clear potential for future development here.
The governance of the BicikeLJ cycle scheme involves stakeholders with vastly different motives. While the Municipality of Ljubljana is focused on sustainable mobility,
the advertising company that helps to run the scheme is driven by profits and visibility.
Initially, there was concern over conflicts with Public Transport Utility in fear that the cycle
scheme will result in lower bus passenger numbers and thus lower revenue of the public
utility, but it immediately emerged that this was not the case. Nowadays, the Municipality,
the Public Transport Utility and the scheme operator monitor and plan together further
expansion of the scheme, thus reinforcing sustainable mobility and the benefits of all the
parties involved. Comparison of the DRT examples presented in this article further shows
that scale and visibility are important factors. For example, EURBAN was too limited to
relatively small areas and ran for too short a time to be broadly recognised by the local
population. Conversely, GUSTmobil, REGIOtim, Bwcabus and Grass Routes cover larger
areas, likely increasing their visibility and recognition over time and helping to increase
the user base. The BicikeLJ cycle scheme was designed as a municipal initiative, but
was successfully outsourced in combination with advertising space, thus maintaining the
operator’s motivation to expand the network. In addition, multi-level financial support—
from local and regional authorities, to the state and the European Commission, as well as
public–private partnerships and corporate donations—is crucial to enable both the initial
development of services and their operation on an affordable tariff system.
Relatedly, many projects depend on private companies for maintenance and operational support, due to the lack of human resources and expertise in small rural municipalities. These dependencies raise the question of what will happen to the services once
project funding runs out. REGIOtim and GUSTmobil’s continuation is secured through a
regional budget that releases funds for intercommunal projects. The latter is also financially
supported by the regional transport department of the province of Styria, which is designed
for long-term funding. BicikeLJ’s funding is secured by a public–private partnership, and
Bwcabus, now in operation for over a decade, has been able to integrate multiple targeted
but short-term funding streams alongside continued regional, national and EU-funding,
primarily through the ERDF. Obviously, Brexit means that this funding will no longer be
available after the current funding period. While a replacement ‘Shared Prosperity Fund’
has been proposed by the UK Government, there has to date been little concrete information about what this would entail. Financial uncertainty, however, does create challenges
for service continuity, as shown by the EURBAN example. Just as cuts to public transport
contribute to rural marginalisation [11], lost complementary services have knock-on effects
for users who may come to depend on them for access to everyday activities.
7. Conclusions
This article has engaged with the practical challenge of facilitating a modal shift from
the private car towards more sustainable forms of passenger transport within the wider
context of rural–urban connectivity. In this concluding section, we return to our initial
research questions, and look ahead to future directions for multimodal complementary
mobility. In Europe, the existing transport system remains highly oriented towards ‘automobility’, creating negative effects for the environment, health and within the built
environment. However, while much of the focus on innovation in sustainable transport has
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occurred within urban contexts, many rural areas struggle with the logistics of providing
public transport in dispersed or remote settlements with low population density and, often,
under-developed infrastructures [16,85,86]. As rural and urban areas are not separate
spheres but mutually interconnected, these differences have implications for effective
rural–urban linkages and future sustainable development. Public transport systems are
crucial arteries for rural–urban connectivity, yet can rarely provide blanket coverage and
flexible access. We have advanced the concept of multimodal complementary mobility
services as a means of framing small-scale, localised implementations that are both flexible
and demand-responsive, and, by facilitating public transport journeys, can contribute to
sustainable, accessible rural–urban connectivity.
In the first of our two research questions, we asked: What are the promoting and
inhibiting factors for multimodal complementary transport systems? As we have shown,
there is no one-size-fits-all model for multimodal complementary mobility. Rather, approaches that are place-based and tailored can improve accessibility, especially where
existing public transport is limited or infrastructures unviable. Small-scale solutions can
in turn contribute to longer-range rural–urban connectivity by improving convenience
for the user and filling first and last mile gaps in existing provision. Several promoting
factors are important here, including: Well-established governance arrangements; close
coordination between stakeholders; ICT; marketing and promotion of services; the support
and expertise of regional bodies; an effective interface with existing public transport to
support multimodal mobility and the concept of Mobility-as-a-Service. The absence of, or
poor performance in, many of these aspects will inhibit development and user take-up. Additional inhibiting factors include user-friendliness, geographical reach and the long-term
viability of project funding and financial models.
That is why we asked in our second research question: How can the operation of
multimodal complementary systems be sustained over a longer-term perspective? Looking
at the inhibiting and promoting factors of the presented examples, three main aspects can
be named for a durable implementation. Especially, the unsuccessful example of EURBAN
allows for instructive conclusions.
The first lesson that can be drawn of the examples is the necessity of improving the
operability of systems in order to increase user-friendliness and utilisation rate. These
aspects can be achieved by densifying the network of multimodal mobility opportunities;
increasing visibility of transport options to the local population by marketing strategies
and information campaigns; and creating incentives, such as bundled price ticket packages
and reduced prices for regular users [30,32,33]. Further, ongoing innovations in software
systems can increase efficiency and provide real-time travel information, efficient routing,
ride pooling and automated journey reminders, and integrate multimodal complementary systems in the existing public transport network [41–43]. This leads to the second
finding: Small-scale mobility services need to be combined with other mobility modes
and routes and thus integrated in a broader transport system. Isolated projects rapidly
become expensive and are only matched to a small user group. Within interlinked mobility systems, not only the small, comprehensive services receive advantages. Our case
studies show that multimodal nodes can help to put public transport in a more attractive
spotlight and, coupled with these complementary services such as sharing offers, make it
possible to reduce private car journeys while maintaining flexibility. A similar approach
is confirmed by Smith et al. [48]. This points to future directions in Mobility as a Service
(MaaS) [35]. The complementary systems discussed in this article could serve as pieces that,
in innovative combination and interaction with other services, can enable a new level of
flexible multimodality. MaaS can push the transition from isolated project-based concepts
to an integrated sustainable approach. Thirdly, well-established governance arrangements
play an essential role in implementing and sustaining multimodal complementary systems.
Legal foundations and well-functioning cooperation can support long-term financing. We
have also learned from the case studies that financing such services in the long term is
hardly possible without corresponding subsidies and the commitment of public bodies.
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However, like public transport, multimodal complementary services must be seen as an
important investment to improve social and environmental outcomes. It is necessary to
plan mobility as a whole and in an interlinked way to facilitate the long-term endurance
of all systems. In this respect, there is often a need to raise awareness that, for example, micro-public transport can also be a perfect feeder to a carsharing vehicle, or that a
bus stop complemented by a safe bicycle infrastructure can increase the quality of both
modes. The most important factors and arguments for the mobility sector are to offer a
sustainable quality of supply and to promote functionality and connectivity in rural areas.
The modern technologies enable a wide range of possibilities within the mobility sector.
Nevertheless, the introduction of flexible and sustainable mobility concepts needs, above
all, a representation of interests, openness on the part of the responsible stakeholders and
supporting structures that coordinate the development and implementation process. The
results reinforce these necessities, which is why the authors argue for new cooperation
models and supporting structures in the mobility sector in the rural–urban interface.
Supplementary Materials: The following are available online at https://www.mdpi.com/2071-105
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