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ABSTRACT

Access to public transport in rural areas is important for preventing social exclusion and 
ensuring high quality of life. In contrast to urban areas, public transport provision in rural 
areas faces the challenges of more dispersed settlements and lower demand for services. 
Transport solutions such as demand responsive transport and ridesharing services may 
help to overcome these challenges and contribute to more sustainable rural transport 
systems. Even when many of these emerging transport solutions are meant to improve 
the entire transport system, each new service always has to be understood in its spatial 
context. Examples of ridehailing services, such as provided by Uber and DiDi Chuxing, 
proved to increase the flexibility of urban transport systems and render the ownership 
of a personal car superfluous. However, these services had negative consequences for 
taxi and public transport ridership, challenging long-established and historically developed 
transport regimes.
Although research on emerging transport solutions and their impact on transport systems 
has mainly been conducted in urban areas and in the context of smart cities, knowledge of 
how to implement suitable emerging transport solutions in rural areas remains insufficient. 
To better understand the conditions under which emerging transport solutions can help to 
solve the challenges of rural public transport systems, this thesis examines three transport 
solutions at various stages of their market presence and innovation: autonomous vehicles, 
demand responsive transport, and ridesharing. With the help of the literature on socio-tech-
nical transitions, this research seeks to better understand the potentials of these emerging 
transport solutions for more sustainable rural transport systems despite the challenges 
that the services face. The challenges discussed in this thesis are particularly related to 
the regulatory constraints and uncertainties these services face today and are expected to 
face in the future. 
The findings show that each of the three transport solutions examined here is embedded 
differently in a transition towards a more sustainable rural transport system. This is relat-
ed to the different impacts of each solution on rural transport systems. The introduction 
of autonomous vehicles to a rural public transport system has the potential to transform 
the entire regime. The findings show that the most positive transition would be achieved 
by combining autonomous vehicles with current railway services. The example of a rural 
ridesharing service, Taxito, proves to be guided by societal rather than economic goals. Its 
service design determines its position as a niche innovation that is only possible to provide 
within an existing car regime. The final innovation is a rural demand responsive transport 
system called mybuxi; this is also considered a niche innovation today due to the lack of 
regulations that might enable it to be part of the rural public transport system. Despite their 
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various positions in the transition towards a more sustainable transport system, all three 
transport solutions contribute to preventing the social exclusion of the most vulnerable 
individuals, such as elderly people.
All the emerging transport solutions examined here can help to improve rural accessibility. 
Moreover, they can contribute to the attractiveness of rural areas. A transition towards more 
sustainable rural transport systems may therefore provide added value.
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KURZZUSAMMENFASSUNG

Der Zugang zu öffentlichem Verkehr im ländlichen Raum ist wichtig, um einen sozialen 
Ausschluss zu verhindern und um eine hohe Lebensqualität sicherstellen zu können. Im 
Gegensatz zu städtischen Gebieten steht die Dienstleistungserbringung des öffentlichen 
Verkehrs im ländlichen Raum vor der Herausforderung dispers besiedelter Siedlungs-
strukturen und tieferer Nachfrage nach diesen Dienstleistungen. Transportlösungen wie 
nachfrageorientierter Verkehr und Mitfahrgelegenheiten könnten dabei hilfreich sein, 
diese Herausforderungen zu bewältigen und einen Beitrag zu nachhaltigeren ländlichen 
Transportsystemen zu leisten. Obwohl viele dieser neuen Transportlösungen das gesamte 
Transportsystem verbessern könnten, muss jede neue Dienstleistung im jeweiligen räum-
lichen Kontext betrachtet werden. Beispiele von Fahrdiensten, wie sie Uber und DiDiChu-
xing anbieten, zeigten, dass sie die Flexibilität urbaner Transportsystem erhöhen und den 
privaten Fahrzeugbesitz überflüssig machen können. Jedoch hatten diese Dienstleistun-
gen negative Folgen für das Fahrgastaufkommen von Taxi-Dienstleistungen sowie des 
öffentlichen Verkehrs, was eine Herausforderung etablierter und historisch gewachsener 
Transportregimes bedeutet.
Obwohl die Forschung über neue Transportlösungen und deren Einfluss auf Transport-
systeme vor allem in städtischen Gebieten und im Kontext von Smart Cities durchgeführt 
wurde, ist das Wissen darüber, wie neue Transportlösungen erfolgreich in ländlichen 
Gebieten implementiert werden können, bislang ungenügend. Um besser zu verstehen, 
unter welchen Bedingungen neue Transportlösungen einen Beitrag zur Lösung der Her-
ausforderungen ländlicher Transportsystem leisten können, untersucht diese Thesis drei 
Transportlösungen in unterschiedlichen Stadien ihrer Marktpräsenz und Innovation: auto-
nome Fahrzeuge, nachfrageorientierter Verkehr und Mitfahrgelegenheiten. Mit Hilfe der 
Literatur über sozio-technische Transitionen erstrebt diese Thesis die Potentiale neuer 
Transportlösungen für nachhaltigere ländliche Transportsysteme zu verstehen. Dies trotz 
den Herausforderungen, welche sich den Dienstleistungen stellen. Die Herausforderungen, 
die sich in dieser Thesis im speziellen stellen, sind mit regulatorischen Einschränkungen 
und Ungewissheiten verbunden, welchen sich diese Dienstleistungen bereits heute und 
vermutlich auch in Zukunft stellen müssen.
Die Ergebnisse zeigen, dass jede der drei hier untersuchten Transportlösungen unter-
schiedlich in die Transition in Richtung nachhaltigeren ländlichen Transportsysteme ein-
gebettet ist. Dies steht im Zusammenhang mit unterschiedlichen Einflüssen jeder Lösung 
auf ländliche Transportsysteme. Die Einführung autonomer Fahrzeuge hat das Potential, 
das gesamte Regime zu transformieren. Die Resultate zeigen, dass die grösste positive 
Transition erreicht werden könnte, wenn autonome Fahrzeuge mit heute bestehenden 
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Zugdienstleistungen verbunden werden. Das Beispiel ländlicher Mitfahrgelegenheiten 
zeigt am Beispiel von Taxito, dass diese Dienstleistung vornehmlich soziale und weniger 
ökonomische Ziele verfolgt. Die entsprechende Ausgestaltung der Dienstleistung ist als 
Nischeninnovation positioniert, welche nur im Zusammenspiel mit einem existierenden 
Automobilregime anbietbar ist. Die letzte Innovation ist ein ländliches nachfrageorientiertes 
Transportsystem, genannt mybuxi. Diese Dienstleistung ist ebenfalls als Nischeninnova-
tion zu bezeichnen. Aufgrund fehlender Regulatorien für solch ein System bleibt es der 
Dienstleistung verwehrt, als Teil des ländlichen öffentlichen Verkehrs anerkannt zu werden. 
Trotz ihrer unterschiedlichen Positionen in der Transition hin zu einem nachhaltigeren länd-
lichen Transportsystem tragen alle drei Transportlösungen dazu bei, sozialen Ausschluss 
der meistgefährdeten Individuen zu verhindern, wie beispielsweise von älteren Personen. 
Alle hier untersuchten neuen Transportlösungen leisten einen Beitrag, die ländliche Erreich-
barkeit zu erhöhen. Ausserdem sind sie wichtig für die Attraktivität ländlicher Gebiete. Eine 
Transition zu nachhaltigeren ländlichen Transportsystemen kann aus genannten Gründen 
deshalb einen Mehrwert mit sich bringen.
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1.	 INTRODUCTION

Access to public transport (PT) in rural areas is crucial to preventing social exclusion, 
especially for elderly, younger, and disabled people (Shergold et al., 2012), and they are an 
important factor in ensuring high quality of life (Mounce et al., 2020). This thesis focuses on 
how emerging transport solutions are embedded in a transition towards more sustainable 
rural transport systems. New transport solutions face challenges that are in many cases 
related to the current predominance of existing PT services. Various pathways exist to 
challenge an incumbent PT system in rural areas in favor of a more sustainable transport 
solution. This thesis relies on the theory of socio-technical transitions (Geels, 2002, 2004, 
2005, 2011) to help understand these processes.
Providing PT in rural areas differs strongly from urban areas, where an attractive combina-
tion of transport modes allows easy and fast access to transport services. More dispersed 
settlements in rural areas and longer distances between residential areas, working places, 
and services make the provision of attractive transport solutions more challenging than in 
urban areas. PT is less attractive than private transport because in sparse populated areas, 
the lower demand only allows low service frequency. This lower attractiveness leads to 
lower usage of PT services, which in turn makes the service provision cost-inefficient and 
leads to reliance on public subsidies (de Jong et al., 2011). This vicious circle has been 
described as the “rural mobility problem” (Mounce et al., 2020).
The emergence of new forms of mobility and the way these have been able to change 
transport provision was enabled by the increasing adoption of information and communica-
tion technologies (ICT) across the population (Alemi et al., 2019). In the past decade, new 
technologies and associated new forms of transport have emerged, entered, and in some 
cases disrupted the market for passenger transport; these include app-based ridesharing 
and ridehailing or demand responsive transport (DRT). The business model of Uber’s ride-
hailing service can be considered a disruptive pioneer. The emergence of this new form 
of mobility was associated with hopes that the entire transport and traffic system could be 
positively shaped in favor of increasing its sustainability by pooling trips, reducing traffic in 
cities, and reducing vehicle ownership (Circella & Alemi, 2018; Erhardt et al., 2019; Heilig 
et al., 2017;  Meyer et al., 2017; Neoh et al., 2017). Contrasting findings show that ridehail-
ing may increase congestion (Erhardt et al., 2019) and that PT ridership decreases where 
transport network companies provide their services (Kong et al., 2020). These negative 
consequences for the traffic system arise from the parallels between transport network 
companies’ services and existing PT services. Both services substitute each other, leading 
to competition between the two systems. This may ultimately result in an unsustainable 
traffic system (Kong et al., 2020).
The “rural mobility problem” (Mounce et al., 2020) and the possible negative consequences 
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of new transport solutions in urban areas both indicate that emerging transport solutions 
implemented in rural areas should not compete with existing PT services. A popular emerg-
ing transport solution in rural areas in the past two decades has been the DRT services 
offered by dial-a-ride services. These services, mostly relying on volunteer drivers, are 
often restricted to certain community groups (Mulley & Nelson, 2009). Analyzing a rural 
DRT service in Germany, Sörensen et al. (2021) show that rural transport systems can 
profit sustainably from this transport solution if the service allows access to remote areas 
from one central stop such as a railway station. They further highlight that these DRT ser-
vices should contribute to a reduction in rural car dependency. Ryley et al. (2014) indicate 
the importance of determining the institutional barriers that DRT services may face. In their 
view, overcoming these barriers contributes to effective DRT services that help to develop 
sustainable transport systems. Other transport solutions such as ridesharing services have 
also entered the rural transport market. Serving as a feeder system to other PT systems, 
ridesharing services enable better access to less populated areas by PT services (Stiglic 
et al., 2018). 
All currently emerging transport solutions will be challenged by new technologies in the 
future. Here, the technology of autonomous vehicles (AV), especially when organized as 
shared autonomous vehicles (SAV), is considered to change the provision of PT services 
(e.g. Eppenberger & Richter, 2021; Haboucha et al., 2017; Hatzenbühler et al., 2021).      
(S)AVs can increase accessibility in rural areas by reducing costs and increasing the com-
fort of traveling and are likely to have consequences for, for instance, urban sprawl into 
these areas (Meyer et al., 2017). To prevent rural areas and the rural transport system 
from unwanted consequences, a better understanding is necessary of the challenges that 
emerging transport solutions face today. The papers presented later in this thesis highlight 
the regulatory challenges that emerging transport solutions may face as crucial for suc-
cessful development.
Emerging transport solutions are embedded in a broader socio-technical system that con-
sists of elements such as regulations and user practices that are reproduced and refined 
by various social groups (Geels, 2005). These systems consist of three interacting levels 
that may be described as a socio-technical landscape, dominant regimes, and niches. 
The mechanisms of interaction between these three levels are called a transition process 
and are represented in the multi-level perspective on socio-technical transitions (Geels, 
2002, 2004, 2005, 2011). Innovations have a range of impacts on emerging transport solu-
tions in rural areas and thus on the transition towards sustainable rural transport systems. 
Research so far has mainly focused on urban transition processes, so that little is known 
about the impact of emerging transport solutions in rural areas. Instead of competing with 
existing PT services, new transport services should contribute to more sustainable rural 
transport systems. The term sustainable rural transport system is here understood in rather 
broadly and depends on the spatial setting. Similar to Ryley et al. (2014), a sustainable rural 
transport system is understood throughout this thesis as an economically viable system 
which meets the social needs of the rural population and that is environmentally friendly. 
As will be shown in this thesis, the homogenous spatial settings of rural areas are crucial 
to various transition processes towards sustainable rural transport systems and calls for 
context-specific emerging transport solutions.
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This thesis investigates three emerging transport solutions: shared autonomous vehicles 
(SAV), ridesharing, and demand responsive transport (DRT). It aims to uncover how they 
can contribute to the transition process towards functioning and more sustainable rural 
transport systems. It addresses a single overarching research question:

In which way do new transport solutions contribute to transition processes towards more 
sustainable transport systems in rural areas?

To address this research question, the thesis is organized into two main parts: first, a syn-
opsis delineates the theoretical contextualization of the work, then a second part comprises 
three research papers. All three papers contribute to answering the research question, 
albeit each with a particular focus:

Paper 1: Shared Autonomous Vehicles in rural public transportation systems
Paper 2: Integration of ridesharing with public transport in rural Switzerland: Practice and 
outcomes
Paper 3: How social innovations emerge in a rigid regulatory context: The case of Demand 
Responsive Transport in Switzerland
	
The remainder of the thesis is organized as follows. Chapter 2 compares aspects of acces-
sibility and indicators of mobility behavior in rural settings with those in urban and suburban 
contexts in Switzerland. Chapter 3 introduces the theoretical background to the research 
question of this thesis. Chapter 4 presents and reflects on the methodological approaches, 
and chapter 5 presents the conclusions of this thesis.
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2.	 OVERVIEW ON ACCESSIBILITY AND 
INDICATORS OF MOBILITY BEHAVIOR IN 

SWITZERLAND

The term rural areas refers in this thesis to areas situated outside main metropolitan areas 
as described by Lagendijk & Lorentzen (2007), which is considered a functional definition 
(Gross-Fengels & Fromhold-Eisebith, 2018). Before this definition is used in the theoretical 
discussions within this thesis, a more structural definition of a spatial typology (Gross-Fen-
gels & Fromhold-Eisebith, 2018) published by the Federal Statistical Office (FSO) is shortly 
presented as a helpful way to highlight spatial differences in accessibility and mobility 
behavior. In this typology, the FSO allocates Swiss municipalities to one of nine categories 
using a two-step procedure (FSO, 2017): 

1.	 Urban-rural typology: Municipalities are first divided into one of the three categories 
of the definition of areas with urban characteristics. The categorization uses data on 
population density and commuter movements:

a.   Urban core areas (urban)
b.   Areas influenced by urban core areas (intermediary)
c.   Areas outside the influence of urban core areas (rural)

2.	 Municipality typology: Each of these three categories is divided into three subcatego-
ries, based on the population, number of employees, overnight stays in accommoda-
tion, area size, and accessibility of each municipality. The following nine categories 
are identified:

Urban Intermediary Rural

City with large 
agglomeration

Suburban municipality of 
high density

Suburban municipality of 
low density

City with mid-sized
agglomeration

Suburban municipality of 
middle density Rural, central municipality

City with small or outside
of agglomeration Central rural municipality1 Rural, peripheral 

municipality
Table 1 Municipality typology (9 categories) 
Source: FSO (2017)

1 Rural municipalities with central functions are allocated to “periurban municipalities”, whereas periurban municipalities 
with a low density are allocated to “rural municipalities”.
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The typology presented in Table 1 allows sophisticated and differentiated discussion of the 
accessibility and indicators of mobility behavior. The papers presented after this synopsis 
investigate three regions with differing typologies and spatial characteristics, as shown in 
Table 2.

Paper Region Canton Nr. of 
communes

Urban-rural 
typology

Municipality typology

1 Töss 
valley

Zurich 10 Intermediary (7) Suburban municipality 
of middle density (7)

Rural (3) Suburban municipality 
of low density (2)
Rural, central 
municipality (1)

2 Luthern 
valley

Lucerne 
& Bern

7 Intermediary (2) Rural municipality with 
central functions (2)

Rural (5) Central rural 
municipality (5)

3 Ober-
aargau

Bern 2 Intermediary (2) Central rural 
municipality (2)

Table 2 Spatial typology, per paper
In brackets: number of municipalities per typology.

Source: FSO (2021b)

Table 2 clarifies that all three regions have different spatial characteristics. In particular, the 
regions of Paper 1, the Töss valley, and Paper 2, the Luthern valley, have very different 
characteristics. Most municipalities of the Töss valley are considered as areas influenced 
by urban core areas, whereas most of the municipalities of the Luthern valley are rural 
areas and therefore beyond the influence of urban core areas. The final paper is about 
two municipalities classified as intermediary in the urban-rural typology. At the same time, 
they are central rural municipalities in the municipality typology, highlighting their positions 
outside a metropolitan area (see Lagendijk & Lorentzen, 2007). These differences in the 
spatial settings of the regions are crucial because they determine the service design of 
emerging transport solutions.

2.1.	 ACCESSIBILITY

Emerging transport solutions may have varied impacts on overall accessibility in different 
spatial settings. Accessibility is here defined as “the extent to which land-use and transport 
systems enable (groups of) individuals to reach activities or destinations by means of a 
(combination of) transport mode(s)” (Geurs & van Wee, 2004, p. 128). 
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A variety of authors agree that good accessibility is a crucial factor in maintaining or improv-
ing high economic competitiveness and social sustainability (e.g. Dugundji et al., 2011; 
El-Geneidy et al., 2016; González-González & Nogués, 2019). Tschopp and Axhausen 
(2016) also show that accessibility is an important factor in explaining population growth 
dynamics in a range of spatial settings. In rural areas, only municipalities that increase 
accessibility can attract new inhabitants and businesses. Accessibility in rural areas is 
therefore considered important to explaining population and economic growth. Theory 
agrees that easy accessibility of spaces and places especially prevents the social exclu-
sion and marginalization of people reliant on PT solutions and who are not able to own or 
to drive a private car (Bromley et al., 2007; Nykiforuk et al., 2021; Vitale Brovarone, 2021; 
Vitale Brovarone & Cotella, 2020).
Accessibility and the negative consequences associated with low accessibility differ 
between urban and rural areas (Higgs & White, 1997). For example, better PT systems 
in high density areas can lead to lower car ownership, as time and place constraints are 
reduced by good access to PT (Oakil et al., 2016). Conversely, having no car in rural areas 
is considered a hindrance to fully participating in activities (Banister, 2008a; Kamruzzaman 
& Hine, 2011) because distances between services and opportunities are much higher than 
in urban contexts (Vitale Brovarone, 2021). To prevent social groups in rural areas from 
social exclusion, various aspects of accessibility need to be tackled with integrated policies 
(Vitale Brovarone, 2021; Vitale Brovarone & Cotella, 2020). Figure 1 shows the difference 
in accessibility of selected services in various Swiss spatial settings for the year 2015. 

Figure 1 Accessibility of services in 2015, by urban-rural typology 
Source: FSO (2018)

Services in urban areas are accessible at shorter distances than those in rural areas (Fig-
ure 1). Among the selected examples, although all show lower accessibility in rural areas 
than urban ones, postal services and medical practices stand out as particularly extreme 
examples. The differences in accessibility to PT stations between rural and urban areas 
appear less obvious. This observation is because here only the physical location of PT 
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stations was measured. To uncover the true accessibility values for PT stations, the differ-
ence between all three types in frequency of services at these stations must be factored 
in and reflected in the “quality classes of public transport” (translated from the German 
ÖV-Güteklassen) (FOSD, 2021).
All three transport solutions examined in chapters 7 to 9 were shown to increase local 
accessibility, albeit with different consequences (Meyer et al., 2017; Sörensen et al., 2021; 
Stiglic et al., 2018). Current knowledge about SAV services (Paper 1) where PT services 
are limited today indicates that an increase in accessibility and consequent urban sprawl 
in rural areas can be expected to follow the introduction of the service (Meyer et al., 2017). 
Ridesharing services (Paper 2) appear to particularly enhance accessibility to services 
and housing along the first or last kilometer of a PT trip (Stiglic et al., 2018), in turn making 
PT more attractive for the rural population. Finally, in the case of DRT services (Paper 3), 
Sörensen et al. (2021) highlight that the increase in accessibility associated with new DRT 
solutions may also contribute to decreasing personal car usage.

2.2.	 MOBILITY TOOLS AND DAILY DISTANCE TRAVELLED IN 
DIFFERENT SPATIAL SETTINGS

The availability of a mobility tool is considered a good indicator for which forms of mobility 
people mainly use. The ownership of one specific mobility tool positively influences its 
usage and negatively influences the usage of any other mobility tool (Simma & Axhausen, 
2003). For example, a higher rate of car ownership is a good indicator of lower usage of PT 
services (e.g. Goodwin, 1993; Holmgren, 2007, 2020). Scott and Axhausen (2006) reverse 
this relation and show that higher ownership of seasonal tickets for PT correlates with lower 
car ownership.

Spatial setting Availability of a car
[%]

Ownership of 
driving license

[%]

Ownership of PT 
season tickets

[%]
Total (Switzerland) 75.83 81.59 56.71
Urban 71.69 78.89 61.48
Intermediary 82.34 86.46 50.94
Rural 82.35 85.82 45.11

Table 3 Availability of mobility tools by spatial setting. 

Source: FSO & FOSD (2017) 

In Swiss rural and suburban areas, the availability of cars and the ownership of driving 
licenses are higher than the Swiss average and higher than in urban core areas, as indicat-
ed in Table 3. This observation is congruent with the finding that living outside urban cores 
increases car ownership (Scott & Axhausen, 2006). The converse distribution is apparent 
in the ownership of PT season tickets, showing the highest ownership in urban areas and 
the lowest in rural ones. This indicates that the population in rural and suburban areas more 
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often relies on a private car than on PT services.
The daily distance travelled is a further important indicator of the mobility behavior of rural 
population. Generally, a longer journey increases the probability of choosing a private car 
as transport mode (Ding et al., 2017). Moreover, research has shown that trip lengths 
are an outcome of the built environment and that locations with easy accessibility, higher 

density, and mixed uses lead to shorter journeys (Ewing & Cervero, 2001, 2010).

Spatial setting  Total 
[km] 

Human powered 
traffic 
[km]

Motorized 
individual traffic 

[km]

Public transport 
[km] 

Total 
(Switzerland) 36.83 2.8 24.35 8.99

Urban 34.01 2.99 20.56 9.9
Intermediary 40.79 2.52 30.02 7.23
Rural 42.67 2.46 31.72 7.77

Table 4 Daily distance travelled by spatial setting 
Source: FSO & FOSD (2017)

Table 4 shows that the highest total daily distance travelled is observed in rural areas. Slow 
traffic is the most sustainable mode of transport, and the urban population travels longer 
distances by foot and bike than the suburban or the rural population; the same relation can 
be seen in the use of PT. In line with Ewing and Cervero (2001, 2010), the lower usage 
of PT in rural areas can be explained by the sparseness of the PT network and therefore 
comparatively low accessibility. In rural areas and in certain suburban areas, accessibility 
to PT is often limited to single bus services that connect municipalities with the subordinate 
mass transportation system, especially the railway system. The largest differences can be 
found in the distances travelled by motorized individual traffic, especially by car: both the 
rural and suburban populations travel around ten kilometers more per day than the urban 
population. 

2.3.	 DECREASING CAR DEPENDENCY

New, emerging transport solutions seek to decrease car dependency. In all three papers 
of this thesis, the goal of providing sustainable and attractive alternatives to journeys in 
private cars is one of the dominant reasons for providing transport solutions. The research 
literature also helps to understand the conditions under which people are willing to replace 
car trips with alternatives.
In Western European countries such as Sweden and Britain, attempts have been made 
to control or even reduce car usage by promoting public transport and other sustainable 
transport modes (Black & Nijkamp, 2002; Davey, 2007; Geels et al., 2012). Research 
shows that soft measures such as using climate morality and health issues to promote 
sustainable transport modes are important factors in decreasing private car usage. How-
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ever, rural residents in particular react less favorably to these soft measures (Andersson, 
2020). Economic incentives have also proved less effective in replacing car usage by more 
sustainable mobility services. The reason appears to be that many new mobility services 
do not provide the same advantage that car users value the most (Sjöman et al., 2020). 
Car owners also tend to underestimate the costs of car ownership by around 50% (Andor 
et al., 2020). To achieve behavioral change from individual transport modes towards more 
sustainable ones (Steg, 2005; Steg & Gifford, 2005), new innovative mobility solutions 
have to provide comparable flexibility and availability (Ahern & Hine, 2012; Ward et al., 
2013). This is also the case for all three transport solutions in this thesis, which attempt 
greater flexibility than traditional PT services. 
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3.	 TRANSITION TOWARDS SUSTAINABLE RURAL 
TRANSPORT SYSTEMS

The important differences in the rural, suburban, and urban mobility systems of Switzerland 
(see chapters 2.1 and 2.2), indicate a need to better understand why and how a transition 
towards more sustainable transport systems in rural areas is achievable. As each of the 
three papers in this thesis has different theoretical backgrounds, it is the goal of this chapter 
to broaden the theoretical perspective on the role of emerging transport solutions and their 
contributions towards sustainable rural transport systems.

3.1.	 SMART AND SUSTAINABLE RURAL DEVELOPMENT

Rural areas can be promising hot spots of place-specific specialization (Akgün et al., 2015). 
This specialization is dependent on an innovation- and creativity-friendly environment. This 
is consistent with the vision of a “Smart Countryside” approach that calls for place-based 
transport innovation. These innovations have to be adapted to the needs of the rural pop-
ulation, including older people, younger people, and businesses (Bosworth et al., 2020). 
Research shows that rural development can profit from high-frequency PT services, which 
also increase accessibility. There is a positive impact on rural tourism, and the social 
exclusion of people without their own cars may be prevented (Šťastná & Vaishar, 2017). 
Farrington and Farrington (2005) consider accessibility by PT services to be an important 
planning tool for rural areas.
It is also important to highlight that rural areas cannot be considered as homogenous 
spatial constructs. Naldi et al. (2015) demonstrate a need to advance beyond a simple 
classification of rural areas and include various place-specific aspects in any analysis of 
the smart development of rural areas. They show that peripheral rural areas can overcome 
their remoteness by smart specialization processes such as developing a creative econo-
my and constructing specialized links to urban areas and economies. Here, the research 
by Noack and Federwisch (2019) also shows the importance of such urban–rural linkages 
when developing and implementing social innovations in rural areas of Germany. Social 
innovations in rural areas are therefore considered one possibility to overcome rural–urban 
divisions. This aligns with the view of sustainable rural development. According to Marsden 
(2009), the promotion and enhancement of sustainable economic potentials in rural areas 
has to rely upon networks between urban and rural areas that are able to provide the 
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frameworks necessary for new emerging niches in rural areas. 
In the papers presented in this thesis, the needs of the rural population without access 
to private cars are particularly addressed by illustrating emerging transport solutions that 
fulfil the need for attractive, flexible transport provision in rural areas. All the transport 
forms introduced in the three papers allow easy access to transport services and seek to 
maintain or increase accessibility in rural areas. To have an impact on rural development, 
these emerging transport forms have to be adapted to the local conditions. In this, innova-
tion-friendly environments in rural areas seem to be crucial. 

3.2.	 SUSTAINABLE TRANSPORT SYSTEMS IN RURAL AREAS

Transport development can influence regional economic performance (Olsson, 2009). 
Improving transport and mobility infrastructure can have positive consequences for rural 
accessibility. At the same time, the transport sector is currently one of the main sectors 
responsible for greenhouse gas emissions (Banister, 2011). Moreover, rural PT is currently 
under economic pressure resulting from underutilization and high subsidies (Avermann & 
Schlüter, 2019; Jokinen, 2016).
New transport developments must therefore be sustainable alternatives to current solutions 
such as fossil-fueled propulsion technologies and mobility solutions that promote unreflect-
ing usage. Sustainable mobility is a theoretical response to current ways of organizing 
mobility systems (Hodson et al., 2017). General indications how mobility planning and ser-
vices could become more sustainable are described in the sustainable mobility paradigm 
introduced by Banister (2008b) through four policy measures:

•	 Ensuring the usage of the best available technology and giving decision makers in 	
	 the transport industry priorities on which technology to favor 

•	 Including external costs in the actual costs of travel by regulations and pricing, for 	
	 example through higher fuel prices or road pricing

•	 Ensuring land-use developments support shorter travel distances to reduce trips 		
	 and travel distances

•	 Targeting personal information so that it increases acceptability of sustainable 		
	 mobility.

A change towards these principles can only be achieved by including a broad coalition 
of stakeholders. Another concept for analyzing the transition towards sustainable public 
transport systems is the Avoid-Shift-Improve approach (ASI) (Dalkmann et al., 2014). The 
approach assumes that three main factors influence greenhouse gas (GHG) emissions 
from mobility in cities: technology, behavior, and urban forms. The “avoid” strategies tackle 
the reduction of mobility by promoting dense urban forms and reducing unnecessary trips. 
Strategies for a “shift” try to increase PT usage and lower trips with high-carbon modes. And 
“improve” strategies advance transport-related technologies that reduce fossil fuel usage 
and increase the energy efficiency of vehicles (Nakamura & Hayashi, 2013; Wimbadi et al., 
2021). 
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However, research on sustainable mobility and the ASI-approach has so far focused on 
transition processes in urban areas. Research has mainly examined smart urban mobility 
(Cohen-Blankshtain & Rotem-Mindali, 2016; Fonzone et al., 2018; Lyons, 2018; Nakamura 
& Hayashi, 2013; Wimbadi et al., 2021; Zawieska & Pieriegud, 2018), which is part of the 
smart city concept. The smart city emphasizes the use of ICT and innovation in a city to 
positively influence and plan economic, social, and environmental aspects of the city life by 
addressing challenges in six dimensions: the economy, governance, mobility, environment, 
living, and people (see Anthopoulos, 2017; Caragliu et al., 2011). 
The papers presented in this thesis show new mobility solutions developed in rural areas 
that try to contribute to this shift towards sustainable rural transport systems. Consequently, 
the question arises how the concept of the smart city and smart urban mobility may be 
transferred to rural areas. Unlike smart urban transport, literature on smart rural transport 
is scarce. Perhaps unsurprisingly, technologies and innovations evolving in smart cities, 
and especially the underlying algorithms, are aligned to urban problems and exhibit an 
urban bias. A direct transfer of new mobility solutions from urban areas to rural ones is 
difficult and currently insufficiently understood (Cowie et al., 2020). Gross-Fengels and 
Fromhold-Eisebith (2018) therefore call for rural-specific innovations in the mobility sector 
that are sustainable to contribute to economic revitalization and social coherence. Bosworth 
et al. (2020) use the concept of a “Smart Countryside” to highlight the need for place-based 
approaches when implementing mobility innovations in rural areas. In their view, change 
towards a smart countryside depends on the technological and socio-political infrastructure 
available in different rural areas and on whether innovators see the potential to involve rural 
areas in their networks. 

3. 2. 1.	 MULTI-LEVEL PERSPECTIVE ON SOCIO-TECHNICAL 
SYSTEMS

The implementation of emerging transport solutions is embedded in a complex system of 
socio-political constraints and opportunities and a competitive environment between existing 
and emerging technologies. The introduction of the multi-level perspective on socio-techni-
cal systems proposed by Geels (2002, 2004, 2005, 2011) allows to better understand how 
new technologies can challenge, co-exist with or over time replace existing technologies. 

«Socio-technical systems consist of a cluster of elements, including technology, 
regulation, user practices and markets, cultural meaning, infrastructure, mainte-
nance networks and supply networks [and] are actively created, (re)produced and 
refined by several social groups, for instance, firms, universities and knowledge 
institutes, public authorities, public interest groups and users.» (Geels, 2005, p. 
446)
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The multi-level perspective on a transition in socio-technical system is heuristically based 
on three levels of analytical concepts (see Figure 2): the socio-technical landscape (macro 
level), socio-technical regimes (meso level) and niche innovations (micro level) (Geels, 
2002; Rip & Kemp, 1998). This hierarchical perspective allows the stability and dynamics 
of socio-technical systems to be understood.
The socio-technical landscape is defined as the broader contextual development on which 
actors of a regime have no influence and which influences the level of the socio-technical 
regime. A landscape is subject to slow-changing trends, such as demographics and ideolo-
gy, and exogenous trends such as health and economic crises (Geels et al., 2017; Lopolito 
et al., 2011). At the meso level of the socio-technical regime, dominant technologies are 
key to a stable configuration of institutions, governance approaches, and regulations. The 
stability of the regime is ensured by incremental innovations (Geels & Schot, 2007; Lopolito 
et al., 2011; Smith et al., 2005). The dominance of a technology leads to a reinforcing cycle 
of high usage and diffusion of the technology in a society and consequent decreasing pro-
duction and usage costs (Klitkou et al., 2015). The predominant structures of a regime are 
rather uniform across various contexts. But varying national, regional, and local contexts 
can lead to certain adaptations of a regime structure (Fuenfschilling & Binz, 2018). To 
change current practices in a dominant regime is difficult as there is a strong political and 
institutional support for the business-as-usual approach (Marsden & McDonald, 2019). 

Figure 2 Multi-level perspective on socio-technical transitions. 

Source: Geels (2017)
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The transport sector incorporates various regimes with differing characteristics and corre-
sponding infrastructures that have developed over many decades. The dominant system 
is the car system; other regimes include transport modes such as trains, buses, and slow 
traffic such as cycling. The car reached predominance and almost completely penetrated 
the market due to lock-in (Frantzeskaki & Loorbach, 2010; Unruh, 2000) and path depen-
dency mechanisms (Åhman & Nilsson, 2008; Low & Astle, 2009). Urry (2008) highlights 
how the predominance of the car regime led to the externalization of dangers to people in 
traffic but not inside their own car. 
This thesis examines the regime of PT services in rural areas. In rural Switzerland, the 
characteristics of these services are determined by a historically grown regulatory frame-
work. A plethora of laws regulate PT. For instance, the minimal capacity for PT vehicles is 
defined as at least 9 seats per vehicle. Consequently, new services that try to provide a 
more flexible service with smaller vehicles cannot be accepted as PT. Not being accepted 
as a PT service implies that public subsidies are not available for the business. Conversely, 
PT services can be subsidized if costs remain uncovered. This situation then limits the eco-
nomic viability of sustainable rural transport systems, and existing PT services can prove 
to be less effective and attractive than emerging transport solutions. At the same time, new 
mobility solutions face difficulties in fulfilling traditional funding criteria because the risk of 
failure is high, especially with pilot projects. Alternative funding sources have to be found, 
such as private and philanthropic funding (Grimm et al., 2013). The market entry of new 
transport solutions is further hindered by the protection of existing PT services: where PT 
services are provided under a concession, similar services are not allowed to operate.

3. 2. 2.	 TRANSITION FROM CLASSIC PUBLIC TRANSPORT 
TOWARDS SUSTAINABLE TRANSPORT IN RURAL AREAS

To systematically change a socio-technical regime, niche innovations can overcome lock-in 
mechanisms of the regime due to the radical nature of the innovation. Niche innovations 
at the macro level occur when alternative solutions are being developed in socio-technical 
configurations. In contrast to incremental innovations in a regime, niche innovations cannot 
rely on historically grown structures such as institutions and regulatory frameworks because 
they are radically new solutions (Fuenfschilling & Truffer, 2014). 
A transition of the rural PT system which is currently mainly based on classical line-bound 
bus services towards a smart and sustainable transport system relying on sustainable, 
emerging technologies needs a transition at several levels of the multi-level perspective 
introduced in chapter 3.2.1. Although each transition is unique, Geels (2012) identifies 
three general dynamics that can trigger a transition:

•	 Niche innovations gain internal momentum and challenge the incumbent regime;

•	 a changing landscape puts pressure on the regime; and

•	 the destabilization of the regime, triggered by the two preceding processes, opens 	
	 windows of opportunity for niche innovations.
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A transition from one dominant regime to a new dominant regime can be a process of 
several decades or even centuries (Araújo, 2014; Fouquet, 2010; Geels, 2005). Exam-
ples of energy transitions illustrate the long-term shifting processes: from gas to electricity 
took approximately 125 years from invention to dominance, and from horses to railways 
took approximately 50 to 60 years (Araújo, 2014). Moreover, the dynamics of a transition 
are complex and not linear. They are an evolutionary result of interactions between such 
diverse dimensions as spatial arrangement, consumer behavior, and policy and actors 
such as consumers, industry, planners, and regulators (Geels, 2012). System failures in 
a socio-technical system are often met by specifically adopted institutional arrangements, 
technological infrastructure, and actor networks (Bos & Brown, 2012). 
The transition from horse-drawn carriages to cars between1860 and 1930 illustrates how a 
transition has to be considered as a process embedded in a broad socio-technical context 
in which other regimes, in this instance electric tram systems, can co-exist and influence 
the transition (Geels, 2005). Thus, the mobility sector cannot be shaped or challenged by 
single emerging technological solutions (Schippl & Truffer, 2020), and especially in urban 
areas, a variety of sustainable mobility innovations compete, coexist, and complement 
each other (Hodson et al., 2017; Schwanen, 2015).

3. 2. 3.	 NICHE INNOVATIONS: SPACES FOR EXPERIMENTATION

Incumbent regimes are challenged by niche innovations, which may have a disruptive char-
acter. These niches are protected spaces in which new actor constellations try to develop 
an environment in favor of a new technology. Such niches can be considered as spaces for 
experimentation (Caniëls & Romijn, 2008). Experiments are driven by the long-term vision 
to contribute to the sustainability of socio-technical systems (Brown et al., 2003). Hodson et 
al. (2017) provide a framework on how a multiplicity of experiments contribute to a transition 
to urban sustainable mobility systems. Experiments interact with or challenge the incum-
bent system at three analytical levels. (1) Experiments can provoke a new equilibrium of 
new configurations with the existing system. (2) The governance of experiments may be 
in line with or in contrast with the governance approach of an incumbent system. And (3), 
understanding of the sustainability of a system and involved actors can be challenged by 
experiments.
Rooms for experimentation are often demonstration projects, as paper 3 of this thesis 
illustrates with the example of a rural DRT service. In experiments, the niche innovations 
are tested in real-life environments (Geels, 2012). These demonstration projects are 
especially important for developing knowledge about an innovation, from which regula-
tory instruments can be developed (Lo Schiavo et al., 2013). Experiments can also be 
considered a challenge for the state when there is an attempt to promote new sustainable 
innovations: changing or even replacing current governance approaches can be difficult to 
negotiate. The resulting governance approach will therefore bypass or dock onto existing 
policy regimes (Eadson, 2016).
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Unlike in urban areas, multiple experiments do not emerge at the same time in rural areas 
because the financial and human resources are limited. Place-specific conditions are 
crucial to understanding how experiments and therefore niches can be implemented and 
sustained successfully. Understanding of the spatial embeddedness of transitions helps 
to better evaluate the potential of a transition towards sustainable rural transport systems.

3. 2. 4.	 SPATIAL EMBEDDEDNESS OF TRANSITION PROCESSES

In recent years, research on the spatial embeddedness of transitions has attracted increas-
ing interest (e.g. Fromhold-Eisebith & Dewald, 2018; Murphy, 2015; Schippl & Truffer, 2020). 
Examining transitions involves embedding and examining the sociotechnical system in a 
territorial context of place-specific, multi-scalar relationships between actors, resources, 
and forces (Bauer & Fuenfschilling, 2019; Coenen et al., 2012; Raven et al., 2012). Raven 
et al. (2012) observe that spatial dimensions in transitions can be seen as relational prod-
ucts of actor networks between temporal settings with spatially heterogenous differenc-
es. This helps to understand spatial unevenness in transition dynamics (Murphy, 2015). 
Context-specific dynamics are important if innovators and decision makers want to avoid 
undesirable path-dependencies and rebound effects (Schippl & Truffer, 2020). 
Hansen and Coenen (2015) summarize five place-specific factors to examine in transitions:

•	 Urban and regional visions and policies are important in the process of embedding 	
	 and diffusing niche technologies.

•	 Informal institutions are adapted to local social practices.

•	 Local natural resources can determine how a region or a city invests in the 		
	 development of renewable energies or technologies.

•	 Local specialization on specific industries and technologies can influence certain 		
 	 knowledge spillover effects on the development of an environmental-related 		
	 innovation.

•	 Local consumers can be crucial for the creation of a market, especially where 		
	 geographical proximity can enable close interactions between producers and 		
	 consumers.

Different spatial settings set different conditions that determine how a region reacts to 
emerging technologies. In this thesis, the question arises how emerging transport solutions 
can successfully be implemented and diffused in different rural settings to contribute to 
transitions towards a smart rural transport future. For rural areas, the emergence of niche 
innovations can be considered a desirable policy aim, as they contribute to a revitalization 
of local economies and therefore to a general positive influence on rural development 
(Lopolito et al., 2011). Schippl and Truffer (2020) argue that a single focus on urban areas is 
insufficient when trying to achieve sustainable mobility systems. Moreover, urban-inspired 
visions on sustainability trajectories may even have negative consequences for rural areas 
due to their different settlement structures. 
A new technology that is promoted due to its positive anticipated impact on the sustainabil-
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ity of a system may in the end only substitute a problematic situation with a new problem. 
Such circumstances can be called directionality failures, which result from diverging visions 
on a certain transition process and a lack of suitable regulations for the direction of change 
(Weber & Rohracher, 2012). To prevent such directionality failures, Schippl and Truffer 
(2020) show that spatial variety in urban and rural areas may lead to different alignments 
either inside or between sectoral regimes when implementing new technologies such as 
electric vehicles and automated driving. Data shows that the purchase rate of electric vehi-
cles (EVs) is higher in small cities and rural areas than in metropolitan areas due to different 
circumstances (Frenzel et al., 2015). EVs therefore tend to stabilize the internal alignment 
of the rural car regime and continue to reinforce established directions. Conversely, EVs in 
urban areas weaken the car regime, as EVs are used increasingly for car-sharing systems. 
Car-sharing in urban areas that is based on EVs can contribute substantially to the goal of 
smart cities to have zero-emission mobility systems in inner city areas (Schippl & Truffer, 
2020). Dang et al. (2021) also show that an increase of traffic volume related to on-demand 
mobility solutions has more negative impact on the urban traffic system than on the rural 
one. This agrees with Bosworth et al.’s (2020) call for mobility solutions that are adapted 
to rural needs. They emphasize that to attract social innovators, those responsible for rural 
transport must vocalize the social value of mobility.

3.3.	 EMERGING TRANSPORT SOLUTIONS IN SOCIO-TECHNICAL 
TRANSITIONS

Chapter 3.1 and 3.2  introduced the theoretical view of socio-technical processes. The 
next section summarizes transport and mobility solutions that may contribute to transitions 
towards more sustainable rural transport systems. Sprei (2018) identifies three major inno-
vations that will disrupt mobility, despite the spatial setting: electrification, shared mobility, 
and automation. The combination of all three innovations will, according to Sprei (2018), 
have the largest potential for disruption. 

3. 3. 1.	 SHARED MOBILITY

Shared mobility, understood as transportation services that are shared among users, 
include a variety of systems. The range includes the sharing of the same vehicle, such 
as car and bike sharing, to services where rides are shared such as traditional PT, taxi 
services, and individual ridesharing through car-pooling and ridehailing (Sprei, 2018). The 
spatial setting is important when examining these shared transport solutions. For example, 
Rotaris and Danielis (2018) highlight that the groups using carsharing differ depending on 
the spatial setting. If carsharing is offered in rural areas, students and unemployed people 
use the service frequently, whereas in urban areas professionals are the main users of 
carsharing systems. 
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In the three papers of this thesis, two forms of shared mobility are presented: personal ride-
sharing through carpooling (Paper 2) and professionally organized, demand responsive 
transport (DRT) that allows door-to-door trips (Papers 1 & 3).
Carpooling schemes such as Taxito, HitchHike, and BlaBlaCar allow private car journeys to 
be shared and thus increase the use of a private car (Hartl et al., 2020). Different schemes 
target different target groups. For example, BlaBlaCar is an attractive, low-budget alterna-
tive for trips between cities that is often used by younger highly educated people (Shaheen 
et al., 2017). In contrast, carpooling in rural areas, as provided by Taxito for example, can 
be especially attractive for elderly people without their own car (Hartl et al., 2020; Su & Bell, 
2009). Carpooling services can help to fill gaps in PT provision in remote rural areas. 
Rural DRT services are better documented than rural carpooling services in the research 
literature. Replacing a fixed PT service by an on-demand service in a rural setting can help 
to reduce the overall vehicle kilometers travelled as well as the operational costs (Coutinho 
et al., 2020). The lower costs of the services are related to smaller vehicle sizes and novel 
technological solutions that allow greater service flexibility (Teal & Becker, 2011). Building 
on the vibrant local communities in rural areas, many  services are provided by voluntary 
organizations (Gray et al., 2006). 

3. 3. 2.	 AUTOMATION

Paper 1 of this thesis mainly focuses on a rural PT system for shared autonomous vehicles. 
Automation in the mobility sector is strongly associated with the technological develop-
ment of autonomous vehicles (AVs). AVs, also often named self-driving vehicles, steer 
themselves without the assistance of a human driver and will probably change the entire 
mobility system drastically by improving the traffic system and reducing accidents (e.g. 
Bansal & Kockelman, 2017; Fagnant & Kockelman, 2015). Various demonstration proj-
ects worldwide have tested different forms of AVs, such as autonomous buses in Bern, 
Sion, and Stockholm (see Hatzenbühler et al., 2021; Mahmoodi Nesheli et al., 2021; SDA, 
2019) and autonomous private cars such as Google’s Waymo in California (Goodall, 2021). 
Eppenberger and Richter (2021) call for a unified transport enterprise that combines PT 
and shared autonomous vehicles (SAV) services. In their view, SAVs in urban areas are 
complementary services to the existing PT and should be used to serve so-far underserved 
city districts.
Meyer et al. (2017) show that AVs may increase accessibility in rural areas, in contrast 
to urban areas, where the increase in accessibility through AVs is lower. When used as 
vehicles for PT system, AVs organized into fleets even have the potential to replace current 
traditional PT with buses. Hilgarter and Granig (2020) highlight that the rural population in 
their study showed a more positive opinion about AVs than urban residents. 
Regulations will be necessary to constrain AVs where they challenge more sustainable 
transport modes such as tram and railway services (Meyer et al., 2016) and where AVs 
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may induce urban sprawl in rural areas (Fagnant & Kockelman, 2015; Hörl et al., 2019; 
Meyer et al., 2017). The economic efficiency of AVs in PT systems will depend strongly 
on their final costs. Like EVs, which are currently more expensive than fossil fueled cars, 
the costs of AVs will drop with mass production and mass adoption. And if used in shared 
systems, the cost of shared AVs is estimated to be 3 to 10 times lower than that of privately 
owned cars (Arbib & Seba, 2017; Bösch et al., 2018; Webb et al., 2019). Replacing human 
bus drivers with technological systems is considered an important factor in reducing the 
overall system costs of current bus services (Quarles et al., 2020). 

3. 3. 3.	 ELECTRIFICATION

Electrification of the rural transport system plays a secondary role in all three papers of this 
thesis. But both the SAVs in Paper 1 and the ridesharing service in Paper 3 use electric 
vehicle fleets. The literature on electrification of the mobility can here be classified into two 
main categories, which are both related to the literature on socio-technical transitions: first, 
the adoption of electric vehicles and second, the distribution of charging stations.
In Switzerland, the purchase rate of EVs increased over the last decades from around 200 
electric vehicles in 2010 to nearly 20,000 electric vehicles in 2020 (FSO, 2021a). Frenzel 
et al. (2015) showed that the rural population is more likely to buy EVs than the urban 
population. One reason for high adoption rate is the desire to become more self-sufficient: 
rural residents can charge their EVs at home and thus avoid trips to gas stations (Kester 
et al., 2020). 
As EVs allow home charging, the high availability private parking places in rural areas can 
explain lower distribution rates of charging stations. When charging stations are planned 
in rural areas, the position and the speed of charging must be linked to the purpose of the 
trip. Commuters can charge their cars at their workplaces during work if necessary, and 
tourists can charge their EVs overnight at the hotel. In such situations, long-term parking 
allows slow charging speeds. More crucial rural points are those where people park for 
short periods: fast-charging infrastructure at such locations is therefore important to attract 
EV users (Niels et al., 2019).
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4.	 METHODOLOGY

In Swiss rural areas, a broad range of new mobility solutions have emerged in recent years. 
In all three papers in this thesis, a case study approach was chosen as suitable method-
ology. The methodology of case studies is therefore shortly discussed in this chapter. The 
chapter also reflects on the qualitative research of expert interviews, which was used in two 
of the three papers. 
Additionally, the case study of the third paper examines the use of AVs for PT services. 
Here, a scenario analysis was used that helped to develop a range of business models 
for using autonomous vehicles in a rural PT system. The scenario analysis is reported in 
chapter 4.2.  

4.1.	 CASE STUDY APPROACH

The case study approach is an appropriate research method for gaining real-life insights 
into new mobility solutions. Case study research contributes to understanding how and 
why a certain phenomenon results from a certain setting. By including contextual condi-
tions, researchers gain valuable insights into the people involved in the problem examined 
(Baxter & Jack, 2015; Yin, 2014). Case studies are ideal for examining emerging transport 
forms as the method allows researchers to understand how the transport services are 
situated in their organizational and geographical contexts.
All three papers used single case studies. In paper 1, a region was chosen as case study 
because of the availability of open data. In this paper, another research direction was 
chosen as the implementation of an AV fleet in a PT system is not possible. Consequently, 
the data available was used to conduct a simulation approach with a range of scenarios. 
In paper 2, the ridesharing system of Taxito in the Luthern Valley of the canton of Lucerne 
and Bern was selected because Taxito was introduced in this region successfully. At the 
time the research was conducted, the service had already been established for some time. 
This helped to better understand the relationship of the Taxito service with the local PT 
system. The paper includes qualitative interviews and quantitative data on usage, but no 
statistical analysis was applied.
Paper 3 examined the case of mybuxi in the municipalities of Herzogenbuchsee and Nied-
erönz. This case was ideal for understanding how the regulatory context of the PT regime 
shaped the planning process of an emerging transport solution. At the time of conducting 
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the qualitative interviews, the planning process had finished a short while ago and was 
still in the recent memory of all interview partners. Other DRT services have been tested 
in Switzerland, but the mybuxi service is considered as unique. The mybuxi service can 
be classified as social innovation and is therefore unique in its provision of a PT-similar 
service. After the start of mybuxi in Herzogenbuchsee and Niederönz, it was introduced in 
two additional regions with different spatial settings. 
The reproduction of the results of all three case studies in other regions will always need 
adaptation to the specific spatial contexts. Considerations here include the sizes of the 
area of operation, political contexts, socio-economic characteristics of the population, and 
the region-specific topography. 

4.2.	 SCENARIO ANALYSIS (PAPER 1)

To examine how a regional PT system is impacted by AVs in rural areas, paper 1 identifies 
a range of anticipated scenarios. Scenarios help to deal with a high level of uncertainty of 
future development and generally contribute to the understanding of transition processes 
(see Shiftan et al., 2003; Swart et al., 2004; Wiek et al., 2006) 
In paper 1, the starting points of the scenarios were the business figures of the current PT 
system. Thanks to the availability of open data, the current demand and supply of PT in 
the Töss Valley in the Canton of Zurich was chosen. The business figures on the supply 
side come from data on the operation of PT services. For the demand side, open data was 
provided by the Swiss government on the mobility behavior between all Swiss municipal-
ities. Using data on these relations between municipalities simplified the research. This is 
because data on the door-to-door mobility behavior of the Swiss population is too complex 
to examine for a case study such as that in paper 1.  
The scenarios in the paper were developed using elasticities for changing travel times and 
service intervals to estimate possible effects on demand. This calculated demand was 
used to generates data on the possible business figures of the use of AVs (Bösch et al., 
2018). This data is always linked to a certain degree of uncertainty as the future use of AVs 
will differ from current knowledge of the technology, as Bösch et al. (2018) highlight. 

4.3.	 QUALITATIVE RESEARCH: SEMI-STRUCTURED INTERVIEWS 
(PAPERS 2 AND 3)

For papers 2 and 3, case-specific qualitative research was conducted, mainly with the help 
of semi-structured interviews. The formulation of interview questions in a semi-structured 
interview is shaped by the research question which are collected in an interview guide-
line, also called a protocol. This guideline can be divided into several sections. Mostly, 
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the interview begins with more general, narrative questions and becomes more abstract 
and theory-related toward the end of the interview. The semi-structured interview allows 
the researcher to exclude questions if the interview partner has already given the corre-
sponding answer in the preceding questions. By doing so, the researcher can maintain an 
interesting conversation flow throughout the interview, concentrating on facts that have not 
been discussed so far. Toward the end of a semi-structured interview, time should always 
be allowed for the interview partner to discuss topics which were not addressed in the 
interview guideline but that relate to the research topic (Galletta, 2013). 
The interview partners were selected due to their involvement in the mobility service exam-
ined. For paper 2, three interview partners were selected; in paper 3, 11 partners were 
interviewed. In both cases, the main actors were interviewed. The larger sample in paper 3 
is related to the much higher complexity of planning for the mybuxi service in an uncertain 
regulatory environment. The smaller sample size in paper 2 is counterbalanced by the use 
of quantitative data on the usage of the Taxito system in the Luthern valley. In both cases, 
no user interviews were conducted due to the focus on the planning and implementation 
process.
Except one interview for paper 3, all interviews for paper 2 and 3 were conducted by 
telephone. Restrictions arising from the Covid-19 pandemic limited the possibilities for 
face-to-face interviews. Telephone interviews have the disadvantage that contextual and 
nonverbal data cannot be recorded by the researcher. However, the interview partners 
may feel more relaxed than when facing an unknown person (Novick, 2008). To maintain a 
comfortable ambience for the interview partners, all interviews were held in Swiss German. 
The interviews were all recorded with the same smartphone. Despite interruptions of the 
telephone connection in two interviews, no technical difficulties arose. In the interruptions, 
the interview partners repeated the last sentences they had spoken, and the interviews 
continued. In all interviews, the goal was to create an ambience that allows the interview 
partners to give detailed and unbiased answers to the questions.
All interviews were transcribed with F5 software. The language was translated from Swiss 
German to high German, always trying to maintain the original wording. For some Swiss 
German words, a translation is not possible. These words were not translated and were set 
in brackets in the transcript.
The analysis was case specific. For paper 2, a qualitative content analysis was conducted 
as proposed by Mayring (2010). For paper 3, the methodological approach of social inno-
vation biographies was used (Butzin & Widmaier, 2016; Kleverbeck & Terstriep, 2017). 
Details on the methodologies used are described in both papers.
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5.	 MAIN FINDINGS, CONCLUSIONS, AND 
OUTLOOK

This chapter presents the research goal and summarizes the main findings and conclusions 
of all three papers presented in this thesis. A synthetic overview of all the papers is provided 
in Table 5. Additionally, Figure 3 illustrates the anticipated overall socio-technical environ-
ment of sustainable rural transport systems, based on the findings of all three papers. 

5.1.	 PAPER 1 

SHARED AUTONOMOUS VEHICLES IN RURAL PUBLIC 
TRANSPORTATION SYSTEMS

The first paper (Imhof et al., 2020) examines the uncertain future of a fleet of shared auton-
omous vehicles (SAV) in a rural PT system. The case of the Tösstal valley in the Canton 
of Zurich is examined, thanks to the availability of open-source data. In line with the grow-
ing research literature on the use of SAV technology in PT systems, the paper proposes 
several transition pathways towards an economically sustainable rural PT system with a 
SAV fleet. Current uncertainties in the development of (S)AV technology in PT systems 
are addressed by introducing two scenarios with differing service designs. Compared to 
the current PT system, both scenarios introduce a door-to-door or door-to-station service. 
This service design covers the crucial first and last kilometers of trips and helps to increase 
rural accessibility. Both scenarios are compared with the current PT situation in the Tösstal 
valley. The scenario development also considers the literature of the regulatory framework 
of PT services in Switzerland. For each scenario, business figures are introduced and 
illustrated with geospatial analysis.
Comparing the business figures and the geospatial impact of the scenarios with the status 
quo provides helpful insights into the possible usage of SAVs in a future rural PT system. In 
scenario 1, all bus and railway services in the research area are completely replaced by a 
SAV fleet. As the SAVs allow more direct door-to-door trips than are currently possible with 
buses and trains, travel times are reduced, and the demand for PT increases. The cost- 
effectiveness of this scenario is found to be higher than both the status quo and scenario 2. 
However, the high demand for PT in this scenario results in more traffic on the roads. The 
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geospatial analysis shows that scenario 1 may lead to a large increase in trips to a railway 
station outside the research area, which allows the fastest trips to the next urban core area. 
Scenario 2, in which a currently operating railway is kept operating, proved to have a lower 
impact on the overall traffic system than scenario 1. In scenario 2, a SAV fleet brings PT 
users to the railway stations situated inside the research area. Sustaining a railway line is 
more expensive than completely replacing the service with SAVs. These higher costs are 
balanced by a lower impact on traffic and on certain railway stations. The paper concludes 
that a rural PT system with SAVs should sustain current mass transport systems to limit 
the environmental impact of SAV fleets in a rural PT system. The regulator will have to 
actively coordinate a rural PT system in favor of well-balanced systems between a flexible 
SAV fleet, ensuring last-kilometer services, and a line-bound mass transport system that 
allows direct transport to central locations such as regional hubs and city centers. Here, 
the paper proposes that the current tendering system for single PT lines must be replaced 
by calls for tenders for entire regions. The paper illustrates that complete replacement of 
a current rural PT regime by an SAV fleet is not optimal. Combining the current PT system 
with the emergent (S)AV regime is optimal for an economic and ecological sustainable rural 
PT system. 

5.2.	 PAPER 2

INTEGRATION OF RIDESHARING WITH PUBLIC TRANSPORT IN 
RURAL SWITZERLAND: PRACTICE AND OUTCOMES

The second paper (Thao et al., 2021) analyzes the Taxito ridesharing scheme in the Luth-
ern valley, including areas of the Cantons of Lucerne and Bern. The goal of Taxito is to 
provide an additional transport mode for the population of rural areas where PT is scarce. 
Unlike the other two services, Taxito does not cover the first or last kilometer but ensures a 
constant transport service between scheduled PT services. The topography of the Luthern 
valley is typical for many mountainous regions in Switzerland. Points of interests in the 
region, such as a church of pilgrimage at the end of the Luthern valley, and settlements in 
general are more easily accessible thanks to Taxito. 
The results of the paper show that the Taxito system can be well integrated into a rural PT 
system. The success of this integration is secured by participatory planning processes, the 
integration of Taxito notice boards in the local bus stops and railway stations, journey prices 
slightly above those of the bus services. The active collaboration between ridesharing and 
transport enterprises in planning and communicating a service such as Taxito helps to sus-
tain such services despite low usage rates. The paper also illustrates successful interaction 
between the niche innovation of Taxito and the rural PT regime. However, the ridesharing 
service is reliant on the dominant car regime. Further research will be necessary to better 
understand which factors may increase the usage of rural ridesharing services.



2 5

5.3.	 PAPER 3

HOW SOCIAL INNOVATIONS EMERGE IN A RIGID REGULATORY 
CONTEXT: THE CASE OF DEMAND RESPONSIVE TRANSPORT IN 

SWITZERLAND

The third paper (Imhof & Mayer, submitted) examines the rural DRT system of mybuxi, a 
service introduced in 2019 in the municipalities of Herzogenbuchsee and Niederönz in the 
Canton of Bern. The goal of the social innovation of mybuxi is to improve accessibility to PT 
services with a door-to-door service. Here, one goal is to cover the first and last kilometers 
in the service area. By doing so, the system replaces trips with private cars. The service 
is provided with electric cars and volunteer drivers. This paper focuses on the interplay 
between the social innovation of mybuxi, which so far is a pilot project, with the regulatory 
framework of the PT regime. The literature on the social innovation process helps to better 
understand how regulatory questions shaped the planning process during the stages of 
innovation.
The findings of the paper show that the PT regime especially dominates the final planning 
stage of the social innovation. Here, the ambitions to become part of a rural PT system of 
the actors involved in the innovation process were not successful. The PT regime proved 
to be rigid and highly protected by the regulations, which have evolved over time. This 
circumstance implies that mybuxi does not qualify for public subsidies at this stage of the 
innovation and therefore has to find other ways to finance its service. These findings are 
helpful for planning emerging transport forms in the future. Knowledge of the rigid regula-
tory framework must be considered as soon as possible in an innovation process to avoid 
unanticipated impacts. 
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Research focus Transport solution Geographical scope Methodological 
approach

Main findings

Paper 1: Imhof, S., Frölicher, J., & von Arx, W. (2020). Shared Autonomous 
Research in Transportation Economics, 100925. 

Vehicles in rural public transportation systems.  

Discussion on the regulation 
of the usage of SAVs in a PT 
system in a Swiss rural context 
and scenario analysis of 
different business models

Autonomous vehicles Tösstal valley,
Population: ~ 35,000 
people

Case study: 
Scenario analysis

When developing new rural PT systems with emerging AVs, 
future regulations have to incorporate combining line-bound 
mass transportation (e.g. railways) and flexible AV service. 
A combination of the incumbent traditional rural PT regime 
of buses and railways and the emerging AV regime is 
optimal for an economic and ecological sustainable rural PT 
system.

Paper 2: Thao, V. T., Imhof, S., & von Arx, W. (2021). Integration of ridesharing 
Transportation Research interdisciplinary Perspectives, 10, 100340. 

with public transport in rural Switzerland: Practice and outcomes. 

Practice and outcomes of 
integrating ridesharing with 
PT in a rural context. Special 
attention to the ways in which 
key stakeholders cooperate with 
each other in designing and 
implementing the integration 
process.

Ridesharing: Taxito Region of Willisau & 
Luthern 
Population: 
~ 21,000 people

Case study: 
Mixed-methods approach

A niche innovation such as Taxito can successfully be 
integrated with the help of participatory planning processes, 
the integration of Taxito notice boards in the local bus stops 
and railway stations, and journey prices slightly above those 
of the bus services.
The niche strengthens the rural PT regime but is reliant on 
the dominant car regime.

Paper 3: Imhof, S., & Mayer, H. (2021). How social innovations emerge in a rigid
[Manuscript submitted for publication]

regulatory context: The case of Demand Responsive Transport in Switzerland. 

The impact of uncertain 
regulatory framework on the 
planning process of an emerging 
transport solution in a rural 
context

DRT with electric vehicle: 
mybuxi

Municipalities of 
Herzogenbuchsee & 
Niederönz 
Population: ~ 9,000 
people

Case study: 
Social Innovation 
Biographies

Planning a niche (social) innovation such as mybuxi 
can face regulatory constraints linked to the dominant 
regulations of the PT system especially in the late planning 
stage. 
The rigid regulatory framework of the PT system influences 
funding schemes and service designs.

Table 5 Overview of the three papers of this thesis

Own illustration
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5.4.	 DISCUSSION AND CONCLUSIONS

Tackling the “rural mobility problem” (Mounce et al., 2020), this thesis provides insights into 
improving rural transport systems by incorporating or substituting existing PT services with 
emerging transport solutions. Differences detected between indicators of mobility behavior 
in rural, suburban, and urban populations in Switzerland underpin current research on the 
possible transition towards sustainable rural transport systems. All three papers contribute 
substantially to understanding this transition process and presenting possible avenues to 
reaching sustainable rural transport services, either in the PT regime or outside the regime 
as a niche innovation. Each service examined is currently in a different stage of innovation, 
but all contribute to answer this thesis’s research question: 

In which way do new transport solutions contribute to transition processes towards more 
sustainable transport systems in rural areas?

The attempt of all three transport solutions to increase the attractiveness of rural trans-
port systems may contribute to decreasing private car usage. They also illustrate varied 
approaches in which the first and last kilometers of trips without a private car in rural areas 
may be provided with alternative and sustainable transport solutions. Increasing the acces-
sibility of formerly underserved rural areas generally helps to increase their attractiveness 
(Farrington & Farrington, 2005) and may even contribute to shifts towards non-car trans-
port modes (Oakil et al., 2016). All three innovations contribute to rural transport systems 
in which certain subpopulations, especially elderly and younger people, have good access 
to sustainable transport solutions without being reliant on their own cars or on family and 
friends (Bosworth et al., 2020). These subpopulations would otherwise be socially exclud-
ed (Bromley et al., 2007; Nykiforuk et al., 2021) as they have suffered the most from the 
reduction of PT lines in cost-efficiency optimization attempts in the established PT regime 
following the loss or reduction of state subsidies.
Using the multi-level perspective on socio-technical transitions proposed by Geels (2002, 
2004, 2005, 2011), this thesis shows that all three transport solutions investigated con-
tribute differently to the transition process towards sustainable rural transport systems. All 
anticipated and possible transition processes of the three transport solutions are illustrated 
in Figure 3. A complete replacement of an incumbent regime is possible with the emer-
gence of SAVs (see Nr. 1 in Figure 3). On current knowledge, SAVs may help to increase 
PT ridership in rural areas because trips can be provided door-to-door or at least door-
to-station. This stands in contrast to urban areas, where SAVs may either complement or 
compete with current PT services (Eppenberger & Richter, 2021), as the urban PT system 
already provides fast, high-frequency, attractive, and sustainable trips for the urban popu-
lation today. 
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Figure 3 Socio-technical environment of a sustainable rural transport system
Own illustration, inspired by Geels (2017)

Taxito’s ridesharing service pursues another goal than replacing an entire PT regime. Cle-
arly conceived as a niche service, Taxito depends on the incumbent private car regime 
and acts as a complement to the rural PT system (see Nr. 2 in Figure 3). The niche here 
helps to provide a low-threshold service for those members of a rural population that do not 
have access to a private car. Even though the Taxito service is being scaled up across new 
regions, the service may remain a niche. The service is particularly well adapted to espe-
cially remote rural areas, but it can only be successful in combination with a dominant car 
regime, making use of existing cars and their drivers to provide the service for Taxito users. 
The third innovation investigated, the mybuxi DRT illustrates the struggles and constraints 
of a niche innovation trying to be part of a rigid existing PT regime. Here, the incumbent PT 
system defines the regulatory framework and determines or even limits the opportunities 
for a rural DRT service. Becoming part of the PT system is not possible for mybuxi today. 
But experiments such as mybuxi provide valuable insights on the possibilities of emer-
ging transport solutions in real-world settings (Geels, 2012). Even when challenging state 
governance approaches (Eadson, 2016), these experiments help to develop appropriate 
regulatory instruments (Lo Schiavo et al., 2013) for emerging transport solutions. On cur-
rent knowledge, it remains unclear whether DRT services such as mybuxi may become 
part of the PT regime or may form a subregime in rural areas (see Nr. 3 in Figure 3). Future 
research will have to gain further insights into how the regulatory framework of the existing 
PT regime can and will be shaped in the future in favor of more flexible, attractive rural 
transport solutions. What is also important to highlight is that that these services, especially 
the niche innovations, may disappear over time, depending on other niches in the market 
or the increasing dominance of an incumbent regime (see Figure 3). 
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The literature on transition processes also calls for context- and place-specific views on 
local transition processes (Murphy, 2015). Here, local preconditions such as local consum-
ers and local social practices have to be taken into account (Hansen & Coenen, 2015). All 
the scenarios presented for the SAVs in the PT system of the Töss valley are based on 
current demand for PT services. The willingness of the local population to adopt SAVs in 
their transport system will be crucial for the future success of services with the new technol-
ogy. The region is diverse in its spatial conditions, as is highlighted in the different spatial 
typologies of the municipalities involved (see Table 2). Future research will be necessary 
to understand how these spatial differences help or hinder a transition towards sustainable 
PT systems with SAVs in a rural context.
The Taxito case in the Luthern valley is embedded in a peripheral rural region with dis-
persed settlements. The development of Taxito is directly linked to this spatial setting. Due 
to the low population density, current PT services are infrequent. By adding the possibility 
of obtaining a ride in between scheduled PT trips, Taxito contributes to increasing the 
overall frequency of local, sustainable transport solutions. This is especially helpful for 
people without access to a private car. Past experience shows that Taxito even strengthens 
PT services, preventing the cancellation of PT lines. At the same time, this service allows 
connections municipalities that were not connected with PT services before, increasing 
the regional accessibility. The low population density would also not allow a new service 
with employees or volunteers because low demand for such a service would have rather 
low cost-efficiency. A challenge faced by the service is its reliance on the willingness of 
local car drivers to pick people up. The service can also be considered as contributing to a 
more environmentally friendly rural transport system, as more car trips are shared. Future 
research will need to better understand the scaling possibilities of low-threshold innovations 
to provide these services successfully and sustainably in peripheral rural areas.
For mybuxi in Herzogenbuchsee and Niederönz, the spatial preconditions led to a com-
pletely different transport solution that was suitable for the local population. Both municipal-
ities are comparatively densely populated for rural areas and are situated closely around 
a single train station. Short distances to and from the train station allows a DRT service 
to be efficient, as does a certain degree of pooling of passengers in single trips. The large 
number of volunteer drivers that provide the mybuxi service is a crucial factor in providing 
a sustainable transport solution. This willingness to be part of a sustainable transport solu-
tion without monetary compensation is crucial for the success and the financial viability 
of mybuxi and highlights the importance of local social practices. Such practices must be 
taken into account when devising and implementing transitions towards sustainable rural 
transport systems (Hansen & Coenen, 2015). And, as mybuxi currently provides several 
DRT services in different spatial settings with similar service designs, comparative anal-
ysis of the spatial conditions for success and failure of rural DRTs using mybuxi can and 
should be pursued. Knowing more about the relation of the mybuxi service with the spatial 
conditions encountered may help scale up the service. The motivation of volunteer drivers 
in such transport solutions should also be investigated in more detail in the future because 
their involvement could positively impact the attractiveness of certain transport solutions in 
their rural settings.
The literature on socio-technical transition processes also helps to understand the current 
and future challenges that these transport solutions may face. The mybuxi DRT solution 
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(Paper 3) and the anticipated emergence of SAVs in a PT system (Paper 1) both highlight 
the importance of understanding the regulatory framework under which a service is allowed 
to operate. Current regulations tend to help protect incumbent regimes. This is currently the 
case in Switzerland for the PT and private car regimes. Emerging transport solutions must 
either adapt these regulations or try to challenge them. The case of mybuxi showed that 
challenging current regulations in favor of a sustainable rural transport solution is a long 
process that also depends on the willingness of the regulator to adapt some regulations. 
The process to be acknowledged as PT service is also related to many uncertainties, as 
the adaptations depends on the individuals within the authorities responsible for these 
decisions. However, SAVs are expected to incrementally replace PT services using vehi-
cles with drivers regardless of whether these are line-bound or on-demand services. The 
regulators will have to consider both the positive and negative consequences of innovations 
on rural PT systems to contribute to a sustainable rural transport future. Thus, the following 
policy recommendation seems to be appropriate. Regulators must be willing to support 
transport solutions that have already proved or are expected to improve rural transport 
systems. Long and complex decision-making processes hinder innovation in rural areas, 
as these limit the flexibility and creativity of new and existing transport providers. If some 
services prove to have a positive impact on the sustainability of rural transport systems, 
regulations should be adapted in favor of the more sustainable transport solution.
The emergence of novel transport solutions in rural areas has increased over the last 
decade as new services proved themselves to be attractive to the rural population, over-
coming an urban bias about transport solutions. When PT services are subject to shortages 
of public subsidies, these emerging solutions can establish in niches, filling gaps left by the 
reduction of services or even the cancellation of PT lines. Furthermore, some emerging 
transport solutions have been shown to improve rural accessibility over incumbent PT ser-
vices and contribute to the overall attractiveness of rural areas. Side-effects of novel forms 
of transportation may include such effects as improving social inclusion and reducing the 
ecological footprint of rural inhabitant. The transition towards more sustainable transport 
systems therefore does not need to come at a cost or disadvantage and may even prove 
to offer added value.
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A B S T R A C T   

This article focuses on the economic potential and the consequences on the regulatory context of Shared 
Autonomous Vehicles (SAV) used in a regional public transportation system. Based on an experimental case study 
two on-demand scenarios were developed for the Swiss rural area of the T€oss Valley. Scenario 1 replaces the 
current public transportation by SAVs; scenario 2 operates with a SAV fleet instead of buses and integrates the 
regional railway. Data sources are an overall traffic model and the current business figures of the public 
transportation. The results suggest that scenario 2 is, out of an economic and traffic system view, an attractive 
solution compared to line-bound traditional bus and train systems. In both scenarios, a cost-covering service may 
be possible due to an increase in productivity and demand. Regarding the present regulatory context of the Swiss 
public transportation system, we propose to change the system of call for tenders for single public transportation 
lines towards a call for tender for entire regions. This paper contributes to the scholarship discussion on the role 
of the final provider of new services and which adaptions of current regulations have to be targeted in the future.   

1. Introduction 

Autonomous vehicles may help to reduce traffic congestion as well as 
accidents and may influence travel behaviour (Fagnant & Kockelman, 
2015). Fully autonomous vehicles (level 51 after the taxonomy of: SAE, 
2016) are expected to be cheaper (B€osch, Ciari, & Axhausen, 2016) and 
more sustainable (Brown, Gonder, & Repac, 2014, pp. 137–153) than 
traditional transportation modes. At the same time, the increase in 
comfort and the possibility to use the travel time as productive time 
could inverse the positive aspects of the autonomous vehicles into 
negative effects: the higher comfort may lead to an increase in the 
vehicle usage and the vehicle kilometres travelled (Fagnant & Kockel-
man, 2015). Those different views on possible impacts of autonomous 
vehicles show that transportation planning should take into consider-
ation different scenarios of the usage of autonomous vehicles in order to 
provide a sustainable public and private transportation system in the 
future. 

According to the authors’ reading of literature, studies on the 
implementation of autonomous vehicles in the public and private 

transportation system show a high concentration on urban areas (e.g. 
Bischoff & Maciejewski, 2016; Fagnant & Kockelman, 2015; ITF, 2015; 
Spieser et al., 2014) and are often calculated on agent-based simulations 
(e.g. Bischoff & Maciejewski, 2016; Fagnant & Kockelman, 2015; Heilig, 
Hilgert, Mallig, Kagerbauer, & Vortisch, 2017; H€orl, 2017; Hyland & 
Mahmassani, 2018). At the same time, a study conducted by Meyer, 
Becker, B€osch, and Axhausen (2017) predicts that rural public trans-
portation can profit more from Shared Autonomous Vehicles (SAV) than 
urban areas. The reason can be found in the high public transportation 
coverage in urban areas whereas in rural areas public transportation can 
only be provided on minimal scale due to low population density and 
low demand. At the moment, there is a difference in the reliance and the 
attitude of the population in urban and rural areas regarding the public 
transportation system (Gray, Farrington, & Kagermeier, 2008, pp. 
102–119). 

During the last few years, new on-demand mobility services based on 
smart-phone apps like Uber, DidiChuxing or Lime experienced a rapid 
growth. However, ridehailing services were implemented faster than the 
regulator could respond to the market entry. In order to protect the local 
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taxi market, some regulators prohibited the provision of ridehailing 
services, whereas in other regions their market entry was facilitated. The 
regulation of ridehailing services shows that the entry of new players in 
the mobility sector can depend on the regulators’ view on the implica-
tions of a new service on the entire transportation system (Deighton--
Smith, 2018). For instance, a study conducted by H€orl, Becker, 
Dubernet, and Axhausen (2019) in an urban context shows the impor-
tance in regulating the usage of privately owned autonomous vehicles as 
they could lead to an increase of 40% in the total vehicle kilometres 
travelled. Another scenario with the service provision by autonomous 
and pooled taxis shows in lower increase of 25% in the total vehicle 
kilometres travelled. 

In this current paper, we will concentrate on the discussion on the 
regulation of the usage of SAVs in a public transportation system in the 
rural context of the T€oss Valley region in Switzerland. We will present 
the current regulatory context and then make first predictions on how 
the regulation of different SAV scenarios could look like in the future. 
The paper will focus on a public transportation system in a Swiss rural 
area. By defining two different scenarios of changes in the public 
transportation system with the entry of autonomous vehicles, we 
simulate the possible effects of an on-demand and door-to-door SAV 
service on the public transportation system in the research perimeter of 
the T€oss Valley. Assessing the different possible scenarios then helps to 
discuss the regulatory context of the proposed services. The authors 
want to open up the discussion on how the regulator may react on the 
usage of SAVs in the public transportation system, operating on- 
demand. Different from many agent-based simulations, we focus on 
the overall system of the public transportation. 

The remainder of this paper is organized as follows: Section 2 in-
troduces the current regulation context of the public transportation in 
Switzerland. Section 3 discusses the research context, the methods of the 
simulation as well as the assumptions behind the two scenarios. The 
results are presented in Section 4, followed by the discussion for future 
implications of the regulatory context of SAV services in the public 
transportation system in Section 5. 

2. Regulation in the current Swiss public transportation 

In order to understand different SAV services in public transportation 
and their regulatory needs, the present context of regulations in public 
transportation in Switzerland will be presented hereafter (BAV, 2019). 

The Swiss public transportation system is divided in four subsystems:  

- Long-distance traffic  
- Regional traffic  
- Local traffic  
- Touristic traffic 

All those subsystems pursue different goals and are regulated in 
different ways. Our simulation of new SAV scenarios concentrated on 
the context of the regional public transportation, therefore the regula-
tory context will focus on this subsystem. 

2.1. Regulation of the regional public transportation 

The Swiss law describes regional public transportation as the trans-
portation provided by buses or trains within and between adjoining 
regions as well as the rough allotment of local communities. Two con-
ditions have to be fulfilled for declaring a line to be part of the regional 
public transportation. First, bus or rail lines need to make local com-
munities with more than hundred inhabitants accessible. Second, there 
has to be at least at one end of the line a connection to the superordinate 
public transportation system, and they have to make at least one local 
community accessible. If a line fulfils these conditions, the Swiss 
Confederation as well as the cantons order the line and subsidize un-
covered costs (BAV, 2019). The subsidisation of the public 

transportation is considered as a public service (UVEK, 2016). 
In order to provide the most cost-efficient service, there is a process 

of tender offers. The invitation for tenders is necessary, if  

a) there is a new line for the regional public transportation planned and 
a concession is necessary. If the anticipated uncovered costs of the 
line are under CHF 230,000 per year, there is no need for the tender 
offer process.  

b) a concession is renewed and the canton has defined in the first 
tendering process that the line has to be put out for tender again after 
the concession has expired.  

c) the transportation provider was not able to fulfil the predefined 
obligations during the concession. 

If a new line is planned to become part of an existing regional 
network of public transportation lines provided by the same operator, 
the process of the tender offers is not necessary. The reason behind this 
exclusion is, that matching the new line with the existing lines can in-
crease the synergy potential of the transportation provider (BAV, 2019). 

New lines are put out for tender if the regulator sees uncovered de-
mand in a region, but further needs of different stakeholders must be 
considered in the assignment process of each service too:  

- the service has to provide an adequate basis exploitation of the area;  
- the service is a request of the regional politic, especially for fulfilling 

the needs of economic development of peripheral and mountainous 
regions;  

- the service has to be conform with the land use planning;  
- the service has to be conform with environmental protection;  
- the service has to consider the needs of handicapped persons 

(Schweizerische Eidgenossenschaft, 2010). 

There is the possibility of objections, if one of the listed stakeholder’s 
needs is not considered in the planning of the new line service. There-
fore, the most relevant stakeholders in this case are representatives and 
politicians of peripheral/mountainous regions, land use planner, envi-
ronmental activists and handicapped persons. 

By winning the tendering, the transport operator has to fulfil several 
obligations on the provided transportation lines, the most important 
obligations include:  

- Paying customers must be transported (transport obligatory).  
- The transport operator is obligated to provide timetables for the lines 

and to provide the service during the defined operation hours.  
- The transport operator defines tariffs for the transportation service, 

which are adjusted to the frequency, the quality and the cost of the 
service. 

- Services in the regional public transportation system must be inte-
grated in the subordinate public transportation system. There are 
subordinate tariff systems that have to be adopted and tickets have to 
be provided over the boundaries of their own service area (BAV, 
2019). 

2.2. Summary of the present regulatory situation 

New lines in the Regional Public Transportation are generally given 
to operators that can fulfil the different criteria described above. Each 
line is granted a single concession in order to bundle all the demand on 
one provider of a line. If there would be no monopoly in the line, the 
competition may lead to lower cost-efficiencies and higher substitutes 
that are necessary. Currently, there are 114 transportation operators 
providing 1425 lines in the Swiss regional public transportation system. 
The Swiss Confederation subsidies them annually with around one 
billion Swiss francs (BAV, 2019). 
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3. Empirical context 

3.1. Research perimeter 

The T€oss Valley is located in the upper-east of Switzerland (see 
Fig. 1) and is the study site of this current study. The research area 
consists of ten villages with around 35,000 inhabitants in total (Federal 
Statistical Office, 2018). The passenger railway line S26 is crossing the 
whole region and the research area. The entire area is located in the 
canton of Zurich, the most populated Swiss canton. We chose the T€oss 
Valley because of its location and availability of high quality traffic data 
and business figures of current public transportation. The valley is 
located southeast of and close to Winterthur, Switzerland’s sixth biggest 
city and a second-tier city. Winterthur attracts most outbound trips with 
public transportation from the research area, followed by Zurich, the 
biggest city in Switzerland. Today, the trip to Winterthur from remote 
villages takes around 30–45 min, and the trip to Zurich takes 45–55 min. 
From villages near the S-train S26, the trip with the railway takes be-
tween 13 and 36 min, and around 45 min to Zurich. 

3.2. Status quo and two SAV scenarios 

The current public transportation system (see Fig. 1), here called 
status quo, builds upon two main transportation modes. First, the S-train 
S26 traverses the research area of the T€oss Valley, starting from Win-
terthur in the north. In the south, the S-train is separating in the south 
side of the perimeter in two lines. The S-train S26 operates two times an 
hour: to the half hour only until the end and to the full hour further south 
of the research perimeter. The second main transportation mode are 
several fixed route bus lines operating to and from the S-train stations of 
the S26 line. Several of the bus lines operate between the S-train stations 
of the S26 and the S3 south of the research perimeter; additionally, 
numerous short bus lines connect settlements and municipalities with 

the S-train stations. Depending on the line, the buses operate mostly 
hourly or each half hour. The overall traffic model indicates around 
8800 person trips with public transportation on an average weekday in 
and out of the research area. One transportation enterprise provides the 
entire regional public transportation system, the “Zürcher Verkehrs-
verbund” (ZVV). The motorized individual transportation, in contrast, 
generates nearly 82,000 trips on an average during weekday, showing 
that there is a lower demand for public transportation in the research 
area, valued from the Swiss perspective. 

Scenario 1 (see Fig. 1) builds on the entire replacement of the public 
transportation inside the research area by a SAV fleet, which means no 
bus or S-train operates anymore. Two different trip modes are possible in 
this concept. First, all trips to other villages inside the research perimeter 
are provided by door-to-door SAV trips. Second, for trips outside the 
research area, SAVs transport the users from their home to an S-train- 
hub outside the research area. In this scenario, the S-train S26 does not 
operate inside the research area anymore but operates autonomously 
between the hub “Sennhof-Kyburg” and Winterthur as well as from 
“Steg” to the south. 

Scenario 2 (see Fig. 1) combines the SAV service with the existing S- 
train S26 line passing through the research area. Therefore, we only 
substitute the current bus system by on-demand SAVs. The train oper-
ates autonomous in this concept, too. Seven existing train stations along 
the S26 supplement the hub concept. The two sorts of trips in scenario 1 
are complemented by two additional possibilities of transportation. 
First, SAVs bring users from their home to a train station where they 
change to the S-train. Second, users living near the train station are able 
to walk to the station and then take the S-train. We assumed a walking 
distance of 5 min as reasonable. 

3.3. Data sources and assumptions 

For realistic estimations of the business figures of both new 

Fig. 1. Empirical context and scenario 1 and 2.  
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scenarios, we used and analyzed two main data sets. First, the overall 
traffic model of the canton of Zurich was source of the top ten origin- 
destination-relations for each village in the research area. This means, 
that either the origin or the destination, or both, of a trip is registered in 
one of the ten villages in the research area. The relations are then 
aggregated on the level of the village, where we always used the village 
center for further analysis. The overall traffic model (Volkswirt-
schaftsdirektion Kanton Zürich, 2011) focuses on passenger traffic in-
side the canton of Zurich as well as the connections from and to the 
neighbouring cantons. The model differentiates between motorized in-
dividual and public transportation traffic as well as human powered (by 
foot and bike) mobility. Included are all traffic networks, being for 
public transportation the stops, points of transportation mode changes, 
hours of service and intervals of each line. The data is available for an 
average working day as well as for peak hours in the morning and in the 
evening and for the traffic between 11 and 12 o’clock. The 
origin-destination-relations are the base of estimating the changes in 
demand due to improvements in travel time, interchanges of the trans-
portation mode and changes in the interval frequency. Second data set 
are business figures of the current (situation 2013) railway and bus 
system for estimating the cost-efficiency of the new scenarios, based on 
the concept specific demand. 

The research is based on data of the anticipated costs and revenue of 
SAVs and the change in demand due to changes in the travel time and 
the service interval. B€osch, Becker, Becker, and Axhausen (2018) show 
that the costs of a 8-seat SAV used in regional circumstances, similar to 
our research area, will be at 0.55 CHF per km per vehicle. The costs 
calculation of B€osch et al. (2018) include on one hand the variable costs 
like depreciation, cleaning costs of the vehicle and abrasion of the tires. 
On the other hand, fixed costs (e.g. insurance, tax and parking costs) of 
the vehicle are included as well. For the S-train, costs of 11.26 CHF per 
kilometre were calculated, based on the available data of the business 
figures of the current public transportation in the research area. The 
revenue side builds upon scientific data on the perceived costs of 
operating SAVs as well as own calculations on the ticket-based costs. 
Each public transportation user in both scenarios pays 1.70 CHF (based 
on own calculations that are based on the current public transportation 
system) as ticket base for the entire trip and 0.16 CHF per travelled 
kilometre, regardless of the transportation mode. 

For the average degree of utilization of the SAVs with eight seats, 
B€osch et al. (2018) spatially differentiates between suburban and rural 
areas and temporally between off-peak and peak hours. Four of the 
villages in our research perimeter were classified as rural, six villages as 
suburban areas. For the suburban area, the degree of utilization during 
off-peak hours is assumed as 2.5, rising to 3 persons per trip during peak 
hour. In rural areas, the degree of utilization is lower with 1.5 persons 
per trip during off-peak hours and 2 persons per trip during peak-hour. 

Further, the level of productivity of the SAVs must be included in the 
cost-efficiency analysis. During peak-hour, the SAVs can operate during 
60 percent of the operation time with the transportation of guests. 
Distributed over the day the level is little lower at 50 percent. The 
productivity level results from the calculation of 100 percent minus the 
charging time, waiting time and transfer time (B€osch et al., 2016 in 
B€osch et al., 2018). 

We used following elasticities (Vrtic & Fr€ohlich, 2006) to anticipate 
the change in demand:  

- For change in the travel time an elasticity of 0.598  
- For the service interval an elasticity of �0.191 

The change in travel time was based on Google Maps trips, which 
was then compared to the current travel time of the bus and S-train 
services. For the service interval, we calculated an interval of 10 min for 
the SAVs, but the S-train remained on two services per hour. As this 
paper wants to open up the discussion the topic of regulating future SAV 
services, we forbear to go more into detail of the calculation steps of 

each key performance indicator presented in the results. 

3.4. Limitations and discussion of the simulation 

The estimations in this paper as well as in other studies on the impact 
of (S)AVs on the transport systems are based on numerous assumptions 
(Soteropoulos, Berger, & Ciari, 2019). In this paper, the estimations of 
the model-specific demand are built upon today’s customer trips with 
public transport in the research area. It was not focus of the research to 
assess the possible shift away or towards the usage of privately owned 
vehicles. 

The simulation is limited to current transport data and prospective 
usage scenarios for autonomous vehicles in public transport systems. All 
trip costs are based upon today’s figures, broken down to the costs per 
kilometre. The different SAV scenarios will lead to different trip lengths 
for the same origin-destination relation: in scenario 1, trip routes are 
more direct than in scenario 2. Consequently, kilometrage, revenues and 
costs differ between the scenarios. 

Further, both scenarios end at the research border or at hubs in 
neighbouring areas. The present study scenarios manipulated the public 
transport services originating or ending singly within the research area. 
Adjacent and connected public transport areas may influence the 
outcome in the study area, depending on their own usage of autonomous 
vehicles in public transport. 

The chosen simulation can be considered as a new approach to test 
possible business models with real data on the current usage of public 
transport. We differ from frequently used agent-based models by 
focussing only on the available data and by looking more into business 
model aspects of replacing parts of the public transport offering with 
SAVs rather than the consequences of such a replacement on the entire 
traffic system from a transport planning standpoint. 

4. Results and discussion 

The different assumptions and consulted scientific cost-analysis lead 
to the following business figures. 

4.1. Forecasts of the different scenarios 

4.1.1. Change in demand 
Both scenarios show (see Table 1) an increase in the total passenger 

trips. In the present system, there are nearly 2.9 million passenger trips 
with the bus. The passenger trips with the S-train are on 1.1 million. In 
scenario 1, we see an increase of the demand in the form of the passenger 
trips of around one million additional trips, for scenario 2 the passenger 
trips rise by 0.9 million. 

The reason for the high increase in both concepts can be seen in the 

Table 1 
Annual business figures, per scenario.   

Scenario 

Figures (annually)  Status quo 1 2 

Costs in millions of 
CHF 

16.22 11.80 14.00 
Revenue 8.30 13.09 15.17 
Gains �7.9 1.28 1.17 

Cost-efficiency  51% 111% 108% 

Total Vehicle Kilometers Bus in millions of km 1.18 – – 
Total Vehicle Kilometers SAV – 16.39 9.73 
Total Vehicle Kilometers S- 

train 
0.68 0.21 0.77 

Passenger trips (bus or SAV) in millions of 
trips 

2.90 (bus) 3.83 
(SAV) 

3.02 
(SAV) 

Passenger trips (S-train S26) 1.12 1.59 1.78 
Trips by foot to railway S26 unknown – 0.72 
Total passenger trips 2.90 3.83 3.74  
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direct trips of the SAVs inside the research area as well to the hubs with a 
calculated changing time of only 5 min to the S-train. In addition, the 
trips include only maximum one changing process, reducing the overall 
travel time. 

The increase in demand is higher in scenario 2 due to more direct 
trips especially to the hub “Sennhof-Kyburg” (see Fig. 1), where the most 
trips are leading to. They are more direct, as the SAVs operate mostly 
diagonal towards this hub; in scenario 2 the SAVs operate to the hubs 
inside the research area, leading to less direct trips compared to Scenario 
One and therefore to slightly longer trip lengths. The trips are less direct, 
as the SAV trip to the hubs lead to a slight detour compared to the di-
agonal trips toward “Sennhof-Kyburg”. 

4.1.2. Cost-efficiency 
In the status quo, the entire system can only be provided due to 

subsidies, as only 51% of the revenues cover the costs. The estimations 
of the two scenarios show a high gain in efficiency of the entire system. 
In scenario 1, we see an increase of the gains per year. By replacing the 
entire public transportation system by SAV, this ratio jumps over the 
hurdle of 100%. The revenues are 11% higher than the total costs. The 
explanation behind this efficiency increase can be manifold. At first, the 
omission of the driver’s task lowers the costs of the system. This is only 
possible when SAVs can drive without any driver being present in the 
vehicle, being the above-mentioned level 5. A further aspect of the in-
crease in efficiency is the attractiveness of the door-to-door service. This 
can increase the demand for public transportation as well as the 
bundling effects. The demand is increasing due to lower travel time and 
direct trips without changes of the line or the vehicle. 

Compared to scenario 1, scenario 2 shows still a higher revenue side 
than the system should cost, but it is with 108% slightly lower than seen 
in replacing the entire public transportation by SAVs. The usage of S- 
train in this system leads to the highest costs of all three scenarios. As the 
driver’s task in trains is responsible for only about 15% of all the costs 

(bus: around 50%), the system sees slightly lower gains in the end. 
However, due to attractive direct trips towards the different S-train 
hubs, the system remains attractive and attracts more passengers than 
the current system. 

4.1.3. Effects on the traffic situation 
In the current system, buses in the research perimeter are responsible 

for 1.18 million vehicle kilometres travelled per year. In both new sce-
narios, we can see a high increase of the total vehicle kilometres trav-
elled. In scenario 1, SAVs travel 16.39 million kilometres. This increase 
of the total vehicle kilometres travelled by a factor of nearly 14 
compared to the current situation may put a high pressure on the entire 
road system within the research perimeter. By integrating the S-train in 
the system, the pressure can be lowered, nevertheless SAVs are still 
responsible for around 9.72 million vehicle kilometres in the research 
perimeter (factor of 8.2 more vehicle kilometres travelled compared to 
today). 

Beside the overall increase of vehicle kilometres, it is important to 
consider local consequences on the traffic situation, too. We did that by 
assessing all trips to a hub in both scenarios for the peak-hour traffic. In 
Fig. 2, we depict the frequency of trips to and from each individual hub 
in both scenarios. 

Due to the proximity of the T€oss Valley to the city of Winterthur, 
most of the trips are going towards the north-west of the research 
perimeter. The hubs situated northeast, in Pf€affikon, Fehraltorf and Ill-
nau, register a high number of trips, too, as the passengers have the 
possibility to change to the train in direction of Zurich. There are only 
few trips going north or south, due to less workplaces or points of in-
terest in these regions. 

In scenario 1, the placement of all hubs outside the research perim-
eter has the consequence, that the nearest hub to Winterthur, Sennhof- 
Kyburg, registers the highest frequency. This high frequency during 
peak-time may lead to congestion problems, as all SAVs are planned to 

Fig. 2. Frequency of trips to and from each hub in scenario 1 and 2 during peak-hour.  
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arrive at the hub a short time before the departure of the S-train towards 
Winterthur. Two anticipated problems are overloads of the access roads 
to the hub station and parking problems at the station. 

By re-integrating the S-train system in scenario 2 as well as 
respecting footpaths to the hub stations, this punctual congestion 
problem can be dissolved and distributed over the entire S-train-line. 
The hub with the highest frequency in scenario 2 can be found southwest 
of the research perimeter in Pf€affikon with the connection possibility 
towards Zurich. 

5. Discussion on the regulatory needs in the future 

In this current study, we attempted to develop two future scenarios 
of SAVs used in a regional public transportation system. By analysing 
their implications on the economic and traffic system, we anticipate that 
a system entirely built upon SAVs shows the best economic gains but has 
high implications on the traffic system. Impacts can be seen in a huge 
increase in the total vehicle kilometres travelled by the SAVs as well as 
punctual concentrations of traffic at single hubs. Consequences may be 
an overload of the entire road system and local congestion problems at 
the access roads to the hubs. 

Scenario 2, combining the SAV service with the existing S-train line, 
showed lower gains than scenario 1 did, but there would be no subsidies 
needed as the system is self-feeding, too. In addition, having an S-train 
crossing through the research perimeter helps to reduce a certain 
number of trips with SAVs, to bundle demand in big vehicle sizes and to 
prevent the hubs from a high frequency during peak-hour. Even when 
the traffic impact is increasing in scenario 2 compared to the status quo, 
the local overload of a single hub are avoidable and the entire traffic 
system is less afflicted than in scenario 1. 

We showed in Section 2 the present situation of the regulation of the 
regional public transportation. With our two scenarios, we tried to 
maintain the current level of service and the goal and condition of the 
public service in the research perimeter. Nevertheless, both scenarios 
would need adaptions of the regulatory context. Today, for every new 
single line in the Swiss regional public transportation, a call for tender is 
necessary. An exception of this principle is given when a line can be 
integrated in an existing network of public transportation lines provided 
by one enterprise (BAV, 2019). From our point of view, there are 
adaptions necessary to this regulation. First, the call for tender for single 
lines in a regional SAV service as presented in both scenarios would 
make no sense, as the service is not line-bound anymore. In contrast, the 
SAV service would be flexible and on demand, operating on order with 
direct trips to the hubs or to the destination inside the research area. We 
therefore propose to open the line-bound regulation towards a call for 
tender for entire regions, in which the SAVs have the allowance to 
operate freely. It would be necessary to specify the perimeter in detail 
and if there are areas, where the SAV cannot operate, for example in 
pedestrian zones. 

The change from a line-bound to a highly flexible service would have 
further implications: an on-demand door-to-door service does not need 
any timetable anymore if the passengers can order their trips per app (or 
other technological solution). A possible service each 10 min like in our 
estimations seems to improve the accessibility enormously in a rural 
area, where currently buses operate sometimes only hourly or less 
frequently. However, in order to maintain the current service quality, 
there have to be some restrictions. Especially the connection guarantee 
at the hubs from one transportation mode to another has to be ensured in 
order to provide a fast, easy and comfortable service to the passengers. 
Here, the regulator has to provide standard guidelines for the trans-
portation operators how the connection between transportation modes 
has to be organized. A door-to-door service has also implications on the 
access of different passengers, especially handicapped persons. The 
entrance and exit of a vehicle needs to be suitable for handicapped 
persons and there has to be enough space for wheelchairs and other aids. 
In our estimations, we excluded the needs of handicapped persons as 

there are many uncertainties how the vehicles will be organized and if 
handicapped persons even are able to use the same SAVs as unhandi-
capped persons. A possibility would be to obligate the provider of a 
regional SAV service concept to provide parallel services for handi-
capped persons to the same conditions of economic and service aspects. 
Further, the system has to prevent the exclusion of people that are not 
able to book services on an app or other technological solutions. Today, 
services like some ridesharing or traditional public transportation pro-
vide hotlines for ticket booking and obtaining information. In both as-
pects the regulator does not need to adapt the present regulatory 
context, as these stakeholder’s needs, like the access of handicapped 
people to public transport or the guarantee of public transport services 
in peripheral and mountainous regions, are represented in the current 
law for the provision of public transportation in general. This will be the 
task of the service provider. 

In the present situation, the Swiss Confederation and the cantons 
subsidize unprofitable lines in the regional public transportation. Our 
estimations show that subsidies for a combined concept with SAVs and 
S-train used in regional public transportation would be obsolete if one 
enterprise provides both transportation modes. Today, S-train services 
cannot be provided with gains and therefore need subsidies. By taking 
away the driver’s task in S-trains, the cost-efficiency can be slightly 
increased, but not to a break-even. The cross sourcing between SAV and 
S-train service is one solution seen in this research to relieve the Swiss 
Confederation and the cantons from subsidizing regional public trans-
portation services. The resulting gains then open up the question of the 
usage of the gains: will it be possible to cross-subsidize different serviced 
regions of one single transport enterprise or are the transport enterprises 
forced to pay their gains in a national project fund. A project fund could 
have for example the goal to help the Swiss confederation and the 
cantons in the funding of national and cantonal public transportation 
infrastructure projects. Political institution need to solve these questions 
in the next years, in favour of ensuring attractive public transportation 
services in rural areas. 

With this paper, we showed how the regulator might react to new 
SAV services, with different open points. The state and the cantons as 
regulator will have the duty to regulate SAV services in the way that the 
population has the optimal benefit and a high quality service. From 
today’s point of view, we cannot suggest who will be the provider of a 
proposed regional SAV service network including the S-train infra-
structure. Nevertheless, transportation operators would need to estab-
lish new knowledge on on-demand public transportation in order to be 
ready to compete with new upcoming players that already have this 
knowledge. Yet new players may have the difficulty to receive the same 
support from the population in a region, which established transport 
operators have built up over time. 
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A B S T R A C T

Using advanced technologies, ridesharing has transformed transportation in many cities. The effective integra-
tion of ridesharing into public transport systems can provide an opportunity for public transport authorities to
solve the common problem of rural transport, namely poor accessibility due to the dispersal of the population.
However, literature on the integration of ridesharing with public transport is rather scant. At the same time,
while ridesharing has been extended to rural communities, so far this has attracted little research. To fill in
these gaps, this paper seeks to explore the practice and outcomes of integrating ridesharing with public trans-
port. The analysis is based on a case study of a community‐based ridesharing scheme in four rural municipal-
ities in central Switzerland. Using a mixed methods approach, the key findings show the public transport
authority designing the integration with a goal to complementing public transport with ridesharing. To achieve
this goal, three crucial approaches were adopted: the provision of information on the ridesharing scheme, the
integration of ridesharing notice boards into the local bus stop and regional railway station networks; and the
price strategies as a means to signify a contractual relationship between rider and driver and to reduce a poten-
tial competition. Even though ridesharing use is still only moderate, the authorities are satisfied with the out-
come and do not consider cost‐effectiveness to be important.

Introduction

Although ridesharing is far from being a new mode of transport, 
with the appearance of mobile technology and real‐time informa-tion 
(Chan and Shaheen, 2012; Henao and Marshall, 2018) it has chan-ged 
the transportation market in many cities, especially in providing a 
reliable and affordable service in neglected city areas (Hall et al., 
2018). Along with this significant gain, ridesharing also creates chal-
lenges for the transport authorities in terms of demand management. 
On the one hand, we have witnessed strong protests by traditional 
taxi‐drivers against ridesharing companies like Uber on the basis that 
‘uberization’ threatens their livelihoods (Malalgoda and Lim, 2019; 
Srinivasan, 2019). Alongside these protests there are also disputes over 
authorization to operate (Contreras and Paz, 2018). On the other hand, 
empirical studies of the impacts of ridesharing provide contradictory 
findings. Some studies report that ridesharing attracts riders away 
from public transport (Franco et al., 2019) and increases vehicle miles 
travelled (Henao and Marshall, 2018) and traffic congestion (Hall

et al., 2018), while others claim the opposite (e.g. Hall et al., 2018;
Feigon and Murphy, 2016; Chan and Shaheen, 2012).

However, these studies have primarily focused on cities and major
ridesharing companies. To date, little research has been conducted in a
rural context, even though ridesharing has been extended to rural
communities (Hofmann and Daskalakis, 2019; Joseph, 2018). It is
therefore of great interest to explore alternative ridesharing models
in rural areas.

Public transport in rural areas worldwide faces a common problem
of poor accessibility due to the dispersal of populations (Nutley, 2003;
Petersen, 2016). Although Switzerland, like other countries in western
Europe, has higher rural densities (FSO, 2014), its public transport ser-
vices in rural areas are still characterized by low frequencies, limited
operating hours and indirect routes (Petersen, 2012). Public transport
users face the first/last mile problem (Reck and Axhausen, 2019). Poor
public transport services also cause a high dependence on private cars.
Nevertheless, around 22% of the Swiss rural population do not own a
car (FSO, 2017), leaving the travel needs of the non‐car population, as
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well as the elderly and young people,1 unmet. Meanwhile public trans-
port authorities are increasingly being pushed to improve the efficiency
and effectiveness of how public transport is organized. They are already
required to ensure the provision of public transport to meet a range of
social policy goals, such as social equality and sustainable mobility
(Chen et al., 2017; Docherty et al., 2018). The effective integration of
ridesharing into the public transport system can provide an opportunity
for the public transport authorities to improve accessibility and to
increase public transport usage in rural areas by addressing the first/last
mile problem (Stiglic et al., 2018), and managing ridesharing as a com-
plement to public transport as seen later in the empirical part of this cur-
rent paper. Yet the literature on the integration of ridesharing and public
transport is rather scant. Moreover, to persuade the authorities to pursue
this solution, future research should document successful practices
through case studies (Murray et al., 2012).

Against this backdrop, the present paper seeks to explore the prac-
tice and outcomes of integrating ridesharing with public transport in a
rural context. We first pay special attention to the ways in which key
stakeholders cooperate with each other in designing and implementing
the integration process. We then look at the outcome of the integration
by means of a descriptive analysis. Because identifying suitable geo-
graphical areas plays a crucial role in designing the integration of
ridesharing with public transport, we also examine the impact of fac-
tors in the built environment on ridesharing use. To do so, we adopt
a mixed methods approach by combining qualitative interviews with
data on level of demand and geographical information. The analysis
is based on a case study of a community‐based ridesharing scheme,
Taxito, in four rural municipalities of central Switzerland. Our findings
highlight that filling a gap in public transport and mitigating outmigra-
tion to cities are the most important reasons for integrating ridesharing
with public transport. Even though ridesharing use is at present mod-
est in amount, the authorities are satisfied with the outcome of this
scheme and do not consider cost‐effectiveness to be important. Instead
they are concerned much more with how to design the integration
such that ridesharing should complement and enhance the use of pub-
lic transport. Our paper also enriches knowledge of the associations
between ridesharing and the built environment, another underex-
plored research area (Yu and Peng, 2019).

The remainder of the paper is organized as follows. Section 2
briefly introduces the ridesharing terminology, the classification of
ridesharing models, the impacts of the built environment on rideshar-
ing, and the integration of ridesharing with public transport. Section 3
describes the context for the study, followed by a presentation of the
data and methods used in Section 4. Section 5 discusses findings about
the actual integration process and its outcomes. Section 6 assesses the
implications for policy‐makers in integrating ridesharing with public
transport in a way that increases use of the latter.

Literature review

As mentioned previously, the integration of ridesharing with public
transport is still under‐researched. This literature review therefore
adopted an integrative review method to provide a knowledge base
and to present insights from different integration models. We begin
with the terminological distinction between ridesharing and ridehail-
ing. Both ridesharing and ridehailing refer to carpools (or vanpools)
in which two or more individual travelers share a journey in a private
automobile. However, ridesharing differs from ridehailing in its finan-
cial goals and types of travel route. Ridesharing is non‐profit because
the payment only covers part of the driver’s costs. Conversely, ridehail-
ing by, for instance, Uber, Lyft or Grab is a variation on the for‐profit

taxi. In a ridesharing system, the driver and the passengers share a
common route (origin and/or destination); conversely ridehailing dri-
vers typically do not have the same destination as their passengers
(Chan and Shaheen, 2012; Clewlow and Mishra, 2017).

Based on modes of operation and participants’ relations, Chan and
Shaheen (2012) classify a ridesharing scheme into three subgroups.
The ‘acquaintance‐based’ carpool is formed by families, friends and
coworkers. The ‘organization‐based’ carpool is arranged around a for-
mal institution: to use this service, formal membership or a visiting
organization’s website is required. The ‘ad‐hoc’ form of ridesharing
involves casual carpooling in which the driver and the passengers
do not know each other. Membership is not required. The shared
rides are organized by various mechanisms such as self‐
organization, notice boards/meeting points and computerized ride-
matching systems. Because of the characteristics of the case study,
this current paper only focuses on the integration of ridesharing with
public transport.

Rural areas lag behind urban areas on digitalization due to their
physical remoteness and low population densities (Salemink et al.,
2017). The available ITC infrastructure in rural regions influences
the technologies adopted by ridesharing schemes. In addition, unlike
urban areas, where ridesharing services are more individual‐oriented
and profit‐oriented, ridesharing models in rural areas are often char-
acterized by ‘community participation, individual altruism and col-
laborative initiatives’ (Joseph, 2018, p. 3). A study conducted in
rural Scotland also reports that strong local social networks have
positive impacts on the feasibility of ridesharing (Gray et al., 2001).

Previous research has shown that the built environment has certain
impacts on travel behavior (Thao and Ohnmacht, 2019). However, the
relationship between the built environment and ridesharing remains
under‐researched (Yu and Peng, 2019). While empirical evidence from
a few existing studies confirms the impacts of the built environment on
ridesharing behavior, findings on the magnitude of the impact proved
contradictory. Conducting a study of ridesharing in Texas, Pu and Peng
(2019) claim that there are strong associations between the built envi-
ronment (density, land use, infrastructure and transit accessibility) and
the demand for ridesharing. However, a study of ridesharing in Los
Angeles conducted by Brown (2020) indicates relatively weak impacts
of built environment factors on ridesharing, in comparison to neigh-
borhood socioeconomic characteristics. These two studies were con-
ducted in a city context. In rural settings, there have been no studies
of this issue to date. In the empirical section of the paper, we will pro-
vide initial findings from our case study of four rural municipalities in
central Switzerland.

In practice, several ridesharing models have been developed as
complementary to public transport services in rural areas. For exam-
ple, Carlos was the first ridesharing service to be implemented in a
non‐urban context in Switzerland. It was simply incorporated into
local and regional public transport services by installing call boxes
around bus stops and railway stations. The project was ended after
the pilot phase (2002–2005) due to the long waiting times, weak com-
munication and low demand (Hofmann and Daskalakis, 2019). The
Mobilfalt ridesharing scheme, implemented in 2013 in north Hesse,
Germany, has achieved stronger integration because it is combined
with the routes and timetables of local and regional public transport
services. It bundles not only private cars but also taxis with public
transport modes (Benz and Kepper, 2019). The Garantiert Mobil
ridesharing scheme implemented in the south of Hesse goes a step fur-
ther in being fully integrated into local and regional public transport
services (routes, timetables and tariffs). Besides private cars and taxi,
it bundles rental cars with modes of public transport (Krämer and
Weiss, 2019). Other common characteristic between Mobilfalt and
Garantiert is the active involvement of local transport agencies and
the municipal authorities, which finance a large share of the operating
costs, thus reducing fares for riders (Benz and Kepper, 2019; Krämer
and Weiss, 2019).

1 The number of Swiss people applying for driving licenses has declined in recent years.
In 2017, this figure fell by 2% for the whole population. The strongest reduction (3%) was
in the young population group (ages 18–24) (ASTRA, 2018).
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A survey of public transport agencies and ridesharing operators in
the United States conducted byMurray et al. (2012) is one of a few
studies devoted to the integration of ridesharing with public transport.
According to these authors, bridging the gap in transit services in areas
with sparse populations and addressing customer demand are the most
important reasons for ridesharing operators and public transport agen-
cies to cooperate. To evaluate the outcome of the integration, rideshar-
ing services are commonly used by both ridesharing and public
transport agencies. For the latter, cost�effectiveness is reported as
being less important. This suggests a reason why few public transport
agencies have considered substituting ridesharing for a� xed route as a
cost�saving measure.

The study context

In the past few years, several pilot projects (e.g. Taxito, Ebuxi/my-
buxi, Kollibri, sowiduu) promoting the integration of on �demand
mobility with public transport have emerged in Switzerland. These
projects have been implemented in urban, peri�urban and rural areas
and are varied in their technological characteristics and product
design, but all seek to achieve synergies between on�demand mobility
and public transport. On�demand bus and ridesharing are designed to
combine with local bus routes and/or to connect with regional railway
stations. It is therefore not surprising to see the strong involvement of
public transport operators like the Swiss Federal Railways (SBB),
PostAuto,2 and cantonal and regional public transport associations.
Besides their duty to meet customer demand, by becoming involved in
these projects, public transport operators can increase their customer
base and protect their market positions. Project stakeholders have

formed a working group to share practical experiences and to stress
the potential of this mobility solution to the Federal Of � ce of Transport.

The case study for this paper is Taxito, the successor to the Carlos
ridesharing scheme mentioned earlier. A key feature of Taxito
ridesharing is that it aims to complement public transport and operates
in areas with no or limited public transport services. Taxito has the
characteristics of a community�based, organization�based and ad�hoc
ridesharing scheme. It requires no membership registration for either
riders or drivers. However, if the driver wants to receive a free high-
way charge sticker (worth CHF 40) and payments (CHF 1 per ride),
he or she can register at the operator�s website. To use Taxito rideshar-
ing, a rider walks to the nearest Taxito notice board and sends the Tax-
ito platform a destination code via mobile phone. The destination
name will be lit up on the notice board. A driver sees the destination
and can spontaneously decide whether or not to take the rider. To
ensure security, the rider must send the vehicle�s registration number
to the Taxito platform. The rider must pay CHF 2 per ride, which is
directly charged by a mobile network operator. The price can cover
only a small proportion of the operating costs.

We chose Taxito for our investigation because it is the most wide-
spread ridesharing scheme to operate in low population density areas
of Switzerland. This suggests that Taxito has certain advantages that
other ridesharing schemes do not. In Switzerland, Taxito is currently
operating in Luthern, Willisau, Zell and Grossdietwil (Canton
Lucerne), Maladers (Chur), Hé Léman (Geneva) and Emmental�
Entlebuch (Bern and Lucerne). We selected Taxito�s activities in the
four rural municipalities of Luthern, Willisau, Zell and Grossdietwil
for investigation here. The � rst three municipalities were the � rst
where Taxito began operating in June 2015. This timeframe can be
considered long enough to be able to evaluate the outcome of the inte-
gration of Taxito ridesharing with local public transport. Furthermore,
other operational areas cover either part of some agglomeration or are2 PostAuto provides rural and regional bus services throughout Switzerland.

Fig. 1. The area of study.
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