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1 Mapping potential options and barriers for transformation 

The transport sector is responsible for about 1/3 of the Swiss CO2 emissions (BAFU, 2017, p. 17) and 1/3 

of the Swiss final energy consumption (BFE, 2016, p. 3). Despite the anticipation of emission reductions in 

other sectors such as households or industry, no decline is expected in the transport sector in the next years 

(Betschart et al., 2016). It is a goal, also regarding the Swiss Energy Strategy 2050, to reduce the energy 

consumption and the CO2 emissions of the transport sector, which requires a broad transformation of the 

mobility system. 

‘Transforming the Swiss Mobility System’, includes the core idea that the development of the complex 

socio-technical mobility system can be actively influenced, i.e. the system can and has to be transformed 

towards sustainability. In this context we assume the mobility system to include everything related to trans-

portation and (spatial) mobility, both from a physical and a social perspective (see 1.1). This system is not 

static but dynamic; its properties and interactions change constantly. From the sustainability perspective, a 

certain direction of development is envisioned: from an ecological and climate-change viewpoint, especially 

a reduction of greenhouse-gas emissions and energy consumption are desirable (Raubal et al., 2017). When 

trying to influence the direction of a complex system development, it must be considered that the lack of 

linear causalities in complex systems does not allow for suggesting simple measures, which steer the devel-

opment in a desired direction. This is why we do not suggest direct measures but action fields; after identi-

fying transformation needs and potentials. The action fields are meant to serve as general principles that 

must be taken into account when designing measures as well as specific economic, social, technological, 

cultural and political areas that can be targeted to transform the Swiss transportation system. Also the action 

fields must be seen as interrelated, when designing measures or interventions to transform the mobility 

system. 

As a precondition for action, there is a need to know about the transformation potential of Swiss mobility. 

To assess this systematically, it is necessary to identify options that facilitate change and barriers that limit 

or might prevent change. These options and barriers include both internal characteristics of the system as 
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The current effects of the Swiss transport sector on greenhouse gas emissions and energy consumption 

require a transformation towards a more sustainable mobility system. Identifying options and barriers 

of the current system for such a transformation allows deriving different action fields, which will provide 

the starting points for developing specific strategies. 
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well as external landscape factors influencing the system. A well-established approach to combine the inter-

nal and external perspective, as well as positive/favourable and negative/unfavourable influence, is the 

SWOT analysis (strengths-weaknesses-opportunities-threats). We used it as a basis to analyse the transfor-

mation potential of the Swiss mobility system and identify action fields for supporting transformation from 

that. 

1.1 SWOT analysis 

The method of SWOT analysis originates from business studies and is applied in a variety of fields and 

contexts. By separating an internal and an external perspective on the subject (here: the Swiss mobility 

system) and identifying positive and negative influences, a four-field-matrix results: strengths, weaknesses, 

opportunities and threats (Table 1-1). Each field has its own implications on how the associated items should 

be handled in strategy development. Strengths are aspects which are already developed or developing in a 

way that is considered positive. Therefore, they should be facilitated and maintained. Weaknesses on the 

other hand need to be fought and limited as they restrain favourable developments. Opportunities are 

positive external developments that can and should be employed to support improvements. Threats need 

to be considered as potential limiting external factors that can hinder or slow down progress, which means 

that approaches to deal with them must be developed. 

Table 1-1 Scheme of a SWOT Analysis 

  Influence 

  Positive/favourable 

Helpful influence 

related to the goal 

Negative/unfavourable 

Harmful influence 

related to the goal 

P
e
rs

p
e
ct

iv
e 

Internal 

Properties of the subject 

that can be actively influenced 

Strengths 

Maintain them and 

develop them further 

Weaknesses 

Reduce them in 

quantity and quality 

External 

Landscape factors beyond 

the subject’s control 

Opportunities 

Develop strategies to incorporate 

and increase their benefits  

Threats 

Prepare for coping with them to 

decrease their potential impact 

   Options  Barriers 

  for system transformation 

 

The subject of the SWOT analysis is the current Swiss mobility system in terms of its potential for transfor-

mation towards sustainability. A definition of ‘the Swiss mobility system’ depends on the assessment per-

spective, methods and research goals1; we stick to a rather generic way of addressing it. The way of deline-

ating the system is inspired by  the analytical framework of the multi-level perspective (MLP; Geels, 2012a, 

2002). The core of the MLP is the ‘socio-technical regime’ – “a coherent, highly interrelated and stable 

structure … characterized by established products and technologies, stocks of knowledge, user practices, 

expectations, norms, regulations, etc.” (Markard and Truffer, 2008, p. 603). Correspondingly our SWOT-

                                                      
1 Future work: In the second phase of the SCCER Mobility research framework, it is one of the main goals to develop a more 
detailed description of ‘the mobility system’. 
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subject comprises actors’ behaviour2, thinking and interaction as well as technology and (infra)structures. 

We consider the dominant regime with its technology (internal combustion engine and individual motorised 

mobility), but we also include subaltern regimes (e.g. public transportation, cycling, walking) as part of the 

system3. These regimes are what needs to be transformed towards sustainability (Berkhout et al., 2004), for 

instance concerning their shares (more public transport and cycling and less car traffic) and their internal 

development (e.g. more sustainable propulsion technologies). Besides regimes, the MLP considers the ‘so-

cio-technical landscape’ (“a set of factors that influence innovation or transition processes but are hardly 

(or only in the long run) affected by themselves”; Markard and Truffer, 2008, p. 603) and ‘socio-technical 

niches’ (“protective space for path-breaking innovations”; Smith and Raven, 2012, p. 1025). Those two are 

considered the external influence on our subject of the SWOT analysis4. 

The SWOT analysis is guided by fields that were identified to be relevant for the performance and future 

development of the Swiss mobility system (Table 1-2). Their identification – as well as the following assess-

ment (1.2) – is based on an extensive analysis of trends and developments that have impacts on the mobility 

system. The targeted trends were in the following thematic areas: mobility behaviour, accessibility and 

transport infrastructure, technology, spatial structure, economy, demography socio-culture, environment 

(Hoppe et al., 2017). The fields cover both the internal and the external perspective and they are interrelated. 

For instance, politics (taxes, regulations) can strongly influence markets, existing infrastructure limits or 

supports certain behaviours, etc. 

Table 1-2 Relevant fields for the SWOT analysis of the Swiss mobility system 

Field 

Internal 

element of the Swiss 

mobility system 

External 

influence on the Swiss 

mobility system 

Existing infrastructure X  

Planned infrastructure X  

Technology investments X  

Focus of research (funding, patents, publications) X  

Mobility behaviour of users X  

Attitudes of key players X  

System resilience X  

Openness to innovation (new ideas and technologies) X  

Energy prices and availability X X 

Policy and legal framework X X 

Norms and values  X 

Demographic development  X 

Structures of society  X 

Development of the economy  X 

Spatial structures  X 

                                                      
2 For the SWOT-Analysis of the Swiss mobility system, we primarily look at the transportation of people and do not consider the 
transportation of goods. Still it is important to notice that both are interconnected through mutual influence on different levels, e.g. 
by using the same infrastructure. However, the two have different mechanisms so they have to be analysed separately. 
3 Note the difference between subaltern regimes (Geels 2012) and niches. Whereas niches are characterized by technological inno-
vations, that do not have a (fully developed) market or technology scheme, subaltern regimes are completely market-ready and 
established, yet do not have the authority of a dominant regime. 
4 We abstain from a more detailed explanation of the MLP framework and refer the reader to the corresponding literature. 



Merja Hoppe, Tobias Michl 

Transforming the Swiss Mobility System towards sustainability 4 

 

The development goal, in relation to which the influence of certain aspects is considered either positive or 

negative, comes from the goal of sustainable development as described for SCCER Mobility. “The Swiss 

Competence Center for Energy Research - Efficient Technologies and Systems for Mobility aims at devel-

oping the knowledge and technologies essential for the transition of the current fossil fuel based transpor-

tation system to a sustainable one, featuring minimal CO2 output and Primary Energy Demand as well as 

virtually zero-pollutant emissions” (SCCER Mobility, 2017). Thus, the SWOT is used to assess the trans-

formation potential of the Swiss mobility system towards sustainability – in the framework of sociotechnical 

transitions as well as related approaches – with the steps shown in Figure 1-1. As the idea of sustainability 

includes the three dimensions of ecological, economic and social sustainability, all of them need to be con-

sidered, which is reflected by the investigation fields (Table 1-2). 

 

Figure 1-1  Application of the SWOT analysis for system transformation 

 

1.2 Options and barriers for the mobility system transformation towards sustaina-

bility – application of the SWOT-analysis 

A SWOT analysis on the Swiss transportation system helps to get an overview about the system’s state 

concerning its transformation potential. The presented SWOT matrix (Table 1-3) reflects an assessment of 

the different interrelated fields of the Swiss mobility system (see Table 1-2), in relation to sustainable devel-

opment. Threats and opportunities which might arise from external developments (outside the mobility 

system, such as social, political, economical trends or megatrends and other influential factors) are identified. 

Together with the internal strengths and weaknesses of the system, this allows to identify options and bar-

riers for a transformation towards sustainability. Therefore, it can be used as a first step of transformation 

potential analysis, by figuring out which options could likely be realized and which barriers need to be 

overcome when designing strategies and measures to be implemented in practice. In the next steps in our 

SCCER Mobility work packages, we will use these findings to concretise potential development trajectories 

and their likeliness to occur. In addition, a more detailed development of action plans towards sustainability 

is pursued. 

Reveal strenghts and weaknesses of the current system

Identify opporuntities and threats for the transformation towards 
sustainability

Derive options and barriers for the transformation process

Provide a basis to identify action fields for transformation measures in 
the real world
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Table 1-3 SWOT-analysis of the Swiss transport system 

Strengths Weaknesses 

 Energy efficiency of the transport system 

 Investments in existing rail network 

 High level quality public transportation net-

work 

 Swiss emissions legislations 

 Swiss ‘Energiewende’ 

 Support for 2000 Watt society by communes 

and BFE/Energieschweiz 

 Potential for hybrid vehicles 

 Potential for shared mobility 

 Use of Biofuels 

 Dominant paradigm of motorised individual 

mobility in policy, and individual behaviour 

 Low occupancy rates of cars 

 High travelling speed 

 Fragmented political and administrational 

structures 

 High expectations about the level of 

transport connectivity 

 Urban sprawl due to settlement patterns and 

economic structure 

Opportunities Threats 

 Economic growth enabling innovation 

 Sharing economy supporting shared mobility 

 Digital revolution enabling multimodal public 

transport 

 Political strategies related to global climate 

change and rising ecological awareness 

 Land use legislation supporting reduced land 

consumption 

 Potential behaviour changes of younger gen-

erations: decreasing use and ownership of 

cars 

 Niche: E-Mobility 

 Niche: Hydrogen-Mobility 

 Niche: Automated driving with shared vehi-

cles 

 Economic growth increasing mobility de-

mand 

 Rising personal income going along with ad-

ditional mobility demand 

 Growing real estate prices enforcing subur-

banisation 

 Increasing mobility demand related to immi-

gration 

 Economic structural change with increasing 

regional specialisation of the economy lead-

ing to longer commuting distances 

 Active lifestyles of growing older population 

increasing mobility demand 

 Niche: Automated driving with individual 

vehicles pushing motorised individual 

transport 
 

Based on the identified internal strengths and weaknesses of the Swiss mobility system and together with 

the opportunities and threats arising from external factors options and barriers for the transformation to-

wards a sustainable mobility system can be derived: 

I. Options arise from the high level of mobility quality related to the Swiss public transport system. 

Public transport allows for mass transportation in an efficient way – although due to the high fre-

quency of service and accessibility today’s Swiss public transport system lacks resource efficiency. 

Increasing the resource efficiency provides a powerful leverage of energy savings and reduction of 

CO2 emissions. Another option, coming from the political decision for the ‘Energiewende’ as well 

as from initiatives based on grassroots democracy like ‘2000 Watt society’, can be linked to this. 

The awareness and willingness of huge parts of the Swiss society to limit waste of resources pro-

vides the legitimacy for measures to optimize the given public transport system towards sustainable 

mobility. Another option is related to economic growth, which can support this development as 

money for investments and for R&D in innovative technologies should be available.  
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New mobility concepts and technologies are being developed and have a twofold impact: they pro-

vide new solutions to optimize the current mobility system and they challenge today’s mobility 

providers by increasing competition at the same time. The best, resource efficient solution might 

occur, if frame conditions like pricing of resources (e.g. internalized external cost) are aligned to the 

goals of system transformation towards sustainable mobility.  

Another option comes with socio-economic trends like the potential change of mobility behaviour 

in young age cohorts, the upcoming trend of sharing instead of owning or the ongoing digital rev-

olution. These developments will change how we live and work in the next few decades. Whether 

this will lead to a more sustainable economy and society will depend on appropriate supply of 

mobility solutions. Today we are in a crucial period concerning this, as the directions for the new 

trends are set within this phase of upcoming innovation and re-direction of the system develop-

ment. Decisions within this crucial phase of re-orientation and uncertainty will set the paths of 

future developments and fix them to a certain extent, which can then become barriers for future 

transformation. 

II. Barriers are rooted in the high quality of the mobility system with its path dependency. In Switzer-

land, not only the paradigm of auto-mobility is dominant, but also the one of high accessibility for 

both, individual motorized mobility and public transport. Components of this paradigm are the 

high level of: 1) connectivity within the transport system, 2) high speed in transport and 3) comfort 

in mobility. Those determine user expectations, transport provider standards and politicians’ mind-

sets. This high quality system enabled a settlement structure to be developed, linking Swiss regions 

and cities with low time spending to travel between. Structures of urban sprawl and long-distance 

relations (e.g. between place of work and place of living) developed and determine todays transport 

demand. These structures with their dependencies build a barrier for change; a new system would 

most likely lead to different structures. Within a phase of systemic change, mobility demand driven 

by the old structure would still need to be served while in parallel new structures would already lead 

to different patterns of demand.  

Another barrier comes from growth in fields such as economy, available income or population. In 

the past, growth in all these different, although related, fields lead to increasing mobility demand; 

these dynamics are likely to continue in the future. In this context, also lifestyle of high and growing 

activity has to be mentioned leading to further increasing mobility demand, especially related to 

leisure activities. 

‘Options and barriers’ related to internal aspects of the system and external conditions can either support 

or constrain a development towards more sustainability. Thus, they can be used to identify action fields, in 

which activities are necessary to achieve the development goals of the transformation towards a sustainable 

mobility system and on how to make use of identified options and to overcome barriers in this process. 

2 Action fields 

2.1 Technological innovation, energy and system efficiency  

Related to mobility demand, even the most optimistic scenario of the Energy Strategy 2050 projects only 

small reductions in traffic volumes or changes in modal split (Kirchner et al., 2012). On a European scale, 

no substantial change is envisioned either (Eißel and Chu, 2014). For making the mobility system more 

sustainable, two aspects will play a big role: energy efficiency and sustainability of energy sources; although 

measures in this field cannot substitute the need to reduce mobility demand. They provide additional po-

tential to reach the energy strategy goals and run in parallel to aspiration for demand reduction. 
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2.1.1 Increasing energy-efficiency 

Vehicles require energy for the engines themselves as well as beforehand for the production processes of 

vehicles plus fuels (petrol, diesel, natural gas, electricity, hydrogen…). A first goal is to reduce the amount 

of input energy for all components needed per passenger kilometre, independently from the type of energy 

that is used. Efficiency increases for the currently dominant internal combustion engine (ICE) technology 

are possible either by technical improvements for increased fuel-efficiency or by the amendment of niches 

(e.g. hybrid drivetrains). These changes do not affect already existing vehicles but on the long run they result 

in less energy consumption throughout renewal of the fleet. So over time, the energy efficiency of the whole 

system increases with a decrease of total energy consumption only if rebound effects can be avoided. 

Regarding interventions, emission regulations have proved to be beneficial to improve fuel efficiency. How-

ever, as the ICE regime is locked-in5, market mechanisms or classical / traditional policies are not likely to 

induce substantial change if following the rules of the given regime. “Charges to use the car may increase 

substantially, but political pressures are always present to moderate any substantial rises in price, so that 

motoring remains relatively cheap” (Banister, 2008, p. 76). Therefore, system-external (landscape) pressures 

identified as options (see Table 1-3), especially due to climate change, need to be translated into political 

action. In Switzerland, some import rules for cars concerning CO2-emissions are already implemented. Due 

to the fact that the Swiss economy is not as much depending on car manufacturing compared to other 

countries like Germany6, it might be easier to enforce strict emission legislation. The way of implementation 

through a penalty tax shows a general challenge: a (market-) liberal way of thinking makes it harder to limit 

the individuals’ ‘rights’ to use transportation in the way they wish (Banister, 2008). In Switzerland, also the 

generally high income-level makes taxes less efficient, unless they are remarkably high. It is politically chal-

lenging to enforce more effective yet more radical prohibitions instead of setting incentives (see also 2.2.2). 

However, incentives (e.g. monetary or psychological) are beneficial and – together with constraints – are an 

essential part of policy mixes (Attias and Mira-Bonnardel, 2017). 

2.1.2 Use of sustainable energy 

ICEs are likely to remain an essential technology for quite some time. Even if the efficiency of ICEs is 

improved and hybrid concepts are widespread, the issue of sustainability of the input energy prevails7 and 

energy needs to be produced as sustainably as possible. A shift from petrol and diesel8 to biofuels could be 

a solution – but only if negative side effects can be avoided. The sustainability of biofuels (gas, ethanol, and 

diesel) is still being debated and a comprehensive study by the United Nations Environment Programme 

(Bringezu et al., 2009) shows that no clear general statement can be made yet how sustainable they are; it 

largely depends on the type of fuel and the raw material. At least some approaches have potential to con-

tribute to a more sustainable development, especially advanced biofuels (second generation biofuels). Those 

are not produced directly from (food) crops like the first-generation fuels based on vegetable oils, sugar or 

starch, but through the processing of diverse organic waste. This is important because biofuel production 

and consumption have to be seen in a global context (Eißel and Chu, 2014) also when looking at the Swiss 

transportation system. Only truly sustainable biofuels can improve the system. This means that they must 

fulfil the following criteria: they must not be produced in competition with food, no ecosystems can be 

                                                      
5 For instance the MLP regards dominant technologies and their associated regimes as ‘locked-in’ (Geels and Schot, 2007) as con-
ceptualised by path dependency theory (David, 1985). 
6 According to a study by the ETHZ, the Swiss car related industry (component suppliers) accounts for 24.000 jobs (0.5% of all 
jobs) and a gross value added of 19 billion CHF (3% of the GDP) in 2013 (Müller, 2013). 
7 In the case of plug-in-hybrids, also the sustainability of the electricity needs to be ensured by use of renewable energy sources, 
sustainable battery production and recycling. 
8 Natural gas is also seen as a possible option. Yet, it is a non-renewable resource and therefore does not fulfil sustainability criteria. 
However, it can be seen as a transitory technology in a switch to biogas, especially as it emits fewer pollutants than petrol or diesel. 
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destroyed (such as primeval forests), no fossil energy or other non-renewable resources are used in the 

supply chain and adequate salaries and working conditions are ensured in the related industries. 

Another essential form of energy is electricity, which is already used in public transportation and will have 

an increasing importance for future transport systems. New technologies such as battery electric vehicles 

(or fuel-cell vehicles) require large quantities of electric energy (or Hydrogen produced with electricity). The 

primary energy source for this electricity must be sustainable, i.e. renewable energy (solar, wind, water and 

geothermal power). 

2.1.3 New technologies 

In addition to improving existing technologies, also niche technologies like hybrid vehicles (as a bridge 

technology), battery-electric vehicles or fuel cell vehicles can be implemented and supported within the 

current regime leading to an evolutionary system transformation. Also there might be more innovations 

upcoming, that we are just not aware of at the moment. Such wild cards (Hauptman et al., 2015) have 

potential to improve the regime through fundamental changes of technologies. New technologies in this 

sense do not necessarily have to be new propulsion technologies. Also information and communication 

technology (ICT) can increase the efficiency of a system (and contribute to its change). Examples are rides-

haring-applications that help increasing the occupancy rates of cars and therefore reduce emissions per 

capita. Other examples are ‘Mobility as a Service’ solutions targeting behaviour change via ICT means such 

as apps (Weiser et al., 2015). ICT can generally account for positive as well as negative effects. “Although 

there is a large substitution potential [for mobility or transport], the relationships between transport and 

ICT seem to be symbiotic with a greater opportunity for flexibility in travel patterns, as some activities are 

substituted, whilst others are generated, and some replaced by fewer longer distance journeys” (Banister, 

2008, p. 75). This makes it crucial to address rebound-effects parallel to any improvements of efficiency and 

optimization of the given system (2.2.3). 

Technological niches can play an essential role in making transport systems more energy efficient. They 

potentially reduce the ecological impact of transportation if smart technologies are used in a smart way. 

Therefore, not only from an innovation research (multi-level) perspective describing the transformation of 

a regime through new technologies, but also from a pragmatic point of view, it makes sense to support the 

development of technological niches. The approach of strategic niche management  provides a systematic 

approach to achieve this by a sequence of “creation, development, and breakdown of protected spaces for 

promising technologies” (Kemp et al., 2001, p. 270). Through such a target-oriented support of favourable 

socio-technical niches, a systemic sustainability transformation can achieved (Geels and Kemp, 2007). A 

general openness towards new ideas, innovation and change in society, economy and politics creates an 

atmosphere that is supportive for this kind of niche development. 

2.1.4 Overall system optimization 

Even though the Swiss mobility system provides a high quality of public transport services and high acces-

sibility for motorized individual transportation, the system is not organized in an optimal way; infrastructure 

capacities are designed to handle traffic peaks of the morning and afternoon for both car and public 

transport. In public transport, high accessibility and flexibility of services all over the country and during 

the whole day are provided. This high quality leads to inefficiencies of the mobility system, as for certain 

times of the day infrastructure and services are underused, while during peak hours (3-4h per day) capacity 

is lacking in certain locations, such as the city centres and within some agglomerations. In the case of public 

transportation, this results in an average degree of capacity utilisation of 32% in long-distance and only 20% 

in regional transport for SBB trains (Müller-Jentsch, 2013). Therefore, new solutions to address these ca-

pacity issues are required, such as flexible pricing, shared mobility, new business models etc. 



Merja Hoppe, Tobias Michl 

Transforming the Swiss Mobility System towards sustainability 9 

2.2 Avoiding rebound effects  

It is regarded as a general principle that people try to reduce their overall costs for travelling, namely mon-

etary costs and time consumption (Banister, 2008). Additionally, it becomes increasingly important to reduce 

the environmental costs of travelling and ecological ways of thinking can actually influence mobility behav-

iour (Gardner and Abraham, 2008). For ecological as well as economic cost reduction, the idea of energy 

efficiency is addressed in 2.1. Another aspect of efficiency increases from a user’s perspective concerns time: 

increased time-efficiency travel allows for longer distance. Time efficiency can for instance be achieved 

through building new roads or railway routes, increasing their capacity or introducing new services. 

In the past, technological as well as organisational solutions helped for increasing efficiency in transporta-

tion. But such improvements in technology and infrastructure induce behavioural responses; the dilemma 

about efficiency is that it tends to create rebound effects, which interfere with the intended effects 

(Binswanger, 2001). Increasing efficiency often does not lead to reduced environmental impacts, but savings 

are invested elsewhere leading to a transfer of resource consumption, however not to a decrease in total but 

even an increase. In the following, we discuss the rebound effects that might be induced by increasing time 

efficiency (2.2.1), cost efficiency (2.2.2) and energy efficiency (2.2.3) (for specific policies that target these 

action fields see Font Vivanco et al., 2016). 

2.2.1 Time-efficiency 

Increasing time-efficiency of the transportation system means reducing the travel time related to distance. 

Shorter travel times have positive effects on the social and economic dimension of sustainability, as people 

gain more time and energy for work as well as recreation. Nevertheless, there is a twist to the positive effects. 

Based on empirical data, many studies propose the existence of a constant travel time budget. This daily 

travel time of about one hour9 seems to apply quite independently from cultures and modes of transport; 

although it is not a universal constant for individual behaviour but an average aggregated value (Lyons and 

Urry, 2005). Taking this constant average travel-time budget as a basis, the average travelled distances auto-

matically get longer when the average travel speed increases through time efficiency measures. 

Through constant travel time budgets, the potentially positive effects on the social and economic dimension 

of sustainability do not come into effect any more. Additionally, increased travelling speed and longer dis-

tances require more energy, which also means that time-efficiency has counterproductive effects on ecolog-

ical sustainability. Increasing travel time efficiency can even be responsible for changes in modal split. “Even 

though travel time may have remained constant as cities have spread, both distances and speeds have in-

creased substantially. Local public transport, cycle and walking have become less attractive, and this in turn 

has resulted in the greater use of the car” (Banister, 2008, p. 73). 

In Switzerland, time efficiency is realized mainly through infrastructure projects such as building new 

roads/railway/transit lines and increasing capacities of existing infrastructure. The daily travel distance of 

an average Swiss person showed an increase by 5.5 km from 31.3 to 36.8 km per capita during the last 21 

years (BFS and ARE, 2017, p. 19). To reach more ecological sustainability, effective measures have to stop 

the circle of increasing travel speeds, distances and therefore energy consumption of the whole mobility 

system or even reduce them. The two most important travel purposes in Switzerland concerning distance 

are leisure (44% of the daily distance; additionally some parts of shopping (13%) can be seen as leisure as 

well) and workplace commuting (24%, year 2015; BFS and ARE, 2017, p. 38), They should be the primary 

target areas for implementing measures (see also 2.3.1 and 2.4.2). 

                                                      
9 Travel times in Switzerland are generally higher than in other European countries and are about 1.5 hours per day and have not 
varied by more than 10% in the last 20 years (BFS and ARE, 2017, p. 20). 
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2.2.2 Cost-efficiency 

In 2011 Swiss households spend on average 8.0% of their gross income or 768.34 CHF (2009: 7.7%, 

716.98 CHF) on transportation (BFS, 2013, 2012). Thereof purchasing car fuel accounts for almost one 

fifth of the total expenditures. Data of the Swiss Microcensus confirm that mobility demand increases with 

rising income (BFS and ARE, 2017, p. 56; see also Graham and Glaister, 2004). A higher amount of dispos-

able income is associated with longer travel distances and longer travel times. In a meta study on road traffic 

elasticity and income10, Goodwin et al. (2004, p. 278 f.) stated that a 10% increase in real income results in 

4% more cars and fuel consumption within one year and over 10% on a longer timescale, while the volume 

of traffic increases by 2% respectively 5%. 

Table 2-1 shows the elasticities of road traffic variables related to fuel price increases. It becomes obvious, 

that an increase in fuel prices is related to reduced traffic and fuel consumption as well as less vehicles 

owned, while efficiency of fuel use is increasing. Thus, a possibility to achieve a higher degree of ecological 

sustainability in mobility therefore is an increase in prices, especially in the case of ICE cars as the ecologi-

cally most harmful means of transportation. In the past, expectations of market-driven increasing oil prices 

and reduced oil consumption have not been fulfilled. Instead of relying on ‘normal’ market mechanisms, 

political action is necessary here. This must consider a broader context because an optimisation of the whole 

system requires shifts in behaviour indifferent fields such as mode choice, location choices etc. 

Table 2-1: Effects of a 10% increase in fuel prices on mobility behaviour and fuel consumption 

 Short term change 

(one year) 

Long term change 

(about 5 years) 

Volume of traffic - 1% - 3% 

Volume of fuel consumed - 2.5% - 6% 

Efficiency of fuel use + 1.5% + 4% 

Total number of vehicles owned - 1% - 2.5% 

(Data: Goodwin et al., 2004, p. 278) 

However, there are additional ways of steering developments through pricing (summarized in Table 2-2). 

Most of the measures mainly consider only ecological sustainability while price increases always have to be 

evaluated in the respect of social and economic sustainability, too. Whereas a ‘green economy’ approach can 

help in mediating effects on the latter, the social perspective is more problematic. With increasing prices, 

households with lower incomes can afford less mobility, which might reinforce social disparities. In order 

to balance the social, environmental and ecological dimension of sustainability a reasonable access to mo-

bility needs to be granted for everyone, without disproportionate privileges for those who can afford spend-

ing more money on transportation. 

                                                      
10 The studies used were “confined to those carried out in the UK or other countries broadly comparable with the UK” (Goodwin 
et al., 2004, p. 276). 
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Table 2-2: Impacts of different type of pricing 

Type of impact 
Vehicle 

Fees 

Fuel 

Price 

Fixed 

Toll 

Congestion 

Pricing 

Parking 

Fee 

Transit 

Fares 

Vehicle ownership. 

Consumers change the number 

of vehicles they own. 

✔    ✔ ✔ 

Vehicle type. 

Motorist chooses different vehi-

cle (more fuel efficient, alterna-

tive fuel, etc.) 

✔ ✔     

Route Change. 

Traveler shifts travel route. 
  ✔ ✔ ✔  

Time Change. 

Peak to off-peak shifts. 
   ✔ ✔  

Mode Shift. 

Traveler shifts to another mode. 
 ✔ ✔ ✔ ✔ ✔ 

Destination Change. 

Motorist shifts trip to alternative 

destination. 

 ✔ ✔ ✔ ✔ ✔ 

Trip Generation. 

People take fewer total trips (in-

cluding consolidating trips). 

 ✔ ✔ ✔ ✔  

Land use changes. 

Changes in location decisions, 

such as where to live and work 

  ✔  ✔ ✔ 

(Litman, 2017, p. 16) 

2.2.3 Energy-efficiency 

Energy efficiency is closely related to cost-efficiency. The more expensive fuels are, the more motivation 

consumers have to use fuel- respectively energy-efficient transportation (Table 2-1). On the other hand, 

Brännlund et al. (2007) simulate that increasing efficiency of propulsion technologies in the end leads to 

increasing CO2 emissions from car transportation. Such energy efficiency rebound effects (Linn, 2013; Sta-

pleton et al., 2016) can be counteracted by interventions in pricing as shown in 2.2.2. In the case of public 

transportation, increasing energy-efficiency actually always accounts for a reduction in emissions. 

Rebound effects of energy efficiency increase are not necessarily related to pricing. When it comes to indi-

vidual mobility behaviour, a psychological aspect is considered relevant: the more fuel-efficient ICE-vehicles 

are, the better people might feel about using them, because they use less fuel and therefore harm the envi-

ronment less than before, e.g. in the case of hybrid vehicles11. In fact, also electric vehicles, which ‘outsource’ 

emissions to the generation of electricity, face a similar problem, as long as not all electricity originates from 

renewable sources. In the end, allegedly clean(er) technologies might even be responsible for increasing 

energy consumption. This can only be targeted by combining efficiency measures with addressing behav-

ioural change and a restructuration of the whole mobility system (de Haan et al., 2013). 

                                                      
11 For a more general review on rebound effects of energy efficiency in household consumption see e.g. Binswanger (2002). 
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Looking at the current trends in energy efficiency from a technological perspective, fuel efficiency of ICEs 

is increasing. Yet it does not play out the full effect because efficiency increases in propulsion technology 

are (at least partly) counteracted by an increasing energy demand of vehicles due to higher vehicle weight, 

additional features (ICT, extra equipment) and a demand for more powerful engines (Kammerlander et al., 

2015). This issue is already targeted by emission laws, which state maximum amounts of emissions for new 

vehicles imported to Switzerland by a company which still allows for heavy and high consuming cars. Reg-

ulation could be improved by not using the emission values for the average fleet, but for each single vehicle. 

Also it is worth discussing whether penalty taxes or subsidies could be replaced by establishing fixed emis-

sion limits. This issue is especially important also concerning social sustainability, as penalty payments affect 

people with less money stronger than more affluent people and due to the fact that the general high income 

in Switzerland makes users sell sensitive for financial instruments. 

2.3 A paradigm shift for the mobility system 

Mode choice is based on the availability of different transportation modes as well as on travel time and 

comfort related to them, whereas environmental aspects play a minor role (BFS and ARE, 2017). For many 

people the car is the most convenient option, as it provides flexible, comfortable and cheap door-to-door 

transportation. The more sustainable modes of public transportation often require a higher number of trip 

legs i.e. transfers between vehicles and/or modes. 

A shift from car to public transportation has the potential to increase sustainability, as energy efficiency is 

higher in trains or busses with high occupancy rates compared to cars. Therefore, the attractiveness of 

intermodal mobility – with a focus on public transportation and cycling/walking – needs to be increased 

relative to car mobility. 

An initiative for supporting intermodal mobility needs to be driven by policy and planning while companies 

need to develop new business models. Successful implementation requires “two key elements to the per-

sonal (rather than the social) dimension. The first is that there is an acceptance that the policy package being 

proposed will work and is efficient. The second is that it is fair, both to the individual travellers, and more 

generally to society as a whole.” (Banister, 2008, p. 76) To ensure that and to manage this fundamental 

change, which requires a paradigm shift, mobility strategies on the national, regional and local scale need to 

reflect the benefits of intermodal mobility compared to mode-based travel. 

On the individual level, a change of attitudes and behaviour is necessary for the shift from mode-based to 

intermodal mobility. Two general strategies to support behavioural change can be distinguished: setting 

incentives to motivate voluntary change and imposing rules, restrictions or barriers. Besides providing in-

centives, which is seen as a promising approach in market societies, new technologies should support the 

systemic change. “In general, people prefer technological solutions to behaviour changes, because the latter 

is perceived as more strongly reducing the freedom to move” (Steg and Gifford, 2005, p. 60). This means 

that mainly two issues need to be worked on; the usability and the convenience of multi-modal trips and 

the motivation for and support of behaviour change. One idea is the integrated concept of ’mobility as a 

service‘ (MaaS; e.g. Datson, 2016). Here, not the single means of transport need to be compared by the user 

but algorithms take over planning, informing and paying. In the end, users of such solutions, mostly 

smartphone applications, are offered a mobility solution from one source with increased usability. 

To contribute to a more sustainable transport system, multi-modal mobility should result in a reduction of 

individual transportation in favour of shared and collective mobility. A barrier for a sustainable development 

is the deeply rooted paradigm of individual motorised mobility12, which developed especially in the second 

                                                      
12 “Our work- and leisure-travel behaviour have been designed on the principle of individual motorised mobility” (Kammerlander 
et al. 2015, p. 7). 
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half of the 20th century and is part of the socio-technical ICE-car regime (Geels, 2012b). A shift towards a 

sustainable mobility paradigm would need to give up the primacy of individual motorised mobility and at 

least partly replace it with shared/collective mobility. Today, there is a tendency visible towards less car use 

especially for younger age groups (BFS and ARE, 2017) showing a window of opportunity for the reduction 

of car ownership and usage. 

2.3.1 Changes in the economy, the working world and related mobility  

Workplace commuting accounts for 1/3 of the average daily distance travelled by a Swiss person during 

weekdays (BFS and ARE, 2017, p. 42). Work-related mobility plays an important role, as it is a main reason 

for traffic peaks and the resulting too low overall (energy) efficiency of public transport. Sustainability in 

this field can be increased through a reduction of commuting ways in both frequency and length. Also 

providing travel alternatives to individual motorised mobility and increasing efficiency with the least re-

bound effects possible (2, 2.2) should be the goal. 

2.3.2 Flexibility in work place and time 

Flexibility of working places allows a reduction of commuting trips, if people work from home or in flexible 

offices located close to their home. Flexible working times provide the opportunity to reduce peak pressures 

on the transportation system, as not all employees have to commute at the same time. For both aspects, 

there are three preconditions which are supported by recent trends13. 

(1) Change of the working world 

Traditional jobs, especially in the industrial production of goods or in basic services, require fixed 

working places. However, there is an increasing number of jobs, primarily in the field of knowledge-

based services14, which do not require employees being at a specific location during all (or at least 

during some) of their working time. Besides the general deindustrialisation and this transition to-

wards a knowledge-based service economy, a rising share of digital native freelancers can account 

for a reduction in traditional office workplaces. As many job activities also do not require fixed 

working times, the commuting time flexibility increases. 

(2) Technological change 

Digitalisation of society is the basis for new ways of working. Due to the technological advance-

ments of internet and mobile working devices, the barriers for working in (multiple) different places 

are decreasing. Cheap and easy to use telecommunication innovations such as video conferencing 

also reduce the need for physical mobility. 

(3) Cultural change 

The technological and organisational opportunities can only have effects, when innovations are 

implemented and used. It is primarily the task of employers to provide the technical and organisa-

tional possibilities and to support the related change of working culture. Employers need to provide 

infrastructure with mobile working devices, communication interfaces, remote access to data etc. 

They also need to allow and encourage their employees to have flexible working hours and the 

possibility to work in other places than at their office desks, which requires mutual trust on both 

sides. Due to digitalization, changes of the working world will happen anyway and therefore flexible 

working places and schedules can be offered, not only supporting sustainable mobility, but provid-

ing attractive options for a better work-life-balance. 

                                                      
13 Mobility trends and other related (landscape or niche) trends were assessed during the SCCER Mobility research. 
14 Sometimes also called quaternary economic sector. 
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Despite the fact that especially aspects (1) and (2) are already existing since several years15, the total amount 

of commuting distances did not decrease. For the future, especially public service providers can be attributed 

a key role because politics can influence them more easily than the private sector. They can set trends in the 

job market by providing options as well as incentives to reduce commuting. 

2.3.3 Distances between workplace and home 

The reduction of the travel distances between workplace and home can happen either through less frequent 

travelling (see above) or through a reduction of the physical distance. Within a strongly diversified and 

specialised job market, living closer to the workplace might only be possible in sectors with well-distributed 

jobs. Moving to a new home might be difficult due to social aspects (friends, family) and cost (rent, reloca-

tion costs, residential property). In Switzerland, the relocation rate is rather low and even dropping 

(homegate.ch, 2014) and 66% of the Swiss employees do not consider relocating due to a new job (Aeschli-

mann, 2016). This might partly be a result of the well-developed Swiss transportation system that allows 

commuting over long distances within a reasonable time; especially with public transportation. This points 

out the interrelatedness of (high) accessibility, urban and agglomeration development as well as mobility 

demand. All mentioned factors influence each other by positive feedback; high accessibility of many loca-

tions outside of and even far from economic centres with high job density pushes new settlements leading 

to increasing mobility demand, again requiring increasing transport capacities and so on (see also 2.4). 

New and innovative options are therefore necessary. A project worth mentioning is ‘Villageoffice’ (Vil-

lageOffice Genossenschaft, 2017), whose vision is to provide a nationwide network of co-working spaces, 

which are easily accessible with public transportation or bike. They provide an amendment or alternative to 

home offices and traditional office space in the company and therefore allow more flexibility for employees, 

employers and freelancers. 

2.4 Integrated spatial and transport planning 

Transportation is linking locations for living, work, education, supplies, leisure and social life. The closer 

these locations are the less distance has to be covered to access them. In theory, providing mixed functions 

(e.g. through areas of mixed zoning) should lead to less transport demand; thus, spatial planning is required 

to provide everyone with all necessary facilities at the least distance possible. According to Banister (2008, 

p. 75) “it is one area of public policy where intervention can take place”. He mentions several aspects to 

address: increasing densities and concentration, mixed use development, housing location, the design of 

buildings, space and route layouts, public transport oriented and car-free development, among others. How-

ever, a solution is not only to be found in providing mixed functions and increasing density of housing in 

areas with a good service infrastructure. Especially the quality of life needs to be increased, as too high 

density can affect quality of life with noise, emissions or a lack of recreation space. This can support either 

suburbanisation with resulting increased demand for commuting mobility or high leisure mobility demand 

for ‘escaping’ the city (see also 2.4.2). 

A solution is integrating spatial and transport planning. Urban spaces can be designed or re-designed to 

support certain transport modes and means of transport by focussing on high quality of life. For this, a 

change in the way of thinking and a hierarchy of priorities for different transport modes is necessary; Ban-

ister (2008) suggests to replace conventional paradigms in transportation planning with an alternative ap-

proach of sustainable mobility (Table 2-3). One example is a broadened understanding of public street space 

                                                      
15 About 1/3 of Swiss employees make use of home office options. About 1.4 million people work at home for an average of 8.1 
hours per week. Home office accounts for 8% of all hours worked in Switzerland. The share of people making use of home office 
is especially high amongst self-employed persons (90%), whereas only 1.2% of ‘regular’ employees use home office as their primary 
workplace. In total, there are about 40 million home office days per year in Switzerland, which means correspondingly less com-
muting. (Weichbrodt, 2014) 
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where its purpose is not only transportation segregated by modes but being an integrated mobility and living 

space, while providing multiple options for activities and social interaction (Appleyard et al., 1981). In gen-

eral, more holistic and integrative concepts and paradigms are necessary to address systemic transformation 

towards sustainability. Especially in a planning context, it is also important to be aware of consequences for 

the future development that arise from building physical structures. 

Table 2-3: Contrasting approaches to address transport planning 

Conventional approach of transport 

planning and engineering 

Alternative sustainable mobility approach 

Physical dimensions Social dimensions 

Mobility Accessibility 

Traffic focus, particularly on the car People focus, either in (or on) a vehicle or on foot 

Large in scale Local in scale 

Street as a road Street as a space 

Motorised transport All modes of transport often in a hierarchy with pedestrian and cy-

clist at the top and car users at the bottom 

Forecasting traffic Visioning on cities 

Modelling approaches Scenario development and modelling 

Economic evaluation Multicriteria analysis to take account of environmental and social 

concerns 

Travel as a derived demand Travel as a values activity as well as a derived demand 

Demand based Management based 

Speeding up traffic Slowing movement down 

Travel time minimisation Reasonable travel times and travel time reliability 

Segregation of people and traffic Integration of people and traffic 

(Banister, 2008, p. 75; adapted) 

2.4.1 Sufficiency principles for planning and decision making 

Even if mixed functions and short distances are realized through spatial planning, this does not necessarily 

mean that mobility demand would decrease, as not everybody might stay within this ‘compact city’. The 

principle of ‘sufficiency’, which generally means a limitation to the necessary – mobility, infrastructure, ser-

vices etc. – can provide solutions. As it is up to debate, what should be considered as necessary, there is a 

need for a social discourse on the quality (e.g. comfort, flexibility and price for public transport; high way 

capacities) and quantity (e.g. frequency and location of public transport; size of street infrastructure and 

network) of the mobility system we would like to have and we are willing to pay for. Sufficiency principles 

should be taken into account by policy and planning, when reorganising existing or planning new spatial 

structures. 

2.4.2 Quality of life and mobility for leisure activities 

A specific field where sufficiency is beneficial is mobility for leisure activities. Leisure is by far the most 

important and a still increasing purpose for traveling. During an average day in 2015, 39% of the trips, 44% 

of the distance and 50% of the time travelled by a Swiss person were dedicated to leisure purposes (BFS 

and ARE, 2017, p. 46). 
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Many different factors are influencing leisure travel behaviour, and one of them is the quality of life (OECD, 

2000). In densely populated areas, one purpose of leisure is compensating “for the deteriorated psycholog-

ical and social quality of life” (OECD, 2000, p. 22). The built environment of housing areas determines the 

options that individuals have for realizing their leisure activity close to their homes. Therefore, increasing 

the quality of life can reduce the push-factors that trigger leisure mobility because needs can be satisfied 

without or with less travelling. 

A first assessment for the quality of life can be done by evaluating the properties of the natural and built 

environment around the home. However, many different studies that try to measure quality of life have 

been conducted from different perspectives, not only focussing on this objectively measurable dimension 

(Steg and Gifford, 2005). As quality of life is different depending on individual needs and preferences it 

might be measured by subjective indicators. The subjective dimension is expressed through a person’s sat-

isfaction in the context of their environment and how it is perceived (Marans, 2003). Policies supporting an 

increase in the environmental quality of life around the homes and a decrease of travel distances can be 

mutually reinforcing. The subjective experience of quality of life has to be considered as well, when design-

ing measures as it encompasses the fact that different people perceive the same environment differently. 

3 Summary 

This working paper gives an overview on transformation potentials for the Swiss Mobility system by point-

ing out different aspects that can either hinder or support sustainability developments. The main barriers 

for a sustainability transformation can be found in the continuing growth of mobility demand, lack of (po-

litical) regulation in some fields and the persistence of an individual (ICE) vehicle paradigm. Options are 

provided through many different technological innovations of vehicle technologies and ICT-solutions etc. 

Nevertheless, they do not have considerable effects when they are not accompanied by corresponding social 

and political change processes. Those need to be supported by political/societal actions for two reasons: 1) 

new socio-technical innovations compete with persistent regimes and sustainable solutions thus might start 

from a weak position 2) the risk of counterproductive rebound effects needs to be reduced. 

Described action fields take up the options and barriers, which were identified. Measures to increase the 

sustainability of the Swiss mobility system should therefore include 1) the support of (socio-)technical in-

novations and systemic improvements while 2) tackling potential rebound effects, 3) reducing the mobility 

demand through spatial and organisational change and 4) integrate sufficiency principles in behaviour as 

well as in policy and planning. 

Acknowledgements 

This research was supported by the Swiss Competence Center for Energy Research (SCCER) Efficient 

Technologies and Systems for Mobility, funded by the Commission for Technology and Innovation (CTI). 

References 

Aeschlimann, B., 2016. EY Jobstudie 2016. Ergebnisse einer Befragung von 1.000 Beschäftigten in der 
Schweiz. Ernst & Young AG, Zürich. 

Appleyard, D., Gerson, M.S., Lintell, M., 1981. Livable Streets. University of California Press. 
Attias, D., Mira-Bonnardel, S., 2017. How Public Policies Can Pave the Way for a New Sustainable Urban 

Mobility?, in: Attias, D. (Ed.), The Automobile Revolution. Springer International Publishing, pp. 
49–65. doi:10.1007/978-3-319-45838-0_4 



Merja Hoppe, Tobias Michl 

Transforming the Swiss Mobility System towards sustainability 17 

BAFU, 2017. Emissionen von Treibhausgasen nach revidiertem CO2-Gesetz und Kyoto-Protokoll, 2. Ver-
pflichtungsperiode (2013–2020). Bundesamt für Umwelt BAFU. 

Banister, D., 2008. The sustainable mobility paradigm. Transport Policy 15, 73–80. 
doi:http://dx.doi.org/10.1016/j.tranpol.2007.10.005 

Berkhout, F., Smith, A., Stirling, A., 2004. Socio-technological regimes and transition contexts. System in-
novation and the transition to sustainability: theory, evidence and policy. Edward Elgar, Chelten-
ham 44, 48–75. 

Betschart, M., Schäppi, B., Iten, R., Füssler, J., Vielle, M., Thalmann, P., 2016. Emissions scenarios without 
measures 1990-2030. Federal Office for the Environment (FOEN), INFRAS, EPFL, Zürich, Lau-
sanne. 

BFE, 2016. Schweizerische Gesamtenergiestatistik 2015. Bundesamt für Energie BFE. 
BFS, 2013. Haushaltsbudgeterhebung 2011. Kommentierte Ergebnisse und Tabellen (No. 1087–1100), BFS 

Aktuell. Bundesamt für Statistik BFS, Neuchâtel. 
BFS, 2012. Haushaltsbudgeterhebung 2009. Kommentierte Ergebnisse und Tabellen (No. 1087-0700), BFS 

Aktuell. Bundesamt für Statistik BFS, Neuchâtel. 
BFS, ARE, 2017. Verkehrsverhalten der Bevölkerung. Ergebnisse des Mikrozensus Mobilität und Verkehr 

2015. Bundesamt für Statistik (BFS), Neuchâtel. 
Binswanger, M., 2002. Time-saving Innovations and their Impact on Energy Use: Some Lessons from a 

Household-production-function Approach (SSRN Scholarly Paper No. ID 449780). Social Science 
Research Network, Rochester, NY. 

Binswanger, M., 2001. Technological progress and sustainable development: what about the rebound effect? 
Ecological Economics 36, 119–132. doi:10.1016/S0921-8009(00)00214-7 

Brännlund, R., Ghalwash, T., Nordström, J., 2007. Increased energy efficiency and the rebound effect: Ef-
fects on consumption and emissions. Energy Economics 29, 1–17. doi:10.1016/j.en-
eco.2005.09.003 

Bringezu, S., Schütz, H., O’Brien, M., Kauppi, L., Howarth, R.W., McNeely, J., 2009. Towards sustainable 
production and use of resources: assessing biofuels. UNEP/Earthprint. 

Datson, J., 2016. Mobility as a Service. Exploring the Opportunity for MaaS in the UK. Transport Systems 
Catapult, Milton Keynes. 

David, P.A., 1985. Clio and the Economics of QWERTY. The American economic review 75, 332–337. 
de Haan, P., Zah, R., Althaus, H.-J., Bernath, K., Bruns, F., Fussen, D., Gauch, M., Wäger, P., Widmer, R., 

2013. Chancen und Risiken der Elektromobilität in der Schweiz, TA-Swiss. vdf, Hochschulverlag 
AG an der ETH Zürich, Zürich. 

Eißel, D., Chu, C.P., 2014. The future of sustainable transport system for Europe. AI & Society 29, 387–
402. doi:10.1007/s00146-013-0461-3 

Font Vivanco, D., Kemp, R., van der Voet, E., 2016. How to deal with the rebound effect? A policy-oriented 
approach. Energy Policy 94, 114–125. doi:10.1016/j.enpol.2016.03.054 

Gardner, B., Abraham, C., 2008. Psychological correlates of car use: A meta-analysis. Transportation Re-
search Part F: Traffic Psychology and Behaviour 11, 300–311. doi:10.1016/j.trf.2008.01.004 

Geels, F.W., 2012a. A socio-technical analysis of low-carbon transitions: introducing the multi-level per-
spective into transport studies. Journal of Transport Geography 24, 471–482. 
doi:10.1016/j.jtrangeo.2012.01.021 

Geels, F.W., 2012b. Automobility in Transition? A Socio-technical Analysis of Sustainable Transport. 
Routledge, New York. 

Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a multi-level per-
spective and a case-study. Research policy 31, 1257–1274. 

Geels, F.W., Kemp, R., 2007. Dynamics in socio-technical systems: Typology of change processes and con-
trasting case studies. Technology in Society 29, 441–455. doi:10.1016/j.techsoc.2007.08.009 

Geels, F.W., Schot, J., 2007. Typology of sociotechnical transition pathways. Research Policy 36, 399–417. 
doi:10.1016/j.respol.2007.01.003 

Goodwin, P., Dargay, J., Hanly, M., 2004. Elasticities of Road Traffic and Fuel Consumption with Respect 
to Price and Income: A Review. Transport Reviews 24, 275–292. 
doi:10.1080/0144164042000181725 

Graham, D., Glaister, S., 2004. Road Traffic Demand Elasticity Estimates: A Review. Transport Reviews 
24, 261–274. doi:10.1080/0144164032000101193 



Merja Hoppe, Tobias Michl 

Transforming the Swiss Mobility System towards sustainability 18 

Hauptman, A., Hoppe, M., Raban, Y., 2015. Wild cards in transport. Eur J Futures Res 3, 7. 
doi:10.1007/s40309-015-0066-9 

homegate.ch, 2014. homegate.ch-Umzugsreport 2014: Umzugsquote innerhalb der Schweiz rückläufig, Zu-
wanderung steigt an [WWW Document]. homegate.ch | Pressecenter. URL 
https://presse.homegate.ch/de/2014/09/18/homegate-ch-umzugsreport-2014-umzugsquote-in-
nerhalb-der-schweiz-ruecklaeufig-zuwanderung-steigt-an/ (accessed 5.18.17). 

Hoppe, M., Michl, T., Castro Fernández, A., Cellina, F., Kovacs, N., Rudel, R., 2017. Map of Swiss potential 
for transformation of mobility. Catalogue of technology options for transformation and practical 
report of recommendations for supporting the system transformation (SCCER Mobility Delivera-
ble D1-B2.4). ZHAW, SUPSI. 

Kammerlander, M., Schanes, K., Hartwig, F., Jäger, J., Omann, I., O’Keeffe, M., 2015. A resource-efficient 
and sufficient future mobility system for improved well-being in Europe. European Journal of Fu-
tures Research 3, 1–11. doi:10.1007/s40309-015-0065-x 

Kemp, R.P.M., Rip, A., Schot, J.W., 2001. Constructing transition paths through the management of niches. 
Kirchner, A., Bredow, D., Ess, F., Grebel, T., Hofer, P., Kemmler, A., Ley, A., Piégsa, A., Schütz, N., 

Strassburg, S., Struwe, J., Keller, M., 2012. Die Energieperspektiven für die Schweiz bis 2050. Ener-
gienachfrage und Elektrizitätsangebot in der Schweiz 2000 – 2050. Ergebnisse und Modellrechnun-
gen für das Energiesystem. Bundesamt für Energie BFE, Prognos AG, Basel. 

Linn, J., 2013. The rebound effect for passenger vehicles. 
Litman, T., 2017. Understanding transport demands and elasticities. Victoria Transport Policy Institute. 
Lyons, G., Urry, J., 2005. Travel time use in the information age. Transportation Research Part A: Policy 

and Practice 39, 257–276. doi:10.1016/j.tra.2004.09.004 
Marans, R.W., 2003. Understanding environmental quality through quality of life studies: the 2001 DAS and 

its use of subjective and objective indicators. Landscape and Urban Planning, Urban environmental 
quality and human wellbeing 65, 73–83. doi:10.1016/S0169-2046(02)00239-6 

Markard, J., Truffer, B., 2008. Technological innovation systems and the multi-level perspective: Towards 
an integrated framework. Research Policy 37, 596–615. doi:10.1016/j.respol.2008.01.004 

Müller, G.V., 2013. Studie Autozuliefererbranche Schweiz: Einheimische Autozulieferer sind von der Krise 
gezeichnet. Neue Zürcher Zeitung. 

Müller-Jentsch, D., 2013. Mobility Pricing: Wege zur Kostenwahrheit im Verkehr. Zürich. 
OECD, 2000. Report of the hundred and eleventh Round Table on Transport Economics held in Paris on 

15th-16th October 1998: transport and leisure. Economic Research Centre, European Conference 
of Ministers of Transport, Paris, France. 

Raubal, M., Jonietz, D., Ciari, F., Boulouchos, K., Küng, L., Georges, G., Hirschberg, S., Schenler, W., Cox, 
B., Kannan, R., Rudel, R., Cellina, F., Kovacs, N., Hoppe, M., Michl, T., 2017. Towards an Energy 
Efficient Swiss Transportation System (Working Paper). Zürich. 

SCCER Mobility, 2017. SCCER-Mobility Home [WWW Document]. URL http://www.sccer-mobility.ch/ 
(accessed 5.19.17). 

Smith, A., Raven, R., 2012. What is protective space? Reconsidering niches in transitions to sustainability. 
Research Policy, Special Section on Sustainability Transitions 41, 1025–1036. doi:10.1016/j.re-
spol.2011.12.012 

Stapleton, L., Sorrell, S., Schwanen, T., 2016. Estimating direct rebound effects for personal automotive 
travel in Great Britain. Energy Economics 54, 313–325. doi:10.1016/j.eneco.2015.12.012 

Steg, L., Gifford, R., 2005. Sustainable transportation and quality of life. Journal of Transport Geography 
13, 59–69. doi:http://dx.doi.org/10.1016/j.jtrangeo.2004.11.003 

VillageOffice Genossenschaft, 2017. VillageOffice - home [WWW Document]. URL http://www.village-
office.ch/home/ (accessed 5.19.17). 

Weichbrodt, J., 2014. Repräsentative Befragung der Schweizer Erwerbstätigen zur Verbreitung von mobiler 
Arbeit und Home Office (No. SwissFlexWork 2014: Repräsentative Befragung der Schweizer Er-
werbstätigen zur Verbreitung von mobiler Arbeit und Home Office). Hochschule für Angewandte 
Psychologie FHNW, Olten. 

Weiser, P., Bucher, D., Cellina, F., De Luca, V., 2015. A taxonomy of motivational affordances for mean-
ingful gamified and persuasive technologies. 

 


	1 Mapping potential options and barriers for transformation
	1.1 SWOT analysis
	1.2 Options and barriers for the mobility system transformation towards sustainability – application of the SWOT-analysis

	2 Action fields
	2.1 Technological innovation, energy and system efficiency
	2.1.1 Increasing energy-efficiency
	2.1.2 Use of sustainable energy
	2.1.3 New technologies
	2.1.4 Overall system optimization

	2.2 Avoiding rebound effects
	2.2.1 Time-efficiency
	2.2.2 Cost-efficiency
	2.2.3 Energy-efficiency

	2.3 A paradigm shift for the mobility system
	2.3.1 Changes in the economy, the working world and related mobility
	2.3.2 Flexibility in work place and time
	2.3.3 Distances between workplace and home

	2.4 Integrated spatial and transport planning
	2.4.1 Sufficiency principles for planning and decision making
	2.4.2 Quality of life and mobility for leisure activities


	3 Summary
	Acknowledgements
	References

