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Editorial: Ensuring sustainable mobility in 
urban periphery and rural areas and remote 
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(0)1 58801 23114, takeru.shibayama@tuwien.ac.at 

Transport and mobility planning has been going through a fundamental changes in their 
planning paradigm, from traffic-focused and forecasting approach to people-focused and 
vision-oriented approaches (e.g. Banister, 2008). In urban areas, this new approach is 
diffusing through an uptake of Sustainable Urban Transport Planning, which has been strongly 
supported by national governments and international institutions (c.f. Rupprecht et al., 2019; 
Wefering et al., 2013). On the contrary, in urban peripheries, rural areas and remote regions, 
reduction of automobile-dependency is becoming an increasingly challenging issue in light of 
the climate goals (e.g., greenhouse gas reduction), socio-demographic transitions (e.g., 
ageing of society), and regional economies (e.g., industrial policy). While intercity transport 
has attracted much attention in transport research, everyday mobility in urban peripheries, 
rural areas and remote regions is a rather unexplored area. Wide ranges of topics are to be 
covered from national and regional strategies to concrete services, from theoretical approach 
to practical approach, and from general macroscopic perspectives to specific user groups. 

Prior to this proceedings band, World Conference on Transport Research Society’s Special 
Interest Group G2 National and Regional Transport Policy and Planning (WCTRS SIG G2) 
compiled a special issue “Contemporary national and regional transport policy and planning” 
in Transport Policy (Emberger et al., 2021). In this special issue, seven authors who presented 
their researches in the WCTR 2019 Conference discuss a range of topics that are related to 
mobility in rural areas, as well as national and regional transport policy. 

Built upon these previous activities, and in light of the aforementioned context about mobility 
in urban peripheries, rural areas and remote regions, WCTRS SIG G2 organized a three-day 
workshop in September 2021 to discuss research outcomes in this domain. In this workshop, 
19 researchers from 12 countries presented their research. Unlike the previous workshops, 
this workshop had to be organized as an online workshop due to the COVID-19 pandemic and 
associated travel restrictions. Nevertheless, intensive and interactive discussions took place 
among the workshop participants. 

This proceedings band is a compilation of the papers presented in the workshop. Several 
authors selected the form of extended abstract, while others selected the form of full papers. 
Some of the full papers were invited to a special issue in European Transport Research 
Review: in this case, an (extended) abstract is included in this proceedings band. 

The researches presented in the workshop – and thus in this proceedings band – are from 
different points of view: policy and future scenarios, public transport, demand-responsive 
transport (DRT) and Mobility as a Service (MaaS) in rural contexts, cycling, and topics about 
urban peripheries. 
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Seven authors presented researches onto policy and future scenarios about mobility in rural 
areas. Kirstein presented the key points synthesis of the research activities by an OECD-ITF 
working group “Innovative mobility for the periphery”, which was concluded shortly before the 
workshop. It is recommended to rethink current transport provision profoundly by reflecting 
socio-economic and demographic developments, including redesigning transport networks 
and governance. A set of recommendations are elaborated: the full results can be 
downloaded from the website of International Transport Forum (2021). Laa et. al. presents 
their study onto a potential nationwide mobility service guarantee for Austria. A framework 
definition is presented highlighting both a socio-political dimension to ensure a sufficient level 
of mobility for equal participation in public lives without owning a car and an ecological 
dimension to create an incentive to shift from cars to sustainable modes of transport. Brůhová-
Foltýnová et. al. reports their research onto mobility management in environmentally sensitive 
areas. Such protected areas attract an increasing number of visitors, leading to negative 
effects such as high intensity of cars and emissions including noise. With their case studies in 
three of such areas in Czechia, they present their survey results about travel behavior 
including car usage and parking and discuss potential behavioral changes. Interestingly, they 
suggest potential further research onto applicability of the concept of SUMP (Sustainable 
Urban Mobility Plans), which is common to a recommendation by Kirstein in terms of target-
bound rural mobility policy. Tori et. al. presents their experimental development of mobility 
scenarios with disruptive wildcards in a Belgian rural village. Their key finding is that the use of 
wildcards does not significantly change the scenarios, but it helps the citizens to go beyond 
their comfort zone to think about future mobility. Interestingly, they conclude that the citizens 
and experts are not different in terms of having original and less path-dependent ideas, and 
children often have more outside-of-the-box ideas. 

The workshop took place amid the COVID-19 pandemic – approximately one and half a year 
after the WHO declared the pandemic in March 2020. Nelsons and Caulfield address the 
question about how COVID-19 has affected rural mobility, planning for sustainable rural 
transport tin the post-COVID world, and long-term impacts of COVID-19, also pointing out that 
the growing literature mainly focuses on urban areas and little is documented about how rural 
travel behavior has been impacted. Bruzonne and Cavallaro review various widely-known 
solutions to connect peripheral regions, analyze pros and cons of them, and identify suitable 
areas for different types of solutions. As an in-depth analysis, they assess a potential of 
integrated system with electric bike-sharing and DRT in a small town in Slovenia, showing 
positive results in terms of financial feasibility. Shibayama et. al. present their analysis results 
about impacts of post-tsunami reconstructions on the transport system, focusing on the area 
of the 2011 earthquake and tsunami which hit coastal and rural areas in Japan. Their analysis 
shows that the motorization rate significantly increased in the region where area-wide 
reconstruction of cities and settlements was needed. Malanca investigated DRT in sparsely 
populated rural areas in Latvia. She concluded that the PT services in such sparsely 
populated area did not meet regional mobility needs, and DRT has more potential to meet the 
travel demands making use of its flexibility.  

Seven authors presented researches about public transport, DRT and MaaS in rural contexts. 
Hrelja, et. al. present their case study in Sweden onto transit-oriented development (TOD) in 
low-density contexts, concluding that the enablers and barriers are common to the ones in 
urban contexts, while relationship between them is different. Fürst and Lamprecht present 
their research in search of optimal solutions for the improvement of interchange points 
between public transport modes as well as between public transport and private modes of 
transport in rural areas. The major challenge is to assure the connection at interchanges 
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where the frequency of bus services is low. Research presented by Kanda reflects the 
particular situation of Japan, where users of public transport in rural area are predominantly 
elderly people, while advancements of transport services is sought using the latest 
technologies applying the concept of MaaS and artificial intelligence (AI). The questionnaire 
survey shows that they are positively accepted to a large extent, and it shows a wider effect in 
that it encourages the people to carry out more out-of-home activities. 

Heinitz carried out a sustainability assessment of liberalized MaaS in rural settings. He carried 
out an appraisal of conditions under which a small rural passenger transport market is both 
susceptive to Maas and progresses in light of the sustainability goals. Furthermore, more 
oriented on practice, he constructed Flexible integrated Transport System to estimate 
addressable additional demand and viability of incremental costs necessary in the public 
interest. Hansson et. al. explored the impact of improving off-peak frequency of public 
transport services in the number of passengers with their case study in Sweden. Their results 
interestingly show that the number of passengers increases not only during the time when 
additional services are introduced, but also during the time in the periods with unaltered 
frequencies. De Oliveira Carneiro et. al presented their analysis in Recife, Brazil about the 
reduction of public transport services during the pandemic. Their key finding is that the service 
reduction due to the COVID-19 led to the deterioration of mobility situations among low-
income people who relies on public transport much and live in the urban periphery. 

Two authors presented their research onto the use of bicycles in rural area. While public 
transport was dominant among mode-specific research in the workshop, it is remarkable that 
authors specifically focused on the active mobility in rural areas. Ertoy Sariisik and Yalciner 
Ercoskun presented their impact analysis of the extension of EuroVelo 8, a long-distance 
European cycling route to the Izmir region in Turkey through interviews, survey and literature 
analysis. Scappini et. al. presented their potential analysis about a new cycle network on 
Sardinia, Italy. Their analysis show that the island-wide network will create 57 inter-communal 
combinations shorter than 10km, which is ideal conditions for bicycle use in everyday mobility. 

Rural and urban areas are not necessarily discrete: as cities grow towards its outskirts, former 
rural area is gradually incorporated into urban areas. Three authors focused on such issues 
associated to urban peripheries. Yu et. al. analyzed the impacts of built environment among 
commuters using ride-haling services with their case study in China, demonstrating that the 
demand for ride-hailing services for commuters depends on the built environment of so-called 
urban villages in the outskirts and area where workplaces are located and implying that the 
improvement of built environment on the workplace side has more significant effect on 
managing the travel demand. They also identified the competition and spatial spill-over effects 
in relation to the impact of the built environment. Borgato et. al. presented their results of an 
EU-funded project on their fieldwork analysis and direct involvement of citizens in the urban 
peripheries, rural areas and remote regions. They highlight the importance of addressing 
mobility in such marginalized areas. V. Öcalir et. al. presents their analysis results onto the 
mobility of traditional and newly-developed peripheries of Ankara. Using the data from 
household travel surveys prepared for three transport master plans in 1985, 1992 and 2013, 
they conclude that the two parts of the city reacts differently to the changes in the transport 
system, and the newly developed zones depends much on cars. 

As such, in this proceedings band, fourteen (extended) abstracts and five papers are 
presented onto the interrelated topics about sustainable mobility in rural, peripheral and 
remote areas. In particular, through the analysis, case studies and discussion presented in 



Seite VI  

Institut für Verkehrswissenschaften 
Forschungsbereich für Verkehrsplanung und Verkehrstechnik TU 

this proceedings band, the potential importance of goal-oriented approach in mobility planning 
is worth highlighting. Further research will be called for to understand if adaptation of 
Sustainable Urban Mobility Planning to rural areas is more appropriate or a fairly different new 
concept is needed, what kind of national and regional framework for that is needed, and what 
kind of measures are available. Furthermore, as demonstrated in this proceedings band, 
cumulation of evidences in applicability, effectiveness and impact of different measures 
applicable in rural, remote and peripheral regions, as well as best practices, will be an 
important aspect, too. To this end, the Special Interest Group G2 National and Regional 
Transport Planning and Policy will continue to discuss this topic in the coming years. Of note, 
the readers are advised to refer to a planned Topical Collection in European Transport 
Research Review, which is available at https://www.springeropen.com/collections/sustainable-
mobility and is expected to be complete in 2022. Some authors in this proceedings band 
developed their research further, and the results are presented there in a form of peer 
reviewed papers. 
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SIG G2 National and Regional Transport Planning and Policy 

Mid-Term Workshop 

Ensuring sustainable mobility in urban periphery 
and rural areas and remote regions 

27-29 September 2021 
Online Conference (Zoom) 

Program (as of 27.09.2021) 

Day 1: Monday, 27 September 2021 
Time (UTC) Title Presenter 
12:00-12:15 Opening, Greeting and Workshop Programme  Guenter Emberger 

Block 1 – Public Transport, DRT and MaaS (1); Moderator: Günter Emberger 

12:15-12:30 Trying to deliver TOD in low density contexts in small 
towns: the Swedish experience 

Fredrik Pettersson-
Löfstedt 

12:30-12:45 Interchanges in suburban and rural areas: securing 
connections 

Gerald Lamprecht 

12:45-13:00 The Potential of Upgrading Mobility Service in Rural Areas 
to Improve the Quality of Life of Residents 

Yusuke Kanda  

13:00-13:45 Discussion   
13:45-14:00 Break   

Block 2 – Policy and Future Scenario (1); Moderator: Silvio Nocera 

14:00-14:15 Adapting policy, planning and regulatory frameworks to 
allow for more flexible and innovative mobility provision in 
rural areas 

Lucie Kirstein 

14:15-14:30 A Nationwide Mobility Service Guarantee for Austria – 
Possible Design Scenarios and Implications 

Barbara Laa 

14:30-14:45 Analysis of the potential of sustainable mobility 
development in large environmentally sensitive areas in 
Czechia 

Hana Brůhová 
Foltýnová 

14:45-15:00 Developing disruptive mobility scenarios for rural areas: 
participatory mobility scenario building in a Belgian village 
for the year 2050 

Sara Tori 

15:00-15:45 Discussion   
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Day 2: Tuesday, 28 September 2021 
Time (UTC) Title Presenter 

Block 3 – Biking; Moderator: Ebru V. ÖCALIR 

12:00-12:15 IMPACT OF EUROVELO 8 ROUTE ON MOBILITY IN İZMİR 
REGION 

Betül Ertoy Sarıışık, 
Özge Yalçıner 
Ercoşkun 

12:15-12:30 The regional cycle network of Sardinia: upgrading accessibility 
of rural areas through planning a comprehensive island-wide 
cycle network 

Beatrice Scappini 

12:30-13:15 Discussion   

13:15-13:30 Break   

Block 4 – Urban peripheries to rural areas; Moderator: Yacan Wang 

13:30-13:45 Impacts of the built environment on Didi commuting 
interacting with spatial dependence effect in urban villages 

Binglei XIE 

13:45-14:00 From fieldwork analysis to open innovation solutions: 
developing inclusive mobility services for people living in 
urban peripheries, rural areas, and remote regions 

Stefano Borgato  

14:00-14:15 An Analysis of the Mobility in the Traditional Settlement and 
Periphery parts of Ankara 

Ebru V. ÖCALIR 

14:15-15:00 Discussion   

 

Day 3: Wednesday, 29 September 2021 
Time UTC Title Presenter 

Block 5 – Policy and Future Scenario (2); Moderator: Hana Brůhová Foltýnová 

12:00-12:15 Implications of COVID-19 for future travel behaviour in the 
rural periphery 

John D Nelson 

12:15-12:30 Mobility solutions for peripheral areas Silvio Nocera 
12:30-12:45 Natural Disaster as a Driver for Motorization? A Macro-Scale 

Analysis of Regions hit by 2011 Tohoku Earthquake 
Takeru Shibayama 

12:45-13:30 Discussion   
13:30-13:45 Break   
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Block 6 – Public Transport, DRT and MaaS (2); Moderator: Fredrik Pettersson-Löfstedt 

13:45-14:00 Investigating demand-responsive transport as public 
transport service for sustainable mobility in sparsely 
populated rural areas. 

Kristine Malnaca 

14:00-14:15 A Framework of Criteria for the Sustainability Assessment of 
Liberalized MaaS in Rural Settings 

Florian Heinitz 

14:15-14:30 Off-peak frequency in regional public transport Joel Hansson 
14:30-14:45 Public transport, pandemia and the mobility of the poor Cheyenne Mariana 

de Oliveira Carneiro 
14:45-15:30 Discussion   
Wrap-up & Closing 
15:30-16:00 Wrap-up Open Discussions, Housekeeping and AOB Guenter Emberger 
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Sustainable accessibility in rural areas: 
frameworks for innovation 
Lucie Kirsteina  

a  Scientific Advisor Mobility, National Academy of Science and Engineering (acatech), Karolinenplatz 4, 80333 
Munich, +49 89/52 03 09-862, kirstein@acatech.de 

Keywords:  
Innovative mobility 
Rural mobility  
Rural transport policy 

ABSTRACT 
The International Transport Forum report “Innovations for better rural mobility”1 presents the 
results from the ITF “Innovative mobility for the periphery” Working Group launched in April 
2020. Based on more than 80 case studies, interviews and country questionnaires, the Group 
formulated policy recommendations to achieve fair and sustainable accessibility in rural areas. 
The report discusses challenges, potentials and provides recommendations for successful 
implementation of demand-responsive transport, community transport, ridesharing, 
carsharing, autonomous buses, active mobility (including e-bicycles), mobility hubs and 
Mobility-as-a-Service (MaaS). It further reflects on challenges and opportunities from 
behavioural changes brought about by the Covid-19 pandemic and provides general 
recommendations on how policy, legal, funding and planning frameworks need to adapt in 
order to allow effective solutions beyond private vehicles and traditional public transport to 
thrive in rural areas. 

1. Approach 
The ITF/OECD Working Group served as a platform among 30+ public officials, academics 
and leading independent experts to exchange best practices and develop recommendations 
for transport provision in rural communities. Over 12 months, five sub-groups examined: (1) 
the socio-economic demographic and geographic context, (2) experiences with different new 
mobility concepts, (3) funding and business models, (4) policy, coordination and legal 
frameworks, and (5) user needs and preferences. 

The report uses a collection of 80+ case studies from 20+ countries to capture and assess a 
wide range of innovative service delivery models, including new forms of partnerships and 
public, private and non-profit models. In addition, a general questionnaire was distributed to 
participating countries to capture the policy and regulatory developments in participating 
countries. Additional information was gathered and discussed during four expert conferences 
and four interactive webinars focused on specific country experiences. 

 

1 https://www.itf-oecd.org/transport-innovations-better-rural-mobility  
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2. Overview of current rural mobility challenges 
There are long-standing deficits in rural transport. Policy, funding, institutional capacity, 
service provision, planning and research are not given the same attention as in urban areas. 
Very few jurisdictions have developed binding standards for the provision of basic transport 
services (Lorenzini et al., 2021). This is reflected in very heterogeneous provision of mobility, 
even under single jurisdictions. The lack of strategic rural mobility or accessibility policies 
results in piecemeal short-term, programme-specific funding, which is a major obstacle to 
delivering integrated and efficient services. A lack of co-ordination often precludes efficient 
use of subsidy across administrations. 

 
           Note: Some rural mobility policies exist at sub-national level, including in Catalonia, Flanders, Groningen/Drenthe, 

Scotland. Policies at district level such as in Germany or Switzerland are not included here. 

           Source: Authors based on own research and SMARTA project/Lorenzini et al. (2021). 

Figure 1: Rural transport policies in Europe 
 

Innovative mobility approaches include services and processes that seek to increase access 
while at the same time contributing to sustainable development from a social, environmental, 
or economic standpoint. Innovative approaches are generally novel in the context in which 
they are being applied but may be based on ideas that have been implemented elsewhere. 
These include shared and active mobility, and integration of different modes, including Rural 
Mobility-as-a-Service (MaaS) (Figure 2).  

Lower and dispersed demand in rural and peripheral areas make it difficult to sustain 
traditional public transport services and the difficulties have been exacerbated by the drop in 
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demand resulting from the Covid-19 pandemic. A broad range of geographic areas are 
concerned along the continuum from the margins of towns and cities to sparsely populated 
remote areas.  

Although these areas see innovative and more cost-effective alternatives emerging, the 
Working Group report shows that the long-standing deficits in rural transport, regarding policy, 
service provision, funding, institutional capacity and research, are still important barriers. In 
the absence of target-based policy, legal recognition, structured funding programmes and 
technical assistance, many rural communities still rely on private means of transportation, with 
alternatives available only through inconvenient bus services or isolated community initiatives. 

 
     Source: Author. 

Figure 2: Rural shared mobility types 
 

Other than some niche services catering for tourist or event transport, which generate short 
term high demands to specific destinations (e.g. Sala et al., 2021), local rural transport 
services require some form of public funding or subsidy to support their set-up and operation. 
Municipalities finance transport from their general funds that finance a variety of public 
services. Many of them face shrinking budgets. Dedicated transport budgets are not the norm 
and securing funding is problematic for most of the innovative mobility cases examined by the 
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Working Group. Inefficient spending of limited budgets and lack of coordination between 
different public budgets pose additional obstacles. 

While more cost-effective innovative transport options or provision models may exist, their 
operations are often restricted by requirements on the type of providers allowed to bid for 
public service contracts. Their legal status and eligibility is defined in passenger transport law 
and procurement law. Without a legal status as public transport provider, demand-responsive 
transport operators, taxi and community transport providers are unable to benefit from 
subsidies or tax benefits. 

Mobility needs in rural areas are often highly individualised and travel patterns seem more 
erratic compared to urban and peri-urban areas. Policy makers and planners yet need to 
develop a more comprehensive understanding of rural mobility needs and behaviours to better 
plan and tailor transport services based on the unique local context. For example, more fine 
grained analysis of mobility needs can uncover significant potentials for promoting active 
mobility where most trip lengths are short (see e.g. Öko-Institut, 2020). Currently, there are 
two main barriers to effective and inclusive transport planning in rural areas: 

• A lack of clear, consistent and complete data on mobility behaviors causes issues 
around conducting transportation planning. 

• A lack of knowledge and consideration of diverse mobility in planning risks exclusion of 
those unable to drive or afford a car. 

3. Conclusions and recommendations 
To support rural areas in their sustainable development, a profound rethink of current 
transport provision is needed that reflects current socio-economic and demographic 
developments. Part of this effort will be redesigning transport networks and governance to 
achieve better outcomes at the local level, putting in place the right mobility approaches 
reflecting unique local circumstances, and, finally, adapting the legal and funding frameworks 
to allow for tailor-made solutions to thrive.  

Based on the work in sub-groups, the report develops detailed policy take-aways mode-by-
mode and highlights the conditions for successful physical and digital multimodal integration, 
as well as policy, funding and legal frameworks and their impact on innovative rural mobility. 
The general recommendations from the report are summarised below.   

Formulate and implement a country-wide strategic accessibility policy 

To improve equality of access to opportunities, policy makers should shift from programme-
based support, provided for example through rural transport funds, to a broader policy-based 
approach. This should be target-bound rural mobility policy at the national or provincial/state 
level, defining minimum standards for access to local service centres and connection to a core 
network of inter-urban trains and buses. In addition, ‘transport regions’, alliances of 
municipalities, should be responsible for planning and setting up local area services to ensure 
the mix of schemes and approaches in each area takes into account unique population needs 
and funding contexts. Mobility hubs should act as the glue between the core network and local 
services, accompanied by initiatives to integrate trip planning and booking on a regional or 
national level. A convenient and affordable transport offer does not only improve access, but 
also provides the basis for incentivising more sustainable mobility behaviours. 

 



   Seite 21 

Beiträge zu einer ökologisch und sozial verträglichen Verkehrsplanung 
1/2022 

Adopt a whole-of-government approach for rural public services and the local economy 

To ensure efficient use of resources and to achieve broader societal and economic objectives, 
rural mobility policy needs to be linked with public services provision, regional economic 
development, land-use planning, digital connectivity, and climate policies. Overarching 
objectives should include improving access to basic services in rural areas, promoting transit-
oriented development of larger rural settlements and extending access to broadband 
telecommunications networks.  

Make regulations more flexible to allow for the development of innovative, cost-
effective mobility solutions 

Operators of a greater variety of mobility solutions should be given legal status as public 
transport service providers, in order to be able to benefit from subsidies or tax deductions. 
Specifically, tender and operator licensing requirements should be adapted to allow local taxi, 
demand-responsive and community transport providers to bid for public service contracts in 
rural areas.  

Combine public budgets for mobility to achieve cost savings 

Multiple transport services operating in the same local rural areas, to provide separate 
services for the general public, students, non-emergency hospital patients and social care 
clients, should be integrated in order to use limited local resources more efficiently. On the 
legal side, introducing common vehicle standards to all service contracts would remove many 
of the barriers to coordinated delivery across general public transport, education and health 
services. 

Fund pilot schemes to test innovative mobility concepts   

Time-limited funding should be reserved for genuine pilots and new initiatives. Where time-
limited funding is provided, it should be provided for sufficient periods to allow meaningful 
pilots to be carried out, monitored and evaluated, including through living labs or regulatory 
sandboxes. Implementation should follow a participatory approach to better address local 
needs and strengthen local awareness and support for new mobility approaches. 

Priorities financial support for innovative services according to impact rather than 
technology 

Many funding streams are currently geared towards high-tech innovation while many low-tech 
but high-impact solutions, including different forms of private or non-profit demand-responsive 
services, face severe funding constraints. In central funding decisions, high-tech approaches 
should not crowd-out other high-impact, cost-effective approaches.  

Use innovative financing approaches to increase funding pools and viability of 
individual transport services 

Increasing the overall funding available for rural transport services can be achieved through 
contributions from third-party financing (e.g., the ‘versement mobilité’ levy on medium sized 
and large employers in France). Cross-subsidisation from urban to rural areas (e.g. through 
larger tenders including both urban and rural areas) and cross-sectoral funding involving 
education and health services and local businesses (e.g. local sponsorship for community 
transport common in Europe) are possible through such funding, and attention should be paid 
in the use of funds from such specific mobility tax systems to avoid subsidising only urban 
mobility through tax levied in both urban and rural areas. Rural Mobility-as-a-Service in 
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particular requires the assessment of local services that can be combined with mobility to 
achieve a sustainable business model (e.g., in Japan local businesses contribute to financing 
mobility apps).  

Increase central government funding for shared and active travel in rural areas 

A significant proportion of trips in rural areas are under eight kilometers (e.g., 60% in German 
small towns and villages) and can be made without a conventional motorized vehicle. The 
potential for shifting to bicycles and particularly electrically assisted bicycles for shorter 
distances has not yet been fully exploited. Rural mobility funds or Covid-19 recovery stimulus 
packages could be a way to fund rental and repair schemes and safe active mobility 
infrastructure outside cities, including within villages and to connect to mobility hubs.  

Set up technical assistance for rural mobility at the national or regional level 

Central government should develop a rural mobility technical assistance programme to build 
local capacity and provide access to centralised expertise, including legal and technical 
support, to accompany not only local authorities but also community based, bottom-up 
initiatives. Examples include the legal, funding and operational guidance targeted to small 
communities in France (France Mobilités Aides) and Germany (Mobilkon repository), the 
United States DOT Rural Transit Assistance Program, as well as the US Shared-Use Mobility 
Centre Technical Assistance. Technical assistance can also be provided at the regional level, 
as for example in the German state of Baden-Württemberg, where community transport 
associations can receive technical and financial assistance, including for the digital integration 
of their mobility service offer. 

Promote mobility hubs to connect local services to the core network 

A core element of strategic rural transport policy is multimodal rural mobility coordination (e.g., 
at the regional level) for more sustainable, convenient and seamless travel. Mobility hubs are 
important to link the core network to local rural collective or shared services. Mobility hubs 
also offer possibilities to integrate local services and business to make waiting times more 
attractive. The scale and range of services offered through the hub will vary according to 
location and population density. 

Support the development of national or regional Mobility-as-a-Service 

Digital integration for trip planning and ticketing purposes is important to better link local rural 
services and the core network. For MaaS, regional (Flanders) or national leadership 
(Denmark) is recommended to avoid multiple city-based apps overlapping in adjacent regions 
and creating interoperability issues.  

List of abbreviations 
MaaS – Mobility-as-a-Service 
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1. Introduction 
The ever-extending use of private cars for personal mobility renders decarbonizing the 
transport sector increasingly difficult. Globally, greenhouse gas (GHG) emissions from 
transportation have risen by 250% between1970 and 2010, with road transport accounting for 
the majority of emissions as well as for the majority of growth (Sims et al., 2014). More and 
more studies point out the intricacies of transport systems focused on the private car. 
Pursuing the current practices of car-centric planning and policies will only create further lock-
in effects that make it more difficult to achieve a modal shift and to enable accessibility for 
people who don’t have access to a private car (Driscoll, 2014; Frey and Laa, 2021; Gössling 
and Cohen, 2014; Marletto, 2011; Mattioli et al., 2020; Zijlstra and Avelino, 2012).  

In response to these international and national challenges, in 2020, the Austrian federal 
government brought the introduction of a nationwide mobility service guarantee (MSG) into its 
national political agenda (Bundeskanzleramt, 2020). Not yet defined in detail, the guarantee 
shall be an approach to promote sustainable mobility by reducing the risk of using public 
mobility services (e.g. in terms of poor reliability or punctuality) as well as to improve mobility 
for many inhabitants, including in particular those who have no access to an own car. 

2. Material and methods 
The overall aim of our study is to develop possible design scenarios for a nationwide MSG in 
Austria. This is a complex task as it stands at a crossroad of different scientific disciplines and 
thus different viewpoints, such as transport and spatial planning, legal issues, and user needs 
and expectations. Therefore, we took a multi-dimensional approach to this multi-tiered issue. 
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The following methods were applied in a combined manner: (1) literature review on existing 
concepts of mobility guarantees, legal conditions in Austria and analysis of secondary data on 
current mobility behaviour, (2) analysis of status quo of public transport provision in different 
geographical areas in Austria and (3) expert and user workshops using the holistic pattern 
mining method. The results from those steps were then discussed in the research group and 
served as a basis for the framework definition and design scenarios. 

3. Framework definition of a nationwide MSG 
Based on the findings of literature review and workshops, we developed a framework 
definition of a nationwide MSG as well as limitations and demarcations of the MSG and 
scenario factors that can vary for different implementation scenarios. 

Reflecting the current legal requirements and the results from user workshops as well as the 
political goal of MSG as defined in the current government programme, the goal of the 
nationwide MSG is understood threefold as listed below: 

1. to ensure a sufficient level of mobility offers as a condition for equal participation of 
the population in public life without owning a car (provision of general interest/social 
or socio-political dimension)  

2. non-discriminatory access to these mobility services for everyday journeys in Austria 
(special consideration of barrier-free access)  

3. creating an incentive to switch to sustainable forms of mobility (ecological dimension) 

We identified a clear distinction between three different legal levels as reference points for the 
implementation of an MSG: first physical transport infrastructure, second PT services and third 
broker services. In order to reach the goals, certain foundations should be part of the 
nationwide MSG that can be related to the three legal layers. In general, the mobility services 
of the MSG are to be provided in a safe and reliable way to all at non-discriminatory conditions 
and affordable prices in a certain minimum quality. 

Furthermore, we defined four scenarios to describe the MSG to different extents, from the 
most basic version including mostly new PT services in rural areas to a maximum scenario 
that includes free PT and coverage for all citizens around the clock.  

Conclusions 
The proposed framework definition and scenarios provide a basis for further discussion and 
detailing of nationwide MSGs in Austria and beyond. Additionally, they can serve as a starting 
point for future analysis of possible impacts of an MSG as a tool for providing sustainable 
mobility. 

The analysis of current PT coverage demonstrates that a considerable number of people in 
Austria not served by public transport at the moment (up to 20 %). This shows that the MSG 
approach should not only include new technology options but that there is also the need for 
strong measures on the supply side of traditional PT infrastructure and services.  

A nationwide MSG could represent an important element in the supply policy of sustainable 
mobility. It combines new opportunities through technological innovations - first and foremost 
through digitalization - with organizational measures to pave the way for "networked mobility" 
in which different modes and users are interlinked. However, the MSG can only cover one 
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aspect of the transformation, embedded in a larger strategy that includes measures in spatial 
planning, the pricing of mobility offers, and the testing of novel offers in the course of pilot 
projects. 
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EXTENDED ABSTRACT 
The provision of mobility options alternative to private motorized transport in peripheral areas 
is a recognized challenge. Due to low demand, driven by scarce and sparce population, 
conventional public transport services are unable to operate profitably and generally a vicious 
circle occurs where low ridership eventually leads to service discontinuance (Dirks et al., 
2019; Figure 1). 

 

Figure 1: The possible ripple effect of transit provision in peripheral areas 
(adapted from Kirchhoff, 1995) 

Active mobility, on the other side, is often not a considered option due to long distances, 
unfriendly environment for cycling and walking, and lack of facilities. Private motorized 
transport is by far the most diffused transport mode, but it presents challenges related in 
particular to its exclusiveness, not being accessible to physically impaired, elderly and low-
income residents, and to its environmental and social impacts (Bruzzone et al., 2020). 

In literature, a number of options has been debated to provide more sustainable, equitable 
and inclusive mobility options to residents of low-demand areas, ranging from demand 
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responsive transport systems, to sharing and pooling schemes, to financial incentives and 
other policies, to more complex, integrated solutions within the Mobility-as-a-Service concept 
(Ambrosino et al., 2016). Depending on the geographical, socioeconomic and mobility-related 
characteristics of the context, on local policy goals and strategies, as well as on the personal, 
public or corporate interests expressed by researchers and policymakers, a wide array of 
possible measures and practices is adoptable to ensure mobility without relying on private 
motorized vehicles in urban peripheries, rural areas and remote regions. 

In this paper, we provide a review of discussed solutions for the connection of peripheries, 
with the aim of debating pro and cons of each solution, their suitability to different types of 
peripheral areas (like remote regions, rural areas, suburban sprawl), and the level of 
complexity of their implementation, in terms of investments, hardware (e.g., technology), and 
upkeep. Moreover, in this research we contribute to the discourse on by exploring the 
potential of integrated solutions, envisioning the combination of more than one different 
mobility solution to ensure financially feasible, attractive and inclusive transport options. In 
particular, the potential of active mobility options in cooperation with other techniques is 
explored, with a focus on e-bikes as tools to increase accessibility and inclusiveness of active 
modes. Despite our research looks at mobility challenges and solutions in peripheries in 
general, the overarching theme is indeed that of social equity and universal accessibility, a 
fundamental aspect of transport provision in decentred areas, which often suffer from higher 
social and financial issues compared to more central locations. 

In our research, we developed -through a geographical analysis aided by a public 
engagement and involvement process (through focus groups and interviews) and by 
cooperation with public authorities- an integrated (e-)bike-sharing and demand-responsive 
transport system for a case study area around the town of Velenje, Slovenia (Figure 2).  

 

Figure 2: Proposal of an integrated e-bike sharing (e-BSS) and demand-responsive transport 
system (DRT) for Velenje 

Preliminary results show that the implementation and operations of such an integrated system 
would be financially feasible, compared to the current expenditure for transit services (Table 
1). 
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Table 1: cost analysis of the integrated solution for Velenje 

Condition DRTS only e-BSS only DRTS + e-BSS Current 
transport 
system 

Initial costs (€) Annual 
operating 
costs (€) 

Initial costs (€) Annual 
operating 
costs (€) 

Initial costs (€) Annual 
operating 
costs (€) 

Annual total 
costs (€) 

A) Bus with no on-
demand requests 

- 175,652 - - - 175,652 - 

B) Bus serving all 
on-demand stops 

- 289,536 - - - 289,536 - 

C) Most likely 
estimate for DRTS 

- 227,220 - - - 227,220 - 

D) e-BSS - - 288,600 144,000 288,600 144,000 - 

E) Software + app 40,000 - - - 40,000 - - 

Overall costs of 
conditions C, D, 
and E 

40,000 227,220 288,600 144,000 328,600 371,220 348,731 

 

The so designed system -envisioning bike sharing as both feeder and complement to public 
transport services- would ensure widespread and equitable mobility opportunities for residents 
of all ages, contrasting marginalization processes that typically affect rural areas and 
empowering rural residents with more opportunities. Moreover, it would foster a modal shift to 
more sustainable modes, particularly thanks to the combination of e-BSS and transit and 
thanks to the potential combination with other modes, such as the train.  
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ABSTRACT 
The protected areas in Czechia have been challenging a sharp increase in the number of 
visitors and the associated growth of negative effects of tourism, such as high car intensities, 
related emissions, and noise over the last years. As a result, the relevant authorities are 
confronted with a conflict between the protection of the natural environment and the 
requirements of tourists to build new transport infrastructure, namely new parking lots.  

Our research focuses on three case study areas – Czech Switzerland, Giant Mountains, and 
Moravian Karst – which represent very attractive protected areas dealing with different 
transport problems. Our paper aims to analyse the transport behaviour of visitors of these 
areas and the potential to make sustainable transport modes more attractive. We also address 
possible solutions for sustainable mobility in these valuable natural areas. The data used were 
collected during a sociological survey (CAPI) in the case study areas during summer 2021 
(N=1173).    

The paper discusses possibilities of how to strengthen sustainable mobility specifically in 
nature areas. The presented research makes part of a wider project aiming at developing 
guidelines on the preparation of mobility plans for large environmentally sensitive areas.  

1. Introduction and literature review  
Large environmentally protected areas in Czechia have been challenging a sharp increase in 
the number of visitors and their usage of infrastructure. Tourism contributes to regional 
economic development, however, it has also negative impacts on the environment caused 
mainly by the movement of people and construction of infrastructure (roads and parking lots), 
and of tourism facilities, including hotels, restaurants, shops, etc., which take land, degrade 
biodiversity and produce pollution and waste (Buckley, 1996; GhulamRabbany, 2013).  
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The World Tourism Organization (2004) introduced a directive and a concept of sustainable 
tourism. It respects optimal use of environmental resources, preserves basic ecological 
processes and helps in preserving natural heritage and biodiversity, and constantly monitors 
impacts, introducing necessary preventive and/or corrective measures. Transportation is an 
integral part of the tourism industry (both organized and unorganized). Page and Lumsdon 
(2004) even emphasise that the transportation system of a tourist destination has an impact 
on the tourism experience which explains how people travel and why they choose different 
forms of holiday, destination, and transport. Sustainable transport is thus a prerequisite for 
sustainable tourism.   

In the Czech Republic, the relevant authorities have been confronted with a conflict between 
further infrastructure enlargement (especially new parking lots) and the protection of the 
natural environment. To solve this situation, a complex and strategic approach is needed. A 
possible tool might be mobility plans, which represent the key tool of mobility management 
(Jordová and Brůhová Foltýnová, 2021). Our paper aims to analyse the transport behaviour of 
visitors of large environmentally protected areas and the potential of their transport behaviour 
change towards more sustainable travelling. These results will be used for designing possible 
sustainable mobility measures in nature-protected areas to regulate transport.  

2. Methodology and data collection  
There are 4 national parks (NP, IUCN category II; see IUCN, 2021) and 26 protected 
landscape areas (PLA, IUCN category V) in the Czech Republic. We chose three case study 
areas based on their representativity and data availability so that they represent different kinds 
of recreational activities, protected areas, and types of ecosystems: PLA Giant mountains, 
PLA Moravian karst, and NP Czech Switzerland together with PLA Labské pískovce.  

A sociological survey was conducted among visitors of the three case study areas by a 
professional agency using the CAPI method. The pilot took place on 23 June 2021 (N=56), the 
main wave of data collection occurred between 10 August and 24 August 2021 (N=1117). 
Visitors were contacted at random, but a quota was set for gender, age, education, length of 
stay, day and place of questioning. The survey sites were selected to include all key places 
(most popular among tourists) in the case areas. Finally, 507 questionnaires were completed 
in the Czech Switzerland, 355 in Giant mountains, and 311 in the Moravian karst (all together 
N=1173). The questionnaire was prepared in four language mutations – Czech, English, 
German and Polish – so that non-Czech-speaking visitors could also participate.  

Because of the Covid-19 period, the sample is dominated by the domestic visitors - 85% of the 
respondents are Czech inhabitants, the rest are foreigners with the highest share being from 
Germany (6.6%), Poland (2.8%), the Netherlands (1.1%) and Slovakia (1.0%). Most foreign 
visitors visited the locality repeatedly (only 29% were first-time visitors) and spent there mostly 
one day (42%) or 3 to 7 nights (37%), only 5% stayed longer than a week.  

The sample is representative regarding the main sociodemographic characteristics with 
approximately 50% of men and 50% of women and with a mean age of 40.5 years. The 
average size of households in our sample is 2.9 person which is slightly over the Czech 
average and can be attributed to the fact that over one third of our respondents were travelling 
with their children. Most of the Czech residents (about 90%) are experienced visitors and 
travel to various PLAs and NPs quite regularly (more than once a year). About a quarter of the 
respondents were the first-time visitors of the particular NP/PLA where our survey took place. 
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42% of respondents came to the case study areas on a one-day trip, the same number of 
respondents came for longer trips (3 days and more), as is summarized in Table 1.  

Table 1: Structure of the respondents (N=1173) 

 Total Czech Switz. Giant mountains Moravian karst 

% N % % % 

Day of survey 
Working day 51.1 599 50.1 54.4 48.9 
Weekend 48.9 574 49.9 45.6 51.1 

Have you ever 
visited this area 
(PLA or NP)? 

First time 24.2 284 33.3 15.2 19.6 

1-5 times 28.1 330 27.8 23.1 34.4 

More than 5 times 32.2 378 19.5 53.5 28.6 

Length of stay 

1 day 42.2 495 39.4 35.2 54.7 

1-2 nights 15.3 180 16.0 15.5 14.1 

3-7 nights 37.3 437 39.1 43.1 27.7 

Longer 5.2 61 5.5 6.2 3.5 

Source: Own survey  

3. Survey results 

3.1 Transport behaviour of visitors including parking and car usage 
during the stay 

Most of the visitors (68.4%) come to the area by car or motorcycle; the share of them is higher 
among longer-stay visitors – 75.5% for longer stay compared to 58.6% for a one-day trip. As is 
further demonstrated in Table 2, the share of train – around 10% - is the same for all types of 
stay, the one-day visitors, however, prefer more often bicycle, bus or walking than longer-stay 
visitors.  

Table 2: Means of transport from home to the case study areas 

Mean of transport One-day trip (%) Longer stay (%) Total (%) Total (N) 

Car/motorcycle 58.6 75.5 68.4 802 

Train 10.1 10.5 10.3 121 

Bus – a public bus service 9.7 4.4 6.6 78 

Bus – organised trip 2.4 2.1 2.2 26 

Bicycle 8.7 1.3 4.4 52 

On foot (more than 3 km) 4.8 1.3 2.8 33 

Caravan / recreational vehicle  0.2 1.5 0.9 11 

Combination of transport modes, other 5.4 3.3 4.2 50 

Total 100.0 100.0 100.0 1173 

   Source: Own survey  
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The difference can be at least partly attributed to the fact that one-day visitors are often 
residents from adjacent regions. That is especially pronounced in the case of protected areas 
Moravian Karst where more than one third of one-day visitors live in the South Moravian 
Region and the Giant Mountains with more than 20% of one-day visitors living within the 
Liberecky Region. For the NP Czech Switzerland, the distribution of one-day visitors is slightly 
different with only 15% living within the Ústí nad Labem Region and more visitors coming 
there from other regions even for a one-day trip. The transport services and character of 
activities in the area seem to influence the transport mode choice. The Giant mountains PLA 
have the highest share of the bike and walking on the modal split among our case study 
areas, while bus transport is the highest in the NP Czech Switzerland; this area has also the 
smallest share of car users. 

Walking is unsurprisingly the dominant activity done during the visit. More than 60% of all 
visitors plan to do a walking trip in the area, 39% of respondents plan a shorter walking trip (up 
to 10 km) and nearly 22% of visitors will walk more than 10 km. Another 10% of respondents 
want to cycle. Only less than 10% of visitors are going to make solely transfers by car or 
public transport and nearly 19% of them make a combination of different activities (like further 
transfer with car or motorcycle and walking).  

When we compare the one-day visitors and visitors who stay longer, the one-day visitors want 
to do more physical activities, 75% of them are going solely walking or cycling, in the case of 
longer stays it is “only” almost 68%. There is also a difference in the category combination of 
activities which is more common for longer stays. These tourists probably plan to visit more 
points of interest in the area for one day and therefore plan a walking trip and further transfer 
by car on the day of the interview. Those, who already come by car and stay more days, 
usually use the car most of the days (more than 55% of them); on the contrary, those who do 
not use a car during their stay count 21% of the sample.  

3.2 Potential of transport behaviour change 
Different kinds of measures can be implemented to support the usage of more sustainable 
transport modes, especially public transport and cycling. We asked those who arrived by 
car/motorbike to the case study areas about their willingness to change the transport 
behaviour. As is shown in Table 3, more people are willing to use public transport than cycling. 
About 41% of respondents would use public transport means if they would be as fast as a car 
or if public transport connections would be more frequent. If a cycle-bus would be available, a 
bike or an e-bike would be used by nearly 29% of respondents.     

Table 4 summarizes results of ordinal regression with possible transport measures as 
dependent variables and gender, age, education, duration of the stay, household size, number 
of children under 16 years, number of pensioners (people 65+) within the household as 
explaining variables. The most significant factors influencing a willingness to change the 
transport behaviour are age (older people are less willing to use alternatives more often), if 
they are cyclists (those who already cycle are more willing to use more sustainable transport 
modes), and the case study area (respondents from the Czech Switzerland and the Giant 
mountains were less willing to use sustainable transport modes than those from the Moravian 
Karst).  
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Table 3: Willingness to change transport behaviour 

In % Strongly 
agree 

Slightly 
agree 

Do not 
know 

Slightly 
disagree 

Strongly 
disagree Total 

If a cycle-bus would be available, I would use a bike (e-bike) 
instead of a car 22.3 6.8 10.5 5.2 55.2 100.0 

If a bus/train stop would be closer to the place I want to 
visit, I would take the PT instead of a car 25.8 7.7 11.0 5.8 49.7 100.0 

If a bus/train stop would be closer to the place I want to 
finish, I would take the PT instead of a car 27.2 9.0 10.7 4.9 48.2 100.0 

If the PT would be cheaper or for free, I would take the PT 
instead of a car 28.7 7.9 11.3 4.5 47.5 100.0 

If the PT would as fast as a car, I would take the PT instead 
of a car  33.4 8.3 11.8 3.9 42.6 100.0 

If PT connections would be more frequent, I would take the 
PT instead of a car 30.3 10.0 14.4 4.9 40.4 100.0 

If a bike would be available for rent at the bus/train stop, I 
would take the PT and a bike instead of a car 22.0 8.5 11.1 4.9 53.5 100.0 

If an e-bike would be available for rent at the bus/train 
stop, I would take the PT and an e-bike instead of a car 18.1 6.6 6.8 3.4 58.2 100.0 

   Source: Own survey  

The results indicate that alternative transport modes to cars, like public transport and bicycles, 
are a more acceptable alternative especially for younger and more active people. 
Furthermore, the visited area with its infrastructure supply significantly influences the visitor’s 
behaviour, as well as the distance from where the visitors travel. Those travelling shorter 
distances seem to be more willing to use alternative transport modes to come to the areas.  
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Table 4: Coefficients for explaining variables, ordinal regression 
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Significance of the model yes yes Yes yes Yes yes yes yes 

Explaining 
variables 

Household size -0.014 -0.027 -0.011 -0.062 -0.038 -0.043 -0.017 -0.013 

Number of children 0.104 0.032 0.022 0.169 0.088 0.061 0.043 0.045 

Number of pensioners -0.112 0.042 0.128 0.063 0.035 0.211 0.121 -0.073 

Age  

15-29 years 0.076 -0.082 -0.183 -0.273 -0.228 0.195 -0.601 -0.406 

30-44 years 0.083 -0.114 -0.377 -0.192 -0.240 0.010 -0.438 -0.332 

45-59years -0.085 -0.329 -0.482 -0.535 -0.462 -0.092 -0.484 -0.791* 

60+ 0a 0a 0a 0a 0a 0a 0a 0a 

Gender 
Male 0.052 0.189 0.075 0.162 0.029 -0.056 -0.015 0.103 

Female 0a 0a 0a 0a 0a 0a 0a 0a 

Education 

Basic -0.241 -0.145 -0.105 -0.306 -0.077 0.248 -0.114 -0.738 

Trained -0.377 -0.388 -0.304 -0.428 -0.222 0.014 -0.366 -0.045 

Secondary -0.270 -0.277 -0.033 -0.277 -0.187 0.020 -0.302 -0.397 

Secondary with 
a leaving exam   

-0.255 -0.004 -0.022 0.037 0.161 0.249 -0.083 0.116 

University 0a 0a 0a 0a 0a 0a 0a 0a 

Study 
area 

Czech 
Switzerland 

-0.633* -0.851* -0.714* -0.403** -0.601* -0.768* -1.031* -1.144* 

Giant Mountains -0.155 -0.555* -0.569* -0.005 -0.293 -0.499* -0.323 -0.532** 

Moravian Karst 0a 0a 0a 0a 0a 0a 0a 0a 

Travelling 
with 

Alone -0.073 0.481 0.371 0.128 0.371 0.568 -0.342 -0.677 

Spouse/partner -0.308 0.163 0.306 0.057 0.304 0.720 -0.292 -0.903 

Friends -0.438 -0.141 0.027 -0.136 -0.009 0.347 -0.438 -1.035 

Family with 
small children 

-0.285 0.285 0.456 0.294 0.472 0.898 0.121 -0.139 

Family with 
older children 

-0.346 0.195 0.081 -0.235 -0.036 0.409 -0.662 -1.102 

An organised 
group 

0a 0a 0a 0a 0a 0a 0a 0a 

Walking 
trip No 0.119 0.254 0.225 -0.047 -0.041 0.077 0.262 -0.113 

Cycling 
trip No 1.338* 0.650* 0.310 0.424 0.100 0.139 0.675* 0.129 

Note:  * p < 0.1, ** p < 0..05 

Source: Own survey  
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4. Discussion and conclusions  
The dominant transport mode for visits in large environmentally sensitive areas in Czechia is a 
car, especially for coming to the area. Once in the areas, tourists use less often cars, while the 
share of non-motorized modes increases.  

Our data also indicate that the choice of the transport mode for one-day and weekend trips 
can be influenced more easily by various policies than the transport mode for longer stays. 
Regarding alternatives to cars, the main substitute for cars seems to be public transport – 
especially if the speed and frequency of public transport connections would increase. Our 
survey further confirms that the transport behaviour is narrowly connected with the character 
of activities in the area and tourists’ habits, as well as the age of the visitor and the distance of 
the visitors´ travel.  

To support sustainable mobility and to minimise the negative impacts of transport on nature in 
environmentally protected areas, a strategic and comprehensive approach is needed. 
Transport behaviour should not be regulated separately, but a combination of visitors’ 
management and mobility management tools should take place. Mobility plans, which focus 
especially on the demand side can fulfil this condition; they represent a promising way how to 
strengthen sustainable long-term development in these areas. 

In the Czech Republic, there is not much experience with mobility plans, except for large 
urban areas and some particular institutions. Following the European legislation, above all the 
2013 Urban Mobility Package (COM(2013)913 final), which sets out a concept for Sustainable 
Urban Mobility Plans, Czech cities with over 40 thousand inhabitants have had to develop 
their Sustainable Urban Mobility Plans (SUMPs). At the end of 2020, 40 SUMPs had been 
developed by Czech cities (Jordová and Brůhová Foltýnová, 2021). There are some initiatives 
to create mobility plans focused on tourism regulation in urban areas in Europe (e.g., the 
European project InnovaSUMP). However, there is no experience with mobility plans in 
environmentally protected nature areas. Therefore, the potential, structure, and methodology 
of such plans require further research.  

We plan to collect and analyse more data on tourist behaviour (using experiments and big 
data analyses) and good practice from national parks with mobility and tourist management 
worldwide. The main results of our research activities will be guidelines for sustainable 
mobility plans for large environmentally sensitive areas.    
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ABSTRACT 
Historically, quantitative forecasting methods have been used in transport and mobility 
planning. As forecasts can be unreliable to plan for the medium- and long-term, scenario 
building is increasingly being used. However, scenario building methods often fail to take 
disruptions and wild cards into account, i.e., low probability but high impact events. When 
unaccounted for, wild card events, like the COVID-19 pandemic, lower the efficacy of scenario 
building in policy making, as these events completely disturb the developed scenarios of the 
future. In this paper, we develop and apply a creative and participatory methodology to 
develop visions and disrupted scenarios for rural mobility. Our research was carried out in the 
Belgian village of Oetingen, where inhabitants developed more resilient views of the future by 
creating disrupted mobility scenarios and a preferred mobility vision for their village for the 
year 2050. This was done through a participatory scenario building exercise. Through three 
workshops, mobility wild cards were collected from mobility experts and inhabitants. 
Inhabitants were engaged to define their mobility vision through a postcard that was 
distributed to all houses in the village as well as a project website. Respondents were invited 
for a follow-up interview in which their preferred mobility vision was subjected to the wild 
cards, and participants described how these wild cards would change their preferred vision. 
As children tend to have more creative ideas, they were engaged via workshops at school. 
This process resulted in mobility scenarios for the village for the year 2050 based on the 
different wild cards, as well as an overall desired vision. We found that the use of wild cards 
did not significantly change the scenarios when compared to the vision, although it did make 
the interviewees step outside of their comfort zone. We also found that the citizens did not 
necessarily have more original and less path-dependent ideas in developing wild cards when 
compared to experts. Lastly, we found that children have very outside-of-the-box suggestions 
when it comes to the future. Although some of their ideas can be judged as impractical by 
today’s standards, many ideas had an indirect implication for mobility in the village and gave 
insights into children’s priorities, as potential future residents of the village.  
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1. Introduction 
“In this world nothing can be said to be certain, except death and taxes” – 

(Benjamin Franklin, 1789) 

Current transport and mobility policy is often based on transport forecasts. A forecast is often 
found to be inaccurate (Andersson et al., 2017). Forecasting models are continuously 
updated; however, their accuracy has not improved (Cruz & Sarmento, 2020). This is because 
the future is not a linear result of the past, and it will also not be a linear continuation of the 
present.  

Modern transport forecast methods are based on how the current situation is likely to evolve 
(Voulgaris, 2019). Hence, they are not equipped to handle uncertainty, and sudden changes 
are not considered. In recent years, there has been an evolution towards non-traditional future 
studies such as scenario planning, although traditional and path-dependent forecasting 
methods are still dominant (Sustar et al., 2020). For example, in their analysis of 62 recent 
future studies papers, Miskolczi et al. (2021) found that 16 are based on scenario planning, 
while 46 are based on forecasts.  

Scenarios are “an internally consistent view of what the future might turn out to be” (Porter, 
1985, p. 63). Scenarios therefore show different possible future pathways, whereas a forecast 
aims to predict only one. In scenario planning exercises as well as in decision making, 
however, linear thinking often dominates. The outbreak of COVID-19 in 2020, for example, 
has shown “the importance of incorporating more diverse and non-linear visions into decision-
making” (Soria-Lara et al., 2021, p. 11). Events like the COVID-19 outbreak are high-impact 
but low-probability events and are often not taken into account when developing mobility 
scenarios. Soria-Lara et al. (2021) argue that scenarios need to incorporate disruptions in 
order to be useful for policy making. This can be done using wild cards, i.e. events that have 
three characteristics: their impact is high, their probability of occurring is low, and they appear 
suddenly (Mendonça et al., 2004). Such an event is seen as a surprise and would drastically 
change our lives (van Rij, 2013). Examples of wild cards related to transport include a drastic 
decrease in passenger transport and flying cars (Hauptman et al., 2015). Due to their low 
likelihood, many wild cards will not occur. Nevertheless, identifying them can help make 
policies more resilient to disruptions, allows the identification of early warning signals, and 
gives time to make investments that increase safety (van Rij, 2013).  

In transport scenario planning, the visioning phase is crucial, and visions are useful in agenda 
setting for decision making, as they provide a powerful single image of a desired future 
(Banister & Hickman, 2013). A vision is made up of two key components: 1) a desired future 
configuration; and 2) a future environment where this configuration can be successful 
(Boaventura & Fischmann, 2008). The difference to scenarios is therefore that a vision 
represents a desired future, while scenarios map out possible futures. However, in terms of 
flexibility, multiple possible scenarios keep more options open for decision makers by 
providing multiple courses of action (Banister & Hickman, 2013).  

As scenario building and visioning exercises are often developed by experts in a top-down 
manner (Keseru et al., 2021), we developed a participatory approach. Participation can 
increase the probability of implementing research outcomes (Banister & Hickman, 2013). 
Experts are also used to visualize the future linearly (Hickman & Banister, 2014). Specifically, 
we paid special attention to the involvement of children in our research, as they are often not 
included in policy making. Children up to the age of 14 make up over a quarter of the global 
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population and 17% of the population in Belgium (United Nations Population Fund, 2020). 
Children move around less and use the local surroundings more often than adults. However, 
children are not involved in the design of the places and spaces they use most often. In 
addition, younger people have been known to have a better capacity of visualizing disruptive 
scenarios, when compared to experts and adults (Soria-Lara & Banister, 2017).  They will also 
be the next generation of adults. 

Visioning and scenario building exercises tend to focus on urban areas. The focus of our 
research lies on a rural area. Throughout our analysis of the literature, we did not find any 
scenario building exercises focused specifically on rural mobility. As rural areas are often 
characterized by low public transport accessibility and long waiting and travel times (Frank et 
al., 2021), these communities are often car-dependent (Fiorello et al., 2016). Visions and 
scenarios can offer new and radically different ways of approaching the problem of individual 
mobility (Vergragt & Brown, 2007). Applying these methods in a car-dependent rural area 
therefore offers an interesting avenue for research. 

The goal of our research is therefore to apply creative and participatory methods to develop a 
vision and different disrupted scenarios for the mobility of a Belgian village in 2050. In this 
paper, we seek to address the following research question:     

“How can disruptive visioning and scenario building for mobility in rural areas be made 
participatory?” 

Our paper is structured as follows: the next section provides the materials and methods 
employed in our research. Section 3 gives an overview of the results, which are discussed in 
section 4. In section 5, we provide some concluding remarks and indications for further 
research. 

2. Materials and methods 
The starting point for our methodology was the paper by Soria-Lara et al. (2021), who 
developed one vision and several scenarios for the Metropolitan Area of Madrid for 2050 
using wild cards. Similarly to their research, we asked experts to develop parts of the wild 
cards, and we held semi-structured interviews with citizens to develop a vision and different 
disrupted scenarios. Our methodology contained two main phases: i) case study selection and 
wild cards development, and ii) participatory visioning and scenario building.  

2.1 Case study and wild card selection 
Oetingen is a Flemish village of about 2200 inhabitants located 25km southwest of Brussels, 
Belgium. It is located in the Pajottenland, an agricultural part of the country (Vanempten et al., 
2015), and is, with three other villages, part of the municipality of Gooik (9 230 inhabitants) 
(Statbel, 2021). Until its discontinuation in 1973, the village was connected to Brussels via a 
tram. Nowadays, most residents are car dependent (Gemeente-Stadsmonitor, 2021). The 
village is serviced by a bus that runs every hour on weekdays, once every two hours on 
Saturdays, and not on Sundays. The nearest train station is 8km away. 26% of the 
municipality of Gooik’s inhabitants use a bicycle for leisure, but only 10% commute by bicycle. 
25% of citizens indicate using public transport for their commute (Gemeente-Stadsmonitor, 
2021). 41% of citizens indicate walking for leisure, while 13% indicate it as a commuting 
mode. The municipality of Gooik has a bike plan for 2025, aiming to become a cycling 
municipality.  
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Figure 1: Location of Oetingen 

After selecting the case study, we developed the wild cards to be used in the scenario building 
exercise. Our methodology for their development can be seen in Figure 2.  

 

Figure 2: Wild card development process 

To develop the wild cards, we held three separate workshops in the spring of 2021. Two were 
attended by academic researchers from various mobility- and transport-related fields (e.g., 
urban mobility, sustainable logistics, sustainable energy communities). Each workshop was 
attended by five experts. The third workshop was attended by five male members of the 
informal village council of Oetingen. The goal of the workshops was to develop as many wild 
cards as possible. To do this, we first developed a business-as-usual (BAU) projection for 
2050 for Oetingen, based on local, regional, and federal policy documents. The BAU 
projection, based on different trends, is as follows: 
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Table 1: Oetingen 2050 BAU projection 

Trend category Trend description Source 

Social and 
economic  

Population ages: 27% of inhabitants will be 
aged 67+ in 2050. 

(Pelfrene, 2009) 

Economic development focuses on 
digitalisation and technological 
developments, and innovation will lead to 
autonomous, connected, multimodal, green, 
and shared mobility.  

(Vlaamse Regering, 2016) 

Proximity to businesses and services is key, 
also in the countryside. Villages will 
therefore increase in number of inhabitants 
by 2050. 

(Vlaamse Regering, 2016) 

Mobility and 
transport 

Safety on roads increases: 133 deaths/year 
by 2050 (but not 0). For comparison: in 
2020, 254 people died on Flemish roads 
(StatBel, 2021). 

(Vlaamse Regering, 2013) 

Cycling increases strongly, with improved 
infrastructure (like better connectivity 
between town centres). 

(A2Bmobility, 2020) 

Decrease in level of public transport service, 
so private vehicles remain dominant. Public 
transport is only necessary for ‘core 
corridors’ between major economic centres; 
other mobility solutions will be personalised 
and on-demand. 

(Vlaamse Regering, 2013) 

Climate change 
and 
decarbonization 

The region will be carbon neutral by 2040, 
thanks to decreased energy demand and 
increased electrification. The EU will be 
climate neutral by 2050. 

(Strategisch Project Opgewekt 
Pajottenland, 2018) 

(European Commission, 2018) 

 

The three workshops resulted in a total of 72 wild cards. After merging duplicates that had 
emerged in different workshops, the remaining 57 wild cards were categorized according to 
the PESTEL classification (Political, Economic, Social, Technological, Environmental, Legal) 
(Rothaermel, 2014). Figure 3 shows how many wild cards were developed in each of the 
PESTEL categories. The list of selected wild cards can be found in the annex. 
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Figure 3: Number of wild cards per PESTEL category 

 

Figure 4: Wild card development process 

Next, we selected the wild cards to be used for the scenarios. For this purpose, we circulated 
a survey among experts to rate the level of imaginability of the 57 remaining wild cards, i.e., 
their likelihood of occurrence. The scale we used is the following: very unimaginable, 
unimaginable, neither imaginable nor unimaginable, imaginable, and very imaginable. 
Unimaginable wild cards are events that constitute highly improbable surprises in the short 
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and long term, whereas imaginable wild cards are events that constitute possible surprises 
(Soria-Lara et al., 2021). In total, 24 experts from various fields filled in the survey (fields of 
expertise included electric mobility, logistics, forecasting, urban mobility, automated mobility, 
local energy systems, and battery innovation). After the survey, we identified the five wild 
cards in the four extreme categories (very unimaginable, unimaginable, imaginable, very 
imaginable) that were most voted by the experts. From these five, we selected one in each of 
the categories to use in the scenario building exercise. Three of the selected wild cards were 
suggested by experts, the remaining one was suggested by citizens. This selection us to 
analyse the role of the level of imaginability of a wild card on the scenarios. The wild card 
development and selection process is depicted in Figure 4. 

Four wild cards were selected: 

1. Very unimaginable: ‘Private cars are banned. Radical left views private cars as a 
source of inequality and bans them. Public transport is the only transport mode 
available.’ 

2. Unimaginable: ‘Bike lanes are delayed. A car-obsessed governmental majority delays 
the implementation of bike lanes.’ 

3. Imaginable: ‘Energy crisis results in mobility poverty. Fossil fuels are depleted and the 
supply of energy from renewable sources does not meet the demand.’ 

4. Very imaginable: ‘Teleworking replaces office jobs.’ 

2.2 Participatory vision and scenario development 

 

Figure 5 Vision and scenario development process 

The next step in our methodology, after obtaining the wild cards, was the development of the 
vision and the scenarios with citizens. The process we employed can be seen in Figure 5. 

To involve as many citizens as possible, participation was made possible both online and 
offline. Citizens could send through their vision on the project website (Mobiliteit, n.d.), or they 
could hand in a postcard that contained their vision (see Figure 6). The postcard contained a 
picture from 1972 of a protest against plans for a highway. On the front of the card was written 
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‘Greetings from 2050’ and ‘What vision do people from Oetingen have for mobility in 2050?’. 
The back contained more information about the project as well as space for citizens to write 
down their vision. 

  

Figure 6: Vision postcard 

In May 2021, every household in the village received a postcard (800 postcards were 
distributed), which could be returned at a central location in the village. The project was also 
promoted via a banner on the main road, via local social media accounts, and it was covered 
by local media outlets. In total, 31 visions were sent in by citizens: 5 via postcard and 26 
through the project website. The average age of respondents was 47. 

All citizens who submitted a vision, either through the postcard or online, were invited for a 
follow-up interview to detail it further. Of the 31 people that submitted a vision, 12 responded 
positively to the request for a follow-up interview. 14 people were interviewed, as two of the 
interviewees were a couple. Ten men and four women were interviewed, with an average age 
of 56. Semi-structured interviews were employed because there were pre-defined themes that 
we wanted to enquire after, but we also wanted the flexibility to explore new themes that came 
up during the interviews (Harvey-Jordan & Long, 2001).  

2.2.1 Interviews with adults 

The goal of the interviews was to acquire further details about the visions and subject the 
visions to the selected wild cards. Each interviewee’s vision was subjected to two of the four 
wild cards.  

The interviews were structured into three parts:  

i) Detailing of mobility vision 
Interviewees shared their vision for mobility and transport in Oetingen in 2050 
by describing an ideal day in Oetingen in 2050. They were asked the following 
open-ended questions:  
a. What transport mode will you use in 2050 within Oetingen? 
b. How will citizens from Oetingen travel outside the village? 
c. How often do you leave Oetingen in 2050 and where do you go? 
d. How do people from outside Oetingen travel to the village in 2050? 
e. How will you buy goods in 2050? 
f. How will goods be delivered in 2050? 
g.  
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ii) Disruption 1 
Interviewees were introduced to the concept of disruptions and a first wild card 
event was laid out. They were then asked the same questions as in the first 
part of the interview, with the wild card event being a ‘what if’ condition: e.g., “If 
private cars are banned, what transport mode will you use in 2050 within 
Oetingen?” 

iii) Disruption 2  
The second wild card event was explained to the interviewees, and they were 
then asked the same questions as in the first part of the interview, with the wild 
card event being a ‘what if’ condition.  

Each semi-structured interview, as can be seen from Figure 7, resulted in one individual 
desired vision for 2050, and two individual disrupted scenarios for 2050. 

 

Figure 7: Scenario interview structure 

The interviews took place between May and July 2021. Five interviews were held in-person; 
the remaining seven were organized online through Microsoft Teams. Interviews lasted 
between 20 and 45 minutes. All interviews were recorded with permission of the interviewees 
and later transcribed. 

2.2.2 Workshops with children 

Next to adult citizens, children were also included in our visioning exercise. We held 
workshops with the children of the Oetingen primary school, with children from 6 grades aged 
5-12. We held five different workshops, one for each of the elementary school’s grades. 
Grades 5 and 6 were combined into a single workshop. In total, 113 children participated in 
the activity. The workshops were structured as follows:  

i) Introduction 
Children were asked what the word ‘mobility’ meant to them. They were shown 
pictures of streets that were taken at the same location but in a different year and 
asked if they could detect differences (e.g., the village tram disappearing or the 
pedestrianisation of the Brussels city centre). 

ii) Current mobility 
Children were asked what modes of transport they use and where they go to when 
using these modes.  
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iii) Desired mobility 
Children were asked what modes of transport they would like to use.   

iv) Inventing the transport mode of the future 
Children were shown pictures of futuristic modes of transport such as a flying car 
and a Hyperloop. They were then asked what transport mode they would like to 
use if they could invent one.   

v) Vision for Oetingen in 2050 
Children were asked to calculate how old they will be in 2050. Then, they were 
asked what they would like the village to look like in 2050. The children were then 
divided into groups of 4 or 5 and given a map of the village on which they could 
write and draw their vision for the village. Lastly, each group presented their vision 
of the village to the class.  

Due to privacy concerns as well as practical limitations, no recordings were made of the 
workshops with children. Instead, one researcher took notes while another conducted the 
workshops. After each workshop, the notes were completed with the drawings that the 
children made during the workshop. Furthermore, the workshops with children were limited to 
the visioning exercise. Including wild cards in the workshops was not possible due to time 
constraints.   

2.2.3 Data processing 

The visions, interviews, and notes on the workshops with the children were coded and 
analysed in the qualitative data analysis software Nvivo.  

Table 2 Main coding categories of interviews 

Code name Description 

Vision The category ‘Vision’ contained all codes pertaining to 
the initial 2050 vision of all respondents (website, post 
cards, and interviews).  

Wild card 1:  

Private cars are banned. 

This category contained all codes pertaining to the 
disruptions caused by wild card 1. 

Wild card 2:  

Bike lanes are delayed by a car-obsessed 
governmental majority. 

This category contained all codes pertaining to the 
disruptions caused by wild card 2. 

Wild card 3:  

Energy crisis results in mobility poverty. 

This category contained all codes pertaining to the 
disruptions caused by wild card 3. 

Wild card 4: 

Teleworking replaces office jobs. 

This category contained all codes pertaining to the 
disruptions caused by wild card 4. 
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The results of the interviews and of the children’s workshops were coded separately. For the 
interviews, codes were divided into four main categories of analysis (Table 2). The 
overarching ‘Vision’ code was subdivided into the following categories: i) accommodation; ii) 
eating and restaurants; iii) learning; iv) leisure; v) mobility; vi) nature; vii) shopping; viii) sports; 
ix) urbanism, and x) other. These same subcategories were used to code the children’s 
visions. 

Statements that contained similar messages were grouped under the same code. For the 
vision, codes were placed under one of the ten overarching categories that had been 
deductively identified while pre-reading the materials. Two researchers coded half the material 
separately, and then exchanged materials for a new round of coding. A total of 103 codes 
were developed in the separate coding rounds for the visions of the adult citizens. After these 
separate rounds, all coding was examined in a consensus-making round between the 
researchers, and two new codes were added, resulting in 105 codes in the ten overarching 
categories. A similar procedure was followed for the children’s visions. Here, 170 initial codes 
in the ten overarching categories were brought down to 160 after analysis. 

For the scenarios, a total of 67 codes were attributed in the first round of coding. During the 
second round, overlapping codes were identified and merged, resulting in 57 codes 
remaining.  

Important to note is that the developed vision for Oetingen in 2050 is based on all collected 
material, while the disrupted scenarios were constructed using only the semi-structured 
interviews. The vision and scenarios were constructed by identifying relevant statements, 
coding them, and then using these coded elements to create a narrative.  

3. Results 
For the development of the vision, 31 citizens shared their input, combined with the workshops 
held with 113 children of the village primary school. For the development of the scenarios 
based on the wild cards, 12 interviews were held. In each interview, the developed vision was 
subjected to two wild cards, resulting in four scenarios based on the input of six interviews. In 
total, we developed one mobility vision for Oetingen for 2050, as well as four disrupted 
scenarios, each based on one of the pre-identified wild cards. The development was done by 
analysing the most common codes in Nvivo. Figure 8 shows, for the visions, the difference in 
relative importance of all ten categories for children and adults. From the graph, we can see 
that the most discussed theme by adults was mobility, followed by shopping. For children, 
most vision elements pertained to leisure, followed as well by shopping. Mobility is the third 
most discussed theme with the children.  

Using the most recurring codes, we developed one-page narratives for the vision and each 
scenario. Below, a short summary overview of each is provided.  

 



Seite 60  

Institut für Verkehrswissenschaften 
Forschungsbereich für Verkehrsplanung und Verkehrstechnik TU 

 

Figure 8: Comparison of adult and children's code categories 

 

3.1 Desired collective vision for 2050: a green, tranquil yet vibrant 
village  

In 2050, Oetingen remains a rural, green, and tranquil village. The village’s green areas have 
grown larger, with the addition of forests around the village centre. Citizens now move around 
the village mainly by (electric) bicycle, and it is a common sight to see children accompany 
their parents by bicycle. This can be done in a safe manner, thanks to the car-free zones that 
have been established. Cycling and walking infrastructure, such as separate bike lanes, 
secure bike parking, and charging infrastructure for electric bicycles, have strongly improved 
as well. Walking has also become an important mode of transport within the village.  

Access to the centre of the village is now restricted for cars as well as heavy trucks. For trips 
outside the village, citizens mainly the bus. This is possible because connectivity has 
improved much since 2021, with better connections to neighboring towns and cities. Public 
transport-based multimodality has also improved, making it easier to combine multiple buses 
or bicycle and bus. Many citizens still use their own private car for errands outside the village. 
The cars are now CO2-neutral (electric or hydrogen), and about half of them can fly. For all 
electric mobility, electricity is produced by the local power station in Oetingen. 

In 2050, the number of trips that residents make has increased. However, the village has more 
shops and services, decreasing the distance of the trips. Citizens can buy local products 
offline without needing to leave the village. E-commerce will have gained in importance by 
2050, but deliveries are more structured than they were in 2021, with centralized pick-up 
points in the village. Delivery to those pick-up points is still done with trucks, but these are 
emission-free. 
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When it comes to leisure, there will be more social activities in the village, further decreasing 
the need to leave Oetingen for such events. Children now easily spend their free time at one 
of the many sports fields or skate parks that have been built over the years, or at the small 
local theme park. After a day spent playing or learning at one of the schools, families can go 
out for dinner to one of the few restaurants that have sprouted in the village.  

The following paragraphs describe the four scenarios disrupted by wild cards, followed by a 
summary overview of how the scenarios differ from the desired vision. 

3.2 Scenario 1: private cars are banned 
In a 2050 future, where there are no more private cars in Oetingen, citizens can be seen 
cycling all over the town to get to their destinations. For longer trips, citizens use public 
transport, as connections to other towns and cities have much improved. However, as it can 
still be time-consuming to leave the village, individual trip frequency has strongly decreased, 
and people only move when it is absolutely necessary. Citizens have started using 
autonomous shared vehicles that operate within Oetingen and towards neighbouring towns. 
As planning shopping trips can be cumbersome, citizens now rely on e-commerce and home 
deliveries for almost all goods. 

3.3 Scenario 2: bike lanes are delayed by a car-obsessed governmental 
majority 

The government in 2050 is extremely supportive of private ownership of cars, and strongly 
hinders the implementation of bike lanes. As a result, Oetingen looks very similar to what it did 
back in 2021. People move around as much as they used to, and they do this using their 
private cars. Bicycles are rarely used since the absence of dedicated cycling infrastructure 
cannot guarantee cyclists’ safety. As the traffic situation has worsened over the years, there 
are some attempts to develop shared mobility modes, and carpooling especially is a system 
that is favoured by citizens. The car is the main mode of transport used for outside the village, 
but the cars used in 2050 are all electric. As Oetingen is close to Brussels, traffic in the village 
has worsened due to daily commutes to and from the capital. To escape the agitation caused 
by the increase in traffic, some citizens have moved to more rural areas. The village is 
therefore less densely populated than it was in 2021. 

3.4 Scenario 3: energy crisis results in mobility poverty 
An unreliable energy grid in 2050 has halted the introduction of electric vehicles. Due to their 
emissions of greenhouse gases, non-renewable energy sources are also not an option. 
Walking and cycling is now the only way for citizens to move around. There has been an 
increased focus towards local production and self-sufficiency, decreasing the need for citizens 
to leave the village. This has decreased the overall need for movement and transportation, 
decreasing the number of trips made by citizens, and reducing the number of visitors coming 
from outside Oetingen.  

3.5 Scenario 4: teleworking replaces office jobs 
As nearly all citizens in Oetingen work from home in 2050, e-commerce and home deliveries 
are the norm. Car ownership has drastically reduced and there are fewer cars in the streets of 
Oetingen. It is very common to see citizens cycle or walk around, and this at all hours of the 
day, since trips are more evenly distributed throughout the day. Mandatory teleworking has 
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increased the feeling of community in the village in comparison with 2021, as the number of 
local shops and social activities have increased.  

3.6 Comparison of vision and scenarios 
One of our goals was to see how the introduction of wild cards influences the desired 2050 
vision. Table 3 provides an overview of how the desired vision and the four disrupted 
scenarios differ in key areas. 

Table 3 Comparison of visions and scenarios per key element 

Key 
elements 

Vision Scenario 1 

No more 
private cars 

Scenario 2 

Extreme pro-
car 
government 

Scenario 3 

Unreliable 
energy grid 

Scenario 4 

Mandatory 
teleworking 

Mode of 
transport 

Mainly 
bicycles for 
internal trips 

Mainly private 
(flying, 
emission free) 
cars and 
buses for 
external trips 

 

Mainly bicycles 
for internal 
trips 

Public 
transport for 
external trips 

Autonomous 
shared cars for 
external trips 

 

Cars are the 
main mode of 
transport 

There are no 
cyclists or 
pedestrians 

No use of 
public 
transport 

More shared 
mobility 
(carpooling) 

No electric 
cars 

Fewer cars 

Bicycles are 
used for 
everything 

 

Fewer cars 

Mainly bicycles 
or walking for 
internal trips 

 

Trip 
frequency 

Increase in 
no. of trips 

Decrease in 
no. of trips 

Increase in no. 
of trips 

Decrease in 
no. of trips 

No decrease in 
no. of trips, but 
shift in type of 
trips 

Trips more 
evenly 
distributed 
during the day 

Shopping 
habits 

More local 
businesses 

More e-
commerce 

More e-
commerce 

N/A Local food 
production; 
more self-
sufficiency 

More local 
shops 

More e-
commerce 

Deliveries Centralized 
pick-up points 

Home 
deliveries of 
goods 

N/A No deliveries 
because no 
e-commerce 

Home 
deliveries of 
goods  
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Village 
surroundings 

Car-free 
zones and 
restricted 
heavy truck 
access 

More 
playgrounds 

More social 
activities 

N/A Increased 
commuter 
traffic around 
the village 

Fewer citizens 

Fewer 
visitors 
coming from 
outside 

Increased 
social 
activities; more 
of a ‘village’ 
feeling 

 

4. Discussion 

4.1 Participation  
Traditional scenario planning often remains an expert-led exercise (Keseru et al., 2021). In our 
research, the vision and scenarios for a Belgian village were developed based on inputs from 
mobility experts and citizens. The rather low number of inhabitants that submitted their vision 
for the village (31, or 1,4% of the population) as well as the number of interviews (12) confirms 
that involving the public is a far from straightforward task, especially when there is no 
guarantee that decision-makers will use the outcome.   

The vision and scenarios show how (a sample of) inhabitants want the village to look like in 
2050. This is useful information for policymakers, as they can take decisions now that will 
make the village look like the inhabitants’ vision: a green and tranquil village with shops and 
services where inhabitants can walk and cycle. Although participation can help increase the 
probability of implementing the research outcomes (Banister & Hickman, 2013), it is too early 
to tell whether this will be the case in Oetingen. 

4.2 Path-dependent thinking by adults 
Path-dependent and linear thinking dominated the visions that were submitted via the 
postcards, project website, and interviews. Although 2050 is just under 30 years from 2021, all 
visions were slightly altered descriptions of the present. None of the suggested ideas radically 
challenged the status quo. While the most often used forecasting methods are path-
dependent (Sustar et al., 2020), our findings do not immediately confirm that more creative 
and participatory methods significantly reduce path-dependent thinking of adults. While the 
wild cards did cause the interviewees to step outside their comfort zone, the changes to their 
vision, as seen in Table 3, were not profound.     

4.3 Creative thinking by children 
The visions of children were very creative and outside-the-box, including flying cars and flying 
bicycles. Young people have been known to have a better capacity of visualizing disruptive 
visions when compared to experts and adults (Soria-Lara & Banister, 2017). Although the 
children were instructed and encouraged to think of future mobility in the village, only 14% of 
the children’s ideas were directly related to mobility (compared to 73% of the adults’ ideas). 
From today’s perspective, some of the children’s ideas could be considered unfeasible (e.g., a 
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rollercoaster to move around the village), but many ideas did have indirect implications for 
mobility in the village. For example, an increase in leisure activities in the village will reduce 
the number of trips of residents outside the village but could also increase the number of trips 
of non-residents to the village.  

With the right methodologies, children can be involved in developing mobility visions. Their 
participation leads to a wide array of ideas which need to be interpreted in order to understand 
the meaning of what was said, or what was left out. For example, most of the children’s ideas 
were related to a lack of leisure infrastructure in the village, and they barely mentioned the use 
of cars in their visions. 

4.4 The role of the level of imaginability of a wild card  
No clear link between the level of imaginability of a wild card and the contents of the scenarios 
was found. When comparing the vision with the scenarios, the two scenarios based on a wild 
card rated (very) unimaginable (scenarios 1 and 2) were not found to be fundamentally 
different from the scenarios based on a wild card rated (very) imaginable (scenarios 3 and 4). 
Only the unimaginable wild card in which the government promotes private car ownership 
resulted in a scenario that was different from the vision (but similar to the current situation). 
The other three scenarios – no more private cars (very unimaginable); unreliable energy grid 
(imaginable); and mandatory teleworking (very imaginable) – resulted in scenarios that were 
more extreme versions of the vision. For example, increased proximity to shops and services 
is a key aspect of the vision that is also included in these three scenarios.  

4.5 Layman vs. expert wild cards 
According to Hickman and Banister (2014), experts are trained to visualize futures in a linear 
way. Soria-Lara (2017) found that lay people have a higher disruptive visioning capacity than 
professionals. Our findings, however, do not confirm that lay people have more outside-the-
box (i.e., unimaginable) ideas than experts. When 24 mobility experts rated the level of 
‘unimaginability’ of the 57 wild cards, the experts’ wild cards were found to be more 
‘unimaginable’ than those suggested by citizens. Our sample of citizens was homogenous as 
it consisted of five men aged 55 and over with similar socio-economic backgrounds. Soria-
Lara et al. (2021) found that homogeneous sub-groups of a population can be better equipped 
to think disruptively, but in our homogenous sample, this was not the case. However, Soria-
Lara et al. (2021) worked with participants between the ages of 18 and 32, which could 
explain the different findings.    

4.6 Rural visioning 
Rural communities are often car-dependent (Fiorello et al., 2016), and Oetingen is no 
exception. This may explain why private car ownership remained dominant in the adults’ 
visions (10% of codes). However, cars were all but absent in the children’s visions (1% of 
codes). As the village is currently served by a bus, this was mentioned frequently as an 
alternative to private cars. Some respondents suggested a new mode of shared transport 
such as a light rail or monorail connection. Furthermore, while experts believe autonomous 
vehicles will be the norm in 2050 (Hartmann & Vortisch, 2018), adult citizens seemed unaware 
of current technological developments and the potential impact autonomous vehicles could 
have on their lives.  
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5. Concluding remarks 
In this paper, we presented a creative and participatory methodology to develop visions and 
disrupted scenarios for the mobility of a rural Belgian village in 2050. The various scenarios 
were developed using wild cards, as it is important to incorporate non-linear thinking into 
decision making (Soria-Lara et al., 2021). 

We involved and informed citizens in as many steps as possible. However, this involvement of 
lay people in the development of wild cards did not increase their level of unimaginability of 
the wild cards.  

Our methodology involved people of all age categories to develop a common vision. The 
workshops with children resulted in very creative and often impractical ideas. However, these 
ideas give an interesting indication of children’s requirements.  

It is important to lower the barriers for participation. We visited the village multiple times to 
meet citizens and to hold interviews and offered a mix of online and offline participation 
methods. As most citizens were employed, we were also flexible with timing, making it easier 
to participate. Nevertheless, the achieved response rate among adult citizens was rather low. 

It is relevant to note that our research focused on a rural area, as most scenario planning and 
visioning research is focused on (peri-)urban areas. As rural communities can be very car-
dependent, they should not be left out of foresight exercises. Strictly speaking, our 
methodology is one that could also be applied to urban areas. However, the time and 
resources to be employed would be much higher. In the case of a village, it is possible to 
reach out to the entire population, and to frequently meet with citizens. In an urban context, 
the level of outreach we aimed for would require much more effort. 

The research presented in this paper has limitations. Although we employed a wide array of 
participation methods, only 31 adult visions were submitted. We held 12 interviews, impacting 
the representativeness of the vision and scenarios. Lastly, because of the time constraints 
linked to the workshops, the children only participated in the development of the vision and not 
in the development of the disruptive scenarios. Future research could have children redraw 
their vision when subjected to a wild card. It could also be interesting to involve a wider and 
more diverse number of citizens in the development of the wild cards, to increase non-linear 
thinking and creativity. 

It should be mentioned that our research also felt the impact of the COVID-19 pandemic. 
‘Mandatory teleworking’ was not as ‘wild’ as the other wild cards, as the interviews were done 
when teleworking was mandatory to stop the spread of COVID-19. The resulting scenario 
might therefore not be as outside-the-box as it would have been without the COVID-19 
pandemic. 
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Annex – list of selected wild cards developed by experts and citizens 

Category Citizen/expert Description of wild card  

Political 
 

Expert 
 

Private vehicles are banned. 
Radical left views private vehicles as a source of inequality and bans them. 
Public transport is the only transport mode available. 

Bike lanes are delayed. 
A car-obsessed governmental majority delays the implementation of bike 
lanes. 

The end of Belgium. 
Belgium dissolves and Flanders becomes independent. A wall is built 
between Brussels and Flanders, affecting commuting. 

The EU collapses.  
Ambitions for climate change move to the background as more local 
problems need solving. 

Building new houses in rural areas is no longer allowed.  

Citizen 
 

Mobility between Oetingen and Brussels becomes much easier.  
The increased attractiveness of Oetingen poses a threat to the village 
atmosphere. 

Belgium dissolves and Flanders becomes independent. A wall is built 
between Brussels and Flanders, affecting commuting. 

One-way streets. 
All of traffic in Oetingen becomes one-way for cars. 

Internal combustion engines are banned. 

Economic 
 

Expert 

Decrease in funds for road maintenance due to inflation. 
Massive inflation of the euro leads to insufficient funds for road 
maintenance. 

Economic crisis. 
The village economy collapses, leading to high unemployment, closed 
shops, and citizens leaving. 
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An economic hub develops close to the village.  
This increases the attractiveness of the village and causes an influx of 
younger, non-Belgian people. 

A railway line is built through the village. 

Universal basic income. 
Universal basic income makes paid labour less necessary, thereby 
diminishes commuting needs. 

Increasing energy prices.  
Oil becomes scarce and electricity prices are impacted by the closure of 
nuclear power plants.  

Increased peri-urbanisation.  
Economic activity is located outside city centres in larger industrial zones, 
making it necessary to leave the city to shop. 

Public transport becomes less reliable and more expensive. 
Financial difficulties at the public transport operator. The difficulties lead to a 
decrease in bus lines and an increase of ticket prices. 

The public transport market is opened to competition. 

Explosion of the gig-economy. 
Market liberalism results in more freelancing jobs. This causes everyone to 
have completely different mobility patterns. 

Explosion of home deliveries.  
Deliveries lead to unsustainable transport. When demand is too high, some 
areas will not get home deliveries. 

Retirement is impossible. 
Nobody can retire anymore because of the economic aftermath of COVID-
19. New types of jobs will be introduced for the elderly, and the relationship 
with work changes for everyone. 

One economic crisis per decade. 
Three more economic crises between now and 2050 (every 10 years), with 
their consequences for transport demand. 

Bitcoin millionaires buy up houses. 
Rise of the bitcoin economy upturns the economic system and changes 
poor-rich relationships. People made rich from bitcoin start buying up 
houses in Oetingen. 

Social Expert 

Civil unrest drastically reduces transport demand.  
Civil chaos in all of Belgium makes people avoid traveling at all costs. 
People are afraid to use public transport or shared mobility. They are also 
afraid to walk or cycle in public spaces. Only when really necessary do 
people travel, in private vehicles 
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Population decreases due to an increase in heat waves, leading to low 
population density in the village. 

Health issues caused by teleworking increases pressure on health care.  
Increasing health issues related to teleworking, leaving people unable to 
bike. There is therefore an increasing need to get to hospitals for medical 
check-ups. 

Urban exodus. 
Increasing age and income gap, enhancing the rural and urban divide. Cities 
will become less sustainable and qualitative, leading to an exodus to the 
countryside. 

Urban living becomes very expensive. 
Cities become the only liveable places where proximity is still possible, so 
they become very expensive. 

Increased housing mobility. 
The elderly move around more and adapt their houses to their needs at a 
moment in time. People move out faster, so existing housing empties up for 
new families, but there generally is also a lower demand for traditional 
housing. 

Collapse of the pension system. 
The collapse of the pension system leads to increased poverty among the 
elderly, who cannot afford to travel and to house themselves. 

Radiation fears cause exodus. 
Growing fear about radiation emitted by the VUB photonics research centre 
in Oetingen results in people abandoning their houses. 

Citizen 

No more need for drivers' licenses because of autonomous vehicles. 

Teleworking replaces office jobs. 

Decreased social capital in the village and increasing individualisation from 
citizens. 
Social activities in the village and social links between villagers are reduced 
due to less engagement from the next generations. 

People live longer and more qualitative lives.  
You're considered old after 85 and the future elderly are in better health than 
the 85+ today. People remain at home longer and do not go to nursing 
homes. This increases the need to make all public infrastructure accessible. 

Technological Expert 

Virtual reality replaces real life.  
The need for transportation is reduced drastically. 

Power shortages due to increased electrification.  
The grid cannot supply the demand. 
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Artificial intelligence solves all mobility problems. 

Basic infrastructure is disrupted due to internet shutdowns caused by 
hackers or natural disasters.  

Global shortages of raw materials for smart and connected applications. 

Smart technologies are deemed unsafe due to hacks and weaponization. 

Safety issues related to data as a commodity (like cameras, etc.) 

Home deliveries via underground tubes. 
An underground tube transport system allows for home deliveries. 

Endless and cheap energy supply.  
Energy sources like fusion energy increase energy supply, thereby allowing 
for travelling without bad conscience. 

Energy crisis results in mobility poverty.  
Fossils fuels are depleted and the supply of energy from renewable sources 
doesn't meet the demand. This leads to increased mobility poverty due to an 
inability to travel as well as an increased reliance on public transport. 

Oetingen becomes android-free.  
Human-like robots (i.e., androids) are everywhere, but are increasingly 
hated by society. Oetingen declares itself an android-free zone, thereby 
becoming a walled-in community. 

Citizen 

Autonomous vehicles are parked outside the village. 

Home deliveries are only done via drones. 

All bike parkings have charging infrastructure.  

Environmental Expert 

The ground below Oetingen becomes unstable.  
The instability destroys above ground infrastructure and makes it almost 
impossible to build above ground. 

Destruction of the ozone layer.  
People cannot walk outside without protective clothing. 

Meteorites destroy Oetingen. 
People live in shelters. 

Walking and cycling impossible due to heat waves.  
People only travel using airconditioned transport modes 

Extreme climate change.  
Low temperatures in winter, high temperatures in summer. 
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Changed landscapes: energy production replaces food production.  
The demand for energy is higher than the demand for food.  

Expert & 
Citizen 

The village is regularly under water due to flooding.  

Oetingen becomes a holiday destination due to warmer weather.  
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ABSTRACT 
The design, management and operation of transport systems is a complex activity and this 
has only been exacerbated since the onset of the COVID-19 pandemic. In a public transport 
context, for example, concern has been raised over the likelihood of the sector surviving in 
some locations given the significant drops in patronage given the need to prevent travel so as 
to seek to halt the spread of COVID-19. It is striking to note that amongst a growing literature 
much of the reported impact of COVID-19 on travel behaviour focuses on urban areas and 
there is relatively little documented experience of how rural travel behaviour has been 
impacted.  

Drawing on the work of the ITF Working Group on Innovative Mobility for the Periphery this 
paper addresses three specific questions: Firstly, how COVID-19 has affected rural mobility. 
With reference to an international survey, we consider how travel behaviour has changed and 
some of the responses that public transport operators and shared transport providers have 
implemented; the role that demand responsive transport (DRT) and community transport (CT) 
has played in rural communities; and the influence of working from home (WFH). The second 
question focusses on planning for sustainable rural transport solutions in the post-COVID 
world. Here the focus is on the opportunities for more innovative solutions. The important role 
that DRT, both as an indication of what the future of public transport might look like and its 
position as a co-modal solution is evaluated. The potential of Mobility-as-a-Service (MaaS) for 
rural and regional areas lands is also explored. The final question focusses on the longer-term 
impacts of COVID-19 with implications for mobility and explores the implications of changing 
funding priorities and the possible shift in economic activity. We conclude with a positive note 
by asking if COVID-19 could give a boost to moving more community services on-line with 
consequent implications for rural communities. 
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ABSTRACT 
Almost ten years after the 9.0-magnitude earthquake on 11th March 2011 occurred triggering 
following large tsunamis devastating the eastern coastal regions of Japan and the nuclear 
disaster in Fukushima, considerable parts of reconstruction work in the tsunami-damaged 
regions outside of the radioactively polluted area have completed. The “reconstruction” in the 
region was not indeed just to rebuild the exactly same as pre-tsunami buildings and 
infrastructures, but included some relocations of settlements and infrastructures, as well as 
rearrangement of various public and private services. 

Transport infrastructures and services are not an exception of this, and relocations and 
rearrangements of both infrastructures and services were made. In this research, we analysed 
several macro-scale datasets to understand how car ownership, transport infrastructure and 
locations of settlements as well as key public and private facilities in the region has changed 
along with the “reconstruction” process. Such datasets include car ownership in each 
municipality, geolocation data of infrastructures and facilities, and so on. In combination with 
the statistics about the damages, we also analysed how these changes are interrelated to the 
extent of the tsunami-damage, which is the primary cause of the reconstruction needs in this 
natural disaster. 

Our analysis result shows that the motorization rate (car ownership per 1000 inhabitants) 
significantly increased in the region where area-wide reconstruction of cities and settlements 
was needed after the tsunami damage compared to the other regions. Preliminary result also 
shows that the increase of motorization rates tends to correlate to the extent of the tsunami 
damage, and the increase of length of low-class roads that services for everyday local travels 
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does, too. Overall, a faster increase of motorization rate and thus car-dependency than in 
other regions as a consequence of tsunami disaster and following reconstruction is implied. 

In the planned paper, we present our full analysis results in detail. We discuss the possible 
causalities for this faster motorization, drawing conclusions as well as future research needs.   

1. Introduction 
As widely reported, the 2011 Tohoku earthquake and tsunami, sometimes referred to as Great 
East Japan Earthquake, on 11 March 2011 resulted in massive humanitarian impacts, nuclear 
accidents and economic impacts particularly in the Pacific coast of north-eastern Honshu. At 
the time of this research, more than ten years  have passed since the earthquake, and 
reconstruction works have progressed rapidly to recover the damaged infrastructures and 
settlements. 

In the area damaged severely by the tsunami, relocation of the entire settlement or a part of 
the city is common, too. In such places, residential buildings were rebuilt relatively rapidly with 
public financial support or public housing for tsunami refugees. Public facilities such as 
hospitals, schools and libraries, commercial facilities, as well as workplaces have been 
recovered in parallel, sometimes being relocated in line with the settlement relocations until 
the time of the research.  

As such, the 2011 Toholu earthquake and tsunami and the recovery form it led to some 
changes in the infrastructure on one hand, including transport infrastructure. On the other 
hand, the changes in the settlement including the relocations may have interacted with the 
changes in the transport infrastructures and services, resulting in changes in everyday mobility 
of the inhabitants in the region. 

In the research presented in this paper, first, from a macroscopic point of view, we analyzed 
the changes in the car ownership, aiming at obtaining implications in the changes in car 
dependency in the region. Following this, we analyzed the (re)construction of the road 
infrastructure in comparison to the rail infrastructure to understand the different rapidity of the 
reconstruction. 

2. Analysis of the car ownership 

2.1 Indicators 

2.1.1 Quantification of tsunami and earthquake damages 

For a macroscopic analysis, it is necessary to quantify the extent of the earthquake and 
tsunami damages. In case of the 2011 Tohoku earthquake, the damage is mainly caused by 
tsunami, and it is characterized by clusters of a number of destroyed buildings spreading 
continuously in the tsunami-flooded areas (e.g. Miyagi Prefectural Government, 2015). The 
reconstruction works calling for larger changes in transport infrastructure and service as well 
as the settlements and urban areas is more likely in the area where the extent of damages is 
larger i.e. where the size of the cluster of destroyed buildings is larger. 

The statistics of the national government about the 2011 Toholu earthquake contains the 
statistics of destroyed buildings in each municipality, subdivided into residential building and 
other buildings. The statistics of residential buildings are further subdivided into five categories 
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depending on the extent of the damage: fully destroyed, half destroyed, partially broken, 
flooded over the floor, and flooded under the floor. The “fully destroyed” group is defined as 
“residential building fully collapsed, washed away, buried, burned, or destroyed to an extent 
that is not reparable”, while the “half destroyed” group is defined as “residential buildings 
largely destroyed but reparable” (Cabinet Office, 2013). The “partially broken” group is for 
buildings with a limited extent of physical damages. The latter two “flooded” groups had no 
physical damage to the building but the water flooded to the level above the ground floor or 
above the ground but below the ground floor – note that most of the Japanese houses have 
elevated ground floor with one to two steps at the entrance. As such, the statistics about “fully 
destroyed” residential buildings are able to service as an indicator of the earthquake and, 
more likely, tsunami damages calling for reconstruction works in a settlement or urban scale. 

The statistics for non-residential buildings do not distinguish the extent of the damages; 
however, the ratios of damaged non-residential buildings over residential buildings in the 
Tohoku Pacific coast regions are between 5.6% and 16%. The number of damaged residential 
buildings is much larger than that of non-residential buildings. Thus, we used the number of 
fully destroyed residential buildings (FDRB) per 1,000 inhabitants as an indicator for the extent 
of earthquake and tsunami damages. 

2.1.2 Quantification of car ownership 

One of potential indicators for car dependency – in terms of travel behaviour – is modal share 
(modal split); however, in the Tohoku Pacific coast region, no reliable travel survey has been 
carried out except for Sendai and its surroundings, an urban area with more than 1 million 
inhabitants. As an indicator calculable from reliable statistics, we selected the car ownership 
per 1000 inhabitants in each municipality. For the calculation, we included passenger cars and 
so-called “light automobiles”. In the Japanese vehicle legislation and statistics, a specific 
group of “light automobiles”, or kei-class vehicle, is defined for smaller four-wheeler vehicles 
meeting certain technical criteria. In the vehicle statistics, the category “light automobiles” 
includes both passenger cars (often 4 or 5 seats) and trucks (often 2 seats and loading 
platform on the rear side) in an undistinguishable manner. In our calculation, we included both 
types of “light automobiles” as both are used to fulfil everyday mobility, especially in rural 
areas including the Tohoku Pacific coast. Two-wheelers, trucks that do not fall in the “light 
automobiles”, vehicles used for transport services (e.g. taxis and buses) are not included in 
the calculation. Hereafter, passenger cars and “light automobiles” are collectively referred to 
as private cars, and “car ownership rate” refers to “private car ownership per 1000 
inhabitants”. 

2.2 Relationship between car-ownership and tsunami-earthquake 
damages 

2.2.1 Data 

In order to understand the trend, we calculated motorization rate (car ownership per 1000 
inhabitants) as of 2009 (before the disaster) and 2018 (seven years after the disaster) in each 
municipality in four prefectures located on the Tohoku Pacific coat: Aomori, Iwate, Miyagi and 
Fukushima from north to south. We however excluded eight municipalities in Prefecture 
Fukushima: Tomioka, Futaba, Okuma, Naraha, Namie, Kuzuo and Iidate, are excluded 
because the large extent of these seven municipalities are within the evacuation zone of the 
nuclear disaster and thus the “real” population and the statistics based on residence 
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registration are supposed not to match. In addition, Hirono, as well as Tomioka, are excluded 
because the number of fully destroyed residential buildings are unknown.  

As a result, 159 municipalities are included in our analysis. Table 1 shows an overview of 
earthquake and tsunami buildings, and Table 2 and Table 3 are summaries of population and 
car ownership respectively subdivided in the prefecture. While population decreases, the 
number of registered vehicles increases in all of the four prefectures.  

Table 1: Overview of prefectures and damages of 2011 Tohoku earthquake-tsunami 

Prefecture Municipalities 
included in the 

analysis 

Fatalities* Missing 
persons* 

Pop. in 
tsunami-
flooded 

area 

Damage to residential 
buildings* 

Total On 
Pacific 

Fully 
destroyed 

Partially 
destroyed 

Partially 
broken 

Aomori 40 6 3 1 15,838 308 701 1,005 
Iwate 33 12 5,086 1,145 107,503 18,460 6,563 14,191 

Miyagi 35 14 10,449 1,299 331,902 82,889 155,099 222,781 
Fukushima 51 4 3,057 226 71,292 21,190 73,021 166,758 

*as of 1 September 2011, based on the data from national Fire and Disaster Management Agency. Figure with * includes the 
ones from municipalities we excluded from our analysis. 

Table 2: Population 

Prefecture Population 
All municipalities in analysis Municipalities on Pacific 
2009 2018 Change 2009 2018 Change 

Aomori 1,417,278 1,303,668 -8.0% 345,045 326,803 -5.3% 
Iwate 1,355,205 1,257,779 -7.2% 286,126 245,348 -14.3% 

Miyagi 2,330,898 2,291,981 -1.7% ,678,706 1,671,224 -0.4% 

Fukushima 1,985,852 1,839,934 -7.3% 470,894 429,132 -8.9% 
Total 7,089,233 6,693,362 -5.6% 2,780,771 2,672,507 -3.9% 

 
Table 3: Registered Cars 

Prefecture Registered Cars 
All municipalities in analysis Municipalities on Pacific 
2009 2018 Change 2009 2018 Change 

Aomori 846,350 879,796 4.0% 211,144 225,877 7.0% 
Iwate 855,706 903,236 5.6% 168,634 175,330 4.0% 

Miyagi 1,369,986 1,489,417 8.7% 919,100 1,010,707 10.0% 
Fukushima 1,319,488 1,423,838 7.9% 312,486 337,879 8.1% 

Total 4,391,530 4,696,287 6.9% 1,611,364 1,749,793 8.6% 

Table 4 shows the descriptive statistics about car ownership rate. As seen by the maximum 
and minimum of the changes, in all municipalities, the car ownership rate increased during the 
analysis period. Among the 159 municipalities, only 13 saw an increase of population, while 
115 municipalities saw an increase of the number of registered private cars. At large, the 
population tends to decrease while the number of registered private cars increases. 
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Table 4: Descriptive statistics about car ownership 

Descriptive statistics Motorization rate [cars/1000 inh.] Changes of 
motorization rate 2009 2018 

Max 825 986 43.6% 

Min 505 551 6.21% 

Mean 659 764 16.1% 
Median 629 734 11.5% 

Standard Deviation 70.0 83.2 0.0494 

 

In the same period, the car ownership rate of entire Japan was 543 in 2009 and 576 in 2018, 
with approximately 6% increase. The four prefectures on the Tohoku Pacific coast showed 
higher increase of the car ownership rate than the Japanese average. 

2.2.2 Analysis 

Figure 1 is a scatter plot of the extent of the earthquake-tsunami damages on the horizontal 
axis (fully destroyed residential buildings per 1000 inhabitants) and the change of the car 
ownership rate between 2009 and 2018 on the vertical axis. The figure shows that the higher 
the extent of the earthquake-tsunami damages is, the higher the increase of the car ownership 
rate is. This is particular in the municipalities in Miyagi and Fukushima: municipalities 
damaged in a very large extent with more than 50 fully destroyed residential buildings per 
1000 inhabitants shows this tendency clearly in the figure and 6 municipalities shows the 
increase of their motorization rates by more than 25%. On the contrary, among the 
municipalities with no or very limited earthquake-tsunami damages with less than 5 fully 
destroyed residential buildings per 1000 inhabitants, the increase is up to 20%. 

 

Figure 1: FDRB and motorization rate 

Correlation values are -0.089 for Aomori, 0.824 for Iwate, 0.864 for Miyagi, and 0.093 for 
Fukushima. The correlation value for the all-analysed municipalities is 0.65. As such, the 
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number of earthquake-tsunami destroyed residential buildings and the increase of 
motorization rate are correlated relatively strongly. 

In particular, strong correlations are observed in Iwate and Miyagi prefectures. In both of these 
two prefectures, more than 1/3 of the municipalities within them are on the Pacific coast (c.f. 
Table 1), and the extent of personal damages are much larger compared to the other 
prefectures. The Pacific coast of the northern Miyagi and the entire Iwate prefecture is 
characterized by the ria coast, where deeply indented coastlines and immediate land elevation 
at the coastline amplify tsunami leadings to much larger damages compared to straight and 
flat coastlines. The damage of the 2011 Tohoku earthquake in this area is ruinous and 
municipalities which needed complete reconstruction of its settlements, such as Onagawa, 
Minami-Sanriku, and Rikuzen-Takata are all located on this ria coast. In this area, relatively 
higher percentage of the inhabitants had to settle fist in the evacuation shelters, then in 
temporary container settlements and finally to settle back to the reconstructed (and sometimes 
relocated) settlements. A possible increase of the motorization rate due to the sudden 
decrease of the population due to the tsunami fatalities and necessities of many 
resettlements. 

On the contrary, Aomori and Fukushima do not show such strong correlation as seen in the 
other two prefectures. In these prefectures, the share of the municipalities on the Pacific coast 
is lower (c.f. Table 1). Aomori has relatively less damages of the disaster in comparison to the 
other three prefectures. In Fukushima, our analysis included only 4 of the 9 Pacific-coast 
municipalities for the aforementioned reasons on one hand, and it has a lot of mountainous 
municipalities which may experience the increase of motorization rates because of other 
reasons. 

2.3 Analysis with DID 

2.3.1 Model and data 

Based on the implications obtained from the first-step analysis presented in the previous 
sections, we carried out an analysis using the difference in difference approach. Using the 
same statistical dataset, we constructed a panel data over 10 years between 2009 and 2018 
focusing on the Pacific-coast municipalities. We set the municipalities with 50 or more FDRB 
per 1000 in habitants as the treatment group, and the rest are set as the control group. 
However, the three municipalities in the analysis area, namely Hachinohe (Aomori), Sendai 
(Miyagi) and Iwaki (Fukushima) are excluded as they have much larger inhabitants compared 
to the other municipalities. Hirono and Tomioka (both Fukushima) are excluded as the 
numbers of FDRB are unknown (c.f. Section 0). The full list of the municipalities used in our 
DID is given in Table 5. 

Table 5: Municipalities included in the analysis 

Prefecture Municipalities included in the analysis 
With 50 or more FDRB / 1000 inh. With less than 50 FDRB/1000 inh. 

Aomori (none) Misawa, Oirase, Rokkasho, Higashi-Dori, 
Hashikami 

Iwate Kamaishi, Ofunato, Rikuzen-Takata, 
Otsuchi, Tanohata, Yamada, Noda 

Miyako, Kuji, Iwaizumi, Fudai, Hirono 

Miyagi Ishinomaki, Kesennuma, Higashi-
Matsushima, Yamamoto, Watari, Onagawa, 
Minami-Sanriku 

Shiogama, Natori, Iwanuma, Tagajo, 
Matsushima, Rifu, Shichigahama 

Fukushima Minami-Soma, Shinchi Soma, Naraha, Okuma, Futaba, Namie 
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The model is in the equation below, 

 

where C is the number of cars and P is the population in each municipality. AFTER is a 
dummy variable for the year with possible influences of the 2011 Earthquake (thus 1 for after 
2012), and TREAT is the dummy variable for the municipalities with 50 or more FDRB. DID is 
a dummy variable with 1 for the case of 50 or more FDRB after the disaster (thus where 
AFTER x TREAT = 1). The indices i and t ices stand for municipalities and years respectively. 

The data is constructed based on the national statistics of the residential registrations for the 
population as of 31st March until 2013 and 1st January 2014 – there was a change in the 
statistical base date in 2014 – and automobile registration data is as of 31st March for all y 
ears within the period. Of note, the data from 2011 is merely 20 days after the disaster, when 
the entire situation in the region is chaotic, and therefore the statistics is supposed not to be 
up-to-date then: rather, it is supposed to be closer to the situation right before the disaster 
occurring on 11 March in that year. Table 6 is the descriptive statistics of the dataset.  

Table 6: Descriptive statistics of the dataset 

 Mean Standard 
Deviation 

Min Max 

Registered cars 10456.7 10243.7  767 56592 
Registered light automobiles 9907.3 9379.4 898 54443 
Population 30549.2 28518.2 2752 165099 

 

2.3.2 Analysis results 

The analysis is made separately for the passenger car and the “light automobile”. Table 7 is 
the summary of the results using random effect models based on the Hausman test.  

Table 7: Modelling Results 

Objective Passenger cars Light automobiles 
Explanatory Variables Coefficient SD z-value 

 
Coefficient SD z-value 

 

Constant -1.536 0.241 -6.369 *** -0.534 0.260 -2.050 * 

Population (log) 1.045 0.024 43.544 *** 0.930 0.026 35.858 *** 
AFTER -0.033 0.017 -1.976 * 0.052 0.014 3.610 *** 

TREAT -0.098 0.048 -2.027 * 0.102 0.051 1.988 * 
DID 0.128 0.026 4.941 *** 0.140 0.022 6.348 *** 

Adj. R2 0.826 0.769 

N 380 380 
Cross-section 38 38 

Duration 2009-2018 2009-2018 

 
Hausman Test 

χ2 p-value χ2 p-value 

1.435 0.488 0.298 0.862 

         Significance levels are *: 0.05, **: 0.01 and ***: 0.001. 
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In the both analyses, all variables are statistically significant with 5%. DID shows positive 
values with significance: this means that, in the Pacific-coast municipalities with 50 or more 
FDRB, the number of registered cars increased significantly. In other words, where the 
earthquake-tsunami damage is large on the Tohoku Pacific coast, the increase of the car 
ownership is implied to be larger after the 2011 Tohoku earthquake compared to the other 
regions. 

In addition, the dummy variables AFTER and TREAT are positive for the light automobile 
while negative for the passenger cars. These imply that there is a general trend of shift 
towards light automobiles and the number of registered light automobiles is higher in the area 
where the extent of earthquake-tsunami damage is large while the number of registered 
passenger cars is smaller compared to the other regions. 

3. Transport infrastructure 

3.1 Infrastructure for regional and long-distance transport network 
In this section, we analysed the changes of car ownership in the Pacific coast of Tohoku 
where earthquake-tsunami damages concentrate. In this section, we focus on another aspect 
related to motorization, road infrastructures. The data availability about road infrastructure is 
limited compared to the motorization rate as explained later. First, we review the 
reconstruction and expressway, which is typically used for regional and long-distance travel 
beyond municipal borders in comparison to regional railways. Following this, we compare the 
density of local (municipal) roads, which are used more for everyday travels. 

3.1.1 Characteristics of transport network in the region 

The expressway makes an extensive network in entire Japan, while the ones going through 
the municipalities on the Tohoku Pacific coast is limited, and thus statistical analysis is not 
expected to deliver meaningful results. As an alternative approach, we compare the 
reconstruction and extension of expressways along the Tohoku Pacific coast and the 
reconstruction of corresponding regional railways. About 14,000 km of expressway is planned 
for the entire country in the 4th national development plan in 1987, while the conventional 
railway has a network of about 20,000 km. Both have similar characteristics in terms of the 
network size and its travel speed. (Shibayama, 2017)  

Along the Tohoku Pacific coast south of Sendai, Joban Expressway is the main expressway 
along the coast and it is classified among so-called A-Routes, which is assigned for mainline 
expressways. As for the railway, Joban Line is a part of the national mainline network. 

On the contrary, along the coast north of Sendai, the main expressways along the coast are, 
from south to north, Sanriku Expressway (so-called B-Routes, secondary expressways), 
Sanriku-Kita Jukan Road (so-called “regional road with high standard”) and Hachinohe-Kuji 
Motorway (B-Route). Despite different road categorizations in the three parts, these forms a 
single expressway route, often referred to as Sanriku Coastal Expressway. Among the full 
stretch of 359km, the construction including its prior formalities for the 148km stretch was 
launched after the 2011 Toholu earthquake and tsunami. As for the railway in the same 
segment, there are several railway lines that collectively forms a coastal route, subdivided into 
eight different lines. Except for the first 50km between Sendai and Ishinomaki, all are 
classified as rural-area lines. 
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As such, the characteristics of the main expressway and railway routs north and south of 
Sendai are fairly different. The ones in the south of Sendai are parts of national mainline 
routes falling not only in the regional interest but also in the national interest, while the ones in 
the north of Sendai are regional or local routes falling only in the regional interest at most. 
Additionally, the area where the high number of FDRB is observed in Miyagi and Iwate 
concentrates in the coastal area north of Sendai. Therefore, in the next subsection, we 
compare the expressway and railway in this area of the Tohoku Pacific coast. 

3.1.2 Reconstruction and extension of the motorway 

Main roads are quickly cleared and repaired soon after the occurrence of the disaster on 11 
March, and within three weeks by 1 April 2011, all then existing expressways were open to the 
traffic except for the sections in the evacuation zone of the nuclear disaster. 

In June 2011, the national panel for the Tohoku earthquake recovery recommended the full 
construction of “urgent construction of Pacific-coast transport infrastructure such as Sanriku 
Coastal Expressway” (Fukko-Kousou-Kaigi, 2011). In their document, the purpose of this 
quick decision is justified as a guidance to the planning works in the damaged area, which 
would start soon. As of March 2011, only 129 km out of the full 359km were in service, while 
after this national panel recommendation, formal procedures for the remaining sections were 
launched within 2011. Together with the segments which were already under construction or 
under formal planning procedures, by the end of 2021, the full stretch of 359km is expected to 
be put into service. 

Indeed, among reconstructed or relocated settlements and urban areas in Iwate and Miyagi 
prefectures, more than 90% and 60% respectively are made within 5km from the interchanges 
of Sanriku Coastal Expressway (MLIT, 2019). With a few exceptions in Miyagi where the SCE 
goes through inland area, the reconstruction and relocation of settlements and urban areas 
were made with good access to the expressway. As such, reconstruction and relocation were 
aligned with the partially existing and partially newly constructed SCE. 

3.1.3 Railway 

Unlike expressways, it took about two months until the first relaunch of railway services after 
the disaster, and until then, only the ones except for the “railway lines which is difficult to 
rebuilt due to extensive damages and so on” were put back into the service. Until April 2012, 
one year after the disaster, out of the eight lines north of Sendai, only three lines, all near 
Sendai and Ishinomaki, were partially put back into service, with some severely damaged 
sections of these lines remaining closed. (Commitee for Factbook of Railway Reconstruction 
in Tohoku Region, 2014) 

In the meantime, the aforementioned national panel recommended to “reconstruct railway 
lines where the existing infrastructures can be reused”. At the same time, it recommended that 
“where the extent of damage is tremendous, railway lines must be reconstructed in an 
integrated manner with the reconstruction of settlements, including adjustment of routes form 
existing ones”. (Fukko-Kousou-Kaigi, 2011) 

In order to facilitate information exchange and liaison, Reconstruction Liaison Panel were set 
up with the operator, prefecture(s), the national government’s relevant regional agencies and 
so on. Following the recommendation, decisions for three lines with limited extents of 
damages were made early to reconstruct at the same place. Two lines had clear prospects 
including adjustment of routes as of April 2012, and these were put back into service by the 
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middle of 2015. The remaining three lines had no prospect for reconstruction as of 2012. 
Among them, two of them were replaced with regional bus service partially using exclusive 
roads converted from the former railway track by March 2013, and marked as Bus Rapid 
Transit (JR East, 2014). Formally the railway service was closed in 2020. One line needed 
until 2014 to make an agreement to transfer to local governmental operators, and it was not 
relaunched until March 2019. 

During the closure, railway replacement buses were organized, while it has “problems of 
punctuality and travel speed compared to the railway prior to the disaster. Therefore, in the 
region, severe problems such as ‘impossibility to commute to the workplace’ and ‘limitation of 
school choice for high-school students’ continuously existed” as described in a governmental 
report. As such, the railway’s characteristics of punctuality and travel speed as the primary 
regional public transport was long lost in the region. 

3.2 Local road densities 

3.2.1 Data 

Following the discussion about regional and long-distance transport infrastructure and service, 
in this section, we analyse the changes of the local road infrastructure before and after the 
2011 earthquake and tsunami. In order to understand the overall trend, we compare the data 
about municipal load length. 

In the Japanese legislative system, roads are subdivided into two groups: ones governed 
under the Road Act, namely expressways, national highways, prefectural roads and municipal 
roads, and other roads such as farm and forestry roads. Roads governed under the Road Act 
are the most relevant to everyday mobility in a macro-scale, and among them 84.1% are 
municipal roads (Japan Road Association, 2014). To simplify the analysis, we focused on the 
municipal roads in this section. 

First, of 68 municipalities in Iwate and Miyagi, we searched statistical documents containing 
municipal road length. These documents are made differently from municipality to 
municipality: we screened them so that the length of paved and unpaved municipal roads can 
be distinguished. The status of statistics is different, too: some municipalities publish annual 
data, while others publish the data only in some years. The data before the earthquake may 
have been lost due to the tsunami damage to the governmental archives. Considering these 
aspects, we compiled the newest one between 2008 and 2010 as the municipal road length 
before the 2011 earthquake, and the newest one between 2016 and 2019 as after the 
earthquake. In this way, 22 municipalities’ data was compiled. 

For the comparison, we combined the data from national statistics and calculated the road 
density per inhabitable surface. This calculation of the density also considers the road length 
in the outside of the inhabitable surface: for the purpose of our analysis, this is not expected to 
affect the analysis as the reconstruction work after the earthquake-tsunami disaster take 
places within the inhabitable surface. The change between before and after the earthquake is 
calculated per year, with linearity assumed. 

3.2.2 Results 

Figure 2 is a scatter plot of the number of FDRB per 1000 inhabitants on the horizontal axis 
and the road density data on the vertical axis. The correlation factor is 0.59, and relatively 
strong correlation is observed between the extent of earthquake-tsunami damage and 
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increase of the road density. The correlation factors among the 14 municipalities on the Pacific 
coast is 0.66.  

There is one outliner without much FDRB but large extension of road: this municipality has a 
“jump” between 2010 and 2011 in the road length statistics and there seems a problem in its 
statistics. Two other points for Sendai and another town nearby shows relatively high level of 
increase in the road density while the number of FDRB per 1000 in habitants is relatively low. 
Sendai has a large number of populations over 1 million, and the other town’s residential area 
is mainly on hills while both are on the Pacific coast. These may lead to relatively low number 
of FDRB per 1000 in habitants compared to other municipalities on the coast. Considering 
these aspects, we calculated the correlation factor among 12 municipalities on the coast and 
obtained 0.81. As such, among the municipalities on the Pacific coast, strong correlation is 
observed between the extent of earthquake-tsunami damage and increase of the road 
density. 

4. Urban and settlement structure 
The research presented in the previous two sections focus on the car ownership and the road 
length: these are indicators about a tool to be mobile to fulfil travel needs and the 
infrastructure to use the tool. It only shows, however, the extent of the availability of cars and 
its changes, and does not directly show the needs to use cars. In this section, as a first step to 
understand the spatial change between before and after the 2011 earthquake, we carried out 
a small analysis using GIS (Geographic Information System). 

4.1 Data 
In order to understand the changes of the settlement structure before and after the 
earthquake, we made a first attempt to compare the changes of population within a certain 
range from common public facilities. We initially intended to use the Open Street Map (OSM) 
data to make the dataset as they are supposed to contain any kind of facilities both public and 
private ones. The data covering the region from the time before the 2011 earthquake and 
tsunami is, however, not available in OSM to the best of our knowledge. On the contrary, the 
digitized dataset from the Ministry of Land, Infrastructure, Transport and Tourism (MLIT) 
contains a point-cloud dataset for public facilities, such as government offices, police and 
firefighter stations, schools, healthcare facilities and post offices, and some data covers the 
time before and after 2011. 

After the analysis of data years, the point-clouds of post office and schools turned out to be 
usable for the before-after comparison over the year 2011 in relation to our research. We 
opted to focus on the location of junior high schools (JHS, school for 7th to 9th grade) to 
understand a macroscopic trend in a larger scale. Obviously JHS is not a typical destination to 
travel by cars, while it is one of de jour public facilities that must be placed by each 
municipality and therefore the access from settlements must be well considered. In the MLIT 
dataset, the locations of JHS in 2006 and 2013 are compiled. 

Using GIS software, we calculated the percentage of total population within 4km from the 
school in each municipality in the four prefectures of Aomori, Iwate, Miyagi and Fukushima. 
Beside the aforementioned point-cloud dataset form MLIT, we used the 500m x 500m mesh 
data for the population from MLIT, too: for the “before” calculation, we used 2010 data based 
on the census, and for the “after” calculation, we used 2015 census data. The buffer of 4km 
beeline is set as it is a distance of 15 to 20km by bicycle, which is a typical mean of transport 
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in rural areas. In the Japanese legal system, municipalities must provide school bus for those 
who have to travel for 6km or longer in case of JHS. Therefore, 4km beeline is considered as 
an approximation to this 6km threshold along the actual travel routes.  

4.2 Results 
Figure 2 shows a scatter plot of the percentages of population within 4km from JHS in the four 
prefectures. Where the number of JHS decreased i.e. where several schools are merged into 
one, the percentage decrease because of the merger, and thus they are plotted separately: 
with a few exceptions near the diagonal line, many of them are far below from the line. Where 
the number of JHS did not decrease, the plotted points do not go away from the diagonal line 
showing no change. Figure 3 is the plot against the number of FDRB. Despite some 
exceptions, at large, there is no clear relationship to be observed. 

 

Figure 2: Population within 4km from JHS 

Of note, the comparison of the JHS location datasets is between 2006 and 2013, and 
therefore any changes in this time including the time before the earthquake is also reflected. It 
has to be also noted that the 2013 data of JHS locations does not fully reflect the changes 
after the 2011 earthquake and tsunami as the year is still in the early phase of the 
reconstruction phase.  

 



   Seite 91  

Beiträge zu einer ökologisch und sozial verträglichen Verkehrsplanung 
1/2022 

 

Figure 3: FDRB per 1000 inhabitants and changes of population within 4km from JHS 

Despite these caveats, this result implies that, on a large scale of 4km radius from JHS, one of 
typical municipal facilities, the share of population within this buffer and in the outside of it 
does not change before and after the 2011 earthquake. This just implies the indifference of 
relatively large area of approximately 50km2 (i.e. a circle of 4km radius) and thus does not 
lead to any conclusion about the change of microscopic spatial structure. At least, in a wide-
area point of view, or in other words through bird's-eye analysis, the location of residential 
areas did not change largely before and after the earthquake.   

5. Discussions and conclusions 
Synthesizing the above-presented analysis, the research presented in this paper implies the 
following points. First, in the affected area of the 2011 earthquake-tsunami disaster, 
particularly in Miyagi and Iwate, motorization rate has increased after the disaster and the 
extent of increase tend to be proportional to the extent of the disaster damages. In this area, 
the share of “light automobiles” was higher even before the 2011 disaster, but further shift 
towards the “light automobiles” took place. 

Second, as for the regional and long-distance transport infrastructure, extension of then 
unfinished motorway was urgently done to serve as a guidance for reconstruction of urban 
ares and settlements. On the contrary, reconstruction of railway, which serves as the core of 
the public transport network, took an approach to follow the reconstruction of urban areas and 
settlements. As such, the road played important roles for settlement and urban planning 
during the reconstruction process in the affected area, and indeed the road density tends to 
increase along with the extent of the disaster damages. 

Third, although the research has to be made more comprehensively in the future related to 
this part, form the bird’s-eye perspective presented in Section 4, the settlement structures in 
the affected area did not become much disperse beyond the distance to be walked or cycled. 
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Despite several caveats associated to this part of the implications as discussed in the previous 
section, the overall results imply that, in the affected area, although there is no strong sprawls 
of settlements and urban structures in a large scale observed, the car dependency increased 
much compared to the time before the disaster.  

In the affected areas, many people had to live in temporary container houses, which were 
sometimes built in a place far from their original housing locations due to availability of places, 
and transport infrastructure within and to such areas is not necessarily planned for residential 
purposes. Some of such container houses were located in a large unused industrial plots or 
farmlands, without proper transport infrastructure other than roads provided. Although there 
were some public transport services provided for some large temporary settlements, public 
transport services for such container house settlements were often non-existent. In such 
circumstances, automobiles remain as an only motorized mode that fulfil the everyday mobility 
needs. This is also consistent with the analysis result that the share of light automobiles, 
which is relatively cheaper both in terms of initial and annual costs, increased in the severely 
affected area. As inhabitants are used to private vehicles more than before the disaster, and 
reconstruction of public transport delayed, even after another relocation to the rebuilt 
permanent housing, which is not necessarily located at the same place as before, the 
potential of continuously relying on cars more in a permanent manner is deemed to be high. 

Yet the reconstructed area does not seem to have had a sudden change of urban density 
towards low-density settlements in a large scale. As the detailed analysis is still in lack, it is 
too early to conclude this respect definitely, while several future research perspectives can be 
derived. First, changes in the urban structure in a microscopic scale, as well as changes in 
people’s mobility within the settlement after the 2011 earthquake and tsunami are largely 
unknown. Further in-depth analysis about spatial changes remains one of our future 
challenges. A potential lack of data especially before the 2011 may affect, especially about 
geolocation data of public facilities. This could probably be done as series of case studies 
focusing on different municipalities. Second, the change of travel behaviour is another 
potential area of research for us. This must rely on questionnaire-based approach and, in 
particular, on questions about the time before the earthquake-tsunami disaster. In a long-term, 
we intend to address these issues to understand what occurred more closely, and eventually 
to build knowledge on optimization of disaster recovery to avoid such sudden increase of car 
dependency.  
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ABSTRACT 
Transit Oriented Development (TOD) is key to the success of public transport and for 
sustainable urban and regional development. Previous research has often focused on 
delivering TOD in urban areas. In Sweden, car trips between urban cores, and their regional 
hinterland constitute a large share of car use. This highlights the need for broadening the 
scope of TOD approaches to include also less densely populated areas located outside the 
immediate urban, regional cores as a key concern for policy. The aim of this paper is to 
increase the knowledge of how to deliver TOD in such low density contexts. Three case 
studies of attempts at delivering TOD in sparsely populated areas in three Swedish regions 
are made (Kävlinge, Öxnered and Västerhaninge). The main research question addressed is: 
What are the main enablers of and barriers to implementing TOD policy in lower-density 
contexts such as those studied in this research? The data for the case studies consist of 
planning documents and 15 interviews with key stakeholders involved in the early stages of 
planning processes of the three cases. 

The analysis of the case studies identified three analytical categories used to structure the 
presentation of results relating to both barriers and enablers of TOD: Definitional, policy and 
processes, and market conditions.  

The results show that many of the barriers and enablers are rather similar to those identified in 
research on TOD in much more urban contexts in other parts of the world, but the 
relationships between them are differently nuanced in the low-density contexts studied here. 
The lack of clear quantified definitions of what TOD is (or is not) allows a more flexible, site-
specific understanding of TOD in that context to emerge. It is important that a shared vision of 
TOD in that location is developed – and such a shared vision appears to be crucial for the 
development to have a good chance of being delivered. Informal definitions, and individual 
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perceptions (including those of the public) are important; and in locations that are quite 
“marginal” for TOD, all enablers must interact together positively for the development to have 
the maximum likelihood of going ahead as planned 
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ABSTRACT 
Mobility is an important precondition for good quality of citizens’ life and the functioning of the 
society. It is an essential requirement especially in rural areas characterized by low population 
density and long distances to economic and social activities. Situation in Vidzeme region, 
located in the northeast of Latvia, is challenging for conventional public transport (PT) scheme 
considering that 44% of inhabitants live in rural areas and the population density is very low 
(on average 8.5 inhabitants per km2) [1]. Consequently, the regular and fixed PT services in 
such areas have high costs and low efficiency. 

Given the small number of passengers, it is often assumed that there is no demand for PT 
services in these areas. For instance, the number of passengers on many local bus routes in 
rural areas in Vidzeme is very low (1-3 passengers per km) and therefore these routes are 
almost entirely subsidized by the state (public subsidies exceed 85% of the service cost). In 
this situation, the existing system of PT services offers the following solutions: i) close the 
route; ii) execute the bus service on a fixed route only if a call is received from a resident 
indicating the need for the service; iii) provide PT service on low-demand routes free of 
charge. None of the existing solutions imposes any modifications in the service to better meet 
the user needs. 

The question arises as to whether the fare is the main reason for the low number of 
passengers in rural areas.  As the Estonian experience shows, free public transport 
(introduced in 2017) is not the key to increased PT ridership and reduced car journeys. [2] As 
concluded by the National Audit Office of Estonia, the conventional PT service scheme and 
the possibility of free travel in rural areas have not contributed to the preference for public 
transport. The question to be asked is if the PT service meets the needs of inhabitants in rural 
areas.  

Vidzeme planning region implemented the pilot project from October 2019 till September 2020 
offering the service “transport-on-demand” (ToD) in the territories of two counties (Mazsalaca 
and Aluksne) where public bus service was offered rarely (1-2 times a week) or was not 
available at all. It was a “door-to-door” service executed with small capacity vehicle if 
requested 24 hours in advance. In total, 2777 passengers were carried, 1277 trips were 
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made, and 24821 kilometres were travelled. People used the ToD service to get to a doctor, to 
a pharmacy, to a shop, to use bank services, etc. There were no extraordinary requests but 
the necessity to fulfil everyday needs. The pilot project proved that there is a demand for local 
transport services, but it cannot be detected by fixed public bus service. The results of the pilot 
study clearly highlighted the social benefits of ToD service: i) reduced social exclusion and 
eliminated isolation of rural areas; ii) increased sense of security (transport service is available 
if needed); iii) reduced passenger travel time (adjusted routes, no long waiting time); iv) 
improved quality of life by providing access to basic services, economic and social activities.  

To assess economic efficiency of the ToD service, two possible alternatives were compared: 
the ToD service and the fixed bus route in Aluksne county with a small number of passengers 
and state subsidies in the amount of 86% of service cost (see Table 1).  

Based on the data of 2019 provided by the Road Transport Administration, the given fixed bus 
route served 3623 passengers per year. The average bus load on this route was 2 
passengers, but the average number of people transported on the route was 4. The length of 
the route was 22 km, but the average distance travelled by one passenger was 10 km. 

Analysing the results of the ToD pilot project, it can be seen that the average vehicle load 
coincides with the number of passengers per trip (3.2 passengers), and the average length of 
a route (30 km) is close to the average passenger’s trip distance (25 km). 
 

Table 1: Comparison of ToD and fixed PT service 

 Measure Fixed bus route ToD service 

Average number of passengers in vehicle per km 2.0 3.2 

Average number of passengers per route 4.0 3.2 

Average length of a passenger trip 10 km 25 km 

Passenger kilometres travelled per route 40 km 80 km 

Average length of a route 22 km 30 km 

Service cost per route (1.0 EUR/km) 22 EUR 30 EUR 

Service cost per passenger-km 0.55 EUR/km 0.38 EUR/km 

(service cost per route /passenger-km) 

Scenario where ToD costs are increased by 50% 

Service cost per route (1.5 EUR/km) - 45 EUR 

Service cost per passenger-km - 0.56 EUR/km 

Various cost-effectiveness measures can be used to assess PT service but not all of them are 
appropriate for comparison with the ToD service, as conventional PT scheme is designed to 
serve large number of passengers on a fixed route, whereas ToD service is tailored to 
passenger needs and used in sparsely populated areas. Usually, transportation by smaller 
vehicle is cheaper in terms of cost per km. On the other hand, when assessing the cost of a 
single passenger trip, the ToD service is more expensive. 
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To assess the cost-effectiveness of both alternatives, service cost per passenger-km has 
been calculated. As shown in Table 1, the cost of passenger-km on a fixed bus route is 
significantly higher than for the ToD service, assuming the same transport costs per vehicle-
km in both cases (1.0 EUR/km). Even if the ToD service cost were 1.5 times higher (1.5 
EUR/km), the cost of passenger-km would still be similar to that for the fixed bus route. 

The results of the pilot study show that there is unmet demand for PT services in sparsely 
populated rural areas and the ToD service is a cost-effective solution in territories with long 
travelling distances. Being flexible, it is more beneficial solution because it can be adjusted to 
inhabitants’ needs, it ensures more efficient use of resources, including public money, as well 
as reduces negative environmental impact by optimizing routes and thus avoiding 
unnecessary vehicle-kilometres. The pilot study confirms that the ToD service is a good 
solution to supplement regular PT services in remote rural areas. 
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ABSTRACT 
Due to low population density, it is generally not feasible to provide high-frequency public 
transport services throughout the day in urban peripheries and rural areas. Regional bus and 
rail services, the backbone of the rural public transport network, are typically focused on 
commute trips. The off-peak supply is often limited, except for corridors linking close and 
highly populated urban areas. Consequently, regional public transport services are typically 
not adapted for travel purposes other than commuting, or for commuters with flexible working 
hours.  

The purpose of this study is to look into patronage effects of extended supply outside peak 
hours on regional public transport services. Previous studies have shown that the service 
frequency is an attribute of great importance for regional passengers, but little is known about 
the details regarding peak and off-peak frequencies or operating hours. The present study 
addresses this knowledge gap, departing from the hypothesis that additional off-peak supply 
means more flexibility for the passengers in terms of departure time options, and possibly also 
a sense of security for passengers who are uncertain about the time of their (return) trips. 
Essentially, the added off-peak departures may attract more passengers even if they only 
occasionally use the off-peak services. 

The hypothesis is explored through case studies, where patronage levels are analysed before 
and after changes in the off-peak supply on a number of regional public transport services. 
The analyses are carried out at a level that enables investigation of effects at different times of 
the day and during the week. The cases studied are two rail services and two bus services, 
located in Scania, south Sweden. The purpose of the services is to offer attractive public 
transport in some smaller towns and villages, and their surrounding rural areas. Substantial 
improvements in the off-peak supply were made a few years ago on these services, but peak 
hour frequencies remained unchanged. 
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The study provides new insights into the fundamental planning policy trade-off between 
maximum frequency and span of public transport services in urban peripheries and rural 
areas. The results of the study show that improved time coverage may lead to substantial 
patronage growth, and this growth is evident also in periods with unaltered frequencies. 
Consequently, off-peak departures cannot be assessed through patronage levels on individual 
departures or in isolated time periods 
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ABSTRACT 
The backbone of public transport in many suburban and rural areas are railways and buses, 
supported by P+R, B+R, last-mile concepts, and demand-responsive transport. Recently rail 
stations were re-designed to intermodal hubs. Their design provides barrier-free access and 
guidance for all kinds of passengers: younger and older people, visually or physically disabled 
persons, commuters or tourists with luggage or bicycles. Real-time information is displayed on 
screens respectively announced by automated voice systems. Additionally, mobility apps 
provide pre- and on-trip information and maps give guidance. 

The latest development features the systemic integration of connecting buses. Especially in 
areas with low bus frequencies it is highly important for passengers that no connection is 
missed. By including trains and buses in an operations control system train delays can be 
displayed to connecting buses and the bus drivers know by pre-defined rules how long to wait 
additionally. 

However, there are still problems: 1) interchange times cannot be planned in a way tailored to 
the needs of single passengers, 2) pre-defined rules for waiting don't fit well with the natural 
diversity of passengers, 3) mobile guiding services are not available inside pedestrian tunnels 
and station buildings, 4) digital inaccuracy prevents exact positions of lines at multiple bus 
stops from being found quickly. 

For our research project of how to overcome these obstacles we try to employ various options 
modern technologies offer in a combined way that prepares the environment and gives the 
single non-streamlined passenger a tool to get easily informed and navigated and to inform 
the driver of the connecting bus about his need to reach the connection. 

Starting from the design of stations, 3-D pedestrian models shall show how long it takes 
different kinds of passengers to make their way. Findings may result in simple measures like 
unambiguous tactile guidance up to re-design of access paths and more realistic modeling of 
interchange times. Information and guidance systems can use 3-D models for accurate maps 
inside buildings that will be guiding people on the direct way. Older or disabled people, 
foreigners and tourists with luggage or bicycles shall be enabled to subscribe to a service that 
informs the on-board unit that they are on the way to the bus. 
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In our research work, we want to find out in how far these technologies can serve the purpose 
of single passengers and where the operational boundaries are. 
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ABSTRACT 
The research underlying the paper positions itself at the intersection of three current fields of 
action of transport sustainability throughout Europe: the pursuit of greenhouse gas reduction 
strategies, efficiency gains through the adoption of digitization, and the increase of service 
levels of rural public transport.  

New technological capabilities, namely cost-effective interconnectedness and flexible car trip 
matchings, even of disperse travel demand, and ambitious goals recently led to a 
modernization of the passenger transportation legislation in Germany and beyond. Aware of 
the facts that  (ii) ride hailing (~ solo taxi service) and ride pooling (~ bundling of passenger 
trips from different households, “merit good”) are understood as hardly separable by-products 
of each other over time and (ii) an implementation of different legal spaces in (non-restrictive) 
mobile matching apps, including an administrative distinction between “anyway” car trips and 
“intended detours” to carry passengers may prove to be pointless in practice, a debate on the 
scope and pace of market liberalization recently became relevant.  

The foremost concern in the controversy is that MaaS entering a rural or suburban passenger 
transport market of improvable service level is likely to contest the market position of the - 
already heavily subsidized - (fixed-line scheduled) public transport, but also the conventional 
taxi business. A regulatory confinement with extensive (temporary/regional) approval 
requirements including a coerced integration into the existing public transport system is an 
obvious, but not necessarily efficient approach to resolve this issue.  

Secondly, since MaaS is set to raise accessibility levels under favorable network economies 
especially in rural settings and at times of (supposedly) weak demand, the expected drop in 
user costs is likely to induce further demand and thus to add net total road mileage. Even if 
weighed against the reduction in higher-emissions/solo vehicle miles and a decline in 
(second) car ownership, a possible adverse effect on sustainability indicators is an argument 
that is not straightforward to get past. 
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Although above two statements may be too sweeping for all conceivable operating areas and 
lack empirical support in the absence of significant market opening steps, a resulting a-priori 
fencing-in in perspective does not reduce the uncertainty about the actual extent of demand 
reactions stated above. As the situation prompts modeling effort, the presented research aims, 
on the one hand, at gaining general insights and at being able to make differentiated 
statements for specific operating areas on the other hand. Originating from these objectives, 
the contribution develops a planning framework of two complementing approaches:  

At first, centering around a 4-ary simultaneous choice between the classic and the new 
modes, it is determined analytically, under which conditions a small rural passenger transport 
market is both susceptive to MaaS and progresses with regard to the achievement of 
sustainability goals in terms of accessibility and carbon footprint indicators.  

Further to this theoretical appraisal, a practice-oriented procedure constructing a Flexible 
Integrated Transport System (FITS) in the present regulatory environment is used to estimate 
the addressable additional demand as well as the viability of incremental costs considered 
necessary in the public interest.  

A case study seeks to illustrate the implementation of these methods and the identification of 
supply-demand equilibria.  

Based on the methodological developments, recommendations can be given for the forth-
coming sustainability compliance reporting in this sector. 
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ABSTRACT 
In rural areas of Japan, decreasing level of service of public transportation such as buses and 
railroads has become a serious problem. In recent years, as a result of population decline, the 
number of users of public transport has also decreased significantly. As a result, transport 
operators have reduced the number of services on unprofitable routes or abolished them.  

In Japan, the private sector is responsible for providing public transportation services, but it is 
not possible to secure profits from public transportation services alone in rural areas. For this 
reason, local governments pay large subsidies to private public transportation companies to 
operate and maintain public transportation services. 

Due to this situation, there has been no active investment or trial of public transportation in the 
most of rural areas. In addition, due to the impact of COVID-19, the management of private 
companies that provide public transportation services in rural areas has been deteriorating. 

As described above, public transportation services in rural areas in Japan have continued to 
decline to keep costs down in response to shrinking demand. However, such situation is 
beginning to change as the Japanese government begins to promote the introduction of MaaS 
measures from 2019. 

Since 2019, I have been involved in an effort to upgrade public transportation services in a 
typical rural area in Hiroshima. Specifically, as a MaaS project, I am working on the 
introduction of AI-based demand responsive transportation, subscription fares, and the 
upgrading of the local public transportation management system. The AI-based demand 
responsive transportation system was designed to accept only online reservations, but it was 
confirmed that most of the elderly people would adapt to the system. In addition, many people 
are willing to purchase a subscription ticket that allows unlimited rides on local buses and AI 
based demand responsive transportation for a certain amount of money, and it was confirmed 
from the demonstration experiment that this will increase number of outings of fun purpose 
trips, in addition to transportation for daily life purposes such as shopping. 
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The results of this project empirically show that mobility can support residents to go out more 
often and live healthier lives, while maximizing the use of current resources of operating rural 
public transportation. 

1. Introduction and purpose of this research 
In recent years, Japan has been facing many social problems, such as the occurrence of big 
disasters and an increase in depopulated areas where the population is rapidly declining and 
aging. In the depopulated areas, "Becoming inconvenient of public transportation" has 
become a big problem. As the number of public transportation users decreases due to 
population decline, the regional public transportation network is also decreasing due to the 
strategy of transportation companies from unprofitable routes. In addition, the private sector, 
which is in charge of regional transportation, has been suffering from deteriorating 
management. As a result, approximately 7,509 km of general bus routes were completely 
discontinued in the six years from FY2010 to FY2015. As for railways, 37 routes, 754 km were 
discontinued in the 15 years from FY2000 to FY2015 in Japan.  

In addition, public transportation in depopulated areas often does not support information 
provision services by mobile apps such as timetable search and real-time location information, 
which may lead to an increase in the number of car users and a decrease in the number of 
visitors. These factors have made it difficult to secure local transportation service for citizens 
and tourists in depopulated areas. 

Thus, in disadvantageous environments such as depopulated areas, "optimal operation 
methods of public transportation" and "response to search services" have become important 
issues in improving the convenience of public transportation. 

In this environment, the concept of "Mobility as a Service (MaaS)" has been attracting 
attention in recent years to improve the convenience of public transportation. "Mobility as a 
Service (MaaS)" is a concept that considers the combination of various transportation 
methods and services as a single transportation service, and enables one-stop seamless 
transportation, as opposed to door-to-door transportation. In addition, by integrating the 
individual services and prices of various transportation methods and services and pricing them 
as “a single service”, in other words, an "integrated intermodal service" is newly created, 
which is expected to bring about changes in users' travel behaviour by improving convenience 
in terms of price, and to improve the efficiency of travel demand and traffic flow management 
and supply.  

The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) of Japan has called year-
2019 as "The first year of the MaaS" and had launched "New Mobility Service Promotion 
Project" to obtain demonstration experiments of new mobility services such as MaaS 
throughout Japan and to promote the building models to solve regional transportation issues. 
Nineteen demonstration projects were selected as pilot projects that will lead the nation in 
pioneering initiatives, and were categorized into three major regional types: “urban and 
regional cities”, “suburban and depopulated areas”, and “sightseeing spots”. The "rural 
suburban and depopulated area type" includes four areas, Shobara City in Hiroshima 
Prefecture which is the target area of this study was one of the area. 

The geographical, socio-economic environment and the possibility of utilizing mobility services 
in these areas are completely different, and there are very few examples of MaaS models and 
practices in depopulated areas. 
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The purpose of this study is to build and evaluate MaaS which adapts in depopulated areas in 
through experimental and trial project in Shobara. This would become one of the depopulated 
area model projects of the Japanese version of the "First Year of MaaS" mentioned above. 
Specifically, this project features an AI-delivered demand bus service and a subscription 
(fixed-price unlimited ride) service, which can be introduced by the concept of MaaS, and the 
model is constructed and evaluated. 

2. Overview of Research Field 
The city of Shobara, located in the northeastern part of Hiroshima Prefecture, is the research 
project field of this study. The city of Shobara is located about 100 km northeast of Hiroshima 
City. It is connected to Hiroshima City by an expressway. 

The population of Shobara is decreasing rapidly. The current population is about 37,000, it 
has decreased by 4,292 people (about 10%) in the seven years since 2010, and the birth-rate 
is declining and the population is aging rapidly. The number of people aged 65 and over is 
15,189, and the proportion of elderly people is as high as 42%. 

In this experiment, The authors conducted in two rural districts of Shobara City, called 
Honmura and Mineta districts. These two districts are located about 10 km east of the center 
of Shobara City, and are surrounded by mountains. These two districts are adjacent to each 
other. 

The two districts are adjacent to each other, and the population of the two districts is declining 
and aging rapidly. The population of the district is 1,390, but the number of elderly people 
aged 65 and over is 664, and the aging rate is 48%. 

Local transportation service is mainly served by local buses. There are five round-trip buses 
per day from city center to the Honmura and Mineta areas, but the service level is not easy to 
use. Because of this situation, the number of public transportation users among the general 
public is small, and the number of users of the above-mentioned bus route connecting the 
target area of this project and the center of Shobara City is about 40 people per day (total of 5 
round trips). 

3. Design of a MaaS system in an rural area 

3.1 Regional Issues and Basic Concept 
There are three major issues for mobility services in rural areas such including the research 
area. The first is that the distance from the starting point such as home to the bus stop is far, 
and the second is that the fares paid for public transportation such as buses are high due to 
the longer travel distance and higher per capita operating costs compared to urban areas. 

Specifically, with regard to the first problem, the aging of the residents in the target area may 
make it difficult for them to travel from their homes to the bus stop and from the bus stop to 
their destination. As a result, the current bus service is no longer able to meet the 
transportation needs of the aging population for hospital visits, shopping, etc., if they continue 
to be unable to give up their cars or if they do give up their cars. 

As for the second problem, to give a concrete example, when traveling from the target area of 
this study to the center of Shobara City, the fare for a 10-km bus ride is 620 yen for one way 
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and 1,240 yen for round trip, which is a heavy burden and does not allow for easy use of the 
bus. On the other hand, the supply of bus vehicles (capacity) is ample, and there is room for 
effective utilization. 

This research attempts to solve these problems by introducing an "AI-based demand bus 
service" for the first point and a "subscription service" for the second point. The first aims to 
introduce a new transportation service using MaaS, and the second aims to price it as a single 
service.  

3.2 AI-delivered demand bus service  
Based on the above-mentioned issues, we implement an "AI-delivered demand bus service" 
to address the problem of bus stops being too far away from the user's home, and to 
supplement the time between the current fixed-route bus routes. This dispatching system 
indicates bus stops, destinations, and efficient routes according to the needs of users. 

A 10-seater wagon is used as the vehicle, which enables the bus to operate on narrow roads, 
and to pass on roads that ordinary buses cannot pass on. 

As a result, the bus stops are more efficient than existing bus stops. As a result, it will be 
possible to go deeper into the city than existing bus stops, and the buses will be able to 
operate closer to users' residences and buildings such as supermarkets, which is expected to 
significantly shorten the access distance to public transportation points and improve 
convenience for users. As a result, the convenience of public transportation is expected to 
improve, and this can be expected to increase the number of times people go out and ensure 
an environment where it is easy for people to go out even if they cannot drive their own cars. 
In addition, from the viewpoint of improving the efficiency of routes, it is possible for operators 
to replace current route buses with "AI-based demand buses" in the future. 

In addition, the system can be used as a vehicle with a capacity of 10 passengers. In addition, 
the use of a 10-seater vehicle allows the driver's license required for operation to be changed 
from "Large Vehicle 2 category" to "Regular Vehicle 2 category ", which is the same as for 
cabs, thus expanding the range of employment and solving the problem of driver shortage.  

The "AI-based demand bus service" does not operate on a full-demand basis, but on a "semi-
demand basis" with a set reference schedule. The bus will operate two round trips per day 
according to the reference schedule. 

The bus runs two round trips per day according to the reference schedule. There are three 
main reasons for this. The first reason is to respond to the fact that the area to be operated is 
large. In this verification experiment, the service area is extremely wide at approximately 20 
km. Therefore, a "full demand" system that operates completely freely within the area 
according to demand would be inefficient.  

The second reason is to provide users with a sense of security by knowing the approximate 
departure and arrival times. Particularly in depopulated areas, the supply of cabs is not 
sufficient, and it is not uncommon for it to take a long time to request a taxi dispatch. By 
setting a reference schedule, the arrival and departure times are set as a guide, so that users 
can visualize how long it will take to arrive and have a certain sense of security. 
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The third point is the support for public transportation schedule search services. While it is a 
demand service, it has timetable information, which enables it to be compatible with widely 
used web and application services for searching bus and train schedules. The AI-system will 
determine the optimal route to take based on the day's reservation. 

For the use of the AI-based demand bus service, reservations were required up to the day 
before. Reservations were accepted only by phone. The system used also has a reservation 
function using a smartphone application, but this was done in consideration of the possibility 
of adaptation by the elderly persons. The reason is that the possession rate of smartphones 
required for making reservations is approximately 50%, and the authors judged that it would 
be difficult to make reservations using the reservation function of the AI-based reservation 
system. 

3.3 Subscription service 
As for the second point, the problem of the heavy burden of fares when using public 
transportation, this project tries to solve this problem by introducing a "subscription service" 
(unlimited ride by fixed fare basis). The purpose of this service is to eliminate the resistance to 
increase the number of outings by eliminating the need to pay the fare each time. In public 
transportation services with few users, especially in depopulated areas, it is highly likely to 
attract new users, and even if there is a shift from users who pay on a case-by-case basis, it is 
highly likely to result in an increase in revenue if the number of subscription purchasers is 
relatively large. In other words, it may contribute to the improvement of QoL (quality of life) 
and the increase of fare revenue. 

In this study, the subscription fare was set at 1,400 yen/month in Mineta district and 1,600 
yen/month in Honmura district according to the distance from the center of Shobara City. For 
reference, the fares of the parallel bus routes are about 500 yen from Mineta District to 
Shobara City and 500-800 yen from Honmura District to Shobara City. 

In addition, for the purpose of improving the circulation in Shobara City, unlimited rides are 
provided on the parallel buses (5 round trips on weekdays) and the buses in the center of 
Shobara City. "Although the AI-delivered demand bus service alone can achieve all the 
objectives, the introduction of the unlimited-ride system is expected to make effective use of 
waiting time, allow people to travel around the center of Shobara City, and induce activities 
other than the minimum necessary purpose. 

4. Implementation of demonstration experiment 
Applying the system mentioned above, a demonstration experiment was conducted on 
weekdays from November 1 to the end of 2019 (20 days of operation). For the experiment, we 
recruited 89 monitors from the residents of the Honmura and Mineta areas through the local 
community association. 

As a reward for their participation, the monitors received a gift certificate worth 1,000 yen from 
a large supermarket in the city center (locally owned) after the experiment. In addition, a 
cooperation fee of 400 (Mineta district) to 600 yen (Honmura district) per monitor was paid to 
the local community association. 

Most of the monitors participating in the experiment were over 60 years old, and about half of 
them were over 70 years old. There were also three participants in their 90s. The ratio of male 
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to female participants was almost equal. About half of the monitors were unemployed, and the 
proportion of those who worked at home, such as office workers, civil servants, and part-time 
workers, was low. Nearly 90% of the participants had a driver's license and a private car. 
Therefore, the percentage of those who use cars as their usual means of transportation is 
overwhelmingly large. The frequency of the participants' use of buses was extremely low. 
About 80% of the total respondents answered that they "rarely use" the bus, indicating that 
there is little habit of using public transportation among the monitor participants. We also 
asked the participants to ride the bus at least once during the monitoring period. 

5. Evaluation 
The demonstration experiment was conducted on weekdays (20 days) from November 1 to 
the end of 2019 using the above mechanism. In order to evaluate "MaaS for depopulated 
areas", This research evaluates the operational results and users' opinions of "AI-based 
demand bus service". 

5.1 Perspective of the evaluation 
This research evaluates "MaaS for depopulated areas" based on the operational results of the 
"AI-delivered demand bus service" and the satisfaction and opinions of users. In this "MaaS 
for depopulated areas", the AI-based demand bus service and other services (unlimited rides 
on existing bus routes (subscription)) are integrated. The high level of user satisfaction 
suggests that this MaaS model provides better services to local residents and is highly 
convenient by integrating multiple routes and other services even in depopulated areas where 
public transportation is not available. In addition, by incorporating the opinions of users, we 
aim to build a MaaS model that is suitable for further depopulated areas. 

From this perspective, we will discuss the usage of AI-based demand bus service from the 
usage performance data, and grasp the change in behavior by introducing the combination 
with unlimited rides (subscription) through a questionnaire survey. 

5.2 Actual number of passengers 
A total of 238 passengers boarded the bus, an average of approximately 11.9 passengers per 
day. The number of passengers using the parallel bus route also increased during the 
experiment.  

5.3 Evaluation by questionnaire 

5.3.1 Design of the questionnaire 

A questionnaire survey was conducted on the monitor participants in order to grasp the 
changes in their awareness and behaviour caused by the introduction of the AI-delivery type 
demand bus service and the subscription (fixed-price unlimited ride) service in more detail.  

5.3.2 Result of Questionnaire Survey 

The questionnaire survey was conducted immediately after the completion of the 
demonstration experiment (December 2019) distributed and collected by mail. 83 participants 
responded (collection rate: 93%, 83/89). 

At first, the frequency of use of the bus service is mentioned. More than 70% of the monitors 
used the bus service three times or more. In addition, about 40% of the monitors used the AI-
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delivered demand bus in conjunction with the route bus (Honmura-Mineda line), and some of 
them used it 10 times during the period. These results suggest that the improved convenience 
of AI-based demand buses does not deprive users of parallel bus routes, but has the effect of 
linking them. Next, "shopping" was by far the most common reason for the monitor 
participants to go out using the AI-based demand bus and route bus, followed by "hospital 
visits.  

As for the change in the number of times they went out during the experiment, none of the 
respondents answered that the number of times they went out decreased compared to the 
usual. About 20% of the respondents answered that the number of times they went out 
"increased significantly" or "increased". The results suggest that the MaaS model 
implemented in this study is likely to have increased the number of opportunities for these 
people to go out. 

In terms of the respondents' evaluation of using the AI-based demand bus service, there was 
a high percentage of "agree" in the items of "bus spots are close to home," "good opportunity 
to talk with local people," "AI-based demand bus service is more suitable for local 
transportation," and "interest in local transportation has increased. On the other hand, a large 
percentage of respondents answered "disagree" to the item "making reservations is not 
troublesome," suggesting that there are psychological issues that need to be addressed 
before the service can be introduced in the future. For the other items, there were many 
"agree" and "agree" responses, indicating that the AI-based demand bus service was highly 
evaluated. 

As for the willingness to pay additional fare for AI-based demand bus service, which means to 
pay a value-added fare per ride (one way) in addition to the existing bus fare, it is about 500 
yen on average, assuming that reservations are accepted until the last minute. 

As for the acceptability of MaaS tools, it is expected that applications, online reservations, 
payments, and searches will be psychological hurdles, especially for the elderly. In order to 
evaluate this resistance, we asked the acceptability of the tools that were included in MaaS. 
"More than half of the respondents answered that they would like to use "ticket display," 
"timetable search," and "route search. Although the elderly are generally considered to be 
uncomfortable with these services, the results suggest that there is room for acceptance of 
these services among the elderly, at least in the depopulated areas of this study. 

5.3.3 Acceptability of Subscription Fare 

In this experiment, a fixed fare of 1,400 to 1,600 yen per month was charged for unlimited use 
of the AI-based demand bus service, parallel local buses, and local buses in the city center. 
As a result, it was observed that many people used the service by transferring to and from 
local buses and that the number of users of parallel local buses increased. We also asked 
questions to understand the acceptability of such a fare system.  

Specifically, three levels of monthly payment, "1,500 yen/month," "2,500 yen/month," and 
"3,500 yen/month," and three levels of annual payment, "15,000 yen/year," "25,000 yen/year," 
and "35,000 yen/year," for a total of six levels, and two names, "commuter pass" and 
"commuter pass (local return type)," were shown. The names were "commuter pass" and 
"commuter pass (community-reduced)," which were assigned to orthogonal tables using the 
design of experiments. The term "commuter pass (community return type)" was defined and 
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presented as "5% of the sales amount is returned to the community (community association). 
It is assumed that there are no other services such as gift certificates. 

"The monthly amount of 1,500 yen for the commuter pass was the amount actually collected 
from users in this experiment, and almost all of the respondents answered that they were 
"willing to purchase" this amount. Although the willingness to purchase decreases as the fare 
increases, nearly half of the respondents were willing to purchase the service even at 3,500 
yen per month. 

On the other hand, the intention to purchase decreased significantly when the annual lump-
sum payment was made. At the lowest level (15,000 yen per year, 1,250 yen per month), only 
about half of the respondents have the intention to purchase, which is much lower than the 
monthly payment. The reasons for this are as follows.  

The reason for this is seemed to be that people avoided paying a large amount of money at 
once.In the case of "commuter pass (local return type)," the tendency is not much different 
from that of "commuter pass," although it is about 10-20% lower than that of "commuter pass. 
Although we expected that the willingness to purchase a commuter pass would increase with 
the "return to the community" feature, the opposite was true.  

These results suggest that the acceptability of subscription fares is high even in depopulated 
areas, and that monthly fares are preferred to annual fares, which are less burdensome to 
pay. 

6. Summary and future issues 
The "depopulated area version of MaaS" implemented in this study aims to "supplement 
mobility needs" and "increase opportunities to go out" in the target area. The "AI-based 
demand bus service" and the "unlimited bus ride system" were both evaluated as "good" and 
"very good" by more than 70% of the respondents, indicating that the implemented services 
were highly satisfactory for the users.  

In addition, it was confirmed that the number of outings increased, which may contribute to the 
expansion of local consumption. In addition, it was confirmed that subscription fares are highly 
acceptable even in depopulated areas with few services. Specifically, the total number of 
passengers on the existing Honmura-Mineda line was 514 on the outbound route 
(Honmura/Mineda to Shobara City) and 389 on the inbound route (Shobara City to 
Honmura/Mineda) in the fiscal year ended November 2018, and assuming an average fare of 
500 yen, the total fare revenue on this line was approximately 450,000 yen. If the average fare 
is 500 yen, the total fare revenue of the route is about 450,000 yen. On the other hand, if a 
subscription fare system of 1,500 yen/month is introduced, the revenue will improve if the 
number of purchasers exceeds about 300. From the evaluation of the MaaS implemented in 
this study and the high acceptance of the subscription system, more users can be expected 
and the fare revenue can be expected to increase. Another important point is that the 
introduction of the subscription system makes it possible to visualize the usage status of local 
public transportation. In particular, this demonstration experiment was conducted with the 
cooperation of the residents' association, and the association was paid for its cooperation. As 
a result, there were nearly 100 participants from the local community, and the ratio of local 
residents to the population was not negligible. The results show the possibility of a 
management model that maintains public transportation for the entire region, and the 
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possibility of improving the awareness and performance of the entire region, including local 
residents, in using public transportation.  

From these results, it can be said that public transportation in depopulated areas with few 
users can be motivated to use public transportation by AI-based demand buses and 
subscription fares, which can also secure potential users and improve profitability. As a future 
issue, the results of this analysis were obtained in a single region, and it is necessary to verify 
the results in multiple regions in the future. In addition, it is desirable to develop MaaS 
applications for depopulated areas and to reconstruct the transportation system based on 
these results. 
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ABSTRACT 
This paper aims to verify how the reorganization of the transport system promoted by local 
authorities to deal with the COVID-19 pandemic exposed people to contagion. The population 
researched lives in Recife, the capital city of the State of Pernambuco, Northeastern Brazil.  

The Covid-19 pandemic pointed out a mobility issue by public transport in large cities in Brazil. 
Isolation and social distancing were among the recommendations of the World Health 
Organization (WHO) to reduce the spread of the virus. In spite of that, only 22.7% of the 
Brazilian population is able to work from home (IPEA, 2021), showing that the majority of 
people continue to depend on commuting to access work. Even though a significant part of 
the poor population relies on public transport to access jobs, public transport companies have 
reduced the fleet, increasing the number of people at bus stops, integrated terminals and 
inside the vehicles. This fact is a concern since a study carried out in the city of São Paulo 
shows that the population most impacted by the deaths caused by Covid-19 was the one who 
had to leave for work and take long commuting routes (MARINO et al., 2020). 

Data from Grande Recife Consórcio de Transportes (GRCT) were used to compare the offer 
and demand of public transport by bus lines in different periods before and during the 
pandemic to observe if the variation in the service provision attended the areas that needed 
the most. From data collected, it was possible to obtain results of: (i) the location of the 
residences of the workers who rely on public transport, and (ii) the income distribution in the 
city based on socioeconomic data (iii) variations in the service provision of bus lines. 

1. Introduction 
Since the outbreak of COVID-19 in December 2019 in China, countries and health 
organizations are adopting measures to contain the spread of the disease worldwide. Travel 
restriction, quarantine, isolation and social distancing are the most commonly measures 
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applied in the globe in order to contain the transmission of the virus, avoiding the collapse of 
the healthcare systems and saving people’s lives. 

In Brazil, as in many other countries, disease containment plans were elaborated by local 
authorities, usually structured in phases, containing measures ranging from a total restriction 
situation to the resumption of socio-economic general activities. In the most restrictive phase, 
measures of lockdown are adopted during which only services considered essential are 
authorized to function with the presence of workers. All the others should be temporarily 
closed or should operate on remote mode. However, according to IPEA (2021), only 22.7% of 
the Brazilian population would be able to work remotely, showing that the majority of people 
continue to depend on commuting to access work. 

The effects of COVID-19's containment measures impacted the transport system and is 
observed, for instance, in the sharp reduction in demand for public transport, especially in 
periods of restriction in which commercial activities were temporarily closed. However, to 
maintain the economic-financial balance, companies operating public transport services in 
Brazil adjusted services by reducing the fleet, frequency and bus lines. Nevertheless, with less 
stringent restrictive measures and the increase in demand, these modifications resulted in 
crowding in terminals and vehicles, in addition to increased waiting times, putting its users at 
the risk of contagion, which makes public transportation operate contrariously to the measures 
adopted to control the spread of the disease. A matter of concern is that the majority of the 
public transport users in many cities in Brazil is from a low-income household. 

As a matter of fact, in the Metropolitan Region of Recife- RMR, the 2018 Origin-Destination 
Survey shows that 48% of commutes to work were made by public transport and that 55% of 
bus users had a household income of up to a minimum wage - equivalent to $ 209.44, at the 
quotation of September 10th, 2021 (ICPS, 2018). These numbers show the financial 
vulnerability of bus passengers in the city, people who possibly depend on public transport to 
make their trips. It is also important to emphasize the weight of transportation in the household 
budget in the country, which in 2018 was 18.1%, surpassing for the first time the amount 
spent on food (IBGE, 2019). 

Recent research on public transport and the COVID-19 pandemic indicates the importance of 
this topic. For example, Hu et al. (2020) approach the transmission of the virus on trains in 
China; a study carried out in the city of São Paulo shows that the population most impacted by 
the deaths caused by Covid-19 was the one who had to leave for work and take long 
commuting routes (MARINO et al., 2020); Quinino et al. (2021) analyze the aspects and 
factors associated with the interiorization of Covid-19 in the State of Pernambuco; and Da 
Silva et al. (2020) point out to the existence of a spatial relationship between the number of 
COVID-19 cases and the number of public transport passengers in Recife. From this later 
study, and as a way to complement it, this paper aims to verify how the reorganization of the 
transport system promoted by local authorities to deal with the pandemic impacted the mobility 
and exposed the poorer people to contagion. This study takes as an empirical basis the trips 
by public transport in the city of Recife. Despite its size, Recife is a very unequal city with poor 
areas in its urban periphery, as will be seen later on, and that is why it was chosen as the 
research site for this problematic.   

Besides this introduction, the paper is structured into four more sections: section 2 provides a 
brief review of the literature with data on public transport and COVID-19 in the world and 
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measures taken to deal with the pandemic; section 3 presents the methods used for data 
analysis; section 4 provides results and discussion and section 5 to final considerations. 

2. Literature Review 

2.2 Transport and Covid  
Many measures were adopted by governments to contain the spread of the COVID-19 
disease. Regarding mobility and accessibility, it is possible to observe a movement towards 
the promotion of active mobility, especially during periods of full restrictions such as 
quarantine. For instance, closing streets for restricted use of pedestrians and the increase of 
existing cycle paths networks in large urban centers were measures adopted in Paris, which 
results, in turn, the increase of cyclists by 62% in the last two years (El País, 2021). In Mexico, 
in addition to measures for pedestrians and cyclists, there was a plan to install exclusive lanes 
for public transport (GOVERNMENT OF MEXICO, 2020).  Some U.S. cities adopted a “Slow 
Street” concept, in which traffic calming measures were used from the partial closure of 
residential streets. This project uses temporary signals and cones to divert traffic and reduce 
the speed of vehicles in the area and prioritize sustainable active mobility (COUTO et al., 
2020; SFMTA, 2020). 

Many countries, among them Ecuador, Colombia, Peru and Argentina, have drawn up 
guidelines to contain the advance of COVID-19 in public transport, among them: (i) prioritize 
urban transport on roads, (ii) provide Personal Protective Equipment (PPE’s) for urban 
transport operators, (iii) regular cleaning; (iv) definition of maximum in-vehicle capacity; (v) 
mandatory use of masks; (vi) biosafety infrastructure at interconnection stations and transfer 
points, stops and land terminals (COCA et al., 2020). However, one of the problems observed 
is the difficulty of putting them into practice (ibid).  

In Brazil, the first case of COVID-19 was registered at the end of February 2020, in the state 
of São Paulo. At the beginning of the pandemic, the sharp political polarization, with 
disagreements between the different levels of governance regarding the norms to contain the 
pandemic, may have delayed the adoption of necessary measures, generating an 
unprecedented health crisis in the country (QUININO et al., 2021). According to a study 
conducted by the Lowy Institute (2021), at the end of January, Brazil was identified as the 
worst of 98 countries in the fight against the pandemic, considering the number of confirmed 
cases, deaths, and detection of the disease. By the end of August 2021, the total number of 
deaths was 581,150 (CORONAVIRUS BRASIL, 2021). 

The impact of the pandemic in the operation of public transport can be observed in the 
reduction of demand as well as in its supply. According to NTU (2021b), one year after the 
beginning of the pandemic, urban public transport systems throughout the country suffered 
accumulated losses of R$ 11.75 billion (around $2.24 billion at the quotation of 15th 
September, 2021) due to the drastic reduction in revenue resulting from the drop in passenger 
demand, aggravated by the lack of specific emergency relief measures by the federal 
government. The situation threatens the continuity of services and their future existence, even 
with the return to normality. 

According to Moovit (2021), Recife was the capital that had the longest average waiting time 
for public transport in Brazil in 2020 (31 minutes, with an increase of 6 minutes compared to 
2019) and the second capital with the longest average travel time (64 minutes, with an 
increase of 2 minutes compared to the previous year). In January 2021, there was a 40% 
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reduction in public transport demand and a 25% reduction in its supply in the Metropolitan 
Region of Recife (NTU, 2021a). It is noteworthy, however, that these variations do not portray 
the phases experienced since the beginning of the pandemic, which is characterized by 
alternating openings and closures of non-essential activities. Moreover, the difficulty to 
implement operational measures in the integrated terminals, such as social distance, resulted 
in crowding, in opposition to health recommendations in the fight against COVID-19. As 
mentioned by Cavalcanti et al. (2020), these problems directly affect the public transport 
users. 

Finally, it is important to highlight that, as claimed by Falquete et al. (2020), research results 
demonstrate that social asymmetries and inequalities in access to basic health services are 
determinants in this pandemic time. This does not mean that the virus has social prevalence, 
but that the precarious housing, the exposure to the virus in the continuity of the work routine, 
without the possibility of making isolation, the condition of operation of public transport, among 
other factors, make the vulnerable population more exposed and, in turn, become potential 
victims of the new Coronavirus. 

3. Methodology 

3.3 Recife, the case study 
Located in Northeastern Brazil, Recife is the capital of the State of Pernambuco (Figure 1). 
With more than 1.5 million inhabitants, an economic cluster of great density and regional 
leadership, Recife houses the main industries of the state and a modern center of services, 
with emphasis on medical services and the largest and most prominent technological park in 
the country, known as Porto Digital (Recife Prefeitura, 2021). 

 
      Source: Vieira et al. (2019) 

Figure 1: Location of Recife in Brazil 

Its HDI is 0.772, considered high. However, the Gini index of 0.68 shows the social inequality 
in the city. The process of urban expansion is characterized by the contrast between well-
served land and areas lacking infrastructure and land legalization which occurs throughout its 
territory.  

Although the city is the capital of a metropolitan region and has poor populations and areas 
spread throughout its area, the conglomerates with lack of proper infrastructure (identified as 
Community Interest Social - CIS by the City Hall) can be seen mainly in the southern and 
northern outskirts of the city, showing that the disparity can already be seen within the 
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metropolis, and is not restricted to the outer cities of the metropolitan region, as can be seen 
in Figure 2. In spite of responding for 20% of the territory, 53% of the population lives in CIS 
areas. The areas with fewer CIS areas, at the periphery, on the top and on the west side of 
the city, are due to the presence of natural vegetation in this area. 

.  
      Source: Recife (2016) 

Figure 2: Areas of Social Interest Communities of Recife 

Figure 3 shows the monthly household income per neighborhood. There are two major poles 
in which richer people live, in the poles of services of the city. On the other hand, the northern 
region of the city stands out for being one of the lowest income regions, and one of the 
concentrations of CIS area. 

 
Source: Authors, from data from IBGE the city of Recife 

Figure 3: Monthly family income map, by neighborhood, of the city of Recife 
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Based on data from the 2018 Origin Destination Survey, considering public transport travel for 
work purposes, the highest percentages of travel (darker color) are predominantly in hilly 
areas in the north and south of Recife (Figure 4), in localities with concentration of 
Communities of Social Interest- CIS (Figure 2) and with one of the lowest average monthly 
household incomes (Figure 3). For example, in the darker areas, around 80% of the trips to 
access work are made by Public Transport. This is the population that most needs its service. 

 
Source: Authors, from the data of the 2018 Origin-Destination Survey 

Figure 4:-Percentage of trips made by public transport in each neighborhood 

Public transport in Recife is managed by the Grande Recife Consórcio de Transportes 
(GRCT). It was created in September 2008, after the extinction of the Metropolitan Urban 
Transport Company (EMTU/Recife). It is the first consortium experience in the passenger 
transport sector throughout the country (GRCT, 2021). 

The public transport system in Recife is part of the Integrated Structural System (SEI) for the 
metropolitan area. SEI provides institutional, tariff, operational and physical integration. SEI 
consists of a public transport network of bus and metro lines; the integration between lines 
occurs through physical terminals, which enable the multiplicity of origin-destination 
connections. The system consists of radial and perimeter axes, and the integration terminals 
are located in their intersections (GRCT, 2021).  In total there are 185 lines of which 123 are 
feeders, three perimeters, 24 trunk lines, 18 interterminal, 6 transversal lines and 11 circular 
lines, serving 10 out of the 15 municipalities in the Metropolitan Region of Recife (ibid). Ten 
companies operate the system.  

According to Soriano et al. (2016), the main reasons people made use of physical integration 
are twofold:  the absence of direct lines that would take them to their destinations and the 
possibility of paying a single fare on the route. Therefore, the logic of the system concentrates 
people in the integrated terminals. If the authorities are not able to implement the safety and 
sanitary measures regarding the contention of COVID-19 in the terminals, their users are 
probably at risk of contamination. 
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3.2 Data collection and analysis 
Data from four different periods were provided by GRTC containing information about the 
number of trips made by each line on the selected day and the demand of passengers per 
line. The selected days chosen for the analysis were as follows:  

● Period 1 - 4th March 2020: day from a period before the outbreak of the 
pandemic in Brazil and Recife; 

● Period 2 - 6th May 2020: on this date only essential services were open, due to 
the first lockdown decreed in the city;   

● Period 3 - 15th July 2020: day of the progressive return of activities; 

● Period 4 - 16th June 2021: most recent data for analysis in the study, with full 
functioning of the activities. 

The data were processed in Excel and crossed with geographic data provided by the 
municipality of Recife. The Qgis software was used to provide maps in order to facilitate 
understanding and to support analysis. 

For the analysis, it is pointed out the limited access to information, as it was not possible to 
obtain the number of passengers or trips made per hour, so an average index for the entire 
day for the lines was used. A passenger/trip parameter (p/t) was calculated from the number 
of passengers and number of departures made by each line per day; from this parameter, a 
calculation was made to compare the ratio (p/t) of the days of the periods under study (May 
2020, July 2020 and June 2021), always compared with data from the pre-pandemic period 
(March 2020). Thus, this relation (p/t) serves as an approximation to indicate how the 
adequacy of each line to health protocols occurred. For this purpose, a second agglomeration 
coefficient parameter (ac) was defined, calculated as the ratio between (p/t) i and (p/t)0.  

ac = (p/t)i /(p/t)0 

As ac is the agglomeration coefficient, it indicates how many times the ratio (p/t) of each line in 
a given study month (period i) is greater than the ratio (p/t) of the pre-pandemic period (period 
0). When ac is greater than 1, it indicates that the line has an increase in an agglomeration 
that period compared to the pre-pandemic one: when ac is less than 1 it indicates otherwise.  

After calculation of ac, the lines were, then, separated into 3 groups:  

● Group 1 - lines with ac above 1 and below 1.5 (1 < ac < 1.5):  these lines presented an 
increase in the ratio (p/t), which means an increase in agglomeration;  

● Group 2 - lines with ac higher than 1.5 (ac > 1.5): lines with a 50% increase in 
passenger agglomeration;  

● Group 3 - lines with ac below 1 (ac < 1):  deagglomeration was considered. 

Applying Qgis, by visualizing the overlap of the bus lines in the city map, it was possible to 
verify which neighborhoods are served by each of these groups of lines both in the lockdown 
period (May 2020) and in the period of resumption of activities (July 2020). These are the 
most sensitive periods for people who depend on the public transport system. 
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4. Results and discussion 
Tables 1 to 4 summarize the lines that were selected as “lines of interest” in the two periods 
studied, namely the lockdown period in May 2020, in which there was a greater restriction on 
displacements, and the period of resumption of activities in July 2020, where a significant part 
of the population returned to presential activities. 

Tables 1 and 3 show, respectively, the lines of Group 2 during the lockdown period and during 
the resumption of activities. The calculation of ac for these lines shows that some of the lines 
even doubled the ratio (p/t) in relation to the pre-pandemic period. Tables 2 and 4 summarize 
the lines of Group 1. 

Table 1: Group 2 Lines (ac over 1.5) from Period 1 (May 2020) and calculation of the coefficient ac. 

 
  Source: Authors, based on data from GRCT 

 

Table 2: Group 1 Lines (ac between 1.0 and 1.5) from Period 1 (May 2020) and calculation of the  
coefficient ac. 

 

  Source: Authors, based on data from GRCT 

 

Table 3: Group 2 Lines (ac over 1.5) from Period 2 (July 2020) and calculation of the coefficient ac. 

 
  Source: Authors, based on data from GRCT 
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Table 4: Group 1 Lines (ac between 1.0 and 1.5) from period 2 (July 2020) and calculation of the  
coefficient ac. 

 
Source: Authors, based on data from GRCT 

As mentioned before, it is important to emphasize that ac values above 1 suggest that these 
lines had a ratio (p/t) higher than the pre-pandemic reference period, indicating deterioration 
of the service; that is, reduction of the travel offer by a value higher than the reduction of 
passengers. 

In Figures 5 and 6, these lines were represented in GIS files together with the neighbourhoods 
of Recife in order to verify which neighbourhoods are served by these lines. Figure 5 shows 
these lines for the lockdown period in May 2020, and Figure 6 shows the lines for the period of 
activity resumption in July 2020. 

 

Source: Authors, based on data from GRCT 

Figure 5: Group 1 and Group 2 of lines and the neighborhoods served by them 
 in lockdown period (May 2020) 
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Source: Authors, based on data from GRCT 

Figure 6: Group 1 and group 2 of lines and the neighborhoods served by them in period  
of resumption of activities (July 2020) 

The lines in Group 1 vary a little between the periods, but the Group 2 practically reach the 
same neighbourhoods located in the southern part of the city. When comparing Figures 5 and 
6 with Figures 2 and 3, it is possible to note that this region is a CIS area, suggesting that the 
areas most affected by the Group 2, in both periods analysed, were low-income community 
areas. 

When comparing Figures 5 and 6 with Figure 4, it is noted that these regions are the most 
dependent on public transport as the main mode of transportation, which implies a 
deterioration in the quality of urban mobility for these people. 

The neighbourhoods served by the lines in Group 1 changed considerably between the 
periods analysed: in the lockdown (May 2020) they were more distributed among the most 
dense neighbourhoods, but during the period when activities were resumed, a concentration 
can be seen again in neighbourhoods that have more CIS (as can be seen in Figure 2), and in 
lower income neighbourhoods, (as can be seen in Figure 3). 

5. Conclusions 
This paper aimed to verify how the reorganization of the transport system in response to the 
pandemic exposed people to contagion. Recife was the city chosen as the case study and it 
presents the highest GINI index amongst the capitals of Brazil (IBGE, 2020), presenting areas 
with lack of infrastructure spread all around the city, but with major conglomerates of poor 
areas located in its north and south urban periphery. 

Data from Grande Recife Consórcio de Transportes (GRCT) were used to compare the offer 
and demand of public transport by bus lines in different periods before and during the 
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pandemic to observe if the variation in the service provision attended the areas that needed 
the most.  

From the data analysed, it was possible to identify that, in the period of the COVID-19, there 
was a deterioration in the quality of urban mobility, particularly for the poor people living in the 
south and north peripheric regions of Recife. The adjustment in bus line services for this 
region resulted in a 50% increase in passenger agglomeration, exposing its users to the 
contamination of the disease.   

The reduction in the quality of mobility of these users in this particular context, in which lives 
need to be saved, probably helps to feed the negative circle of poverty, increasing inequalities 
in the city. The adjustment in the public transport lines which serve areas with precarious 
infrastructure should consider increasing its offer as a mean to contribute to lessening the 
dissemination of COVID-19 and its consequences.  

The suggestion to the local authorities would be to at least consider the variation of demand of 
passengers when adjusting the offer of bus services, but even so it would not be sufficient to 
attend the consensual health recommendations against the spread of COVID-19, as this 
would only keep the same crowding as pre-pandemic times. Thus, to meet the required 
distance, the increase in bus lines and the frequency should consider the variation in demand, 
but in a bigger percentage to reduce the occupancy in the vehicles. One more suggestion 
would be to expand the possibility of transport integrations outside the terminals, reducing  the 
agglomeration of passengers in these areas, thus reducing the amount of time in crowding 
and thus reducing the risk of contagion.  

As a limitation of this paper, the data obtained considered the travel departure and passenger 
demand for the entire day, without neither time discrimination nor embarkation and 
disembarkation information. Due to this limitation, it was necessary to use a passenger per trip 
(p/t) ratio to obtain a coefficient that represented the improvement or worsening of the service 
per line, since it was not possible to determine the capacity passengers were submitted during 
travel at peak hours.  

For future work, once more data is available, it is suggested to analyse the phenomenon 
taking into consideration the dynamics of the bus lines, considering embarkation and 
disembarkation data so that the analysis can be done by hour, especially the peak hours, 
comparing the areas more affected by the adjustments in different periods of pandemic time. 
With data by hour, it would be possible to subsidize propositions regarding the offer of bus 
services more precisely and regarding alterations in the hours of beginning and ending of 
work, in order to lessen the peak hour occupancy.  
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ABSTRACT 
1. Introduction 
Cycling mobility is a climate friendly means of transport that enables people to reduce their 
use of motorized transport and makes human settlements more inclusive, safe, and resilient. 
In the last years, these positive effects have contributed to assigning to cycling an increasingly 
important role in sustainable mobility policies, with a growing body of research and technical 
papers published on how to create cycling systems in urban areas. However, there is very 
little knowledge on how planning for cycling in low-density territories and rural areas 
(MacAndrews et al., 2018).  

Although Italy still lacks its own national strategy and action plan, in the last few years an 
important boost to the development of cycling was given at the legislative level. First in 2017, 
with the adoption of Directive No.375/2017 aimed to put in place a national cycle tourism 
system consisting of ten tourist cycle routes, then in 2018 with the approval of Law 2/2018 on 
the development of cycling mobility. This law promotes the use of bicycles as a means of 
transport and recognizes the importance of cycling for the enhancement of the territory and its 
assets. Moreover, it requires to all Italian regions to draw up a Regional Cycling Mobility Plan 
(Art.5). The regional plan concerns the creation of long-distance cycle routes to promote 
sustainable mobility and accessibility of territories, addressing the poor connectivity among 
rural areas and nearby destinations such as urban centres. 

This paper specifically illustrates the case of Sardinia, an Italian region characterized by 
intrinsic conditions of rurality and insularity. Its regional cycling mobility plan was developed 
between 2016 and 2018 by the Sardinian Regional Transport Agency, with the scientific 
support of the authors and the staff of the Interuniversity Centre for Economic Research and 
Mobility of the University of Cagliari. By studying the case of Sardinia, we discuss the 
possibility of increasing the level of accessibility of rural areas through the planning of a 
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regional cycle network. Specifically, retracing the planning methodology of the Sardinia’s cycle 
network, we analyse how this type of network for commuting and leisure mobility, integrated 
with other means of transport and supported by adequate facilities, can be a valid regional 
policy to guarantee access to rural areas and stimulate the local development through new 
economies such as those related to cycle tourism. 

Furthermore, our analysis points out that along the routes of the planned cycle network many 
rural settlements are located at close distances to each other, which can be travelled by 
bicycle. Therefore, the cycling infrastructure could be the lever to increase, in a sustainable 
way, the accessibility and connectivity of inner areas and to stimulate the clustering of small 
municipalities connected each other. 

2. Planning a regional cycle network 
The planning methodology of the cycle network of Sardinia used a systemic approach based 
on the combination of physical and social infrastructural components. The physical 
infrastructure components concern intervention measures on the environmental context, 
aimed at making it favourable to the use of bicycles. These include mainly the network of cycle 
routes, on which cyclists can travel separately from motor vehicles or in shared roads at low 
speed, but also cycling facilities, intermodal nodes and signage. Instead, the social 
infrastructure components concern the measures aimed at promoting the cycling system and 
its correct management during the operational phase. 

 
Figure 1: Diagram flow of the regional cycle network planning methodology 

In planning the cycle network, we used a GIS-based multi-stage process that made it possible 
to identify corridors at the regional level within which to subsequently develop the design of 
the cycle routes (Fig. 2). The cycle network was conceived as a complex system of lines and 
nodes. While the lines represent the identified cycle routes, the nodes consist of the points of 
interest that the routes must connect. The planning criteria were geared towards connecting a 
significant number of urban centres, places of historical, archaeological, and cultural interest, 
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areas of environmental interest, island’s gateways, and a sufficient number of intermodal 
nodes, so as to improve accessibility to the innermost and marginal areas of the island. 

The adopted methodology allowed us to define a regional cycle network which, once 
completely built, will extend for about 2,000 km connecting 231 municipal territories of the 
region out of 377. Furthermore, the network directly cross 130 urban centres of which 99% are 
rural areas where a total population of 1,020,984 inhabitants resides (equal to 62% of the 
total).  

 
Figure 2: The regional cycle network of Sardinia 

Rural and inner areas have been connected with the main urban poles through a cycle 
network characterized by a hierarchical structure that identifies long, medium and short 
distance routes from the regional to the local scale. In this structure, the primary network is 
made up of medium and long distance itineraries which allow to 1) reduce the marginalization 
of smaller centres by strengthening connections with the main urban centres and centres 
offering essential services; 2) integrate the coastal areas, site of the major phenomena of 
urbanization and congestion, with the adjacent inland areas; while short distance routes aim to 
3) avoid the formation of a few centres of preferential attraction by creating a network that 
encourages inter-municipal associations for the sharing of essential services and local 
development strategies.  

With reference to the last point, we conducted an analysis on the planned cycle network to 
understand its potential for connectivity between small towns in inland and rural areas. 
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Through the help of the geoprocessing tool in a GIS environment, we intersect the paths of 
the cycle network with the envelopes1 of the urban centres crossed by them, to verify the 
average distance between the urban settlements. 

 
Figure 3: Connections between urban centres provided by the cycle network in the ranges 0-10 km, 10-15 

km and 15-30 km 

Table 1: Connections between urban centres provided by the cycle network in the range 0-30 km 

Range Nr. of connections Average distance 

< 10 km 57 5.43 km 

10 – 15 km 20 12.14 km 

15 – 30 km 14 22.04 km 

Total 91  

As shown in Table 3 and Figure 12, it emerged that 57 cycling connections between urban 
centres have a length of less than 10 km, with an average distance of around 5 km. A further 
20 connections are longer but still within 15 km, with an average distance of around 12 km.  

 

1 The envelope of the urban centers of Sardinia is contained within the dataset "Urban centers - polygons" provided 
by the geoportal of the Autonomous Region of Sardinia. The dataset consists of the perimeter of the urban centers 
extrapolated and reworked on the basis of the ISTAT census sections of the year 2001. 
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Looking at Figure 12, it is interesting to observe how most of the connections of less than 10 
km develop through the urban centres of the inland areas located in the central-southern part 
of the island. In fact, it is an area characterized by a widespread diffusion of small towns, 
located at a close distance and easily reachable from each other. The connections between 
10 and 15 km are closely integrated with the first category and further expand the possibilities 
of connection between the small rural centres of central Sardinia. 

In addition, considering also the tourist-recreational nature of the planned cycle routes, we 
have also analysed the connections that fall within a distance of 30 km, assumed as an 
acceptable length for a daily bike excursion open to all users. In this way we have identified 
another 14 connections with an average length of 22 km. In this case it is interesting to note 
that these are mainly located near the main urban centres and coastal areas and they 
represent the possibility of connection to inland territories from these areas with a high 
demand for tourism and mobility. 

Conclusions 
The development of a network around a linear infrastructure, such as cycle routes, has the 
potential to stimulate the clustering of small municipalities connected each other, developing a 
new role for individual settlements. Whereas a reasonable distance for commuters by bicycle 
is normally considered to be between under 10 kilometres (Vandenbulcke et al., 2011; de 
Kruijf et al., 2018), the potential for connection between small towns generated by the cycle 
network appears interesting. In fact, it resulted that the cycle network develops 50% of its 
connections of such a length that it can be travelled by a normal commuter who uses the 
bicycle for his daily journeys. Furthermore, since these are connections that pass through an 
extra-urban territory, these distances can be travelled with greater safety and speed than 
moving through a busy urban context full of obstacles.  

This specific configuration of the network can also generate a spill-over effect (Piras et al., 
2021). Some people may start up cycling for leisure, and then, once used to this means of 
transport, helped by the small distances, they may be persuaded to cycle for utilitarian 
purposes (commuting, errands, shopping). Considering that in the next future it will be 
increasingly necessary to strengthen the sharing of essential services among small 
municipalities, in order to counteract their emptying and loss of attractiveness for the lack of 
services, cycling network can therefore offer a valid sustainable mobility solution to meet daily 
needs.  
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ABSTRACT 
EuroVelo is the European network of long-distance cycle routes that cross and connect the 
whole continent. The development of EuroVelo leads to safe, direct and connected cycling 
infrastructure and cycle route networks that benefit all categories of cyclists. The network is 
developed and coordinated by the European Cyclists’ Federation (ECF). Its mission is to 
promote the further development of a sustainable, strong and well-connected European cycle 
route network, which acts as an accelerator to increase cycling; drives change in European 
and national policies and practice; benefits all categories of cyclists, including everyday 
cyclists, cycling tourists and leisure cyclists; and fosters sustainable tourism. 

EuroVelo 8 (EV8) - Mediterranean Route is extended to Turkey, where it follows the coast of 
the İzmir Peninsula on a 500 km cycle route. It consists of an extension northwards of the 
Ephesus – Mimas Cycle Route, which traces the history of the settlements of the peninsula of 
İzmir, from the ancient Ionians to the Ottoman Empire and Republic of Turkey. The route, 
while interconnecting ancient cities of vital cultural heritage, also allows the visitors to 
experience cultural, natural and local values. The Izmir Eurovelo Route connects to the ports 
of Dikili and Cesme via Lesbos and Chios islands and passes through seventeen townships of 
the city. Izmir EuroVelo Route connects two very important ancient cities. Pergamon in the 
north, and Ephesus in the South with other ancient sites on the route constituting its 
backbone. 

The Association of Energy Efficiency and Environmental Protection (ENVERÇEVKO) was 
established in 2007 and focuses on sustainable tourism, sustainable transport and grassroots 
sport campaigns. They have been working together with the İzmir Metropolitan Municipality for 
the EV8 extension route project. 

This study focuses on the contribution of EV8 to the sustainable transport and tourism on İzmir 
metropolitan area and its periphery. The empirical data for this study are collected through 
documentary sources and interviews with the stakeholders such as municipality and NGOs. 
The research aims to find the reasons for the extension of EV8 to İzmir, to put the advantages 
and disadvantages of the network for cyclists, to get the opinions of route users and 
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stakeholders. It is important to determine the strategies needed by the EV8 route for 
sustainable tourism. 

The findings summarize EV8 route in İzmir: the advantages submitted to the all types of 
cyclists, the cooperation between municipality, international networks and NGOs, the spatial 
reflection of this route project, urban planning/design competitions and spatial strategies for 
sustainable tourism and leisure mobility. 

1. Introduction 
As the usage of bicycles increases, the relationship between bicycle and tourism started to 
attract more attention in scientific fields. The diversity of cycling activities such as 
entertainment, leisure and sports activities creates differences in the context of tourism. The 
Australian Tourism Commission (2005) defines bicycle tourism as the realization of cycling by 
individuals and groups to a particular destination. Sustrans (1999), on the other hand, defines 
cycling tourism as making recreational trips away from home by cycling day and night. As a 
result, the main factor is the bicycle, an integral part of the vacation or visit, and the means of 
travel. Cycling tourism is shown as an alternative to health and sports tourism in many studies. 
Exercising is neglected in urban areas that are frequently traveled by private vehicle. 
However, in order to maintain health, daily activities such as walking, running and cycling are 
needed. The benefits of cycling were proven to reduce physical and mental stressors. The 
World Health Organization concluded that physical inactivity is the world's fourth and fifth 
leading risk factors for noncommunicable diseases, respectively, and is responsible for 11% of 
annual deaths globally (WHO, 2009). WHO recommends that city planners promote active 
transport in urban areas and that the sedentary population problem be seriously addressed 
(WHO Regional Office for Europe, 2015).  

In the 1890s, the bicycle was used as an independent means of transportation (Lamont, 
2009). After mass production of motor vehicles, their introduction to the market at affordable 
prices, and the adoption of motor travel, it began to lose popularity. After recognizing the 
potential of cycling, particularly in rural communities, to contribute to economic revival, 
planners and policy makers engaged in the development and expansion of infrastructure to 
support leisure and recreational cycling and to promote tourism (Ritchie & Hall, 1999). 
Numerous initiatives aiming to promote independent cycling tourism thus emerged. The 
National Cycle Network is an initiative of Sustrans, the British sustainable transport charity. 
The Munda Biddi Trail is a network in Western Australia where bicycle-related tourism has the 
potential to contribute to rural economic development (Lamont, 2009).  

EuroVelo is an initiative of the European Cyclists Federation that aims to provide safe, high-
quality bike lanes across the continent and to minimize interaction with motor vehicles 
(Lamont, 2009). The routes are aimed at enabling cyclists to cycle in an unhindered way on 
the continent and for touristic purposes (Lamont, 2009).   

EuroVelo is an important project combining sustainable tourism and transportation policies. 
Tourists entering the country with this route have the potential to make a sustainable 
economic contribution to the sectors by visiting local accommodation, food and beverage, 
local historical and cultural values.  

This study investigates the contribution of EV8 in the context of sustainable transportation and 
tourism in and around the Izmir metropolitan area. Cycling conditions, cooperation between 
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the municipality, non-governmental organizations and international networks, and spatial 
reflections that will summarize the İzmir route are investigated.  

Research questions of the study are: 

• What are the reasons for the extension of EV8 to İzmir?  
• What are the advantages and disadvantages of EV8 network to cyclists?  
• Who are the stakeholders? Who benefits most from EV8 route in İzmir?  
• What is the result of the network, does it increase cycling and foster sustainable 

mobility?  
• Which forms of regional strategies are needed for sustainable tourism?  

In-depth interview technique was used as a data collection tool. The target audience is 
municipal authorities, local cycling experts and professionals in the city. Additionally, the views 
of local people and network users were also consulted. The main purpose of these interviews 
is to question the effectiveness and potential of the EV8 İzmir route.  

Some of the study questions were answered in line with the information obtained from written 
sources and documents, and some of them in line with the information obtained from the 
interviews.  

These study interviews were completed in 2 months (August-September) in 2021. Time, target 
group, limited research area and face-to-face interview opportunities are the main limitations 
of the study.  

2. Bicycle tourism and EuroVelo 
Cycling tourism is an important growing tourism market with the potential to provide social, 
economic and environmental benefits to regional areas (Faulks et al., 2006). The growth of 
bicycle tourism has inequalities across Europe, and most studies show that the current market 
for bicycle tourism is increasing (Weston et al., 2012). 

In recent years, there is a great interest in the development of tourism in destinations and its 
effects on travel routes. The issue of the economic benefits that tourism can bring to the local 
economies of cities is the focus of studies. Cycling tourism surpasses the cruise industry and 
contributes €44 billion to the European economy each year, and these economic benefits 
have the potential to strengthen rural areas as bicycle tourists move away from traditional 
mass tourism destinations (Gregoire, 2021).  

In order to mitigate the effects of climate change, the effects in the tourism sector are also 
questioned and alternative solutions are carried out. It is said that there is a need to develop 
low-carbon products in the transition from intensive and polluting forms of tourism in existing 
markets to sustainable tourism (Simpson et al. 2008). The commonly used definition of 
sustainable tourism emphasizes the economic, social and environmental balance in the usage 
of resources required (WTO, 2005). Indicators of sustainable tourism are reported as optimum 
usage of environmental resources, respect for the socio-cultural authenticity of local 
communities, economic benefits to all stakeholders, joint informing of all stakeholders, 
continuous monitoring of impacts and a high level of consumer satisfaction (WTO, 2005). 

Cycling tourism is defined by Sustrans (1999) as “recreational visits away from home, day or 
night, that include cycling as an essential and significant part of travel”. Sustrans, which is 
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responsible for the development of the UK National Cycle Network, describes its bicycle 
tourism participants in 3 categories as bicycle holidays, holiday cyclists and daily cyclists.  

Cycling holidays include one or more nights of cycling time away from home, and cycling is 
the main purpose of the vacation. Vacation cyclists include cycling for the day, they are only 
part of the vacation experience. Daily cyclists are bike trips that take more than 3 hours from 
home, mainly for fun.  

The journey is just as important as the destination, and in some cases, the destination. A 
visionary bike route planner defines travel as a "traveling landscape" (Grimshaw, 1998). It is 
reported that in countries where daily bicycle usage is high, such as Denmark, Germany and 
the Netherlands, there are bicycle tourism attractiveness, good networks and strong bicycle 
tourism destinations (Weston et al. 2012). This is associated with marketing as well as 
investment in a traffic-free network.   

Transport for tourism has grown significantly since 1960, and the two most important modes of 
travel serving tourism are air travel and motor vehicles (Lumsdon, 2000). Most of tourism 
studies are focused on ways to make energy-intensive transport systems more 
environmentally friendly or how to reduce the impacts from increased tourist traffic. These are 
studies to evaluate the reduction of fuel consumption, noise and other emissions. These 
problems caused by international tourism seem almost insurmountable (Lumsdon, 2000). 
Transportation is the basic requirement for the travel of tourists. While it seems unlikely that a 
significant change in the travel mode of a vacation is possible, some researchers think that it 
is possible to achieve a modal change in the destination, but only by adopting an integrated 
approach (Lumsdon, 2000). One of the key factors to examine is whether bike lanes or 
networks can be designed in an integrative way and serve as a mode of transport while also 
providing a recreational or tourism experience (Pearce, 1982). This issue is important in terms 
of motivation of visitors and attractiveness of alternative travel forms.  

EuroVelo is the European cycle path network that aims to offer a sustainable Trans-European 
Network. The network is managed by the European Cyclists' Federation (ECF), which works 
to ensure that all routes offer high standards of design and signage throughout Europe. In 
cooperation with national and regional partners, the ECF aims to combine existing and 
planned national and regional cycling routes into a single European network (ECF Website).  

With the opening of the Danish national cycle path network in 1993, the idea for the EuroVelo 
network began to take shape and was designed in 1995 at a meeting between the ECF and 
its British and Danish partners (Sustrans and de Frie Fugle) (EuroVelo Website). 

The development and operation of EuroVelo routes are carried out by national, regional and 
local governments, commercial service providers and CSOs. The aim is to establish an official 
National EuroVelo Coordination Center (NECC) to lead this work in each country through 
which the EuroVelo routes pass (EuroVelo Website). EuroVelo is a registered trademark of 
the ECF, only routes approved by the ECF can be called EuroVelo, it is an important quality 
badge for both the cyclist and the route organizer (EuroVelo Website). 

The objectives of the ECF for the EuroVelo project are; (ECF Website): 

• Ensuring very high-quality European-level cycling routes are implemented in all European 
countries, bringing European best practices across borders and harmonizing standards. 
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• To communicate the existence of these routes to decision-makers and potential users, to 
promote and market their usage, and to provide an important port of information about 
cycling in Europe. 

• In this way, to encourage a large number of European citizens to try cycling, thereby 
promoting the transition to healthy and sustainable travel as day trips and cycling tourism. 

The EuroVelo network is approximately 90,000 km long, consisting of 17 routes, each at least 
1,000 km long. (Figure 1).  

 
Figure 1: EuroVelo networks (EuroVelo Website) 

EV1, Atlantic Coast Route; EV2, Capitals Route; EV3, Pilgrims Route; EV4,Central Europe 
Route; EV5, Via Romea (Francigena); EV6, Atlantic-Black Sea; EV8, Mediterranean Route; 
EV9, Baltic-Adriatic; EV10, Baltic Sea Cycle Route; EV11, East Europe Route; EV12,North 
Sea Cycle Route; EV13, Iron Curtain Trail; EV14, Waters of Central Europe; EV15, Rhine 
Cycle Route; EV17, Rhone Cycle Route; EV19, Meuse Cycle Route  

The reason for the absence of EV16 AND EV18 routes is that the routes are numbered 
according to whether they cross Europe on a North-South or East-West axis. There are 
currently ten North-South routes (odd numbers 1-19) and seven East-West routes (even 
numbers 2-14) (EuroVelo Website). 

EuroVelo is working on rebranding with factors such as standard upgrade, signage, etc., on 
the longest route available using local values. It is a piecemeal process as these factors are 
different in each country. Some parts of the network are highly developed and some parts are 
developing.  
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Ryon (1993) states that a route depends on physical or environmental features such as route 
surface, signage, and variety of auxiliary facilities to provide recreational access. Cycle lanes 
with asphalt surfaces, located on the existing highway and sometimes separated from other 
vehicles, are not considered attractive in terms of tourism as they tend to be used primarily for 
transportation (Downward&Lumsdon, 2001). However, the so-called "silent roads", which are 
off-road and with mixed surfaces, are used for entertainment and tourism purposes and are 
attractive. Basically tourism is an experience, a positive way to increase leisure time in a 
destination that includes a visitor, bike, route and various support opportunities 
(Downward&Lumsdon, 2001). 

In some studies, the features perceived as important when using the bicycle route were 
questioned (Downward & Lumsdon, 2001). Attractive views, quality surfaces, quiet roads and 
no-traffic roads, accommodation areas, suitable stopovers, signage and road signs were 
found to be the most important factors (Downward&Lumsdon, 2001). 

A study on the UK's National Cycle Network reported that visitors seek a network of tried, 
traffic-free routes that pass through good scenery, with the most popular being the completely 
traffic-free “Cycle and see” route (Downward&Lumsdon, 2001).  

The Munda Biddi Trail, a highly winding road that passes mostly through woodland and visits 
many small towns, was built from old forest roads and disused rail corridors (Lamont, 2009). 
There are usages such as accommodation, bike rental, transportation, food and beverage 
supplies on the route, and cyclists can ride their bikes comfortably for at least 3 days (Lamont, 
2009). 

In a study of infrastructure designs on bike paths to encourage more cycling, Hull and 
O'Holleran (2014) emphasized the importance of wide bike lanes, a strong land-usage and 
transport relationship, a good signage system, uninterrupted access at intersections, night-
time speed barriers, frequent parking lots, and well-designed resting facilities at route ends. 

The EuroVelo network can contribute to sustainable tourism by reducing carbon emissions in 
line with the guidelines set by the UNWTO. Also, the EuroVelo network has the potential to 
make the following contributions (Weston et al. 2012): 

• Developing domestic tourism and reducing travel to longer distances to destinations, thus 
making a high contribution to carbon emissions, 

• To promote cross-border tourism with minimum environmental impact on long-distance 
travels, 

• To encourage public transport for access to bicycles, to reduce the effects of private 
vehicle and air transport, 

• Reusing spare roads such as old railways, forest roads and canals, 
• To encourage economic development in rural areas that are not the main tourism 

destinations, 
• Diversifying land-based businesses to provide accommodation, attractions, catering for 

local consumption, 
• Providing local residents with a better quality of life through enhanced physical exercise, 
• To create near-zero carbon emissions by users on the route, 
• To offer a form of leisurely travel between different countries and regions of the EU that 

encourages interest in the factors of local gastronomy, cultural heritage and social life 
richness. 
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3. EuroVelo 8 Route İzmir 
The 500 km İzmir route was added in October 2019 to the long Mediterranean route, which 
has a ferry connection between Athens and Southern Cyprus, extending from Cadiz, Spain to 
Southern Cyprus. The ancient cities of Izmir, Ephesus and Bergama, which are on the 
UNESCO World Heritage list, provide integrity to this route. Izmir Metropolitan Municipality 
Mayor Tunç Soyer says that cycling tourists who enter Turkey with the EV route will make a 
sustainable economic contribution to many sectors by visiting local accommodation points, 
eating and drinking places, local historical and cultural values. 

EuroVelo 8 (EV8) – The Mediterranean Route is a long-distance cycling route that connects 
the entire Mediterranean region. The current EV8 Mediterranean route, which ends in Athens, 
connects to Izmir in Turkey by sea transportation via the islands of Chios and Lesbos, and 
reaches the ancient city of Ephesus in Selçuk, passing through Bergama, Aliağa, Foça, Izmir 
center, Balıklıova, Alaçatı and Sığacık (Figure 2). There are historical sites, natural and 
cultural heritage items on the route. The ancient city of Pergamon in Bergama in the north and 
the ancient city of Ephesus in Selcuk in the south are connected to each other during the 
cycling journey thanks to this network.  

 

Figure 2:  EuroVelo 8 Mediterranean Route (EuroVelo Website) 

EuroVelo director Adam Bodor says he is happy that this important part of Turkey's coastline 
joins the EV8 Mediterranean route, and he finds it exciting that the ancient cities of Ephesus 
and Bergama are on the network (Cyclistmag, 2019). It is foreseen that İzmir will contribute to 
health and sports tourism by joining this network.  

Within the scope of the EuroVelo works of Izmir Metropolitan Municipality, it is carrying out the 
works to complete the direction signs and road arrangement works on the 500 km route in 
Izmir by the end of 2021. After these arrangements, it is planned to determine bicycle 
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maintenance units, repair centers, bicycle friendly businesses, food and beverage and 
accommodation points on the route.  

The Mediterranean route connects the southern lane of Europe and provides uninterrupted 
sea-land bicycle access from Spain to Cyprus. The Izmir route is mainly based on the 
connection between the ancient cities of Bergama and Ephesus. Visitors can enter the route 
from the two ports in Dikili and Çeşme and travel the route as they wish through the 
settlements of Dikili-Bergama-Aliağa-Foça-İzmir-Balıklıova-Çeşme-Alaçatı-Sığacık-Doğanbey-
Selçuk (Figure 3).  

 

Figure 3: EuroVelo8 Izmir Route (ECF Website) 

In the EV8 Mediterranean route guide, the İzmir route is divided into 4 sections. While Dikili-
Aliağa forms the first section of 111 km, Aliağa-İzmir forms the second section with a 120 km 
road. İzmir-Alaçatı 129 km bicycle road and the third part constitute the fourth part with 140 
km road between Alaçatı-Selçuk.  

While the ancient city of Ephesus was an important settlement consisting of Hellenistic and 
Roman settlements, with a sea channel and a harbor basin, the Pergamon acropolis was the 
capital of the Hellenistic Attalid dynasty, which was an important learning center. In addition to 
these, local, cultural and natural beauties worth experiencing such as agricultural fields, local 
fruits and vegetables, Foça Castle, İnciraltı City Forest, Çeşme Peninsula, İzmir Clock Tower, 
Sığacık Castle, Teos Ancient City and Virgin Mary's House are also on the route.  

In order for a bicycle route to be included in the EuroVelo route, guides containing the criteria 
were prepared for professionals on the EuroVelo website. The basic criteria were stated as 
infrastructure, services and promotion. Sub-criteria for infrastructure were determined as 
continuity, route components, surface and width, road pavement, attractiveness, markings and 
public transport. The sub-criteria including services were determined as accommodation, 
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eating-drinking-resting areas and bicycle services such as repair workshop. Promotion and 
advertisement sub-criteria were determined as internet communication services and printed 
directory services.  

The main road conditions for the infrastructure were determined as follows (İBB Website):  

• The continuity of the route proposed for EuroVelo must not be disturbed in any way. 
• Its routes are expected to be free of motor vehicle traffic as much as possible and to pass 

through roads with low traffic density. 
• It is considered sufficient to drive the entire route with a hybrid (trekking) bicycle. 
• On EuroVelo routes, steep slopes that require long climbing should be avoided. 
• The route should be made clear with signs and cyclists should be able to follow the route 

by looking at these signs. 
• It is also recommended that the route pass through natural and cultural heritage areas, 

which are defined as POI (Point Of Interest). 
• Public transportation options such as trains and subways should be available to cyclists 

along the route. 

In addition to the infrastructure conditions, it is expected that there will be accommodation 
areas, eating-drinking-resting areas and bicycle services on the route where cyclists can meet 
their needs. In order to promote the route and include it in travel planning, it is necessary to 
promote it on national and international platforms.  

When planning EuroVelo routes, routes should be chosen as short as possible between two 
settlements. Routes where the main route is enriched with local routes and which offer 
alternative routes for cyclists are found more useful, rather than a route that stops everywhere 
and tours all settlements and cultural and natural heritage sites (Figure 4). It is expected that 
the routes will allow a cyclist to discover new things and meet their needs such as food, drink 
and accommodation.  

 
Figure 4: EuroVelo functional route planning (EuroVelo Guidance: Directness of the route itinerary) 

Within the scope of the project, the EV8 route logo is used as an easily recognizable element 
and is included as a route signature in the regions (EuroVelo Website). The logo is usually 
included in the existing signage of the countries, but sometimes new signs are installed 
(Figure 5).  
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Figure 5: EuroVelo route signs (EuroVelo Guidance: Welcome to EuroVelo 8 Mediterranean Route!) 

The process of joining the EuroVelo Bicycle Tourism Network by Izmir Metropolitan 
Municipality started in 2016, and as a result of the negotiations with the European Cyclists 
Federation (ECF), participation in the network was approved in 2017 via the EV8 route 
(Veloİzmir Website). ECF member ENVERÇEVKO Association pioneered these studies.  

 

Figure 6: Ancient cities on the EuroVelo8 İzmir route (Veloİzmir Website) 
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İzmir joined the network via the Lesbos Island-Dikili Port and Chios Island-Çeşme Port by 
taking advantage of the network relations established by EV8 with Mediterranean cities. 
Although the main route is intended to be determined as the Bergama-Ephesus Antique 
Values Tour Route, there are 17 ancient cities on the proposed route (Figure 6).  

In the city of Izmir, the authorities managed to join the network in 2019 by meeting the 
necessary criteria. A route was planned in such a way that bicycle tourists who will enter the 
country from Athens can be included in the bicycle route starting from the ports and the 
connections of natural and cultural heritages were determined with markers. Thus, a holistic 
bicycle tourist transportation system was created. Until the process of adding the network to 
the route, the studies and supervision were carried out by the ENVERÇEVKO Association. In 
the next period, the network is constantly being developed and planning and financing studies 
are carried out by the Izmir Metropolitan Municipality.  

4. Material and methods 
In İzmir, interviews were held with municipal officials, experts and participations regarding the 
EV8 network. İzmir Metropolitan Municipality Department of Transportation Bicycle-Pedestrian 
Access and Planning Branch Manager Özlem Taşkın Erten was interviewed about the process 
of joining the network and the results of the network (Personal communication1).  

Izmir Metropolitan Municipality official, Turkey's first and only Bicycle-Pedestrian Access and 
Planning Branch Office, has been working on the process of joining the EuroVelo network 
since 2017. She states that İzmir is the target of a “bicycle city”. During the study process, 
route infrastructure, signage, planning approaches and basic criteria for joining the European 
network were emphasized. She says that İzmir joins the network on a provincial basis as an 
extension of the EV8 Mediterranean route and is a bicycle tourism route connecting from point 
A to point B. Indicating all cyclists as the target group, the official emphasizes that there are 
arrangements that will include daily cyclists, domestic tourists, tourists coming from Europe 
with integration and bicycle tourers. She states that the route was originally an idea of 
"connecting ancient cities", but development work continues. The route connecting rural areas 
from point A to point B shows that studies will be carried out for local and thematic routes after 
the planned developments. She reports that currently, tourists coming from Athens via ferry 
are accepted, but tourists cannot be taken from Cyprus due to political reasons.  

She says that there are no new roads or asphalting works for the EV8 route and that they aim 
to strengthen the countryside by making ground compaction works on the existing roads. She 
defines the work on the route as a process that strives for continuous improvement, such as 
improvements in accommodation facilities, scoring works of existing places, information and 
direction signs, national and international awareness studies. She says its funding and 
monitoring-feedback loops are covered by the municipality. She states that there is no change 
in real estate values in the rural areas where the route passes and there will be no increase in 
construction. She emphasizes that since there is no construction, the route passes through 
the countryside and the expectation as a local administrator is only awareness and 
consciousness. With the contribution of this project, the usage of bicycles in the city of İzmir 
increased significantly and the local people are directed towards sustainable mobility. Since 
the route passes through the city of İzmir, improvement, orientation and development works 
attract more cyclists (Figure 7).  
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Figure 7: EuroVelo8 Izmir route city center sign (Taken by the researcher) 

Bicycle infrastructure improvements and route development studies provide more support to 
sustainable mobility in cities where the demand for cycling increased due to the Covid19 
pandemic. The municipality official says that due to the Covid19 pandemic, the EV8 İzmir 
route is not yet at the expected density in terms of foreign tourists, but they are very hopeful 
due to the beauties of the route and the route improvement works.  

An interview was held with Sema Gür, the founder of the Fancy Women's Cycling Tour, as a 
women's movement in Izmir (Personal communication2). This organization, which aims to 
include bicycles in the areas owned by automobiles in the city, and which started out as a 
public and women's movement without being affiliated with any organization, succeeded in 
making its voice heard from Izmir to the world. The event, which was held for the first time in 
Izmir and will be held for the 9th time this year, will take place in 25 countries and 155 cities. In 
order to draw attention to the importance of cycling for a more livable world, women who wear 
stylish and fancy clothes every year organize tours on the routes they choose by decorating 
their bikes. Stating that the understanding of quality tourism is related to slow transportation, 
the founder says that the trip to the EV8 routes by bicycle is also important for the local values 
of İzmir. Since the EV8 route also passes through the center of İzmir, the fancy women bike 
tours say that they want to give the following message to the tourists: "Hey dude! This is a 
bike-friendly city!” It is stated that this movement also has many public-based social message 
content. It aims to give time and value to cities by traveling by bicycle, to invite to be sensitive 
to the environment with sustainable transportation and sustainable tourism, and to give a 
message of friendship and peace by uniting women of all colors. Stating that people's tourism 
perceptions became uniform, the founder says that EV8's awareness of alternative tourism 
options in İzmir increased. Since the EV8 Mediterranean route includes cultural and historical 
values, she considers it a center of attraction for curious and quality tourists. She says that it is 
a sustainable tourism option where local values can also be experienced, as traveling the 
cultural heritage carried from the Ionians to the present day by bicycle slows and calms the 
travel.  

During the field trip, a bicycle road trip was made in İzmir city center, Sığacık, Seferihisar and 
Doğanbey sections of the EV8 İzmir route and interviews were made with various local service 
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points on the road. The route is on the connection road of Çeşme to the ancient city of 
Ephesus. The route, which connects to the ancient city of Ephesus by passing Doğanbey from 
Seferihisar, also leads to Sığacık. The ancient city of Teos and Azmak Bay in Sığacık offer 
travel opportunities for EV8 users (Figure 8).  

 

Figure 8: Izmir route local tour guides (Taken by the researcher) 

During the interview with a camping area on the route in Sığacık, it was reported that the route 
was visited frequently by local tourists and they met their camping needs in this area 
(Personal communication3). Due to the newness of the route and foreign entry and exit 
restrictions due to Covid-19, it was reported that no tourists come directly to the route with 
their bicycles from Europe yet, but there are foreign tourists who come to the country by plane 
and use the bicycle rental service to visit the route and stay.  

 

Figure 9: EuroVelo8 Izmir route Teos Ancient city view (Taken by the researcher) 
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The camping area, Teos Art Camp, is a forest area where nature-loving, young, educated and 
artistic people escape from the city life and dry within the borders of the ancient city of Teos. 
Since Teos was an ancient city where artists lived and they believed that it had an important 
spirit, they serve in this region (Figure 9). 

The campsite offers 20% discount on all services in the facility to tourists who come by 
bicycle. Additionally, it also offers bicycle rental service to tourists who come with a private 
vehicle but want to travel by bicycle. The campsite official, who says that the EV8 route does 
not expect profits from the operators, states that the region develops with domestic tourists 
without the need for foreign bicycle tourists. For this reason, she says that EV8 users do not 
cause a special land increase in the region, but give a special vision to the region.  

Doğanbey Teos Bicycle Company is a company that provides bicycle rental services, bicycle 
tour arrangement and guidance services to the region (Personal communication4). It offers 
everyone the opportunity to travel the routes by bicycle by providing the service of transporting 
and returning bicycles to any place in the vicinity. The company official, who says that most of 
the tourists come from Germany on bicycles to the region, states that the ancient city of 
Ephesus is very popular. She says that in this region, vineyards and tangerine orchards attract 
a lot of attention within the EV8 route, and that tourists want to travel on these routes besides 
the EV8 route. It is reported that there are no tourists coming from the European part of the 
EV8 by sea, but they travel to Izmir by air transport, with or without a bicycle. She emphasizes 
that especially quiet routes are in demand and that they prefer cycling to access untouched 
coves.  

5. Results 
EuroVelo is a European bicycle network managed by the European Cyclists Federation (ECF), 
which can be joined to routes provided that the membership applications are received by the 
ECF representatives of the countries and the necessary minimum criteria are met. İzmir 
applied for 2 routes and its participation in the EV8 Mediterranean route was accepted. Since 
the entire Mediterranean route includes cultural heritage, natural beauties and a bicycle trip 
with sea views, the inclusion of İzmir in the network completed the Mediterranean route. The 
Mediterranean route has a common heritage from the Hellenistic period and İzmir also bears 
traces from this period. In this respect, İzmir's participation in the route added attraction to the 
route.  

Cyclists are advantageous in terms of the historical, cultural and natural heritage sites of the 
network, and its geographical conditions, climate and vegetation are very favorable for cycling 
routes. For this reason, EV8 is a very suitable option for bicycle tourism on the Izmir route. 
Inadequate services such as adequate accommodation, food and beverage, and bicycle 
equipment on some routes are disadvantageous issues for cyclists. Authorities on these 
issues carry out scoring studies and make arrangements to meet the needs of tourists in order 
to use the network more efficiently.  

According to the results of the interviews about the EV8 İzmir route, the most prominent 
findings can be listed as follows: 

• For now, the EV8 İzmir route encourages mostly local tourists to use bicycles. 
• Due to the Covid19 pandemic, few tourists enter the route by accessing the ports by ferry. 
• More publicity and advertising is needed for cyclists to visit this route. 
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• Cycling is an environmentally friendly, healthy and free form of transportation. 
• There is no increase in land prices on the EV8 İzmir route. 
• Awareness, quality tourist services and local economic revival are expected in the rural 

areas where the route passes. 
• The improved EV8 route, which passes through the city of Izmir, significantly increased 

the usage of bicycles in the city. 
• Cycling routes unite people on a common ground and give a "friendship" message. 
• For tourists with bicycles, there is a need for public transport that can be used with 

bicycles.  

The EV8 route, which is considered as a sustainable tourism transportation network, primarily 
includes the subjects of economic development in rural areas and the creation of rural tourism 
alternatives. Research and interviews show that the network's physical requirements for 
cyclists, technical specifications and regulations are on the agenda. It cannot be said that the 
network is very active at the moment. It is thought that after the network becomes operational, 
strategies will be developed in the context of its popularity and sustainable tourism. In fact, 
these routes, which allow people to enter virgin bays and untouched forests, make rural areas 
vulnerable. For this reason, sustainable tourism strategies should be planned and 
implemented before the rural areas are deteriorated. For example, routes with endemic 
species should be protected, sustainable materials should be used in infrastructure works, 
and biodiversity should be considered. Appropriate cycling infrastructure and strategies cause 
less soil, air and water pollution in these areas. Thus, more economic and touristic value is 
created.  

6. Conclusions 
In this study, in which answers to the research questions were sought, first of all, literature 
research was conducted and detailed information on the subject was obtained. The 
establishment of the EuroVelo network and the process of formation of the networks in the 
countries were examined, and the participation process of the city of Izmir in Turkey to the 
network was investigated. Apart from the Ephesus-Bergama Ancient Cities, which are seen as 
the birth purpose and starting and ending points of the EV8 route in İzmir, the points worth 
seeing were examined. The views of the authorities in the process of joining the network, the 
relevant institutions on the maintenance and development of the route, and the route 
representatives in national-international platforms were examined and online interviews were 
held with some representatives. Experience was gained by visiting a part of the route by the 
researchers. Guides, strategic plans, design guides and agreements obtained from EuroVelo 
and ECF corporate websites were examined and necessary information was included in the 
study.  

EV8 İzmir route offers sustainable tourism and sustainable transportation alternatives. It is 
thought that the route, which has very strong potentials, will be a well-known and strong 
network with better promotion and strategic plans to be made. These strategies should be 
realized through tourism-transport synthesis, a planned network design and action plans. 
Sustainability indicators should be well defined, current and potential effects should be 
reviewed and monitoring and feedback mechanisms should be run after implementations. 
Information on the accessibility of accommodation and places of interest, land usage, safety 
measures and ecological practices should be provided on important portals such as Google 
and TripAdvisor. Making promotions with the titles of "ecological bicycle travel" and "ecological 
tourism", especially on quiet roads, is seen as very value creator. In this context, it is 
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considered important to introduce accommodation options such as camping areas, tents, 
bungalows and glamping.  

In the EV8 Izmir network review, it was seen that users travel with a very pleasant natural 
scenery, but the usage of the road between the main access points poses a safety hazard. 
The absence of a separate lane for cyclists traveling using the far right lane on highway routes 
causes confusion for both vehicle users and cyclists. There are intensive industrial facilities in 
the region between Aliağa and İzmir. Many heavy tonnage vehicles travel on the highways of 
this region. It is considered necessary to design a bicycle path isolated from the vehicle road 
for EV8 tourists who will travel day and night. 

The natural and cultural areas on the routes can be accessed by bicycle. A bicycle tourist 
traveling to see the ancient cities of Bergama and Ephesus can also see the local beauties of 
the region. This experience contributes to the development of local people and businesses in 
the tourism sector (such as hostels, catering, shopping). There are accommodation-camping 
areas, bicycle repair, spare parts equipment vendors and centers where they can meet their 
food shopping, but it has been observed that these are not at sufficient distances. Maps show 
where these needs can be obtained on the route, but some routes are quite quiet and 
untouched. Knowing these routes, a bicycle tourist usually carries spare equipment and food 
and drink with him. The standard of the road, appropriate signs and directional warnings are 
very important to make the journey safer and of higher quality.  

The Fancy Women's Cycling Tour, held in Izmir, will be held in 25 countries and 155 cities this 
year. The first of this tour was held in the city of Izmir with the effort of a group of women to 
raise awareness. This mobility of women in social media attracted a lot of attention and 
became popular over the years. According to the researchers, the Ev8 Izmir route needs a 
soul. Although the values it contains take place on the route as a whole, the spirit of each 
natural and cultural value should be reflected and an intriguing vision should be developed. 
These activities should be revived with tour arrangements of certain non-governmental 
organizations, connection with the present by being inspired by the past of some ancient 
cities, and festival activities to be held on some important days of the year.  

EuroVelo develops, improves and tries to make bike paths attractive with certain standards. 
With these works, it establishes a relationship between the usage of international bicycles and 
tourism and creates new market areas. By carrying out the same diligence and studies on a 
local scale, urban and intercity bicycle use can be expanded and a safe bicycle transportation 
and tourism network can be planned. This study should set an example for municipalities and 
authorities in terms of standards and infrastructure, and it should be seen that urban and 
intercity bicycle travels are possible when this system is used.  
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1. Introduction 
The understanding of the relationship between the built environment and travel behaviour still 
requires more in-depth research. The differences in some research conclusions may be the 
by-products of different methods, data and empirical case cities or regions. In addition, a 
number of more complex methodological problems, also resulted in the different empirical 
conclusions(Feng, Zhang et al. 2009).  

If the impact of spatial dependence is ignored, the impact of the built environment on the 
travel behavior of the area may be incorrectly estimated, resulting in the failure of the built 
environment to guide travel behavior during the regeneration of urban villages and even 
aggravate the traffic problems in the surrounding area. 

 

Figure 1: Spatial hierarchy of travel behavior and urban villages 

Urban villages

TAZ-C TAZ-D

TAZ-BTAZ-A

Individual 



Seite 176  

Institut für Verkehrswissenschaften 
Forschungsbereich für Verkehrsplanung und Verkehrstechnik TU 

2. Spatial dependence effect of urban villages 
The influence of spatial effect is not ignorable because the data of built environment variables 
have spatial attributes Spatial characteristics of economic variables are related to spatial 
location, distance, and spatial arrangement, as well as spatial measurement, estimation, 
testing, and prediction methods used to analyse the quantitative regularity of economic 
activities in space and time dimensions(Wang and Lin 2017). If the spatial effect is ignored, it 
may lead to overestimation or underestimation of the impact of the built environment on travel 
behaviour(Lin, Ding et al. 2014, Cheng, Zeng et al. 2016). 

3. Data analysis 
The data set comes from DiDi Chuxing Company (a ride-sourcing service company), 
Shenzhen branch. In terms of online car-hailing market share, DiDi Chuxing is the world's 
largest one-stop diversified travel platform, with nearly 300 million users in more than 400 
cities in China at the end of 2017.  

 

Figure 2: Distribution of DiDi trips in MO 

 

Figure 3: Distribution of DiDi trips in MD 
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According to various online data, DiDi covers more than 87% of China's online ride-souring 
market and more than 99% of the online taxi market. Therefore, to study the problem of online 
car-hailing travel from a macro perspective of the city, the data of the DiDi travel platform used 
in this research is highly representative. 

 

Figure 4:Distribution of DiDi trips in EO 

 

 

Figure 5: Distribution of DiDi trips in ED 

 

4. Modelling spatial dependence effect 
The spatial dependence effect can be described from several aspects. Generally, spatial 
correlation can be reflected in the following three aspects. 

First, when there is a spatial correlation between the dependent variables, the spatial model is 
expressed as equation (1), which is called Spatial Auto regression. 

                                                  (1) l= +y Wy ε
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Among them,  represents the spatial weight matrix, and the commonly used spatial weight 
matrix is binary adjacency matrix, which represents the spatial adjacency relationship between 
TAZs. The built environment variables of each TAZ are used as independent variables. After 
the independent variables are introduced, the SAR model equation is shown in equation (2). 
That is, the spatial autoregressive model not only explains the demand for DiDi trips in the 
built environment of a certain TAZ, but also reflects the spatial dependence of DiDi travel 
demand among TAZs. 

                                              (2) 

Secondly, on the basis of SAR model, travel demand is not only affected by the built 
environment variable in the self-TAZ, but also may depend on the adjacent TAZs. For the built 
environment variables of the residential area, the spatial Durbin model (SDM ) can be 
constructed at this time as shown in equation (3). 

                                             (3) 

Third, the spatial dependence can also be embodied by the error term. When the missing 
variables that are not included in the independent variable but have an impact on the 
dependent variable which have spatial correlation, or the unobservable random variable has 
spatial correlation. That is, the impact is the unobserved DiDi travel demand in TAZs. A spatial 
error model (SEM’) can be constructed as equation 4 shows:  

                                                   (4) 

Among them, the generation process of the disturbance term is shown in equation (5). 

                                      (5) 

Further, it can be assumed that there is a spatial correlation between the observed and 
unobserved independent variables. On the basis of SAR, combined with the characteristics of 
SDM and SEM’, the spatial lag characteristics and the spatial error characteristics are 
combined to construct multiple spatial correlations to be developed as a new model called 
Spatial Durbin Errors Model (SDEM). The previous research generally only used a single SDM 
or SEM’ for spatial correlation analysis, and did not consider and verify the combination of the 
two models. The SDEM constructed in this chapter is shown in formula 6. 

                                      (6) 

Equation (6) indicates that the DiDi travel demand, built environment independent variables, 
and unobserved independent variables based on the TAZ are all spatially correlated , that is , 
the DiDi travel demand of a TAZ is not only affected by the built environment of its own TAZ, 
but also spatial dependent with other variables in 3 dimensions.  

DiDi travel demand of a TAZ is affected by the built environment of urban villages in other 
TAZs;  

At the same time, there is a spatial interaction between DiDi travel demand among TAZs;  

The spatial error term that affects DiDi travel demand also has spatial dependence.  

W

l= + +y Wy Xβ ε

= + +y Xβ WXδ ε

y = Xβ + μ

2= + ~ ( , )r s nN，μ Wμ ε ε 0 I

l= + + +y Wy Xβ WXδ μ
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The SDEM model constructed under the above assumptions will be tested by the model's 
applicability test statistics in the next part of this chapter. If the applicability test passes, it 
means that the assumption of considering multiple spatial correlations is established and the 
constructed SDEM model is reasonable; if the applicability test fails, the applicability of SDM, 
SEM’, and SAR can be checked in turn. 

5. Results 
Based on the spatial relationship of 490 TAZs in Shenzhen, the software GeoDa and Stata 
are applied to generate the first-order adjacency matrix of the traffic district, reflecting the 
spatial adjacency relationship of the traffic district, and then  the value of Moran’s I statistic is 
obtained as shown in Figure 6-9. 

 

Figure 6: Moran’s I statistic for MO 
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Figure 7: Moran’s I statistic for MD 

 

 

Figure 1 Moran’s I statistic for EO 
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Figure 9: Moran’s I statistic for ED. 

 

Table 1: Estimation results of SDEM model 

Variables 
index 

Variables name Urban villages Workplace 

MO ED MD EO 

 Constant -1.562** 0.638** 0.913 -2.336** 

X1 Population density 0.391*** 0.007** 2.197** 0.955* 

X2 Building density 0.517** 0.366** 0.793*** 0.955*** 

X3 Mixed land use -1.327** -1.809** -2.286* -2.674** 

X4 Road network density 0.537 0.183* 0.097 0.247 

X5 % of non-motorized lane -0.989 -0.721* -0.235 -0.699 

X6 Bus line density -0.042* -0.448** -0.485** -0.616* 

X7 Bus stops density -0.038*** -0.091** -0.908*** -0.209*** 

WX1 WPopulation density -0.708** -0.832** -0.448*** -0.341** 

WX2 WBuilding density -0.903 -0.606 -0.809 -0.396 

WX3 WMixed land use 0.593** 0.257** 0.666** 0.299** 
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WX4 WRoad network -0.797 -0.753 -0.996 -0.905 

WX5 W% of non-motorized lane -0.699 -0.081 0.708 -0.255 

WX6 WBus line density 0.642 0.057 -0.213 0.598 

WX7 WBus stops density -0.557* -0.812** -0.766* -0.488* 

/  0.351*** 0.296*** 0.262*** 0.414*** 

/ R2 0.796 0.638 0.621 0.665 

/ log-likelihood 563.8 601.3 589.1 543.2 

/ LR-test 463.4 511.5 488.6 426.7 

 

6. Conclusions and discussion 
(1) The demand for online car-hailing commuting travel is spatially dependent in urban villages 
and workplaces. The built environment of urban villages and employment areas has basically 
the same impact on online car-hailing commuting travel. However, overall, the built 
environment of urban village areas has more factors, and the coefficient of the built 
environment variable of the employment site is larger in absolute value, indicating that the 
improvement of the built environment of the employment site has a more significant effect on 
guiding DiDi travel demand. The built environment factors need to be considered more 
comprehensively if the DiDi travel is guided from the urban village areas. 

(2) The impact of built environment variables on online car-hailing commuting trips 
simultaneously shows spatial competition effects and spatial spill over effects. Since the 
spatial spill over effect represents a wider range of the impacts of influencing factors, when 
formulating an online car-hailing travel demand management strategy, in order expand the 
scope of the influence, the built environment variables (bus stops density) with spatial spill 
over effects can be adjusted first. Then the general spatially related variables (building 
density, bus line network density, road network density and non-motorized vehicle lane ratio) 
can be taken into account. Finally, the variables with spatial competition effects (population 
density and mixed land use) should be put in the end. 

(3) Previous studies haven’t focused on the special urban developing contexts. Results of this 
paper contribute to those countries or regions who are undergoing rapid urban regeneration. 
In the process of urban regeneration, the relationship of the new arising travel mode and the 
urban built environment are changing accordingly. Therefore, this research could provide 
references for other developing countries. 

 

r
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ABSTRACT 

The Industrial Revolution of the 19th century lead to an expansion in cities. The old walking 

cities began to collapse under the pressure of population and industry all over the World. The 

population boom has resulted emergence of new problems in these modern form of cities. 

New transit technologies of the 20th century made it possible for cities tat were already 

congested to increase in population and for their residents tol ive more spaciously. The train 

(first steam and then electric) and tram or streetcar (first horsedrawn, then steam, and then 

electric) allowed faster travels to occur and cities pushed inceasingly outward. The segregated 

city functions (housing, working, education, recreation, etc) took place in longer distances, 

which can be accessed just by motorised vehicles.  

In addition to population increase in well-known metropolitan areas of the World, Ankara 

(Turkey) has also shown considerable growth during the 20th century despite its very low 

initial population of 30,000 in the beginning of the 1900’s. Until the 1950’s Ankara was densely 

settled in a compact form of a radius of 5-6 km. The city could preserve its compact form until 

the 1970’s. Road transport took the process further and enabled cities to spread out even 

more widely and loosely, often taking in former freestanding small towns and cities. Today 

Ankara, with its population exceeding 5,500,000 is a metropolitan area mosty dispersed in 

urban periphery.  

In the classical demand oriented transport planning approach, daily urban travel can be 

considered as a function of spatial structure. In our approach, what we expect from statistical 

analysis is to find out the way spatial structures influence urban daily travel and thus, 

transportation system itself in Ankara. The regression models, according to the similarities 

between travel characteristics of the constituent parts, the settlement structure of Ankara has 

been researched in two parts: the so called “traditional settlement structure” and the periphery. 

Periphery by the year 1985 refers only to the new zones in the western periphery. By the 

years 1992 and 2013, periphery is observed in all directions. 

The data set relies on the Transport Household Surveys of the three transport master plans (in 

1985, 1992 and finally in 2013) of Ankara. In the first part of the analysis the relationship 

between variables has been researched for three different data years independently. A further 

analysis has been made in order to research the way the use of transportation system 

https://www.researchgate.net/institution/TU-Wien/department/Research-Center-of-Transport-Planning-and-Traffic-Engineering
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influences the future spatial distribution of activities. Factor analysis has been used to 

determine the underlying structure in transport system-space interaction. The results show the 

role of the trips in changing spatial distribution of population and employment opportunities. 

The two parts of the city react differently to the changes in the transportation system. The new 

zones in the periphery are highly dependent on motorised modes of travel, mostly car, and 

they also show a transformation. 
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ABSTRACT 
In urban areas, the increasing diffusion of efficient public transport systems combined with the 
uptake of new mobility services, such as car/bike sharing and ride hailing as alternative to 
private vehicles, is paving the way for a sustainable urban transport planning transition. On 
the other hand, urban peripheries, rural areas, and remote regions are still highly dependent 
on the use of private cars and the limited transport options often hinder citizens from 
accessing basic services, reaching jobs, participating in social activities, as well as attracting 
tourists, thus creating situations of transport, and time, poverty. 

Improving access in these areas, where economic restructuring processes, ageing of 
population, and migration pose additional hurdles, represents a demanding challenge. At the 
same time, providing adequate transportation options is mandatory to respond to deprivation 
and social exclusion. Several countries and initiatives are developing ways to provide 
economically viable yet affordable, inclusive, and sustainable mobility, through innovative 
services in places where the market and conventional public transport struggle to offer 
appropriate connections at reasonable costs.  

The paper builds on the analysis and results of the EU-funded Horizon 2020 HiReach project 
(https://hireach-project.eu/). After obtaining a comprehensive view of the mobility needs and 
capabilities of vulnerable social groups living in unprivileged areas, the project successfully 
developed new mobility services and business models capable of improving accessibility in 
and favoring inclusive and participative mobility of people at risk of transport poverty and 
social exclusion.  

The paper presents the results of fieldwork analysis and of the direct involvement of citizens 
living in challenging areas, aimed at exploring their travel behaviour and social habits, while 
critically assessing travel demand and mobility needs. Starting from end-users’ needs allows 
to validate how organizational, technological, and social innovation in transport can lead to 
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improved accessibility, inclusive mobility, and equity. This includes a focus on a more flexible 
service offer, with the adaptation of existing services and the integration of crowd-based 
solutions and peer-to-peer mobility, to optimize system utilization and effectively connect 
individual demand and supply.   

The fieldwork was structured in two rounds: the first one focused on identifying challenges and 
problems with personal mobility; the second one aimed at identifying and developing 
solutions. In between the two phases, an exploratory phase critically assessed the limits and 
drawbacks of the current supply of transport services and other available mobility options, in 
terms of inclusion and accessibility, for the targeted social targeted groups living in deprived 
areas.  

Solving the complexity of mobility-related problems affecting people in urban peripheries, rural 
areas, and remote regions requires disruptive approaches and new components that entail a 
combination of bottom-up initiatives with new operational schemes and IT applications. In this 
sense, matching innovative solutions developed by startups and young entrepreneurs with 
pilot hosts dealing with difficult-to-solve problems represents the perfect stage to explore 
novel, yet viable, business models for small scale, modular, affordable, and easily replicable 
mobility services.  

This is what happened HiReach Startup Lab, an acceleration program for innovative transport 
solutions to address transport poverty, in which new mobility solutions tailored to vulnerable 
users have been developed and tested. In the acceleration phase, ten startups were matched 
with pilot cases, to provide evidence that these innovative solutions were feasible and could 
solve transport poverty problems under real life scenarios. This partnership allows for new 
revenue streams of business as well as direct impacts for local communities and vulnerable 
groups lacking availability and accessibility of transport options.  

This experience demonstrated that there is a (challenging) opportunity to successfully 
develop, as well as adapt already existing and well-established inclusive mobility solutions, to 
serve urban peripheries, rural areas, and remote regions as well. Addressing mobility needs of 
people living in these marginalised regions is fundamental to guarantee them a brighter future, 
reduce poverty, and avoid social exclusion.   
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In der Reihe "BEITRÄGE ZUR VERKEHRSPLANUNG" sind bisher folgende Titel erschienen: 

Nr. 1/1984 Seminar: Geschwindigkeit, Verkehrssicherheit und Straßenraumgestaltung 
EUR 10,90 

Nr. 2/1984 Seminar: Rückbau von Straßen 
vergriffen 

Nr. 1/1985 Seminar: Straße - Umwelt - Raumordnung 
EUR 14,53 

Nr. 2/1985 Energie im Straßenverkehr 
EUR 7,26 

Nr. 1/1986 Seminar: Ruhender Verkehr 
vergriffen 

Nr. 2/1986 Lösung von Verkehrsproblemen: Luxemburg, Niederlande, Bundesrepublik 
Deutschland 
vergriffen 

Nr. 1/1987 Seminar: Umweltgerechter Verkehrswegebau 
vergriffen 

Nr. 1/1988 Seminar: Öffentlicher Verkehr in österreichischen Städten 
EUR 8,72 

Nr. 1/1989 Seminar: Bahn und/oder Straße - die Zukunftsfrage der Gemeinden 
EUR 10,90 

Nr. 1/1990 Seminar: Finanzierungsstrukturen im Verkehrswesen und ihre 
Auswirkungen 
EUR 10,90 

 

In der Reihe "BEITRÄGE ZU EINER ÖKOLOGISCH UND SOZIAL VERTRÄGLICHEN 
VERKEHRSPLANUNG" sind bisher folgende Titel erschienen: 

Nr. 1/1991 Seminar: Veränderungen der verkehrspolitischen Rahmenbedingungen in 
Europa 
EUR 15,98 

Nr. 1/1992 Seminar: Das richtige Maß im Verkehrswesen 
EUR 14,53 

Nr. 2/1992 J. Michael Schopf: Die Geschwindigkeit im Straßenverkehr 
EUR 23,98 

Nr. 1/1993 Seminar: Lösungsansätze im öffentlichen Personennahverkehr 
EUR 15,98 
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Nr. 1/1994 Seminar: Verkehr und Tourismus in der Alpenregion 
EUR 10,90 

Nr. 1/1995 Thomas Spiegel: Die Empfindung des Widerstandes von Wegen 
unterschiedlicher Verkehrsmittelbenützung und deren Auswirkung auf das 
Mobilitätsverhalten 
EUR 14,53 

Nr. 1/1996 René Schreyer: Quantifizierung des Zeitbedarfs von 
Umschlagseinrichtungen im Güterverkehr 
EUR 10,90 

Nr. 1/1997 Markus Mailer: Untersuchungen zur Leistungsfähigkeit von 
Minikreisverkehren 
EUR 13,08 

Nr. 1/1998 Paul Christian Pfaffenbichler: Energie- und Schadstoffbilanz bei der 
Herstellung und Verteilung verschiedener Verkehrsmittel bis zur 
Auslieferung an den Kunden 
EUR 29,06 

Nr. 1/1999 Rainer Kolator: Systemuntersuchung der Verkehrsinfrastrukturausbauten 
am Semmering 
EUR 10,90 

Nr. 1/2000 Thomas Macoun: Bewertungen und Bewertungsmethoden in komplexer 
Umwelt mit besonderer Berücksichtigung der Verkehrsplanung 
EUR 25,00 

Nr. 2/2000 Festseminar Prof. Knoflacher zum 60. Geburtstag und 
zu 25 Jahren Ordinarius für Verkehrsplanung: Verkehrsplanung – über den 
Tellerrand geblickt 
EUR 12,00 

Nr. 1/2001 Günter Emberger: Interdisziplinäre Betrachtung der Auswirkungen 
verkehrlicher Maßnahmen auf sozioökonomische Systeme 
EUR 10,00 

Nr.1/2002 Hermann Knoflacher: Maßnahmenkonzept für die Sicherung der 
Verkehrsfunktion von Wien 
EUR 10,00 

Nr. 1/2003 Paul Pfaffenbichler: The strategic, dynamic and integrated urban land use 
and transport model MARS (Metropolitan Activity Relocation Simulator) 
EUR 20,00 

Nr. 1/2004 Jakob Egger: Verkehrsaufkommen und Beschäftigungseffekte von 
kleinräumigen innerstädtischen Strukturen im Vergleich zu großräumigen 
außerstädtischen peripheren Strukturen (am Beispiel ausgewählter Wiener 
Einzelhandelsstandorte) 
ISBN 3-9501909-0-2 
EUR 10,00 

Nr. 1/2005 Festschrift Prof. Knoflacher zum 65. Geburtstag und zu 30 Jahren 
Ordinarius für Verkehrsplanung: Lebendige Fische schwimmen gegen den 
Strom 
ISBN 3-9501909-1-0 
EUR 20,00 
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Nr. 2/2005 Günter Emberger: Freight Transport – A Holistic Approach 
ISBN 3-9501909-2-9 
vergriffen 

Nr. 1/2006 Hermann Knoflacher, Josef Michael Schopf, Markus Mailer,  
Paul Pfaffenbichler: Auswirkungen realisierter Verkehrsmaßnahmen  
auf die Reduktion des Energieverbrauchs im städtischen Gebiet 
ISBN 978-3-9501909-3-9 
EUR 18,00 

Nr. 1/2007 Hermann Knoflacher, Josef Michael Schopf, Wolfgang Gatterer,  
Romain Molitor, Günther Schwab, Robert Thaler, Peter Glasl:  
Die Auswirkungen des Transitverkehrs für Tirol 
ISBN 978-3-9501909-4-6 
EUR 10,00 

Nr. 1/2008 Hermann Knoflacher, Markus Mailer, Josef Michael Schopf, Peter Fischer, 
Günter Emberger, Paul Pfaffenbichler: Multimodale Dimensionierung von 
Straßen aus der Beschreibung des Verkehrsablaufes, der funktionellen 
Bedeutung sowie der verkehrlichen Auswirkungen 
ISBN 978-3-9501909-5-3 
EUR 12,00 

Nr. 2/2008 Festseminar Prof. Knoflacher zur Emeritierung als Ordinarius für 
Verkehrsplanung: Verkehrswesen – von der Zunft zur Wissenschaft 
ISBN 978-3-9501909-6-0 
EUR 30,00 

Nr. 1/2009 Michael Schumich: Inventarisierung der österreichischen  
Fußgängerzonen  
ISBN 978-3-9501909-7-7 
EUR 8,00 

Nr. 1/2010 Harald Frey: Analytisch-empirische Vergleichsuntersuchung der 
Wachstumsparameter von transnationalen Konzernstrukturen und 
Tumoren in lebenden Organismen unter besonderer Berücksichtigung  
des Verkehrssystems 
ISBN 978-3-9501909-8-4 
EUR 18,00 

Nr. 1/2011 J. Michael Schopf, Reinhard Haller, Helmut Lemmerer, Anna Mayerthaler, 
unter Mitarbeit von Günter Essl und Daniel Bell: Grundlagen zur Weiter-
entwicklung von Aus- und Weiterbildung im Bereich der barrierefreien 
Mobilität (GABAMO) 
Harald Frey, Günter Emberger, Anna Mayerthaler: Stadtauto e-Mobil – 
Chancen und Risiken für Wien  
ISBN 978-3-9501909-9-1 
EUR 10,00 

Nr. 1/2012 WCTRS – SIG10 Workshop: Emerging Urban Transport Policies  
towards Sustainability. 14th to 16th March 2012, Vienna  
ISBN 978-3-9503375-0-1 
EUR 15,00 
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Nr. 1/2013 Peraphan Jittrapirom, Günter Emberger unter Mitarbeit von Tadej Brezina 
und Takeru Shibayama: Chiang Mai City Mobility and Transport Survey 
(CM-MTS) 2012 
ISBN 978-9503375-1-8 
EUR 10,00 

Nr. 1/2014 Ringvorlesung SS 2013: Radfahren in der Stadt. Hrsg: Heinrich J. Zukal 
und Tadej Brezina 
ISBN 978-3-9503375-2-5 
vergriffen 

Nr. 1/2015 Ringvorlesung SS 2014: Radfahren in der Stadt. Hrsg: Heinrich J. Zukal 
und Tadej Brezina 
ISBN 978-3-9503375-3-2 
EUR 10,00 

Nr. 2/2015 Festschrift Prof. Knoflacher zum 75. Geburtstag: Der Lehrer Knoflacher 
und die nächste Generation 
ISBN 978-3-9503375-4-9 
EUR 15,00 

Nr. 1/2016 Paul Pfaffenbichler, Helmut Lemmerer, Manuela Winder: Die Förderung 
des Zu Fuß Gehens als wesentliches Element einer zukunftsfähigen 
Umwelt- und Verkehrspolitikfür die Stadt Wien (ZEUS)  
ISBN 978-3-9503375-5-6 
EUR 12,00 

Nr. 1/2017 René Bolz, Reinhold Christian, Rupert Christian, Paul Pfaffenbichler, 
Josef Michael Schopf: Die Entstehung direkter und indirekter Rebound-
Effekte im urbanen Bereich (uRbE) 
Paul Pfaffenbichler: E-Mobility – Where are the Paths to a Decarbonized 
Urban Transport System? 
ISBN 978-3-9503375-6-3 
EUR 8,00 

Nr. 1/2018 WCTRS – SIG G2 Workshop: Impacts of new mobility services from the 
viewpoint of Local Communities and Regions. 24th to 25th September 2018, 
Vienna/Austria and 13th to 14th October 2018, Beijing/China. Edited by 
Günter Emberger and Takeru Shibayama 
ISBN 978-3-9503375-7-0 
EUR 12,00 

Nr. 1/2019 Vera Baltzarek: Automatisiertes Fahren in der Stadt – Abschätzung 
möglicher Auswirkungen der Einführung von Automatisierten Fahrzeugen 
auf die Stadt und die Stadtplanung 
ISBN 978-3-9503375-8-7 
EUR 17,00 

Nr. 1/2020 Günter Emberger, Paul Pfaffenbichler: Systemszenarien Automatisiertes 
Fahren in der Personenmobilität 
ISBN 978-3-9503375-9-4 
EUR 10,00 
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Nr. 1/2021 Takeru Shibayama: Organization of Public Transport and Implementation 
Opportunities of Policy Measures towards Sustainable Urban 
Transportation 
ISBN 978-3-9505017-0-4 
EUR 17,00 

Nr. 1/2022 WCTRS – SIG G2 Workshop: Ensuring sustainable mobility in urban 
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