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Executive summary 

Information and communication technologies (ICTs) are bringing radical changes in urban mobility. On the 
demand side, phenomena like teleworking and e-shopping, for instance, are reducing commuting and shopping 
trips while increasing leisure and freight trips, thus modifying temporal demand patterns and modal split. On the 
supply side, ICTs are facilitating new options such as vehicle sharing and demand responsive transport, the 
emergence of Mobility as a Service (MaaS), and the rapid development of Connected and Autonomous Vehicles 
(CAVs). 

The acceleration of technology evolution is changing urban mobility at a much faster pace than we have seen in 
previous decades, leading to an increasingly uncertain future. New mobility solutions hold great promise for 
moving towards a more sustainable and resilient mobility system, but they also raise concerns such as the 
induction of new trips, the switch from public transport to less sustainable modes, and the exclusion of vulnerable 
groups. 

Planners and decision makers need to understand these disruptive changes and evaluate the impact of different 
policies under a range of possible alternative futures, or they risk being unprepared as they were for the likes of 
Uber. However, to date most Sustainable Urban Mobility Plans (SUMPs) and other policy instruments still lack a 
clear and integrated vision of how to harness the potential of new emerging technologies, while most existing 
research tends to highlight isolated positive findings, often overlooking the complex links between behavioural 
changes and new transport options. 

This document provides an overview of the concepts that have to be taken into account to interpret and 
implement the enhancements that policy-makers require from transport modelling and simulation techniques to 
actually consider emerging mobility solutions in urban mobility planning processes. This framework is built upon 
a combination of a literature review and a stakeholder consultation process articulated through a series of 
workshops and a Delphi poll. The review of the existing literature provides a deep description of recent disruptive 
changes experienced by urban transport and the related policy measures, as well as an updated state-of-the-art 
of the transport planning tools and techniques which covers transport data sources, models and planning support 
tools. This, together with the consultation with transport practitioners, paves the way for an identification of the 
main challenges and opportunities for sustainable urban mobility planning that accompany emerging mobility 
options. Additionally, a set of alternative futures in relation to the evolution of these innovations are explored 
through a series of scenarios. The impacts of new mobility solutions on cities, and more precisely, on transport 
planning tools and techniques, are assessed in order to identify the envelope of all possible future requirements 
that transport models and decision support tools will be expected to satisfy. Finally, by analysing the role of 
these tools in current urban mobility planning cycles, we identify additional gaps that any enhancement effort has 
to take into account for making a meaningful contribution to sustainable mobility. 
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1. Introduction 

1.1 Scope and objectives 

The overall goal of the MOMENTUM project is to develop a set of mobility data analysis and exploitation methods, 
transport models and planning and decision support tools able to capture the impact of new transport options 
and ICT-driven behavioural changes on urban mobility, in order to support local authorities in the task of designing 
the right policy mix to exploit the full potential of emerging mobility solutions.  

The objective of this document is to set up a conceptual framework for the research activities that are conducted 
in the MOMENTUM project. The report is the result of the work conducted in part of the WP2 of the project, 
particularly in the tasks T2.1 “Review of emerging mobility options” and T2.2 “Data, models and decision support 
tools: challenges and opportunities”. As a consequence, this document: 

• reviews the recent disruptive changes in urban transport caused by new transport technologies and 
policy strategies; 

• identifies the challenges and opportunities for sustainable urban mobility planning brought about by 
mobility innovations and policy measures; 

• delivers future scenarios relevant for mobility planning in Europe and the evolution of emerging mobility 
solutions; 

• evaluates the current capabilities and the applicability of transport planning tools and techniques for 
managing new transport options; 

• explores the role of transport planning tools and techniques in the urban policy cycle in relation to the 
requirements that emerging mobility options imply for such tools and techniques. 

1.2 Methodology 

The document integrates the results of all the research activities included in T2.1 and T2.2: 

• An extensive literature review on the emergence of new mobility options, and the state-of-the-art of 
transport data sources, transport models and their role in the urban policy cycle. This review has included 
recent literature from institutions and research groups and other sources such as technical reports, white 
papers and market analyses conducted by key players in the field of emerging mobility solutions. 

• An Open Session in the framework of the 2019 CIVITAS Forum, a well-known yearly meeting point for 
urban mobility stakeholders, where the attendees reflected upon the impacts of emerging mobility 
solutions in European cities. The event took place in Graz, Austria, on 3rd October 2019. 

• A workshop with policy-makers, where the members of the MOMENTUM City Pool held a detailed 
discussion on the challenges and opportunities that new mobility options have brought about for cities 
and the policy strategies that cities can follow to manage this change. The event took place in Graz, 
Austria, on 4th October 2019. 

• A workshop with transport modelers, where the members of the MOMENTUM External Experts Advisory 
Board (EEAB) shared their views about the improvements that transport models require for coping with 
new mobility options, in terms of modelling techniques and indicators. The event took place in Brussels, 
Belgium, on 31st October. 
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• A Delphi poll handed out to a transport experts’ panel, in order to reflect upon the implications of several 
alternative futures for European cities in terms of urban mobility, with a particular focus on the expected 
evolution of emerging mobility options and their impacts. The Delphi poll was structured in two rounds. 
In the 1st Round, carried out during October 2019, 16 experts participated. In the 2nd Round, carried out 
during November 2019, 10 of the 16 initial experts participated. 

1.3 Structure of the document 

The document is organised as follows: 

• Section 2 “Urban mobility trends” describes the main emerging mobility options and the associated 
technological innovations, together with relevant policy strategies that cities can apply to manage urban 
mobility. The contents of this part of the document are mainly based on the literature review and the 
working sessions with policy-makers. 

• Section 3 “Urban mobility futures” presents a group of exploratory scenarios for the evolution of the 
context where urban mobility will operate in European cities, and a set of alternative futures for emerging 
mobility options. The Section also presents the results of the Delphi poll in relation to these scenarios. 

• Section 4 “Present and future of transport data sources” reviews the current state-of-the-art of data 
sources that provide travel demand information to transport practitioners, and formulates research 
questions in this field taking into account the identified challenges brought about by mobility innovations. 

• Section 5 “Present and future of transport modelling and decision support tools” reviews the current 
state-of-the-art of transport simulation and decision support tools, describing the approaches that are 
expected to contribute to the analysis of new mobility options within cities and the correlative research 
gaps to be explored. 

• Section 6 “Integration of transport planning tools in the Policy Cycle” explores the role of transport 
models and decision support tools in sustainable urban mobility planning, with a particular focus on the 
governance and organisational conditions for the adoption of these tools among policy-makers. 

1.4 Reference and applicable documents 

Applicable documents: 

[I] Grant Agreement No 815069 MOMENTUM – Annex 1 Description of the Action. 

[II] MOMENTUM Consortium Agreement, Issue 1, April 2019. 

Reference documents: 

[1] Cohen, A., & Shaheen, S. (2018). Planning for shared mobility (Chicago.). American Planning 
Association. 

[2] Shaheen, S. A., Chan, N. D., & Micheaux, H. (2015). One-way carsharing’s evolution and operator 
perspectives from the Americas. Transportation, 42(3), 519–536. doi:10.1007/s11116-015-9607-0 

[3] Lagadic, M., Verloes, A., & Louvet, N. (2019). Can carsharing services be profitable? A critical review of 
established and developing business models. Transport Policy, 77(C), 68–78. 

[4] Ferrero, F., Perboli, G., Vesco, A., Caiati, V., & Gobbato, L. (2015). Car-sharing services: part A: 
taxonomy and annotated review. Interuniversity Research Centre on Enterprise Networks, Logistics 
and Transportation (CIRRELT). Retrieved from https://trid.trb.org/view/1374806 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 13 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[5] Cohen, B., & Kietzmann, J. (2014). Ride on! Mobility business models for the sharing economy. 
Organization & Environment, 27(3), 279–296. 

[6] Mounce, R., & Nelson, J. D. (2019). On the potential for one-way electric vehicle car-sharing in future 
mobility systems. Transportation Research Part A: Policy and Practice, 120, 17–30. 

[7] Arndt, W.-H., Drews, F., Hertel, M., Langer, V., & Wiedenhöft, E. (2019). Topic Guide: Integration of 
shared mobility approaches in Sustainable Urban Mobility. Rupprecht Consult. 

[8] Docherty, I., Marsden, G., & Anable, J. (2018). The governance of smart mobility. Transportation 
Research Part A: Policy and Practice, 115, 114–125. 

[9] Seign, R., & Bogenberger, K. (2013). Prescriptions for the successful diffusion of carsharing with 
electric vehicles. In Conference on Future Automotive Technology. 

[10] Terrien, C., Maniak, R., Chen, B., & Shaheen, S. (2016). Good practices for advancing urban mobility 
innovation: A case study of one-way carsharing. Research in transportation business & management, 
20, 20–32. 

[11] Geron, S. (2016). A brief history of Autolib’. Paris Innovation Review. Retrieved 21 October 2019, from 
http://parisinnovationreview.com/articles-en/a-brief-history-of-autolib 

[12] France24. (2018). France’s car-sharing system Autolib’ hits the end of the road. France 24. Retrieved 
21 October 2019, from https://www.france24.com/en/20180621-france-paris-end-road-car-sharing-
system-autolib 

[13] DeMaio, P. (2009). Bike-sharing: History, impacts, models of provision, and future. Journal of public 
transportation, 12(4), 3. 

[14] Shaheen, S. A., Guzman, S., & Zhang, H. (2010). Bikesharing in Europe, the Americas, and Asia: past, 
present, and future. Transportation Research Record, 2143(1), 159–167. 

[15] Avila-Palencia, I., Panis, L. I., Dons, E., Gaupp-Berghausen, M., Raser, E., Götschi, T., … Orjuela, J. P. 
(2018). The effects of transport mode use on self-perceived health, mental health, and social contact 
measures: a cross-sectional and longitudinal study. Environment international, 120, 199–206. 

[16] Bührmann, S. (2008). Bicycles as public-individual transport–European developments. In Köln, 
Rupprecht Consult Forschung und Beratung GmbH. Presented at the MEETBIKE – European Conference 
on Bicycle Transport and Networking, Dresden, Germany. 

[17] Dhingra, C., & Kodukula, S. (2010). Public bicycle schemes: Applying the concept in developing cities. 
GTZ Sustainbale Urban Project, New Delhi, 32pp. 

[18] Gertheis, A. (2019). Innovation brief: Regulating dockless bike-sharing schemes. Eltis. 

[19] Zhang, L., Zhang, J., Duan, Z., & Bryde, D. (2015). Sustainable bike-sharing systems: characteristics and 
commonalities across cases in urban China. Journal of Cleaner Production, 97, 124–133. 

[20] Audikana, A., Ravalet, E., Baranger, V., & Kaufmann, V. (2017). Implementing bikesharing systems in 
small cities: Evidence from the Swiss experience. Transport Policy, 55, 18–28. 

[21] Transportation for America. (2019). Shared Micromobility Playbook. Retrieved 10 November 2019, 
from http://playbook.t4america.org/ 

[22] Zarif, R., Pankratz, D. M., & Kelman, B. (2019). Small is beautiful: Making micromobility work for 
citizens, cities, and service providers. Deloitte. Retrieved from 
https://www2.deloitte.com/us/en/insights/focus/future-of-mobility/micro-mobility-is-the-future-of-
urban-transportation.html 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 14 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[23] Heineke, K., Kloss, B., Scurtu, D., & Weig, F. (2019). Sizing the micro mobility market. McKinsey. 
Retrieved from https://www.mckinsey.com/industries/automotive-and-assembly/our-
insights/micromobilitys-15000-mile-checkup 

[24] Machado, P. (2019). SUMP and Shared Mobility in Lisbon: Presented at the 6th European Conference 
on Sustainable Urban Mobility Plans, Gröningen, The Netherlands. Retrieved from 
https://www.eltis.org/sump2019 

[25] Eckhardt, G. M., Houston, M. B., Jiang, B., Lamberton, C., Rindfleisch, A., & Zervas, G. (2019). 
Marketing in the sharing economy. Journal of Marketing, 83(5), 5–27. 

[26] Crozet, Y., Santos, G., & Coldefy, J. (2019). Shared mobility and MaaS - The regulatory challenges of 
urban mobility. Centre on Regulation in Europe. Retrieved from 
https://www.cerre.eu/publications/shared-mobility-and-maas-regulatory-challenges-urban-mobility 

[27] Clewlow, R. (2018, August 6). The Micro-Mobility Revolution. Populus. Retrieved from 
https://medium.com/populus-ai/the-micro-mobility-revolution-95e396db3754 

[28] Bruxelles Mobilité. (2019). A partir du 31 mai, plusieurs nouvelles règles du code de la route. Retrieved 
10 November 2019, from https://mobilite-mobiliteit.brussels/en/node/1142 

[29] Le Soir. (2019). Bruxelles met de l’ordre dans les trottinettes. Le Soir. Retrieved 10 November 2019, 
from https://www.lesoir.be/244975/article/2019-08-30/bruxelles-met-de-lordre-dans-les-trottinettes 

[30] Ayuntamiento de Madrid. Ordenanza de Movilidad Sostenible. , ANM 2018\45 (2018). Retrieved from 
https://sede.madrid.es/portal/site/tramites/menuitem.5dd4485239c96e10f7a72106a8a409a0/?vgnex
toid=5ccdb732cef96610VgnVCM2000001f4a900aRCRD&vgnextchannel=6b3d814231ede410VgnVCM1
000000b205a0aRCRD&vgnextfmt=default 

[31] UITP. (2019). UITP Combined Mobility Toolbox. UITP. 

[32] Angrist, J. D., Caldwell, S., & Hall, J. V. (2017). Uber vs. taxi: A driver’s eye view. National Bureau of 
Economic Research. 

[33] Dudley, G., Banister, D., & Schwanen, T. (2017). The rise of Uber and regulating the disruptive 
innovator. The political quarterly, 88(3), 492–499. 

[34] Cachon, G. P., Daniels, K. M., & Lobel, R. (2017). The role of surge pricing on a service platform with 
self-scheduling capacity. Manufacturing & Service Operations Management, 19(3), 368–384. 

[35] Clewlow, R. R., & Mishra, G. S. (2017). Disruptive transportation: The adoption, utilization, and impacts 
of ride-hailing in the United States. 

[36] Mageean, J., & Nelson, J. D. (2003). The evaluation of demand responsive transport services in Europe. 
Journal of Transport Geography, 11(4), 255–270. 

[37] Ryley, T. J., A. Stanley, P., P. Enoch, M., M. Zanni, A., & A. Quddus, M. (2014). Investigating the 
contribution of Demand Responsive Transport to a sustainable local public transport system. Research 
in Transportation Economics, 48, 364–372. doi:10.1016/j.retrec.2014.09.064 

[38] Winter, K., Cats, O., Correia, G. H. de A., & van Arem, B. (2016). Designing an Automated Demand-
Responsive Transport System: Fleet Size and Performance Analysis for a Campus–Train Station Service. 
Transportation Research Record, 2542(1), 75–83. 

[39] Enoch, M., Potter, S., Parkhurst, G., & Smith, M. (2006). Why do demand responsive transport systems 
fail? Presented at the Transportation Research Board 85th Annual Meeting, Washington DC, United 
States. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 15 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[40] Harms, L., Durand, A., Hoogendoorn-Lanser, S., & Zijlstra, T. (2018). Exploring Mobility-as-a-Service: 
insights from literature and focus group meetings. Netherlands Institute for Transport Policy Analysis 
(KiM). 

[41] Lascara, B., Spencer, T., DeGarmo, M., Lacher, A., Maroney, D., & Guterres, M. (2018). Urban Air 
Mobility Landscape Report. MITRE. 

[42] Shaheen, S., Cohen, A., & Farrar, E. (2018). The Potential Societal Barriers of Urban Air Mobility (UAM). 
NASA. 

[43] Gipson, L. (2017, November 7). NASA Embraces Urban Air Mobility, Calls for Market Study. NASA. Text. 
Retrieved 20 September 2019, from http://www.nasa.gov/aero/nasa-embraces-urban-air-mobility 

[44] Lineberger, R., Hussain, A., Mehra, S., & Pankratz, D. M. (2018). Elevating the future of mobility 
passenger drones and flying cars. Deloitte. 

[45] Holden, J., & Goel, N. (2016). Fast-forwarding to a future of on-demand urban air transportation. San 
Francisco, CA, USA: Uber Elevate. 

[46] Balać, M., Rothfeld, R. L., & Axhausen, K. W. (2019). The prospects of on-demand urban air mobility in 
Zurich, Switzerland. Arbeitsberichte Verkehrs-und Raumplanung, 1443. 

[47] Kasliwal, A., Furbush, N. J., Gawron, J. H., McBride, J. R., Wallington, T. J., De Kleine, R. D., … Keoleian, 
G. A. (2019). Role of flying cars in sustainable mobility. Nature Communications, 10(1), 1555. 

[48] Porter, J. (2019, June 6). The Uber for helicopters is now Uber. The Verge. Retrieved 23 September 
2019, from https://www.theverge.com/2019/6/6/18655126/uber-copter-new-york-city-jfk-airport-
elevate-helicopter-flying-taxi-price 

[49] UAS Vision. (2019). Airbus Studies Urban Air Mobility for 2024 Olympic Games in Paris. UAS Vision. 
Retrieved from https://www.uasvision.com/2019/06/24/airbus-studies-urban-air-mobility-for-2024-
olympic-games-in-paris/ 

[50] Uber. (2019). Uber Air | Uber Elevate. Uber. Retrieved 23 September 2019, from 
https://www.uber.com/es/en/elevate/uberair/ 

[51] UITP. (2017). Autonomous vehicles: a potential game changer for urban mobility. International 
Association of Public Transport. 

[52] KPMG. (2019). 2019 Autonomous Vehicles Readiness Index. 

[53] European Comission. (2019). STRIA Roadmap on Connected and Automated Transport- Road Rail and 
Waterborne. 

[54] Bagloee, S. A., Tavana, M., Asadi, M., & Oliver, T. (2016). Autonomous vehicles: challenges, 
opportunities, and future implications for transportation policies. Journal of modern transportation, 
24(4), 284–303. 

[55] González, D., Pérez, J., Milanés, V., & Nashashibi, F. (2016). A Review of Motion Planning Techniques 
for Automated Vehicles. IEEE Transactions on Intelligent Transportation Systems, 17(4), 1135–1145. 
doi:10.1109/TITS.2015.2498841 

[56] SAE On-Road Automated Vehicle Standards. (2018). Taxonomy and definitions for terms related to on-
road motor vehicle automated driving systems (No. Third version). 

[57] Guerra, E. (2016). Planning for cars that drive themselves: Metropolitan planning organizations, 
regional transportation plans, and autonomous vehicles. Journal of Planning Education and Research, 
36(2), 210–224. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 16 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[58] Duarte, F., & Ratti, C. (2018). The impact of autonomous vehicles on cities: A review. Journal of Urban 
Technology, 25(4), 3–18. 

[59] Fraedrich, E., Heinrichs, D., Bahamonde-Birke, F. J., & Cyganski, R. (2019). Autonomous driving, the 
built environment and policy implications. Transportation research part A: policy and practice, 122, 
162–172. 

[60] Millard-Ball, A. (2018). Pedestrians, autonomous vehicles, and cities. Journal of Planning Education and 
Research, 38(1), 6–12. 

[61] Parkinson, S., Ward, P., Wilson, K., & Miller, J. (2017). Cyber threats facing autonomous and connected 
vehicles: Future challenges. IEEE transactions on intelligent transportation systems, 18(11), 2898–
2915. 

[62] Martínez-Díaz, M., Soriguera, F., & Pérez, I. (2019). Autonomous driving: a bird’s eye view. IET 
Intelligent Transport Systems, 13(4), 563–579. doi:10.1049/iet-its.2018.5061 

[63] Awad, E., Dsouza, S., Kim, R., Schulz, J., Henrich, J., Shariff, A., … Rahwan, I. (2018). The moral machine 
experiment. Nature, 563(7729), 59. 

[64] National League of Cities. (2018). Autonomous Vehicle Pilots Across America. 

[65] Banerjee, S. S., Jha, S., Cyriac, J., Kalbarczyk, Z. T., & Iyer, R. K. (2018). Hands off the wheel in 
autonomous vehicles?: A systems perspective on over a million miles of field data. In 2018 48th Annual 
IEEE/IFIP International Conference on Dependable Systems and Networks (DSN) (pp. 586–597). IEEE. 

[66] MaaS Alliance. (2017). Guidelines & Recommendations to create the foundations for a thriving MaaS 
Ecosystem. MaaS Alliance. 

[67] Sochor, J., Arby, H., Karlsson, I. M., & Sarasini, S. (2018). A topological approach to Mobility as a 
Service: A proposed tool for understanding requirements and effects, and for aiding the integration of 
societal goals. Research in Transportation Business & Management, 27, 3–14. 

[68] Geier, T. (2019). Mobility as a service: a perspective on MaaS from Europe’s Transport Authorities. 
European Metropolitan Transport Authorities. 

[69] Lindsay, G. (2016). Now Arriving: A connected mobility roadmap for public transport. New Cities 
Foundation. 

[70] Li, Y., & Voege, T. (2017). Mobility as a service (MaaS): challenges of Implementation and Policy 
Required. Journal of transportation technologies, 7(02), 95–106. 

[71] Audouin, M. U. J. (2019). Towards Mobility-as-a-Service: a cross-case analysis of public authorities’ 
roles in the development of ICT-supported integrated mobility schemes. EPFL. 

[72] Durand, A., Harms, L., Hoogendoorn-Lanser, S., & Zijlstra, T. (2018). Mobility-as-a-Service and changes 
in travel preferences and travel behaviour: a literature review. KiM| Netherlands Institute for 
Transport Policy Analysis. 

[73] Hartmans, A. (2017). The 10 most used smartphone apps. Business Insider. Retrieved 11 November 
2019, from https://www.businessinsider.com/most-used-smartphone-apps-2017-8?r=US&IR=T 

[74] Antrim, A., & Barbeau, S. J. (2013). The many uses of GTFS data–opening the door to transit and 
multimodal applications. Location-Aware Information Systems Laboratory at the University of South 
Florida, 4. 

[75] Bast, H., Delling, D., Goldberg, A., Müller-Hannemann, M., Pajor, T., Sanders, P., … Werneck, R. F. 
(2016). Route planning in transportation networks. In Algorithm Engineering (pp. 19–80). Springer. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 17 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[76] Jou, R.-C., Lam, S.-H., Liu, Y.-H., & Chen, K.-H. (2005). Route switching behavior on freeways with the 
provision of different types of real-time traffic information. Transportation Research Part A: Policy and 
Practice, 39(5), 445–461. doi:10.1016/j.tra.2005.02.004 

[77] Rehrl, K., Bruntsch, S., & Mentz, H.-J. (2007). Assisting multimodal travelers: Design and prototypical 
implementation of a personal travel companion. IEEE Transactions on Intelligent Transportation 
Systems, 8(1), 31–42. 

[78] TM2.0. (2015). TM2.0 Vision & Mission. TM2.0. Retrieved 3 December 2019, from 
https://tm20.org/page-2/objectives-mission/ 

[79] Vlahogianni, E. I., & Barmpounakis, E. N. (2017). Gamification and sustainable mobility: challenges and 
opportunities in a changing transportation landscape. Low Carbon Mobility for Future Cities: Principles 
and applications, 277–299. doi:10.1049/PBTR006E_ch12 

[80] Foderaro, L. W. (2017). Navigation Apps Are Turning Quiet Neighborhoods Into Traffic Nightmares. The 
New York Times. Retrieved from https://www.nytimes.com/2017/12/24/nyregion/traffic-apps-gps-
neighborhoods.html 

[81] van der Graaf, S. (2018). In Waze we trust: Algorithmic governance of the public sphere. Media and 
Communication, 6(4), 153–162. 

[82] Grand View Research. (2016). Automated Fare Collection Market Size, Share & Trends Analysis Report 
By System (TVM, TOM), By Technology (Smart Card, NFC), By Application, By Component (Hardware, 
Software), And Segment Forecasts, 2019 - 2025 (No. 978-1-68038-508–3). Retrieved from 
https://www.grandviewresearch.com/industry-analysis/automated-fare-collection-afc-system-market 

[83] Urban ITS Expert Group. (2013). Guidelines for ITS deployment in urban areas: Smart Ticketing. 

[84] Gautam, J., Kumar, Y., & Gupta, A. (2014). Existing scenario of near field communication in transport 
sector. In 2014 International Conference on Signal Processing and Integrated Networks (SPIN) (pp. 
327–332). IEEE. 

[85] ITS Spain. (2018). Libro Blanco sobre la aplicación del pago EMV Contactless en el Transporte 
Metropolitano. Madrid: ITS Spain. 

[86] Jakubauskas, G. (2006). Improvement of urban passenger transport ticketing systems by deploying 
intelligent transport systems. Transport, 21:4, 252–259. doi:10.1080/16484142.2006.9638075 

[87] CIVITAS. (2010). Innovative ticketing systems for public transport. 

[88] Puhe, M., Edelmann, M., & Reichenbach, M. (2014). Integrated urban e-ticketing for public transport 
and touristic sites (Science and Technology Options Assessment). European Parliamentary Research 
Service. 

[89] UK Finance. (2017). Contactless Transit EMV Framework. 

[90] Adams, J. (2019). How the London Underground brings in 53,000 new contactless users a day. 
PaymentsSource. Retrieved 7 October 2019, from https://www.paymentssource.com/news/how-the-
london-underground-brings-in-53-000-new-contactless-users-a-day 

[91] Williams, A. (2018). The way out of institutional complexity: Transport for London (TfL). In Annales des 
Mines-Realites industrielles (pp. 56–59). FFE. 

[92] Mastercard. (2011). In Poland, mass transit gets a lift from Mastercard Paypass. 

[93] Ricci, A., Gaggi, S., Enei, R., Tomassini, M., Fioretto, M., Gargani, F., … Gaspari, E. (2017). Study on 
Urban Access Restrictions. DG MOVE. European Comission. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 18 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[94] European Union. (2019). Urban Access Regulations in Europe. Retrieved 11 November 2019, from 
https://urbanaccessregulations.eu/ 

[95] Dijkema, M. B., van der Zee, S. C., Brunekreef, B., & van Strien, R. T. (2008). Air quality effects of an 
urban highway speed limit reduction. Atmospheric Environment, 42(40), 9098–9105. 

[96] European Environment Agency. (2018). Air pollution still too high across Europe. European 
Environment Agency. News. Retrieved 11 November 2019, from 
https://www.eea.europa.eu/highlights/air-pollution-still-too-high 

[97] Hooftman, N., Messagie, M., Van Mierlo, J., & Coosemans, T. (2018). A review of the European 
passenger car regulations–Real driving emissions vs local air quality. Renewable and Sustainable 
Energy Reviews, 86, 1–21. 

[98] Allow Independent Road-Testing. (2019). DVSA Report Confirms High Risk of Low Emission Zone 
Failures From Over-Emitting Euro 6 Vehicles. Allow Independent Road-Testing. Retrieved from 
https://www.allowair.org/2019/07/24/dvsa-report-failures-euro-6-vehicles/ 

[99] Browne, M., Allen, J., & Anderson, S. (2005). Low emission zones: the likely effects on the freight 
transport sector. International Journal of Logistics: Research and Applications, 8(4), 269–281. 

[100] Croci, E. (2016). Urban road pricing: a comparative study on the experiences of London, Stockholm and 
Milan. Transportation Research Procedia, 14, 253–262. 

[101] UITP. (2000). Parking Policies. 

[102] Christiansen, P., Engebretsen, Ø., Fearnley, N., & Usterud Hanssen, J. (2017). Parking facilities and the 
built environment: Impacts on travel behaviour. Transportation Research Part A: Policy and Practice, 
95, 198–206. doi:10.1016/j.tra.2016.10.025 

[103] Hamer, P. (2010). Analysing the effectiveness of park and ride as a generator of public transport mode 
shift. Road & Transport Research: A Journal of Australian and New Zealand Research and Practice, 
19(1), 51. 

[104] Zijlstra, T., Vanoutrive, T., & Verhetsel, A. (2015). A meta-analysis of the effectiveness of park-and-ride 
facilities. European Journal of Transport and Infrastructure Research, 15(4), 597–612. 

[105] UITP. (2018). Parking policy - Park & Ride Factsheets. 

[106] Malandraki, G., Papamichail, I., Papageorgiou, M., & Dinopoulou, V. (2015). Simulation and evaluation 
of a public transport priority methodology. Transportation Research Procedia, 6, 402–410. 

[107] UITP, VREF, & BRT+ CoE. (2019). Transforming cities with BRT systems. Retrieved from 
https://www.uitp.org/sites/default/files/cck-focus-papers-files/BRT_ENG_Web.pdf 

[108] Dadashzadeh, N., & Ergun, M. (2018). Spatial bus priority schemes, implementation challenges and 
needs: an overview and directions for future studies. Public Transport, 10(3), 545–570. 

[109] Venter, C., Jennings, G., Hidalgo, D., & Valderrama Pineda, A. F. (2018). The equity impacts of bus rapid 
transit: A review of the evidence and implications for sustainable transport. International Journal of 
Sustainable Transportation, 12(2), 140–152. 

[110] Bis, S. (2019). Nantes Busway: Fast, Efficient and Clean. Presented at the UITP Bus Committee meeting, 
Casablanca, Morocco. 

[111] Amilcar, R. (2019). Montreal BRT Project. Presented at the UITP Bus Committee meeting, Casablanca, 
Morocco. 

[112] Niedstadt, M., & Bjørnåvold, A. (2019). Electric road vehicles in the European Union (p. 11). European 
Parliamentary Research Service. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 19 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[113] Cano, Z. P., Banham, D., Ye, S., Hintennach, A., Lu, J., Fowler, M., & Chen, Z. (2018). Batteries and fuel 
cells for emerging electric vehicle markets. Nature Energy, 3(4), 279. 

[114] European Comission. Directive 2014/94/EU of the European Parliament and of the Council of 22 
October 2014 on the deployment of alternative fuels infrastructure. , OJ L 307 (2014). Retrieved from 
http://data.europa.eu/eli/dir/2014/94/oj/eng 

[115] Dong, J., Liu, C., & Lin, Z. (2014). Charging infrastructure planning for promoting battery electric 
vehicles: An activity-based approach using multiday travel data. Transportation Research Part C: 
Emerging Technologies, 38, 44–55. 

[116] Gnann, T., Funke, S., Jakobsson, N., Plötz, P., Sprei, F., & Bennehag, A. (2018). Fast charging 
infrastructure for electric vehicles: Today’s situation and future needs. Transportation Research Part D: 
Transport and Environment, 62, 314–329. 

[117] Mersky, A. C., Sprei, F., Samaras, C., & Qian, Z. S. (2016). Effectiveness of incentives on electric vehicle 
adoption in Norway. Transportation Research Part D: Transport and Environment, 46, 56–68. 

[118] Schlosser, A., Seidel, P., Schulze, A., Kanzler, V., & Krug, A. (2019). Effective electric vehicle launch in 
Europe – Thinking beyond big markets (p. 4). Luxembourg: Arthur D. Little. 

[119] Schroeder, A., & Traber, T. (2012). The economics of fast charging infrastructure for electric vehicles. 
Energy Policy, 43, 136–144. 

[120] Lorentzen, E., Haugneland, P., Bu, C., & Hauge, E. (2017). Charging infrastructure experiences in 
Norway-the worlds most advanced EV market. In EVS30 Symposium. Stuttgart, Germany, EN. 

[121] Hall, D., & Lutsey, N. (2017). Emerging best practices for electric vehicle charging infrastructure. 
Washington DC, USA: The International Council on Clean Transportation (ICCT). 

[122] Colak, S., Kara, E. C., Moura, S. J., & González, M. C. (2018). Coupling electric vehicle charging with 
urban mobility. Nature Energy, 3, 484–493. 

[123] ERTRAC. (2017). European Roadmap Electrification of Road Transport. 

[124] Mak, H.-Y., Rong, Y., & Shen, Z.-J. M. (2013). Infrastructure planning for electric vehicles with battery 
swapping. Management Science, 59(7), 1557–1575. 

[125] Bjerkan, K. Y., Nørbech, T. E., & Nordtømme, M. E. (2016). Incentives for promoting Battery Electric 
Vehicle (BEV) adoption in Norway. Transportation Research Part D: Transport and Environment, 43, 
169–180. doi:10.1016/j.trd.2015.12.002 

[126] Rudolph, F., & Werland, S. (2019). Topic Guide: Public procurement of Sustainable Urban Mobility 
Measures. Wuppertal Institute. 

[127] Kok, K., Pedde, S., Gramberger, M., Harrison, P. A., & Holman, I. P. (2019). New European socio-
economic scenarios for climate change research: operationalising concepts to extend the shared socio-
economic pathways. Regional Environmental Change, 19(3), 643–654. doi:10.1007/s10113-018-1400-0 

[128] Banister, D. (2011). Cities, mobility and climate change. Journal of Transport Geography, 19(6), 1538–
1546. doi:10.1016/j.jtrangeo.2011.03.009 

[129] Moss, R. H., Edmonds, J. A., Hibbard, K. A., Manning, M. R., Rose, S. K., Van Vuuren, D. P., … Kram, T. 
(2010). The next generation of scenarios for climate change research and assessment. Nature, 
463(7282), 747. 

[130] O’Neill, B. C., Kriegler, E., Riahi, K., Ebi, K. L., Hallegatte, S., Carter, T. R., … van Vuuren, D. P. (2014). A 
new scenario framework for climate change research: the concept of shared socioeconomic pathways. 
Climatic Change, 122(3), 387–400. doi:10.1007/s10584-013-0905-2 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 20 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[131] IPCC. (2014). Climate change 2014: synthesis report. Contribution of Working Groups I, II and III to the 
fifth assessment report of the Intergovernmental Panel on Climate Change (p. 151). Geneva, 
Switzerland: IPCC. 

[132] van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A., Hibbard, K., … Rose, S. K. (2011). 
The representative concentration pathways: an overview. Climatic Change, 109(1), 5. 
doi:10.1007/s10584-011-0148-z 

[133] Dreborg, K. H. (2004). Scenarios and structural uncertainty (No. 04–001). Retrieved from 
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-3697 

[134] Absar, S. M., & Preston, B. L. (2015). Extending the Shared Socioeconomic Pathways for sub-national 
impacts, adaptation, and vulnerability studies. Global Environmental Change, 33, 83–96. 
doi:10.1016/j.gloenvcha.2015.04.004 

[135] Rohat, G., Wilhelmi, O., Flacke, J., Monaghan, A., Gao, J., Dao, H., & van Maarseveen, M. (2019). 
Characterizing the role of socioeconomic pathways in shaping future urban heat-related challenges. 
Science of The Total Environment, 695, 133941. doi:10.1016/j.scitotenv.2019.133941 

[136] Terama, E., Clarke, E., Rounsevell, M. D. A., Fronzek, S., & Carter, T. R. (2019). Modelling population 
structure in the context of urban land use change in Europe. Regional Environmental Change, 19(3), 
667–677. doi:10.1007/s10113-017-1194-5 

[137] Hawlitschek, F., Teubner, T., & Gimpel, H. (2016). Understanding the sharing economy–Drivers and 
impediments for participation in peer-to-peer rental. In 2016 49th Hawaii International Conference on 
System Sciences (HICSS) (pp. 4782–4791). IEEE. 

[138] Ahuvia, A., Garg, N., Batra, R., McFerran, B., & Lambert de Diesbach, P. B. (2018). Pride of Ownership: 
An Identity-Based Model. Journal of the Association for Consumer Research, 3(2), 216–228. 
doi:10.1086/697076 

[139] Böckmann, M. (2013). The Shared Economy: It is time to start caring about sharing; value creating 
factors in the shared economy. University of Twente, Faculty of Management and Governance. 

[140] Heinrichs, H. (2013). Sharing economy: a potential new pathway to sustainability. GAIA-Ecological 
Perspectives for Science and Society, 22(4), 228–231. 

[141] Haight, M., Quan-Haase, A., & Corbett, B. A. (2014). Revisiting the digital divide in Canada: The impact 
of demographic factors on access to the internet, level of online activity, and social networking site 
usage. Information, Communication & Society, 17(4), 503–519. 

[142] Shi, K., De Vos, J., Yang, Y., & Witlox, F. (2019). Does e-shopping replace shopping trips? Empirical 
evidence from Chengdu, China. Transportation Research Part A: Policy and Practice, 122, 21–33. 
doi:10.1016/j.tra.2019.01.027 

[143] Markus, M. L., & Soh, C. (2003). Structural influences on global e-commerce activity. In Advanced 
Topics in Global Information Management, Volume 2 (pp. 1–13). IGI Global. 

[144] Chaparro-Peláez, J., Agudo-Peregrina, Á. F., & Pascual-Miguel, F. J. (2016). Conjoint analysis of drivers 
and inhibitors of e-commerce adoption. Journal of Business Research, 69(4), 1277–1282. 
doi:10.1016/j.jbusres.2015.10.092 

[145] Larson, W., & Zhao, W. (2017). Telework: Urban form, energy consumption, and greenhouse gas 
implications. Economic Inquiry, 55(2), 714–735. 

[146] Alonso, A., Monzón, A., & Wang, Y. (2017). Modelling Land Use and Transport Policies to Measure 
Their Contribution to Urban Challenges: The Case of Madrid. Sustainability, 9(3), 378. 
doi:10.3390/su9030378 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 21 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[147] Messenger, J. C. (2017). Working anytime, anywhere: The evolution of Telework and its effects on the 
world of work. IUSLabor, (3). 

[148] Vilhelmson, B., & Thulin, E. (2016). Who and where are the flexible workers? Exploring the current 
diffusion of telework in Sweden. New Technology, Work and Employment, 31(1), 77–96. 

[149] Kc, S., & Lutz, W. (2017). The human core of the shared socioeconomic pathways: Population scenarios 
by age, sex and level of education for all countries to 2100. Global Environmental Change, 42, 181–
192. doi:10.1016/j.gloenvcha.2014.06.004 

[150] Jiang, L., & O’Neill, B. C. (2017). Global urbanization projections for the Shared Socioeconomic 
Pathways. Global Environmental Change, 42, 193–199. doi:10.1016/j.gloenvcha.2015.03.008 

[151] Crespo Cuaresma, J. (2017). Income projections for climate change research: A framework based on 
human capital dynamics. Global Environmental Change, 42, 226–236. 
doi:10.1016/j.gloenvcha.2015.02.012 

[152] O’Neill, B. C., Kriegler, E., Ebi, K. L., Kemp-Benedict, E., Riahi, K., Rothman, D. S., … Solecki, W. (2017). 
The roads ahead: Narratives for shared socioeconomic pathways describing world futures in the 21st 
century. Global Environmental Change, 42, 169–180. doi:10.1016/j.gloenvcha.2015.01.004 

[153] Rao, N. D., Sauer, P., Gidden, M., & Riahi, K. (2019). Income inequality projections for the Shared 
Socioeconomic Pathways (SSPs). Futures, 105, 27–39. doi:10.1016/j.futures.2018.07.001 

[154] Mori, U., Mendiburu, A., Álvarez, M., & Lozano, J. A. (2015). A review of travel time estimation and 
forecasting for Advanced Traveller Information Systems. Transportmetrica A: Transport Science, 11(2), 
119–157. 

[155] Datondji, S. R. E., Dupuis, Y., Subirats, P., & Vasseur, P. (2016). A survey of vision-based traffic 
monitoring of road intersections. IEEE transactions on intelligent transportation systems, 17(10), 
2681–2698. 

[156] van Hinsbergen, C. I., Van Lint, J. W. C., & Van Zuylen, H. J. (2009). Bayesian committee of neural 
networks to predict travel times with confidence intervals. Transportation Research Part C: Emerging 
Technologies, 17(5), 498–509. 

[157] Bhaskar, A., & Chung, E. (2013). Fundamental understanding on the use of Bluetooth scanner as a 
complementary transport data. Transportation Research Part C: Emerging Technologies, 37, 42–72. 

[158] Abbott-Jard, M., Shah, H., & Bhaskar, A. (2013). Empirical evaluation of Bluetooth and Wifi scanning 
for road transport. In Australasian Transport Research Forum (ATRF), 36th. 

[159] Michau, G., Nantes, A., Chung, E., Abry, P., & Borgnat, P. (2014). Retrieving dynamic origin-destination 
matrices from Bluetooth data. 

[160] Caltrans. (2014). Caltrans Performance Measurement System (PeMS). Retrieved 19 November 2019, 
from https://dot.ca.gov/programs/traffic-operations/mpr/pems-source 

[161] Ayuntamiento de Madrid. (2019). Aforos de tráfico permanentes en la ciudad de Madrid. Retrieved 19 
November 2019, from 
https://datos.madrid.es/sites/v/index.jsp?vgnextoid=fabbf3e1de124610VgnVCM2000001f4a900aRCR
D&vgnextchannel=374512b9ace9f310VgnVCM100000171f5a0aRCRD 

[162] Paris Data. (2019). Comptage routier 2019 - Données trafic issues des capteurs permanents. Retrieved 
19 November 2019, from https://opendata.paris.fr/explore/dataset/comptages-routiers-permanents-
2019/ 

[163] Bruxelles Mobilité. (2019). Traffic counting dataset. Retrieved 19 November 2019, from 
http://opendatastore.brussels/en/dataset/traffic-count 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 22 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[164] Yang, H., Zou, Y., Wang, Z., & Wu, B. (2018). A hybrid method for short-term freeway travel time 
prediction based on percentage error correction and noise extraction. 

[165] Bezuglov, A., & Comert, G. (2016). Short-term freeway traffic parameter prediction: Application of grey 
system theory models. Expert Systems with Applications, 62, 284–292. 

[166] Soriguera, F., & Robusté, F. (2011). Estimation of traffic stream space mean speed from time 
aggregations of double loop detector data. Transportation Research Part C: Emerging Technologies, 
19(1), 115–129. 

[167] Angarita-Zapata, J. S., Masegosa, A. D., & Triguero, I. (2019). A Taxonomy of Traffic Forecasting 
Regression Problems from a Supervised Learning Perspective. IEEE Access. 

[168] Lopez-Garcia, P., Onieva, E., Osaba, E., Masegosa, A. D., & Perallos, A. (2015). A hybrid method for 
short-term traffic congestion forecasting using genetic algorithms and cross entropy. IEEE Transactions 
on Intelligent Transportation Systems, 17(2), 557–569. 

[169] Tolouei, R., Psarras, S., & Prince, R. (2017). Origin-destination trip matrix development: Conventional 
methods versus mobile phone data. Transportation research procedia, 26, 39–52. 

[170] Rao, W., Wu, Y.-J., Xia, J., Ou, J., & Kluger, R. (2018). Origin-destination pattern estimation based on 
trajectory reconstruction using automatic license plate recognition data. Transportation Research Part 
C: Emerging Technologies, 95, 29–46. 

[171] Laharotte, P.-A., Billot, R., Come, E., Oukhellou, L., Nantes, A., & El Faouzi, N.-E. (2014). Spatiotemporal 
analysis of bluetooth data: Application to a large urban network. IEEE Transactions on Intelligent 
Transportation Systems, 16(3), 1439–1448. 

[172] Crawford, F., Watling, D. P., & Connors, R. D. (2018). Identifying road user classes based on repeated 
trip behaviour using Bluetooth data. Transportation research part A: policy and practice, 113, 55–74. 

[173] Bai, L., Ireson, N., Mazumdar, S., & Ciravegna, F. (2017). Lessons learned using wi-fi and Bluetooth as 
means to monitor public service usage. In Proceedings of the 2017 ACM International Joint Conference 
on Pervasive and Ubiquitous Computing and Proceedings of the 2017 ACM International Symposium on 
Wearable Computers (pp. 432–440). ACM. 

[174] Karatsoli, M., Margreiter, M., & Spangler, M. (2017). Bluetooth-based travel times for automatic 
incident detection–A systematic description of the characteristics for traffic management purposes. 
Transportation research procedia, 24, 204–211. 

[175] Bommes, M., Fazekas, A., Volkenhoff, T., & Oeser, M. (2016). Video based Intelligent Transportation 
Systems–state of the art and future development. Transportation Research Procedia, 14, 4495–4504. 

[176] Ajmar, A., Arco, E., Boccardo, P., & Perez, F. (2019). Floating Car Data (FCD) for Mobility Applications. 
International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, 
42(2/W13). 

[177] Underwood, S. E. (1990). A review and classification of sensors for intelligent vehicle-highway systems. 

[178] Mannini, L., Cipriani, E., Crisalli, U., Gemma, A., & Vaccaro, G. (2017). On-street parking search time 
estimation using FCD data. Transportation Research Procedia, 27, 929–936. 

[179] Houbraken, M., Logghe, S., Audenaert, P., Colle, D., & Pickavet, M. (2018). Examining the potential of 
floating car data for dynamic traffic management. IET Intelligent Transport Systems, 12(5), 335–344. 

[180] Chen, B. Y., Yuan, H., Li, Q., Lam, W. H., Shaw, S.-L., & Yan, K. (2014). Map-matching algorithm for 
large-scale low-frequency floating car data. International Journal of Geographical Information Science, 
28(1), 22–38. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 23 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[181] Chen, F., Shen, M., & Tang, Y. (2011). Local path searching based map matching algorithm for floating 
car data. Procedia Environmental Sciences, 10, 576–582. 

[182] Diependaele, K., Riguelle, F., & Temmerman, P. (2016). Speed behavior indicators based on floating car 
data: results of a pilot study in Belgium. Transportation research procedia, 14, 2074–2082. 

[183] Messelodi, S., Modena, C. M., Zanin, M., De Natale, F. G., Granelli, F., Betterle, E., & Guarise, A. (2009). 
Intelligent extended floating car data collection. Expert systems with applications, 36(3), 4213–4227. 

[184] Salanova, J. M., Maciejewski, M., Bischoff, J., Romeu, M. E., Tzenos, P., & Stamos, I. (2017). Use of 
probe data generated by taxis. In Big Data for Regional Science (pp. 22–37). Routledge. 

[185] Altintasi, O., Tuydes-Yaman, H., & Tuncay, K. (2017). Detection of urban traffic patterns from Floating 
Car Data (FCD). Transportation research procedia, 22, 382–391. 

[186] Salanova Grau, J. M., Mitsakis, E., Tzenos, P., Stamos, I., Selmi, L., & Aifadopoulou, G. (2018). 
Multisource Data Framework for Road Traffic State Estimation. Journal of Advanced Transportation, 
2018. 

[187] Ibrahim, R., & Shafiq, M. O. (2019). Detecting taxi movements using Random Swap clustering and 
sequential pattern mining. Journal of Big Data, 6(1), 39. 

[188] Pan, B., Zheng, Y., Wilkie, D., & Shahabi, C. (2013). Crowd sensing of traffic anomalies based on human 
mobility and social media. In Proceedings of the 21st ACM SIGSPATIAL international conference on 
advances in geographic information systems (pp. 344–353). ACM. 

[189] Zheng, L., Xia, D., Zhao, X., Tan, L., Li, H., Chen, L., & Liu, W. (2018). Spatial–temporal travel pattern 
mining using massive taxi trajectory data. Physica A: Statistical Mechanics and its Applications, 501, 
24–41. 

[190] Mao, F., Ji, M., & Liu, T. (2016). Mining spatiotemporal patterns of urban dwellers from taxi trajectory 
data. Frontiers of Earth Science, 10(2), 205–221. 

[191] Qi, H., & Liu, P. (2018). Mining Taxi Pick-Up Hotspots Based on Spatial Clustering. In 2018 IEEE 
SmartWorld, Ubiquitous Intelligence & Computing, Advanced & Trusted Computing, Scalable 
Computing & Communications, Cloud & Big Data Computing, Internet of People and Smart City 
Innovation (SmartWorld/SCALCOM/UIC/ATC/CBDCom/IOP/SCI) (pp. 1711–1717). IEEE. 

[192] Liu, D., Cheng, S.-F., & Yang, Y. (2015). Density peaks clustering approach for discovering demand hot 
spots in city-scale taxi fleet dataset. In 2015 IEEE 18th International Conference on Intelligent 
Transportation Systems (pp. 1831–1836). IEEE. 

[193] Kuang, W., An, S., & Jiang, H. (2015). Detecting traffic anomalies in urban areas using taxi GPS data. 
Mathematical Problems in Engineering, 2015. 

[194] Klunder, G. A., Taale, H., Kester, L., & Hoogendoorn, S. (2017). Improvement of network performance 
by in-vehicle routing using floating car data. Journal of Advanced Transportation, 2017. 

[195] Jahnke, M., Ding, L., Karja, K., & Wang, S. (2017). Identifying origin/destination hotspots in floating car 
data for visual analysis of traveling behavior. In Progress in Location-Based Services 2016 (pp. 253–
269). Springer. 

[196] Zhang, J., Song, G., Gong, D., Gao, Y., Yu, L., & Guo, J. (2017). Analysis of rainfall effects on road travel 
speed in Beijing, China. IET Intelligent Transport Systems, 12(2), 93–102. 

[197] Theodorou, T.-I., Salamanis, A., Kehagias, D. D., Tzovaras, D., & Tjortjis, C. (2017). Short-Term Traffic 
Prediction under Both Typical and Atypical Traffic Conditions using a Pattern Transition Model. In 
VEHITS (pp. 79–89). 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 24 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[198] Yi, H., Jung, H., & Bae, S. (2017). Deep Neural Networks for traffic flow prediction. In 2017 IEEE 
International Conference on Big Data and Smart Computing (BigComp) (pp. 328–331). IEEE. 

[199] Rzeszótko, J., & Nguyen, S. H. (2012). Machine learning for traffic prediction. Fundamenta 
Informaticae, 119(3–4), 407–420. 

[200] De Fabritiis, C., Ragona, R., & Valenti, G. (2008). Traffic estimation and prediction based on real time 
floating car data. In 2008 11th International IEEE Conference on Intelligent Transportation Systems (pp. 
197–203). IEEE. 

[201] Suhas, S., Kalyan, V. V., Katti, M., Prakash, B. A., & Naveena, C. (2017). A comprehensive review on 
traffic prediction for intelligent transport system. In 2017 International Conference on Recent 
Advances in Electronics and Communication Technology (ICRAECT) (pp. 138–143). IEEE. 

[202] Kalatian, A., & Farooq, B. (2018). Mobility Mode Detection Using WiFi Signals. In 2018 IEEE 
International Smart Cities Conference (ISC2) (pp. 1–7). IEEE. 

[203] Farrokhtala, A., Chen, Y., Hu, T., & Ye, S. (2018). Toward Understanding Hidden Patterns in Human 
Mobility Using Wi-Fi. In 2018 IEEE Canadian Conference on Electrical & Computer Engineering (CCECE) 
(pp. 1–4). IEEE. 

[204] García-Albertos, P., Picornell, M., Salas-Olmedo, M. H., & Gutiérrez, J. (2019). Exploring the potential of 
mobile phone records and online route planners for dynamic accessibility analysis. Transportation 
Research Part A: Policy and Practice, 125, 294–307. 

[205] Wang, F., & Chen, C. (2018). On data processing required to derive mobility patterns from passively-
generated mobile phone data. Transportation Research Part C: Emerging Technologies, 87, 58–74. 

[206] Tao, S., Rohde, D., & Corcoran, J. (2014). Examining the spatial–temporal dynamics of bus passenger 
travel behaviour using smart card data and the flow-comap. Journal of Transport Geography, 41, 21–
36. 

[207] Bojic, I., Massaro, E., Belyi, A., Sobolevsky, S., & Ratti, C. (2015). Choosing the right home location 
definition method for the given dataset. In International Conference on Social Informatics (pp. 194–
208). Springer. 

[208] Bassolas, A., Ramasco, J. J., Herranz, R., & Cantú-Ros, O. G. (2019). Mobile phone records to feed 
activity-based travel demand models: MATSim for studying a cordon toll policy in Barcelona. 
Transportation Research Part A: Policy and Practice, 121, 56–74. 

[209] Cerwall, P., Jonsson, P., Möller, R., Bävertoft, S., Carson, S., & Godor, I. (2018). Ericsson mobility report. 
On the Pulse of the Networked Society. Hg. v. Ericsson. 

[210] Whalley, J., & Curwen, P. (2012). Incumbency and market share within European mobile 
telecommunication networks. Telecommunications Policy, 36(3), 222–236. 

[211] Louail, T., Lenormand, M., Picornell, M., Cantú, O. G., Herranz, R., Frias-Martinez, E., … Barthelemy, M. 
(2015). Uncovering the spatial structure of mobility networks. Nature communications, 6, 6007. 

[212] Picornell, M., Ruiz, T., Borge, R., García-Albertos, P., de la Paz, D., & Lumbreras, J. (2019). Population 
dynamics based on mobile phone data to improve air pollution exposure assessments. Journal of 
exposure science & environmental epidemiology, 29(2), 278. 

[213] Calabrese, F., Diao, M., Di Lorenzo, G., Ferreira Jr, J., & Ratti, C. (2013). Understanding individual 
mobility patterns from urban sensing data: A mobile phone trace example. Transportation research 
part C: emerging technologies, 26, 301–313. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 25 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[214] Larijani, A. N., Olteanu-Raimond, A.-M., Perret, J., Brédif, M., & Ziemlicki, C. (2015). Investigating the 
mobile phone data to estimate the origin destination flow and analysis; case study: Paris region. 
Transportation Research Procedia, 6, 64–78. 

[215] Richard, O., & Rabaud, M. (2018). French household travel survey: The next generation. Transportation 
Research Procedia, 32, 383–393. doi:10.1016/j.trpro.2018.10.065 

[216] Widhalm, P., Yang, Y., Ulm, M., Athavale, S., & González, M. C. (2015). Discovering urban activity 
patterns in cell phone data. Transportation, 42(4), 597–623. 

[217] Lenormand, M., Picornell, M., Cantú-Ros, O. G., Tugores, A., Louail, T., Herranz, R., … Ramasco, J. J. 
(2014). Cross-checking different sources of mobility information. PloS one, 9(8), e105184. 

[218] Munizaga, M., Devillaine, F., Navarrete, C., & Silva, D. (2014). Validating travel behavior estimated 
from smartcard data. Transportation Research Part C: Emerging Technologies, 44, 70–79. 

[219] Alsger, A., Assemi, B., Mesbah, M., & Ferreira, L. (2016). Validating and improving public transport 
origin–destination estimation algorithm using smart card fare data. Transportation Research Part C: 
Emerging Technologies, 68, 490–506. 

[220] Chandesris, M., & Nazem, M. (2018). Workshop Synthesis: Smart card data, new methods and 
applications for public transport. Transportation Research Procedia, 32, 16–23. 

[221] Sobolevsky, S., Sitko, I., Des Combes, R. T., Hawelka, B., Arias, J. M., & Ratti, C. (2014). Money on the 
move: Big data of bank card transactions as the new proxy for human mobility patterns and regional 
delineation. the case of residents and foreign visitors in spain. In 2014 IEEE international congress on 
big data (pp. 136–143). IEEE. 

[222] Zhong, M., Shan, R., Du, D., & Lu, C. (2015). A comparative analysis of traditional four-step and activity-
based travel demand modeling: a case study of Tampa, Florida. Transportation Planning and 
Technology, 38(5), 517–533. 

[223] Rashidi, T. H., Abbasi, A., Maghrebi, M., Hasan, S., & Waller, T. S. (2017). Exploring the capacity of 
social media data for modelling travel behaviour: Opportunities and challenges. Transportation 
Research Part C: Emerging Technologies, 75, 197–211. 

[224] Jurdak, R., Zhao, K., Liu, J., AbouJaoude, M., Cameron, M., & Newth, D. (2015). Understanding human 
mobility from Twitter. PloS one, 10(7), e0131469. 

[225] Henne, B., Szongott, C., & Smith, M. (2013). SnapMe if you can: privacy threats of other peoples’ geo-
tagged media and what we can do about it. In Proceedings of the sixth ACM conference on Security and 
privacy in wireless and mobile networks (pp. 95–106). ACM. 

[226] Onnela, J.-P., Arbesman, S., González, M. C., Barabási, A.-L., & Christakis, N. A. (2011). Geographic 
constraints on social network groups. PLoS one, 6(4), e16939. 

[227] Maghrebi, M., Abbasi, A., Rashidi, T. H., & Waller, S. T. (2015). Complementing travel diary surveys 
with twitter data: application of text mining techniques on activity location, type and time. In 2015 
IEEE 18th international conference on intelligent transportation systems (pp. 208–213). IEEE. 

[228] Cramer, H., Rost, M., & Holmquist, L. E. (2011). Performing a check-in: emerging practices, norms 
and’conflicts’ in location-sharing using foursquare. In Proceedings of the 13th international conference 
on human computer interaction with mobile devices and services (pp. 57–66). ACM. 

[229] Hasan, S., Zhan, X., & Ukkusuri, S. V. (2013). Understanding urban human activity and mobility patterns 
using large-scale location-based data from online social media. In Proceedings of the 2nd ACM SIGKDD 
international workshop on urban computing (p. 6). ACM. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 26 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[230] Zhu, Z., Blanke, U., & Tröster, G. (2014). Inferring travel purpose from crowd-augmented human 
mobility data. In Proceedings of the First International Conference on IoT in Urban Space (pp. 44–49). 
ICST (Institute for Computer Sciences, Social-Informatics and …. 

[231] Hasan, S., & Ukkusuri, S. V. (2015). Location contexts of user check-ins to model urban geo life-style 
patterns. PloS one, 10(5), e0124819. 

[232] Hasan, S., & Ukkusuri, S. V. (2014). Urban activity pattern classification using topic models from online 
geo-location data. Transportation Research Part C: Emerging Technologies, 44, 363–381. 

[233] Collins, C., Hasan, S., & Ukkusuri, S. V. (2013). A novel transit rider satisfaction metric: Rider 
sentiments measured from online social media data. Journal of Public Transportation, 16(2), 2. 

[234] Nik Bakht, M., Kinawy, S. N., & El-Diraby, T. E. (2015). News and social media as performance 
indicators for public involvement in transportation planning: Eglinton Crosstown Project in Toronto, 
Canada. 

[235] Ribeiro Jr, S. S., Davis Jr, C. A., Oliveira, D. R. R., Meira Jr, W., Gonçalves, T. S., & Pappa, G. L. (2012). 
Traffic observatory: a system to detect and locate traffic events and conditions using Twitter. In 
Proceedings of the 5th ACM SIGSPATIAL International Workshop on Location-Based Social Networks 
(pp. 5–11). ACM. 

[236] Injadat, M., Salo, F., & Nassif, A. B. (2016). Data mining techniques in social media: A survey. 
Neurocomputing, 214, 654–670. 

[237] Stopher, P. R. (2000). Survey and sampling strategies. In Handbook of Transport Modelling (pp. 229–
252). Oxford, UK: Elsevier Science Ltd. 

[238] Richardson, A. J., Ampt, E. S., & Meyburg, A. H. (1995). Survey methods for transport planning. 
Eucalyptus Press Melbourne. 

[239] Ortuzar, J. de D., & Willumsen, L. G. (2011). Modelling transport (4th ed.). John Wiley & Sons. 

[240] Guilloux, T., Rabaud, M., & Richer, C. (2014). The role of French mobility surveys in the transport 
policy-making. 

[241] Gamage, P. (2016). New development: Leveraging ‘big data’ analytics in the public sector. Public 
Money & Management, 36(5), 385–390. doi:10.1080/09540962.2016.1194087 

[242] Chen, C., Jiao, S., Zhang, S., Liu, W., Feng, L., & Wang, Y. (2018). TripImputor: real-time imputing taxi 
trip purpose leveraging multi-sourced urban data. IEEE Transactions on Intelligent Transportation 
Systems, 19(10), 3292–3304. 

[243] Yang, Y., Heppenstall, A., Turner, A., & Comber, A. (2019). Who, Where, Why and When? Using Smart 
Card and Social Media Data to Understand Urban Mobility. ISPRS International Journal of Geo-
Information, 8(6), 271. 

[244] Schnitzler, F., Artikis, A., Weidlich, M., Boutsis, I., Liebig, T., Piatkowski, N., … Marecek, J. (2014). 
Heterogeneous stream processing and crowdsourcing for traffic monitoring: Highlights. In Joint 
European Conference on Machine Learning and Knowledge Discovery in Databases (pp. 520–523). 
Springer. 

[245] Irfan, R., King, C. K., Grages, D., Ewen, S., Khan, S. U., Madani, S. A., … Rayes, A. (2015). A survey on text 
mining in social networks. The Knowledge Engineering Review, 30(2), 157–170. 

[246] Heyns, W., & Van Jaarsveld, S. (2017). Transportation modelling in practice: connecting basic theory to 
practice. Transportation, Land Use and Integration: Applications in Developing Countries, 100, 3. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 27 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[247] Sheffi, Y. (1985). Urban Transportation Networks: Equilibrium Analysis With Mathematical 
Programming Methods. Englewood Cliffs, N.J: Prentice Hall. 

[248] Raveau, S., Muñoz, J. C., & De Grange, L. (2011). A topological route choice model for metro. 
Transportation Research Part A: Policy and Practice, 45(2), 138–147. 

[249] Frejinger, E., Bierlaire, M., & Ben-Akiva, M. (2009). Sampling of alternatives for route choice modeling. 
Transportation Research Part B: Methodological, 43(10), 984–994. 

[250] Zimmermann, M., Axhausen, K., & Frejinger, E. (2018). Multi-modal route choice modeling in a 
dynamic schedule-based transit network. CIRRELT, Centre interuniversitaire de recherche sur les 
réseaux d’entreprise …. 

[251] Cats, O., Crisalli, U., & Nuzzolo, A. (2016). Simulation-Based Models for Transit Assignment. SPRINGER 
TRACTS ON TRANSPORTATION AND TRAFFIC, 363–386. 

[252] Cats, O. (2013). Multi-agent transit operations and assignment model. Procedia Computer Science, 19, 
809–814. 

[253] Punzo, V., & Dilara, P. (2014). Transport and traffic models for studying electric mobility (p. 38). Joint 
Research Centre: Institute of Energy and Transport. 

[254] Narayanan, S., Antoniou, C., & Chaniotakis, E. (forthcoming). Impacts of Shared Autonomous Vehicles 
Services: a Comprehensive Review. 

[255] Castiglione, J., Bradley, M., & Gliebe, J. (2015). Activity-based travel demand models: A primer. 

[256] Cascetta, E. (2009). Transportation systems analysis: models and applications (Vol. 29). Springer 
Science & Business Media. 

[257] Mitchell, R. B., & Rapkin, C. (1954). Urban Traffic–A Function of Land Use. 

[258] Hägerstrand, T. (1970). What about people in regional science? Papers in regional science, 24(1), 6–21. 

[259] Jones, P. (1977). New approaches to understanding travel behaviour: the human activity approach. 
University of Oxford, Transport Studies Unit. 

[260] Bradley, M., Bowman, J., & Lawton, K. (1999). A comparison of sample enumeration and stochastic 
microsimulation for application of tour-based and activity-based travel demand models. In European 
Transport Conference, Cambridge, UK. 

[261] Narayanan, S. (2019). Review and modelling of shared autonomous vehicle services (Master Thesis). 
Technical University of Munich, Munich, Germany. 

[262] Rasouli, S., & Timmermans, H. (2014). Activity-based models of travel demand: promises, progress and 
prospects. International Journal of Urban Sciences, 18(1), 31–60. 

[263] Sprague, R. H. (1980). A framework for the development of decision support systems. MIS Quarterly, 
1–26. 

[264] Power, D. J. (2002). Decision support systems: concepts and resources for managers. Greenwood 
Publishing Group. 

[265] Power, D. J. (2004). Specifying An Expanded Framework for Classifying and Describing Decision 
Support Systems. Communications of the Association for Information Systems, 13(1), 13. 

[266] Żak, J. (2010). Decision support systems in transportation. In Handbook on Decision Making (pp. 249–
294). Springer. 

[267] Kelly, A. (2003). Decision making using game theory: an introduction for managers. Cambridge 
University Press. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 28 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[268] Kulkarni, D., Wang, Y., & Sridhar, B. (2013). Data mining for understanding and improving decision-
making affecting ground delay programs. In 2013 IEEE/AIAA 32nd Digital Avionics Systems Conference 
(DASC) (pp. 5B1–1). IEEE. 

[269] Żak, J. (2004). Identification of the most important road transportation decision problems. Archives of 
Transport, 16(2), 89–109. 

[270] Arampatzis, G., Kiranoudis, C. T., Scaloubacas, P., & Assimacopoulos, D. (2004). A GIS-based decision 
support system for planning urban transportation policies. European Journal of Operational Research, 
152(2), 465–475. 

[271] Forsberg, M., Frisk, M., & Rönnqvisty, M. (2005). FlowOpt–a decision support tool for strategic and 
tactical transportation planning in forestry. International Journal of Forest Engineering, 16(2), 101–
114. 

[272] López, E., & Monzón, A. (2010). Integration of sustainability issues in strategic transportation planning: 
a multi-criteria model for the assessment of transport infrastructure plans. Computer-Aided Civil and 
Infrastructure Engineering, 25(6), 440–451. 

[273] Nijkamp, P., Borzacchiello, M. T., Ciuffo, B., & Torrieri, F. (2007). Sustainable urban land use and 
transportation planning: a cognitive decision support system for the Naples Metropolitan Area. 
International Journal of Sustainable Transportation, 1(2), 91–114. 

[274] Miyamoto, K., Udomsri, R., Sathyaprasad, S., & Ren, F. (1996). A decision support system for 
integrating land use, transport and environmental planning in developing metropolises. Computers, 
environment and urban systems, 20(4–5), 327–338. 

[275] Szimba, E., Mandel, B., Kraft, M., & Ihrig, J. (2017). A decision support tool for the strategic assessment 
of transport policies–structure of the tool and key features. Transportation research procedia, 25, 
2843–2860. 

[276] Le Pira, M., Marcucci, E., Gatta, V., Ignaccolo, M., Inturri, G., & Pluchino, A. (2017). Towards a decision-
support procedure to foster stakeholder involvement and acceptability of urban freight transport 
policies. European Transport Research Review, 9(4), 54. 

[277] Vasilyeva, Y., Widener, M., Ginsberg, Z., & Galvagno, S. (2016). Spatial Data Considerations for a 
Trauma Transport Spatial Decision Support System. In International Conference on GIScience Short 
Paper Proceedings (Vol. 1). doi:10.21433/B3110mb7825q 

[278] Tsadiras, A., & Zitopoulos, G. (2017). Fuzzy cognitive maps as a decision support tool for container 
transport logistics. Evolving Systems, 8(1), 19–33. 

[279] Bellini, E., Nesi, P., Pantaleo, G., & Venturi, A. (2016). Functional resonance analysis method based-
decision support tool for urban transport system resilience management. In 2016 IEEE International 
Smart Cities Conference (ISC2) (pp. 1–7). IEEE. 

[280] Yazdani, M., Pamucar, D., Chatterjee, P., & Chakraborty, S. (2019). Development of a decision support 
framework for sustainable freight transport system evaluation using rough numbers. International 
Journal of Production Research, 1–27. 

[281] Ghorbanzadeh, O., Moslem, S., Blaschke, T., & Duleba, S. (2019). Sustainable urban transport planning 
considering different stakeholder groups by an interval-AHP decision support model. Sustainability, 
11(1), 9. 

[282] Kaewfak, K., Huynh, V.-N., Ammarapala, V., & Charoensiriwath, C. (2019). A Fuzzy AHP-TOPSIS 
Approach for Selecting the Multimodal Freight Transportation Routes. In International Symposium on 
Knowledge and Systems Sciences (pp. 28–46). Springer. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 29 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

[283] Fahad, M. G. R., Nazari, R., Bhavsar, P., Jalayer, M., & Karimi, M. (2019). A decision-support framework 
for emergency evacuation planning during extreme storm events. Transportation Research Part D: 
Transport and Environment. 

[284] Rupprecht, S., Brand, L., Baedeker, S. B., & Brunner, L. M. (2019). Guidelines for Developing and 
Implementing a Sustainable Urban Mobility Plan. Rupprecht Consult - Forschung & Beratung GmbH. 

[285] Okraszewska, R., Romanowska, A., Wo\lek, M., Oskarbski, J., Birr, K., & Jamroz, K. (2018). Integration 
of a multilevel transport system model into sustainable urban mobility planning. Sustainability, 10(2), 
479. 

[286] te Brömmelstroet, M., Nicolaisen, M. S., Büttner, B., & Ferreira, A. (2017). Experiences with 
transportation models: An international survey of planning practices. Transport Policy, 58, 10–18. 

[287] Givoni, M., Beyazit, E., & Shiftan, Y. (2016). The use of state-of-the-art transport models by 
policymakers–beauty in simplicity? Planning Theory & Practice, 17(3), 385–404. 

[288] Gavanas, N., Pouzoukidou, G., & Verani, E. (2016). Integration of LUTI models into sustainable urban 
mobility plans (SUMPs). European Journal of Environmental Sciences, 6(1), 11–17. 

[289] Timmermans, H., & Arentze, T. A. (2011). Transport models and urban planning practice: experiences 
with Albatross. Transport Reviews, 31(2), 199–207. 

[290] Little, A. D. (2018). The Future of Mobility 3.0. Reinventing mobility in the era of disruption and 
creativity. 

[291] UK Department for Transport. (2019). Future of mobility: urban strategy. UK Department for 
Transport. Retrieved from https://www.gov.uk/government/publications/future-of-mobility-urban-
strategy 

[292] Friedmann, J. (2019). Thinking about complexity and planning. International Planning Studies, 24(1), 
13–22. 

[293] Amara, R. (1981). The futures field: searching for definitions and boundaries. The futurist, 15(1), 25–
29. 

[294] Basco-Carrera, L., Warren, A., van Beek, E., Jonoski, A., & Giardino, A. (2017). Collaborative modelling 
or participatory modelling? A framework for water resources management. Environmental Modelling 
& Software, 91, 95–110. 

[295] Innes, J. E., & Booher, D. E. (2003). The impact of collaborative planning on governance capacity. 
Presented at the Annual Conference of the Association of Collegiate Schools of Planning. 

[296] Fu, Z., & Lin, X. (2014). Building the co-design and making platform to support participatory research 
and development for smart city. In International Conference on Cross-Cultural Design (pp. 609–620). 
Springer. 

[297] Lyons, G., & Davidson, C. (2016). Guidance for transport planning and policymaking in the face of an 
uncertain future. Transportation Research Part A: Policy and Practice, 88, 104–116. 

 

   
 

  



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 30 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

2. Urban mobility trends 

Cities are an extraordinarily dynamic context. The concentration of people in fairly limited spaces entails specific 
opportunities and challenges for urban societies, given the wide range of derived demands that the vibrant 
urban activity generates. Among these demands, transport is arguably one of the most relevant and visible. 

Hence, urban mobility draws the attention of numerous stakeholders. It 
constitutes both a market, where different supply options are offered to citizens, 
and a tool for urban transformation, since its footprint in public space has an 
impact on many dimensions that affect the value of places within cities. As a 
consequence, it is far from being a static field. Rather it suffers continuous changes 
promoted -and sometimes, stopped- by those agents that have a matter in 
relation to it. The illustrative example included in this page, of a centric square in 
a European city, show the evolving nature of urban mobility and its reflection in 
urban areas. 

This helps to give context to an era where urban mobility is repeatedly said to be 
immersed in disruptive changes. Even though it is not much worth stopping at 
debating whether past transformations were more disruptive or not than the 
ongoing changes that motivate the MOMENTUM project, it is interesting to bear 
in mind that evolution is inherent to urban mobility history. 

As it is mentioned in the Introduction, the rapid technological developments (e.g. 
automation) and societal transformations (e.g. shared economy) seem to 
accelerate the pace of urban mobility changes, and therefore the need for 
response from authorities in charge of its management. The goal of this section is 
to explore the role of the drivers for change in urban mobility. The discussion is 
guided through two main areas: 

• Supply innovations trends: Information and Communication 
Technologies (ICTs) have multiplied the possibilities in terms of transport 
services operation. The list of concepts that are in deep transformation 
thanks to the outcomes of these technological advances is large: road 
vehicles can now run on electricity and automatically, the access to 
transportation services can be managed through smartphone 
applications, etc. Section 2.1 reviews all these trends and identifies 
common and specific enablers, opportunities and risks of the emerging 
concepts for cities. 

• Policy measures trends: public authorities hold the responsibility of 
managing and regulating urban transport systems. This involves a 
continuous effort to cope with the numerous externalities that transport 
entails. Many of the actions that local governments and metropolitan 
entities carry out are devoted to mitigating the impacts of private car 
usage on cities and promoting modal shift towards more sustainable 
options. In any case, these policies cannot be static, since supply 
innovations push the limits towards unexpected situations that may need 
new solutions, or change those that already seemed consolidated. Section 
2.2 explores the main types of policy measures that cities take into 
account when planning and managing urban mobility.  

 
Evolution of Madrid’s Puerta del 

Sol. Source: adapted from 
www.secretosdemadrid.es 
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2.1 Supply innovations trends 

In recent times, urban transport supply is experimenting several transformations with an uncertain impact for the 
future of sustainable mobility. ICTs are facilitating a wide range of new mobility options that were not attainable 
just a few decades ago. These novel solutions are often grouped under the banner of smart mobility. Expectations 
about smart mobility are high: emerging mobility services and the future irruption of CAVs are expected to 
contribute to a cleaner, cheaper, safer, more inclusive and more efficient transport, by facilitating multimodality, 
increasing the use and efficiency of public transport, reducing car ownership, improving accessibility in areas of 
low demand, and reducing fatalities. 

This section reviews the basic concepts behind each of these supply innovation trends. It explores the enabling 
technologies and societal changes that explain their evolution, unveils which stakeholders are promoting their 
implementation and provides insights on the opportunities and risks that they entail for cities. The section picks 
relevant examples from worldwide cities and regions to identify key factors behind a successful contribution of 
these new concepts to sustainable mobility, and also to detect what aspects can block such contribution. 

The trends have been selected from the dynamic and alluring ongoing conversation around supply innovations in 
urban mobility. First, the section takes a look at several emerging mobility services, which can be understood as 
different reflections of shared economy in urban mobility. This includes solutions that were already in place some 
decades ago but have been transformed by GPS positioning and smartphone applications (e.g. carsharing and 
bikesharing), recent newcomers (e.g. micromobility) and services that are not yet deployed at large scale, such as 
Urban Air Mobility. Next, vehicle automation is analysed, taking into account its transformative potential in 
relation to emerging mobility services. Finally, a series of innovations in transport services management are 
explained, of which Mobility-as-a-Service stands out as a powerful tool to integrate the present and the future of 
urban mobility from a user-centric perspective. 
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2.1.1 Carsharing and motosharing 

2.1.1.1 What is it? 

Carsharing and motosharing schemes consist of a fleet of cars or motorbikes that are made available to the public 
to meet their mobility needs. The fleet operator provides the energy supply of the vehicles and the maintenance, 
while users pay a fee for using the vehicles [1]. Three main types of schemes can be found in the market: (i) 
round-trip, which requires from users to return the vehicle to the initial location; (ii) station-based one-way, which 
allow users to go from one depot to another; and (iii) free-floating one-way, where the operator does not appoint 
specific parking locations. Instead, vehicles are parked across the coverage area of the service making use of the 
existing parking lots for private cars and motorbikes. 

2.1.1.2 How does it work? What are the enabling technologies? 

Although these vehicle sharing systems have considerably grown in the last years, they come from a long path of 
pioneer experiences and trials [2]. First round-trip schemes appeared in US and extended to Europe in the second 
half of 20th century. Early one-way trip schemes appeared later, and most failed to succeed due to high costs and 
low demand. The disruptive surge of carsharing and motosharing experienced in the last decade is enabled by 
several technological improvements and the spread of 
shared economy models across the world [3]. On the one 
hand, the maturity of ICT solutions has facilitated fleet 
management and access to the service [4]. Users and 
vehicles interact through smartphone applications and 
operators maintain a real-time control over the fleet 
thanks to GPS positioning. In parallel, the perceived 
relevance of ownership is dropping among certain 
population groups (e.g. urban millennials), who are 
attracted by shared economy. Drivers such as the 
increasing environmental consciousness or the lack of 
economic resources to purchase a car feed this trend and 
boost the potential demand of carsharing and 
motosharing services. 

2.1.1.3 Who provides carsharing and motosharing services? 

The favourable conditions for the implementation of carsharing and motosharing have caught the attention of 
both public and private agents. Most of the systems are privately-owned and seek a financial profit from the 
operations [5]. However, given the potential positive and negative impacts of carsharing and motosharing on 
urban mobility, many private operators and cities have established collaboration frameworks in order to ensure 
that the interests of both parts are preserved. 

2.1.1.4 What is the role of the service in urban mobility? What are its opportunities and risks? 

The agents that have implemented carsharing and motosharing systems highlight the following opportunities: 

• Carsharing and motosharing can complement public transport services, by providing a convenient way 
to perform first and last mile legs of trips in less dense areas where the provision of frequent bus services 
is not viable [6]. Moreover, they can supplement public transport services during off-peak hours or even 
relieve them from saturation during peak hours [7]. 

• Services based on electric vehicles have allowed the first contact of many users with electric propulsion, 
increasing the popularity of a technology that can improve air quality in urban areas [6]. 
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• It is still unclear if all carsharing and motosharing services have had an impact on car ownership. If these 
systems achieve a reduction in car ownership, the reduced need for parking will alleviate the pressure on 
public space in cities [6, 7]. 

However, these systems are not exempt from risks: 

• In general, there is a concentration of supply in inner areas, where public transportation networks are 
dense enough and services are frequent. This would imply that, instead of taking a complementary role 
in suburban areas, certain carsharing and motosharing services would compete with public transport. In 
the particular case of motosharing, it is also feared that it may be taking trips from active modes such as 
walking and cycling [7]. 

• There are no standard mechanisms to tax the use of public space by privately owned free-floating 
systems. Hence, the fees they offer, which are usually not affordable for everyone [8], do not include this 
aspect [7]. 

• Some operators are reluctant to share their data with cities, which limits the capacity of authorities for 
understanding the impact of these systems and managing the transport system [8]. 

2.1.1.5 What are the conditions for the success or failure of carsharing and motosharing? 

Carsharing and motosharing systems are increasingly common among European cities. It is clear that urban cores 
guarantee a high level of potential demand for operators. Indeed, population density has been identified as a key 
factor for the success of these services [7, 9]. This fact contravenes the deployment of services in those areas 
where complementarity with public transport could be more obvious. Another success factor is the collaboration 
between private operators and local governments or transport authorities, organized through specific teams 
devoted to maintain these partnerships and launch pilot projects where indicators targeting both public and 
private interests are properly evaluated [10]. There is a relative ease for developing pilot projects compared to 
other transport modes or services, given the limited needs for infrastructure. Hence, reversible pilot projects have 
to be taken into account as a strategy for identifying success strategies [7]. In addition, for those carsharing and 
motosharing systems based on electric vehicles, it seems that the existence of electric vehicle infrastructure in 
the city can also boost the success of these systems [9]. 

Many experiences provide valuable lessons in this field. Autolib' was a carsharing system covering the 
metropolitan area of Paris. It started in 2010 as a joint initiative of several metropolitan municipalities, by 
launching a tender aimed at deploying a one-way station-based electric carsharing system in the city. The tender 
was won by Bolloré group, who started operations in October 2011 [11]. The number of cars, stations and 
registered users grew fast, but the service did not reach the expected profitability. Indicators such as trips per 
registered user declined almost from the very beginning of the system [3]. The competition of free-floating 
systems [12] and of ridehailing apps [12] impacted the attractiveness of the service. After recurrent economic 
losses, the operator claims for a financial compensation of up to 300M€ due to the unsuccessful development of 
the system. The consortium that promoted the system rejected these claims and decided to shut down the system. 
Other cities have also experienced bitter evolutions of carsharing services. For instance, car2go abandoned 
London in 2014 after the difficulties to operate in a fragmented governance scenario. Specifically, parking permits 
needed to be requested separately to all London boroughs. 

On the contrary, other large cities host more than one service, with apparent enough demand to support 
operations, such as Madrid or Milano. In any case, it is interesting to look at success stories in middle-size cities. 
For instance, the city of Flensburg, Germany has integrated a modest fleet of shared cars in its transport system, 
operated by the company cambio. The collaboration of several institutions who started to perform their business 
trips using this fleet promoted the service across citizens. The system reached economic viability the second year 
of operations [7]. 
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2.1.2 Bikesharing 

2.1.2.1 What is it? 

Bikesharing (or bicycle sharing, or public bicycle scheme) is a mobility service that relies on the short-term access 
of rented bicycles on an as-needed basis [1]. Similar to carsharing concepts, bikesharing systems can be conceived 
as station-based schemes, where bicycles can be used for performing trips between the system depots; or as 
free-floating schemes, where bicycles can be picked and dropped at any point within a certain service area.  

2.1.2.2 How does it work? What are the enabling technologies? 

The concept of bikesharing originated in Europe in 1965, when the world’s first bicycle sharing scheme was 
introduced in Amsterdam, and has since then developed and expanded to the rest of the world. The Amsterdam 
scheme relied on a limited number of free-floating “white bicycles” that could be used by anyone for free and 
then left to other users anywhere in the city [13]. Over time, bikesharing has developed into a highly technologised 
mode of transport [14]. As it is the case for carsharing and motosharing systems, modern bikesharing schemes 
rely on technologies such as GPS positioning as well as on electronic booking and automated payment systems 
through smartphone applications. GPS tracking systems benefit both the users and the bikesharing operators. 
Firstly, users can quickly identify the closest available stations and/or bikes; secondly, operators are able to track 
users’ trips and collect relevant data about the use of the system and the demand for mobility in the city. The 
introduction of technologically advanced locking systems was key to ensure the safety of bikes and to prevent 
thefts. 

2.1.2.3 Who provides bikesharing services? 

Since bikesharing’s inception, various models of provision have existed. Bikesharing providers include 
governments, transport agencies, universities, non-profits, advertising companies, and for-profits private 
companies. 

Table 1 – Bikesharing provision models. Source: adapted from [14]. 

Government model Local authorities operate the bikesharing service as it would any other transit 
service, having therefore greater control over the service. 

Sevici, run by Seville Municipality 

Transport operator model Traditional operators expand their services by integrating bikesharing into their 
broader offering.  

Call a bike scheme, run in Germany by Deutsche Bahn 

Non-profit model A non-profit organisation is either created for the operation of the service or 
one that folds the bikesharing service into its existing interests.  

Bycyklen, run in Copenhagen by City Bike Foundation 

Advertising model An advertising company offer a bikesharing program to a jurisdiction, usually in 
exchange for the right to use public space to display revenue-generating 
advertisements on billboards, bus shelters and kiosks. 

Villo!, run in Brussels’ by JCDecaux 

For-profit model A private company provides the service with limited or no government 
involvement. Most free-floating services fall under this category. 

Nextbike, run in German cities 
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2.1.2.4 What is the role of the service in urban mobility? What are its opportunities and risks? 

Efficient and accessible bikesharing schemes make cycling in the city more appealing to users. Thus, local 
authorities can invest in implementing and developing bikesharing schemes to reap the health and social benefits 
of cycling, which have been extensively observed and analysed in the literature [15]. 

When compared to motorised transport systems such as shuttle services, the implementation and operational 
costs of bikesharing schemes are much lower. At the same time, bikesharing can positively contribute to public 
transport use and access thanks to its potential to broaden the catchment area of public transport services [16]. 
Moreover, bikesharing schemes encourage users to use a low-carbon transport mode for short trips that would 
otherwise be made by car or a motorised two-wheeler, especially in developing cities [17]. Accessible and 
functional bikesharing services also have a positive impact on users’ behaviour, as it encourages a shift towards 
more regular bicycle use for daily mobility. 

Depending on the layout of the system, there is a risk of resulting in a neutral measure in terms of modal shift, 
taking most of the trips from public transport and active modes instead of taking trips from private cars [1]. In 
addition, free-floating systems can distort the use of public space if no specific regulations are set up [18]. 

2.1.2.5 What are the conditions for the success or failure of bikesharing services? 

There are many success and failure stories among bikesharing systems. For instance, the pioneer Amsterdam 
scheme relied on a limited number of free-floating “white bicycles” that could be used by anyone for free and 
then left to other users anywhere in the city. The system proved to be a failure because of theft and damages to 
the bicycle fleet. In 1995, Copenhagen introduced a large-scale public bike programme called “Bycyklen” (City 
Bikes), which allowed users to access sturdy, shared bicycles at specific locations throughout the city via a 
coin-operated system. The following year, a solution to the vandalism problem was found in Portsmouth, United 
Kingdom, where a small bike-share system limited to university students relied on individualized magnetic-stripe 
cards, which allowed them to be tracked when they were not returned. This was the first example of “third 
generation bikesharing” and paved the way for the development of more efficient and economically viable 
bikesharing systems across the world. In 2010, the literature identified approximately 100 bikesharing schemes in 
operation in 125 cities around the world [14]. In the years that followed, the number of bikesharing schemes 
worldwide multiplied, with Guangzhou (China), Buenos Aires (Argentina), Mexico City, London and Melbourne 
establishing city-wide schemes. In 2013, New York’s bike-share system launched with 6,000 bikes was a first-of-its-
kind system since it uses no public funding, given that it is fully paid for by corporate sponsorships. Up to date, 
organisations monitoring the development of bikesharing schemes (such as MetroBike LLC) worldwide count 
around 900 bike-share systems currently in operation. The support from local governments (e.g. by developing 
cycling infrastructure) [19] and accurate communication strategies [20] seem to be crucial success factors. 
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2.1.3 Micromobility services 

2.1.3.1 What is it? 

Micromobility services can be defined as a transportation solution based on small, lightweight vehicles that are 
shared among multiple users [21]. It is arguably one of the latest and most disrupting trends that is impacting the 
mobility landscape in cities, as it has been remarked in the workshops conducted in the framework of 
MOMENTUM. In particular, the fast adoption of electric scooter services, which started being introduced in cities 
worldwide only after 2016, is a prime example of this trend and therefore stars in this section. 

2.1.3.2 How does it work? What are the enabling technologies? 

Micromobility systems intend to provide a solution for short trips within determined boundaries. Vehicles are 
distributed across such boundaries or geofences, and customers can use a smartphone application to find, unlock 
an pay the trip. Trip rates typically incorporate an initial flat fee plus a per-minute charge. Following this, as it is 
the case with all shared mobility systems, the main technologies that enable micromobility schemes are GPS 
positioning and smartphone applications [22]. GPS tracking allows users to quickly identify the closest vehicle and 
companies to oversee the trips that are performed within a city. User-friendly mobile applications are the gateway 
to the service to a wide number of users, which can effortlessly book a vehicle and pay automatically for their 
service within seconds. In addition, the electrification of scooters has played a key role in the emergence of these 
solutions. Powerful and capacious batteries have dramatically increased vehicles’ lifespan and performance. Hand 
brakes have been refined to be safer and more responsive. Due to the high number of companies offering e-
scooter services, the competition for the development of innovative technologies is fierce. 

2.1.3.3 Who provides micromobility services? 

Unlike bikesharing schemes, which were established and 
developed mostly by local public administrations, e-
scooter sharing services are mostly run by for-profit 
private operators. The first dockless electric scooters 
appeared in Paris in June 2018, when US-based company 
Lime officially launched its e-scooter service in Europe. 
As of 2019, 19 scooter sharing operators are estimated 
to be operating across the continent. The high number 
of operators can partially be explained by the low 
barriers to entry the micromobility market and the low 
cost of scaling up assets compared to other shared 
mobility solutions such as shared electric cars [23]. 

2.1.3.4 What is the role of the service in urban mobility? What are its opportunities and risks? 

As cities face rapid population growth, the mobility demand is on the rise and pressure on existing transportation 
networks is growing. Against this backdrop, micromobility schemes have the potential to complement cities’ 
public transport networks and offer a valuable solution for the first and last mile [22]. Furthermore, micromobility 
could be a powerful tool in the fight to increase access to transportation for some discriminated communities 
[22]. For that reason, e-scooters operators have engaged in cooperation agreements with city authorities to 
contribute to their transport accessibility goals [24]. However, some providers have failed to meet city-mandated 
benchmarks for numbers of vehicles and numbers of trips originating in areas with the most need [24]. Beyond 
the first and last mile role, micromobility services offer a sustainable alternative to short car trips, so they can 
prove to be beneficial in reducing air pollution and congestion [22]. The number of trips that constitute the 
potential demand of micromobility solutions is high: trips of less than 8 kilometres account for more than half of 
total trips in the European Union [23].  
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However, most public transport trips are also short and therefore are potentially susceptible to substitution by 
micromobility. This is even clearer in the case of walking and cycling. As a result, many argue that e-scooters pose 
a threat to healthy active mobility behaviours and to the use of public transport. Micromobility is also challenging 
governance procedures. The rise of e-scooters was not always coupled with the introduction of clear rules on 
where and how such vehicles could be used, which often resulted in conflicts on the use of public spaces, in 
particular on the use of sidewalks [22]. Safety, for both riders and others, has been another key concern in many 
cities. Although the safety of shared e-scooters is yet to be comprehensively assessed in comparison to other 
transport modes, local authorities have pressed micromobility providers to encourage and improve safety, by 
increasing helmet availability or modifying vehicle designs in order to cope with uneven pavement [22]. Finally, e-
scooters design features limit the pool of potential users—people with certain disabilities, for example, could 
find a scooter difficult if not impossible to use. For that reason, companies such as Lime or Jump are exploring 
innovative design features to make the service more accessible and inclusive. 

2.1.3.5 What are the conditions for the success or failure of micromobility services? 

As it is the case with all privately-led shared mobility services, it is still unclear if micromobility companies will be 
able to achieve profitability, since they rely in their remarkable capability to raise funds [25, 26]. However, there 
is already enough evidence to compare the different approaches taken by local authorities. Whilst some cities are 
waiting for national or federal legislation, others are taking a leading role in setting up a regulatory framework for 
these new services and actively cooperating with the operators [22]. Among other issues, data sharing 
agreements [22, 24, 27] and clear regulations on the use of public space [22, 24, 26] seem to lead the discussions. 

Brussels, Belgium 

The Belgian capital is one of the cities that are showing a positive attitude towards micromobility, as a bet to 
offer residents a sustainable alternative to private car. There are currently around 5,000 free-floating e-
scooters, 1,800 bicycles and 750 mopeds in operation. In early 2019, the city introduced a law for micro-
mobility that applies to all providers across the 19 communes of the Capital Region [28]. Brussels has opted 
for a license model with a set of conditions related to parking, the concentration of vehicles in certain areas, 
enforcement mechanisms and liability in case of wrongdoing [29]. Currently, the regional agency Brussels 
Mobility is monitoring the way these services are being used, in terms of indicators such as frequency of trips. 

Madrid, Spain 

The city of Madrid constitutes another good example of a city building a comprehensive regulatory framework for 
new mobility services. In October 2018, the municipality adopted a regulatory framework for new mobility 
services, including e-scooters [30]. It set out a basic definition for e-scooters and a 30 kph speed limit for such 
vehicles. The regulation attributed e-scooters the right to circulate on cycle paths and lanes, as well as on city 
streets within the 30 kph zones. It introduced the obligation to carry a plate for vehicles operating on other roads. 
Circulation in pedestrian areas, sidewalks and bus lanes is not allowed under any circumstances. Strict parking 
requirements were also set out, allowing micromobility vehicles to park on the sidewalks only in exceptional cases. 
To date, 18 e-scooters operators have been granted licenses to operate in Madrid. 

Lisbon, Portugal 

Up to date, 9 e-scooter companies are running operations in Lisbon. The city has adopted an approach based on 
a flexible regulation and active dialogue with operators [24]. Accordingly, private operators could access the 
market freely on the condition to meet regularly with city officials and report on issues related to the operation 
of vehicles. Based on these exchanges, the city drafted a Memorandum of Understanding for micromobility 
operators setting out basic rules with regards to parking, safety and data collection, among other issues. The city 
has launched an awareness campaign to promote good practices in the use of new mobility services in the 
city, Partilha Lisboa (Share Lisbon), to which all new mobility services operators have actively contributed. 
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2.1.4 Ridehailing 

2.1.4.1 What is it? 

Ridehailing services, also known as ridesharing, Transportation Network Companies (TNC) or ridesourcing, are 
based on mobile applications that match costumer demand for a ride with private drivers or drivers of vehicles for 
hire through GPS tracking [31]. 

2.1.4.2 How does it work? What are the enabling technologies? 

Ridehailing services are enabled by the same technological developments that support the rest of shared mobility 
services, namely GPS positioning and smartphone applications, which underpin matching process between riders 
and drivers. In this sense, they can be seen as an update of taxi services. However, shared economy principles 
imply a key difference with traditional taxi, since it offers citizens the possibility of using their own car as the 
vehicle to be used for rides, without going through taxi license systems [32]. Moreover, it is understood that CAV 
technologies will transform ridehailing services in the future [33]. 

Registered customers use a mobile application to request a ride, by setting their pickup location and entering their 
destination. A fare quote is given to them. Users can then track registered vehicles and accept the quote for the 
ride, waiting for the matched driver to accept. Once accepted, the passenger will receive information on the driver 
and the car, which they can track on the map. The passenger is notified on his smartphone of the imminent arrival 
of his driver. After pickup, the app will show the driver the route, using GPS navigation. Some of these trips can 
also be shared with customers that are looking for rides with similar destinations. Payments are handled through 
the service provider directly by billing the rider’s credit card that is linked to the app. A rating system asking the 
driver to rate the rider and vice-versa allows maintaining service quality and trust. After the ride the passenger 
immediately receives an invoice on his smartphone stating the exact route, distance and time travelled. For every 
ride sold the platform gets a commission. Pricing is flexible and companies usually increase the fares during peak 
hour services or special events or whenever demand is high (surge-pricing) [34]. Most services also allow clients 
to split the fare with a co-passenger, further reducing the cost for the passengers.  

Table 2 – Key differentiating aspects of ridehailing versus similar mobility solutions 

Ridehailing Carpooling Carsharing Taxi 

A chauffeur drives its own 
vehicle. 

A person demanding that 
trip drives their own 
vehicle. 

The user drives the vehicle 
from the operator’s fleet. 

A chauffeur drives a 
registered taxi vehicle. 

The trip is only performed 
if requested on-demand 
by a mobile application. 

The trip is performed in 
any case by the driver, 
additional passengers can 
request in advance. 

The trip is only performed 
if the user unlocks and 
uses a vehicle. 

The trip is only performed 
if requested through taxi 
service procedures. 

2.1.4.3 Who provides ridehailing services? 

Ridehailing systems are privately owned. The service is generally delivered under entrepreneurship schemes and 
start-ups that are experimenting in order to respond to a need and gain market share quickly, without focusing in 
profitability [25]. In terms of regulation, the jurisdiction in charge of these services is unclear as they challenge 
several regulatory frameworks, especially labour laws and taxi regulation. 

  



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 39 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

2.1.4.4 What is the role of the service in urban mobility? What are its opportunities and risks? 

Ridehailing is sometimes framed as a necessary evolution of taxi systems, whose lack of competence incentives 
was leading to disadvantages for passengers in terms of price and quality of service. In any case, ridehailing 
services have come in addition to taxi services and not as a substitution, since the number of licenses has not been 
modified due to their emergence [33]. In this context, the key question is to whether the trips covered by 
ridehailing services replace private car rides or sustainable options. The effects in terms of reduction of car trips 
are still unclear, but empirical evidence indicates a very limited impact on car ownership [35]. Moreover, there is 
evidence that users substitute certain public transport trips with ridehailing services, especially if bus or rail 
services have limited quality in terms of frequency and travel times [35]. In addition to this, many trips would have 
been made by walking or cycling, so ridehailing services may affect the modal share of active mobility [35]. Data 
unavailability for cities is also regarded as a risk for sustainable urban mobility planning [35]. 

2.1.4.5 What are the conditions for the success or failure of ridehailing services? 

TNCs develop all over the world, supported by financial funding in a similar fashion to micromobility [25]. What 
varies from countries to countries and even cities to cities is the attitude towards their implementation. UITP [31] 
mapped 4 different responses, as can be seen in Figure 1. 

 

Figure 1 – Approaches of authorities to ridehailing solutions. Source: adapted from [31] 

San Francisco is the cradle of ridehailing. To develop these companies required an accommodative regulatory 
framework as they were opposed by cities heavily regulated and politically active taxi operators. In consequence, 
TNCs were operating illegally before engaging into an aggressive lobbying and coalition building process. At the 
beginning, they argued that they had no need to comply with state and city’s regulation as they were only 
connecting riders and drivers. This standpoint led them to ignore regulators earlier warnings before seeking 
support from elected senior officials. Their strategy was then to convince regulators to implement a more 
favourable regulation and put a hold on enforcement actions. Over this process, TNCs won the backing of San 
Francisco’s Mayor who was supportive for two reasons. First, TNCs constituted a popular alternative to the 
unreliable taxi market. Second, the Mayor was keen to retain technologies companies involved in the “sharing 
economy” at a time were the effects of the Great Recession were still acutely felt. As the Mayor was responsible 
for appointing the board of the San Francisco Metropolitan Transport Agency (SFMTA) in charge of regulating 
taxis, he was also able to prevent the agency from shutting down the TNCs. This is how San Francisco embraced 
the development of new services. This was not without raising the resistance of taxi’s operators and challenging 
the way this market was organized, the medallion scheme in particular. This political outcome allowed TNCs to 
continue to grow in California and expand internationally. 

An interesting case is the approach of Singapore’s Land Transport Authority (LTA). They rely in ridehailing services 
to provide door-to-door solutions complementary to scheduled public transport services. LTA decided to adopt a 
“light-touch” regulation approach to guide and shape the development of new services towards integration. 
Singapore contrasts with European countries because TNC or ridehailing companies own the fleet of vehicles, 
given the high price of cars. This facilitated the process of progressive licensing of the services and the 
collaboration between LTA and ridehailing companies, which in turn has improved traditional taxi services [31].  
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2.1.5 Demand Responsive Transport (DRT) 

2.1.5.1 What is it? 

Demand Responsive Transport (DRT), also known as microtransit, ridepooling, or on-demand 
buses/shuttles/minibuses, are IT-based shared transport services operated by a company with professional drivers 
with no fixed schedule, not necessarily fixed stops, and dynamic routing. Vehicles can range from cars to large 
SUVs to vans to shuttle buses. DRT serves multiple passengers independent from each other using dynamically 
generated routes, and may expect passengers to go to common pick-up or drop-off points [36].  

2.1.5.2 How does it work? What are the enabling technologies? 

DRT is not a new mobility solution, since already from the 1960’s the concept was developed to serve rural areas 
in the UK [37]. Before the Internet era, these services were based on telephone requests, so they have been also 
known as dial-a-ride. Nowadays, DRT typically works through smartphone applications that match passengers in 
demand for a ride with free seats in a vehicle shared with other passengers that are looking for rides with similar 
destinations. As a consequence, GPS positioning is a relevant enabler of these services in their current form. From 
the customer perspective it requires downloading an app. Passengers download the app on their smartphone, 
register and choose the payment method. Passengers enter the origin and destination of the trip and the app 
provides them with the price. The app provides the passenger with the pick-up point and pick the passenger up 
within minutes. Some services have “virtual” stops while other services use scheduled public transport stops. 
Passengers with similar destinations share the ride and are dropped at the agreed destination. In terms of 
pricing/fares, different pricing systems exist at the moment: (i) dynamic pricing, depending on distance or time; 
(ii) fixed fares, normally associated to public transport ticketing system or (iii) mixed pricing, with a fixed price as 
a lower threshold that can increase due to distance or time. Most of them offer a discount if you travel with 
someone else. Some services do also offer passes. Similar to the case of ridehailing, there is hope that vehicle 
automation will ease the implementation of these services in the near future [38]. 

 

2.1.5.3 Who provides DRT services? 

DRT is either run as part of the public transport operator services or in competition with existing public transport 
lines by private companies. Private actors and entrepreneurs can take the initiative to deliver the service but 
might clash with existing regulation and legislative categories. A promising practice is when public actors, that is 
a municipality, a Public Transport Authority or even a traditional Public Transport Operator work in partnership 
with entrepreneurs to increase mobility options for the citizen, contributing to the car-lite city vision. 
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2.1.5.4 What is the role of the service in urban mobility? What are its opportunities and risks? 

Within urban mobility options, DRT offers a space-efficient flexible service.  Looking at it from a public transport 
point of view, different applications can be envisioned [36, 37, 39, 40]: 

• Complementing the public transport supply in time: during operational times where the demand is too 
low for higher capacity transport options, e.g. evening & night times, Saturdays and Sundays.   

• Complementing the public transport supply in space: in certain low-density areas where demand is low, 
e.g. suburban or rural areas, industrial areas, etc. 

• Offering additional services: either as a premium service or for special needs, such as for disabled people. 

• Replacement of inefficient public transport lines: especially when low demand does not justify the use 
of large vehicles neither from an economical nor from and ecological point of view and aiming at providing 
better service for the customers. In some cases, it can also offer better service with for instance direct 
connections, instead of a trip with 2 or 3 transfers.   

2.1.5.5 What are the conditions for the success or failure of DRT services? 

In general, DRT services are not profitable, so they are usually highly subsidized by authorities [36, 37]. In any case, 
many Public Transport Authorities (PTAs) have considered these systems as a valuable contribution to their supply 
networks. The minimisation of costs is obviously a success factor among the existing experiences, which can be 
achieved through an accurate management of the system. A common goal in this direction is to minimise empty 
trips [39]. The coordination with scheduled public transport is also relevant in those areas where the service 
intends to replace low-demand services [36, 39]. Moreover, tailored communication strategies seem crucial to 
release the potential demand of the services [39]. Many of the unsuccessful implementation examples have in 
common the lack of commitment among stakeholders to deploy a large enough fleet to make the service 
attractive [39]. 

In Germany, DRT schemes are developed in several cities across the country such as Berlin, Hamburg, Hannover, 
Frankfurt or Stuttgart with the overarching goal of complementing public transport. At the moment there is no 
homogeneous legal framework for DRT which is subject to approval for concession either for car rental services 
or for public transport. In Stuttgart DRT is reckoned as regular public transport service which operates 76% 
downtown and 24 % outside the city. The public transport operator is responsible for regulatory approval, control, 
branding and marketing, demand data, customer services and ticketing while the private entrepreneur cares 
about the platform and the routing, the fleet management, the label and the app, the technical aspects of ticketing 
etc. The project started in June 2018 as an experimentation before being optimized in summer 2019 with unified 
service area and expansion of service times in the evening to the whole week. From December 2019 the service is 
expected to be 24/7 overall the whole Stuttgart. Cooperation with other strategic partners as well as the 
electrification of the vehicles are part of the plan.  

In Australia, DRT pilots are implemented in Sydney. The objectives of the pilots are to identify and test new service 
delivery models, identify technology requirements, improve customer outcomes and achieve better value for 
money. There are currently 11 pilots in Sydney which include operators, software and vehicles providers. The pilot 
of Sydney’s Northern Beaches started in November 2017 and consist of a feeder service that brings passenger to 
bus lines. The Moree Pilot comprises 3 route services that have been replaced by DRT. Patronage has increased 
more than 1,000%. It provides access to isolated communities. Overall customers are more satisfied than when 
compared with bus. Areas of improvement should be the integration with the traditional public transport’s fare 
and ticketing system. 
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2.1.6 Urban Air Mobility (UAM) 

2.1.6.1 What is it? 

Urban Air Mobility (UAM) is a form of passenger and cargo transportation within metropolitan areas based on 
highly automated and efficient air vehicles [41, 42]. UAM represents a disruptive improvement of traditional 
helicopter transportation [43]. On the one hand, UAM embraces unmanned aerial systems and electric propulsion. 
On the other hand, UAM intends to operate on an on-demand basis and requires a control framework for high 
density airspace management to ensure safe operations in an urban environment. 

2.1.6.2 How does it work? What are the enabling technologies? 

UAM is based on two technological advancements: 

• Vertical Takeoff and Landing vehicles (VTOL), which are aircrafts capable of vertically taking off and 
landing, removing the need for runaways [44]. VTOL vehicles dedicated to UAM are generally foreseen as 
highly automated, including the possibility of being fully autonomous. Moreover, these vehicles usually 
avoid to be dependent on a single part to fly, substituting helicopter rotors with multiple smaller 
propellers arranged in an organised pattern above and/or around the body of the vehicle (drones), or 
occasionally along a fixed tiltable wing (VTOL vehicles) [41]. This change is enabled by Distributed Electric 
Propulsion (DEP) and contributes to decrease noise and greenhouse gases (GHG) emissions compared to 
helicopters [45]. In addition, VTOL design is based on the use of light composite materials and the 
application of 3D printing technologies in order to achieve large-scale and low-cost production [41]. 

• The adaptation of Air Traffic Management (ATM) to urban environments. The proliferation of drones 
has pushed aviation authorities to extend their scope to low-level airspaces, developing specific 
conceptualisations for it (e.g. U-Space). The technological challenge is to provide a safe and efficient 
framework for operating UAM in a context with high traffic density and complexity, ensuring the 
compatibility of both cooperative and non-cooperative users [41]. 

2.1.6.3 Who provides UAM services? 

At the moment, private agents are the ones most interested in operating UAM services in the future. Many of the 
companies that are involved in the development of VTOL vehicles have taken the first steps to establish 
themselves as UAM operators (e.g. Airbus, Ehang) while others have initiated partnerships with other companies 
from the mobility ecosystem (e.g. Boeing-owned Aurora and Uber). However, public authorities are starting to 
cooperate with these stakeholders to develop pilot projects that will precede full-scale operations. 

2.1.6.4 What is the role of the service in urban mobility? What are its opportunities and risks? 

In principle, UAM is conceived as a tool for solving road congestion problems and cutting travel times through a 
zero-emission alternative [45]. However, it is clear that both travel demand patterns and contribution to 
sustainable mobility will vary depending on vehicle features, prices and door-to-door travel times [46]. Giving the 
road congestion problems and the proliferation of urban sprawl, UAM concept seems more popular in US than in 
Europe, since long commute trips are the most likely to be attracted by this mode. The initiatives in Europe 
regarding drones and cities are more focused in applications such as urban delivery or emergency transport. In 
the absence of full operational systems, stated-preference surveys show that potential users seem particularly 
interested in trips to airports and recreational trips [42]. Indeed, some precursor experiences based on helicopters 
are focused on niches such as trips among airports within a metropolitan area [45]. In addition, model simulations 
provide evidence that UAM has a potential for providing a cleaner way to perform certain trips in metropolitan 
areas, especially those that are longer, e.g. between suburban areas and urban cores [47]. In general, the 
stakeholders involved in the workshops and the Delphi poll conducted in MOMENTUM expressed their scepticism 
about the possibility of a popularisation of UAM services as a widespread mode across European cities. 
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2.1.6.5 What are the conditions for the success or failure of UAM services? 

At the moment there are no commercial services fulfilling all basic characteristics of UAM (e.g. the use of VTOL 
vehicles), but there are some precursors across the world: 

• Voom services in São Paulo and Mexico City: Airbus launched this booking platform for helicopter 
providers in 2016 to increase the availability of this mode in congested cities. The prices are up to 80% 
less compared to traditional helicopter services [41]. 

• New York: there are several operators offering helicopter services between airports and Manhattan, Uber 
being one of them [48]. 

Apart from these previous experiences, there are some relevant pilot projects or initiatives regarding UAM in 
preparation for the incoming years: 

• Paris: one of the high-profile cases in Europe is the initiative launched by Airbus and RATP (Paris' public 
transport operator) for 2024 Olympic Games. The pilot project will focus in services between Charles de 
Gaulle airport and the city centre [49]. 

• The European Innovation Partnership on Smart Cities and Communities (EIP-SCC) has launched an 
initiative related to UAM with 43 members, including a manifesto aiming to foster demonstration 
projects. 

• New Zealand: Kitty Hawk, the manufacturer of Cora eVTOL vehicle, has reached an agreement with the 
Government of New Zealand for supporting their certification process, with the goal of starting operations 
in 2022 [41]. 

• Uber Air programme: following Voom example, Uber intends to expand its ridesharing platform concept 
to UAM. The company is preparing demonstration projects in Dallas, Los Angeles and Melbourne to start 
operations in 2023 [50]. 

These cases show the relevance of public-private partnerships between aviation regulators, transport authorities, 
manufacturers and potential private operators for supporting UAM initiatives. 
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2.1.7 Connected and Autonomous Vehicle (CAV) 

2.1.7.1 What is it? 

Connected and Autonomous Vehicles (CAVs) are characterized by communication technologies and artificial 
intelligence systems capable of performing part or all of the driving tasks, based on inputs from onboard sensors, 
infrastructure and other vehicles. This concept is not only applicable to cars. Actually, many initiatives have 
focused on public transport vehicles, such as autonomous buses [51, 52]. In this sense, an alternative concept with 
a broader approach has been proposed: Connected and Automated Transport or CAT [53]. This concept has been 
emphasized by policy-makers in the workshops conducted in MOMENTUM. 

2.1.7.2 How does it work? What are the enabling technologies? 

The idea of driverless cars is far from new, but it has not been until recent times that the industry started to push 
towards this innovation with the aim of commercializing fully autonomous vehicles [54]. CAV technologies are 
based on introducing systems able to manage the relation of the vehicle with other vehicles, the infrastructure 
and the environment. This includes sensoring and connectivity functionalities, autonomous decision-making 
processes and subsequent control and actuation procedures [55]. It is widely accepted that the best approaches 
to CAV implementation will require adaptation in the infrastructures, for instance to enhance guidance systems 
functionalities [53]. Other major changes, such as the need of a centralised traffic management procedure, are 
yet to be discussed [53]. 

The US-based Society of Automotive Engineers (SAE) published in 2014 a definition for several elements of the 
CAV context and a taxonomy consisting in five levels that have become widely used [56]. Under its terminology, 
vehicle movements are guided by Dynamic Driving Tasks (DDT), that encompass both the motion of the vehicle 
and the Object and Event Detection Responses (OEDR). DDT take place in a given Operational Design Domain 
(ODD), which refers to the environment where the vehicle is moving (e.g. a dedicated lane, a traditional road...). 
According to what extent DDT is assisted by automation, SAE defines five levels (Table 3). 

Table 3 – CAV automation levels. Source: adapted from [56] 

Level 1 An automation system controls either lateral or longitudinal motion of the vehicle within a given 
ODD, but the driver is expected to perform the remainder of driving tasks. 

Level 2 An automation system controls both lateral or longitudinal motion of the vehicle within a given 
ODD, but the driver is expected to perform the remainder of driving tasks. 

Level 3 Passengers become "fallback-ready users" of the automated driving system within a given ODD and 
intervene only when requested from this system. 

Level 4 Passengers are not expected to intervene in any case within a given ODD. 

Level 5 Passengers are not expected to intervene in any case, regardless of the environment. 

2.1.7.3 Who provides this technology? 

Traditional vehicle manufacturers are promoting innovation programmes for the provision of this technology, but 
other players are entering the market, such as technology companies. For instance, Google has heavily invested 
in research programmes towards the development of CAV concepts, leading to the establishment of a subsidiary 
company called Waymo. Apart from manufacturers, the highest automation levels require also adaptations from 
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several infrastructures. This involves road authorities, but also other public and private agents, such as mobile 
phone operators that provide 4G and 5G connectivity [52]. 

2.1.7.4 What is the role of this technology in urban mobility? What are its opportunities and risks? 

There is a growing interest in analysing what will be the role of CAVs in urban mobility and how it can be included 
in the urban mobility planning processes, since it may have important impacts already from low implementation 
rates [57]. At the same time, it is uncertain to what extent car ownership, parking needs, or distance travelled 
would evolve [57, 58] 

Automation is perceived as an opportunity for a more efficient public transport, since it can contribute to more 
dynamic systems and decrease operation costs [59]. CAV technologies can secure the viability of public transport 
innovations, such as DRT, and facilitate the management of ridehailing systems [58]. In addition, automated cars 
can increase traffic safety if the technologies are sufficiently reliable, making easier to implement traffic calming 
measures such as shared spaces [60]. Depending on the business and ownership models underlying CAV 
deployment, it may contribute also to reduce the need of urban space for parking cars [51, 52]. 

However, CAV technologies involve some risks for sustainable urban mobility. If automation is fully applicable to 
private cars at low prices, it may increase the attractiveness of this mode, leading to more congestion due to 
modal shift from public transportation and active mobility [57, 59]. Moreover, it can enable people living in 
metropolitan areas to move even further from inner cities, extending suburban areas and sprawl [52]. Apart from 
these spatial effects, there is a concern about the transparency and competence rules in the CAV market. Some 
commercial strategies may increase inequalities in mobility and accessibility, since vehicles from each 
manufacturer may cooperate among each other to cut their travel times at the expense of others [60]. In addition, 
many risks have been identified from a cyber-security perspective. Software attacks affecting the vehicle normal 
operation can compromise data privacy and safety itself [61]. As it occurs with any innovative technology with 
strong implications in safety terms for the user, there is a risk that potential design failures and driver premature 
overconfidence situations may lead to major accidents, which could cause a reduction in the attractiveness of 
autonomous driving [62]. Finally, the full predefinition of the driving process requires to solve moral dilemmas 
such as victim preference in irreversible situations, whose answer is far from reaching consensus [63]. 

2.1.7.5 What are the conditions for the success or failure of CAVs? 

Many vehicles already incorporate some functionalities that are in line with first levels of automation. However, 
highest levels depend not only on vehicle developments but also on cooperative infrastructure based on ITS 
systems, which requires the involvement of public authorities. Most European countries have launched 
programmes for supporting CAV innovations, testing and implementation. Furthermore, the EU is willing to 
embrace large scale demonstration pilots able to evaluate the maturity of CAV technologies [53]. In urban 
contexts, US cities have been more active in promoting CAV.  For instance, Boston has designated a large-scale 
area as a testing for CAV, with gradual expansions to mitigate initial safety concerns and collaboration with 
ridehailing companies such as Lyft to provide services based on autonomous vehicles [64]. 

Successful conditions for the implementation of CAV can be grouped in two areas: user acceptance and 
management. In terms of acceptance, there are still open questions regarding how users can feel safer and be 
attracted by these vehicles. Current automation experiences generally require drivers to remain almost as alert as 
in manual vehicles and have shown limited safety improvements [65]. In terms of management, it is clear that 
public-private partnerships are a must to conduct pilot projects capable of demonstrating the benefits and 
outcomes of this technology [64]. 
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2.1.8 Mobility-as-a-Service (MaaS) 

2.1.8.1 What is it? 

Mobility-as-a-Service (MaaS) is a model for the provision of transportation services based on the integration of 
various forms of transport into a single package accessible by end-users on-demand [66]. MaaS intends to bundle 
a series of mobility services that are not owned by the end-user, to provide a navigation application with 
multimodal functionalities covering the entire trip chain, and to include a booking platform that centralises end-
user interaction with booking and ticketing procedures of the different service providers. The progressive 
implementation of MaaS functionalities can be visualised through different levels [67], as shown in Figure 2. 

 

Figure 2 – MaaS topology, adapted from [67] 

2.1.8.2 How does it work? What are the enabling technologies? 

Internet-based and wireless technologies enable the main requirements for the provision of MaaS platforms [26]. 
As it is the case of the emerging mobility services themselves, smartphone applications would be the interface 
between end users and MaaS providers. In their most simple form, MaaS apps are mostly navigation apps, since 
they provide integrated multimodal trip planning together with price information.  

However, when most advanced MaaS frameworks start to be deployed, additional enablers appear. Basically, 
there is a need for interoperable systems between the different mobility operators and the MaaS provider. As it 
happens with innovative payment methods, interoperability includes not only the technological aspects but also 
clear legal and financial procedures between all parts. 

2.1.8.3 Who provides MaaS? 

A MaaS operator acts as a broker between the customer and the different mobility service providers. By means 
of an app, he provides an overview of the service offer to the end user, collects the reservations and bookings, 
informs the end user before and during their trip, and settles all payments between the different parties involved 
[40]. At the moment, both private and public stakeholders are developing MaaS applications. 

2.1.8.4 What is the role of MaaS in urban mobility? What are its opportunities and risks? 

MaaS offers several opportunities for urban mobility. Firstly, it can promote sustainable travel and reduce its 
environmental impact. By improving the integration of transport services, MaaS could reduce private car 
ownership. Also, by enabling a more transparent presentation, situational awareness about available services 
improves, which could increase the use of public transport and shared services. Secondly, it can improve the 
efficiency of existing transport services and resources. For instance, excessive demand in peak-hours can be 
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redirected to under-used routes or other transport modes. This increases available capacity and can help to reduce 
congestion. Thirdly, it can provide better accessibility to people with disabilities or reduced mobility, since MaaS 
offers a personalized door-to-door approach including a wider variety of travel options which increases 
accessibility especially for people with reduced mobility. Finally, MaaS applications collect valuable data for 
transport planning, such as data about intermodal trips [68, 69]. 

At the same time, there is a risk that MaaS can backfire and lead to less sustainable travel, in case it promotes 
modal shifts from active modes and public transportation to other modes [40]. Following this, MaaS could 
accentuate some of the potential risks of merging mobility forms. Empirical evidence regarding the impact of MaaS 
is to this day inconclusive and limited [70]. Whether there is a shift towards sustainable travel or away from it, 
depends largely on the set of available MaaS products and their attractiveness. 

2.1.8.5 What are the conditions for the success or failure of carsharing and motosharing services? 

Europe has hosted several MaaS projects, from which the following are good examples [68]: 

Whim – Helsinki, Finland 

Whim, which is in operation from 2016, allow users to plan their trips, book mobility services and get 
electronic tickets. It includes services like taxis, rental cars, bikesharing and public transport. It has been 
observed that the users of Whim tend are more likely to use multimodal options, integrating taxi and public 
transport more often than other travellers. In addition, they tend to choose more frequently bikesharing as 
a solution for the first and last mile in combination with public transport trips. The results indicate that most 
users are replacing cycling and walking trips with public transport and taxi. This implies that there are no 
major differences in the use of private car among Whim users and the rest of the population. 

UbiGo - Gothenburg, Sweden 

UbiGo was a Swedish pilot that ran between 2013 and 2014, in which 70 households paid their transport costs 
upfront by choosing prepaid bundles based on their own needs. It was observed that the participants made 
considerably more use of carpool services and public transport. The use of private car among participants who 
owned one fell by 50%. However, the group that participated in the pilot was selective and not representative of 
the entire population. This makes it difficult to draw any general conclusion. 

SMILE - Vienna, Austria 

This pilot was organized in Vienna by the city utility company and its transport operator in 2015. SMILE integrated 
a wide array of transportation solutions. With SMILE, users could plan their trips, book mobility services and get 
electronic tickets. Half of the participants were found to increase their use of public transport, while only 10% and 
4% reported an increase in the use of bikesharing and carsharing, respectively. Crucially, around 20% of the 
participants indicated a decrease in the use of private car. 

These experiences and the related literature show that there are two main conditions for a successful 
implementation of MaaS [71, 72]: (i) a MaaS operator must be able to set up its services in a city or region; (ii) 
users must be willing to change their current mobility behavior and start using MaaS. With regard to the first 
condition, MaaS can succeed if a wide range of transport modes are available, operators are willing to share their 
real-time data and are open to third parties for selling their services via e-ticketing [70]. While these aspects are 
mainly technical and regulatory in nature, the ultimate success of MaaS depends on its perception by the user. Iyt 
is difficult to change travel behaviour without a trigger for doing so, especially for recurrent trips. Studies have 
reported four fields where MaaS can offer added value [40]: cost savings, use convenience through clear and user-
friendly applications, freedom of choice not only in terms of modal choice but also in terms of vehicle choice, and 
high customisation levels. 
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2.1.9 Navigation services 

2.1.9.1 What are they? 

Navigation services, also known as Advanced Traveller Information Systems (ATIS), provide online mapping and 
routing assistance, among other aspects, through mobile applications. In recent times these navigation apps have 
replaced printed road maps and timetables of transport services for a significant part of the population. Navigation 
apps are already amongst the most used apps on smartphones, e.g., Google Maps, is amongst the most popular 5 
apps by number of downloads and frequency of usage [73]. 

2.1.9.2 How do they work? What are the enabling technologies? 

It has been acknowledged that GPS positioning has been a key enabler of emerging mobility services, but its role 
is even more central in the case of navigation services. GPS based car navigation premiered at the beginning of 
the 1990s in Japan, but a real breakthrough in development and production arrived after the USA ended the 
‘Selective Availability’ program in May 2000, when high-precision GPS signal became publicly available. In the pre-
smartphone era development focused on integrated or handheld in-car units (e.g. TomTom, Garmin). These were 
off-line devices with an on-board mapping database (kept recent by factory updates or via memory-card 
purchases), and were only capable of giving the fastest route towards a chosen destination. 

With the breakthrough success of the smartphone, the 
stress shifted from hardware and static data to actual 
navigation services that rely on continuous connection to 
the internet. The information was enriched, since users 
could get real time traffic information (e.g. congestion) 
and corresponding routing suggestions, based on 
advanced algorithms that run in the cloud and not on 
their devices. By using the app, travellers also provide 
traffic flow data and have the chance to report 
dangerous situations such as accidents, that can be 
immediately shown to other users of the app (e.g., in 
Waze). In addition, navigation services started to include 
public transport, cycling and walking information and 
routing, since their use ceased to be restricted to those 
drivers equipped with GPS in their cars. In this line, the 
standardisation of public transport supply data is also a key enabler of the multimodal navigation apps [74]. 
General Transit Feed Specification (GTFS) developed by Google and Transmodel, promoted by the European 
Union, are some of the most known standards. The improvement of routing algorithms and their deployment 
and running in the cloud (where the computational capabilities are much higher than in on-board device) is also 
behind the success of navigation services. While basic car-routing is a straightforward task, the inclusion of real 
time traffic and multimodal route planning, with input from time-dependent multi-criteria searches, is definitely 
necessary to enable the navigation services of the future [75]. Emerging mobility solutions raise the complexity 
even further, since it concerns journeys that combine schedule-based transportation with unrestricted modes (i.e. 
walking, cycling and driving) and services where availability might be strongly time and demand dependent (e.g. 
taxi and shared mobility services). 

2.1.9.3 Who provides navigation services? 

Most used navigation services are run by private companies. Companies such as Google, Apple, Here or Baidu (in 
China) will likely remain the largest catalysator of their evolution. The upcoming local MaaS providers are also a 
relevant player to take into account, as well as all the agents that have to feed with information these navigation 
apps (e.g. public transport operators). 
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2.1.9.4 What is the role of the navigation services in urban mobility? Which are their opportunities and risks? 

While being restricted to road traffic, the main role of ATIS was to allow drivers to cut their travel times by 
enabling alternatives to congested routes [76]. Amidst the current atmosphere of climate consciousness, our 
society looks for alternatives of passenger car use, and for better ways of car use, which puts multimodal transit, 
along with smart and optimised route planning in the spotlight [77]. The MaaS approach relies heavily in the 
potential of navigation services. Comprehensive and easily accessible mobility services (where accessibility is 
driven by better and better navigation apps/services) will help us exploit the existing fleet in a more efficient way, 
realise a modal shift away from private car use, and facilitate the development of future-proof transportation 
options. Initiatives such as TM2.0 aim to release the potential of navigation services for traffic management [78], 
and gamification strategies may increase the use of sustainable modes [79]. Indoor navigation paves the way for 
an extended routing experience, that actually works as a door-to-door trip planner. This could be very useful in, 
e.g., navigating large metro stations with multiple entrances and exits, or managing the crowdedness of certain 
hotspots by re-routing people over alternative points. High precision, location-aware technology would also be 
highly beneficial for guiding visually impaired individuals. Risks can be summarised under the following keywords:  

• A mismatch between the intended road hierarchy and routing recommendations: Waze have reportedly 
and repeatedly routed large amounts of traffic over residential roads (e.g., [80]), which are simply not 
designed to handle such a massive volume of vehicles. This causes not only nuisance in the form of noise 
and air pollution for residents, but also leads to a faster degradation of the infrastructure [81]. 

• Uncontrolled network use can cause unexpected spill-back effects: drivers following an alternative 
suggestion around a congested road segment could block an even larger portion of the network, leading 
to an overall higher total travel time. Alternative roads and flexible responses to congested situations are 
good, but they need to be better regulated. 

• Monopolisation and segmentation: depending on the commercial agreements between mobility service 
providers and navigation service providers, some transport options may not be available in certain 
navigation apps. Moreover, there may be incentives to route people towards a certain service depending 
on the commercial relation between those providers, independently on the impacts for the sustainable 
mobility in the city. 

2.1.9.5 What are the conditions for the success or failure of navigation apps? 

The example of Google Maps and Waze illustrate the best how navigation apps became important parts of our 
everyday lives. Recently, local MaaS providers (and applications) have started to appear, but their development 
and future success depends heavily on how policies and regulations can accommodate the needs of a rapidly 
changing mobility landscape. 

An important parameter in making a successful navigation service is personalisation. Users appreciate 
customisation options that have an influence in the suggested alternative routes and modes, powered by trained 
intelligent algorithms that learn from the behaviour of individual users, leading to suggestions that match the 
users’ needs better and better over time [77]. In this sense, widely used platforms, as Google Maps or Waze, have 
a competitive advantage since the data provided by other (similar) users have shown to improve personalisation 
of route suggestions. 

With technology society needs to change too. People will have to make conscious choices, aware of not only the 
personal (time and monetary) but also the societal cost (including energy use and emissions) of their travels. Apps 
are being developed where users can see what is the healthiest route for cycling or walking (in terms of air 
pollution), which promotes slow modes not only by showing their health benefits, but also by showing the amount 
of energy and emissions that can be saved by not taking the car for the trip in question. This is something that 
should be included in a multimodal trip planner too, where trade-offs are not only calculated in time and costs, 
but also in health and environmental benefits and impact too.  
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2.1.10 Innovative payment methods 

2.1.10.1 What are they? 

In recent years, several new payment procedures have been implemented in some public transport networks. In 
general, this concept groups all methods that have appeared after the last consolidated innovation in ticketing 
systems, which were contactless cards [82]. Therefore, it includes smartphone-based ticketing as well as the direct 
payment and validation with credit cards (EMV-based ticketing). 

2.1.10.2 How do they work? What are the enabling technologies? 

Payment tools have evolved in the last decades from traditional models based on purchasing physical tickets (e.g. 
paper, coins...) to payment methods that have integrated latest technological and administrative advances. The 
first evolution that improved ticket purchase and validation were magnetic strips, which were largely deployed 
during the 1970s and 1980s [82]. This method was surpassed by contactless cards in the early 2000s, which allow 
passengers to board vehicles or to enter to service stations in a much more agile way compared to previous 

contact systems [83]. The last decade has given way to two 
key innovations in the ticketing context: (i) Near-field 
communication (NFC) technologies, which have multiplied 
the number of devices capable of supporting payment 
transactions [84]; and (ii) operators' openness to payment 
tools from external agents, eliminating the need for a card 
issued by the operator or transport authority related to the 
service [85]. Both innovations have resulted in two growing 
new payment and validation methods: smartphone-based 
ticketing and EMV-based ticketing. The former consists of 
incorporating service tickets to mobile apps, while the latter 
consists of taking advantage of the standards developed by 
the payment card industry to enable direct contactless 
payment and validation from bank debit and credit cards. 

In addition to the solutions based on NFC systems, it must be highlighted that emerging mobility solutions such 
as shared vehicles or ridesharing schemes also change the way transport services are paid. These services are 
accessible from smartphone applications that do not require contact or near field communication between the 
mobile device of the user and the vehicle. Payment is processed by the application and the system unlocks the 
vehicle when it checks that the user meets the conditions for performing a trip. 

2.1.10.3 Who provides innovative payment methods? 

The decision of implementing a new payment method is in the hands of transport operators. EMV-based ticketing 
is often developed in collaboration with financial companies that provide credit cards (e.g. Visa, Mastercard...), 
under contracts that include the creation and maintenance of payment gateways. The utility of smartphone-based 
ticketing depends also on the share of mobile phones with NFC capabilities, although this is constantly increasing. 

2.1.10.4 What is the role of this trend in urban mobility? What are its opportunities and risks? 

Payment tools are key elements in mobility services. The usability and agility of payment methods contributes to 
a faster and more attractive transport service. Given its broad application in the last decade, it has become clear 
that any contactless technology enables a series of advantages in transport ticketing in comparison to previous 
methods such as magnetic strips. The main opportunities that innovative payment methods bring about for public 
transport systems are the following [83, 85–87]: 

• Reduced maintenance costs for transport operators. 
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• Reduced opportunities for fraud. 

• Increase in commercial average speed of services where validation takes place on-board. 

• Facilitated interoperability among different transport systems and operators, and even beyond transport 
services (e.g. integration with other public services). 

• Increase the flexibility of fare policies, by applying fares to each user depending on the number of trips 
observed during a certain period. 

• Since each transport user holds a unique payment tool (e.g. smart card, mobile device...) it is possible to 
extract valuable information about use patterns. 

In addition, smartphone and EMV ticketing have specific advantages to be added to those from contactless 
systems. For instance, visitors do not need to purchase the specific card of the transport system to access the 
services. This alleviates one of the perceived drawbacks of the replacement of single paper tickets with contactless 
cards [85].  

One of the main disruptive features of the most innovative solutions is that transactions may not be reflected in 
the physical payment tool: while in traditional ticketing the number of tickets purchased or used it is registered in 
the payment tool itself, this is not the case in EMV ticketing. This introduces challenges related to the legal rights 
and obligations that are associated to a transport ticket holder, such as compulsory travel insurances [85]. 
Moreover, certain agents have expressed concerns about the potential misuse by third parties of all the data 
generated by these transactions [83, 88]. Finally, smart ticketing solutions can lead to financial exclusion of certain 
users, since bank accounts are needed [83]. 

2.1.10.5 What are the conditions for successful or unsuccessful implementation of innovative payment methods? 

Most of Europe regions and metropolitan areas are considering the introduction of smartphone-based and/or 
EMV payment methods for public transport services. The existing experiences regarding the introduction of 
innovative payment methods show that a simple and user-friendly framework is vital for the success of the 
initiatives [87]. Two specific cases are outlined here: 

• Transport for London (TfL) case is perhaps the best known among the sector. The large number of visitors 
to London motivated this transport authority to find solutions that are less costly for sporadic use and 
easier to understand by end-users. Following this, TfL selected EMV payment as the most suitable tool, 
with the aim of cutting the costs in fares collection up to 6% of the revenues. TfL model can be regarded 
as "aggregated pay-as-you-go" [89]. Under this approach, users can make several multimodal journeys 
touching in or out with the contactless credit card. At the end of the day, the daily charge is processed by 
settling the journeys made, and the charge can be checked in the bank statement. By April 2019, 55% of 
the trips were paid by this system [90]. TfL itself has identified as a key success factor the high level of 
integration of transportation services in Greater London [91]. Thanks to this, the implementation has 
been easier across all modes. 

• Wrocław, Poland has recently initiated the operation of the new payment system based on a versatile 
platform that includes smartphone, EMV and contactless card methods. This initiative has a background 
of pilot projects as early as 2011 that took advantage of the early adoption of contactless payments in 
Poland [92]. This suggests that broad implementation of technologies that enable these innovative 
payment methods is a key successful factor. 

 

  



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 52 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

2.2 Policy measures trends 

It is clear that supply innovations are transforming urban mobility, but policy measures are also a key element in 
the changing landscape of transportation in cities. Mobility management is not a minor issue for local governments 
and related governmental stakeholders, rather it appears frequently at the spotlight of public policy discussions 
in cities. This demonstrates the need for a continuous improvement of modelling and decision support tools that 
provide policy-makers with evidence-based strategies to achieve sustainable mobility goals. 

The section examines the application of several policies that public administrations promote for managing urban 
mobility. For each policy, the technical and societal implications of their implementations are reviewed. The 
section also looks at the opportunities, risks and successful factors of each policy, in a similar fashion to what is 
done for supply innovations in the previous section. Examples from several urban areas illustrate the strategies 
that cities follow towards a successful application of the measures included in these policy packages. 

The selected policy measures combine strategies that have a long history among sustainable mobility planning in 
Europe with the relatively novel public responses to the supply innovations reported in this document. The first 
group includes the case of access and parking regulations for private vehicles and the case of the public transport 
priority measures. Those cities listed among the early adopters of these solutions are already familiar with the 
successful implementation of these measures. However, the inclusion of these in several guidelines for mobility 
planning have increased the interest in them across Europe. It has to be noted as well that the maturity of ICT 
solutions has enabled new ways of deploying such measures. Moreover, the emergence of new mobility solutions 
requires some adaptations of these consolidated strategies. As a consequence, it is worthwhile to revisit them. 
The second group includes the electric vehicle infrastructure and incentives, and the regulation and governance 
frameworks for emerging mobility solutions. These two policies are the response of public bodies to the supply 
innovations explored in the previous section, and therefore are very relevant to the conceptual framework of 
MOMENTUM. 
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2.2.1 Urban Vehicle Access Regulation schemes (UVAR) 

2.2.1.1 What are they? 

Urban Vehicle Access Regulations schemes (UVAR) are a collection of policy measures restricting or discouraging 
the use of cars and other motorised vehicles over certain areas. The main motivations behind UVARs are usually 
structured around three cornerstones: (i) improving air quality (e.g. Madrid), (ii) reducing congestion (e.g. Milan, 
London, Stockholm), and (iii) raising revenues via an urban road tolling network (e.g. Norwegian system) [93]. 

2.2.1.2 How do UVARs work? 

UVARs implemented in actual cities usually contain a mix of access regulations, restrictions, and tolling schemes, 
balanced according to the local situation. The most important types are Low Emission Zones (LEZ) and Urban road 
tolls. Where congestion is critical urban tolls might have a stronger role, while where air quality is the most 
problematic, emission-based access regulations tend to dominate the policy package. Most LEZs apply more 
stringent criteria for diesel cars than for petrol ones. These usually exclude older diesel vehicles first before 
extending the restrictions to more recent generations. Urban road tolls, also known as urban road pricing or 
congestion charges, use pricing mechanisms to make users conscious about the impacts that they impose on 
society and environment when they drive. This way users pay for their externalities (e.g. pollution), which 
consequently encourages the redistribution of demand. LEZs are often combined with other urban road charging 
schemes. As an example, in some LEZs polluting vehicles might also enter, but have to pay more for access. 

Other schemes, which are not regulated by payment or emissions, are sometimes referred to as key Access 
Regulation Schemes (Key-ARS) [94]. This includes several schemes such as pedestrian streets and areas, zones 
where a permit is required to drive in to a given area (e.g. access only for residents), zones where access is only 
granted for certain vehicle types or weights (e.g. only vehicles under 3.5 tn) or zones where access is restricted at 
certain times of the day. 

Several techniques have been adopted to regulate the vehicles access to urban infrastructure [93]: 

• Cordon-based: vehicles are not allowed to cross a cordon, which might vary by time, direction of travel, 
vehicle type, and location. This is both applicable for full access restrictions and for urban road tolls. 

• Point-based: vehicles are not permitted to cross a specific point in the network (without payment, or 
specific type of vehicles), e.g., a bridge, or enter a specific section of the city. 

• Area license-based pricing: a fee is charged for driving within an area. 

• Distance or time-based: a simple pricing scheme based on the time or distance a vehicle spends along a 
congested route or a specific area. 

• Occupancy-based: when vehicles with a higher occupancy (buses, taxis, cars with more than one 
occupant) get access to specific lanes or pay less to enter a given area. 

These measures can be enforced by cameras, physical barriers or local authority officers. The implementation of 
UVARs is often accompanied by circulation plans to manage the expected changes in traffic patterns. The plans 
often include the redesign of the streets where traffic is expected to decrease, promoting active mobility and 
prioritising public transport. Parking restrictions are often set up in combination with UVARs, as well as speed 
limits, in order to reduce the resuspension of fine particulate matter from road surfaces [95]. 

2.2.1.3 Which are the opportunities and risks of UVARs for cities? 

Among the aforementioned three main motivator factors for UVARs (improving air quality, reducing congestions, 
and raising revenues) it must be acknowledged that the need for clean air plays a prominent role. There are more 
than 480,000 premature deaths annually in the EU due to air pollution [96]. The human health damage from air 
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pollution is estimated between 427 and 790 billion Euros per year. Transport emissions account for 60% of NO2 
concentrations in cities, and diesel cars are responsible for almost 75% of this. Diesel emissions have been 
classified as carcinogenic by the World Health Organisation [97]. As there are no sufficient actions to clean up the 
existing fleet, cities have taken the lead to make air pollution levels safe. 

Congestion costs nearly 100 billion Euro, or 1% of the EU's GDP each year. The marginal external costs generated 
by trucks, cars, and motorcycles driving through dense urban regions during the peak hours is much higher when 
compared to the one of buses or trains travelling through non-urban areas in off-peak periods, and therefore 
UVARs are an opportunity to reflect the differences in the generated externalities on the pricing structure for 
different vehicle types. This in turn can raise funds for sustainable mobility. 

Risks are mainly embedded in the growing diversity of different regulation schemes which are being implemented 
across the EU. This diversity can hamper the achievement of economies of scale and contribute to a fragmentation 
of the single market. To deal with this risk, studies have delivered guidelines to assist policymakers in the 
successful UVARs implementation. Basing bans blindly on Euro classes is also somewhat controversial, as even 
some Euro 6 diesel cars emit more than 10 times the legislative NOx limit in real-world use conditions [98]. 

There are also some concerns about the social impacts of LEZs, since the cleanest vehicles are not affordable for 
everyone. In addition, some LEZs open the room for special exemptions that can be purchased (e.g. daily-passes). 
This would imply that LEZs are more restrictive to low-income population. Similarly, those business who do not 
have the financial capacity to renovate their fleets may be more affected than bigger companies [99]. Carefully 
selected subsidy packages specifically crafted for the most vulnerable set of citizens is a good practice to follow to 
ease their transition. The implementation of UVARs usually raises concerns about the fact that restrictions tend 
to affect those living outside the UVAR zone and have to commute into it while most external benefits are enjoyed 
by the people living inside of it. Finally, the installation of cameras raises privacy concerns. 

2.2.1.4 What are the conditions for the success or failure of UVARs? 

The first European LEZ was introduced in Sweden in 1996 (Göteborg, Malmö, and Stockholm), targeting the most 
polluting diesel trucks and buses in the city centres. Currently more than 260 LEZs exists across 12 EU member 
states, of which 250 concern passenger cars. While most of these can be found in the Western EU, several Central 
and Eastern European cities are considering the introduction of some sort of LEZs.  

General congestion pricing schemes are much less common compared to LEZs or other access regulations, but 
significant examples exists through various parts of Europe [100], e.g. in London (introduced in 2003), Stockholm 
(since 2007, following a test period in 2006), and Milan (in operation since 2008, with a shift from pollution to 
congestion charging in 2012). Each of these cities use cordon charges, where automated ANPR cameras control 
access to the city centres. In each location there was a wide political and public debate before setting up a 
permanent system, in Stockholm and Milan even a referendum was held. In each case, at the time of introduction 
citizens were not in favour, but after implementation the public opinion has turned. The gross revenues 
(excluding fines) in these two cities are around 2.5-3.5 times higher than the operating costs. Each of these 
schemes were supported by a substantial increase in public transportation. As a result, car traffic has decreased 
(-20% in London and Stockholm, -35% in Milan) thanks to a modal shift towards public transport (+10% in London, 
+12.5% in Milan). In contrast with common opinion, there was no significant effect on retail or property values. 
Congestion initially decreased by 30% in London, but since the city have turned the reclaimed road space into bike 
lanes and pedestrian areas, it has returned to similar levels as before (but still including less vehicles on the road). 
Reduction in traffic also reduces the number of chargeable passengers, which has a significant effect everywhere. 
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2.2.2 Parking policies 

2.2.2.1 What are they? 

Sustainable mobility depends on achieving the best balance between all modes of transport, reflecting the 
advantage of each mode in relation to the different circumstance of each individual journey. Parking policies are 
a group of instruments that aims to restore this balance in cities where car dominates by regulating or restricting 
the space available to cars to discourage its use in certain areas. 

2.2.2.2 How do parking policies work? 

There are several policies to improve parking management from a sustainable mobility perspective. Firstly, it is 
common that cities enforce regulations for setting up parking time restrictions and charges that deter commuter 
parking at specific locations (mainly in the central areas of cities). Secondly, restrictions are often accompanied 
with Park & Ride (P&R) schemes, that consist in the provision of parking facilities outside the congested areas, 
connected with fast and comfortable public transport services to large transport hubs inside the city. The use of 
these facilities is promoted through combined tickets (day tickets and longer subscriptions) for parking and public 
transport access [101]. 

Parking policies should be formulated and implemented in the framework of a broader cooperation involving 
various affected stakeholders, including the local (city level) and regional (broader agglomeration level) public 
transport providers, and the representatives of the authorities that are responsible for land use, road networks, 
and urban planning, etc. 

2.2.2.3 Which are the opportunities and risks of parking policies for cities? 

Private cars are immobile 95% of the time [101]. Cities 
suffer from intrusive, anarchic parking that blights the 
urban landscape and impedes the passage of other 
vehicles, buses, bicycles and pedestrians. In this line, 
parking policies are an opportunity for cities to achieve 
a better usage of public space. In addition, it is widely 
acknowledged that parking restrictions are a key 
measure to make private car less attractive as a modal 
choice in comparison to other modes [102]. Park & Ride 
schemes can also increase the demand of public 
transport in suburban areas, which are often too 
disperse to generate substantial demand in the 
immediate access and egress area of stations and stops 
[103]. 

Apart from some of the risks already mentioned for 
UVARs and that are also applicable to parking policies, the planning and design of P&R facilities and incentives 
have to avoid an unintended promotion of car usage [103, 104]. Parking space should be strategically located 
such as near PT stations, encouraging people to use PT and leave their car where parking is not at the expense of 
more valuable land uses. Allocating space to parking without an underpinning policy consists in making car use 
relatively easy and convenient, increasing the car-dependency of cities. 

2.2.2.4 What are the conditions for the success or failure of parking policies? 

There are many examples of parking policies that can provide insights on which aspects seem more crucial to 
achieve a successful contribution to sustainable mobility [105]: 
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Kuala Lumpur, Malaysia 

Kuala Lumpur is the largest city and national capital of Malaysia. It covers an area of 243 km2 and is among 
the fastest growing metropolitan regions in South-East Asia. The P&R was first established in 1997 and is 
managed by the Land Public Transport Commission. P&R sites are usually located within 300m of PT stations 
and equipped with a pathway to the station. Mobility services available at P&R are Bus and Taxi. PT frequency 
at P&R is every 2 minutes during peak hours.  Theft and robbery are among the perceived security risks 
associated with P&R. Preventive measures include Panic/alarm buttons, security guards, CCTV and dedicated 
ladies parking spaces. Authority believes new technologies will allow a better P&R promotion that will 
enhance awareness among users regarding nearest P&R location as well as available bays. It also believes 
that there would be no impact of autonomous vehicles on parking policy. 

Akershus county, Norway 

Akershus  County, which surrounds Oslo, is the second largest City County of Norway after Oslo. It covers an area 
of 4,918 km2. The P&R was first established in 1985 and further development is still in progress. P&R is managed 
by various operators and authorities: Norwegian National Rail, Public Roads, Municipality PT Operator and County 
Council. Monthly users benefit from low rates for both P&R and PT. Priority access to available spaces is given to 
commuters with monthly tickets. Mobility services available at P&R sites are mostly Train and Bus. PT frequency 
at P&R ranges from 10 to 30 minutes. No special security risks are associated with P&R except bicycle theft. 
Authority believes new technologies may provide a lot of possibilities if decisions are taken at a political level to 
use market mechanisms to optimise P&R capacity. Authority believes autonomous vehicles will reduce the need 
for P&R in the short term while they will likely rearrange the whole transport system in the long term. 

Barcelona, Spain 

Barcelona is the capital city of the Catalonia Region in Spain and covers an area of 101 km2. It is one of the leading 
worldwide tourist destinations. The P&R was first established in 1990 with a regional focus on train station parking 
to encourage multimodal mobility. Further development is in progress to incorporate peripheral Barcelona district 
locations. P&R is managed by various operators and authorities: Àrea Metropolitana de Barcelona, Autoritat del 
Transport Metropolità, Transports Metropolitans de Barcelona (PT Operator) and other municipal 
administrations. P&R is usually free for local residents. Authority is looking into developing a combined P&R+PT 
rate that would be cheaper than the intercity parking rate. Mobility services available at P&R sites are mostly 
Train, with direct connections to the stations and street signage. PT frequency at P&R is every 15 minutes. No 
special security risks are associated with P&R. Authority believes new technologies will allow a better P&R 
promotion that will enhance awareness among users regarding nearest P&R location as well as a better integration 
with the mass transport system. Authority expects the use of autonomous vehicles will have an important impact 
on PT and P&R in the long term since it will probably reduce the need of parking spaces. They also believe it will 
affect mobility as a whole, although not in the short term yet. 
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2.2.3 Public Transport Priority policies 

2.2.3.1 What are they? 

Public Transport Priority schemes are part of the combined package of measures that numerous European cities 
have implemented with the goal of reducing car use over time. Given that surface public transport services are 
those sharing space with cars, Public Transport Priority concern these surface modes. The fundamental idea 
behind these schemes is increasing the relative competitiveness of public transport modes by giving buses and 
trams priority and better access on the road, resulting in a decrease in travel times compared to individual 
motorised transport [106]. The challenge is often to allocate more space to buses at the expense of cars. They are 
often combined with land use policies such as Transit Oriented Development (TOD) [107]. One of the most 
successful form of Public Transport Priority schemes is the deployment of Bus Rapid Transit (BRT) Systems, which 
deserves a specific focus. 

2.2.3.2 How do Public Transport Priority policies work? 

BRT Systems consist of large buses that run on dedicated lanes and stop at well-defined stations, and include a 
technology that enables passengers to pay before boarding [107]. They offer mass transport services at lower 
costs than rail-based modes, reaching the same levels of capacity, comfort and safety while retaining the flexibility 
of a bus with fairly short implementation times. Taking BRT as the most advanced measure towards Public 
Transport Priority, there are other partial measures (e.g. dedicated bus lanes, traffic lights priority) that improve 
average commercial speed of surface public transport [108]. 

Some cities are better prepared than others to deploy 
and accommodate BRT systems. Decision-makers should 
assess to what extent their conditions will support or 
constrain their development. In general, where public 
transport networks are still underdeveloped, BRT and 
related measures require first to create a market for it, a 
process that involves the reform of the traditional bus 
and paratransit sector [107]. Public Transport Priority 
schemes are usually implemented by Public Transport 
Authorities (PTAs) in cooperation with local 
governments, since the redesign of street sections is 
often a responsibility of urban planning departments. 

2.2.3.3 Which are the opportunities and risks of Public Transport Priority policies for cities? 

Public transport is a major driver for urban sustainable mobility, thanks to its high efficiency moving people from 
one place to another. After years of decision-making that systematically favoured road infrastructures and cars, it 
is now pressing to reconsider the way we provide transport in relation to the city. The implementation of priority 
measures on roads is therefore an opportunity to increase the performance of buses and trams, in terms of travel 
times and reliability [108].  

The implementation of priority measures must be accompanied with studies (e.g. simulation and modelling tests) 
that proves the benefits for the public transport operations without implying the reduction of road safety 
conditions, not only for private cars but also for pedestrians and cyclists [108]. In addition, the creation of spatial 
barriers to active mobility by hard separation measures of bus lanes from the rest of the street must be avoided. 
By dedicating special attention to these issues, the advantages of BRT and similar measures can be reinforced 
[109]. 
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2.2.3.4 What are the conditions for the success or failure of Public Transport Priority policies? 

There are numerous existing examples of successful measures concerning Public Transport Priority that can serve 
as an inspiration for future implementations. The following experiences reveal that aspects such as cooperation 
between public administrations, the introduction of BRT together with urban renovations and the enhancement 
of bus services using the priority functionalities are key elements for the success of these interventions [107]. 

Manchester, UK 

“The city of Manchester is implementing a bus priority package, with over 25 miles of key bus routes that have 
been either created or enhanced, making the scheme one of the largest investments in Greater Manchester’s bus 
network in decades. The scheme comes with an integrated public transport network that comprises the first 
guided busway, new buses, cycling and pedestrian improvements. The benefits of the bus priority package are 
shorter journey times, more punctual and reliable bus services, better passenger travel experience, increased 
access to employment, improved connectivity to health care and residential appeal of local communities served 
by the scheme.” [107] 

Nantes, France 

Nantes Metropole launched its Busway line in 2006 [110]. Operated with CNG articulated buses, its infrastructure 
is 100% dedicated to performance with right-of-way lane and priority at all crossroads. To face line saturation, 
2019 will be a major step forward for the Busway with the upgrade of the line with fully electric double articulated 
buses with opportunity charging. Busway is perceived as to be an overwhelming success, as after 10 years ridership 
has more than tripled, and more than 92% of the customers have perceived a service improvement. The new 
service attracted new customers: people with new types of motivations behind their travels (leisure, shopping, 
etc.), and people who would have taken the car for the same journey before Busway (25% of the users). A survey 
showed that the perception of the Busway is even better than of the Tramway. 

Montreal, Canada 

In Montreal, the scope of the project is broader than the Busway of Nantes. It includes 11 km of reserved lanes in 
Montreal and Laval, 17 BRT stations (15 in Montreal; 2 in Laval) and 1 incentive parking facility (750 places) [111]. 
Yet the improvements extend to Municipal Infrastructures: i.e.: water and sewage upgrade, roadway 
reconstruction, public utilities displacement as well as improvements to Public Property with new lighting, new 
intelligent traffic lights and planting of hundreds of trees. The project is a consequence of the collaboration of the 
following stakeholders: Autorité Régionale de Transport Métropolitain (ARTM) that is the PTA, the city of 
Montréal, the transport ministry of Quebec with the City of Laval, the organisations in charge of infrastructures 
and public transport operators for partners as well as the boroughs. 
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2.2.4 Electric vehicle infrastructure and incentives 

2.2.4.1 What are they? 

Transport is one of the economic sectors with a higher contribution to greenhouse gases emissions. In this context, 
its electrification is a key factor for achieving global emission targets. The adoption of electric vehicles is promoted 
by several institutions through a series of incentives targeting both industry and end-users. In the first case, the 
incentives seek a commitment from manufacturers to develop more efficient and attractive electric vehicles. In 
the second case, the measures try to make electric vehicles more appealing to consumers, by counteracting the 
potential drawbacks of such an emerging technology through rewards or facilitating the use of the vehicles. Among 
these, electric vehicle infrastructure, namely battery charging or swapping points, is one of the most relevant 
measures to promote electric vehicle adoption. 

2.2.4.2 How do electric vehicle infrastructure and incentives work? 

There are three main types of road electric vehicles [112]: (i) Plug-in Hybrid Electric Vehicles (PHEV), as a transitory 
type that combines combustion and batteries; (ii) Battery Electric Vehicles (BEV), powered by plug-in batteries; 
and (iii) Fuel-Cell Electric Vehicles (FCEV), powered by hydrogen. While FCEV provides higher ranges and faster 
charging, the costs of FCEV are currently too high for expecting a fast market uptake in comparison to those of 
BEV [113]. Therefore, most incentives focus on BEV promotion.  

Incentives to industry focus on funding research projects to improve the capacity and charging speed of batteries 
[114] which is a key feature in BEV attractiveness [115, 116]. Incentives to consumers take two complementary 
approaches: (i) positive discrimination, which includes policies such as special discounts in parking and toll fees, 
access to dedicated lanes, purchase grants or tax exemptions [112, 117]; or (ii) deployment of charging 
infrastructure, which intends to alleviate the range anxiety. This refers to the fear of not being able of completing 
a trip due to the lack of battery [115]. Following this, the features of electric vehicle infrastructure (number and 
distribution of charging sites, charging speed...) should guarantee that any intended trip is not going to be 
disrupted or modified due to the lack of battery. Residential in-house charging, which currently accounts for 
around 80% of total charging [118], seems not enough to alleviate range anxiety at least today, given that only a 
few years ago have BEVs started to provide ranges far above the average daily distances (e.g. around 30 miles for 
US [115]). 

Charging points are usually classified in two groups [114]: (i) "normal" or "slow" charging points, whose transfer 
power is equal or less than 22 kW; and (ii) "high power" or "fast" charging points, whose transfer power is higher 
than 22 kW. It is considered that the viability of BEV depends on the deployment of fast charging points, since 
slow ones are not an effective incentive for a higher implementation of BEV [116]. 

In any case, the feasibility and implications of large charging networks is still unclear. Public- and private-owned 
systems coexists but the business model supporting these networks is still far from consolidated due to the low 
implementation rates of BEV [119, 120]. Most of the private initiatives rely in additional revenues (e.g. parking 
fees) or are promoted by big corporations that can afford such a strategic investment [118, 121]. 

2.2.4.3 Which are the opportunities and risks of electric vehicle infrastructure and incentives for cities? 

While the modal shift to clean collective transport has a broader capacity of reducing the contribution of urban 
transport to local air pollution, BEV can still play a role in improving air quality by substituting ICEV in those trips 
where car becomes the only viable mode choice (e.g. in low-density suburban areas). As a result, the deployment 
of electric vehicle infrastructure and additional incentives is an opportunity for reducing local air pollution. 
Moreover, BEV and the associated infrastructure brings also the opportunity of cutting noise pollution levels 
[112]. 
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Even with fast charging points, the time required for the charging operation is longer than the associated to a 
conventional car refuelling operation, so queueing management will be an issue at charging sites if BEV 
implementation levels become higher [116]. In addition, the impacts of BEV-related electricity demand on urban 
power grids are under study [115, 119]. This will depend very much on the temporal dimension of the daily 
demand for charging vehicles, i.e. to what extent do demand peaks coincide in time with traditional electricity 
demand peaks [122]. This opens the room for managing strategies to attempt a more even temporal distribution 
of the charging demand [123]. 

2.2.4.4 What are the conditions for the success or failure of electric vehicle infrastructure and incentives? 

As discussed above, electric vehicle infrastructure is still anecdotal compared to the spatial coverage and density 
of refuelling infrastructure. European Union have set as a target to have 1 charging point per 10 EV [112]. However, 
tackling with range anxiety is not only a matter of the number of charging points but also of its distribution across 
the territory. In this line, electric vehicle infrastructure deployment emerges as an interesting facility location 
problem. Extensive research has been conducted to identify strategies and models capable of determining the 
optimum location of charging sites [115, 116, 124]. If the agents providing the infrastructure follow the outcomes 
of these studies its deployment and evolution is likely to be more successful than if no evidence-based guidelines 
are taken into account. 

Another condition for the successful implementation of these systems is the development of standards for the 
infrastructure. These standards are basic for enabling charging interoperability, and therefore for achieving a 
seamless use of the charging infrastructure [121]. In addition, it is important that the data about the location, 
features and status of charging sites is shared among all stakeholders involved in the market, so that end-users 
can actually be aware of all the options for BEV charging [121]. 

Regarding specific experiences that can serve to gather lessons learnt, it is useful to look at the country with 
highest implementation rate of BEV in the world, which is Norway. There, BEV accounts for 6-7% of the private 
car fleet [116]. At the moment, any other country is far from these figures. Indeed, 25% of European BEV sales 
during 2018 took place in Norway [118]. The official goal is to achieve a 100% share of electric vehicles by 2025, 
including PHEV. There are several aspects interesting from Norwegian case: 

• The effectiveness of specific incentives can be related to very local aspects [125]. This is specially the case 
for positive discrimination measures. For instance, discounts in tolls or priority access to dedicated lanes 
would only have an effect in areas where trips actually would make use of such benefits. This highlights 
the role of cities in adapting BEV incentives to the local contexts. 

• Positive discrimination incentives can be very attractive, even more than electric vehicle infrastructure 
among crucial early adopters [120]. Indeed, despite its outstanding BEV market uptake in comparison to 
other countries, Norway is not the country with higher charging point per BEV rate.  

• Among positive discrimination incentives, it has been found that tax exemptions were particularly 
attractive [125]. 

• The role of public initiative in introducing electric vehicle infrastructure is crucial, especially for ensuring 
that charging sites reach also low-demand areas [120, 121]. 

• Users perceive as important that registration and payment procedures for charging operations are kept 
simple [120]. 

Other countries are also putting efforts in deploying electric vehicle infrastructure. For instance, Estonia intends 
to ensure fast charging points each 40-60 km on all important roads, together with all municipalities above 5,000 
inhabitants [112]. 
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2.2.5 Regulation and governance strategies for emerging mobility solutions 

2.2.5.1 What are they? 

The emerging mobility services reviewed in this document are changing the urban mobility landscape. Cities 
generally embrace these emerging mobility services, as they offer an alternative to private car-use and hence they 
can help in the shift towards more sustainable urban mobility. However, some of these emerging mobility services 
are seen to cause unintended negative effects, as the reviews included in Section 2.1 unveil. Cities are therefore 
taking measures by introducing regulation for new mobility services. This is also included in public procurement, 
since cities are taking steps to take into account new elements to control shared mobility services, in order to align 
these new mobility services with the city’s urban mobility policy goal [126]. 

2.2.5.2 How do regulation and governance strategies for emerging mobility solutions work? 

Local governments typically implement regulations for sharing mobility systems by introducing an obliged license 
for the operation of the service. These licenses mainly target free-floating shared systems, and have the form of 
a Service Level Agreement (SLA). These SLA’s stipulate a number of requirements that a contractor must fulfil, for 
example [18]: 

• Open data & data sharing: with this requirement, data can be collected about the usage of the system. 
Data provide insights into the people who utilize the system, the volume of users, and when and where 
the system is used. It reveals the popular origin sites and destinations, an information which is useful in 
optimizing operations and policy-making [26]. The SLA can specify conditions about the data (e.g. 
frequency, quality, data standard, delivery format, etc.). 

• Geographical coverage: regulations on geographical coverage can specify that vehicles must be 
sufficiently spread over different areas, such that an adequate service level for the user is achieved. Other 
regulations on geographical coverage do the opposite, and specify areas where no vehicles can be parked. 

• Maximum number & minimum use: in order to limit the use of public space, a maximum number of 
vehicles per operator is generally defined. Other regulations to limit the use of public space are 
requirements on the minimum use of a vehicle. For example, each vehicle must be used once a day on 
average. This helps to match supply and demand. 

• Quality & maintenance: the quality of the vehicle must be assured, both at the time of deployment as 
during operation. This regulation typically includes specifications on the obliged disposal of damaged 
vehicles. 

• Tracking system: all vehicles must be equipped with a tracking system. 

2.2.5.3 Which are the opportunities and risks of regulation and governance strategies for emerging mobility 
solutions? 

As it is detailed in Section 2.1, some of the emerging mobility services may lead to unintended negative effects. 
This is the case today with for example free-floating bikes and e-scooters, which create problems in various cities: 
anarchic occupation of public spaces, traffic accidents, increased vandalism, littering, etc. These problems can also 
lead to increased costs for cities. For example, there are some cases where cities had to remove ‘orphan’ bicycles 
after a bike provider quit operations. Finally, it is not always clear whether a new mobility service is in line with a 
city’s urban mobility policy goals. For example, the effect of free-floating carsharing systems on other modes such 
as public transport and walking or cycling is not always clear, and can in some cases work against policy goals. 
Therefore, it becomes logical for public authorities to regulate these new mobility services.  

However, regulation also bears some risks: strict regulations can lead to some operators leaving the market, or 
even make the service impossible. Regulations can also limit competition and lead to monopolistic situations. 
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Both of these issues can cause a slower uptake of innovative mobility solutions in those market niches where the 
contribution to sustainable mobility is real (e.g. first and last mile complementarity with public transport). 

2.2.5.4 What are the conditions for the success or failure of regulation and governance strategies for emerging 
mobility solutions? 

Apart from the variety of regulatory approaches that are explored through the implementation examples of the 
different supply innovation trends in Section 2.1, is it worthwhile to highlight some cases that provide additional 
information on the actual strategies that cities are following to manage the deployment of emerging mobility 
solutions: 

Vienna, Austria 

In 2017, dockless bike providers such as oBike and ofo went to Vienna, and overflooded the city with more than 
2,500 bikes at its peak [18]. This led to parking problems and conflicts with sidewalk users. The city administration 
initially responded by publishing parking recommendations. These recommendations had insufficient effect, and 
the city issued stricter regulations: operators need to register and can have a maximum number of bikes, bikes 
cannot park certain areas, and operators have to remove wrongly placed bikes within 4 hours from first notice. In 
2018, oBike and ofo stopped their operations in the city, leaving only one remaining private operator. 

Leuven, Belgium 

In Leuven, new regulation is implemented for providers of shared, free floating bikes and scooters. Providers need 
to obtain a license to operate within the city and only a limited number of bikes is allowed. Each bike needs to be 
of sufficient quality to prevent theft and vandalism, and needs to be equipped with a tracking device. Normal bikes 
must be used on average at least once every 2 days. Each operator must provide an API to allow MaaS providers 
to make use of the system, and must provide data on the occupancy of bicycles according to GBFS+, an open 
standard for bikesharing systems. 

Hamburg, Germany 

Hamburg has a bikesharing system, where the service provider needs to fulfil certain specifications according to 
an SLA. This SLA defines the number and location of stations, the minimum number of bikes at each station, 
functionalities of the customer interface, maintenance requirements, etc. These requirements are enforced by 
use of financial incentives and fines. 
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3. Urban mobility futures 

Given its numerous implications, cities have a commitment to manage urban mobility in a way that reconciles 
the diverging interests to maximize the benefits of the different mobility solutions. However, this is not only a 
matter of managing current situation: cities have also to select and prioritise measures for the future. The 
product of this task is often a planning instrument (e.g. a SUMP) which necessarily entails hypothesis about how 
urban mobility could evolve in the next decades. 

If urban mobility planners have traditionally struggled with setting accurate future frameworks for 
transportation in cities, this challenge becomes even more salient due to the supply innovations trends 
reviewed in Section 2. As MOMENTUM project seeks to adapt transport planning tools and techniques to 
such mobility innovations, it is necessary to explore what will be the role of emerging mobility solutions and 
associated trends in the following decades. 

This is undoubtedly a highly uncertain question, crossed by numerous subtle factors and conditions that are 
not easy to forecast. Instead of providing a closed prediction on the evolution of mobility innovations and 
their impacts in the strategies used by transportation practitioners, this Section provides a series of 
exploratory scenarios. This allows MOMENTUM to come up with the envelope of all plausible adaptations 
and improvements that transport planning tools and techniques will require  in the following decades. 

Specifically, this exercise has been conducted through two group of scenarios that serve to analyse two 
different uncertainty levels: 

• Exogeneous scenarios, which propose different alternative futures for a series of relevant 
exogenous variables (e.g. demographics, economics, etc.) to reflect upon the evolution of new mobility 
solutions in relation to those variables (e.g. for a given socio-demographic situation, what is the expected 
penetration of vehicle automation?). Section 3.1 establishes these scenarios and provides insights on the 
implication that the alternative futures would have for emerging mobility solutions, through the results 
of the Delphi poll conducted in the project. 

• Mobility-related scenarios, which set up a range of different possible futures for emerging mobility 
solutions to reflect upon the impacts in transport planning tools and techniques  depending on the 
level of implementation of such solutions (e.g. for a given modal share of the emerging mobility 
solutions, which improvements in transport models are needed?). Section 3.2 suggests these scenarios 
and puts them in relation to the expected impacts in tools and techniques, using the results of the Delphi 
poll. 

 

The examination of both levels, which intends to unveil the determinants of these relations, puts MOMENTUM 
project in a privilege position to anticipate the most plausible requirements that policy-makers will pose to 
transport planning tools and techniques.  
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3.1 Scenarios for the evolution of urban mobility in Europe 

The task of setting up exogeneous scenarios to depict the plausible contexts where urban mobility will operate 
can become a rather arbitrary exercise. In order to avoid this drift, it is possible to resort to previous 
scenario-definition processes conducted by the scientific community. This section motivates the use of climate 
change scenarios as a basis for alternative urban futures and presents the four scenarios envisaged for European 
cities. 

3.1.1 Shared Socioeconomic Pathways (SSPs) and their applicability to urban mobility context 

3.1.1.1 Climate change research: a valuable source for scenarios 

Among the research fields with more activity in the last decades, anthropogenic climate change research is likely 
the one that most relies on scenario-definition processes for producing future impact assessments relevant to 
policy-making. The continuous effort among this research community to produce a wide variety of scenarios can 
be exploited as a valuable starting point for scenario-definition for other sectors [127]. This can be the case of 
transport, and more specifically, urban mobility, given the strong relationship between this sector and the causes 
and effects of climate change [128]. 

The generation of scenarios addressing climate change has been guided by the research demands gathered within 
the International Panel on Climate Change (IPCC). Until 2008, the research community worked with 
comprehensive emission scenarios that consisted of sequential cause-effect alternative futures, that start from 
certain assumptions on socioeconomical factors followed by correlative emissions that lead to certain effects and 
impacts on climate. In 2008, the IPCC decided not only to revise the scenarios including corrections to hypotheses 
and data updates, but also changing this structure. From this point, climate change future studies work with two 
groups of scenarios that may converge after their full development and dissemination [129]: 

• Shared Socio-economic Pathways (SSPs). The main factors of these scenarios are population, GDP and 
urbanisation rate, together with a narrative including “demographic, political, social, cultural, 
institutional, life-style, economic, and technological aspects” [130]. SSPs are meant to represent different 
levels of mitigation and adaptation challenges towards climate change [130]. 

• Representative Concentration Pathways (RCPs). The main factor of these scenarios is the radiative 
forcing, which IPCC uses for quantifying the changes of energy flows into the Earth system caused by 
greenhouse gases [131]. RCPs are meant to be a representative cluster of all scenarios in the literature 
with regard to the evolution of the components of radiative forcing, which are greenhouse concentrations 
and land uses [132]. 

The main reasons behind this move were to shorten the long processes required by the sequential approach [129] 
and to attend the need to explore with more detail certain relations that were demanded by scenario users [129], 
such as adaptation measures effects [132]. The latter is the analogous motivation for creating two scenario groups 
in the MOMENTUM project, i.e., give room for a closer exploration of the most uncertain relations. 

3.1.1.2 SSPs as a basis for exogeneous scenarios for urban mobility 

In this context, it is clear that the SSPs developed by the climate change research community have a great potential 
for inspiring exogeneous scenarios that provide several alternative contexts where urban mobility will have to 
operate, in a way that they are challenging, plausible and relevant [133]. As mentioned above, SSPs represent 
future societies that face different levels of mitigation and adaptation challenges towards climate change. There 
are five scenarios that can be located in two axes, as shown in Figure 3. 
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Figure 3 - SSPs in the "challenge space". Source: [130] 

Briefly speaking, SSP1 imagines a future where Sustainable Development Goals guide society at all levels and thus 
the evolution of socioeconomic variables allows an environmental and social sustainable growth. SSP3 presents a 
fragmented future with high rivalries among countries that led to limited growth and governance capacity for 
achieving global agreements, which implies insufficient technology for adaptation and lack of efforts for 
mitigation. SSP4 is characterized by a two-speed society: (i) an upper class that adopts sustainable life-style and 
policies that are able to mitigate part of the anthropogenic climate change, and (ii) a lower-income group, both 
globally and within countries, which is not able to adopt adaptation measures given its material restrictions. SSP5 
assumes that technology improvements boost economy and society trust in adaptation measures for coping with 
climate change, achieving social convergence at consumerist life-styles that accelerate emission levels. SSP2 is 
introduced as a 'middle-of-the-road' scenario reproducing intermediate challenges for adaptation and mitigation. 

SSPs have a number of advantages for using them as a basis for urban mobility exogeneous scenarios: 

• There is a growing body of literature about the implications of SSPs in specific topics, providing numerous 
references for the values of indicators that are applicable to urban mobility under the different scenarios. 

• IPCC will publish its sixth round of reports on the basis of SSPs in the next two years. Hence, the 
dissemination of SSPs will continue along the execution of the MOMENTUM project. IPCC scenarios are 
usually the ones most known among public opinion [127]. 

• By using SSPs the climate change perspective becomes transversal to all elements in the MOMENTUM 
exogeneous scenarios, which is relevant given the importance of this challenge during the next decades. 

• The number of scenarios contemplated in the SSP framework is five, which falls under the range 
proposed for the number of MOMENTUM exogeneous scenarios (3 to 5). 

SSPs have also some limitations that have to be taken into account: 

• The use of SSPs in fields that are not climate change research is always open to mismatches between the 
needed contents for the scenarios [127]. However, it is expected that the high relation between climate 
change and transport will limit this effect. 

• SSPs are global alternative futures that need to be downscaled to European urban areas for being 
relevant to urban mobility. Downscaling is problematic since it generally assumes that the downscaled 
scenario will not deviate significantly from the original scenario [134]. In this case, the scenario-definition 
process takes advantage of the valuable work of Kok et al. [127] in downscaling global SSPs to Europe, 
and also of recent studies that have worked with SSPs at the urban level [135, 136]. In addition, the 
involvement of stakeholders through the Delphi poll and the workshops during the MOMENTUM project 
provided an opportunity to improve the adjustment of the alternative futures to the European urban 
context. 
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3.1.1.3 Tailoring SSPs to urban mobility context 

While SSPs provide a good basis for developing MOMENTUM scenarios, there are still aspects to analyse more in 
detail before developing tailored versions applicable to the urban mobility context. 

Firstly, it is important to evaluate to what extent there is a need for additional factors to be considered. As 
discussed by Kok et al. [127], when applying SSPs to related sectors there are some parameters that might be 
missing from the original narratives. In the case of urban mobility, it has been considered that the following 
aspects needed further assumptions: 

• Evolution of the urban form. It is well-known that land uses interact with transport supply and demand. 
While SSPs include urbanisation among its definition variables, they do not address how population is 
allocated in urban areas. However, it can be argued that the narratives and quantitative features of SSPs 
allow the definition of a correlative trend in urban form evolution. The evolution of consumption 
preferences and the population pyramid can be related to preferred residential settlements and 
availability of land for other purposes. Following this, Terama et al. [136] used a Regional Urban Growth 
model that allocates population dynamics across available land depending on residential preferences 
observed in each scenario, and provides a correlative estimation for the rate of residential developments 
over industrial and manufacturing developments. 

• Evolution of the balance between pride of ownership and shared economies. A contextual factor that is 
perceived as relevant for new mobility forms is to what extent shared economy is going to challenge 
ownership models, especially with regard to vehicle ownership. This aspect is not addressed by studies 
based on SSPs, but it is possible to look at the factors behind the intensity of the pride of ownership or 
conversely, the adoption of shared economy [137]. It is unclear how some factors operate. For instance, 
non-dependence is seen both as a driver for the pride of ownership [138] and as a driver for adopting 
sharing economy [139]. In any case, two differential aspects seem clear: shared economy adoption is 
related to a motivation for saving money [139], and is driven by a trust-based collaborative lifestyle [140]. 
Since economic prosperity and incentives to collaboration are central elements to SSPs, there is an 
opportunity for formulating an evolution of the pride of ownership in contrast to adoption of shared 
economies for each scenario. 

• Evolution of the digital divide. Many of the disruptive mobility forms rely on technological advances not 
only for the vehicles or the infrastructure, but also for the interaction of the end users with the service 
providers. As demonstrated in Section 2.1, mobile devices and internet access are key enablers for the 
emergence of new mobility solutions. While SSPs do not address the evolution of the digital divide, this 
can be related to demographics. Moreover, it has been found that there is a strong relation between 
income and the access to technology [141]. Both aspects guide the role of digital divide in each scenario. 

• Evolution of e-commerce. Shopping trips generation rates might be reduced due to the generalisation of 
e-commerce, as recent evidence suggests [142]. While e-commerce is not directly addressed by SSPs, 
there are many factors included in these scenarios that have an impact on the potential evolution of e-
commerce. Societal trust, technology advances, urbanisation rate, education, consumerism, interest in 
diverse products and availability of a wide range of payment methods has been linked to e-commerce 
adoption [143, 144]. 

• Evolution of telework. As it is the case for shopping trips, work trips generation rates can change if 
teleworking gains popularity [145, 146]. There are several socioeconomic factors underlying telework 
adoption that are included in the SSPs. Telework is feasible in job positions that are largely based on ICT, 
generally in the service sector. The technological development achieved by future societies may ease 
telework or expand its application to other sectors [147]. Furthermore, it has been observed that telework 
is more frequent in households with children [148], so a link with fertility can be established as well. 
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Table 4 - Factors of the exogeneous urban mobility scenarios 

Factor Type Inclusion 
in SSPs 

Sources and evolution 

Population growth 
and ageing 

Quantitative Yes Modelled by International Institute for Applied Systems 
Analysis (IIASA) model and discussed in Kc & Lutz [149]. 

Education levels Quantitative Yes Modelled by IIASA model and discussed in Kc & Lutz [149]. 

Urban population 
growth 

Quantitative Yes Modelled by US National Center for Atmospheric Research 
model and discussed in Jiang & O'Neill [150]. 

GDP Quantitative Yes Modelled by International Institute for Applied Systems 
Analysis (IIASA) model and discussed in Crespo Cuaresma [151]. 

Technological 
development 

Qualitative Yes Included in O'Neill et al. [152] narratives. 

Environmental 
consciousness 

Qualitative Yes Included in O'Neill et al. [152] narratives. 

Consumption levels Qualitative Yes Included in O'Neill et al. [152] narratives. 

National social 
inequality 

Qualitative Yes This factor was already included in O'Neill et al. [152] narratives 
but is further explored by Rao et al. [153]: 

• SSP1: low 

• SSP2: medium 

• SSP3: medium-high 

• SSP4: high 

• SSP5: low 

Land use in cities, 
urban form 

Qualitative No Terama et al. [136] conclusions about urban form preferences 
shifts and density changes: 

• SSP1: urban + suburban preference / increasing density in 
both urban and suburban areas 

• SSP2: not addressed 

• SSP3: suburban preference / decreasing density in 
suburban areas 

• SSP4: urban preference / increasing density in urban areas 

• SSP5: rural + suburban preference / decreasing density in 
suburban areas 

SSP1, SSP3 and SSP5 are also addressed by Rohat et al. [135] 
for Houston case, leading to same conclusions with regard to 
urban sprawling and urban vertical development. 
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Factor Type Inclusion 
in SSPs 

Sources and evolution 

Pride of ownership 
vs. shared economy 

Qualitative No Based on trust evolution among citizens and corrected by 
economic growth in SSP4 and SSP5 cases: 

• SSP1: much higher trust + higher growth → lower pride of 
ownership 

• SSP2: medium trust + medium growth → medium pride of 
ownership 

• SSP3: much lower trust + stagnated growth → high pride of 
ownership 

• SSP4: lower trust + medium growth → medium pride of 
ownership among higher class, high pride among lower 
class 

• SSP5: medium trust + much higher growth → high pride of 
ownership 

Digital divide Qualitative No Haight et al. [141] concludes that the digital divide intensity is 
strongly related with income apart from age. 

E-commerce Qualitative No Based on consumption patterns, trust and technology: 

• SSP1: low consumption + high-tech advances + high trust 
→ moderate expansion of e-commerce 

• SSP2: medium consumption + medium tech advances + 
medium trust → moderate expansion of e-commerce 

• SSP3: medium consumption + stagnated tech advances + 
much lower trust → limited expansion of e-commerce 

• SSP4: unequal consumption + high-tech advances + lower 
trust → moderate expansion of e-commerce 

• SSP5: very high consumption + high-tech advances + high 
trust → wide expansion of e-commerce 

Teleworking Qualitative No Based on technology advances, job positions based on ICT 
(associated to tertiary education levels) and demand for 
telework due to children care, which is associated to fertility 
rates [149]: 

• SSP1: high-tech advances + high rate of tertiary educated + 
low-medium fertility → moderate expansion of telework 

• SSP2: medium tech advances + medium rate of tertiary 
educated + medium fertility → moderate expansion of e-
commerce 

• SSP3: stagnated tech advances + low rate of tertiary 
educated + low fertility → limited expansion of telework 

• SSP4: high-tech advances + low rate of tertiary educated 
+ low-medium fertility → moderate expansion of telework 

• SSP5: high-tech advances + high rate of tertiary educated + 
high fertility → wide expansion of telework 
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With regard to the temporal scope, SSPs provide great flexibility given that quantitative models providing support 
to their figures are publicly available and can be applicable to any temporal scope from today to 2100. In the 
context of MOMENTUM project, it has been considered that 2030 and 2050 are reasonable candidates, since they 
coincide with the different energy and climate change and clean mobility objectives of the European Commission 
and could then be a temporal scope to look at. The farthest was selected (2050) to ensure that all possible 
challenges to transport planning tools and techniques are considered in the discussions guided by the scenarios. 

Finally, it must be noticed that the inclusion of a 'middle-of-the-road' scenario has been discarded. It is 
understood that SSP2 "lacks its own identity as almost all elements change moderately" [127]. Indeed, some of 
the studies took as reference for downscaling scenarios do not address this alternative future (e.g. [136]). In 
addition, this allows to keep an even number of scenarios, which avoids confusion of the central scenario with a 
best-estimation scenario [129]. 

3.1.2 Alternative exogeneous futures for European urban mobility 

The result of the tailoring process explained above is a set of four alternative futures for the context of European 
urban mobility. The quantitative figures associated with each scenario are calculated using the models for each 
variable included in Table 4, setting 2050 as the temporal scope. 

3.1.2.1 Scenario 1 - Mixed compact cities in a sustainable Europe – SSP1 

European society shifts towards sustainability driven by the generalisation of environmental concerns and 
the popularity of sustainable development goals in public opinion. Changes are reflected both in urban daily 
life, with lower consumption and higher trust among citizens, and in urban governance, with higher 
cooperation between authorities. Access to public services is generalised limiting urban segregation and 
inequalities. The strong efforts for completing the energy transition have boosted European economy, with 
cities demanding many qualified workers for the green industry. Renewable energies and small-scale storage 
solutions provide relatively cheap and versatile energy to European cities. The benefits generated by high-
tech green industry are reinvested in improving public services, increasing social equality across urban areas. 
Improvements in life expectancy of all population layers result in an elder population, but with a limited 
digital divide thanks to the integration measures. Speciality products are delivered by green e-commerce but 
convenience products are based on proximity and purchased through local consumer communities. Telework 
is a feasible tool for improving work-life balance, but it is not highly demanded. Pride of ownership is declining 
and urban citizens seek collective solutions to daily-life problems. Urban sustainable life-styles are popular 
and accessible, attracting people to densified urban cores. The high demand for residential areas impacts 
suburban rings, that become much denser, and are also attractive for certain people given the proximity to 
natural parks. There are almost no greenfield developments. Mixed compact developments within urban 
cores host offices and high-tech industry. 

EU GDP/PPP annual average growth: +3.0% 

EU population total growth: +6.9% 

EU urban population growth: +20.7% 

EU population over 65 years (rate): 19.7% in 2018 → 33.8% in 2050 

EU population aged 30-34 years with tertiary education: 40.7% in 2018 → 70.5% in 2050 
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3.1.2.2 Scenario 2 - Stagnant individualist cities in a nationalist Europe – SSP3 

European society becomes dominated by a climate of distrust where individual and national interests have 
priority over collective and global targets. Environmental concerns are a residual driver for citizens, so people 
consume as much as their limited economic resources enable. Few households have managed to improve their 
living conditions, even in the upper classes. Clean energy research programs suffered from a lack of funding, so 
fossil fuel dependency remains stable. Tensions between global regions have an extraordinary impact on energy 
prices in Europe given the lack of own resources. E-commerce becomes standard for speciality products but the 
limited growth is a barrier for a definite expansion. Telework is only used by qualified workers. Elderly people have 
limited access to the latest technological developments. Ownership is not only related to a certain social status 
but also key for feeling safe given the successive economic crises and the security concerns in cities. The 
degradation of urban cores intensifies and there is limited demand for living in dense areas, which are associated 
with high crime levels and high pollution. Urbanisation rate slows down in Europe and the increasing need of 
national supply of food and energy have reactivated rural areas and the suburban ring of small cities, where low-
density developments become more and more extensive. Industries remain in current locations and do not need 
more space due to the economic stagnation. However, offices and institutions tend to move from urban cores to 
suburban areas. 

EU GDP/PPP annual average growth: +0.9% 

EU population growth: -9.1% 

EU urban population growth: -4.0% 

EU population over 65 years (rate): 19.7% in 2018 → 31.3% in 2050 

EU population aged 30-34 years with tertiary education: 40.7% in 2018 → 31.9% in 2050 

3.1.2.3 Scenario 3 - Segregated green cities in an unequal Europe – SSP4 

European society is unable to limit the growth of inequality in the continent. On the one hand, a highly 
educated cohort achieves high incomes thanks to the flourishing green economy. Business and political 
power are concentrated in this exclusive population layer, which is worried about climate change. On the 
other hand, large sectors of the society fail to improve their conditions due to limited public education 
investments. They struggle to access a European labour market where old low-tech industry is not generating 
as many jobs as in the past. There is progress in the energy transition towards renewable sources, but these 
are still not accessible to everyone due to high prices. Elites rely on e-commerce for almost all products but 
face-to-face trade still holds for the rest of the population. Similarly, upper classes are familiar with telework, 
while unemployment and precariousness are the rule among lower income communities. The limited fertility 
rates lead to an ageing population. Retirees from higher-income classes have much better access to 
technology than those from lower-income groups. While ownership is not trendy among urban upper-class, 
larger lower-income population perceives ownership as positive for achieving social status. The taste of 
upper classes for creative environments have fuelled the completion of gentrification processes in European 
urban city centres, limiting suburban growth and low-density developments both in large and small cities. 
Lower-income groups tend to live in high-density neighbourhoods with stretched social services. Leading 
high-tech industry settles in the renovated industrial areas within the urban cores, since proximity to the 
workplace is highly valued by qualified workers. 

EU GDP/PPP annual average growth: +2.5% 

EU population growth: -1.1% 

EU urban population growth: +9.3% 

EU population over 65 years (rate): 19.7% in 2018 → 32.9% in 2050 

EU population aged 30-34 years with tertiary education: 40.7% in 2018 → 26.5% in 2050 
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3.1.2.4 Scenario 4 - Sprawling technological cities in a vibrant Europe – SSP5 

European society experiences a period of prolonged growth thanks to the development of climate change 
adaptation technologies and the cheap energy prices. There is no special consciousness on the effect of the 
lifestyle on the environment, since technology keeps most people away from the consequences of the nature 
degradation. As a result, consumption trends move towards resource intensive lifestyles. Fossil fuels are still 
the main energy source since the exploitation of new deposits is now possible and much cheaper than before, 
opening the room for the large-scale extraction of shale gas. This benefits European countries and cheapens 
energy. There is extensive and promising research related to adaptation measures to issues such as sea level 
rise or extreme weather effects, with big investments in new smart infrastructures. E-commerce and 
teleworking boost allow people to live in small cities and work for companies based in big cities, causing small 
cities to grow above average. Face-to-face commerce is residual. The high fertility rates spurred by good 
economy perspectives limit European population ageing. The efforts to enhance human and social capital 
limit digital divide, although rapid changes in technology make it hard to keep the pace for some elder people. 
Given societal convergence, pride of ownership is not related to social status but to a strong sense of freedom 
in cities and their surroundings. Suburban areas become attractive and host the major part of the urban 
population growth in large cities. Larger properties are highly demanded and therefore many rural 
municipalities become suburban. 

EU GDP/PPP annual average growth: +4.9% 

EU population growth: +18.1% 

EU urban population growth: +33.4% 

EU population over 65 years: 19.7% in 2018 → 30.7% in 2050 

EU population aged 30-34 years with tertiary education: 40.7% in 2018 → 70.6% in 2050 

3.1.3 Evolution of new mobility options across the scenarios 

As explained in Section 1.2, the exogeneous scenarios are used in the Delphi poll to assess the potential of 
emerging mobility solutions and their associated innovations. The aspects covered for each scenario included the 
following topics: 

• Basic mobility indicators: car ownership, trips per person and average trip distance. 

• Vehicle automation penetration rates among different fleets. 

• Shared mobility services evolution: modal shares, trip induction, modal shifts and provision models. 

• Urban Air Mobility services evolution: modal shares, trip induction, modal shifts and provision models. 

The results of the Delphi reveal the possible outcomes of the different scenarios for urban mobility and also which 
aspects generate a wider dispersion of opinions among transport experts. 

3.1.3.1 Basic mobility indicators 

The Delphi poll explores the relation between each scenario and three basic urban mobility indicators: car 
ownership, daily trips per person and average trip distance.   

The results show that sustainable futures (Scenario 1) are perceived by the experts as linked to decreases in car 
ownership, average trip distance and even trip generation rates. On the contrary, the remaining scenarios would 
lead to increases in the three indicators, although less intense than the decreases associated to Scenario 1 (Table 
5). The variable that produces more diverging opinions and also more differences between the four scenarios is 
car ownership. Conversely, trips per person seem to remain more stable across the alternative futures. 
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Nevertheless, Scenarios 3 and 4 are associated to a higher relative dispersion, where somewhat contradictory 
drivers (e.g. telework versus income) may introduce additional uncertainties (Table 6). 

These conclusions were already clear after the 1st Round of the poll, but the dispersion of the opinions decreased 
in the 2nd Round, in particular for the responses to the average trip distance estimation (-25% in the standard 
deviation). 

Table 5 – Average estimation of basic mobility indicators 

Average estimation Car ownership Trips per person Average trip distance 

1 - Mixed compact cities in a 
sustainable Europe 

Moderate to large 
decrease 

Slight decrease 
Slight to moderate 

decrease 

2 - Stagnant individualist 
cities in a nationalist Europe 

Slight to moderate 
increase 

Slight increase Slight increase 

3 - Segregated green cities in 
an unequal Europe 

Unchanged Slight increase Slight increase 

4 - Sprawling technological 
cities in a vibrant Europe 

Slight to moderate 
increase 

Slight increase 
Moderate to large 

increase 

Table 6 – Relative dispersion among estimations of basic mobility indicators 

Relative dispersion trend Car ownership Trips per person Average trip distance 

1 - Mixed compact cities in a 
sustainable Europe 

Low dispersion High dispersion Medium dispersion 

2 - Stagnant individualist 
cities in a nationalist Europe 

High dispersion Medium dispersion Low dispersion 

3 - Segregated green cities in 
an unequal Europe 

Very high dispersion Very low dispersion Low dispersion 

4 - Sprawling technological 
cities in a vibrant Europe 

Very high dispersion Very high dispersion Very low dispersion 

3.1.3.2 Vehicle automation 

The Delphi poll deals with vehicle automation, by asking about the expected evolution of this technology across 
different fleets: private cars, shared cars, buses and Demand Responsive Transport vehicles. In addition to the 
penetration rates, the participants were asked about their opinions about whether private autonomous vehicles 
would lead to induced trips. 

In general, the participants exhibit a wide dispersion of opinions in respect of vehicle automation. In the 1st Round, 
the average estimation of the penetration rate was of at least 15% for all vehicle types in all scenarios. The results 
of the 2nd Round pointed to a more conservative estimation. For instance, the penetration rate of CAVs among 
private cars range from 17% to 31% in the 1st Round, depending of the scenario; while it ranges from 9% to 23% 
in the 2nd Round. This change is mainly due to the fact that those experts that participated in the 1st Round but 
did not participate in the 2nd Round were those more optimistic about vehicle automation role in the 1st Round. 
Nevertheless, if only the answers of those that participated in both rounds are compared, the difference between 
both rounds also reveals that the convergence of opinions produced a decrease in the estimated penetration rate. 
The average results of the 1st Round are shown in Table 7 and the average results of the 2nd Round are shown in 
Table 8. 
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In any case, it seems clear that the deployment of automated vehicles would be more intense among buses and 
shared vehicles, and less intense among private cars. The difference between private cars and the rest of the 
vehicle types would take place regardless of the future evolution of urban societies. However, it must be taken 
into account that these figures are a result of a highly variable combination of opinions, that range from very low 
penetration rates (all scenarios suggested penetration rates under 5% for at least an opinion) to great penetration 
rates, particularly in Scenario 1 and Scenario 3. 

According to the results about trip induction, which can be seen in Table 11, private CAVs would generate 
additional trips in any future situation, though this would be specially the case in Scenario 4 (average estimation 
of a 15% increase in trips generation). This conclusion accounts both for the results of the 1st and the 2nd Round. 

Table 7 – Average estimation of automation penetration rate among several fleets (1st Round) 

Average estimation Private cars Shared cars Buses DRT 

1 - Mixed compact cities in a 
sustainable Europe 

20-25% 45-50% 40-45% 35-40% 

2 - Stagnant individualist 
cities in a nationalist Europe 

15-20% 20-25% 25-30% 20-25% 

3 - Segregated green cities in 
an unequal Europe 

15-20% 25-30% 25-30% 25-30% 

4 - Sprawling technological 
cities in a vibrant Europe 

30-35% 35-40% 40-45% 35-40% 

 

Table 8 – Average estimation of automation penetration rate among several fleets (2nd Round) 

Average estimation Private cars Shared cars Buses DRT 

1 - Mixed compact cities in a 
sustainable Europe 

10-15% 30-35% 25-30% 25-30% 

2 - Stagnant individualist 
cities in a nationalist Europe 

5-10% 10-15% 10-15% 10-15% 

3 - Segregated green cities in 
an unequal Europe 

10-15% 15-20% 15-20% 20-25% 

4 - Sprawling technological 
cities in a vibrant Europe 

20-25% 25-30% 35-40% 35-40% 

Table 9 - Relative dispersion among estimation of automation penetration rate among several fleets (1st Round) 

Relative dispersion Private cars Shared cars Buses DRT 

1 - Mixed compact cities in a 
sustainable Europe 

High 
dispersion 

Very high 
dispersion 

High 
dispersion 

Very high 
dispersion 

2 - Stagnant individualist 
cities in a nationalist Europe 

Very low 
dispersion 

Low 
dispersion 

High 
dispersion 

Medium 
dispersion 

3 - Segregated green cities in 
an unequal Europe 

Low 
dispersion 

Medium 
dispersion 

High 
dispersion 

High 
dispersion 

4 - Sprawling technological 
cities in a vibrant Europe 

Medium 
dispersion 

Very high 
dispersion 

Very high 
dispersion 

Very high 
dispersion 
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Table 10 - Relative dispersion among estimation of automation penetration rate among several fleets (2nd Round) 

Relative dispersion Private cars Shared cars Buses DRT 

1 - Mixed compact cities in a 
sustainable Europe 

Low 
dispersion 

Very high 
dispersion 

High 
dispersion 

High 
dispersion 

2 - Stagnant individualist 
cities in a nationalist Europe 

Very low 
dispersion 

Very low 
dispersion 

Very low 
dispersion 

Very low 
dispersion 

3 - Segregated green cities in 
an unequal Europe 

Low 
dispersion 

Very low 
dispersion 

Very low 
dispersion 

Low 
dispersion 

4 - Sprawling technological 
cities in a vibrant Europe 

Low 
dispersion 

High 
dispersion 

Very high 
dispersion 

Very high 
dispersion 

 

Table 11 – Estimation and relative dispersion of the trip induction effects of private autonomous cars 

Private CAV trip induction Average estimation Relative dispersion 

1 - Mixed compact cities in a sustainable Europe <5% increase Low dispersion 

2 - Stagnant individualist cities in a nationalist Europe 5-10% increase High dispersion 

3 - Segregated green cities in an unequal Europe 5-10% increase Low dispersion 

4 - Sprawling technological cities in a vibrant Europe 10-15% increase High dispersion 

3.1.3.3 Shared mobility services 

The poll explores the future of shared mobility services in terms of modal share, effects on trip induction and 
provision models. In general, participants consider that shared mobility services will cover a good proportion of 
trips in future European urban areas. More than 70% of opinions raise modal share of these services above 10% 
in large cities, regardless of the scenario considered. The average estimation for this figure ranges from 15% in 
Scenario 2 to 30-35% in Scenario 1, although opinions appeared to be dispersed for most scenarios. Interestingly, 
there are no major differences in the estimations with regard to city size. Estimations are only slightly lower in the 
case of smaller cities. The 2nd Round produced less disperse results, but converging in the average estimations 
already obtained in the 1st Round (Figure 4 and Figure 5). 

The impacts of shared mobility services would not be the same under all alternative futures. Participants 
consider that Scenario 1 opens the room for shared mobility services that compete with car instead of with public 
transport, which would not be the case for the remaining scenarios (Figure 6). Trip induction rates would be low, 
in any case much lower than the expectations for private autonomous cars, and only would not be negligible in 
Scenario 4 (Figure 7). The results did not change from the 1st Round to the 2nd Round. 

The participants were asked also about the likelihood of some trends in shared mobility systems. The integration 
of the services in MaaS platforms is the trend regarded as most probable, with low dispersion of opinions within 
and among scenarios already in the 1st Round. The evolution of the other questioned trends seems to be more 
uncertain, since the dispersion was higher and did not decrease significantly after the 2nd Round. Some trends 
would depend a lot on the future scenario or present higher dispersion among opinions, such as the agreements 
between operators and cities to complement public transport. Consistently with the opinions related to modal 
shifts, Scenario 1 would likely lead to such agreements, but Scenario 2 would set a difficult context for this to 
happen. All scenarios would lead to an increase in prices of these services in order to reach profitability, but the 
dispersion is higher for this trend than for the ones related to MaaS integration and public transport 
complementarity. 
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Figure 4 - Shared mobility modal share in large cities across scenarios 

 

 

Figure 5 - Shared mobility modal share in small and medium cities across scenarios 
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Figure 6 - Relative modal shifts to shared mobility across scenarios (1st Round) 

 

Figure 7 - Trip induction estimations due to shared mobility services (1st Round) 
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Table 12 – Likelihood average estimation of trends in shared mobility systems (1st Round) 

Average estimation 
Agreements 
operator-city 

Cities as 
operators 

Integration 
in MaaS 

Carsharing = 
Ridesharing 

Increase in 
prices 

1 - Mixed compact cities 
in a sustainable Europe 

Likely to very 
likely 

Likely 
Likely to very 

likely 
Slightly likely Slightly likely 

2 - Stagnant individualist 
cities in a nationalist 
Europe 

Slightly 
unlikely to 

unlikely 
Slightly likely Likely 

Slightly 
unlikely 

Slightly likely 
to likely 

3 - Segregated green 
cities in an unequal 
Europe 

Slightly likely 
Slightly 

unlikely to 
unlikely 

Likely to very 
likely 

Slightly 
unlikely 

Slightly likely 
to likely 

4 - Sprawling 
technological cities in a 
vibrant Europe 

Slightly likely 
to likely 

Slightly 
unlikely 

Likely to very 
likely 

Slightly 
unlikely 

Slightly likely 

 

Table 13 - Relative dispersion among the estimated likelihood of trends in shared mobility systems (1st Round) 

Average estimation 
Agreements 
operator-city 

Cities as 
operators 

Integration 
in MaaS 

Carsharing = 
Ridesharing 

Increase 
in prices 

1 - Mixed compact cities in a 
sustainable Europe 

Very low 
dispersion 

Medium 
dispersion 

Very low 
dispersion 

High 
dispersion 

Medium 
dispersion 

2 - Stagnant individualist 
cities in a nationalist Europe 

Low 
dispersion 

High 
dispersion 

Medium 
dispersion 

Low 
dispersion 

High 
dispersion 

3 - Segregated green cities in 
an unequal Europe 

Medium 
dispersion 

High 
dispersion 

Very low 
dispersion 

Low 
dispersion 

Medium 
dispersion 

4 - Sprawling technological 
cities in a vibrant Europe 

High 
dispersion 

Very high 
dispersion 

High 
dispersion 

Medium 
dispersion 

High 
dispersion 

3.1.3.4 Urban Air Mobility services 

The poll has a section devoted to the expected evolution of Urban Air Mobility (UAM) services, with a similar 
approach to the previous one related to shared mobility. Participants do not expect large modal shares for Urban 
Air Mobility services. For at least half of the opinions no scenario would lead to modal shares over 5%. Scenario 
4 would be the one most likely to end up in UAM modal shares over this threshold, since 50% of participants 
envisaged this in the 1st Round. However, this fell to 25% in the 2nd Round, as can be seen in Figure 8. Large cities 
would see higher modal shares than smaller cities, but the differences are not substantial (Figure 9). Dispersion of 
opinions is considerably lower than in shared mobility case. 

There is almost unanimity in the fact that UAM would mainly take trips from private car, regardless of the scenario 
considered (Figure 10). Given that most participants do not expect a significant spread of UAM services the effects 
on trip induction would be negligible, weaker than for shared mobility services and private autonomous cars 
(Figure 11). The latest was confirmed in the results of the 2nd Round. 

As for shared mobility, the participants were asked also about the likelihood of some trends in UAM provision. In 
this case, the differences between 1st and 2nd Rounds are remarkable, since the participants changed their answers 
towards a more pessimistic attitude towards UAM services. In any case, a common opinion among participants is 
to discard that UAM services prices could get cheaper and reach current taxi prices. This possibility was seen as 
unlikely in all scenarios already in the 1st Round (Table 14). There is little hope for agreements between UAM 
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operators and public authorities to complement public transport. Although the dispersion of opinions is high with 
regard to the integration of these services in MaaS platforms, participants consider this less likely than the 
integration of shared mobility services. The role of cities in promoting UAM is the aspect that varies most across 
scenarios. Following this, the success deployment of urban air traffic management systems integrated in urban 
transport management, which is likely to happen in the Scenario 4 regarding the results of the 1st Round, it is seen 
as very unlikely in any scenario according to the results of the 2nd Round (Table 15). The possibility of cities 
operating UAM services themselves is also seen as more likely in Scenario 4. However, these aspects were the 
ones that generated most dispersion across the participants in the 1st Round (Table 16). 

 

 

Figure 8 - UAM modal share in large cities across scenarios 
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Figure 9 - UAM modal share in small and medium cities across scenarios (1st Round) 

 

Figure 10 - Relative modal shifts to UAM across scenarios (1st Round) 
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Figure 11 - Trip induction estimations due to UAM services (1st Round) 

Table 14 – Likelihood average estimation of trends in UAM systems (1st Round) 

Average estimation 
Integrated 
urban ATM 

Agreements 
operator-city 

Cities as 
operators 

Integration 
in MaaS 

Cost as 
much as a 

current taxi 

1 - Mixed compact cities in a 
sustainable Europe 

Slightly likely 
Slightly 

unlikely to 
unlikely 

Neither 
likely nor 
unlikely 

Slightly 
unlikely to 

unlikely 

Unlikely to 
very 

unlikely 

2 - Stagnant individualist 
cities in a nationalist Europe 

Slightly 
unlikely to 

unlikely 
Unlikely 

Slightly 
unlikely to 

unlikely 

Slightly 
unlikely to 

unlikely 

Unlikely to 
very 

unlikely 

3 - Segregated green cities in 
an unequal Europe 

Neither likely 
nor unlikely 

Unlikely 
Slightly 
unlikely 

Slightly 
unlikely to 

unlikely 

Unlikely to 
very 

unlikely 

4 - Sprawling technological 
cities in a vibrant Europe 

Slightly likely 
to likely 

Slightly 
unlikely to 

unlikely 

Slightly 
likely 

Slightly 
unlikely to 

unlikely 
Unlikely 
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Table 15 – Likelihood average estimation of trends in UAM systems (2nd Round) 

Average estimation 
Integrated 
urban ATM 

Agreements 
operator-city 

Cities as 
operators 

Integration 
in MaaS 

1 - Mixed compact cities in a 
sustainable Europe 

Slightly 
unlikely to 

unlikely 
Unlikely Unlikely Unlikely 

2 - Stagnant individualist 
cities in a nationalist Europe 

Slightly 
unlikely to 

unlikely 

Unlikely to 
very unlikely 

Unlikely to 
very unlikely 

Unlikely to 
very unlikely 

3 - Segregated green cities in 
an unequal Europe 

Slightly 
unlikely to 

unlikely 

Unlikely to 
very unlikely 

Unlikely to 
very unlikely 

Unlikely to 
very unlikely 

4 - Sprawling technological 
cities in a vibrant Europe 

Slightly 
unlikely to 

unlikely 
Unlikely 

Slightly 
unlikely 

Unlikely 

Table 16 - Relative dispersion among the estimated likelihood of trends in UAM systems (1st Round) 

Relative dispersion 
Integrated 
urban ATM 

Agreements 
operator-city 

Cities as 
operators 

Integration 
in MaaS 

Cost as 
much as a 

current taxi 

1 - Mixed compact cities in a 
sustainable Europe 

Very high 
dispersion 

Very high 
dispersion 

High 
dispersion 

Very high 
dispersion 

Very low 
dispersion 

2 - Stagnant individualist 
cities in a nationalist Europe 

Very high 
dispersion 

Medium 
dispersion 

High 
dispersion 

Very high 
dispersion 

Medium 
dispersion 

3 - Segregated green cities in 
an unequal Europe 

High 
dispersion 

Low 
dispersion 

Medium 
dispersion 

Medium 
dispersion 

Very low 
dispersion 

4 - Sprawling technological 
cities in a vibrant Europe 

Very high 
dispersion 

Very high 
dispersion 

High 
dispersion 

High 
dispersion 

Low 
dispersion 
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3.2 Scenarios for the evolution of emerging mobility concepts 

The conception of exogeneous scenarios and the exploration of how emerging mobility concepts would evolve 
under each of them needs to be complemented with the assessment of the actual impacts that each mobility 
innovation may impose to transport planning tools and techniques. In order to do so, a series of alternative futures 
for some of the concepts that are transforming urban mobility have been developed. Each concept has been 
associated to two diverging or complementary scenarios, depending on the nature of the uncertainties that have 
an influence in its evolution. In this context, the Delphi poll has helped to identify which scenarios can be more 
challenging in terms of data sources and transport modelling. 

3.2.1 Alternative futures for mobility innovations 

3.2.1.1 Alternative futures for carsharing services 

Two successive scenarios are foreseen for the future of carsharing services, depending on the ownership model 
and its role in modal choice. In the first scenario, with a medium-term time horizon, shared fleets become essential 
in cities due to the difficulties for accessing private electric cars and the deployment of restrictions to pollutant 
vehicles. In the second scenario, with a long-term time horizon, smart mobility innovations would be integrated 
with housing and smart grid management. 

Scenario Description 

Electric carsharing in cities 
as an additional mode 

The generalisation of UVARs and parking management policies in the 
metropolitan areas constraints the use of private cars in these contexts. The high 
cost of electric vehicles discourages their acquisition, so electric vehicle 
ownership remains low. This fosters the introduction of sharing schemes through 
viable business models at national and EU level. Due to this fact, electric 
carsharing schemes become a key mode in urban areas for daily commuting, 
boosting its modal share up to 20-25% in large cities. Electric vehicle 
infrastructure has been developed at certain urban areas in combination with the 
deployment of sharing schemes. Multimodality becomes usual, combining mass 
transport for long-haul trips and individual transport for last-mile, which further 
increases the use of electric vehicles sharing schemes. The complexity of traveling 
has increased due to the multi-leg multimodal trips, so information sharing and 
availability and achieving smoother transfers becomes crucial. Electric carsharing 
is fully integrated with public transport modes and innovative mobility concepts 
and services increase flexibility, quality, efficiency and affordability of combined 
transport options.  

Holistic housing-mobility 
solution 

Urban planning follows an advanced holistic approach, since it integrates aspects 
such as mobility, housing, energy distribution and ICT networks from the 
beginning, in order to ensure high living standards. As a consequence, modern 
collective housing policies include electric sharing vehicle schemes as part of the 
house infrastructure. Energy supply and urban power grids take into account this, 
and balance the different electricity needs throughout the day through dedicated 
fare schemes. Community-based electric vehicle schemes are developed, 
facilitating the access and use of electric shared vehicles and contributing to the 
reduction in parking requirements. The national application of these standards 
contributes to a homogeneous modal share of electric vehicle solutions. 
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3.2.1.2 Alternative futures for micromobility services 

Micromobility is the most recent player among shared mobility services. Two scenarios are depicted with different 
temporal horizons, in a similar way to what has been developed for carsharing services. In the first scenario, in a 
short-term time horizon (2030), micromobility systems remain independent from other transport modes and is 
provided by multiple third-parties, mostly replacing walking and short trips. In the second scenario, with a long-
term time horizon, micromobility is integrated with other transport modes as its last mile component. 

Scenario Description 

Micromobility for stand-
alone short-distance trips 

Micromobility substitutes other transport modes in short distance trips. Policy 
and safety regulations for micromobility have been satisfactorily defined in most 
cities. Therefore, e-scooters and similar vehicles are provided as a stand-alone 
service, moderately expensive and replacing daily short distance trips, mostly car 
and taxi rides. Micromobility modes are more appealing for new generations and 
car ownership has decreased since young adults turn towards a model of personal 
mobility consumption based on pay-per-use rather than a car purchase. Road 
network situation is upgraded and adapted with adequate infrastructure (e.g. 
dedicated lanes) for micromobility vehicles’ use. In addition, and once the policy 
framework has become mature, operators will be able to explore new business 
schemes openly pursuing pilot projects and market’s needs, since all of the 
competitors in the field are subjected to the same regulation. 

Micromobility as part of a 
longer combined trip 

Due to relatively strict regulatory frameworks, micromobility becomes 
completely integrated in the transport system. This integration is facilitated by 
MaaS platforms.  Micromobility is combined with public mass transport and 
included in the mobility packages provided by transport authorities. The 
restrictions to private car use foster the use of e-scooters and similar vehicles. 
People use these services to reach or leave the transition stations, and also 
combine micromobility modes with their private car in Park&Ride solutions, 
particularly in smaller cities. The technology in design has evolved to be more 
user friendly for people suffering from motor impairment such as those with 
injuries, disabilities, or even just old age. Micromobility operators are in touch 
with local governments, regulators and other transport providers as partners to 
provide the most flexible, efficient, and sustainable combined transport options. 
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3.2.1.3 Alternative futures for Demand Responsive Transport services 

Two scenarios are proposed here for the evolution of Demand Responsive Transport services. In the first scenario, 
with a medium-term time horizon, these services will offer a significant opportunity for cities to optimize, 
transform and sustain integrated transport systems. In the second scenario, with a long-term time horizon, these 
forms of on-demand transportation are expanded to logistics (in particular, last mile delivery) since passengers 
and goods share the same vehicles. 

Scenario Description 

Satisfying people's needs 
and expectations while 
reducing operational costs 

The proliferation of digital content and the emergence of the connected travellers 
allow operators to reduce operational costs while improving the Level of Service 
(i.e. less waiting time, more accessibility) through intelligent applications and user 
information services by 2030. On-demand transportation emerges as an 
alternative to traditional public transport services in sprawling areas, integrated 
(in first/last mile and supplementary function) with the backbone public transport 
network. Technology education and acceptance across population has increased, 
allowing for a better interchange of information in both directions (between the 
users and the operators). Citizens of suburban areas and special users’ categories 
(ageing population, vulnerable users, etc.) are attracted by the public transport 
on-demand services, avoiding the use of unsustainable modes where traditional 
bus and railway services are not available. Efficient demand management is 
possible, thanks to the enhanced user visibility and the service organisation 
techniques that provides the user with options for different prices and seamless 
connectivity to other modes of transport. Cities enable greater public transport 
capacity and efficiency by providing door-to-door mobility information and 
guidance systems and by facilitating intermodal travel chains. 

On-demand shared 
passenger/parcel 
transport service for all 

The on-demand transport system expands to freight and goods delivery by 2050. 
Passengers and cargo are combined aiming at increasing the use of the network 
infrastructure and transport assets capacity. New vehicles able to accommodate 
both passengers and cargo in an efficient and comfortable (and safe) way are 
designed. Consequently, multiple parcels and more passengers in one vehicle are 
allowed. Higher visibility and transparency of cargo flow is achieved, enabling 
avoidance of unnecessary/empty vehicle movements in urban areas by making 
last mile deliveries more efficient by consolidating goods flows. Shared data, 
infrastructure and logistics business models for urban goods distribution are 
developed providing a more efficient utilisation of public transport infrastructure 
across both passenger and goods transport modes. 
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3.2.1.4 Alternative futures for Connected Autonomous Vehicles 

The introduction of Connected Autonomous Vehicles to passenger car fleets will bring certain new possibilities 
and possible disruptions to the current transport system. CAVs will likely be a determining factor for the transport 
system, but differences in the level of automation and ownership can lead to entirely different scenarios. While 
these parameters provide the context behind the scenarios, some supporting policies, technologies, and a shift in 
mentality and behaviour is naturally required for a complete narrative. 

Scenario Description 

People take cars CAVs Level 4 have been slowly introduced into the car fleet starting from 2025, 
and picked up around 2030. Most of these vehicles are privately owned. Level 
5 vehicles became available on the market in 2050. Ownership trend in CAV use 
is based on the limitation of autonomous features, that are limited to highways 
and motorways where no non-motorised traffic is allowed. This excludes car-
share fleets that are more used over short-distance trips, mostly within cities. 
Due to the private ownership, access to these vehicles are limited to the 
wealthier part of society, as fixed costs (purchase, maintenance) are also 
covered by the individual owner/user, not only the variable costs (energy/fuel). 
People appreciates the time savings that CAV brings about, since the time spent 
in a CAV that navigates the highways on its own is not wasted time anymore. 
The intercity CAV traffic is not allowed to enter the inner cities, as parking space 
is already sparse, so here the development of P+R parkings and connected 
public transport/micro-transit/bike-share services is a requirement. The 
overwhelming majority of CAVs are electric vehicles. This, together with an 
improved driving efficiency, contributes further to the reduction of total 
emissions from cars, compared to a full non-electric, non-autonomous fleet. 

Cars take people Soon after the availability of Level 4 automation level, Level 5 also becomes 
available on the market. This results in autonomous vehicles being able to drive 
fully without human interaction over any kind of road infrastructure and in any 
kind of weather or traffic situation, both inside and outside the cities. In big 
cities large car-share fleets or micro-transit services become available, so 
private car ownership plummets. Improved connectivity and information 
sharing facilitate the integration of fleets in broad-reaching MaaS schemes. 
Since each mode of transport is connected, multimodal trips become more 
attractive. This boosts public transport use and discourages private car use. It is 
possible to convert a large amount of parking spaces to hubs for mobility 
services, or other public spaces. In small cities less people make use of car-share 
fleets/services, therefore the private ownership of CAVs is higher than in big 
cities. In small cities there is usually a higher amount of private parking available 
due to lower density housing structures. C-ITS equipment has been installed 
over various components of the traffic infrastructure, when not only car-to-car 
but car-to-infrastructure connectivity is considered, and/or C-ITS data beacons 
could be installed on Legacy Vehicles to include them in the network of 
connected vehicles, providing an additional level of safety on the roads. With 
full automation new groups of individuals get access to safe and convenient 
mobility services beyond the current fixed public transport lines, for example 
individuals with limited mobility options, children, etc. 
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3.2.1.5 Alternative futures for Urban Air Mobility 

Urban Air Mobility (UAM) is a solution for passenger and cargo transportation within metropolitan areas based 
on highly automated and efficient air vehicles. Vertical Take-off and Landing vehicles (VTOL) capabilities, the 
regulatory framework of urban air traffic management space, the rider experience and the cost of this mode will 
determine the adoption and use of UAM across European cities. 

Scenario Description 

Aerolimousines The impulse of manufacturers and some companies willing to operate UAM services is 
pushing the regulators forward towards the implementation of this mode, but the 
challenges require very high levels of coordination among stakeholders and progress 
is difficult in some areas. The manufacturers have achieved sustainable production 
levels, above those of helicopters, but are still far away from car production schemes. 
Noise impact is similar to medium-sized trucks. Certification process follows the same 
procedures as standard aircrafts. European aviation authorities have conducted 
demonstration projects for urban air traffic management schemes in collaboration 
with local authorities, and have started to operate these systems in some metropolitan 
areas. However, there are some aspects that have not yet been agreed, which hinders 
the adoption of a standard system across Europe. Safety levels are better than those 
registered for traditional on-demand flight, but some notable accidents impact public 
opinion from time to time. Most large cities have explored partnerships with potential 
operators to adapt heliports and add some additional vertiports in suburban areas, but 
the complex governance structures and the lack of expertise from local authorities 
delays most infrastructure projects. Ridesharing companies provide services in 
integrated platforms with their ground modes. UAM is not regarded as part of the 
public transportation system of the city, but as an exclusive mode. 

Flying shared 
mobility 

There is a conviction that UAM can support profitable business models and contribute 
to sustainable urban mobility, so cooperation among different governance levels and 
stakeholders is smooth. The technological advances in composite material and 
distributed electric propulsion has enabled manufacturers to cut vehicle production 
costs and achieve high production volumes, getting closer to traditional car production 
standards. Noise impact has been reduced to half the levels of a medium-sized truck 
passing a house. Specific certification procedures have been designed for VTOL 
vehicles. After intensive funding of research activities and demonstration projects, 
European aviation authorities have set standards for urban air traffic management. 
Metropolitan transport authorities and aviation organisations work together to apply 
these standards across Europe. Safety levels have improved substantially in 
comparison to traditional on-demand flight, and public opinion appreciates the 
potential for reducing car fatalities through modal shift. Large cities receive funding 
from European aviation authorities to deploy infrastructure for UAM operations. Many 
of them have succeed in developing a vertiport network that covers airports, transport 
hubs and important nodes in suburban areas. MaaS aggregators, both public and 
private, have incorporated UAM services in some of their mobility packages. UAM 
achieves the same level of integration as shared mobility systems, with some cities 
integrating it in their transport systems. 
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3.2.1.6 Alternative futures for Mobility-as-a-Service 

The introduction of MaaS is expected to make the life of citizens easier, it should help shift from private car use 
towards multimodal, sustainable transport. The determining factor for the success of MaaS lies in the four C's; 
cost, convenience, choice, and customisation. In our vision, two scenarios are materialising for the future. In the 
first scenario MaaS pilots are born inside cities, and develop on their own, providing an interface layer to the 
underlying independent mobility services. In the second scenario these services evolve and connect under a 
European MaaS framework. 

Scenario Description 

Limited MaaS MaaS providers are focused at a local level. They include services from various local 
mobility operators that are already present in the city (public transport, car-share 
fleets, bike-share, taxi companies, etc.). Organisation and pricing of the traffic services 
is still controlled by the individual providers, while the MaaS provider is just another 
interface to planning trips, purchasing tickets (that are simply bundled individual 
tickets of the specific transport providers), and possibly providing a limited set of fixed 
subscription packages. Integrated information facilitates the choice regarding the time 
of day, route, or the mode of transport to be used. Users can find, book, and pay for 
their trip at a single service point (be the MaaS app or a vending machine). MaaS offers 
users an alternative for individual car ownership covering their daily mobility 
requirements. Since the MaaS service builds on existing mobility service providers, 
these are not common in small cities. Seamless mobility stops at the city limits: inter-
city MaaS services are not yet available as different regions have their own 
independent MaaS solutions that are not interlinked. Some mobility providers try to 
obtain exclusive contracts to serve a specific transport mode in the MaaS offering, 
leading in some cases to an unhealthy competition. Pricing and route options are not 
flexible and everyone is presented with the same options: prices are independent of 
the imbalance of demand and supply, while the suggested routes and modes only 
reflect the traffic situation, without the aim of shaping traffic demand itself. 

MaaS unlimited 
MaaS services evolve into a connected European-level network. Interregional 
multimodal transport becomes a convenient option. MaaS services are also used to 
intelligently shape the spatial and temporal traffic demand over all available modes. 
MaaS stakeholder groups involve a wide array of tightly cooperating players from 
mobility providers to local and regional governments, who are all strongly involved in 
the planning, design, operation, and maintenance of transport services, networks, and 
infrastructure. Supply and demand are now combined with goals such as reducing the 
use of cars or promoting liveability in the cities. MaaS is seamless even beyond single 
city limits, and reaches regions that would be impossible to serve with traditional 
public transport routes. Users pay for a service from A to B irrespective of the modes 
that take them there. It is not a bundle of individual tickets any-more over fixed lines 
or modes, but a single mobility offer from A to B. MaaS covers all available means of 
transportation. In the offerings of a MaaS app, a multitude of parameters are 
considered capturing the elements that are needed to design a package that fits a 
given person's needs. Individual mobility patterns, attitudes and perceptions, together 
with current service levels, define the price of an individual offering. Public transport 
services are still the providers of the high capacity backbones of MaaS services in the 
form of trains, trams, and metro lines. As demand for MaaS increases the traffic over 
these lines will increase too. 
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3.2.2 Impacts to cities and their transport planning techniques across the scenarios 

The Delphi poll conducted in the project provides a source of information for assessing the impacts of emerging 
mobility solutions and the related innovations in urban transportation and the techniques and tools that cities use 
for managing and planning it. 

3.2.2.1 Future impacts in cities 

The participants in the Delphi poll were asked about their views about the factors and impacts of emerging 
mobility solutions for cities. In the 1st Round, this was evaluated through open-ended questions, that served to 
gather all the possible answers to this issue. In the 2nd Round, the factors and impacts identified were prioritized 
by the respondents. 

First, the participants provided their opinion on the current factors underlying the emergence of these mobility 
solutions. A wide range of aspects was covered by the panel, among which the following stand out: 

• The collaboration between public authorities and private operators. 

• The potential that authorities see in these solutions for complementing public transport services, reducing 
congestion, limiting air pollution or increasing accessibility. 

• These services provide a great flexibility for attend mobility needs of citizens. 

• The lack of specific regulations opens the door. 

• The specific geographical configuration of the city. 

• The existence of high-density areas in the inner city that generate demand. 

• The existence of low-density remote areas that can be served by on-demand transportation services. 

• The broad use of technology by citizens. 

• The taste for new experiences that lead citizens to try these services. 

In addition to this, the participants share their opinions on the successful factors for the implementation of 
emerging mobility solutions. The following aspects arise, from most to less frequent: 

• The deployment of Urban Vehicle Access Regulations (UVARs) that make these solutions attractive to the 
detriment of car use, as well as parking regulations. 

• The reliability of services for end users. 

• The affordability of services for end users. 

• The cooperation between operators and cities to deploy the systems. 

• The management of public space to ensure that all user rights are preserved, and that active mobility 
modes are prioritized. 

• The integration of the management and planning of new solutions in urban mobility planning processes. 

• The acceptance from users to new mobility concepts brought by these solutions, so they feel comfortable 
with using these services. 

• The cooperation with public transport services, e.g. first and last mile support. 

• The electrification of the vehicles used by these solutions. 

• The extension of the coverage areas of the services to suburban areas. 

• The reduction of the size and weight of the vehicles. 

• The evolution of demographics and environmental concerns among society. 

Figure 12 shows the results of the 2nd Round with regard to the priorities among the aforementioned factors. 
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Figure 12 – Importance of certain factors for the successful implementation of new mobility options 

The participants also were asked to reflect upon the main current impacts that these solutions have in European 
cities. 25% of them reported no impacts but were aware that they may have impacts in the future. Among those 
that cited effects of these solutions, negative aspects prevailed. These were the impacts reported from most to 
less frequent: 

• Modal shift from public transport services. 

• Modal shift from active mobility modes (i.e. walking and cycling). 

• Public space consumption, leading to conflicts with pedestrians in sidewalks and with other traditional 
modes. 

• Short life time of micromobility vehicles drive cities away from sustainable mobility principles. 

• Increased pressure to public authorities for adaptation to new solutions. 

• Vandalism. 

• Trip induction. 

• Increase of accessibility. 

• Car ownership decrease. 

Interestingly, the answers to the future impacts of emerging mobility solutions were by far more positive, with 
few exceptions that report that no positive impacts are to be seen. The impacts foreseen from most to least 
frequent were the following: 

• A reduction in private car use and ownership. This would lead to an increase in walkability of inner-city 
areas, less need for parking space, less congestion and better air quality. 

• An improvement of accessibility, especially in suburban areas. 

• A replacement of scheduled public transport services, especially in low-density areas. 

• A reduction in the dependency of urban mobility in fossil fuels. 

• An improvement in road safety. 

• An improvement of the overall economic performance of the city. 
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• A series of regulatory challenges for public authorities. 

• Modal shifts from traditional modes to emergent modes. 

In the 2nd Round, these impacts were grouped in an adverse group and a positive group, for the experts to order 
them in terms of importance. Figure 13 and Figure 14 show the results. 

 

Figure 13 – Importance of certain adverse impacts of new mobility options for cities 

 

Figure 14 – Importance of certain benefits of new mobility options for cities 
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3.2.2.2 Future impacts in transport models 

Apart from the factors or impacts in urban mobility systems, the Delphi poll addressed also the implications of 
these emerging mobility solutions in transport planning tools and techniques (e.g. data sources, modelling tools, 
decision support platforms…). 
 
Participants consider that some of the innovative mobility solutions already represent a challenge for these 
techniques, as can be seen in Figure 15. In particular, shared mobility systems, micromobility and Mobility-as-a-
Service would already require adaptations in transport models. Other solutions, such as UAM or CAV are seen less 
challenging at the moment. However, at least 25% of the respondents consider that each mobility solution is 
already imposing challenges to the techniques.  

 
Figure 15 – Impacts of emerging mobility solutions in transport planning tools and techniques (1st Round) 

Participants were asked about from what modal share do they consider essential to include these solutions in 
transport planning techniques. In view of the results (Figure 15), the achievement of a 5% of modal share seems 
to represent a breakthrough in how these solutions should be considered.  

This question was also presented as a temporal matter (Figure 17 for the 1st Round, for the 2nd Round). For DRT, 
shared mobility systems and micromobility this is expected to happen in the next decade, so participants agree 
that they will be considered by transport planning techniques between 2020 and 2030. On the contrary, CAV and 
UAM would follow a much slower path towards their inclusion in these tools and techniques. The majority of the 
panel considers that this will not happen before 2030, and still between 10-20% consider that this will not happen. 
The 2nd Round repeated the question differentiating between shared vehicle systems (e.g. carsharing) and 
ridesharing, for the case of shared mobility. Both follow a similar path, although ridesharing inclusion is expected 
to take longer. 



 

D2.1 New Mobility Options and Urban Mobility: Challenges and 
Opportunities for Transport Planning and Modelling 

Page 92 of 133 

Copyright © 2019 by MOMENTUM Version: Issue 1 Draft 4  

 

 
Figure 16 – Modal shares that would require major changes in current transport planning tools and techniques 

(1st Round) 

 

Figure 17 – Decade when emerging mobility solutions should be considered in transport planning tools (1st 
Round) 
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Figure 18 - Decade when emerging mobility solutions should be considered in transport planning tools (2nd 
Round) 

The identification of research gaps and challenges among transport data sources, modelling tools and policy cycles 
is also of utmost interest for the project. With regard to the gaps, the panel provided a wide range of ideas. Data 
sharing between operators and policy-makers was highlighted by many respondents. Apart from this repeated 
issue, the following gaps seem to be relevant: 

• The lack of solid and stable agreements with operators introduce uncertainties to the approaches needed 
for coping with these solutions. There is a lack of monitoring tools and normative models that would be 
valuable for policy-makers and regulators. 

• The limited cooperation of urban planning and transport planning is also perceived as a gap in relation 
to this particular issue of emerging shared mobility services. 

• The nature of the new options requires disaggregated demand modelling approaches taking into account 
improved behavioral models and the household context, e.g. in terms of car availability.  

• The dynamism of shared mobility supply requires improvements in supply modelling techniques to be 
useful for the management of these systems. 

• The lack of models for assessing specific impacts of these solutions, such as empty trips modelling or car 
type choice in shared mobility systems. 

• The lack of strategies for data fusion, e.g. generation of synthetic populations from mobile phone data 
and household survey data. 

• The limited real-life data available for performing analyses. 

• The lack of skills by transport planners to deal with the advances in transport modelling tools. 

Once again, the 2nd Round served to prioritize these gaps in terms of importance for the accurate modelling of the 
new mobility options. Figure 19, Figure 20 and Figure 21 collect the results of this process. 
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Figure 19 – Importance of transport data sources gaps for modelling new mobility options 

 

Figure 20 – Importance of transport modelling gaps for modelling new mobility options 

 

Figure 21 – Importance of urban mobility planning cycle barriers for modelling new mobility options 
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The indicators that the experts consider as interesting for the future transport planning tools are the following, 
from the ones most frequent to the ones less frequent: 

• Emission level indicators. 

• Safety measures. 

• Accessibility measures, particularly related to the potential improvement of accessibility in suburban 
areas. 

• Modal split changes, particularly the served demand by new mobility services. 

• Public space consumption. 

• Load factor of shared vehicles. 

• User profiling of new mobility services and inclusiveness measures. 

• Costs per mile. 

• Empty kilometers travelled. 

• Car ownership changes. 

• Trip generation changes. 

• Energy consumption changes. 

• Spatial coverage of new mobility services. 

• Comprehensive indicators related to urban life quality. 

Figure 22 shows how the experts rate each category of indicators in the 2nd Round. 

 

Figure 22 – Importance of different categories of indicators as priority outputs for new mobility options modelling 
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4. Present and future of transport data sources 

Evidence-based policies with impact on urban transport systems require reliable information about 
mobility patterns and travel demand. The obtention of such information is often a headache for 
practitioners: data availability, the resources for collecting data and the skills for analysing it  are often 
limited. The proliferation of mobile devices and sensorisation techniques suggests that many useful data 
is already being collected: the key is to have access to it and to extract from each source the most valuable 
information. 

The traditional approach for the collection of travel demand information is based on surveys (household travel 
surveys, vehicle intercept surveys, on-board transit surveys, etc.). Surveys provide rich information on mobility 
patterns and the underlying behavioural drivers (e.g., travellers’ sociodemographic characteristics, trip origin and 
destination, trip purpose, modal choices), but they have intrinsic problems, such as incorrect and imprecise 
answers, and they are expensive and time-consuming, which limits the size of the sample and the frequency of 
update. This leads to many urban mobility plans being developed on the basis of incomplete or outdated 
information.  

During the last decade, different studies have shown the potential of new, opportunistically collected data sources 
to overcome some of these limitations. Transport modellers have begun to integrate the information extracted 
from these new sources. However, a number of challenges are yet to be fully overcome to exploit the full potential 
of these emerging data sources. 

Section 4 reviews the present and future of travel demand data sources, grouped in six categories: sensor 
vehicular data, floating vehicular data, sensor personal data, floating personal data, social media data and 
mobility surveys. It must be clarified that these categories do not intend to establish a taxonomy, but to organise 
the review in a way that similarities and differences between different datasets are highlighted. 

 

Figure 23 – The role of different data sources through a standard trip within any city  
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4.1 Sensor vehicular data 

4.1.1 What is sensor vehicular data? 

Sensor vehicular data comes from any type of vehicle detector located in a fixed position of the road, able to 
capture different traffic measures. This category of sensors can be divided into two main categories [154]:  

• Point detectors, which obtain the traffic measurements at specific points in the road network [154]. There 
are several technologies that serve this purpose. Pneumatic tubes are extensively used to perform 
temporary counts. Single loops consist on a magnetic loop embedded in the asphalt and they can only 
provide the flow and the occupancy of the road; whereas double-loop detectors (two magnetic loops 
very close to each other) can provide instant speed and vehicle length apart from the two previous 
measures. Video cameras with image detection methods [155] also fit within the point detectors 
category. They are gaining interest in recent years because of their lower installation and maintenance 
costs, higher accuracy and its capability to detect motorised and non-motorised traffic as well as vehicle 
behavior. 

• Interval detectors, which provide a measure of the travel time between two points. This category includes 
systems such as Automatic Number Plate Recognition (ANPR) [156], Bluetooth [157] and Wi-Fi [158] 
based-detector sensors. This type of devices usually works by identifying the vehicles at the beginning 
and the end of the studied segment and then by calculating the travel time from this data. Furthermore, 
they are also a source of local Origin/Destination matrices [159]. 

The format of the datasets generated by these detectors depends on the specific characteristics of the device. In 
this way, for points detectors, datasets are structured in table format (one table per sensor) with one row per 
period, and where each row contains aggregated measurements (flow, avg. point speed, avg. occupancy, etc.) 
over the time interval. The duration of the time intervals usually goes from 5 minutes up to one hour, and the 

aggregated measurement may be provided by vehicle 
type. Regarding interval detectors, the raw data 
obtained from these sensors have a transactional format 
that includes the identification of the sensor that 
registered the event, the timestamp of the event, the 
identification of the vehicle (plate number for ANPR and  
MAC identifiers for Bluetooth and Wi-Fi based-
detectors), and some additional information (e.g. signal 
strength for Bluetooth and Wi-Fi). In some occasions, 
due to privacy issues (as it will be explained below), the 
format of the data is similar to that of point detectors, 
but with aggregated values referred to a road stretch 
instead of a point. 

With regard to privacy issues, each type of device has different implications. Some detectors do not identify each 
vehicle but only count them (e.g. point sensors) but others track plates or MAC identifiers, so the information is 
more sensitive as it is related to a single vehicle. Therefore, anonymisation techniques, as the aggregations 
explained above, must be applied. Furthermore, this data source is usually proprietary and owned by public or 
private authorities, the former being more common than the latter. Despite its proprietary character, some 
initiatives have appeared recently aiming to make the information obtained from this data source category 
publicly available in open data portals. One of the most known ones is the PeMS repository [160] from California’s 
Transport Department, but similar initiatives are present in cities such as Madrid [161], Paris [162] or Brussels 
[163]. However, there is still room for improvement since many cities and authorities are still reluctant to share 
this data with the general public. 
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4.1.2 What are the opportunities and shortcomings of sensor vehicular data? 

The use of sensor vehicular data in the domain of travel behaviour and mobility pattern analysis is wide and 
frequent.  In the case of point detectors, it is one of the primary data sources of many travel behaviour and demand 
analyses, because of its current wide deployment in roadways, its robustness versus external factors (especially 
for loop sensors) and its accuracy. However, the use of interval detectors has been less common due to their less 
widespread deployment [154], although they share many of the benefits with the previous category. The 
emergence of connected vehicles will extend the applicability of interval detectors. 

Some examples of application are travel time estimation [164–166], traffic volume estimation [167, 168], 
estimation of origin-destination matrices [169–171], traffic monitoring, segmentation of road user classes [172], 
monitoring of vehicle occupancy [173] or automatic incident detection [174] just to name a few. 

One recent trend that is worth mentioning here is the increasing detection capabilities of video-based vehicle 
detection systems [175]. Recent advances in hardware and computer vision approaches are making the use of 
this type of devices more and more popular. The main advantage of these devices lies in the multitude of use 
cases that are enabled by automated video-image-processing methods and their applications. Some examples are 
[155, 175]: automatic incident detection, multi-modal traffic count, law enforcement, toll collection, speed 
camera, vehicle behaviour analysis, etc. 

The general shortcomings of these sensors are mainly their limited coverage of the road network, particularly in 
minor roads and their high installation and maintenance costs in comparison with other data sources such as 
Floating Car Data (FCD) [176]. Furthermore, each type of device has its additional shortcomings. In this sense, loop 
sensors are prone to malfunctioning, being inoperative from 25% to 30% of the time [177]. Bluetooth and Wi-Fi 
sensors show problems [171] with data reliability and processing because of issues related to their penetration 
rate, mode discrimination and detection quality; Whereas, ANPR and video-based traffic detection systems are 
susceptible to external factors such as weather and poor light conditions. 

Data accessibility could also be a problem in some cases since, as discussed above, it is proprietary data, and some 
organisations are not willing to provide it, especially in the case of those devices that track individual vehicles, 
because of the sensibility of the raw data they produce. 

4.2 Floating vehicular data 

4.2.1 What is floating vehicular data? 

Telematics systems have been developed to acquire and transmit vehicle data for decades. The measurements 
may cover a wide variety of variables, for instance instantaneous vehicle speed and fuel consumption. The same 
technology has been utilized to also track the location of vehicle fleets, which is recorded from Global Navigation 
Satellite System (GNSS) receivers operating onboard road vehicles. Traditionally, the receiver was a dedicated 
GNSS device but nowadays more modern, general-purpose smart devices can be used, that may not be connected 
to the car itself, like a common smartphone, a tablet used for navigation or even a tracking-enabled wearable 
gadget. Spatiotemporal datasets recorded while a vehicle is moving and containing the coordinates of the vehicle, 
are known as Floating Car Data (FCD). 

FCD might be recorded during the utilisation of any kind of road vehicle, from the navigator systems of privately-
owned cars to tracking systems of commercial fleets (taxis, busses, trucks, carpooling and carsharing vehicle fleets, 
free-floating bikes and electric scooters, etc.). Hence, it is interesting to remark that shared mobility services often 
collect this type of data from their fleet. It is nowadays regarded a simple, relatively cheap and widespread 
technology [178] as most vehicle fleets have already incorporated tracking systems leveraging satellite-based 
radio navigation, and at the same time GNSS-enabled devices have penetrated society in unprecedent levels. 
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Raw FCD are structured and contain records with spatiotemporal information of high granularity, as the exact 
timestamp and coordinates are the main dimensions of records. Often, more fields might be available reporting 
the instantaneous vehicle speed and/or acceleration (both magnitude and orientation), altitude and dilution of 
precision. Several studies have also utilized case-specific FCD features, for example the occupancy state and trip 
origin-destination of taxis, the transport schedule of a truck or emissions/consumption data. 

The recording frequency varies significantly and depends on several factors, for instance the system’s design, its 
purpose, limitations posed by the underlying communication system and its bandwidth, data transmission cost, 
sensor energy consumption among others [179]. The FCD frequency, as reported in most studies, typically ranges 
from low values of one record per minute, up to sixty records per minute (1Hz). Recording frequency is found to 
affect the performance of algorithms that try to map each datapoint with a specific road and travel direction, 
commonly known as map-matching algorithms. Tracking the exact route of a vehicle is simpler and more accurate 
when consecutive points are dense and the temporal difference between them is up to 10 seconds. On the other 
hand, in cases of less frequent sampling, the temporal and thus spatial distance between successive datapoints 
increases and more complex map-matching algorithms should be applied to reconstruct the travelled path to 
certain confidence levels [180, 181]. 

4.2.2 What are the opportunities and shortcomings of floating vehicular data? 

The decreasing cost and widespread use of sensors and Internet of Things (IoT) has resulted in a growing trend 
in FCD penetration, which is expected to last or grow bigger with the arrival of further technologically advanced 
and autonomous vehicles. FCD is regarded as one of the main sources of real time information about traffic 
condition on road networks [182–184], as data are generated and recorded dynamically by the travelling vehicles 
in a fully automated procedure. 

FCD are considered relevant for numerous mobility domain applications [185], including the extraction of travel 
times [186], fine-grained traffic characterisation and travel speed on a street level [176, 185, 186], vehicular 
origin-destination matrices [176, 187, 188], frequent mobility pattern identification (frequent traffic paths) [187, 
189], hotspot detection (attractive areas) [190–192], outlier detection (any kind of atypical phenomena, for 
instance congestion at unexpected locations due to an accident, extreme weather events, social events, etc.) [188, 
193, 194], traffic light operation optimisation [194, 195] and weather effects on vehicle speeds [196]. Several 
authors have also utilized FCD for predictive analytics, mainly based on machine learning models or statistical 
methods for traffic forecasting [196–201]. Neural network models trained on historical FCD seem to be the most 
prominent and accurate predictive algorithm for short term traffic forecasting [201]. FCD are able to tackle 
limitations posed by fixed location sensors [176] with costly installation and maintenance, bounded geographical 
coverage, inadequate coverage of minor roads and inhomogeneous measurements. Further, FCD are highly 
sensitive and can detect atypical traffic events like jams and accidents. 

Among the shortcomings of FCD, it must be highlighted that FCD are privately owned, commonly by fleet 
operators and managers, who are the only agents with real time access to the raw data. Third-party entities are 
typically granted access to subsets of aggregated metadata or historical data for offline analysis and research. In 
the cases when the FCD can be traced back and linked to the vehicles and/or individuals, the process of 
anonymisation is obligatory before opening the data to third parties. The volume of FCD can potentially become 
exceedingly large when numerous devices contribute to data logging with high frequency. In such cases, the 
traditional data processing techniques might prove inadequate, demanding algorithms that utilize scalable 
frameworks and technologies for efficient and distributed big data processing. The records inherently include 
some positioning error, typically ranging from centimetres up to a few meters, especially in certain places with 
reduced GNSS accuracy due to obstacles, for example tall buildings (multipath events), or signal outage. However, 
those limitations can be countered by accuracy correction and map-matching algorithms [27], [28]. Modern 
technologies incorporate advanced hardware and software with improved tracking accuracy in the order of a few 
centimetres [29].  
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4.3 Sensor personal data 

4.3.1 What is sensor personal data? 

Sensor personal data category includes datasets recorded from static devices that capture some sort of human 
activity. The most common examples are pedestrian flow counters, such as cameras, Wi-Fi or Bluetooth sensors. 
While cameras identify pedestrians through image recognition techniques, sensors detect nearby personal devices 
equipped with these connecting technologies and log the relevant data. For instance, a Wi-Fi hotspot records the 
number of connected devices and a Bluetooth sensor can periodically scan the area for devices with enabled 
Bluetooth connectivity. Typically, each detected device is paired to a unique identifier (for instance the MAC ID of 
any Bluetooth device), and subsequent detection of a device by different sensors unveils mobility patterns and 
unlocks great potential for transport research. Apart from devices that are purposely installed for counting people, 
many public transport systems include similar elements, since they record the amount of people using a certain 
service. This is the case of public transport ticketing data when no information about the individual user is 
recorded since it is unrelated to a transport card holder, unlike public transport smart card data (see Section 4.4). 

Sensor personal datasets are structured and have a transactional format, i.e. they have a time dimension and 
describe some kind of event, referring to one or more individuals. In some cases, however, data are recorded after 
the aggregation of measurements in time segments, for instance when a camera reports pedestrian flows 
aggregated for five-minute periods. Besides the event timestamp, the transaction location is also captured 
(directly or indirectly), frequently in the form of a unique identifier, for instance the identification number of Wi-
Fi sensor. The data spatial accuracy is extremely high given it is a punctual measure and the coverage area of Wi-
Fi and Bluetooth sensors is low, however, the temporal granularity is not as remarkable as the spatial granularity. 

Some sensor personal datasets are linked to a certain individual. This is the case of Wi-Fi or Bluetooth counters, 
which as it happens in the application to vehicles, can serve to generate local origin-destination matrices. In these 
cases, anonymisation technics should be adopted before FSP data is open to third parties. In addition, they are 
proprietary, owned by the public or private entities which control the sensors and/or the recorded event. 
Organisations are generally reluctant to opening those data as they contain, amongst others, confidential 
operational information. 

4.3.2 What are the opportunities and shortcomings of sensor personal data? 

Sensor personal data have great value and applicability in investigating the dynamics of human behaviour and 
mobility. Sensor personal data acquisition is preferred among other mobility data sources because it monitors 
certain human activities pervasively, yet the data collection method is strictly passive, fully automated and 
continuous. This allows for collecting data for huge samples compared to other active methods. These data 
sources are a key element for analysing pedestrian flows, which are difficult to assess through floating personal 
data sources such as mobile phone data. 

The main issues with sensor personal data are related to data openness. Their proprietary nature poses serious 
accessibility barriers and private agents are reluctant in sharing them. Penetration levels can be an issue for FSP 
datasets recorded by Wi-Fi or Bluetooth sensors, since not all users keep these technologies enabled while 
carrying their personal devices on streets. Another consideration in the utilisation of FSP for studying mobility in 
urban areas is that in certain datasets, for example Wi-Fi or Bluetooth sensor detection, the important detail of 
travel mode across street users is unknown. In this direction, studies have attempted to identify the travel mode 
utilizing machine learning algorithms with higher than 83% accuracy for three modes, walking, biking and driving 
[202]. The volume and high dimensionality of sensor personal datasets may pose certain limitations and 
difficulties in processing and extracting knowledge. To this end, the authors of [203] proposed a methodology to 
reduce dimensionality with two orders of magnitude by applying principal component analysis. The original 
dataset can be reconstructed with the top eigenvectors with more than 90% accuracy.  
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4.4 Floating personal data 

4.4.1 What is floating personal data? 

Floating personal data is composed by the geolocated registers left by devices that can be considered to be 
attached to a single individual, and therefore moves next to it. The combination of ICT and IoT has multiplied the 
number of emitting devices that we carry on with us in our daily life and left location registers in databases. The 
most common sources of floating population data are the following: 

• Mobile phone records. This refers to the registers recorded by mobile network operators (MNOs) when 
mobile phones interact with their network of antennas. Each register contains a user identifier, a 
timestamp and an antenna or cell identifier. It can include information about the event that has triggered 
the register (e.g. call, SMS, Internet connection...). The database has to be complemented with the 
antenna network map, and can be enriched with sociodemographic data about each user identifier. In 
order to comply with privacy requirements, MNOs run anonymisation algorithms to the original database. 
The spatial scope of these data is usually large, since MNOs usually work at a national level. The spatial 
granularity depends on the density and distribution of antennas across the territory. Urban areas and 
infrastructure corridors tend to have more density, in order to meet service requirements. This implies a 
spatial resolution of tens or hundreds of meters, while in rural areas this can fall to several kilometers 
[204]. The temporal granularity depends on the events registered by the mobile phone records [205]. 
Active events are those that require an action from clients, such as performing calls or sending messages, 
so imply lower granularity. Passive events are those triggered by the MNO in order to locate mobile 
phones independently of the usage of the device. The access to the data depends on each MNO policy. 
Some of them have internal departments that commercialise solutions that analyse the data, while other 
reach agreements with third parties that buy the data to perform analyses for transport-related clients. 

• Mobile GPS data. This refers to the registers recorded by smartphone applications when they interact 
with the GPS satellites. Each register contains a user identifier, a timestamp and a position represented 
by the longitude and the latitude. The register may contain also information about the use of the 
application or the status of the device. Depending on the personal data that the application owner request 
from the user, this can be complemented with some sociodemographic features. Exactly as it happens 
with mobile phone records, most data privacy laws require anonymisation procedures before any 
exploitation of the data. The spatial scope of GPS data is usually unlimited, since it does not depend on a 
specific network. The spatial resolution of GPS is the highest possible among current data sources, since 
it provides a longitude and a latitude, although it has a precision range of a few meters. The temporal 
granularity depends on the use patterns of each mobile application and the number of location requests 
made by the application, so it can be very variable. The access to the data is managed by the owners of 
the mobile applications or the Operating System (OS) of the smartphones. Some of these agents directly 
commercialize these solutions and others reach agreements with application aggregators, that collect the 
data from several applications in order not to be limited to a certain user profile. As this document 
demonstrates, almost all emerging mobility services have to accessed through mobile applications, so 
these transport operators have the ability of collecting GPS data from their users. 

• Public transport smart card data. This refers to the registers recorded by the public transport ticketing 
systems when users pay or validate their trips in the network. Each register contains a user identifier, a 
timestamp and a location identifier where the interaction took place. This data requires a complementary 
database with all the locations where these events may take place, which implies usually a detailed map 
of the transport network and a comprehensive list of public transport services [206]. The spatial scope is 
restricted to the transport network itself, while the spatial granularity is very high, since it is possible to 
certify where the user exactly performed the interaction with the transport system. Instead of temporal 
granularity, the critical aspect in this case is in which interactions with the public transport the user is 
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required to use the card. This will determine the actions that leave traces in the database. For instance, 
in the majority of bus networks it is not needed to use the card at the end of the trip, so the database 
only contains registers related to the origin of the trip. The access of the data is managed by the transport 
operators or the transport authorities. This implies that it is often available for performing mobility 
analyses, especially in those cases where the study is promoted by the operator or the authority itself. 

• Card transaction data. This refers to the registers recorded by banks when credit and debit cards interact 
with a Point of Sale (PoS) to perform a transaction. Each register contains a user identifier, a timestamp, 
a PoS identifier and the transaction details. Accordingly, the data has to be accompanied by the location 
of each PoS, and may be complemented with the sociodemographic data that the data owner has about 
the card user [207]. The spatial scope of the data is very large, usually similar to GPS location data, since 
it is not limited by frontiers. Regarding spatial and temporal resolution, this will depend very much on the 
use patterns of each sampled person. The access to the data is limited to financial agents and banks that 
process the transactions. They set up sharing policies similar to those of MNOs and applications owners. 

4.4.2 What are the opportunities and shortcomings of floating personal data? 

In terms of mobility patterns analysis, the goal of data analysts that work with these sources is generally to 
reconstruct the activities and trips performed by each user during a given period of time. The different types of 
floating personal data share some features in relation to this target. For instance, the fact that the data is 
continuously collected allows analysts an exceptional flexibility regarding study periods, an aspect that 
particularly limits the potential of mobility surveys [204]. Moreover, the passive collection of the data eliminates 
the drawbacks of non-response and false response bias present in surveys [208]. In any case, it is interesting to 
review the opportunities and shortcomings of each data source: 

• Mobile phone records. Sample size is usually the most highlighted advantage of this source. The high 
sample size is achieved thanks to two aspects: (i) mobile phone penetration rates, which are reaching 
100% of the population in developed countries [209] and (ii) the concentration of MNO market, with each 
country being controlled by no more than three operators [210]. This implies that anyone with access to 
an MNO database usually has data about one third or fourth of the population. This allows an 
unprecedented quality for trip generation and distribution information [211, 212], alleviating the 
so-called "blank cells" problem in origin-destination matrices, which refers to the fact that survey data is 
not able to capture trips in many origin-destination relations. Representativeness must be carefully 
analysed [213], but the fact that MNO are becoming less specialized and have products for all market 
segments improves this feature. The temporal and spatial resolution 
lies at an intermediate point between the sparse registers of cards 
data and the potential high temporal and spatial resolution of mobile 
GPS data [212]. This imposes some limitations, such as the difficulties 
to detect trip mode in metropolitan areas, where different transport 
networks are served by the same antennas and the short distance of 
the trips limit the number of intermediate registers that may provide 
information [214, 215]. Unlike GPS data, is hardly ever possible to 
identify in which building is the user located, so trip purpose 
information have to be inferred from observed recurrence patterns 
in large data series [216], e.g. trips to work can be detected by 
observing a recurrent activity in a given number of days per week at a 
spot different from home location. In practical terms, databases are 
usually very large and raw data needs intensive cleaning and 
preprocessing efforts before conducting any mobility-related analysis 
[205]. This implies that data science skills and high-performance 
computing capabilities are essential to use this source. 
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• Mobile GPS data. Even though smartphones represent a wide proportion of the total amount of mobile 
phones, sample size is usually much lower than the one achieved by mobile phone records [216]. This is 
due to the fact that each mobile application produces its own data, so only in few cases the penetration 
rate of a single app is comparable to market shares of each MNOs. Critically this is not only a matter of 
size but also of representativeness: taking the data from a single application may involve profiling biases, 
since some of these services are only used by a certain population group [217]. Apart from sample effects, 
this phenomenon also affects to the temporal granularity of the data: registers are only generated while 
using the specific application that is contributing to the data source. Given this situation, the emergence 
of application aggregators tries to overcome this problem, but it takes time to get a combination of 
contributing applications that covers the whole day use of a smartphone. In addition, those applications 
that may increase the sampling frequency of GPS location are very consuming in terms of battery [217], 
so they are usually avoided by most users. In any case, the spatial resolution of GPS is remarkable, allowing 
fine grain analyses about trip mode based on speeds and about trip purpose based on high resolution 
location. As it is the case with mobile phone records, the size of the databases can be very large, 
representing a computational challenge. 

• Public transport smart card data. This source represents a remarkable opportunity for analyzing public 
transport demand patterns [218, 219]. Firstly, it usually includes a very large sample, since most 
operators tend to include nearly all tickets in their smart contactless cards. Secondly, it denotes all the 
movements that users make across the network, providing information about combined use of several 
public transport modes. Thirdly, it is owned by the transport operators or authorities themselves, so 
they can design the software behind the data collection in a way that makes easier to use the data for 
mobility analyses. There are two main shortcomings about this data source: (i) it does not represent the 
door-to-door trip, since it only contains information about the public transport leg [220]; and (ii) it usually 
does not include specific registers for the alighting, especially for those trips performed by bus or tram 
[219]. The first limitation implies that some hypothesis on the real origin and destination of the trip have 
to be made, taking into account the accessibility of the stops and stations. The second limitation implies 
that the algorithms that process this data have to infer the drop-off point by looking at recurrent use 
patterns and the next origin point of each user. 

• Card transaction data. These datasets are often valued as a way to analyse economic activity in certain 
areas. In this sense, the scarcity of the registers, which only appear when transactions take place, limit 
the application of the source for mobility analyses. However, this source collects important information 
about an aspect that is often difficult to retrieve from the other floating personal data sources, which is 
the purchase power of the users [221]. 

Above all the specific opportunities, it must be highlighted that floating personal data can act as an enabler of 
activity-based models, as demonstrated by the existing studies [208], overcoming data availability challenge, 
which is often regarded as a crucial barrier for adopting this modelling approach [222] that seems essential for 
assessing the impact of emerging mobility solutions. 

4.5 Social media data 

4.5.1 What is social media data? 

Social media is a data source that has attracted in recent years the interest of the researchers and practitioners in 
transport and mobility [223]. Platforms such as Facebook, Twitter, Instagram, etc. allow people to share its ideas, 
emotions, information, pictures, videos, etc. with location-related information in a ubiquitous way thanks to the 
widespread use of mobile and wearable devices. Social media data provide location information in two ways [223]: 
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• Location-based services, that allow users to share its activity-locations choices (check-in) in their virtual 
networks when they enter places such as shops, malls, stadiums, restaurants, etc. Hence, this can be 
interpreted in similar terms to floating personal data. 

• Geo-tagged associated data available in people’s posts in platforms such as Twitter or Instagram. This 
additional information to the location to the user can provide rich information on the role of the activities 
performed at such location, making a difference with standard floating personal data. 

The information from social media is usually provided in the form of transactional data. Concretely, each 
transaction, that corresponds to a user’s “post”, normally has a timestamp, an identification code for the user, a 
check-in location or GPS coordinates together with the content of the post that could be text, hyperlinks, pictures, 
videos, etc. or a combination of them, depending on the specific platform. Furthermore, this type of data sources 
is updated in real-time and provides information about a large population, given its widespread and increasing 
use rates [224]. 

Social media data sources are proprietary and usually owned by large private companies. This implies that the 
access to these data sources it is not allowed or very limited in some cases (e.g. Facebook) or it requires some paid 
plan subscription (e.g. Twitter, Instagram) to have an access quality that allows a wide and efficient mobility 
analysis, especially at large-scale. However, the cost of this subscription is low compared with other data sources 
for mobility analyses.  

Privacy is an important issue when dealing with social media data, given that it can expose sensitive information 
from the users and/or it can be used to identify and track individuals [225]. This issue is particularly relevant in 
those occasions when the user does not allow to share their individual information publicly, making necessary the 
user of privacy-preserving and or aggregation techniques. However, in some social media platforms users give 
their consent to the distribution of their data amongst third parties. While this is an important advantage for 
analyses related to people's mobility patterns [224], it can pose significant threats to privacy, and it is therefore 
crucial that the analyses adhere to ethical standards. 

4.5.2 What are the opportunities and shortcomings of social media data? 

The massive and ubiquitous usage of social media nowadays, which provides millions of geotagged posts every 
day, in many occasions with high geographic accuracy, by millions of users, make this data source one of the most 
promising at present [223]. Its use for this type of applications began to be explored in 2011 [226], and since then, 
the number of works and application areas have experienced a significant increase. 

Some examples of these applications are Travel Demand Modelling [227, 228] where for example it has been 
used to complement information obtained in mobility surveys; the study of the travel behaviour of people at 
aggregated level [224, 229, 230];  the inference of the purpose of activities carried out by individuals [231, 232]; 
the evaluation of the satisfaction of public transport users [233] or the involvement of citizens in public transport 
planning [234]; and the early detection of traffic accidents or the estimation of the state of traffic [235], among 
others. According to a recent survey [223], the most promising applications of social media data are travel 
demand, long-term transport planning and managing operations (e.g. traffic accidents). 

From a general perspective, the main advantages of social media data for mobility analysis [223] are the low 
acquisition cost, as mentioned above; the fact that the users provide the information without surveys or 
laboratory biases which make it more realistic; and the growing availability of geo-located social media data due 
to the widespread and increasing penetration of mobile and wearable devices and usage of social media. 

The main disadvantage of the use of social media data for mobility analyses is the high cost of the data processing 
required to extract useful information. Given that the most relevant information of social media data is usually 
included in the text of the posts, it is necessary the use of advanced text mining, natural language and other data 
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mining techniques [236]. This data processing increases the overall cost of the analyses performed with social 
media data despite the low acquisition costs mentioned above. 

The second main disadvantage of social media data is the representativeness and its bias towards social media 
users [224] and also towards discretionary and leisure activities. This bias may decrease in the future since current 
trends show that the penetration of social media users in the population is increasing, resulting in samples more 
representative of the actual population. In the meanwhile, the best option is to use sampling bias correction 
techniques. 

Another relevant shortcoming of social media data is access to individual-specific data that is not shared publicly 
at the request of the individual [223]. When the analyses are performed using this protected data, due to privacy 
issues and data protection, information must be anonymised and/or aggregated, so data cannot be traced back 
to users. 

4.6 Mobility surveys 

4.6.1 What are mobility surveys? 

Mobility surveys are the most traditional method to collect travel demand data. Surveys are based on 
questionnaires that contain a set of questions opportunistically selected given their relevance for the objectives 
of a specific study. Questionnaires are handed out to a chosen part of the population, which constitutes the sample 
of the survey. This is the main difference with a census, where all individuals of the population are asked [237]. 
The answers of the sample provide information about how people are travelling and why they are choosing to 
move in a particular way, in order to monitor or model a transport system [238]. 

There are several types of mobility surveys which consequently generate very different and complementary data. 
Not all trips in a study area can be surveyed through a single type of survey [239]. In this line, it is possible to 
distinguish two main types: 

• Household surveys, which ask all the members of each household in the sample about the trips made 
within and to/from the study area in the period analysed. These surveys are often conducted either as a 
personal interview or by telephone. These are usually the longest type of mobility survey, and therefore 
collects rich information not only about trips themselves, but also about complementary aspects such as 
the socioeconomic features of the household that are relevant to their travel behavior (e.g. car ownership, 
income) or the existence of household members that do not generate trips. The application of classical 
four-step transport models in metropolitan areas has been based on these surveys (Bates 2000). 

• Intercept surveys, which ask citizens while performing trips. The questionnaire is handed out in a 
convenient intermediate point of the trip (e.g. roadside surveys at gas stations for car travelers, on-board 
surveys for public transport users). These surveys are usually short, since they need to limit the 
interruption of the trip in order to achieve a sufficient sample size. While they do not provide as much 
information as household surveys, these are needed to assess the mobility patterns of non-residents in 
the study area. Indeed, long-distance mobility studies have to rely in these surveys, since study areas are 
too broad to conduct household surveys. 

Most surveys are cross-sectional, since they collect answers from a chosen sample about their behaviour at a 
specific point in time. However, it is possible to conduct longitudinal surveys, which turn the sample into a panel 
of respondents that answers the questionnaire in repeated times. This allows to detect changes in their travel 
behaviour and explore the motivation of these changes [239]. 
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Mobility surveys can be also classified depending on the nature of the information collected [239]. On the one 
hand, some surveys ask for revealed preference (RP) information, which encompass all the aspects related to the 
current travel behaviour. On the other hand, it is possible to ask for stated preference (SP) information, which 
explores how the respondent would behave if a certain situation (e.g. the introduction of a new transport mode 
in the city) took place. Depending on the objectives of the study that motivates the survey, it can address either 
one or both sides. 

4.6.2 What are the opportunities and shortcomings of mobility surveys? 

Mobility surveys entail a trade-off between quality, quantity and cost [238]. The quality of the survey is 
determined by the design of the instruments that are used for the survey, i.e. the questionnaire, and the features 
of the sample selected for performing the survey. The quantity of the survey is very much related to the sample 
size, but also to the number of questions addressed by the questionnaire. As it can be expected, the costs increase 
with the size, scope and level of quality of the survey. 

The motivation for the increasing interest of transport practitioners in the alternative data sources reviewed in 
this document (e.g. floating personal data, floating vehicular data…) has a lot to do with this trade-off. Basically, 
Big Data sources seem to distort the relation between these three factors, mainly because of their impact on the 
quantity-cost relation. These sources are able to achieve sample sizes which may be several orders of magnitude 
greater than surveys for some studies, normally at a lower cost [213]. In comparison to these emerging data 
sources, sample size is the main shortcoming of mobility surveys [215]. In addition, even if the quality aspects are 
reviewed carefully, surveys will always provide statements about travellers’ behaviour instead of their actual 
mobility patterns. The potential differences between the statements and the reality introduces false response 
biases. Moreover, not all members of the selected sample provide answers, leading to potential non-response 
biases. These biases are seen as a disadvantage compared to passively collected data, which reflects the actual 
behaviour since it does not introduce an observer in the mobility situation [212]. 

Even if biases may compromise survey quality, up to date there are no alternative data source or combination of 
sources able to entirely substitute the rich information that surveys provide about travel behaviour and the 
motivations that underly mobility patterns. Apart from some trip features that are difficult to evaluate through 
floating personal data (e.g. detailed trip purpose) there are a set of subjective elements of mobility that can be 
only accessed by surveys (e.g. modal choice reasons). In addition, since mobility surveys are promoted by transport 
authorities themselves, they can take the control over the full process of data collection and analysis [240]. In 
this line, transport authorities are already familiar with mobility surveys and their personnel do not need 
additional skills for dealing with this data source, which is not the case for the Big Data sources reviewed in this 
section [241]. 

4.7 Challenges and gaps in transport data sources research 

If any common conclusion can be extracted from this review of transport data sources, it is the fact that no single 
data source is able of capturing all the nuances of mobility patterns that can be exploited by transport models 
and decision support tools. As a consequence, the main research challenges and gaps with regard to data sources 
are about the development of data fusion techniques that take the most from each source. There are already 
valuable examples of successful merging of heterogeneous databases to extract mobility information (e.g. social 
media with other sources [242, 243]), but this issue will require more attention from researchers. Machine 
learning techniques seem to be a suitable approach for inferring mobility patterns from heterogeneous and sparse 
data sources with different levels of resolution and representativity. There are different methods that have to be 
explored, such as stage-based, feature-based and semantic-based data fusion, as well as different algorithms as 
co-training, multi-kernel learning or matrix factorisation among others. 
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Research challenges and gaps can be organised through three pillars: data and emerging mobility solutions, 
collection of data and analysis of data. 

4.7.1 Data and emerging mobility solutions 

Emerging mobility solutions have an advantage over traditional modes such as public transport. Most services 
have started from very high technological standards, with systems capable of collecting multiple datasets from 
the service operation. 

On the one hand, service providers track their fleets through GPS technology. This implies that operators collect 
high-quality floating vehicular data that describe the dynamics of each system. In many cases this data is enriched 
by adding to the trip data of each vehicle an identifier that corresponds to a given registered user. This converts 
these databases in a source of both vehicular and personal data. This dual character represents a breakdown with 
public transport data, since it manages to integrate supply and demand data in a single database. 

On the other hand, the fact that these services are accessible through smartphone applications opens the room 
for the collection of floating personal data through GPS beyond the use of the vehicles. Private concerns and 
battery drainage seem to be refraining operators from pushing towards this direction. 

Several research challenges emerge from this specific topic, such as the implications of data aggregation for the 
analysis (e.g. which descriptive indicators can be still calculated at certain aggregation level?). The development 
of innovative descriptive indicators is itself a challenge, especially due to the coupling between supply and 
demand (e.g. how should vehicle rotation be depicted to indicate zonal profitability for shared mobility services?) 

4.7.2 Collection of data 

There is still ample room from improvement in the collection of data, as the following gaps and research lines 
show: 

• The limited coverage of sensor data can be alleviated through the selective use of floating data. The 
installation and maintenance costs of sensors, especially of those dedicated to measuring vehicles, imply 
that the coverage of the sensors has to be limited to main roads and streets. The inference of traffic and 
people flow in those network segments with no sensors largely remains as an open issue [153, 244]. 

• The robustness of video-based sensors is still limited. Although there has been a lot of advancement in 
this area in last years, the performance and robust working of these systems is still affected [155] by 
environmental factors (e.g. poor light conditions, shadows, etc.); scenario conditions (e.g. type of road, 
camera location, camera resolution); and vehicle motion (e.g. occlusion, abrupt change in motion). 

• There is an opportunity for optimizing survey sample sizes through the combination of several data 
sources. For instance, mobile phone records can be used for analysing trip generation and distribution in 
urban areas and also for determining the sample size needed for a survey that focuses on modal choice. 

4.7.3 Analysis of data 

The analysis of data is also an aspect that will gather the attention of transport practitioners in the following years, 
through the following threads among others: 

• The cross-validation of results from different data sources is not very common. This could help in 
determining the role of achieving certain sample size or penetration levels of the technologies that are 
related to some data sources (e.g. smartphones) in the quality of mobility demand estimations. The 
robustness of desired penetration levels with respect to spatial characteristics (city, region or area of 
interest) and vehicle (taxi fleet, private cars, truck fleet) is also unclear. Research would benefit from the 
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application, validation and comparison of proposed solutions on different city, vehicle type and 
penetration level configurations. 

• The richness of passively collected data sources is usually poor, since it is often the case that Big Data 
sources such as mobile phone records, GPS data or Wi-Fi sensors do not provide socio-economic 
attributes. This can be solved through machine learning algorithms that exploit a combination of data 
sources where these attributes are easier to collect (e.g. surveys). 

• The application of clustering methods for mobility patterns offers a wide range of opportunities in 
analytical terms. Machine learning algorithms can classify mobility patterns into different categories and 
identify possible explanatory variables. Spatial analysis and unsupervised machine learning techniques 
can be used to automatically extract these categories by grouping people with similar mobility patterns. 
Interpretable machine learning algorithms (e.g., linear regression, fuzzy rule-based systems, probabilistic 
graphical models, etc.) can be employed to create analytical models that infer the categories of new 
mobility patterns. This is particularly interesting for the analysis of emerging mobility options, where 
adoption and use drivers remain unclear. 

• In many situations the penetration levels of each technology are not known or have to be inferred or 
estimated. This is particularly the case for Bluetooth and Wi-Fi based sources. This implies that it is still 
unclear if and how representative they are. This challenge in the analysis and application of sensor 
datasets in not sufficiently researched and addressed in the available bibliography. 

• The role of social media Data can increase among travel demand data sources if more efficient and 
accurate text mining and natural language processing techniques are developed. Given that the most 
important information from these data sources is collected from the text included in the posts, which can 
be noisy, large and dynamic [245], these advances can reduce the cost of the information processing 
required. 

• Most of the data sources reviewed in this section deal with individual data. For instance, some studies 
show that the data provided by users in social media can be sensitive and may harm not only the privacy 
of the person that uploads the information but also one of the others [225]. For that reason, the 
development of new privacy-preserving techniques is required in other ensure that the information 
extracted from the analysis does not expose or harm people.  
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5. Present and future of transport modelling 

and decision support tools 

Transport problems are becoming more widespread and severe in both developed and developing countries. 
Transport planning, which comes to solve these problems, usually involves a forecast of travel patterns and 
demand. Therefore, there is a need for techniques and tools able to simulate or represent how people travel. A 
transport model is a mathematical tool which helps policy makers to decide on the future development and 
management of transportation systems in view of changing land use and travel patterns [246]. A typical 
transport model usually consists of a travel demand model to estimate demand and a network supply model to 
assess the network performance. Decision support tools integrate and/or complement transport models for 
guiding policy makers with their tasks. 

Transport modelling techniques and tools can be applied with several ways, namely: 

• For the provision of demand data for the analysis of scenarios, for the design of new infrastructure, and 
for operational service responding to real traffic forecasts and functional requirements; 

• for understanding the impact of a new mobility scheme on mobility flows, representing how demand 
responds to the new infrastructure and the resulting conditions; 

• for understanding how transport conditions will change in the future in response to changes in 
population, employment, economy, car ownership and development patterns; 

• for specifications of network bottlenecks and necessity for additional capacity. 

As it is revealed so far, the current changes in mobility ecosystems pose high levels of uncertainty and complexity 
and lead to important policy dilemmas, taking into consideration all the possible impacts resulting from each one 
of the transport trends. Transport policy-makers, advisors or relevant stakeholders, should recognize and agree 
on the best model for relating policy actions and/or strategies to consequences or the likelihood of future 
scenarios/events. The functionalities of models specified above are based on a series of functions and conceptual 
relations that transport practitioners introduce to deal with the input data and obtain the desired indicators. 
Therefore, any major change in mobility landscape, either from supply or from demand side, has a potential impact 
on transport models. 

As a consequence, it is understood that transport modelling should follow the new developments as well, to 
bridge the gap between the new array of demands and the services they offer and provide useful guidance on 
future mobility. Modelling the complexity and uncertainty of future mobility requires a shift from traditional 
modelling approaches, which can be achieved by creating a different model architecture or/and methodology 
approach. 

Section 5 reviews the current state-of-the-art of transport modelling techniques and tools. It focuses on reviewing 
network supply modelling and travel demand modelling, together with an identification of which aspects are key 
for the modelling of emerging mobility options. This Section also provides a review of transport planning decision 
support tools, which often integrate the aforementioned techniques. Finally, it concludes with a list of the 
research challenges and gaps that the changes in mobility landscape imply for modelling techniques. 
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5.1 Network supply models 

5.1.1 Current concept of Dynamic Traffic Assignment 

A Dynamic Traffic Assignment (DTA) estimates the evolution and propagation of traffic congestion through 
detailed models that capture travel demand, network supply and their complex interactions. Unlike static traffic 
assignment (STA) models, DTA modelling approaches can describe time-dependent dynamics of traffic and 
replicate the interactions between travellers’ choices (route and departure time) and the state of the traffic 
network. From a traveller behaviour standpoint, DTA is a technique that allows for modelling of both long-term 
traveller adaptation to experienced congestion and modelling of traveller behaviour in response to unexpected 
congestion that occurs within a single day. Figure 24 shows a taxonomy of today’s traffic simulation models based 
on the DTA concept, including both commercial and open source, depending on the network loading models they 
use. 

 

Figure 24 - A taxonomy of traffic simulation models with corresponding network loading models adopted. 
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All these traditional traffic simulation tools based on DTA modelling approach (route choice analysis and network 
loading in traffic networks) are not directly applicable in the multimodal context. Currently, most traffic simulation 
software only considers different vehicle types, referred as multi-class models. In this context a vehicle class 
indicates a type of vehicle, such as a car, truck, HGV, bus, tram, train, bicycle, other two-wheeler types, etc. In 
addition, some traffic simulation software, such as Aimsun Next and VISSIM, offer modelling of slow mode traffic, 
such as pedestrians. However, these properties do not meet all the requirements of the multimodal DTA. To 
represent a multimodal trip as a path, it is necessary to combine the networks of available modes via transfer, 
waiting and/or access links into a so-called supernetwork [247]. An additional difficulty is the limited availability 
of public transport services. The additional service layer needs to be implemented, which implies limited temporal 
and spatial availability of the public transport network and results with a more complex definition of path 
alternatives and consequently the sequence of travel decisions. 

5.1.2 Multimodal Dynamic Traffic Assignment 

Mobility is more than just car movements and therefore an increasing trend shows a movement towards so-called 
multimodal DTA models. These models consider a trip or path as a chain of the multiple modes of transport (e.g., 
trip is represented as a ride a bicycle, take a public transport, then walk). It makes sense that if citizens have the 
ability to consider a combination of different forms of transport for a trip, these should be simultaneously 
considered. Difficulties in multimodal modelling often stem from a necessity to use different propagation models, 
a lack of information on the Value of Time (VOT) and behavioural changes, the ability to switch between modes, 
and the interaction between the modes in the model. However increased urbanisation and mobility in cities 
demands that all modes be considered as feasible intermodal possibility of travel, especially in urban areas. 
Examples of the current multiclass models presented in Figure 24 are expected to be further developed and other 
new multimodal models are expected to be developed and applied to a greater extent in the future. 

Some studies have attempted to simplify the network representation or the level of detail, focusing on schematic 
networks [248]. Notwithstanding, in the absence of complete real-time information concerning passengers’ 
locations and travel plans, a day-to-day dynamic network loading is an essential component of network 
initialisation in order to estimate passenger departure times as well as waiting and on-board flows (e.g. impact of 
expected reliability and congestion levels on route choice which their assessment requires an iterative day-to-day 
assignment). Another challenge is related to the definition of alternatives to the observed path. Not only is it more 
complex to generate realistic path alternatives in a multimodal network, but there may be a bias in parameter 
estimates induced by the selection of a restricted choice set [249]. The mechanisms of multimodal traffic 
assignment rely on sound knowledge of traveller’s preferences for attributes of multi-modal trips, such as travel 
time, waiting time or number of transfers. The recent study of Zimmermann et al. [250] fills a gap in the literature 
by estimating a multimodal transit route choice model with unrestricted choice sets based on revealed preference 
data collected in a complex network. The approach has the advantage of yielding consistent estimates and can 
also be used for prediction in a real network without generating choice sets of paths. 

Although still in its early stages, agent-based simulation models emerged recently as an alternative approach to 
support complex public transport assignment models. A review of the simulation-based approach to public 
transport assignment models and description of the features of the main models developed in this domain in 
recent years is available in Cats et al. [251]. The so-called agent-based approach used in a range of sciences is 
aimed at modelling complex systems by representing the strategies of individual agents and the dynamics 
between agents and the environment as well as interactions between agents. Agent-based models represent 
complex systems using a bottom-up modelling approach where each individual entity is represented as an agent. 
Simulation models can facilitate the dynamic loading of passengers over a dynamic representation of the public 
transport system. Cats [252] discusses the potential advantages of a multi-agent simulation framework for 
modelling the public transport assignment problem, in particular in the context of ITS. 
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5.2 Travel demand models 

A travel demand model helps to analyse travel demand changes in response to different input parameter 
assumptions. Such models provide aggregate or disaggregate demand flows as output by simulating travel choices 
[253]. Two major approaches for travel demand modelling exist in literature: (i) trip-based (aggregate) and (ii) 
activity-based (disaggregate) modelling [222]. While the former approach is being used by the majority, the latter 
approach is comparatively a recent development. Some of the indicative differences between the two modelling 
approaches are given in Table 17. 

Table 17 - Components of modelling approach and indicative references. Source: Narayanan et al. [254]. 

Parameter of comparison Trip-based Four Step Modelling Activity-based Agent-Based Modelling 

Basis Trip-based Activity-based 

General spatial resolution Travel Analysis zones (TAZ) Micro Analysis Zones (MAZ) 

Temporal resolution Peak/off-peak or hour based Continuous 

Realistic constraints for space 
and time (activity consistency) 

No Yes 

Data requirements, modelling 
complexity & run time 

Low High 

Note: Both TAZ and MAZ do not refer to any specific scale. However, while a TAZ is usually defined at the level of region’s 
Census tracts or Census block groups, MAZ is defined at a much finer scale, e.g., a household or a building block. 

5.2.1 Trip-based modelling 

Under trip-based modelling approaches, individual person trips are used as the fundamental unit of analysis [255]. 
This is suitable to any sized urban region and is usually used for large scale, strategic transport modelling. 
Aggregated data at the level of traffic zones are used in this approach. Trip based models are also called as Four 
Step Models (FSM) and were introduced in the 1960s [239]. 

As the name implies, FSM usually involve four steps of modelling. The first step in this modelling approach is trip 
generation, wherein estimation of the numbers of trips produced by and attracted to each zone is calculated using 
demographic, land use and economic activity data. The second step is called trip distribution, and consists in the 
assignment of origins and destinations for the generated trips. Usually a gravity model is used for the same. 
However, growth factor model and entropy-maximising approach can also be used. The third step, mode choice, 
involves determination of travel mode for the trips using logit models. In the final step, routes utilised for the trips 
are predicted and the process is known as network assignment. While the first three steps are related to demand 
estimation, the final step is related to network supply. The travel demand model and network supply model 
interact with each other and an equilibrium between demand and supply is achieved through several iterations of 
the modelling steps. A modified four step modelling approach includes time-of-day choice, other than the four 
steps described above. 
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5.2.2 Activity-based modelling 

Activity-based models are helpful to address many transport policy questions, in particular travel demand 
management policies, that cannot be adequately answered using trip-based models. The reason for this is the 
following: activity-based models recognise that the trips are carried out for activity participation and consider the 
interdependencies and constraints involved in scheduling activities [255]. Further, data at finer and smaller scales 
are used in this approach [222]. The usual modelling scale used is at the level of an individual and hence, the 
models are usually developed as Agent-Based Models (ABM) [253]. These models are based on behavioural 
theories related to how people make decisions about activity participation in the presence of constraints. 

Tour-based modelling approach is the basis for the development of Activity-based models [256]. Research on the 
link between travel and activities started a long ago, with the work of Mitchell & Rapkin [257]. Some seminal works 
in the field include those of Hägerstrand [258] and Jones [259]. A typical ABM model is linked with a population 
synthesis model and involve daily activity pattern and tour formulation. Population synthesis involve generation 
of synthetic population, who are representative for the actual population of the area of interest. Each individual 
in the synthetic population is associated with a set of socio-demographic attributes, which are then used to 
construct a daily activity plan, including activity location, start time, duration and the trips connecting two 
activities. Some of the personal attributes used in the model include gender, age, work status and transit pass 
ownership and some of the household attributes include number of persons, residential location, household 
income and number of vehicles owned. From the constructed activity pattern, tours are generated. ABMs usually 
employ a Monte Carlo process to represent individuals (and vehicles) and their behaviour in a transport system 
([239]). Monte Carlo simulations incorporating logit models are used to model choice of activities, tour length, 
tour characteristics, destination, time of day and mode. Sample enumeration is another technique which can be 
used for solving ABMs. However, Bradley et al. [260] compared both techniques using the Portland case as a test 
bed and found that Monte Carlo simulation was faster and more practical. 

5.3 Modelling emerging modes of transport 

Customers, operators and government (public authorities) are the main stakeholders of the transportation 
systems, where each stakeholder has several objectives (Figure 25). These objectives define the most suitable and 
therefore most sought-after indicators for the different stakeholders. The customers expect minimum waiting 
time to get picked up and minimum cost and travel time to reach the destination. They also expect maximum 
comfort while travelling. The main objectives of the operators include decreasing the various types of cost 
incurred (operational, maintenance, fuel/charging cost and parking cost) and the fleet size while increasing the 
number of requests served and the revenue earned. One way of reducing operational cost is through reduction of 
total system travel time and this is one of the most common objectives found in the literature. In practical terms, 
the objectives for customers are integrated in the objectives of the operators through level of service indicators. 
Government agencies aim at reducing accidents, congestion and emission while ensuring adequate spatial 
coverage and equity. In relation to this, certain Key Performance Indicators (KPIs) such as modal split, car 
ownership evolution, Vehicle Kilometers Travelled (VKT) or Person Hours Travelled (PHT) are important to assess 
the contribution of new modes in these terms. 

The objectives incorporated in a model depends on the component of the mobility service that is subjected to 
optimisation. 
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Figure 25 – Commonly observed objectives of different stakeholders of the transportation system. Source: 
Narayanan [261]. 

Transport models that simulate emerging modes of transport are inherently complex and a series of components 
are involved. A review on impact of Shared Autonomous Vehicle (SAV) services, Narayanan et al. (2019), enlists 
the following eight components required for modelling SAV services; a) Demand; b) Fleet; c) Traffic Assignment; 
d) Vehicle Assignment; e) Vehicle Redistribution; f) Pricing and g) Charging; h) Parking, as shown in Figure 3. The 
components listed in the review study can be relevant to modelling of several other emerging modes of transport 
in the cities, such as carsharing, motosharing, ridehailing, Demand Responsive Transport and Urban Air Mobility. 
For more info on the components, the readers are referred to Narayanan et al. [254]. 

The literature and the transport modelling workshop conducted in the MOMENTUM project provide some 
remarks about the integration of emerging modes in transport modelling tools: 

• The inclusion of the emerging modes has to be flexible with regard to the configuration of the new 
services. Current emerging modes are known, but in the future additional new modes might appear. For 
instance, the growth of micromobility was unexpected until few years ago. It could be helpful to develop 
standard taxonomies of services in relation to their impacts in modelling, so the emergence of a new 
mode can be related to the challenges that the taxonomy brings about to models. In other words, this 
would provide ready-made material to adapt models to incoming services. 

• It is suggested that incremental improvements are easier to implement than initiatives that intend to add 
all new services at the same time. 

• It is considered that is likely that transport models become part of larger urban dynamics models that 
integrate further elements. Precisely, emerging mobility services imply new factors to consider (e.g. the 
capacity of urban power grids for electric vehicles). Transport models will need to interact with other 
models from other fields. 

• Given the high uncertainty, explorative models are likely more useful than purely predictive models. 
Models would be a tool for risk assessment under different scenarios, rather than a merely predictive 
tool. 
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Figure 26 - Components of SAV modelling and indicative references. Source: Narayanan et al. [254]. 

5.4 Transport models and decision support tools 

In many cases, transport models are integrated in wider decision support tools tailored to the needs of each policy 
maker. This integration intends to facilitate the use of models to take advantage of all the functionalities described 
in this Section. In this sense, the role of decision support tools is very relevant to the integration of transport 
models in planning, since they can alleviate one of the barriers for a massive use of modelling techniques, which 
is the perceived lack of usability [262]. 

5.4.1 The concept of decision support tools 

Decision support tools (DSTs), also known as decision support systems (DSSs) are computer-based tools that 
support the relevant stakeholders in their decision-making processes. According to Sprague [263], a decision 
support system is defined by its ability to accommodate these features: 

• Dedication to less well-structured problems that upper level management faces. 
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• Combination of a variety of techniques and models. 

• Use of interactive environment for non-proficient users to enhance usability. 

• Integration in a flexible and adaptable structure. 

The scope of decision support systems has been changing through the years. Today, with the rampant 
advancements in information technologies, DSSs are used in a variety of applications and across many domains. 
The ultimate goal of a decision support system is to utilize the available data and implement the necessary models 
to aid the users in their decision making both at strategic and operational levels. 

In general, a decision support tool or system consists of the following main components (Figure 27): 

• A Database Management System (DBMS): this component holds the available data the DSS acts upon. 
The large amount of data collected and processed nowadays allows us to talk about Big Data.  

• Models: includes the techniques, algorithms and processes as well as the type of support provided and 
area of application. 

• User’s interface:  guides and helps the users through the decision-making process by providing a friendly, 
flexible, simple and interactive interface. 

Secondary components include the users themselves and visualisation techniques and tools (e.g. Geographic 
Information Systems (GIS)).   

 

Figure 27 – Main components of a DST 

With the decision support tools and their main components defined, the taxonomy of the different types of 
systems should be mentioned and described. In literature, many researchers have purposed a plethora of 
characteristics based on which the taxonomy of decision support systems can be produced. The most popular 
taxonomy is the one that proposes five types of decision support systems [264, 265]: 
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• Communication-driven decision support systems are targeted for internal small teams that work on a 
shared-task and enable and support their communication and cooperation. Web or client servers are 
commonly used to execute such task. 

• As the name suggests, data-driven decision support systems are optimal for data manipulation purposes 
(e.g. executing queries to a database) that can assist in the discovery of the optimal answer. 

• Document-driven decision support systems search web pages with specific keywords or phrases and 
locates relevant documents. Usually implemented with the client-server model.  

• Knowledge-driven decision support systems utilize artificial intelligence techniques (e.g. neural network, 
fuzzy logic etc.) in order to provide specialized expertise and information to tackle specific problems.  

• In the model-driven type belong decision support systems that are based on some specific model (e.g. 
mathematical) and aid in analyzing and/or choosing between different produced solutions. 

5.4.2 Transport decision support tools 

Transport-oriented decision support tools or systems are becoming increasingly popular. To this day, many 
innovative computer-based decision support tools use state of the art techniques and methodology in order to 
provide better transport services and increase customer satisfaction, safer and reliable services, reduce costs and 
maximize profits, improve infrastructure and improve the match between supply and demand [266]. 

Similar to the majority of the decision support tools (Section 5.4.1), transport-oriented decision support tools are 
composed of the three main components: database management system, models and user’s interface. The tools 
used today tend to be equipped with a wide range of efficient techniques and methods from different scientific 
fields: operations research, decision sciences, decision aiding and artificial intelligence. The selection of the 
methods and techniques used in the model base of the decision support tool depends on the transportation 
problem that the solution or decision making is intended for. Examples of the problems commonly decision 
support tools in transport are used for are: fleet assignment, vehicle routing and scheduling, fleet composition, 
crew assignment and scheduling, fleet replacement, fleet maintenance. service portfolio optimisation, 
infrastructure maintenance and renovation, transportation projects evaluation and others. 

5.4.2.1 Classification of transport decision support tools 

In the literature, many criteria for classifying transport decision support tools have been proposed by different 
authors. Zak [266] summarized the main classification characteristics in his work by applying the general rules of 
generic decision support system’s classes in the transport context: 

• First, transport-oriented decision support tools can be classified based on their modal focus into airborne, 
waterborne, road, rail and multimodal transportation decision support systems, as well as the specific 
category of public transportation.  

• Another measure of classification is the size and the scope of the decision support tool. This refers to the 
end user of the product and can be distinguished into: single user (residing in normal personal computers), 
small network or group (team effort) and centralized or enterprise that are used by multiple 
organisational units in an organisation’s hierarchy.  

• Conceptual focus is an alternative characteristic that stems from the general classification of decision 
support systems and is described in Section 5.4.1. 

• An important metric for differentiation of the decision support tools is their problem-solving approach 
based on which the systems are divided into two categories: passive that do not provide alternative and 
different solutions and active that allow the user to modify and adjust the solution’s metric and 
parameters in order to generate the most suitable answers.  
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• Organisational level refers to the time frame of the decision-making process. Based on this the decision 
support tools are classified as: strategic for long-term objectives, tactical for mid-term planning and 
control and operational for short-term managerial activities.  

• As mentioned, the transport sector requires solution to a plethora of distinct problems. In that regard, 
the decision support systems are classified based on the subject scope and focus. This category includes, 
among others, fleet management and replacement systems, vehicle monitoring systems, vehicle routing 
and scheduling systems, supply chain management systems, freight forwarding systems, fleet accidents 
management systems, transportation personnel management systems, crew recruiting systems. 

• Another characteristic is the underlying decision-making methodology used in the decision support 
system and distinguishes: optimisation-based (emphasize on the models and algorithms used to achieve 
optimal solutions for planning and/or scheduling), simulation-based (the real system of interest is 
modelled and implemented in simulation software), game theory-based (the outcome depends on the 
decisions of two or more autonomous players [267]), data mining -based (analyzing big data and 
extracting patterns or predicting future behaviors [268]), hybrid methodology (combination of 
aforementioned categories).  

• One of the main components of a decision support system is the data used. In that manner, the character 
of the data is another characteristic and based on which a system can be defined as deterministic 
(precisely defined parameters) and non-deterministic (stochastic and fuzzy based systems). Furthermore, 
time variability of the data can be used as measure for classification. Data can either be dynamic (time-
dependent) and static. Dynamic data are collected real-time and used for the decision-making processes 
and are the most popular solution.  

• Based on the internet utilisation, a decision support system can be either online or offline.  

• Lastly, the way of communication with the user distinguishes the decision support systems into: passive/ 
single phase (the solution is presented to the user after the data processing) and interactive (the user can 
modify and re-evaluate the solutions). 

5.4.1.2 Role of transport decision support tools 

The transport sector faces various problems that need to be addressed with the utilisation of the technological 
advancements. The proposed decision support systems for transport attempt to solve some of these issues. They 
can either focus on a specific problem or can be more complex and sophisticated, tackling a spectrum of issues. 
As mentioned before, the overall goal of a decision support system is to aid the decision maker in their quest of a 
short-term or long-term solution of a problem.  

Zak [269] is his survey of transport-oriented decision-making system constructed the following list of the most 
common and important problems:  

• Forecasting transportation market situation 

• Labor force sizing 

• Design/ construction of the most desirable portfolio of transportation services 

• Managing transportation order fulfillment 

• Assignment of vehicles to transportation jobs / routes 

• Fleet composition in a transportation company / system 

• Vehicle routing and scheduling 

• Fleet replacement and maintenance 
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Other problems found in literature include the following: 

• Analysis and evaluation of different transport policies [270] 

• Strategic transportation planning [271, 272] 

• Sustainable urban land use planning [273, 274] 

It is also important to notice that many of the above problems are varied through the different transportation 
modes or sectors. 

5.4.1.3 Methodologies of transport decision support tools 

In this section, the most popular methodologies in the literature are presented. These methodologies are 
integrated in the model base of the systems and are utilized in the transport-oriented decision support tools with 
the ultimate purpose of solving or aiding in the problems described in the sections above. It is important to 
mention that a decision support system may utilize a combination of the following methodologies in order to 
produce the optimal solution for the corresponding transport problem [266]: 

• Approximate computational procedures – heuristics and metaheuristics are used more and more 
frequently due to the complexity of the transport problems, although there is no guarantee of optimal 
solution but near optimal. Many of the transportation situations require real-time solutions which marks 
the near optimal solutions as acceptable. In this scope, specialized heuristics prove to be efficient 
algorithms but can be deployed for specific decisions problems only due to their highly customizable 
nature. In contrast, metaheuristics (Local Search, Tabu Search, Simulating Annealing and Genetic 
Algorithms) can be constructed as abstract computational models that can be customized to different 
problems transportation problems or a combination of them such as: vehicle routing and scheduling 
problem, crew scheduling problem, fleet composition problem, fleet replacement problem, fleet 
maintenance scheduling problem, etc. In this category of methodology belong the hybrid metaheuristic 
algorithms that are more and more popular and are comprised of a combination of usually two 
metaheuristic algorithms.  

• Multicriteria Analysis (MCA) addresses the complexity and multidimensionality of the decision problems 
in transportation. It considers several aspects (economic, social, market orientation, technical, 
environmental etc.) while being able to cater to the majority of the stakeholders/actors (e.g. service 
providers, customers) that may have different interests. The above reasons places MCA into one of the 
preferred methodologies for aiding in decision-making processes in a transport context. 

• Geographic Information Systems (GIS) provide an ergonomically constructed user’s interface that 
facilitate the operation of the decision support tool. For that reason, GIS capabilities are increasingly 
adapted and provide visualisation of the solutions produced by the decision support tools.   

• Online communication / real-time provides a way of real time data analysis for short-term and quick 
prediction of future and unforeseen events (e.g. traffic jams), aiding in the decision-making processes. 
The above is made possible with the advancements on Telecommunications that facilitate quick and 
reliable wireless internet access through the 3G/4G networks with the 5G on the horizon. 

• Web-based Decision Support Systems are becoming the norm with the rise of the Web 2.0 services. In 
conjunction with the aforementioned online communication and the standardisation of the data 
exchange (e.g. XML, EDIFACT).  

• Artificial Intelligence tools usage in decision support systems created the known Intelligent Decision 
Support Systems (IDSS). Taking advantage of the ‘self-education’ capabilities of the artificial intelligence 
methods, IDSS-s can process complex and unknown problems making them one of the most popular 
solutions. Furthermore, they can be combines with Expert Systems to produce more accurate and rational 
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solutions.  The most common A.I. techniques used in transport-oriented decision support systems are: 
Artificial Neural Networks (ANN), Fuzzy Logic, Data Mining, Agent-based Systems and others. 

• Interactive character is one of the most important features of a decision support system. It enabled the 
end user to iterate through the alternative solutions, to analyze them and in the end choose the optimal 
option.  

• Mixed methodologies are the optimal solution for complex systems and are equipped with a variety of 
algorithms, methods and models. 

5.4.1.4 Advanced applications of transport decision support tools 

In this subsection a selection of recent work in the literature on transport decision support systems is presented.  

Szimba et al. [275] proposed in their work a high-level strategic assessment tool that is comprised of existing tools 
and new models and based on the classic transport model for transport demand of passengers and freight. This 
tool enables the user to define a policy scenario in order to compute policy assessments.  

Le Pira et al. [276] combined Discrete Choice Models (DCM) with Agent Based Models in their proposed 
methodology. The aforementioned combination enabled for taking stakeholder’s opinion into account to explore 
shared policy packages.  

In their work, Vasilyeva et al. [277] developed a spatial decision support system that aids medical personnel with 
their crucial and time-dependent decision-making process while using real-time dynamic and static spatial and 
non-spatial data.  

Tsaridas et al. [278] used artificial intelligence tools in their proposed tool for container transport logistics. 
Specifically, they equipped their tool with a combination of Artificial Neural Networks and Fuzzy Logic, thus 
creating Fuzzy Cognitive Maps. FCMs are created based on domain expert knowledge. 

Bellini et al. [279] project proposed method based-decision support tool for urban transport system resilience 
management that “aims at managing critical infrastructure resilience through a more complex and expressive 
mode”. Their model in based on Functional Resonance Analysis Method and exploits smart city data in order to 
output strategies and recommendations for variability dampening at strategic, tactic and operational stage. 

Yazdani et al. [280] designed a comprehensive framework that is comprised of rough number-based decision-
making for sustainable freight transport system evaluation. They discovered that rough number-based 
methodologies have advantages over fuzzy or interval-based models. 

Ghorbanzadeh et al. [281] proposed a methodology that is based on the Analytic Hierarchy Process which can be 
utilized for sustainable urban transport while taking into consideration the inconsistent and uncertain passengers’ 
and stakeholders’ results.   

Kaewfak et al. [282] proposed a Fuzzy Analytic Hierarchy Process and Fuzzy Technique for Order of Preference by 
Similarity to Ideal Solution for prioritizing effectively the multimodal transportation routes to improve logistics 
system performance by constructing the possible routes considering transport cost, time, risk, and quality factors. 
The proposed methodology produces an accurate, practical, and systematic decision support tool. 

Lastly, Fahad et al. [283] proposed a framework for real-time evacuation planning was developed that combines 
the results obtained from hydrodynamic modelling and traffic microsimulation. They combined the results from 
both models to generate a time-lapse animation of emergency evacuation and visualized it using a Geographic 
Information System (GIS). 
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Table 18 - Key characteristics and methodologies of the recent work review 

Reference Characteristics Methodology 

Szimba et al. [275] High-level strategic policy assessment, 
Multimodal, single user, Data-driven, 
Strategic, Hybrid, 

Mixed methodologies (Classic 
transport model and others) 

Le Pira et al. [276] Dynamic and Static Discrete Choice Models (DCM) with 
Agent-Based Models 

Vasilyeva et al. [277] Urban freight transport, Single user, 
Knowledge-driven, Strategic, Dynamic 

Spatial Decision Support System 

Tsaridas et al. [278] Real-time trauma transport, Road, Single 
user, Data-driven, Operational, 
Optimisation-based, Deterministic, 
Dynamic and Static Data 

Artificial Neural Networks (ANN) 
and Fuzzy Logic 

Bellini et al. [279] Container transport logistics, Single user, 
Data and Knowledge driven, Strategic, 
Static and Dynamic Data, Interactive 

Functional Resonance Analysis 
Methods 

Yazdani et al. [280] Urban transport, Group-oriented,  Rough number-based 

Ghorbanzadeh et al. [281] Data-Driven, Strategic, Tactical, 
Operational, Smart City Dynamic and 
Static Data, Interactive 

Analytic Hierarchy Process 

Kaewfak et al. [282] Sustainable freight transport Fuzzy Analytic Hierarchy Process 
and Fuzzy Technique for Order of 
Preference by Similarity to Ideal 
Solution 

Fahad et al. [283] Sustainable urban transport planning, 
Single user, Data-driven, Strategic, Static 
Survey Data 

Hydrodynamic modeling and traffic 
microsimulation 

As evident, transport-oriented decision support systems in recent literature aim to solve various problems that 
rise with the advancement of the transport sector. Numerous methodologies have been proposed to tackle those 
problems, and the selection of the optimal highly depends on the nature of the problem. 
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5.5 Challenges and gaps in transport modelling research 

Existing models in practice are not capable enough to ascertain the impacts of policies currently being discussed 
and tested by transport authorities. Following this, there are several challenges and gaps that the transport 
modelling community is currently exploring to improve existing commercial software packages and to develop 
new modelling approaches and algorithms: 

• Multimodality in transport modelling. While it is often the case that private vehicle and public transport 
are simulated in parallel and not in an integrated artifact, there is a growing demand for models capable 
of analysing the interactions between both transport options. All traditional traffic simulation tools based 
on DTA modeling approach (route choice analysis and network loading in traffic networks) are not directly 
applicable in the multimodal context. Most traffic simulation software currently only considers a set of 
vehicle types, referred as multi-class models. In this context a vehicle class indicates a type of vehicle, 
such as a car, truck, HGV, bus, tram, train, bicycle, other two- wheeler types, etc. It is important to develop 
a multi-modal DTA model to take into account the vehicle dynamics of different public transit modes for 
more accurate travellers mobility estimations and analysis. 

• Modal choice. The realistic mode choice of travelers and passenger flow dynamics should be considered 
in the models. 

• Routing behaviors. One future direction is to develop a dynamic integrated model with the consideration 
of various routing behaviors (e.g., taxis cruising for passengers, cars cruising for parking, etc.) and the 
traffic dynamics of different vehicles in a network for enhancing environmental sustainability. 

• Seamless integration of Big Data transport demand sources. Transport demand models in planning 
practice are seldom seen using big data sources such as mobile phone usage records, smart card data and 
geo-coded social media data. 

• Simulation of future transport options. Empirical data for inchoate modes such as autonomous vehicles 
and UAMs are not available and values for the related parameters cannot be validated. Also, the 
operational characteristics and business models are still uncertain.  

• Simulation of shared mobility services. As seen in Section 2, shared mobility services are characterized 
by a high degree of dependency between supply and demand. Modelling of the interaction between 
supply of and demand for on-demand services are not adequately researched. On the one hand, it has 
been suggested that specific supply modelling tools could be useful for evaluating the parameters of these 
services, integrating the outcome of these tools in more traditional travel demand modelling tools. On 
the other hand, agent-based modelling approaches may be essential to cover the functionalities 
requested by policy-makers. 

Improving data reliability, reduction of computational time and ability to model inter-temporal nature of 
adoption of emerging modes are some of the other research challenges.  
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6. Integration of transport planning tools in the 

policy cycle 

The ultimate goal of transport data sources and models is to provide valuable guidance to policy-makers. 
Therefore, any enhancement of transport planning tools may be ignored if their usability is not ensured. 
This entails not only advanced visualisation techniques or friendly user interfaces, but also a seamless 
integration in the tasks that transport planners are expected to perform by urban societies. 

Most of policy-makers with urban transport responsibilities adopt Sustainable Urban Mobility Plans (SUMPs) as 
the standard planning instrument for providing long-term visions of sustainable mobility. Hence, it is crucial that 
transport models are oriented towards the requirements coming from the processes behind SUMPs creation and 
implementation. 

In an era characterised by the increasing adoption of collaborative approaches to urban mobility planning, 
transport models and decision support tools can facilitate multi-criteria and multi-stakeholder process in many 
ways. In this sense, it is essential that transport planning tools and techniques contribute to a more fluent and 
credible integration of quantitative, evidence-based approaches into participatory planning processes. 

In addition, modelling and decision support tools have to 
be adapted to the paradigm shift in urban mobility 
planning. The field is moving from traditional static 
planning to more dynamic planning processes that 
recognise the intrinsically uncertain and fast-changing 
environment faced by urban mobility in the years to 
come. The data collection methods, models, decision 
support tools and policy recommendations will help 
cities to adopt this new, much needed vision, 
empowering them to formulate more flexible and 
resilient policies that perform well under a range of 
possible futures. 

Once these aspects have been covered, it is also necessary to develop user-friendly and interactive dashboards 
that facilitate the impact assessment and comparison of different alternative policies, with the aim to achieve a 
common understanding across all concerned stakeholders. This involves the development of visual interfaces and 
data representations facilitating the interpretation of the modelling results, the analysis of trade-offs between 
conflicting objectives, the representation of uncertainty and the multi-criteria evaluation of policy alternatives. 

Section 6 discusses the role of transport planning tools in the urban mobility policy cycle from this integrative 
perspective. It starts by reviewing the current planning framework created by the SUMP mechanism. Then, the 
current uses of transport models and decision support tools are identified and discussed, as a previous reflection 
before the concluding notes about the future role of these tools in the urban mobility planning process. 
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6.1 Overview of the European transport planning context 

Α Sustainable Urban Mobility Plan (SUMP) is a strategic transport policy document, aiming at improving the 
quality of life in urban agglomerations, meeting mobility and accessibility needs of people and goods. It is based 
on existing planning practices and considers the principles of integration, participation, and evaluation. The 
concept of SUMPs, was defined by the Urban Mobility Package of 2013 from the European Commission and since 
then it has been updated and complemented with guides and briefings on specific aspects. The most recent update 
of the SUMP guidelines [284] has been published in October 2019. A SUMP is based on the following 8 principles 
[284]: 

• Plan for sustainable mobility in the 'functional urban area’ 

• Cooperate across institutional boundaries 

• Involve citizens and stakeholders 

• Assess current and future performance 

• Define a long-term vision and a clear implementation plan 

• Develop all transport modes in an integrated manner 

• Arrange for monitoring and evaluation 

• Assure quality 

The process of developing and implementing a SUMP consists of 4 phases: Preparation and analysis, Strategy 
development, Measure planning, Implementation and monitoring [284]. Each one of these phases contain 
particular steps (12 in total) and every step involves specific activities (32 in total). This process is being 
represented visually through the metaphor of clock phases (see Figure 28). 

At the first phase of the SUMP cycle, the preoperational steps are the elaboration and diagnosis of the 
performance of the urban transport system. An overview of the mobility situation and planning framework is 
formulated, effective working structures are set up considering what is essential for developing the SUMP’s vision, 
objectives, targets, and measures. The analysis of problems and opportunities at the end of the first phase is a 
crucial milestone of the SUMP. Additionally, it is important to reach an understanding of the main problems and 
opportunities, together with important stakeholders and citizens, promote the participation levels and create 
collaborative workgroups and environments among them. The second phase of the SUMP policy cycle refers to 
the creation of the SUMP strategy. The formulation of future scenarios, the future vision, the city’s objectives, and 
the strategic indicators and targets are decided, so the strategic priorities of the SUMP are completed. The results 
of the second phase provide a stable guiding framework for the third phase, which is measure planning. Feedback 
and participation from citizens and decision makers -if possible- can ensure public support and acceptance. The 
third phase refers to the adoption of the SUMP. In this phase it is crucial for the SUMP to be legitimized by the 
elected political representatives of the responsible body for the development, in order to foster acceptance, 
making it accountable and providing an agreed framework for measure implementation. The final phase of the 
SUMP policy cycle marks the completion of the measure implementation and its evaluation, meaning the end of 
the whole cycle and at the same time the start of a new SUMP process, reflecting the continuity character of the 
process. 

The Table 19 demonstrates the questions needed to be answered from the involved stakeholder/bodies in every 
single step of the SUMP process. 
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Figure 28 - SUMP policy cycle. Source: [284] 

Table 19 - Steps of the SUMP process and questions needed to be answered. Source: [284] 

Step Questions Step Questions 

1 Set up working structures 

What are our resources? 

7 Select measure packages with stakeholders 

What concretely, will we do? 

2 Determine planning framework 

What is our planning context? 

8 Agree actions and responsibilities 

What will it take and who will do what? 

3 Analyse mobility situation 

What are our main problems and opportunities? 

9 Prepare for adoption and financing 

Are we ready to go? 

4 Build and jointly assess scenarios 

What are our options for the future? 

10 Manage implementation 

How can we manage well? 

5 Develop vision and objectives 

What kind of city do we want? 

11 Monitor, adapt and communicate 

How are we doing? 

6 Set targets and indicators 

How will we determine success? 

12 Review and learn lesson 

What have we learnt? 

The SUMP policy process is usually supported by transport modelling and forecasting tools or other decision-
making tools. The decision on what tools and techniques should be used for assisting the SUMP process is taken 
from relevant bodies, according to availability of a previous transport model, data or budget. Other factors can 
influence the choice of planning with or without a decision-making tool, such as the population density or the size 
of the urban agglomeration. 
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6.2 Models – current state of practicing in mobility planning 

6.2.1 Transport modelling and the SUMP cycle 

The SUMP policy cycle, adopted by many cities in Europe and worldwide, proposes the integration of transport 
modelling to assist the policy-making approach. However, the use of a full-scale transport model is not always 
regarded as necessary. As an alternative, it is possible to used other types of decision-making tools (as seen in 
Section 5.5), depending on the particular planning requirements. The outputs of transport models or decision 
support tools, complemented with further economic calculations, intend to be the basis for planning tasks. 

According to the SUMP Guidelines, these tools and the necessary data needed to feed them should be considered 
on the budget requirements for a SUMP developed on the first phase. The decision to develop a transport model 
or to update an existing transport model may have a relevant impact on the overall budget of the SUMP. At the 
same phase -in case transport modelling is required- it is important to cooperate with data owners or check the 
availability of default values to fill data gaps. At the second phase of the SUMP policy cycle, particularly when 
developing scenarios of potential futures, modelling becomes a very useful technique. Scenario building is a 
crucial step in the SUMP policy process, because understanding the potential futures by most of the policy makers, 
relevant stakeholders and citizens, can lead to the development of a common vision, in a collaborative way. After 
the strategy development of a SUMP, transport models are often used to predict the impacts of measures, which 
are complex and hard to assess, in order to define integrated measure packages. Well-calibrated models allow 
policy makers to test several measures, to predict and compare their impacts with the current situation and with 
the set of already planned initiatives. At this stage, transport models can be complemented with cost-benefit 
analyses (CBA), to appraise the value for money of larger individual measures, usually for infrastructure projects, 
considering many of the societal, economic and environmental impacts of projects. In order to cover criteria that 
are not monetized, CBAs are often complemented with multi-criteria analyses (MCA), in particular if the 
monetisation of certain criteria is deemed too complicated. MCAs allow users to combine quantitative and 
qualitative assessments depending on data availability for different criteria. Standardized CBAs or MCAs are a 
requirement in many countries to receive funding for larger infrastructure measures, so it is very common to find 
these techniques among existing SUMP examples. In addition, models and associated tools are often used at this 
point to conduct a risk assessment of the selected measure packages, for example by running sensitivity tests. This 
means that the appraisal (or model) is re-run with a range of assumptions. If the preferred package performs well 
under several assumptions, it can be validated. If its performance is variable, then it is less robust, and less 
obviously worth pursuing. This may suggest trying to redesign it to improve its performance. 

The following chart flow, presents the development of the SUMP policy cycle in parallel with a transport model 
(Figure 29). The proposed chart flow aims to provide an optimal overlap between the model’s capacity and the 
stages and steps of the SUMP process [285]. The different levels of the model are adapted to the different stages 
of the SUMP process. The chart flow identifies the following integration steps: 

• The first phase of the SUMP cycle can be connected with the development of a macroscopic or a 
mesoscopic model. The process of transport modelling at the first stages of SUMP development is 
recommended, although it is not obligatory. In case there is already a model, it can be updated. 
Afterwards, it should be clarified if the model’s timeline is harmonized with the SUMP timeline. 

• At the second phase of the SUMP cycle the results of modelling can be used to present the built scenarios 
of the potential futures to the citizens, relevant stakeholders, public bodies and politicians, in order to 
shape the vision and strategy of the city. As it is shown, tools play a very important role at this phase. 

• The third phase of the SUMP cycle can be also supported by a forecasting tool, because it is important to 
select measure packages collaboratively, as well as the final phase “implementation and monitoring”, 
which involves the selection of new indicators, in case the plan was to be modified. 
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Figure 29 - Chart Flow for the Integration of Multilevel Model of Transport Systems during the SUMP process. 
Source: [285] 
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The second edition of the SUMP guidelines considers a similar integration of the transport models into the SUMP 
Policy Cycle (Figure 30). The possible necessity or irrelevance of a transport model should be clearly defined from 
the first phase of the cycle. This phase will also define the basic requirements of the transport model in terms of 
level of planning, spatial aggregation and level of data detail. Following this, the questions that need to be 
addressed at this phase are related to: 

• SUMP cycle step 1.1 “Evaluation of capacities and resources”: Does the city already have a transport 
model and if yes, is it updated? What is the budget we should consider for the creation or update of the 
transport model? 

• SUMP cycle step 2.1 “Assess planning requirements and define geographical scope”: What is the 
necessary geographical coverage of the transport model? 

• SUMP cycle step 2.3 “Agree timeline and work plan”: What model timeline should I define in order to be 
consistent with the SUMP timeline? 

• SUMP cycle step 2.4 “Consider getting external support”: Does the local authority team members have 
technical skills in transport modelling? What are the skills that need to be externalized? 

• SUMP cycle step 3.1 “Identify information sources and cooperate with data owners”: What are the data 
available that will feed into the transport model? What kind of data collection do I need to externalize 
(liaison with step 2.4)? 

At the end of the first phase of the SUMP cycle, an updated transport model can be run for the evaluation of the 
current situation, producing baseline indicators (i.e. modal split, private vehicle kilometres, emitted air pollutants, 
average trip distance, level of congestion, etc.). 

For the second phase of the SUMP cycle (“Strategy Development”), transport modelling is an appropriate scenario 
building technique, although detailed transport models are usually used for the “development of scenarios of 
potential futures” (step 4.1) only if they are already available and no high extra costs for their update is required. 
Results of the model facilitate the “discussion of scenarios with citizens and stakeholders” (step 4.2), although an 
attentive interpretability of the modelling assumptions and results is required, to facilitate the understanding of 
the general public. The processes of “identification of indicators for all objectives” (step 6.1) and “agreement of 
measurable targets” (step 6.2) can also consult the transport model as per what are the SUMP performance 
indicators the model can monitor and what are the indicated potentialities of the future (indicators’ target values). 

In the third phase of the SUMP cycle (“Measure Planning”), transport models play an important role for the 
assessment of long list of measures (step 7.1) and the definition of integrated measure packages (step 7.2), as 
they are able to predict the impacts of measures on the transport system, but also feed into further economic 
calculations. Again, transport models can consult the monitoring of the measure packages (step 7.3), as regards 
the measure performance indicators and their target values. 

Reaching the final phase of the SUMP (“Implementation and monitoring”), transport models are used for progress 
monitoring and adaptation (step 11.2), the very least against the strategic-/measure-level indicators that are 
model-based calculated, for assessing the successes and failures (step 12.1) and, if necessary, for measure/action 
adaptation (step 12.3) and new indicators’ definition (if necessary). The process of discussion with the public at 
this phase (step 11.2) can be also facilitated by modelling results.  
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Figure 30 - Integration of transport models in the revised SUMP Cycle 

6.2.2 Use of transport models in planning practice 

As already demonstrated, a transport model is of great importance during the implementation of a SUMP because 
it helps understanding how a transport system will behave for different planning scenarios. Although transport 
models are very useful tools in transport policy making cities fail to use their full potential, due to several reasons, 
from the lack of cooperation between stakeholders to the lack of trust in their outputs [286]. Hence, the use of 
state-of-the-art transport models is limited in transport policy-making processes [262, 287]. Following this, the 
participatory modelling approach should be enhanced and built from the early stages and kept running until the 
end of the SUMP procedure. The participatory approach, one of the key elements of SUMPs process, should be 
elaborated in parallel with the technical approach. These approaches should be complementary and the tools and 
quantitative methods should be used to improve SUMP stakeholders’ communication. 

It is necessary to discuss what are the particular requirements that certain modelling approaches impose on the 
integration of transport simulation in SUMP cycles. Specifically, Land Use Transport Interaction Models (LUTI) are 
interesting in this context because the assessment of the effects of alternative transport projects on choice of 
locations has been recently the core concern of the much desired and theoretically discussed interdisciplinary 
approach in sustainable transport planning [288]. From this point of view, LUTI can be seen as the ideal transport 
modelling tool to support assessment of SUMPs, as it provides the capability of simulating a wide range of 
interventions ranging from infrastructural projects, pricing, regulation, co-modality to planning of urban space. 
They also allow to include within the assessment the effects of “rebound” effects due to re-locations or newly 
generated demand. A prototype representing the integration of LUTI models into SUMP policy cycle is presented 
in Figure 31.  
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However, it is often the case that these models are too demanding in terms of data and resources [287]: their 
setup requires a significant time and effort as well as expertise. The use of four-step models can also be a valuable 
alternative for the assessment of SUMPs as the capability of handling transport measures is the same. The 
feedback of transport modification on land use can be assessed by means of more simplified estimations. 
Aggregated models, also called sketch planning models are an interesting option for initial policy screening within 
the SUMP process, as they can be built with significantly less resources and allow to explore and identify 
appropriate sustainable transport policy measures, quantifying their impacts within a consistent framework and 
setting up the implementation pathway of the future scenarios. Aggregated models cannot however replace the 
use of more disaggregated models for detailed assessment. 

Based on a case study on UK and Israel, Givoni et al. [287] conclude that transport models must be made simpler 
if their contribution to transport policy and planning wants to be promoted. Other authors have also mentioned 
increased complexity as one of the barriers for increasing the adoption of transport models [262]. However, cities 
need to deal with all the mobility innovations reviewed in this document, and it seems that transport models that 
can simulate evolving transport modes are inherently complex. In this line, several authors comment that the 
greatest barrier to increase the use of transport models is the lack of transparency, which leads to widespread 
distrust among practitioners [286]. Interestingly, some of the approaches that seem to be applicable to the 
simulation of emerging mobility solutions, such as Activity Based Modelling, may seem more natural to 
practitioners even if they are more complex in their implementation, thus overcoming this mistrust [289]. 

 

Figure 31 - A prototype representing the integration of LUTI models into SUMP policy cycle [288]  
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6.3 Future Transport Planning Requirements - Integration of Transport 

Models into the SUMP policy cycle 

As this document shows, the mobility domain is constantly changing, generating both challenges and 
opportunities to transport authorities. Current mobility trends may lead to very different mobility ecosystems in 
the future: public and private demand will be affected significantly because they will need to bridge the gap 
between this new array of demands and the services they offer [290]. Mobility visions and policies encompass 
new requirements for a comprehensive adoption and coordinated management of mobility supply. Future 
mobility schemes should be able to maximize the benefits from the upcoming transport trends in mobility, by 
taking proactive approaches that exploit the opportunities and soothe the unintended consequences of deep 
changes in the way people travel. Accordingly, transport planning requires to test system design, capacity, 
flexibility and resilience capabilities. Several cities do not have yet clear visions of what their mobility systems will 
look like in the future and clear strategies for getting there, with an exception of some cities/countries, that 
already have prepared long term strategies for transport planning (e.g. UK, Australia, Copenhagen...). 

The interface between transport modelling tools and transport planning processes is expected to be conditioned 
by the following aspects: 

• Longer time horizons for transport planning instruments. Long-term planning is essential in all 
sustainability spheres. On the one hand, it is relevant for ensuring a productive economy through an 
efficient transport system. Transport enables businesses to reach new markets, attract new investment, 
while presenting more job opportunities [291]. On the other hand, long-term planning ensures the 
maximisation of the socioeconomic benefits of planned investment and the improvement of emission 
levels and other environmental costs. As a consequence of this trend, modelling tools will be requested 
to work with longer time horizons. 

• Increased acknowledgment of planning uncertainties. Many of the important transport planning 
problems currently faced by transport policy-makers are characterized by high levels of uncertainty, and 
longer time horizons contribute to this uncertainty. Given the deep uncertainty that concerns transport 
planning, it is crucial to keep flexible [292]. These uncertainties originate from the potential ignorance of 
the best model, or the lack of agreement surrounding the selection of future scenarios amongst policy 
makers, which all together translate into a higher uncertainty concerning the likeliness of any given 
potential future scenario. Nevertheless, the use of scenarios becomes a must and provides a guidance for 
the needed flexible thinking. The combined use of predictive, explorative and normative scenarios [133, 
293] in planning instruments can be facilitated by adapted simulation tools. 

• More frequent and active participation of citizens and relevant stakeholders. The participatory 
approach proposed by the SUMP policy cycle, with the intention of being applied in European cities and/or 
worldwide, makes an effort to promote the contribution of relevant stakeholders in the process of policy 
making. Collaborative policy approach, which represents a step forward compared to participatory 
approaches, will lead towards higher levels of involvement of key stakeholders. A collaborative policy 
process involves bringing various perspectives to the table in order to consider all problems and 
opportunities. For a process to be collaboratively rational, all participants need to be well informed, they 
should be able to express their point of view, and they should be listened to during the SUMP process 
[294]. A collaborative policy approach can use information and communication technologies to enable 
the collaboration between people. Achieving increased collaboration is a challenge and organisations 
have resorted in recent decades to using groupware technologies for collaboration to work for them 
[295]. Building consensus through a collaborative planning approach means that there is co-design and 
co-creation [296] in transport planning, early involvement in the design process and continuing 
collaboration with all relevant stakeholders, customers, transport staff, transport, other government 
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agencies and the wider community. Transport planning community will demand from modelling tools 
capabilities that support them in these engagement processes. 

These incoming aspects come in addition to the protection of the fundamental principles of planning analysed 
below [297]: 

• The development of the built environment as a way of making people, goods, services accessible to one 
another. The evolution of transport systems has been driven by the search of improved accessibility. 

• Land use planning has long been recognized as another determinant of accessibility. Greater spatial 
proximity reduces the need for physical mobility to travel. 

• As the digital age advances, a further means has become more prominent – namely digital connectivity. 

These three elements make up what we refer to as the Triple Axis System [297]. The existence and 
interconnectedness of these three elements is not new but the degree of maturity of digital connectivity is now 
such that its contribution to accessibility has become much more pronounced. This has to be also taken into 
account by modelling tools when used in transport planning initiatives. 

Which is the optimum approach to tackle uncertainty imposed by new transport trends? How is it possible to 
achieve a paradigm shift in urban mobility planning moving away from traditional static planning? Are 
Sustainable Urban Mobility Plans affected by the new challenges Are current transport modelling approaches 
able to fulfil SUMP’s implementation? Which is the optimum method to advance the state of the art in urban 
mobility planning, in terms of processes and tools? Are collaborative and participatory policy approaches among 
model developers, planning practitioners and other stakeholders essential? 

We are witnessing profound changes in the way mobility is evolving, enforced by progresses in Information and 
Communication Technologies, Big Data, technological advancements in transport and new concepts of operation 
of transport systems. These changes may lead to different mobility ecosystems in the future, accompanied with 
particular impacts on urban space. In the same context of complexity and uncertainty that characterizes future 
mobility, it is understood that transport modelling should follow the new developments as well, to bridge the gap 
between the new array of demands and the services they offer and provide useful guidance on future mobility. 

Planning and modelling the complexity and uncertainty of future mobility requires a shift from traditional 
modelling approaches. The answer to the above questions lies on the investigation and adoption of new transport 
planning and modelling requirements. Traditional planning methods, current transport modelling and decision 
support tools cannot fulfil the challenges that municipalities and authorities will face in order to implement a 
SUMP, under these circumstances. New transport planning requirements include long-term planning, capabilities 
to tackle future uncertainty and complexity, assistance to collaborative policy approaches among the relevant 
stakeholders, and tools for co-creating future scenarios, vision and measures. All these advancements have to be 
cautious enough to fulfil all principles of planning and to ensure the usability of the tools by practitioners, 
overcoming the barriers suggested in the literature [262, 286, 287]. 

Multi-sectoral and/or cross-sectoral modelling, implementation of dynamic modelling approaches, methods such 
as backcasting and the investigation of the potentials of Big Data are examples of on-going research topics that 
provide answers to these challenges. The knowledge transfer facilitated by incorporating the new transport 
modelling requirements into SUMP policy cycle is expected to ensure the relevance of the modelled scenarios, 
increase the confidence in model results and provide useful insights on how to achieve a more fluent and credible 
integration of quantitative, evidence-based approaches into participatory planning processes. The development 
of this transport planning procedure from decision-making tools is a key condition in order to make the 
collaboration approach easier through evidence, e.g. visualisation of the results of future scenarios or impacts. 


