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1 Department of Mathematics and Computer Science, Faculty of Science, University of Douala Cameroon,
Douala P.O. Box 24157, Cameroon

2 LGP/ENIT, Federal University of Toulouse, 47, Avenue d’Azereix, P.O. Box 1629, F-65016 Tarbes Cedex,
France; raymond.houe-ngouna@enit.fr (R.H.N.); bernard.archimede@enit.fr (B.A.)

3 Department of Urban Planning and Territorial Development, Faculty of Urbanism, Ion Mincu University of
Architecture and Urbanism, Str. Academiei 18-20, Sect. 1, 010014 Bucharest, Romania;
arh.mihaela.negulescu@gmail.com

4 Doctoral School of Urban Planning, Ion Mincu University of Architecture and Urbanism, Str. Academiei 18-20,
Sect. 1, 010014 Bucharest, Romania; alexandru_petrisor@yahoo.com

5 Department of Architecture, Faculty of Architecture and Urban Planning, Technical University of Moldova,
2004 Chisinau, Moldova

6 National Institute for Research and Development in Constructions, Urbanism and Sustainable Spatial
Development URBAN-INCERC, 021652 Bucharest, Romania

7 National Institute for Research and Development in Tourism, 050741 Bucharest, Romania
* Correspondence: jmoskolai@fs-univ-douala.cm; Tel.: +237-699-51-19-41

Abstract: Urban mobility is a critical aspect of sustainable urban development, with significant envi-

ronmental, social, and economic implications. Assessing the sustainability of urban mobility systems

in order to create more carbon neutral, liveable, healthier, and sustainable cities and neighborhoods

for the future requires a multidimensional approach that integrates diverse factors. However, the lack

of a unified assessment framework poses challenges in comparing and evaluating different urban

mobility projects. This article proposes an ontology for assessing the sustainability of urban mobility

systems. This ontology is based on a multidimensional approach that integrates knowledge from

experts in transportation engineering, urban planning, environmental science, and social sciences

to incorporate existing sustainability indicators and frameworks, as well as domain-specific knowl-

edge. A consensus approach based on Dempster–Shäfer (DS) and Analytic Hierarchy Process (AHP)

methods is proposed to account for uncertainties and to allow for the consideration of preferences

and ill judgment. Through a case study in Romania, the authors demonstrated the applicability

of the proposal to provide a comprehensive and flexible framework for assessing urban mobility

sustainability. The proposed ontology provides a valuable tool for policymakers, urban planners, and

transportation engineers to make informed decisions towards sustainable urban mobility, and the

sensitivity analysis is carried out to demonstrate the robustness of the proposed framework. It has

potential for iterative validation and feedback from domain experts, and can serve as a foundation

for future research.

Keywords: urban mobility; sustainability; ontology; group decision-making; consensus; uncertainty;

Analytic Hierarchy Process (AHP)

1. Introduction

For an extended period, urban mobility has been perceived as the ease of travel
from origin to destination within urban areas [1]. However, with advancements in tech-
nology, the definition of urban mobility is evolving to accommodate new behaviors in
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the utilization of mobility services and the increasing number of stakeholders involved.
According to projections from the United Nations report on urbanization prospects, it is
anticipated that 66% of the world’s population will reside in urban areas by 2050, conse-
quently doubling the demand for passenger movement [2]. This surge in urbanization
poses a significant challenge for governments in facilitating mobility for both goods and
people, necessitating a multidisciplinary approach in line with sustainability and climate
change recommendations.

Over the years, the concept of mobility has broadened in scope with the evolution
of metropolises, placing city dwellers and new technologies at the forefront of urban
organization. A holistic approach to the concept of mobility, encompassing physical, social,
and economic insights, has been articulated in “Mobility and urban form—theoretical
issues” by [3]. This definition emphasizes a behavioral understanding of mobility, serving
as a foundational premise for advocating for the role of mobility policies in shaping mobility
supply to (re)model mobility behavior in a sustainable manner, necessitating a holistic and
systematic approach to urban mobility planning.

Information and communication technologies are recognized by [4] as pivotal in
fostering sustainable development in mobility. Similarly, Ref. [5] contend that assessing
the sustainability of an urban mobility system entails considering a comprehensive set of
parameters reflecting its dimensions. In this regard, sustainable urban mobility indicators
as highlighted by [6] play a crucial role. Indicators are generally defined as quantitative
or qualitative measurements designed to identify significant trends, highlight problems,
monitor progress over time towards specific vision objectives, contribute to priority setting,
and simplify complex information for both experts and the public [7].

To integrate sustainability requirements into the selection of urban mobility policies,
decision-makers, considered experts in the field, must express their preferences using a
decision support method [8]. While several approaches to selecting sustainable urban
mobility systems exist in the literature [9–11], there remains a lack of common agreement
or standards guiding mobility authorities in decision-making processes. Even when such
indicators exist, they often suffer from redundancy, incompleteness, heterogeneity, incon-
sistency, or errors, leading to inappropriate and unsustainable decision-making. Moreover,
this scenario often compels experts to express judgments despite lacking sufficient rele-
vant foundations. To address these shortcomings in the planning and implementation of
sustainable urban mobility systems, this paper sets out two primary objectives:

• Firstly, to propose a sustainable urban mobility ontology as a powerful tool for repre-
senting and sharing knowledge in computer sciences, resolving issues of data consis-
tency, redundancy, and interoperability through a knowledge engineering methodol-
ogy employing a holistic view of the system;

• Secondly, to define a framework for assessing the sustainability of urban mobility
from a decision-making perspective, considering consensus and subjectivity in group
decision-making.

The main objective is to enable decision-makers from various urban mobility-related
fields to reach a consensus-based method that utilizes DS-AHP on their judgments and
preferences regarding the sustainability of target policies, facilitating the selection of the
most appropriate policy for a given mobility system. To validate the proposal, a realistic
case study in Romania is presented, involving the selection of the best mobility policy
from several alternatives for deploying eco-friendly mobility solutions that meet user
requirements. The case study demonstrates the effectiveness and efficiency of the proposed
approach in facilitating informed and objective decision-making in sustainable urban
mobility. The authors state that the proposed ontology and sustainability assessment
method are scalable, providing a significant contribution to the field of group decision-
making in urban mobility. This improves the effectiveness and efficiency of decision-making
processes in this field and has important implications for urban planners, policy-makers,
and researchers aiming to promote sustainable mobility solutions in urban areas.
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The rest of the paper is structured as follows: Section 2 presents a comprehensive
literature review on sustainable urban mobility decision-making, focusing on the chal-
lenges encountered by decision-makers in this domain. Section 3 introduces the proposed
approach, including the development of the sustainability ontology and DS-AHP method,
and provides a detailed explanation of how it works. In Section 3.2, a realistic case study in
Romania to validate the proposed approach’s effectiveness and efficiency is described, and
the sensitivity analysis is carried out to demonstrate the robustness of the proposed system.
Finally, the concluding section offers a summary of the proposal and highlights potential
directions for future research.

2. Related Works

In this section, the main concepts of sustainable urban mobility and their challenges
are first presented, followed by the different methods of its evaluation.

2.1. Sustainable Urban Mobility Challenges and Its Principal Concepts

In the literature, there are few clear definitions of sustainable urban mobility. Accord-
ing to Da Silva (2008), sustainable urban mobility can be defined as mobility that contributes
positively to the economic and social state of a region, without compromising human health
and the environment [12]. Therefore, it is mobility that (1) enables people or businesses
to satisfy their accessibility and basic needs, (2) is affordable, operates efficiently, offers
the possibility of choosing between several modes, and contributes to the economy and
development of a region, and (3) helps limit polluting emissions by relying on a sustainable
energy policy. This definition is based on studies carried out by the OECD (Organisation for
Economic Co-operation and Development) and a group of specialists from the European
Commission.

Two remarks are noteworthy: (1) urban mobility cannot be reduced to the “transport”
dimension alone, and (2) sustainability must satisfy several interdependent criteria be-
yond the environmental factor. In fact, due to technological advancements, sustainable
mobility now encompasses meeting the daily needs of users, such as commuting, accessing
healthcare, and leisure activities, while considering the possibility of fulfilling these needs
without traveling. According to Banister (2008), sustainable mobility aims to (1) decrease
the necessity for travel, (2) encourage modal shift, (3) reduce trip length and its correspond-
ing polluting emissions, and (4) improve the system’s efficiency [13]. Therefore, to define
sustainable mobility, it is crucial to consider the diversity of characteristic elements and
their interrelationships, and to identify the relevant sustainability criteria that must be met
in accordance with the stakeholders’ expectations.

More recently, a study involving real cases from most cities around the world [14] has
provided a classification of mobility criteria that seems aligned with the future trajectory
of mobility. The proposed classification integrates the system-oriented vision advocated
by Goldman and Gorham [15], considering that transportation alone cannot capture the
complexity of urban mobility. Three key indices were considered:

• The maturity index, which concerns factors such as the financial attractiveness of
public transportation, its share in modal distribution, the share of non-polluting
modes, road density, the density of the bike lane network, urban agglomeration
density, public transport frequency, and public initiatives.

• The innovation index, calculated based on criteria reflecting the penetration rate of
mobility smart cards, the use of (digital) mobility platforms, bike-sharing solutions,
car sharing (B2C), carpooling platforms (P2P), electronic transmission services, taxi
platforms, autonomous vehicles, and other smart mobility initiatives.

• The performance index, based on (a) environmental criteria, considering carbon diox-
ide (CO2) emissions, nitrogen dioxide (NO2) concentration, particulate matter with a
diameter of less than 10 micrometers (PM10) or less than 2.5 micrometers (PM2.5), (b)
traffic management, including fatal accidents, congestion, etc., and (c) mode manage-
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24. Büyüközkan, G.; Feyzioğlu, O.; Göçer, F. Selection of sustainable urban transportation alternatives using an integrated intuitionis-

tic fuzzy Choquet integral approach. Transp. Res. Part D Transp. Environ. 2018, 58, 186–207. [CrossRef]

25. de Paula, L.B.; Marins, F.A.S. Algorithms applied in decision-making for sustainable transport. J. Clean. Prod. 2018, 176, 1133–1143.

[CrossRef]

26. De Oliveira Cavalcanti, C.; Limont, M.; Dziedzic, M.; Fernandes, V. Sustainability assessment methodology of urban mobility

projects. Land Use Policy 2017, 60, 334–342. [CrossRef]

27. Perra, V.M.; Sdoukopoulos, A.; Pitsiava-Latinopoulou, M. Evaluation of sustainable urban mobility in the city of Thessaloniki.

Transp. Res. Procedia 2017, 24, 329–336. [CrossRef]

28. Brandi, H.; dos Santos, S.; Sikdar, S. Measuring Sustainability Systems. In Reference Module in Earth Systems and Environmental

Sciences; Elsevier: Amsterdam, The Netherlands, 2017.

29. Graindorge, T.; Breuil, D. Evaluation of the urban freight transportation (UFT) projects. Towards Innov. Freight Logist. 2016,

2, 369–384. [CrossRef]

30. Macharis, C.; Bernardini, A. Reviewing the use of Multi-Criteria Decision Analysis for the evaluation of transport projects: Time

for a multi-actor approach. Transp. Policy 2015, 37, 177–186. [CrossRef]

31. Yannis, G.; Kopsacheili, A.; Dragomanovits, A.; Petraki, V. State-of-the-art review on multi-criteria decision-making in the

transport sector. J. Traffic Transp. Eng. (Engl. Ed.) 2020, 7, 413–431. [CrossRef]

32. Fernández-López, M.; Gómez-Pérez, A.; Juristo, N. Methontology: From Ontological Art towards Ontological Engineering; American

Asociation for Artificial Intelligence: Washington, DC, USA, 1997.

33. Karray, M.H.; Chebel-Morello, B.; Zerhouni, N. A formal ontology for industrial maintenance. Appl. Ontol. 2012, 7, 269–310.

[CrossRef]

34. Moskolaï, J.N.; Houé, R.N.; Karray, M.H.; Archimède, B. Ontology based approach for complexity management in the design of a

sustainable urban mobility system. In Proceedings of the 2019 IEEE International Conference on Systems, Man and Cybernetics

(SMC), Bari, Italy, 6–9 October 2019; pp. 3223–3228. [CrossRef]

35. Jittrapirom, P.; Caiati, V.; Feneri, A.M.; Ebrahimigharehbaghi, S.; Alonso González, M.J.; Narayan, J. Mobility as a service: A

critical review of definitions, assessments of schemes, and key challenges. Urban Plan. 2017, 2, 13–25. [CrossRef]

36. Houda, M.; Khemaja, M.; Oliveira, K.; Abed, M. A public transportation ontology to support user travel planning. In Proceedings

of the 2010 Fourth International Conference on Research Challenges in Information Science (RCIS), IEEE, Nice, France, 19–21 May

2010; pp. 127–136. [CrossRef]

37. De Nicola, A.; Villani, M.L. Smart city ontologies and their applications: A systematic literature review. Sustainability 2021,

13, 5578. [CrossRef]

38. Yüksel, I. Developing a multi-criteria decision making model for PESTEL analysis. Int. J. Bus. Manag. 2012, 7, 52. [CrossRef]
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