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ABSTRACT

Understanding, promoting and managing sustainable urban mobility better is very critical in the midst of an
unprecedented climate crisis. Identifying, evaluating, benchmarking and prioritising its key indicators is a way to
ensure that policy-makers will develop those transport strategies and measures necessary to facilitate a more
effective transition to liveable futures. After identifying from the literature and the European Commission (EC)
directives the indicators that are underpinning the powerful scheme of Sustainable Urban Mobility Plans
(SUMPs) that each municipality in Europe may implement to elevate the wellbeing of its population, we adopt a
Cross Impact Matrix Multiplication Applied to Classification (MICMAC) approach to assess, contextualise and
rank them. Through conducting a qualitative study that involved a narrative literature review and more
importantly in-depth discussions with 28 elite participants, each of them with expertise in sustainable devel-
opment, we are able to designate the Sustainable Urban Mobility Indicators (SUMIs) that are the most (and least)
impactful. According to our analysis the most powerful indicator is traffic congestion, followed by affordability of
public transport for the poorest, energy efficiency, access to mobility service and multimodal integration. This
analysis allows us to then match them with the most applicable strategies that may ensure a holistic approach
towards supporting in practical terms sustainable mobility in the city level. These are in ranking order: Transit
Oriented Development (TOD); public and active transport enhancement; parking policies, vehicle circulation and
ownership measures; telecommuting and car-pooling.

1. Introduction

sustainable effects is widely acknowledged as a primary sustainability
concern (Alyavina et al., 2022). Urbanisation and the consequent

The concept of sustainable development is a critical issue for urban
planners and policy-makers since the publication of the Brundtland
report back in 1987 (Mensah, 2019). Since we now live in an era where
the impacts of climate change are getting more and more serious, it is
time to plan our cities accordingly (Gandini et al., 2021). Sustainability
has three essential axes: the environmental, the social and the economic
one and all of them are linked with transport. More specifically, the
problem of excessive automobile usage along with its associated (un-)
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expansion of cities encourage even more the use of automobiles, thus
creating a car-centric vicious circle (Silva and Teles, 2020; Tsigdinos
et al., 2022).

Therefore, managing transport activities adequately is critical in the
pursuit of sustainable development. On the one hand, transport is a key
element in shaping an area’s economic health and quality of life (Politis
et al., 2021a) as it offers the necessary infrastructure for passengers and
freight mobility, allowing people to perform several everyday activities,
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such as: studying, working and shopping (Musselwhite et al., 2021).
Moreover, transport via the high tensed usage of its infrastructure, is an
essential component for productivity, output, growth rate and economic
development (Melo et al., 2013). On the other hand, transport generates
several negative externalities such as congestion, traffic accidents, noise,
greenhouse gases and various distinct pollutants that could have severe
social, environmental and health costs (Loo and Banister, 2016; Santos
et al., 2010; Zhao, 2010).

Furthermore, the long commuting times can reduce social cohesion
and the participation of people within their communities (Putnam,
2000). For instance, the work of Hart (2008) provides substantial evi-
dence that the regions of light traffic that promote active modes such as
walking and cycling present high rates of sociability compared to areas
of medium and heavy traffic. Also, the devaluation of public space,
because of the extensive use of private motorised vehicles, affects
severely the attractiveness and image of a city, as well as the culture of
its local population (Kyriakidis et al., 2017). Hence, transport and urban
planning systems need to nurture sustainable mobility principles via
improvements based on eco-friendliness, participation, accessibility,
and social inclusion.

Nowadays, the cities of Europe should reconsider their future
transport development strategies. The European Union’s (EU) Green
Deal (Wolf et al., 2021) is their new policy benchmark so that they can
meet the objective of 90 % reduction in greenhouse gas emissions from
transport activities and reach a zero-carbon reality by 2050. Further-
more, due to COVID-19, new challenges came to surface and highlighted
the need to generate safe travel conditions, reshaping urban design and
transportation systems to support sustainability targets and accommo-
date more resilient mobility services (Nikitas et al., 2021b; Kyriakidis
et al., 2023).

Thus, particularly in Europe, numerous countries, aim to build a
more user-centric and eco-friendly urban mobility planning rationale
(Mladenovic et al., 2022). A Sustainable Urban Mobility Plan (SUMP)
can be described as a scheme looking to establish improved quality of
life through enhancing sustainable transport. The centrepiece of a SUMP
is the improvement of accessible active mobility and public transport
alternatives within the urban area of a city (ELTIS, 2019).

Hence, it is important for the effective SUMPs to explore holistic
planning procedures (Charradi et al., 2022). Over recent years, notice-
able efforts have been made towards several methodological directions
that extend from defining sustainable development (Waas et al., 2010)
to designing monitoring indicators (Parris and Kates, 2003). Several
studies refer to sustainable development indicators at national level (De
Sherbinin and Bittar, 2003), while others consider sustainable devel-
opment at a city level (Rodrigues da Silva et al., 2015). Despite the fact
that both indicator types acknowledge the role and importance of sus-
tainable mobility, this subject is, in general, only partially covered
(UNECE, 2013). More holistic approaches are missing. The European
Commission (EC) has accordingly created a set of practical indicators
that help cities to apply a hierarchical assessment of their mobility
systems and to evaluate advances emerging from new mobility strate-
gies, policies and schemes.

In this study we apply a structural analysis-MICMAC method,
examining the indicators of SUMPs, as they are defined by EC, so that to
understand the interlinks among them. We then identify the most
appropriate transport policies that match them and prioritise them ac-
cording to their relation with the indicators (the more the better) and
their overall benefit.

We decided to use the structural analysis-MICMAC, over other
participatory methods such as Delphi and Analytic Hierarchy Process
(AHP), for several reasons. First MICMAC can consider, except from
direct impacts, the indirect ones, being capable of fully exhibiting and
clarifying the importance of each indicator. Moreover, MICMAC can
assign weights to the considered indicators, through a normalisation
process for influence and dependence rates, and therefore generate, if
needed, a priority score for each variable. Finally, another advantage of
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MICMAC compared to alternative methods is the ability to determine
the hierarchy of strategic variables of a system and to identify their
mutual effects. This feature is useful to the policy selection process as it
ensures efficiency and coherence.

Our paper supports the effort to create a novel sustainable mobility
assessment, which is capable to contribute to the current literature in
two levels. First, by determining the connections between the core
SUMIs we get to understand them better. Second, by considering the
stakeholder perceptions, through the establishment of expert groups,
our paper aims to link the hierarchically organised SUMIs with matching
transport policies and prioritise the latter according to the effects that
these would have on SUMIs and the society.

The research aim of this work is thus: “To identify, contextualise and
rank the key SUMIs via a qualitative-prospective method according to their
importance and match them with appropriate transport strategies and policy
instruments that would be also ranked. ”.

The structure of the paper is as follows. Section 2 presents the in-
dicators related to SUMPs and several sustainable transport policies.
Section 3 describes the method used to determine the interrelation be-
tween the indicators and applies structural analysis to rank them ac-
cording to their importance. Section 4 shows the results and the analysis
of the structural analysis implementation. Section 5 provides a critical
discussion of our findings and Section 6 presents the conclusions of the
paper, its limitations and future research directions.

2. SUMIs and sustainable transport policies

An essential factor for the development of sustainable urban
mobility, is the offering of secure, affordable, reliable and comfortable
mobility alternatives for all users, resulting in fewer road crashes,
cleaner air, reduced commuting and energy demand decrease (Nikitas,
2018). However, the future of urban transport is uncertain and complex
(Tsigdinos et al., 2022). The formulation of Sustainable Urban Mobility
Indicators (SUMIs), capable of measuring and assessing potential solu-
tions, is thus the key in addressing transport problems. SUMIs would
prioritise people over cars establishing a new hierarchy where priority is
given to sustainable transport modes such as walking, cycling and public
transport (Tsigdinos and Vlastos, 2021).

Based on the paradigm of sustainable mobility described by Banister
(2008), the EC has developed a comprehensive set of practical indicators
that supports cities to perform a standardised evaluation of their
mobility system. These indicators were structured around four di-
mensions. The first three dimensions relate to the concept of sustainable
development and specifically to the environment, quality of life, and eco-
nomic performance (United Nations, 2002). The performance of the
mobility system itself is the fourth dimension. This dimension tries to
establish a systemic approach, based on the quality and status of
mobility, explained in an integral way through different fields that co-
exist within the mobility system and in which, mobility accords can be
established (Egeter and van de Riet, 1998). Based on these dimensions
we conducted a thematic narrative literature review (conducted in line
with best practice examples e.g., Nikitas et al., 2021a) that helped us
identify the following indicators framed in Fig. 1.

Fig. 1 portrays a set of indicators which incorporate “traditional”
criteria, like noise reduction, road deaths, local air pollution and
greenhouse gas emissions, with more innovative criteria, such as
accessibility of public transport for mobility impaired groups, active
mobility opportunities and affordability of public transport. This com-
bination of criteria perhaps reveals the true multifaceted character of
sustainable mobility. Nevertheless, this approach can be further
enhanced by identifying the relationships between the indicators as they
are based upon interrelated components of the mobility system; this
could allow the assessment of possible measures towards more effective
sustainable mobility based upon the co-benefits that would occur
through their joint implementation. A well-orchestrated mobility man-
agement approach can generate incentives to reduce private car use and
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Fig. 1. SUMIs in a glance.

promote the use of non-motorised transport and public transport. The
key strategies and policies for enhancing sustainable urban mobility,
derived from our review, are presented in Fig. 2.

3. Methodology: The Structural Analysis-MICMAC method

Structural analysis is a prominent instrument in the field of pro-
spective studies and has been implemented for the first time in 1961 by
Jay Forrester in his work with models of urban and industrial dynamics
(Arcade et al., 1994). Throughout the years structural analysis has been

implemented in many fields such as industrial development, where it
was utilised to evaluate the performance of an iron-steel company
(Wanty and Federwish, 1969). Shortly after Teniere-Buchot, applied
structural analysis to analyse the “water” system and mitigate water
pollution via the corresponding public policies (Arcade et al., 1994).
Furthermore, Roberts led works for the United States National Foun-
dation of Sciences to discover relationships among applications related
to energy and pollution in the sector of transport (Roberts, 1971).
Duperrin and Godet (1973) proposed a MICMAC approach for nu-
clear energy systems. More recently, Sharma et al. (1995), considered
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L. Chatziioannou et al.

waste management with structural analysis. Furthermore, structural
analysis has been utilised to assess the performance and the effectiveness
of information systems (Kanungo et al., 1999), while Arya and Abbasi
(2001) demonstrated a method of environmental assessment through
structural analysis. In addition, international relationships approaches
have been combined with the method of structural analysis to deter-
mine, distinguish, and comprehend the nature of international conflicts
(Kim and Barnett, 2007), Also, Qureshi et al. (2008) and Chatziioannou
et al. (2020b) utilised the method of structural analysis for the publi-
cation and promotion of 3PL provider’s services guidelines and the hi-
erarchical organisation of public policies related to the mitigation of
climate change in the North Aegean Region of Greece.

Recently, structural analysis-MICMAC has been used in transport
studies with success, as it helped to assess and rank some of the negative
externalities of transport (Chatziioannou et al., 2020c) and promote
policies that would make the implementation of Mexico Citys integral
plan of mobility more successful (Chatziioannou et al., 2020d). Lastly,
structural analysis has been utilised to hierarchically organise certain
elements of urban transport infrastructure aiming to construct a syn-
thesised index that calculates the quality of sustainable mobility based
on urban management and design components (Chatziioannou and
Alvarez-Icaza, 2017).

The method of structural analysis is a tool used to identify and study
system correlations so that to prioritise the pivotal variables or in-
dicators for the functionality and evolution of the system. In other
words, it enables the identification and systematic organisation of all the
key indicators via a matrix that presents their interrelations and clearly
showcases their unique significance for the system. That is why struc-
tural analysis can be implemented, in a wide variety of sectors, when the
selected variables of the system under study are interrelated and are not
isolated components.

The structural analysis method includes three steps:

Step 1: Creating an inventory of the system’s factors-indicators.

Step 2: Describing the interlinks between the system’s factors.

Step 3: Identifying pivotal factors-indicators.

MICMAC was adopted due to its unique ability per Khan and Haleem
(2012) to:

a) enable the smooth operation of the system under study, through
the identification of the pivotal indicators that need to be considered
within the analysis of the system;

b) enrich the planning process by considering expert perceptions
within the design process;

c) allow a comprehensive analysis of the system indicators;

d) correlate and organise the identified indicators in order of
importance;

e) support the identification of “hidden” factors, that could play an
important role for the systems operation, via the understanding of in-
direct relationships among the components of the system that were not
identifiable via direct classification.

However, the Structural analysis-MICMAC method has also some
limitations that should be acknowledged. Firstly, as any method
encouraging team approaches, structural analysis is significantly based
on the participants selection. In fact, the results can be strongly biased
by dominating competencies within the expert group. Hence, it is vital to
establish a multidisciplinary sample so that the relations among the
variables will not be affected. Secondly, implementing a structural
analysis is a rather heavy-duty process demanding human resources and
experts’ availability, and can last up to six months. Thirdly, structural
analysis needs the size of the participating experts’ team to be small; no
more than 12 people. Otherwise, the liveliness of the process becomes
complicated and potentially tiresome, at such a level that the quality of
the work along with its result, can be in jeopardy. Therefore, it is
advisable to tackle this issue, for groups consisting of more than 20
people, via the creation of two or more subgroups; we did that.
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4. Results and analysis

This section explores SUMIs as defined by the EC to identify the most
effective policies according to the expected benefits generated by their
implementation.

4.1. Inventory of the system’s factors-indicators

The first step considers the creation of a table with the core SUMIs as
established by EC. These indicators have been identified through liter-
ature review and are key factors underpinning sustainable mobility (see
Table 1).

4.2. Description of the interlinks between the systems factors

The aim of this step is interrelating the established SUMIs through a
matrix that exposes at a row level the grade of influence of an indicator
on the other indicators. Meanwhile, the matrix at a column level ex-
presses the dependence that a particular indicator experiences by the
other indicators within the system (Chatziioannou et al., 2020b). In the
classic structural analysis implementation, every pair of indicators needs
to be assessed according to their interlinks. Hence, the existence of no
relationship betewen two indicators is noted with 0; alternatively, the
existence of a relation between two indicators should be characterised in
terms of intensity (i.e., strong, medium and weak) or as potential ac-
cording to its nature (Ballesteros Riveros and Ballesteros Silva, 2008). In
our study we decided to utilise only two values: zero (“0”) expresses a no
relationship and one (“1”) notes a relationship between the pair of in-
dicators. We decided to do so, with the aim to keep the consultancy
process as simple as possible.

This matrix has been created by a consulting process with 28 inde-
pendent experts, all of them with substantial interdisciplinary experi-
ence. The process has been separated into seven stages. The first stage
refers to the creation of the matrix (by us), excluding the experts’
perspective; in this phase an extensive literature review was conducted
helping the authors to identify the interrelationships between the
selected indicators. In stage 2 the group of experts was assembled. We
used an e-mail invitation to recruit the experts and prepared and used a
brief presentation concerning the nature of the study, the research aim
and the method used; this strategy helped us achieve higher response
rates.

The sample of experts includes geographers, urban planners, trans-
port engineers, environmentalists and policy-makers. According to best
practice we divided the 28 experts in three groups of 10, 9 and 9 par-
ticipants respectively. We created a pool of participants as multidisci-
plinary as possible, to promote diversity, avert leader’s phenomena and
reduce bias.

Table 1
The identified indicators (SUMIs) for the case study.

D Nomenclature of SUMIs Codename for SUMIs

(Software MICMAC)
1 Affordability of public transport for the Affordabil
poorest
2 Accessibility of public transport for mobility ~ Accessibil
impaired groups
3 Air pollutant emissions Air_pollut
4 Noise hindrance Noise
5 Road deaths Road_death
6 Access to mobility service Ac_mob_ser
7 Greenhouse gases GHG
8 Congestion and delays Congestion
9 Energy efficiency Energy _eff
10  Opportunity for active mobility Op_act_mob
11 Multimodal integration Multi_inte
12 Satisfaction with public transport Satis_PT
13 Traffic safety Traff sfty




Table 2
Matrix of direct influences and dependencies.
1: 2: 3: Air 4: 5: Road 6: Access to 7: 8: 9: Energy 10: Opportunity 11: 12: Satisfaction 13: Total score of
Affordability Accessibility pollution Noise deaths mobility GHG Congestion efficiency for active Multimodal with public Traffic influence (y
service mobility integration transport safety axis)

1: Affordability 0 1 0 0 0 1 0 0 0 0 1 1 0 4

2: Accessibility 0 0 0 0 0 1 0 0 0 1 0 1 0 3

3: Air pollution 0 0 0 0 1 0 1 0 0 0 0 0 1 3

4: Noise 0 0 1 0 0 0 0 0 0 0 0 0 0 1

5: Road deaths 0 0 0 1 0 0 0 1 0 0 0 0 1 3

6: Access to 0 0 1 0 1 0 1 1 1 1 1 1 1 9
mobility
service

7: Greenhouse 0 0 1 0 0 0 0 0 1 0 0 0 0 2
gases

8: Congestion 0 0 1 1 1 0 1 0 1 0 0 1 1 7

9: Energy 0 0 1 1 0 0 1 0 0 1 1 0 0 5
efficiency

10: Opportunity 0 1 1 1 0 0 1 0 0 0 0 0 1 5
for active
mobility

11: Multimodal 0 1 1 1 1 0 1 1 0 1 0 1 1 9
integration

12: Satisfaction 0 0 0 0 0 0 0 0 0 0 0 0 0 0
with public
transport

13: Traffic safety 0 0 0 1 1 0 0 1 0 1 0 1 0 5

Total score of 0 3 7 6 5 2 6 4 3 5 3 6 6

dependence (x
axis)

‘Ip 32 nouuvonzpyyH |

884001 (£20Z) 81 saauvadsiod LounddsipLou] yopasay uoulodsunLy,
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Table 3

The composition of the expert panel.

Transportation Research Interdisciplinary Perspectives 18 (2023) 100788

Group 1 Group 2 Group 3 Expert Roles — Reasons for their Inclusion in the Sample
ID Area of Expertise D Area of Expertise ID Area of
Expertise
Expert Geographer Expert Geographer Expert Geographer To highlight the way the urban space and built environment should be shaped for
1 1 1 creating solutions towards the promotion of the sustainable mobility paradigm.
Expert Geographer Expert Geographer Expert Geographer
2 2 2
Expert Urban Planner Expert Urban Planner Expert Urban Planner
3 3 3
Expert Urban Planner Expert Urban Planner
4 4
Expert Urban Planner
5
Expert Transport Expert Transport Expert Transport To investigate the need of using road capacity more effectively, by utilising
5 Engineer 6 Engineer 4 Engineer intelligent transport systems to improve the performance of the existing
Expert Transport transport modes.
5 Engineer
Expert Mobility Planner Expert Mobility Planner Expert Mobility To identify the character that public transport has in the enhancement of
6 7 6 Planner mobility systers performance and the support of mobility paradigm.
Expert Mobility
7 Planner
Expert Mobility Planner Expert Mobility
7 8 Planner
Expert Accessibility Expert Accessibility Expert Accessibility To recognise the importance of multimodality, as well as the significance of
8 Planner 8 Planner 9 Planner proximity of multiple points of interest so that people cover their mobility needs
Expert Accessibility without using cars and the promotion of mixed land use towards the creation of
9 Planner compact cities.
Expert Environmentalist Expert Environmentalist - To identify the environmental footprints deriving from the excessive car usage
10 9 and highlight the need for addressing the climate crisis.

Direct influence/dependence map

5 — 5 T
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2 |
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Fig. 3. The location of variables as they result from the matrix of direct influences-dependencies.

Stage 3 included the first data collection engagement between the
three groups of experts and the authors via Zoom meetings. In this stage
we tried to distinguish relationships among the indicators, and fill the

matrix presented in Table 2. This stage also highlighted the need to
explain, in detail, the interlinks between the SUMIs. Thus, the initial
literature review that we conducted before meeting the experts helped
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considerably to save time and effort at this research stage. The steps
followed for filling in the matrix of Table 2 as per Arcade et al. (1994)
are: a) selection of all the indicators that belong within the system under
study; b) identification of indicators that experience no influence (filling
up the matrix with “0” is done line by line); c¢) determination of in-
dicators that do exert influence upon the rest of the considered in-
dicators (filling up the matrix with “1” is done line by line); d)
identification of factors that are closely intertwined; e) repetition of the
process until no indicator is left unchecked in terms of influence and
dependence; f) transcription of direct influences in the MICMAC free
software designed by Michel Godet.

Stage 4 considers the implementation of the Sussman criteria (i.e.,
type of influence, direction of influence and justification of influence) to
explain the features of the interrelations among the SUMIs. In Stage 5
the experts, unprompted, tried to relate SUMIs with policy mechanisms
designed for enhancing sustainable mobility.

Stage 6 refers to discussing further the connections between SUMIs
and sustainable mobility strategies and policy instruments and eventu-
ally matching them; this gave us the opportunity to rank SUMIs in order
of importance and therefore contributed to building a hierarchical cat-
egorisation of several public policies and strategies related to sustain-
able mobility. In this stage using a literature review, we presented a wide
range of available sustainable mobility strategies and specific policy
measures (as illustrated in Fig. 2) and their effects to the expert groups.
By being exposed to these policy measures and having the opportunity to
reflect on their sustainability value, experts were then able to generate
links between each policy and the selected SUMIs.

The final stage (stage 7) was about establishing a consensus among
the experts, regarding the importance of the selected indicators within a
sustainable mobility framework. The mix of the expert panel is pre-
sented in Table 3.

The 28 experts (i.e., our elite sample) are from Europe and Americas

Transportation Research Interdisciplinary Perspectives 18 (2023) 100788

and were chosen because of their expertise in sustainable mobility and
urban development. Some of them are politicians with extensive
knowledge in SUMP design, promotion and implementation, while
others are researchers with high-quality publications in the field of
sustainable transport planning. This sample size is satisfactory and well
in line with best practice guidelines and published MICMAC literature
(Al-Esmael et al., 2019; Arcade et al., 1994; Jain et al., 2018; Khatwani
et al., 2015). According to those readings a single group of 12 experts is
accepted as sufficient in producing valid and reliable results.

4.3. Identification of pivotal factors-indicators

This step enables the identification of the most important indicators
(in respect of influence and dependence grades) through the calculation
of direct and indirect interlinks within the system (Colodni, 1987). The
direct classification can be achieved by summing up the components
(zeros and ones) in each row and column level. For instance, the indi-
cator of air pollution exerts an influence grade equal to 3 (see Table 2) as
it affects three indicators, while it has a dependence rate equal to 7, as it
is influenced by seven indicators. Hence, the descriptive image of the
above sums can be seen in Fig. 3 along with the location and hierarchical
organisation of each indicator according to the direct relationships be-
tween them. This map has two axes, where the X axis refers to the
dependence level and the Y axis to the influence level. The maximum
values of influence and dependence are the access to mobility service
(Ac_mob_ser) and air pollution (Air_pollut) whose sums are equal to 9
and 7 respectively.

Fig. 3 shows that the most influential variables (seen in Sector 1) are
energy efficiency, access to mobility services and multimodal integra-
tion. Sector 2 hosts those variables that not only are influential but
dependable as well. In this category-one can found some “key” variables
such as traffic congestion, traffic safety and opportunity for active
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Table 4
Justification of the relationships between the SUMIs.

ID  Core SUMIs Directly Related SUMIs

1 Affordability of public
transport

Accessibility of PT for mobility impaired,
access to mobility service, multimodal
integration, satisfaction with PT (Cats et al.,
2017; El-Geneidy et al., 2016; Santos et al.,
2020; Shrestha et al., 2017).

2 Accessibility of public Access to mobility service, opportunity for
transport for mobility impaired  active modes, satisfaction with PT (El-
people Geneidy et al., 2016; Metz, 2000; Redman

et al., 2013; Sarker et al., 2019; Shrestha

et al., 2017).

Road deaths, traffic safety, GHG (

Chatziioannou et al., 2020a; Sager, 2019;

Timilsina and Shrestha, 2009).

Air pollution (Chatziioannou et al., 2020a;

Shepherd et al., 2016; Stansfeld, 2015).

Noise, congestion, traffic safety (

Chatziioannou et al., 2020a; Racioppi et al.,

2004).

Air pollution, road deaths, traffic safety,

GHG, congestion, satisfaction with PT,

energy efficiency, opportunity for active

3 Air pollution

4 Noise

5 Road deaths

6 Access to mobility service

modes, multimodal integration (AlKheder,
2021; Friman et al., 2020; Inturri et al.,
2021; Joewono and Kubota, 2006; Kumar
et al., 2013; Le and Tu, 2016; Litman, 2021;
Litman, 2012b; Litman, 2010; Nguyen-
Phuoc et al., 2020; Vale, 2021;
Woldeamanuel and Cygansky, 2011).
Air pollution, energy efficiency (
Chatziioannou et al., 2020a; Ramanathan
and Feng, 2009).
Air pollution, GHG, energy efficiency,
noise, road deaths, traffic safety,
satisfaction with PT (Albalate and Fageda,
2021; Bharadwaj et al., 2017;
Chatziioannou et al., 2020a; Kellner, 2016;
Pawlasova, 2015; Zhang and Batterman,
2013)
GHG, air pollution, noise, opportunity for
active mobility (Akdag and Yildirim, 2020;
Borén, 2020; CRES, 2015; Gillingham et al.,
2021; Oeschger et al., 2020)
10 Opportunity for active Air pollution, noise, traffic safety, GHG,
mobility accessibility to public transport for mobility
impaired people (Koszowski et al., 2019;
Lozzi and Monachino, 2021; Metz, 2000;
Mizdrak et al., 2019).
Air pollution, noise, GHG, accessibility to

7 GHG

8 Congestion

9 Energy efficiency

11  Multimodal Integration
PT for mobility impaired, opportunity for
active mobility, satisfaction of PT,
congestion, road deaths, traffic safety (
Chauhan et al., 2021; Cottrill et al., 2020;
Kim et al., 2018; Kumar et al., 2013;
Litman, 2021; Litman, 2013).

There is no direct influence in our results.
* Satisfaction of public transport users can
modify travel habits and make people seek a
shift from the private car to other modes,
bringing about all the positive effects
associated with this shift such as reduction
of air pollution - greenhouse gases, energy
efficiency, mitigation of traffic congestion (
Alyavina et al., 2020). However, these
positive effects are indirectly and not
directly related to the indicator.

Noise, road deaths, opportunity for active
mobility, congestion, satisfaction with PT (
Mladenovic et al., 2022; Joewono and
Kubota, 2006; Laverty et al., 2021;
Nieuwenhuijsen, 2021; Pawlasova, 2015).

12 Satisfaction with public
transport

13 Traffic safety
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mobility that are pivotal for the shift towards sustainable mobility.
Sector 3 includes variables such as noise, road deaths, air pollution, GHG
and the satisfaction of users with public transport. These variables are
highly dependable on the rest indicators and highlight the necessity to
move away from the automobile$ overuse. Finally, Sector 4 presents two
variables, affordability of public transport and accessibility of public
transport to mobility impaired people, that relate to the backbone of
sustainable mobility which is public transport.

On the other hand, the indirect classification of variables is the
product of elevating the matrix of direct relations to successive powers
until its stabilisation. The latter is achieved when the classification of
variables both in terms of dependence and influence is constant between
different power elevations. For instance, in our case, the matrix has been
stabilised after four elevations. This means that if we had continued
elevating to the sixth, seventh, eighth power the results and the classi-
fication of variables would remain unaffected. The process of power
elevation of the matrix until it stabilises includes the following phases:

e Phase 1. Establishment of experts’ panel.

e Phase 2. Identification of the relationships of direct nature among
the indicators of the system.

e Phase 3. Hierarchical organisation of indicators according to their
rates of dependence and influence.

e Phase 4. Presentation of the SUMIs in a logical map according to
their level of direct relationships.

e Phase 5. Elevation of the matrix of direct relationships to the square
to get the indirect relations of second order.

e Phase 7. Classification of the indicators in terms of direct and in-
direct influence and dependence.

e Phase 8. Comparison between the matrix of direct relationships and
the matrix of indirect relationships so that to rank the associated in-
dicators located in each matrix.

e Phase 9. Does the ranking of the system’s indicators remain in the
same order?

e Phase 10. If the hierarchical organisation of indicators remains the
same in two consecutive matrices (i.e., between matrix" and matrix"*l)
then the stabilisation has been accomplished and we have the final in-
direct relationship matrix. If not, the matrix should be elevated to
consecutive powers until each indicatots ranking, related to influence
and dependence grades between the power n and power n + 1, remains
in the same order (i.e., there is no change in the SUMIs ranking).

The indicators of the system when the matrix is stabilised are pre-
sented in Fig. 4 considering both direct and indirect relations between
SUMIs. Hence, Fig. 4 is the definitive graph presenting the location and
categorisation of SUMIs, as it reflects the true significance of each in-
dicator. Therefore, Fig. 4 presents changes in the categorisation of var-
iables in comparison to Fig. 3. More specifically the variable of
affordability of public transport is, after considering direct and indirect
relationships among variables, a highly influential component for sus-
tainable mobility. In particular, this variable in conjunction with other
similar ones such as comfort, safety and higher frequency of routes can
attract people from their private car to public transport. In addition, the
variables of traffic safety and opportunity for active mobility have been
transformed into highly dependable as they can be easily affected by the
rest of the considered variables, such as multimodal integration,
congestion, access to mobility services and energy efficiency.

4.4. Justification of the interlinks among SUMIs

This final part of our analysis is about benchmarking the identified
interlinks between SUMIs against the literature. Table 4 presents a
critical summary of this review process. The rationale behind the table,
is to align each specific indicator in the second column with a third
column describing all the SUMIs that are directly related to it. For
example, the indicator of affordability of public transport directly in-
fluences, and is thus related to, the indicators of accessibility of public
transport for mobility impaired people, access to mobility service,
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Table 5
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Strategies for the reduction of automobile dependence and efficient automobile usage.

Strategies Focusing on Efficient Automobile Usage

ID  Public policies Policy definition Policy Positive Effects Interlinked
Nature SUMIs
1 Car-pooling (Bruglieri et al., Carpooling is a transportation approach that is oriented towards the Planning- -Reduces car usage - Air Pollution
2011; Park et al., 2018). collective utilization of private automobiles Economic -Reduces congestion - Green House
-Reduces travel times Gases
-Reduces emissions - Congestion
-Promotes sustainable - Energy
modes efficiency
-Promotes social
interactions
-Improves the image of
companies
-Improves productivity
and employees’
satisfaction
-Reduces companies’ costs
2 High occupancy vehicle lanes. ( High Occupancy Vehicle lanes are sectors on highways and avenues Regulation -Reduces car usage - Air Pollution
Daganzo and Cassidy, 2008). which can be used by vehicles with multiple commuters during all day -Reduces congestion - Green House
or some part of the day. -Reduces emissions Gases
-Promotes efficient land - Congestion
use - Energy
-Promotes car-pooling efficiency
Strategies Focusing on Travel Reduction
ID  Public Policies Policy definition Policy Positive Effects Interlinked
Nature SUMIs
1 Variable Work Hours (ITDP, Variable Work Hours aim to avoid congestion phenomena during Regulation -Reduces car usage - Air Pollution
2012a). peak-period commute travels via a modification in check-in and check- -Reduces congestion - Green House
out schedules at work. -Reduces travel times Gases
-Improves habitability - Congestion
-Promotes sustainable
modes
-Promotes car-pooling
-Improves productivity
and employees’
satisfaction
2 Teleworking (Belzunegui-Eraso Teleworking mitigates the environmental effects of mobility related Regulation -Reduces car usage - Air Pollution

and Erro-Garcés, 2020; ITDP,

2012a). equilibrium

activities while encourages flexibility and a robust family-work

-Reduces congestion - Green House

-Improves productivity Gases
and employees’ - Congestion
satisfaction - Noise

multimodal integration and satisfaction with public transport. In the
third column of Table 4, we present in brackets published works where
the relationships between indicators have been reported. This step was
important for the enrichment of our MICMAC approach since it helped
us identify the relationships that each specific indicator exerts on other
SUMIs and consequently verify the experts opinion.

4.5. Interlinks between SUMIs and sustainable mobility strategies-public
policies

Nowadays, there are different groups of strategies and policy in-
struments to manage the alternative travel demands derived by the
sustainable mobility paradigm (Table 5-8). Through the structural
analysis-MICMAC method, this became apparent by the experts. We
therefore make a case that these transport strategies-policies should be
more clearly interlinked (and eventually matched) with the SUMI in-
dicators. Doing that could facilitate the evaluation, forecasting and
monitoring of the joint benefits that their implementation would mean
for the society.

This part of the paper, includes a synopsis of our literature review,
presented in columns 2-4 of Table 5-Table 8, which provided the op-
portunity for more insightful talks between us and the experts. The
expert participants by being prompted to look at certain policies were
able to identify the possible effects of the discussed strategies (column 5
of Table 5-Table 8) and generate links between each policy and the
selected SUMIs (column 6 of Table 5-Table 8). Therefore, the columns

2-4 are literature review derived and were presented to our respondents
at the latter part of their engagement with us to inform and develop
further our conversations. Columns 4-5 on the other hand is a direct
product of the MICMAC method and derived after discussions with the
experts. These are about understanding the value of policy measures
(column 5) and matching them with the suitable SUMIs (column 6).
Table 5 presents those policies that intend to establish an efficient
automobile usage and trip reduction. Their ultimate goal is to neutralise
the negative impacts of motorised transport.

Table 6 considers policies that are associated with the mitigation of
cars environmental footprint, not only in terms of vehicle movement,
but in terms of vehicle possession as well. Table 7 introduces policies
involving the adequate usage of public space (parking and urban plan-
ning instruments). Finally, Table 8 demonstrates policies that are
destined to facilitate efficient public transport schemes and to promote
active mobility alternatives.

5. Discussion

Our paper is a supporting instrument in creating a new brand of
sustainable mobility assessment and is capable of contributing to the
literature in two levels. First, by determining the connections between
the core SUMIs that could ultimately lead to ranking them in terms of
importance (something that nowadays is not the case because all the
core indicators are treated as equal). Second, by considering experts and
enabling them to match SUMIs with real policies, a fact that inevitably
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Table 6

Strategies for vehicles possession and vehicles movement.
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Strategies Focusing on Vehicles Possession

ID  Public policies Policy definition Policy Positive Effects Interlinked
Nature SUMIs
1 Vehicle tenure taxes based on An imposed tax based upon the possession of a motorised Economic -Reduces car usage - Air Pollution
environmental parameters. vehicle, considering the negative effects that this vehicle will -Reduces emissions - Green House
(Wappelhorst et al., 2018) cause to the environment. -Promotes sustainable Gases
modes - Energy Efficiency
-Reduces the total - Congestion
number of automobiles  -Opportunity for
-Generates income active mobility
-Promotes shift to - Access to
more efficient vehicles Mobility Service
2 Feebates, discount or surcharge on the  The feebates consider parameters of energy efficiency through Economic- -Reduces emissions - Air Pollution
purchase based on performance the establishment of payments and discounts, for the purchase Regulatory -Generates income - Green House
vehicles (Johnson, 2006). of private vehicle. -Promotes shift to Gases
more efficient vehicles - Energy Efficiency
-Reduces energy
consumption
-Promotes
technological
innovation
3 Fleet renewal (Fraire Cervantes, 2011)  This policy is based on the modernization of vehicles fleet in Economic -Reduces car usage - Air Pollution
order to neutralize the environmental footprint of obsolete -Reduces emissions - Green House
units. -Promotes sustainable Gases
modes - Energy Efficiency
-Reduces the total - Congestion
number of automobiles  -Opportunity for
-Promotes shift to active mobility
more efficient vehicles - Access to
Mobility Service
Strategies Focusing on Vehicles Circulation
ID  Public Policies Policy definition Policy Positive Effects Interlinked
Nature SUMIs
1 Congestion charge (Litman, 2011a). The establishment of fares for commuters that circulate within ~ Planning- -Reduces car usage - Air Pollution
specific parts of a city, at certain times and days. This type of Economic -Reduces congestion - Green House
policy also takes into consideration discounts for drivers that -Reduces travel times Gases
use alternative energy fuels (hybrid-electric vehicles), taxis and -Reduces emissions - Congestion
vehicles of mobility impaired people. -Promotes sustainable - Road Deaths
modes - Traffic Safety
-Improves road -Opportunity for
security active mobility
-Improves habitability - Access to
-Generates income Mobility Service
-Improves productivity
2 Charges on vehicles kilometres The nature of this policy can be translated into a tax which is Economic -Reduces car usage - Air Pollution
travelled (ITDP, 2012b). related to the distance covered by private automobiles. -Reduces congestion - Green House
-Reduces emissions Gases
-Promotes sustainable - Congestion
modes - Road Deaths
-Improves road - Traffic Safety
security - Energy Efficiency
-Promotes economic -Opportunity for
efficiency active mobility
-Reduces energy - Access to
consumption Mobility Service
3 Fuel taxes based on environmental The purchase of Fossil fuel-based vehicles will result in the Economic -Reduces car usage - Air Pollution
parameters (Litman, 2011b). application of certain taxes based on environmental parameters. -Reduces congestion - Green House
-Reduces emissions Gases
-Promotes sustainable - Congestion

modes
-Improves road

- Road Deaths
- Traffic Safety

security - Energy Efficiency
-Generates income -Opportunity for
-Promotes the shift to active mobility
more efficient vehicles - Access to

Mobility Service

led to ranking these policies according to their total impact on SUMI-
influenced initiatives.

have identified the indicators that are related to public transport
(affordability of public transport, multimodal integration and access to
mobility services) which, in general, according to literature (e.g.,
Alyavina et al., 2020; Attard and Hall, 2003; Kinsella and Caulfield,
2011) is the backbone of sustainable mobility, enabling people to cover
longer distances and compete against private automobiles. The last
SUMI located in this sector is the energy efficiency indicator that affects

5.1. Key messages for SUMIs and their interrelations

The most influential indicators are the ones placed in sector 1 of
Fig. 4 since they determine the system’s behaviour. In this sector we
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Table 7
Strategies for parking and urban planning.
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Parking Strategies

ID  Public policies Policy definition Policy Positive Effects Interlinked SUMIs
Nature
1 Parking meters (ITDP, 2012b). The installation of specific apparatus on public roads that are Economic -Reduces car usage - Air Pollution
capable of regulating the usage of public spaces of a city for the -Reduces congestion - Green House Gases
parking of vehicles. -Reduces travel times - Congestion
-Reduces emissions - Noise
-Promotes sustainable - Traffic Safety
modes - Road Deaths
-Improves road - Access to Mobility
security Service
-Improves -Opportunity for active
habitability Mobility
-Improves public
space
-Generates income
-Increases the
availability of
parking places
2 Parking requirements in The establishment of building regulations concerning minimum Economic -Reduces car usage - Air Pollution
constructions and business (ITDP, parking places requirements in accordance with the type of -Reduces congestion - Green House Gases
2012b; Litman, 2011c). construction. These requirements, unintentionally, may -Promotes sustainable - Congestion
encourage the utilization of private automobiles through the modes - Noise
proportion of parking places. -Improves - Traffic Safety
habitability - Road Deaths
-Improves public - Access to Mobility
space Service
-Generates income -Opportunity for active
-Increases the Mobility
availability of
parking places
-Promotes efficient
land-use
-Reduces
construction cost
-Promotes real estate
development
Strategies Focusing on Urban Planning
ID  Public Policies Policy definition Policy Positive Effects Interlinked SUMIs
Nature
1 Transit oriented development ( Transit-oriented development (TOD) is an urban planning model ~ Planning -Reduces car usage - Air Pollution
Sohoni et al., 2017). that aims to establish neighbourhoods close to public -Reduces congestion - Green House Gases
transportation systems. A TOD, in general, is characterized by -Reduces emissions - Congestion
mixed land uses and high density and -Promotes sustainable - Road Deaths
modes - Noise
has as its backbone a bus, BRT or subway station. -Promotes efficient - Traffic Safety
land-use - Access to Mobility
-Improves road Service
security -Opportunity for active
-Improves mobility
habitability - Energy Efficiency
-Improves public - Affordability of PT
space -Accessibility to PT for
-Promotes local the mobility impaired
economic people
development - Satisfaction of PT
-Promotes urban - Multimodal Integration
renovation
2 Transit Pacification (ITDP, Transit pacification can be defined as a set of urban planning Regulation- -Promotes sustainable - Air Pollution
2012b). approaches oriented towards the reduction of volume and speed  Planning modes - Green House Gases
of vehicles within a particular region of interest. -Promotes efficient - Congestion
land-use - Road Deaths
-Improves road - Noise
security - Traffic Safety
-Improves
habitability
-Improves public
space
-Improves the
amenity value of the
area
3 Car-free planning (ITDP, 2012b). Car-free planning incorporates the design of specific regions so Regulation- -Reduces car usage - Air Pollution
that to assist the utilization of active mobility and therefore Planning -Reduces congestion - Green House Gases

reduce the extensive cars usage
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Table 7 (continued)
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Parking Strategies

ID  Public policies Policy definition

Policy Positive Effects Interlinked SUMIs
Nature
modes - Noise
-Promotes efficient - Traffic Safety
land-use - Access to Mobility
-Improves road Service
security -Opportunity for active
-Improves mobility
habitability - Energy Efficiency
-Improves public - Affordability of PT
space
-Improves urban
image

climate change (i.e., energy inefficiency has negative effects to envi-
ronment). The concept of energy efficiency for transport (Brand et al.,
2019) can be integrated with the public transport indicators by actively
promoting the implementation of electromobility approaches in the
public transport sector; for instance, the purchase of electric (and
hybrid) buses to enhance the public transport services within a
geographic region. This is in line with relevant literature (Kiihne, 2010;
Morton et al., 2018).

In sector 2 (Fig. 4) we see the indicators that are extremely influ-
ential and dependent at the same time and therefore are, by nature,
factors of instability. This is the indicator of congestion, the reduction of
which, within a sustainable mobility paradigm elevates liveability and
interaction with urban surroundings (Mahmoudi et al., 2015; Rossi
et al., 2020; Shi et al., 2018).

The third sector (Fig. 4) includes those indicators that are mainly
characterised by high degrees of dependence. However, the two in-
dicators found there (i.e., opportunity for active mobility and traffic
safety) are also very close to becoming pivotal indicators (be part of
sector 2) and should be treated accordingly. For example, through the
enhancement of public transport we can promote multimodal integra-
tion among public transport and active modes, while via the strength-
ening of traffic safety we can help people feel safe and comfortable. This
could lead travellers to use more in a daily basis bikes, walk more or do
the right mix of public transport and non-motorised mobility. The rest of
the indicators shown in this sector are greenhouse gases, air pollution,
noise, satisfaction with public transport services and road deaths that
could be affected positively by the promotion of sustainable transport
modes and especially through the promotion of high-quality public
transportation; a finding in line with many studies (e.g., Attard, 2012;
Banister and Marshall, 2000). Hence, they could be treated and incor-
porated in mobility management strategy portfolios along with the ones
qualified as “critical” if we want to enhance their effectiveness.

In the last sector (sector 4 in Fig. 4) we observe one of the most
considered indicators, i.e., accessibility to public transport for the
mobility impaired people, that is close to being a highly dependent in-
dicator due to its high correlation with public transport indicators such
as multimodal integration, access to mobility service, affordability of
public transport for the poorest and energy efficiency. Therefore, the
factor of accessible public transport for mobility impaired people should
be prioritised. Consequently, the majority of public transport services
should be equipped with adequate accessibility-enhancing infrastruc-
ture that will provide truly accessible services and mitigate phenomena
of social isolation. This is in line with the recommendations of Church
et al. (2000) and Lucas (2012), concerning the relationship between
public transport and social exclusion.

5.2. Policy recommendations based on our analysis in order of
importance

Based on the MICMAC analysis, this research goes beyond a simple
demonstration of the results through proposing some critical policy
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recommendations. Specifically, Table 5-Table 8 show the results of a
thematic narrative literature review (columns 2-4) complemented by
the results of our MICMAC discussions (last two columns) concerning
the sustainable transport strategies, their policy instruments and the
impacts-benefits resulting by their implementations. Each one of the
expected impacts was actively interlinked/matched, by the experts
(through the structural analysis method), with the SUMIs that have been
organised in order of importance. Thus, we can categorise the existing
strategies hierarchically in accordance with the benefits generated by
their respective SUMIs. In essence, the more SUMIs a public policy-
strategy matches, the more effective it can be in delivering positive
impacts in more ways.

Hence, the most important group of strategies are the ones about
urban design and the most important of them is the Transit Oriented
Development (TOD) that influences all the established SUMIs, followed
by the transit pacification approach that also tackles the majority of the
discussed indicators. TOD is a holistic tool that may indeed facilitate the
transition to more liveable futures via its ability to link effectively
transport investment with land use planning and decision-making
allowing cities to be more accessible, resilient and car-independent
(Knowles, 2012; Knowles et al., 2020).

The next group of strategies in terms of importance refers to those
around alternative transport modes (i.e., measures for enhancing public
transport and non-motorised mobility). For complete door-to-door so-
lutions given that not all pedestrians and cyclists can cover long dis-
tances, it is necessary to emphasise strategies promoting public transport
usage (Mugion et al., 2018). Among this kind of strategies, the Bus Rapid
Transit (BRT) approach (as per Nikitas and Karlsson, 2015) stands out
along with the establishment of public transit systems, i.e., suburban
train, metro and tram (Knowles and Ferbrache, 2016) and the estab-
lishment of exclusive public transport lanes as they are interlinked with
all the system’s influential indicators. Nevertheless, BRT approaches are
favoured because of lower implementation costs in comparison to rail-
based mass-transit systems. Among the active mobility policies, the
approach that better covers the considered indicators is the generation
of bike lanes (Hull and O’Holleran, 2014; Marquez et al., 2021) followed
by the promotion of public bicycle systems (Bakogiannis et al., 2019;
Maas et al., 2021; Nikitas et al., 2016; Ricci, 2015) and the creation of
walkable neighbourhoods (Nikitas et al., 2019; Potoglou and Arslan-
gulova, 2017).

The next group of strategies in terms of significance is the one
looking at parking supply, as this can control a city’s fleet of privately
owned cars and as an extent the negative externalities associated to
excessive automobile use. More specifically, two key approaches worth
prioritising are parking charges (Rye and Ison, 2005; Simicevic et al.,
2013) and the establishment of minimum parking requirements in
houses and businesses (Ison et al., 2007; Thigpen, 2018).

A sustainable mobility system does not necessarily aim to completely
“ban” cars, but it does seek to impose some barriers to their excessive
usage. Simultaneously it should offer transport alternatives that will
help people to cover their everyday mobility needs without having
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Table 8
Strategies for efficient mobility and alternatives to automobile usage.

Strategies Focusing on Public Transport

ID  Public policies Policy definition Policy Positive Effects Interlinked
Nature SUMIs
1 Exclusive lanes for public This type of policy prioritizes the use of public transport. Exclusive Planning -Reduces travel times - Congestion
transport public transport lanes are parts of the road which are intended to be -Improves quality of - Satisfaction of
(He et al., 2021; Wright and used only by buses-BRT systems. public transport PT
Hook, 2007). -Improves reliability and - Air Pollution
the efficiency of public - Greenhouse
transport Gases
2 Bus Rapid Transit (BRT) (Wright BRT is a mass transportation system which is designed to have Planning -Reduces travel times - Access to
and Hook, 2007). better capacity and reliability than its ordinary bus counterpart. In -Improves quality of Mobility Service
general, BRT systems include exclusive lanes for public transport that public transport - Accessibility of
prioritize their flow at where buses may interact with other motorised -Reduces car usage PT
traffic. BRT systems are intended to provide similar quality of service -Reduces congestion - Road Deaths
as the subway or light rail, but with lower construction costs. -Reduces emissions - Traffic Safety
-Promotes sustainable - Multimodal
modes Integration
-Improves accessibility -Opportunity for
-Improves the image of active Mobility
public transport
3 Establishment of other massive The enrichment of public transportation services via the expansion of ~ Planning -Reduces travel times
systems, such as suburban train, public transport systems. -Improves reliability and
metro, tram (Litman, 2012a). the efficiency of public
transport

-Reduces car usage
-Reduces emissions
-Promotes sustainable
modes

-Improves accessibility
-Improves the image of
public transport
-Improves road security
-Improves productivity
and generates job

opportunities
Strategies Focusing on Bicycles and Pedestrians
ID  Public Policies Policy definition Policy Positive Effects Interlinked
Nature SUMIs
1 Public bicycle system (ITDP, The promotion of bike sharing approaches so that to strengthen non- Planning -Reduces travel times - Congestion
2012b). motorised mobility patterns. -Promotes sustainable - Air Pollution
modes - Green House
-Promotes efficient land- Gases
use -Opportunity for
-Improves public space Active Mobility.
-Promotes multimodality - Multimodal
-Enhances the social Integration
identity of the city-social - Energy
cohesion Efficiency
2 Establishment of bike lanes ( The establishment of bike lanes in order to strengthen safe non- Planning -Reduces travel times - Congestion
ITDP, 2012b). motorised mobility patterns. -Promotes sustainable - Air Pollution
modes - Green House
-Improves public space Gases
-Reduces emissions -Opportunity for
-Reduces car usage Active Mobility
-Improves road security - Energy
-Reduces transportation’s Efficiency
cost - Road Deaths-
Traffic Safety
3 Generation of The establishment of pedestrian-friendly neighbourhoods via the Planning -Reduces travel times - Congestion
walkable spaces (Litman, 2011d)  protection of residential environment and the enhancement of the -Promotes sustainable - Air Pollution
attractiveness of public space. modes - Green House
-Improves public space Gases
-Enhances the social -Opportunity for
identity of the city-social Active Mobility
cohesion - Energy
-Reduces emissions Efficiency
-Improves accessibility - Accessibility of
PT
private cars as a mono-solution but as another (hopefully secondary) literature findings (e.g., Kim et al., 2019; Namazu and Dowlatabadi,
option. For that reason, within the sustainable mobility’s framework 2018; Nikitas et al., 2011; Tsigdinos et al., 2022).
strategies should be those associated with vehicles movement, followed The last group of strategies is the one associated to no-mobility that
by the strategies about efficient automobile usage and strategies focused tries to tackle the negative externalities of transport activities via the
on vehicles ownership. This recommendation is in line with key reduction of actual travel. These strategies are strongly related to
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technological innovations, wireless connectivity and teleworking
schemes that may allow people to work remotely from home (Mouratidis
and Papagiannakis, 2021). The most important approach, according to
our work, is the one related to the establishment of alternative (more
flexible) work schedules that not only tackle many negative transport
externalities but also encourage the strategies of car-sharing and ride-
sharing (Ferrero et al., 2018). The approach of telecommuting/tele-
working (Mouratidis and Peters, 2022) is also gaining traction as it
substitutes travel altogether. The recent COVID-19 pandemic has shown
the high potential of this intervention in reducing trips in general and
car trips particularly (Politis et al., 2021b).

6. Conclusions

Nowadays, SUMPs constitute the gold standard in catering for sus-
tainable transport in the city level. SUMPs are powerful tools designed to
help cities reduce the environmental, economic, and social impacts
generated by fragmented mobility systems that prioritise the use of
private automobiles over people. Developing these plans requires from
decision-makers to understand the complexities of mobility planning
and the value of evaluating measures systematically. Only by a holistic
approach that packages transport and land use planning together, the
mobility of cities can be improved.

The process of drawing up SUMPs must necessarily include active
participation of the local population, socialisation campaigns, contin-
uous monitoring and evaluation (Kyriakidis et al., 2023). It is also
important to note that schemes derived by SUMPs should not only have
good intentions and be visionary, but they need to be realistic and tied to
the necessary financing so that can be actually implemented in full
(Chatziioannou et al., 2020a). Failing to consider these factors implies a
loss of public resources and loss of an opportunity to change urban
mobility.

Within this framework, our paper proposed a systematic assessment
that could inform policy adoption for transport planning. We evaluated
advances that emerge from new and tested mobility strategies, policies
and schemes and linked them with relevant SUMIs that we identified
and cross-checked with our expert participants. This matching process
allowed us to rank these policies in order of their importance (i.e., the
more SUMIs a policy interrelates with, the better and more important it
may be for a city). Their combination according to the capabilities and
characteristics of the city host can support the transition to a sustainable
mobility paradigm. Their promotion should be branded as an inter-
vention genuinely linked with SUMIs. The lessons learnt from our work
could hopefully inform and eventually help cities in Europe (and
beyond) in achieving goals that will allow them to be less car dependent,
more accessible and genuinely liveable environments. We specifically
paid attention to European cities because SUMIs are a European initia-
tive, but these lessons could be generalisable to some degree for some
international cities with similar characteristics.

All the above-mentioned strategies and public policies should be part
of a comprehensive and holistic long-term plan of mobility rather than
partially implemented and fragmented counter measures. However,
cooperation and participation between the different actors involved
within the urban planning process (i.e., transport and urban design
authorities, planning and public policy agents, and common people) is
essential when it comes to the adoption of integrated and coherent
SUMPs.

Despite the depth and breadth of our results, we need to acknowl-
edge that our study has some limitations. The sample size, even though
is sufficient for providing valid results according to MICMAC guidelines,
could have been bigger. Moreover, the adoption of only two limited
values (“1” and “0”), aiming to keep the consulting process as simple as
possible, could be considered as another limitation. It would be
intriguing to see, as subject of future research, how the results of the
variables categorisation would have been, if we would have considered
the intensity of the direct relations within the matrix.
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Future research should also aim to combine structural analysis with
quantitative studies with the aim to assign weights to the hierarchically
organised SUMIs we developed. This is something that the present work
did not facilitate, because of its exploratory and primarily qualitative
focus. This would improve the process of evaluating mobility plans
against strategic targets and support the creation of a homogeneous
assessment framework. This could take then the form of a synthesised
index that considers jointly public attitudes that reflect and affect the
urban mobility planning process and the effectiveness of sustainable
mobility measures.

CRediT authorship contribution statement

Ioannis Chatziioannou: Methodology, Writing — original draft,
Writing - review & editing. Alexandros Nikitas: Methodology, Writing
— original draft, Writing — review & editing. Panagiotis G. Tzouras:
Writing — original draft, Writing — review & editing. Efthimios Bako-
giannis: Writing — original draft, Writing — review & editing. Luis
Alvarez-Icaza: Methodology, Writing — original draft, Writing — review
& editing. Luis Chias-Becerril: Methodology, Writing — original draft,
Writing — review & editing. Christos Karolemeas: Writing — original
draft, Writing — review & editing. Stefanos Tsigdinos: Writing — orig-
inal draft, Writing — review & editing. Pontus Wallgren: Methodology,
Writing — original draft, Writing — review & editing. Oskar Rexfelt:
Methodology, Writing — original draft, Writing — review & editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The data that has been used is confidential.

References

Akdag, S., Yildirim, H., 2020. Toward a sustainable mitigation approach of energy
efficiency to greenhouse gas emissions in the European countries. Heliyon 6 (3),
€03396.

Albalate, D., Fageda, X., 2021. On the relationship between congestion and road safety in
cities. Transport Policy 105, 145-152.

Al-Esmael, B., Talib, F., Faisal, M.N., Jabeen, F., 2019. Socially responsible supply chain
management in small and medium enterprises in the GCC. Social Responsibility
Journal 16 (3), 369-386.

AlKheder, S., 2021. Promoting Public Transport as a Strategy to Reduce GHG Emissions
from Private Vehicles in Kuwait. Environmental Challenges 3, 100075.

Alyavina, E., Nikitas, A., Njoya, E.T., 2020. Mobility as a service and sustainable travel
behaviour: A thematic analysis study. Transportation research part F: traffic
psychology and behaviour 73, 362-381.

Alyavina, E., Nikitas, A., Njoya, E.T., 2022. Mobility as a service (Maa$S): A thematic map
of challenges and opportunities. Research in Transportation Business & Management
43, 100783.

Arcade, J., Godet, M., Meunier, F., Roubelat, F., 1994. Structural analysis with the
MICMAC method & Actors’ strategy with Mactor method. AC/UNU Millennium
Project Futures Research Methodology, Paris.

Arya, D.S., Abbasi, S.A., 2001. Identification and classification of key variables and their
role in environmental impact assessment: Methodology and software package intra.
Environmental Monitoring and Assessment 72, 277-296.

Attard, M., 2012. Reforming the urban public transport bus system in Malta: Approach
and acceptance. Transportation research part A: policy and practice 46 (7), 981-992.

Attard, M., Hall, D., 2003. Public transport modernisation and adjustment to EU
accession requirements: the case of Malta’s buses. Journal of Transport Geography
11 (1), 13-24.

Bakogiannis, E., Siti, M., Tsigdinos, S., Vassi, A., Nikitas, A., 2019. Monitoring the first
dockless bike sharing system in Greece: Understanding user perceptions, usage
patterns and adoption barriers. Research in Transportation Business and
Management 33, 100432.

Ballesteros Riveros, D.P., Ballesteros Silva, P.P., 2008. Analisis estructural prospectivo
aplicado al sistema logistico. Scientia Et Technica Ano XIV 39, 194-199.

Banister, D., 2008. The sustainable mobility paradigm. Transport Policy 15, 73-80.

Banister, D., Marshall, S., 2000. Encouraging transport alternatives: good practice in
reducing travel. The Stationery Office, London.


http://refhub.elsevier.com/S2590-1982(23)00035-0/h0005
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0005
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0005
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0010
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0010
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0015
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0015
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0015
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0020
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0020
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0025
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0025
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0025
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0030
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0030
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0030
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0035
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0035
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0035
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0040
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0040
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0040
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0045
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0045
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0050
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0050
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0050
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0055
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0055
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0055
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0055
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0060
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0060
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0065
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0070
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0070

I. Chatziioannou et al.

Belzunegui-Eraso, A., Erro-Garcés, A., 2020. Teleworking in the Context of the COVID-19
Crisis. Sustainability 12, 3662.

Bharadwayj, S., Ballare, S., Rohit, C., M.k.,, 2017. Impact of congestion on greenhouse gas
emissions for road transport in Mumbai metropolitan region. Transportation
Research. Procedia 25, 3538-3551.

Borén, S., 2020. Electric buses’ sustainability effects, noise, energy use, and costs.
International Journal of Sustainable Transportation 14 (12), 956-971.

Brand, C., Anable, J., Morton, C., 2019. Lifestyle, efficiency and limits: modelling
transport energy and emissions using a socio-technical approach. Energy Efficiency
12 (1), 187-207.

Bruglieri, M., Ciccarelli, D., Colorni, A., Lue, A., 2011. PoliUniPool: A carpooling system
for universities. Procedia Social and Behavioral Science 20, 558-567.

Cats, O., Susilo, Y.O., Reimal, T., 2017. The prospects of fare-free public transport:
evidence from Tallinn. Transportation 44, 1083-1104.

Charradi, I., Campisi, T., Tesoriere, G., Abdallah, K.B., 2022. In: A Holistic ApproAch to
SUMP StrAtegies and Actions in the Post-pandemic and Energy Crisis ErA. Springer,
Cham, pp. 345-359.

Chatziioannou, I., Alvarez-Icaza, L., 2017. A structural analysis method for the
management of urban transportation infrastructure and its urban surroundings.
Cogent Engineering 4, 1326548.

Chatziioannou, I., Alvarez-Icaza, L., Bakogiannis, E., Kyriakidis, C., Chias-Becerril, L.,
2020a. A CLIOS Analysis for the Promotion of Sustainable Plans of Mobility: The
Case of Mexico City. Applied Sciences 10, 4556.

Chatziioannou, 1., Bakogiannis, E., Kyriakidis, C., Alvarez-Icaza, L., 2020b. A Prospective
Study for the Mitigation of the Climate Change Effects: The Case of the North Aegean
Region of Greece. Sustainability 12, 10420.

Chatziioannou, 1., Alvarez-Icaza, L., Bakogiannis, E., Kyriakidis, C., Chias-Becerril, L.,
2020c. A Structural Analysis for the Categorization of the Negative Externalities of
Transport and the Hierarchical Organization of Sustainable Mobility’s Strategies.
Sustainability 12, 6011.

Chatziioannou, L., Alvarez-Icaza, L., Bakogiannis, E., 2020d. A structural analysis method
for the promotion of Mexico Citys integral plan of mobility. Cogent Engineering 7
(1), 1759395.

Chauhan, V., Gupta, A., Parida, M., 2021. Demystifying service quality of Multimodal
Transportation Hub (MMTH) through measuring users’ satisfaction of public
transport. Transport Policy 102, 47-60.

Church, A., Frost, M., Sullivan, K., 2000. Transport and social Exclusion in London.
Transport Policy 7, 195-205.

Colodni, L., 1987. Construccion de la Base de Escenarios del Modelo MEDEE-S,
Aplicacién al Transporte de Caracas. Universidad Simoén Bolivar, Venezuela,
Caracas.

Cottrill, C.D., Brooke, S., Mulley, C., Nelson, J.D., Wright, S., 2020. Can multi-modal
integration provide enhanced public transport service provision to address the needs
of vulnerable populations? Research in Transportation Economics 83, 100954.

CRES, 2015. Energy Efficiency trends and policies in Greece. Retrieved from https
://www.odyssee-mure.eu/publications/national-reports/energy-efficiency-greece.
pdf. Accessed April 15, 2022.

Daganzo, C.F., Cassidy, M.J., 2008. Effects of high occupancy vehicle lanes on freeway
congestion. Transportation Research Part B: Methodological 42, 861-872.

De Sherbinin, A., Bittar, H.G., 2003. The Role of Sustainability Indicators as a Tool for
Assessing Territorial Environmental Competitiveness. London, UK, International
Forum for Rural Development.

Duperrin, J.C., Godet, M., 1973. Méthode de hiérarchisation des éléments d’un systeme:
essai de prospective du systeme de 1’énergie nucléaire dans son contexte societal.
Commissariat a 1’énergie atomique, Paris.

Egeter, B., van de Riet, O., 1998. Systeem diagram voor het beleidsveld vervoer en
verkeer. In System Diagram for the Policy Area Transport and Traffic; TNO Inro:
Delft, The Netherlands.

El-Geneidy, A., Levinson, D., Diab, E., Boisjoly, G., Verbich, D., Loong, C., 2016. The cost
of equity: Assessing transit accessibility and social disparity using total travel cost.
Transportation Research Part A: Policy and Practice 91, 302-316.

Eltis, 2019. Guidelines for Developing and Implementing a Sustainable Urban Mobility
Plan, Second Edition. Retrieved from https://www.eltis.org/sites/default/files/
sump_guidelines_2019_interactive_document_1.pdf. Accessed September 24,. 2022.

Ferrero, F., Perboli, G., Rosano, M., Vesco, A., 2018. Car-sharing services: An annotated
review. Sustainable Cities and Society 37, 501-518.

Fraire Cervantes, J.A., 2011. Utilizacién de un modelo de respuesta dicotémica de
valoracion contingente para estimar el tiempo de retiro socialmente ptimo de un
vehiculo en la ZMVM. Mexico, Mexico City, Instituto Nacional de Ecologia.

Friman, M., Lattman, K., Olsson, L.E., 2020. Public Transport Quality, Safety, and
Perceived Accessibility. Sustainability 12, 3563.

Gandini, A., Quesada, L., Prieto, I., Garmendia, L., 2021. Climate change risk assessment:
A holistic multi-stakeholder methodology for the sustainable development of cities.
Sustainable Cities and Society 65, 102641.

Gillingham, K.T., Huang, P., Buehler, C., Peccia, J., Gentner, D.R., 2021. The climate and
health benefits from intensive building energy efficiency improvements. Science
Advances 7, 34.

Hart, J., 2008. Driven to Excess: Impacts of Motor Vehicle Traffic on Residential Quality
of Life in Bristol. University of West England, Bristol, UK. Master’s Thesis.

He, L., Yang, D., Li, J., 2021. Improving the Service Quality of Public Transit with
Exclusive Bus Lanes: A Perspective from Passenger Satisfaction, Journal of Advanced
Transportation, 2021, Article ID 8599256, 16 pages.

Hull, A., O’Holleran, C., 2014. Bicycle infrastructure: can good design encourage
cycling? Urban, Planning and Transport Research 2 (1), 369-406.

15

Transportation Research Interdisciplinary Perspectives 18 (2023) 100788

Inturri, G., Giuffrida, N., Le Pira, M., Fazio, M., Ignaccolo, M., 2021. Linking Public
Transport User Satisfaction with Service Accessibility for Sustainable Mobility
Planning. International Journal of Geo-Information 10, 235.

Ison, S., Humphreys, 1., Rye, T., 2007. UK airport employee car parking: The role of a
charge? Journal of Air Transport Management 13 (3), 163-165.

ITDP, 2012b. Planes integrales de movilidad. ITDP: Mexico City: Mexico.

ITDP, 2012a. Guia de estrategias para la reduccion del uso del auto en ciudades
mexicanas. México City, Mexico, ITDP.

Jain, A., Sharma, R., llavarasan, P.V., 2018. Total interpretive structural modelling of
innovation measurement for Indian universities and higher academic technical
institutions. Flexibility in Resource Management 29-53.

Joewono, T.B., Kubota, H., 2006. Safety and security improvement in public
transportation based on public perception in developing countries. IATSS Research.
30 (1), 86-100.

Johnson, K.C., 2006. Feebates: an effective regulatory instrument for cost-constrained
environmental policy. Energy Policy 34, 3965-3976.

Kanungo, S., Duda, S., Srinivas, Y., 1999. A structured model for evaluating information
systems effectiveness. Systems Research and Behavioral Science 16, 495-518.

Kellner, F., 2016. Exploring the impact of traffic congestion on CO2 emissions in freight
distribution networks. Logistics Research 9, 21.

Khan, U., Haleem, A., 2012. Smart organisations: Modelling of enablers using an
integrated ISM and fuzzy-MICMAC approach. International Journal of Intelligent
Enterprise 1, 248-269.

Khatwani, G., Singh, S.P., Trivedi, A., Chauhan, A., 2015. FuzzyTISM: a fuzzy extension
of TISM for group decision making. Global Journal of Flexible Systems Management
16 (1), 97-112.

Kim, J.H., Barnett, G.A., 2007. A structural analysis of international conflict: from a
communication perspective. International Interactions 33, 135-165.

Kim, D., Park, Y., Ko, J., 2019. Factors underlying vehicle ownership reduction among
carsharing users: a repeated cross-sectional analysis. Transportation Research Part D:
Transport and Environment 76, 123-137.

Kim, J., Schmécker, J.-D., Yu, J.W., Choi, J.Y., 2018. Service quality evaluation for urban
rail transfer facilities with Rasch analysis. Travel Behaviour and Society 13, 26-35.

Kinsella, J., Caulfield, B., 2011. An examination of the quality and ease of use of public
transport in Dublin from a newcomer’s perspective. Journal of Public Transportation
14 (1), 4.

Knowles, R.D., 2012. Transit oriented development in Copenhagen, Denmark: from the
finger plan to @restad. Journal Of Transport Geography 22, 251-261.

Knowles, R.D., Ferbrache, F., 2016. Evaluation of wider economic impacts of light rail
investment on cities. Journal of Transport Geography 54, 430-439.

Knowles, R.D., Ferbrache, F., Nikitas, A., 2020. Transport’s historical, contemporary and
future role in shaping urban development: Re-evaluating transit-oriented
development. Cities 99, 102607.

Koszowski, C., Gerike, R., Hubrich, S., Gotschi, T., Pohle, M., Wittwer, R., 2019. Active
mobility: Bringing together transport planning, urban planning, and public health.
Springer.

Kiihne, R., 2010. Electric buses—An energy efficient urban transportation means. Energy
35 (12), 4510-4513.

Kumar, P.P., Parida, M., Swami, M., 2013. Performance evaluation of multimodal
transportation systems. Procedia - Social and Behavioral Sciences 104, 795-804.

Kyriakidis, C., Chatziioannou, L., Iliadis, F., Nikitas, A., Bakogiannis, E., 2023. Evaluating
the public acceptance of sustainable mobility interventions responding to Covid-19:
The case of the Great Walk of Athens and the importance of citizen engagement.
Cities 132, 103966.

Kyriakidis, C., Bakogiannis, E. Siolas, A., 2017. Identifying Environmental Affordances in
Kypseli Square in Athens, Greece. In Proceedings of the International New York
Conference on Social Sciences, New York, NY.

Laverty, A., Aldred, R., Goodman, A., 2021. The Impact of Introducing Low Traffic
Neighbourhoods on Road Traffic Injuries. University of Westminster, Findings.
January.

Le, T.P.L., Tu, A.T., 2016. Encouraging public transport use to reduce traffic congestion
and air pollutant: A case study of ho chi Minh City. Vietnam. Procedia Engineering
142, 236-243.

Litman, T., 2010. Evaluating public transportation health benefits. The American Public
Transportation Association, Victoria Transport Policy Institute, Victoria, Canada.

Litman, T., 2011a. London Congestion Pricing. Implications for Other Cities. Victoria
Transport Policy Institute:, Victoria, Canada.

Litman, T., 2011b. Carbon Taxes: Tax what you burn, not what you earn. Victoria,
Canada, Victoria Transport Policy Institute.

Litman, T., 2011c. Parking Management: Strategies, evaluation and planning. Victoria,
Canada, Victoria Transport Policy Institute.

Litman, T., 2011d. Economic Value of Walkability. Victoria, Canada, Victoria Transport
Policy Institute.

Litman, T., 2012a. Evaluating Public Transit as an Energy Conservation and Emission
Reduction Strategy. Victoria, Canada, Victoria Transport Policy Institute.

Litman, T., 2012b. Rail Transit in America: A Comprehensive Evaluation of Benefits.
Victoria, Canada, Victoria Transport Policy Institute.

Litman, T., 2013. Safer than You Think! Revising the Transit Safety Narrative. Victoria,
Canada, Victoria Transport Policy Institute.

Litman, T., 2021. Introduction to multi-modal transportation planning. Victoria, Canada,
Victoria Transport Policy Institute.

Loo, B.P., Banister, D., 2016. Decoupling transport from economic growth: Extending the
debate to include environmental and social externalities. Journal of Transport
Geography 57, 134-144.


http://refhub.elsevier.com/S2590-1982(23)00035-0/h0075
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0075
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0080
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0080
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0080
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0085
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0085
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0090
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0090
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0090
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0095
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0095
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0100
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0100
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0105
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0105
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0105
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0110
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0110
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0110
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0115
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0115
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0115
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0120
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0120
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0120
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0125
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0125
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0125
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0125
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0130
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0130
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0130
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0135
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0135
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0135
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0140
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0140
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0145
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0145
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0145
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0150
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0150
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0150
https://www.odyssee-mure.eu/publications/national-reports/energy-efficiency-greece.pdf
https://www.odyssee-mure.eu/publications/national-reports/energy-efficiency-greece.pdf
https://www.odyssee-mure.eu/publications/national-reports/energy-efficiency-greece.pdf
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0160
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0160
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0165
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0165
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0165
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0170
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0170
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0170
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0180
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0180
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0180
http://2022
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0195
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0195
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0200
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0200
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0200
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0205
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0205
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0210
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0210
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0210
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0215
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0215
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0215
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0220
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0220
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0230
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0230
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0240
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0240
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0240
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0245
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0245
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0235
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0235
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0255
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0255
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0255
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0260
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0260
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0260
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0265
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0265
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0270
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0270
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0275
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0275
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0280
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0280
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0280
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0285
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0285
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0285
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0290
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0290
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0295
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0295
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0295
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0300
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0300
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0305
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0305
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0305
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0310
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0310
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0315
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0315
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0320
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0320
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0320
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0325
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0325
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0325
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0330
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0330
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0335
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0335
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0340
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0340
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0340
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0340
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0350
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0350
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0350
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0355
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0355
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0355
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0360
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0360
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0365
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0365
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0370
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0370
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0375
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0375
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0380
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0380
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0385
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0385
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0390
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0390
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0395
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0395
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0400
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0400
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0405
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0405
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0405

I Chatziioannou et al.

Lozzi, G., Monachino, M.S., 2021. Health considerations in active travel policies: A policy
analysis at the EU level and of four member countries. Research in Transportation
Economics 86, 01006.

Lucas, K., 2012. Transport and social exclusion: Where are we now? Transport Policy 20,
105-113.

Maas, S., Nikolaou, P., Attard, M., Dimitriou, L., 2021. Examining spatio-temporal trip
patterns of bicycle sharing systems in Southern European Island cities. Research in
Transportation Economics 86, 100992.

Mahmoudi, M., Ahmad, F., Abbasi, B., 2015. Livable streets: The effects of physical
problems on the quality and livability of Kuala Lumpur streets. Cities 43, 104-114.

Marquez, L., Cantillo, V., Arellana, J., 2021. How do the characteristics of bike lanes
influence safety perception and the intention to use cycling as a feeder mode to BRT?
Travel Behaviour and Society 24, 205-217.

Melo, P., Graham, D., Brage-Ardao, R., 2013. The productivity of transport infrastructure
investment: A meta-analysis of empirical evidence. Regional Science and Urban
Economics 43, 695-706.

Mensah, J., 2019. Sustainable development: Meaning, history, principles, pillars, and
implications for human action: Literature review. Cogent Social Sciences 5, 1.
Metz, D., 2000. Mobility of older people and their quality of life. Transport Policy 7 (2),

149-152.

Mizdrak, A., Blakely, T., Cleghorn, C.L., Cobiac, L.J., 2019. Potential of active transport
to improve health, reduce healthcare costs, and reduce greenhouse gas emissions: a
modelling study. PLoS One 14.

Mladenovic, L., Plevnik, A., Rye, T., 2022. Implementing national support programmes
for sustainable urban mobility plans in a multilevel governance context. Case studies
on transport policy 10 (3), 1686-1694.

Morton, C., Anable, J., Yeboah, G., Cottrill, C., 2018. The spatial pattern of demand in
the early market for electric vehicles: Evidence from the United Kingdom. Journal of
Transport Geography 72, 119-130.

Mouratidis, K., Papagiannakis, A., 2021. COVID-19, internet, and mobility: The rise of
telework, telehealth, e-learning, and e-shopping. Sustainable Cities and Society 74,
103182.

Mouratidis, K., Peters, S., 2022. COVID-19 impact on teleactivities: Role of built
environment and implications for mobility. Transportation Research Part A: Policy
and Practice 158, 251-270.

Mugion, R.G., Toni, M., Raharjo, H., Di Pietro, L., Sebathu, S.P., 2018. Does the service
quality of urban public transport enhance sustainable mobility? Journal of cleaner
production 174, 1566-1587.

Musselwhite, C., Avineri, E., Susilo, Y., 2021. Restrictions on mobility due to the
coronavirus Covid19: Threats and opportunities for transport and health. Journal of
Transport & Health 20, 101042.

Namazu, M., Dowlatabadi, H., 2018. Vehicle ownership reduction: A comparison of one-
way and two-way carsharing systems. Transport Policy 64, 38-50.

Nguyen-Phuoc, D.Q., Young, W., Currie, G., et al., 2020. Traffic congestion relief
associated with public transport: state-of-the-art. Public Transport 12, 455-481.

Nieuwenhuijsen, M.J., 2021. New urban models for more sustainable, liveable and
healthier cities post covid19, reducing air pollution, noise and heat island effects and
increasing green space and physical activity. Environment International 157,
106850.

Nikitas, A., 2018. Understanding bike-sharing acceptability and expected usage patterns
in the context of a small city novel to the concept: A story of ‘Greek Drama’.
Transportation research part F: traffic psychology and behaviour 56, 306-321.

Nikitas, A., Avineri, E., Parkhurst, G., 2011. Older people’s attitudes to road charging:
are they distinctive and what are the implications for policy? Transportation
planning and technology 34 (1), 87-108.

Nikitas, A., Karlsson, M., 2015. A worldwide state-of-the-art analysis for bus rapid
transit: Looking for the success formula. Journal of Public Transportation 18 (1), 3.

Nikitas, A., Thomopoulos, N., Milakis, D., 2021a. The environmental and resource
dimensions of automated transport: a nexus for enabling vehicle automation to
support sustainable urban mobility. Annual Review of Environment and Resources
46, 167-192.

Nikitas, A., Tsigdinos, S., Karolemeas, C., Kourmpa, E., Bakogiannis, E., 2021b. Cycling
in the Era of COVID-19: Lessons Learnt and Best Practice Policy Recommendations
for a More Bike-Centric Future. Sustainability 13, 4620.

Nikitas, A., Wallgren, P., Rexfelt, O., 2016. The paradox of public acceptance of bike
sharing in Gothenburg. Proceedings of the Institution of Civil Engineers -
Engineering Sustainability 169 (3), pp. 101-113.

Nikitas, A., Wang, J.Y., Knamiller, C., 2019. Exploring parental perceptions about school
travel and walking school buses: A thematic analysis approach. Transportation
research part A: policy and practice 124, 468-487.

Oeschger, G., Carroll, P., Caulfield, B., 2020. Micromobility and public transport
integration: The current state of knowledge. Transportation Research Part D:
Transport and Environment 89, 102628.

Park, Y., Chen, N., Akar, G., 2018. Who is Interested in Carpooling and Why: The
Importance of Individual Characteristics, Role Preferences and Carpool Markets.
Transportation Research Record: Journal of the Transportation Research Board
2672, 708-718.

Parris, T.M., Kates, R.W., 2003. Characterizing and measuring sustainable development.
Annual Review of Environment and Resources 28, 559-586.

Pawlasovd, P., 2015. The factors influencing satisfaction with public city transport: a
structural equation modelling approach. Journal of Competitiveness 7 (4), 18-32.

Politis, 1., Georgiadis, G., Nikolaidou, A., Kopsacheilis, A., Fyrogenis, 1.,

Sdoukopoulos, A., Papadopoulos, E., 2021a. Mapping travel behavior changes
during the COVID-19 lock-down: a socioeconomic analysis in Greece. European
Transport Research Review 13 (1), 1-19.

16

Transportation Research Interdisciplinary Perspectives 18 (2023) 100788

Politis, 1., Georgiadis, G., Papadopoulos, E., Fyrogenis, I., Nikolaidou, A.,

Kopsacheilis, A., Verani, E., 2021b. COVID-19 lockdown measures and travel
behavior: The case of Thessaloniki. Greece. Transportation Research
Interdisciplinary Perspectives 10, 100345.

Potoglou, D., Arslangulova, B., 2017. Factors influencing active travel to primary and
secondary schools in Wales. Transportation Planning and Technology 40 (1), 80-99.

Putnam, R., 2000. Bowling Alone: The Collapse and Revival of American Community.
Simon & Schuster:, New York, NY, USA.

Qureshi, M.N., Kumar, D., Kumar, P., 2008. An integrated model to identify and classify
the key criteria and their role in the assessment of 3PL services providers. Asia
Pacific Journal of Marketing and Logistics 20, 227-249.

Racioppi, F., Eriksson, L., Tingvall, C., Villaveces, A., 2004. Preventing road traffic
injury: a public health perspective for Europe. World Health Organization, Regional
Office for Europe.

Ramanathan, V., Feng, Y., 2009. Air pollution, greenhouse gases and climate change:
global and regional perspectives. Atmospheric Environment 43, 37-50.

Redman, L., Friman, M., Garling, T., Hartig, T., 2013. Quality Attributes of Public
Transport That Attract Car Users: A Research Review. Transport Policy 25, 119-127.

Ricci, M., 2015. Bike sharing: A review of evidence on impacts and processes of
implementation and operation. Research in Transportation Business & Management
15, 28-38.

Roberts, F., 1971. Signed digraphs and the growing demand for energy. Environment and
Planning 3, 395-410.

Rodrigues da Silva, A.N., Azevedo Filho, M.A.N., Macédo, M.H., Sorratini, J.A., Silva, A.
F., Lima, J.P., Serafico Pinheiro, A.M.G., 2015. A comparative evaluation of mobility
conditions in selected cities of the five Brazilian regions. Transport Policy 37,
147-156.

Rossi, R., Ceccato, R., Gastaldi, M., 2020. Effect of Road Traffic on Air Pollution.
Experimental Evidence from COVID-19 Lockdown. Sustainability 12, 8984.

Rye, T., Ison, S., 2005. Overcoming barriers to the implementation of car parking charges
at UK workplaces. Transport Policy 12 (1), 57-64.

Sager, L., 2019. Estimating the Effect of Air Pollution on Road Safety Using Atmospheric
Temperature Inversions. Journal of Environmental Economic Management 98, 1-20.

Santos, G., Behrendt, H., Maconi, L., Shirvani, T., Teytelboym, A., 2010. Part I:
Externalities and economic policies in road transport. Research in Transportation
Economics 28, 2-45.

Santos, T., Silva, M.A., Fernandes, V.A., Marsden, G., 2020. Resilience and Vulnerability
of Public Transportation Fare Systems: The Case of the City of Rio De Janeiro. Brazil.
Sustainability 12, 647.

Sarker, R., Mailer, M., Sikder, S., 2019. Walking to a public transport station: Empirical
evidence on willingness and acceptance in Munich, Germany. Smart and Sustainable
Built Environment 9, 38-53.

Sharma, H., Gupta, A., Sushil, 1995. The objectives of waste management in India: A
futures inquiry. Technological Forecasting and Social Change 48, 285-309.

Shepherd, D., Dirks, K., Welch, D., McBride, D., Landon, J., 2016. The covariance
between air pollution annoyance and noise annoyance, and its relationship with
health-related quality of life. International Journal of Environmental Research and
Public Health 13 (8).

Shi, K., Di, B., Zhang, K., Feng, C., Svirchev, L., 2018. Detrended cross-correlation
analysis of urban traffic congestion and NO2 concentrations in Chengdu.
Transportation Research Part D: Transport and Environment 61, 165-173.

Shrestha, B.P., Millonig, A., Hounsell, N.B., et al., 2017. Review of Public Transport
Needs of Older People in European Context. Population Ageing 10, 343-361.

Silva, B.V., Teles, M.P., 2020. Pathways to sustainable urban mobility planning: A case
study applied in Sao Lufs. Brazil. Transportation Research Interdisciplinary
Perspectives 4, 100102.

Simicevi¢, J., Vukanovi¢, S., Milosavljevi¢, N., 2013. The effect of parking charges and
time limit to car usage and parking behaviour. Transport Policy 30, 125-131.

Sohoni, A.V., Thomas, M., Rao, K.V.K., 2017. Application of the Concept of Transit
Oriented Development to a Suburban Neighborhood. Transportation Research
Procedia 25, 3220-3232.

Stansfeld, S.A., 2015. Noise effects on health in the context of air pollution exposure.
International Journal of Environmental Research and Public Health. 122 (10),
12735-12760.

Thigpen, C.G., 2018. Giving parking the time of day: A case study of a novel parking
occupancy measure and an evaluation of infill development and car-sharing as
solutions to parking oversupply. Research in Transportation Business & Management
29, 108-115.

Timilsina, G.R., Shrestha, A., 2009. Transport sector CO2 emissions growth in Asia:
underlying factors and policy options. Energy Policy 37, 4523-4539.

Tsigdinos, S., Tzouras, P.G., Bakogiannis, E., Kepaptsoglou, K., Nikitas, A., 2022. The
future urban road: A systematic literature review-enhanced Q-method study with
experts, Transportation Research Part D: Transport and Environment, 102. ISSN
103158, 1361-9209.

Tsigdinos, S., Vlastos, T., 2021. Exploring ways to determine an alternative strategic road
network in a metropolitan city: A multi-criteria analysis approach, IATSS Research,
45(1). ISSN 102-115, 0386-1112.

UNECE, 2013. Task Force on Measuring Sustainable Development. Framework and
Suggested Indicators to Measure Sustainable Development. United Nations Economic
Commission for Europe, Geneva, Switzerland.

United Nations, 2002. Report of the World Summit for Sustainable Development. United
Nations Press, Johannesburg, South Africa.

Vale, D., 2021. Chapter 8 - Active accessibility and transit-oriented development:
Connecting two sides of the same coin, Editor(s): Corinne Mulley, John D. Nelson,
Urban Form and Accessibility, Elsevier, Pages 123-140, ISBN 9780128198223.


http://refhub.elsevier.com/S2590-1982(23)00035-0/h0410
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0410
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0410
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0415
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0415
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0420
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0420
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0420
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0430
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0430
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0435
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0435
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0435
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0440
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0440
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0440
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0445
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0445
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0450
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0450
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0455
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0455
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0455
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0460
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0460
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0460
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0465
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0465
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0465
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0470
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0470
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0470
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0475
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0475
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0475
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0480
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0480
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0480
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0485
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0485
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0485
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0490
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0490
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0495
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0495
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0500
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0500
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0500
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0500
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0505
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0505
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0505
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0510
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0510
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0510
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0520
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0520
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0530
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0530
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0530
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0530
http://refhub.elsevier.com/S2590-1982(23)00035-0/sb.reference_t2v_wvs_qwb
http://refhub.elsevier.com/S2590-1982(23)00035-0/sb.reference_t2v_wvs_qwb
http://refhub.elsevier.com/S2590-1982(23)00035-0/sb.reference_t2v_wvs_qwb
http://refhub.elsevier.com/S2590-1982(23)00035-0/sb.reference_lbm_55s_qwb
http://refhub.elsevier.com/S2590-1982(23)00035-0/sb.reference_lbm_55s_qwb
http://refhub.elsevier.com/S2590-1982(23)00035-0/sb.reference_lbm_55s_qwb
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0525
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0525
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0525
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0540
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0540
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0540
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0545
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0545
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0545
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0545
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0550
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0550
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0555
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0555
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0560
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0560
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0560
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0560
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0565
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0565
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0565
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0565
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0570
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0570
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0575
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0575
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0580
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0580
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0580
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0585
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0585
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0585
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0590
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0590
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0595
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0595
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0600
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0600
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0600
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0605
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0605
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0610
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0610
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0610
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0610
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0615
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0615
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0620
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0620
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0625
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0625
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0630
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0630
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0630
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0635
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0635
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0635
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0640
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0640
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0640
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0645
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0645
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0650
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0650
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0650
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0650
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0655
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0655
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0655
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0660
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0660
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0665
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0665
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0665
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0670
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0670
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0675
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0675
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0675
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0680
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0680
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0680
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0685
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0685
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0685
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0685
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0690
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0690
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0695
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0695
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0695
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0695
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0700
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0700
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0700
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0705
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0705
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0705
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0710
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0710

L. Chatziioannou et al.

Waas, T., Verbruggen, A., Wright, T., 2010. University research for sustainable
development: Definition and characteristics explored. Journal of Cleaner Production
18, 629-636.

Wanty, J., Federwish, J., 1969. Modeles globaux d’economie d’entreprise. Dunod, Paris.

Wappelhorst, S., Mock, P., Yang, Z., 2018. Using vehicle taxation policy to lower
transport emissions. An overview for passenger cars in Europe. ICCT:, Berlin,
Germany.

Woldeamanuel, M.G., Cygansky, R., 2011. Factors affecting traveller’s satisfaction with
accessibility to public transportation. Presented at European Transport Conference,
Glasgow.

17

Transportation Research Interdisciplinary Perspectives 18 (2023) 100788

Wolf, S., Teitge, J., Mielke, J., et al., 2021. The European Green Deal — More Than
Climate Neutrality. Intereconomics 56, 99-107.

Wright, L., Hook, W., 2007. Bus Rapid Transit Planning Guide. New York, USA, ITDP.

Zhang, K., Batterman, S., 2013. Air pollution and health risks due to vehicle traffic.
Science of Total Environment 450, 307-316.

Zhao, P., 2010. Sustainable urban expansion and transportation in a growing megacity:
Consequences of urban sprawl for mobility on the urban fringe of Beijing. Habitat
International 34 (2), 236-243.


http://refhub.elsevier.com/S2590-1982(23)00035-0/h0720
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0720
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0720
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0725
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0730
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0730
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0730
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0740
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0740
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0745
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0750
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0750
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0755
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0755
http://refhub.elsevier.com/S2590-1982(23)00035-0/h0755

	Ranking sustainable urban mobility indicators and their matching transport policies to support liveable city Futures: A MIC ...
	1 Introduction
	2 SUMIs and sustainable transport policies
	3 Methodology: The Structural Analysis-MICMAC method
	4 Results and analysis
	4.1 Inventory of the system’s factors-indicators
	4.2 Description of the interlinks between the systems factors
	4.3 Identification of pivotal factors-indicators
	4.4 Justification of the interlinks among SUMIs
	4.5 Interlinks between SUMIs and sustainable mobility strategies-public policies

	5 Discussion
	5.1 Key messages for SUMIs and their interrelations
	5.2 Policy recommendations based on our analysis in order of importance

	6 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	References


