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Abstract This chapter presents the assessment of 11 sustainable urban mobility
measures according to 10 criteria for European medium-sized touristic cities, using
multi-criteria decision-making. The study includes the viewpoint of six different
European stakeholder groups, identifying their interests and comparing their ranking
on appropriate mobility measures. It was found that the majority of stakeholders give
the highest priority to the wellbeing of local communities and the quality of life,
despite the economic implications of services and the potential impact on incoming
tourism. Mostly they emphasise on at least two out of five criteria categories: Society
and Environment or Society and Mobility. Tourism stakeholders showed a high pref-
erence for environmental criteria, demonstrating the continuously raising awareness
on the links of tourism and environment. “Mobility management and travel plans”
policy was the most popular policy amongst all groups, indicating that the provision
of information, personalised plans, and smart applications can increase the use of
sustainable mobility modes and have a significant positive impact in all examined
categories. Overall, the multi-criteria analysis performed in this study can be a valu-
able tool for decision-makers during the shaping of future policies for sustainable
mobility in urban tourist destinations, considering numerous parameters and stake-
holders’ viewpoints. Moreover, it can be further developed and adapted to specific
needs.
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SUMP Sustainable urban mobility plan

1 Introduction

Several studies stress the impact of tourism on local environmental and traffic condi-
tions, resulting in significant air pollution, energy consumption (Page & Gue, 2016;
Aguil6 et al., 2012), congestion (Saenz-de-miera & Rosselld, 2012), and road acci-
dents; to alleviate these impacts, tourist destinations turn to the alternative transport
modes, such as public transport, shared vehicles, and high-quality services for visi-
tors. (Gronau, 2017). The incorporation of the tourism aspect in the planning process
will allow tourist destinations to better address the fluctuation of demand and needs.

Sustainable Urban Mobility Plans (SUMPs) are designed, developed, and imple-
mented having as central core the societies, not the transportation infrastructure,
aiming to provide a better quality of life within the urban locations. Integration,
participation, and evaluation processes are amongst the basic principles on which a
city can build its unique SUMP. Urban planners and decision-makers are often facing
numerous challenges, trying to integrate and gather previous knowledge, existing
successful practices, innovation, and new technology actions. The complexity level
of a decision-maker before the implementation of a SUMP is shown in Fig. 1, grouped
into four main steps:

Preparation and analysis,

Strategy development,

Measure planning, and

Implementation and monitoring (European Commission 2019).

Eal e

Taking into account the rapid developments, the assessment of sustainable
mobility strategies is proven to be a complicated task, as it requires the examination
and incorporation of a wide variety of factors (environmental, social, technical, and
financial). A variety of techniques provide a flexible approach to deal with a wide
range of factors, thus providing significant assistance in decision-making, such as
Multi-Criteria Decision Analysis (MCDA) method.

Several studies have incorporated the interests of relevant stakeholders in the
multi-criteria assessment, focussing on sectors of planning, technical infrastructure.
Tsoutsos et al. (2009) investigated the sustainable energy planning for the island
of Crete using the multi-criteria analysis to assist the competent decision-makers
in defining the most suitable alternatives taking into consideration economical,
technical, environmental, and social criteria (Tsoutsos et al., 2009).

Macharis et al. (2010) developed the Multi-Actor Multi-Criteria Analysis
(MAMCA) methodology to evaluate transport projects (Tsoutsos et al., 2009), which
was applied to evaluate ten policies, in terms of mobility and logistics, in the “Flan-
ders in Action Process”. The preferences of 11 stakeholder groups were represented
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Fig. 1 The main steps of Sustainable Urban Mobility Plans (European Commission, 2019)

by evaluating pre-defined criteria. The most preferred policies were the stimulation
of multimodal transport, the coordination of measures, and spatial planning.

Sun et al. (2015) evaluated six low-carbon transport policies in a Chinese city:
tax and pricing adjustments, multi-operation mechanisms, environmental campaign,
traffic demand management, and state funding and subsidies. Several stakeholders’
groups were engaged in the process, and although their preferences varied, most
groups considered state funding and subsidies as the most effective policy, along
with traffic demand management.

Bulckaen et al. (2015) proposed a framework for ranking three small-scale urban
and regional mobility projects that include policies different in theme, country, and
objectives. The framework was a combination of MCDA to assess the sustainability
of the projects and MAMCA to assess stakeholder preferences. The PROMETHEE
method with 16 criteria was used, grouped under the three pillars of sustainability.

The main aims of this study are as follows:

e to offer a methodology to support the prioritising of existing mobility policies by
the policymakers and

e to incorporate the various influence factors into the assessment of sustainable
mobility policies for medium-sized, urban touristic areas of the Mediterranean.

e Environmental aspects (pollution, energy),
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Mobility issues (traffic conditions, transport infrastructure),
Tourism flows,

Financial factors (finance of service, local economy), and
Society factors (safety, accessibility, users’ satisfaction).

2 Methodology

The authors studied the influence factors in the assessment of sustainable mobility
policies for medium-sized, urban touristic Mediterranean areas. A total of 11 sustain-
able mobility policies (actions) have been evaluated according to 10 specific criteria,
in five main categories: Environment, Mobility, Tourism, Economy, and Society.
The criteria were evaluated by six European stakeholder groups, according to their
significance in the selection of appropriate policies. Their ranking provided valuable
input for the calculation of corresponding weights for the analysis. The stakeholders
were selected from the Horizon 2020 CIVITAS DESTINATIONS project network.

2.1 The PROMETHEE-Approach

The MCDA method employed was PROMETHEE, which ranks a set of n alternatives
a;(i=1,2,...,n)based on a k criteria g; (j = 1, 2,..., k). Figure 2 presents the main
steps of the PROMETHEE method, as followed in this study.

+ |dentification of keys stakeholders groups (scenarios)
* Determination of criteria
» Research of mobility policies (actions)

PROBLEM

DESCRIPTION

+Definition of the set of actions

POLICY + Individual criteria evaluation by each actor
GENERATION + Creation of evaluation matrix
+Assignment of weights to criteria

*PROMETHEE I: Partial Ranking
MEASURES *PROMETHEE 11: Complete Ranking

ASSESSMENT *Assessment of proposed mobility policy
alternatives

RANKING OF *Presentation of results (Visual

PROMETHEE )
ALTERNATIVE #Evaluation of resutls
* Recommendation of sustainable
mobility policies

MOBILITY
POLICIES

Fig. 2 Assessment Methodology of sustainable mobility policies
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2.2 Sustainable Mobility Policies Alternatives

The selection of the specific strategies was based on the outcomes of related projects
evaluating sustainable mobility policies. The goal was to assess a wide variety of
mobility policies suitable for medium-sized tourist urban areas (Letnik et al., 2018),
aiming to include eco-friendly transport solutions, current trends that promote social
cohesion, recent technologies, solutions for infrastructure and equipment, “soft”
policies, and tourist-oriented services. The selection of policies was also highly
influenced by the sustainable mobility actions carried out in the frame of the CIVITAS
DESTINATIONS project in the city of Rethymno. The selected mobility policies
were adjusted to the specific objectives of the study, including most transport modes:
car, public transport, and active mobility (cycling, walking).
The examined alternative sustainable mobility policies were as follows:

Sustainable Urban Mobility and Logistic Plans,

Smart metering systems,

Increased traffic safety and security—Eco and safe driving training,
Mobility plans for school communities,

Attractive and accessible public spaces,

Shared mobility services,

E-charging infrastructures and e-vehicles in public fleets,
Mobility management and travel plans,

Behavioural change and informative actions,

Low emission zones and parking management, and

Improved and accessible PT services for tourists and residents.

2.3 Sustainable Mobility Criteria

Criteria were selected based on relevant researches and frameworks complied, to
assess transport policies (Awasthi et al., 2018). The sustainable mobility measures
(actions) were evaluated according to specific criteria, covering five main categories:
Environment, Mobility, Tourism, Economy, and Society (Table 1).

2.4 Actors Involved in Sustainable Mobility Planning

Groups of stakeholders were mapped at first, assuring the inclusion of all key cate-
gories, in terms of demand and offer (i.e. users/operators); public and private experts
(i.e. academics/consultants); and governance and non-profit organisations, according
to the pillars of sustainable development (economy, environment, and society). The
additional element in this specific study is the involvement of tourism actors, a
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Table 1 Description of evaluation criteria

E. Farmaki et al.

Category

Criterion

Environment

Energy (ENE)

Reduction of energy/ fuel consumption
and the share of conventional fuel in the
implementation area

Environmental pollution (ENV)

Reduction of average GHG emissions and
noise levels in the implementation area

Mobility

Traffic conditions (TRC)

Modal share shift towards alternative
transport of the target group involved and
Traffic flow improved in the examined
area

Transport infrastructure (TRI)

Level of intermodal integration of
transport services, along with existing
infrastructure

Tourism

Tourist flow (TOU)

Increased share of tourists using transport
services, No. of incoming tourists, and
GDP generated by tourism

Economy

Service finance (SEF)

Cost of new services and infrastructure,
including capital costs and maintenance

Local economy (LOE)

Level of the increased affordability of
public transport services for the users,
level of financial gain by new services,
and infrastructure for operators

Society

Safety (SAF)

Level of perceived road safety and
security amongst target groups involved
and reduction of No. of road incidents

Users Satisfaction (USS)

Level of satisfaction and acceptance of
the mobility policies amongst the target
groups involved

Accessibility (ACC)

Level of accessibility of transport
services and infrastructure and perception
of accessibility amongst users

significant segment of stakeholders, representing the specific needs and motivations

of visitors as regards to mobility.
The participating actors, located in different European countries, mainly in

Mediterranean touristic urban areas, including Greece, belonged to six groups:

(a) Local Authorities (LAs),
(b) Transport Operators and Mobility Providers (TOs),
(c) Tourism Sector (TS),

(d) Academic Institutions (Al),
(e) Mobility Experts (ME), and
(f)  Environmental Groups (EG).
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2.5 Evaluation Table

Based on extensive literature research and evaluation reports, the evaluation matrix
was formed (Table 2). For the evaluation criteria, the values of the sustainable
mobility alternative policies were ranked on a five-point scale.

2.6 Weight Factors

The selected criteria were evaluated in respect to their significance; their ranking
provided the required data for the calculation of corresponding weights for the anal-
ysis. Each member of the panel completed a classification table, indicating their order
of preference, from the most important criterion (1) to the least important (10). The
relative weights were calculated for each response, while the weight of each criterion
per stakeholder group was calculated as the average value of the relative weights of
the actors in the specific group.

The mean weight of each criterion was calculated and the weights normalised, so
that they become comparable (Tsoutsos et al., 2009).

2.7 Sensitivity Analysis

A sensitivity analysis was performed, using the tools of the Visual PROMETHEE
software, such as “Walking Weights” that allows altering values of weight factors to
observe their impact in the final classification and “Stability Intervals” that defines
the alteration limits of weights inside which the final classification remains identical
unchanged.

3 Results

3.1 Calculation of the Weight Factors

Following the aforementioned methodology per stakeholder group, relative weights
(%) for every group were calculated (Table 3).

3.2 Ranking of the Alternative Policies Per Group

In Table 4 are shown the high policy priorities according to the groups.
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Table 3 Weights (%) matrix for all stakeholder groups

Group ENE |ENV |TRC |TRI |TOU |SEF |LOE |SAF |USS |ACC
Local 11.36 | 13.79 | 11.82 | 11.52 | 6.21 | 3.64 | 3.48 [11.97 |11.21 |15.00
Authorities

(LA)

Transport 7.27 | 9.82 |13.82 | 12.00 | 6.55 | 855 |11.45 | 12.18 | 4.91 | 1345
Operators (TO)

Tourism Sector | 15.76 |16.97 | 8.79 |10.30 | 9.70 | 3.94 | 7.58 | 9.70 | 6.36 |10.91
(TS)

Academic 6.36 | 15.00 |11.36 | 7.73 | 7.27 | 4.09 | 1091 | 1545 | 9.09 | 12.73
Institutions

(AD

Mobility 8.64 | 9.85 |12.27 | 10.76 |10.76 | 6.21 | 7.73 | 8.33 |12.27 |13.18

Experts (ME)

Environmental | 14.55 |17.58 | 5.45 | 1091 | 6.06 |10.00 | 6.97 | 11.52 | 6.67 |10.30
Groups (EG)

Local Authorities (LA): the accessibility criterion evaluated as the most important with 15.00%,
and the least important criteria were the economic ones

Transport Operators (TO): EU TOs showed a preference for technical and social criteria. The least
important criterion was the tourist flow

Tourism Sector (TS): showed a preference for environmental criteria. The least important criteria
were service finance (EU)

Academic Institutions (Al): the highest weight factor was safety; the least important is service
finance

Mobility Experts (ME): EU MEs expressed a maximum preference for the accessibility criterion
and the minimum for service finance

Environmental Groups (EG): EU EGs put greater emphasis on environmental criteria, giving the
highest weight factors to environmental pollution and energy; the least important criterion was
“traffic conditions” (5.45%)

LA: Local Authorities, TO: Transport Operators/ Provides / Services, TS: Tourist
Sector, Al: Academic Institutions, ME: Mobility Experts, EG: Environmental Groups

3.3 Total Classification of Alternatives Solutions

According to the results of the PROMETHEE Il Complete Ranking for all stakeholder
groups (Fig. 3), “Mobility management and travel plans” policy is classified as the
most suitable policy, followed by “Increased traffic safety and security—Eco-driving
training” and the “LEZs and parking management” as a second option.

The medium-ranked policies for EU groups by descending order are as follows:
Sustainable Mobility Plans, Mobility plans for school communities, Attractive
and accessible public spaces, Shared mobility services, Improved and accessible
PT services for tourists and residents, and Behavioural change and informative
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Table 4 PROMETHEE II ranking for all EU stakeholder groups

Ranking table Stakeholder group Total
Actions LA T0 TS Al ME | EG
Sustainable urban mobility | 4 4 4 6 4 5 4
plans/sustainable urban

logistic plans

Smart metering 10 9 9 10 10 9 10
systems/real-time mobility

information

Increased traffic safety and |2 2 2 2 2 2 2
security—eco-driving

training

Mobility plans for school 5 5 5 5 6 4 5
communities

Attractive and accessible 6 6 7 4 5 7 6
public spaces

Shared mobility services 7 8 6 8 8 6 7
(bike, car, taxi)

E-charging infrastructures 11 11 11 11 11 11 11
and e-vehicles in public

fleets

Mobility management and | 1 1 1 1 1 1 1
travel plans

Behavioural change and 9 10 10 9 9 10 9
informative actions

Low emission zones and 3(3) 33) [33) |3(33) [306) [33) |3
parking management

Improved and accessible PT | 8 7 8 7 7 8 8
services for tourists and

residents

actions, while the second-worst policy was “Smart metering systems”; “E-charging
infrastructures and e-vehicles in public fleets” policy was classified as the worst.
As observed, LA, TO, and TS present the exact same ranking for seven policies
and slight differences for the remaining. The members of the groups Al, ME, and
EG exhibit similarities between them and with the first three groups for 3-5 policies.
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Fig. 3 Scenarios comparison PROMETHEE II ranking for all EU stakeholder groups

4 Discussion

4.1 Scenarios Comparison

Figures 2 and 3 depict the classification of PROMETHEE 1I for all stakeholder
groups, comparing the different scenarios. Per group, vertical green and red lines
are displayed (Phi+ = 1.0, Phi— = —1) and horizontal blue lines, representing
each policy, cross the vertical lines, representing the value each action received, and
attribute the net flow values (Phi) per criterion.

The “Mobility management and travel plans” policy was ranked as the most
suitable amongst all groups, the “Increased traffic safety and security—Eco-driving
training” policy as the second most proper, and the “E-charging infrastructures and
e-vehicles in public fleets” as the worst one, due to their performance in highly
weighted criteria (Fig. 3). It can be observed that the in-between ranking of the
policies per group differs in a higher or lower degree.

4.2 Sensitivity Analysis

The abovementioned ranking of the sustainable mobility policies per group was
finally determined by the weights given to the criteria; however, the weights’ impact
in the final classification is not clear. In order to identify whether the final ranking
would change without the weight factors attributed, the “Walking weights” tool was
used. Figure 4 presents the final ranking of the policies in case of equal weights,
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Fig. 4 Walking weights for sustainable mobility criteria

setting a 10% weight factor per criterion (= 100%/10 criteria).

It can be observed that “Mobility management and travel plans” and “Increased
traffic safety and security—Eco-driving training” policies remain at the top of the
PROMETHEE I ranking, the “E-charging infrastructures and e-vehicles in public
fleets” policy remains at the bottom, while the ranking of the remaining policies
changes for some groups.

Additional tools for sensitivity analysis were applied, as provided by the Visual
PROMETHEE software, to assess the interval stability of the criteria. The “sta-
bility intervals” per criterion present the alteration limits in relation to the calculated
weights; this analysis can be applied to all policies in order to examine the potential
alteration of the total ranking or it can even be applied to the top-ranked policies to
examine their stability. The stability interval of the weights for “Mobility manage-
ment and travel plans”, in reference to the weights, was calculated. The minimum
values do not exceed 1.36%, while the maximum values of the weights range from
17.72% to 100%. The stability intervals indicate that the top-ranked policy is very
stable. At the same time, the criteria “Energy” and “Safety” are the most “sensitive”
at both levels, since they have the lowest alteration limits, meaning that if the weights
exceed the maximum value, the “Mobility management and travel plans” would no
longer be the top-ranked policy.

4.3 Identifying Stakeholders’ Interests

Despite the fact that weight factors do not drastically change the ranking of the
policies, they can provide valuable insights into the interests of each stakeholder
group. According to the results of this process, the priority criteria per group are
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Table 5 Priority and least important criteria for all groups

E. Farmaki et al.

Stakeholder group

Highest priority criteria—EU
level

Lowest important criteria—EU
level

Local Authorities

Accessibility, environmental
pollution

Service finance

Transport Operators

Traffic conditions, accessibility

Tourist flow

Tourist Sector

Environmental pollution, energy

Service finance

Academic Institutions Safety, environmental pollution Service finance

Mobility Experts Accessibility, traffic conditions, Service finance

users satisfaction

Environmental Groups | Environmental pollution, Energy | Traffic conditions

Local Communities - -

listed in Table 5. It can be easily perceived that specific criteria have prevailed in
the preferences of two or more groups, highlighting the interdependencies between
groups’ interests.

Most groups emphasise on at least two out of five criteria categories: Society
and Environment or Society and Mobility, the most important criteria being
Environmental pollution, Accessibility, Safety, Energy, and Traffic conditions.

Overall, two specific stakeholder groups present specific but anticipated priorities:
EG gives priority strictly to environmental criteria, as expected, (Macharis et al.,
2010, Lebeau etal., 2018, Bergqvistetal.,2015). However, TS also places the highest
weights on environmental criteria (Michailidou et al., 2016), followed by social and
tourism criteria, acknowledging the raised awareness on the links of tourism and
environmental pollution (Abdul et al., 2017).

Amongst the least important criteria, service finance prevailed for most groups,
indicating that economic demands would not determine the implementation of a
potential mobility policy.

Overall, most groups give priority to criteria related to the wellbeing of local
communities and the quality of life, despite the economic implications of services
and the potential impact on incoming tourism.

5 Conclusions and Recommendations

This chapter aimed to assess 11 sustainable urban mobility policies for European
medium-sized touristic cities in the Mediterranean region, integrating stakeholders’
viewpoint through MCDA, more specifically with the use of the PROMETHEE
model. As an added value, the study incorporated (a) the tourism aspects in various
steps of the analysis and (b) a two-level stakeholder involvement approach and
comparison of European and local stakeholders’ interests and results.
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The study revealed that most stakeholders give priority to the wellbeing of local
communities and the quality of life, despite the economic implications of services
and the potential impact on incoming tourism. Most EU groups emphasise on at least
two out of five criteria categories: Society and Environment or Society and Mobility.
Interestingly, the Tourism Sector group expressed a preference for environmental
criteria, demonstrating the continuously raising awareness on the links of tourism
and environment.

Overall, environmental pollution, accessibility, safety, energy, and traffic condi-
tions were identified as the most important criteria. Service finance prevailed as the
least important for most EU level groups.

For all groups, “Mobility management and travel plans” policy was classified as
the most popular policy, indicating that the provision of information, personalised
plans, and smart applications can increase the use of sustainable mobility modes and
have a significant positive impact on all examined categories. On the other hand, the
“E-charging infrastructures and e-vehicles in public fleets” policy was classified for
all groups as the worst option, and despite being considered the “green” alternative
to conventional vehicles, this policy doesn’t have significant impacts on all aspects
examined.

The analysis ranked and identified the optimal sustainable mobility policies, based
on their overall performance to the weighted criteria. However, when the three top-
ranked policies were further analysed according to their performance on priority
criteria, it was found that although they present a good overall performance, one
may overcome the other on specific criteria. Having this in mind, it can be assumed
that the ranking consists of a suggestion and the final selection by a decision-maker
can be different, according to targeted needs.

The incorporation of stakeholders’ viewpoint is essential for an integrated
approach and under this principle, this study took place, proposing the optimal solu-
tion for each stakeholder group according to their preferences. Nevertheless, the
study could be further enhanced by the inclusion of a higher number of participating
stakeholders, in order to have an even more representative sample of actors; espe-
cially the inclusion of local communities and users at the EU level would make the
comparison of the two levels feasible.

Further research could include the addition of a time-related criterion, aiming to
evaluate the preparation and implementation period per policy required to present
potential impact and, in this way, identify short-term and long-term policies that
might be more suitable according to the specific areas. On the other hand, the financial
criteria could be omitted from the assessment, since—according to the results—they
were considered of less significance. Nonetheless, if required, they can be further
examined through a cost-benefit analysis. In cases where external funding sources
are available, financial implications are less concerning for local authorities.

Further, the enhancement of the evaluation matrix with existing data related to a
particular city/area or with real data collected/monitored in the city will strengthen
the analysis, increasing the precision of the results and thus facilitating the shaping
of future local policy. In addition, it would be particularly interesting for decision-
makers to assess different sustainable mobility policies under the same thematic area
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(e.g. different safety policies or various smart metering systems), in case a specific
area of intervention is already identified, or even proceed to such approach as a
“second” stage analysis, following the suggestions of the initial analysis.

In terms of participation, the tourism sector and the local communities were partic-
ularly “difficult” teams to involve, a fact indicating the lack of awareness and/or active
engagement and participation in mobility planning processes. Speedy answers were
provided by academic institutions and mobility experts (29 answers). The necessary
data gathering for the evaluation matrix fulfilment was faced by the selection of suit-
able data from already demonstration projects and relevant publications in order to
achieve a high-quality and reliable estimation of performance.

As an overall conclusion, the multi-criteria analysis performed in this study can
be a valuable tool for decision-makers during the shaping of future policies for
sustainable mobility in urban tourist destinations, considering numerous parameters
and stakeholders’ viewpoints, but it can be further developed and adapted to specific
needs.
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