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Abstract: One of the most crucial steps during the implementation of a Sustainable Urban Mobility
Plan (SUMP) as well the relevant transportation projects is the final measures and policies” selection
that will be realized in order for the plan to achieve the study area targets. There are many method-
ologies that have been used for a specific purpose, with cost-effective and cost-benefit analysis being
the most popular. According to the new specifications of SUMPs, the co-creation and co-planning of
the future measures taking into account the opinions of all the relevant stakeholders and groups of
citizens is the main parameter that will ensure the success of the planning. For this reason, MCA is
the methodology proposed to be used for collecting and analyzing the different opinions. The aim
of the current work is to prove, through a targeted Greek survey, the effectiveness of the MCA, not
only to merge the different opinions and priorities of the stakeholders but also to highlight and rank
realistically the most important sustainable mobility measures that should be implemented in an
urban area. The work proposes and tests a specific methodological framework based on the use of
the preference ranking organization method for enrichment of evaluations (PROMETHEE) method.

Keywords: multicriteria analysis; PROMETHEE method; sustainable urban mobility planning;
measures ranking

1. Introduction

During the implementation of transportation planning projects, there are many deci-
sions to be taken in a structural way. The selected measures or policies that will be finally
proposed should be a result of a multicriteria decision, which will take into account many
parameters, such as the cost, the impact on the environment, the applicability and the
cooperation of multiple stakeholders.

For many years, the most common form of evaluation in transport-related decisions
was the cost-effectiveness analysis (CEA), according to which the cost of alternative ways
of providing similar kinds of output are compared. Any differences in output are compared
subjectively with the differences in costs. Furthermore, still widely used is the method
of cost-benefit analysis (CBA), which is based on the calculation of the total cost of the
examined project on one hand and benefits on the other. Both the above-mentioned
methods are analytical ways of comparing different forms of input or output, in these
cases by giving them money values, and might themselves be regarded as examples of
multicriteria analysis [1].

However, the above methods have certain limitations, mostly related to the fact that
many impacts due to their nature (such as social, health, safety) cannot objectively be
quantified in momentary terms [2].

According to the above limitations and given that the transport infrastructure plan-
ning problems can be characterized as structured problems that can be analyzed using
multicriteria decision analysis (MCDA) methods. The MCDA methodology is considered
the most appropriate method used by many cities during a series of workshops in order
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to evaluate the different measures/projects and select the most significant ones. Analyses
of papers from relevant scientific bases (Table 1) showed that MCDA methods have been
used as decision-making tools in the process of planning, design, maintenance, and recon-
struction of transport infrastructure and measures in urban areas [3]. This analysis shows
that, regardless of the type of issue considered, the analytic hierarchy process.

Table 1. Application of multicriteria decision analysis (MCDA) methods in different phases of transportation projects of
urban areas [3].

Type of Infrastructure/Problem Applied Methods in Making Decisions about Transport Infrastructure
Description

Phase

PROMETHEE
REGIME
MAVT
MCA&CBA
DEX

> | SAW
= | TOPSIS
> | MCA&GIS

All infrastructure

AHP
ANP
» | % | ELECTRE

b

Transport infrastructure - in X
general

Transport infrustructure in urban X
areas/selection of a railway line

Transport infrastructure in urban X
areas/selection of city bypass
route/investment project
appraisal

Transport infrastructure in urban X
areas/selection of a new metro
line route-EU funded project

Transport infrustructure in urban X X
areas/bicycle facility planning

Transport infrastructure in urban X
areas/GPF location selection

Transport infrastructure in urban X
areas/selection of a location for a
port for nautical tourism

PLANNING

Transport infrastructure in urban X
areas/selection of an project
alternative for improvement of
road infrastructure

Transport infrastructure in urban X
areas/selection of an optimum
transport system

Transport infrastructure in urban X X X X
areas/transport planning on
neighbourhood level

Transport infrastructure in urban X X
areas/selection of a GPF location
and definition of the GF
investment strategy

Transport infrastructure in urban X
areas/selection of an urban
railway transport project

Transport infrastructure X X X
design/in-general

Transport infrastructure in urban X
areas/selection of a GPF type on
an already defined location

DESIGN
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Table 1. Cont.
Ph Type of Infrastructure/Problem Applied Methods in Making Decisions about Transport Infrastructure
ase Description =
= 0 <
[~
& = = n o ]
3 = = = 7 2 2
= & % § g z 3z & § & =z
< % & & =2 s § & 1 5 A
Transport infrastructure in urban X
Z areas/selection of an alternative
Q for road infrastructure and
E crossing with railway
a infrastructure-transport
= investment
%)
% Transport infrastructure in urban X
O areas/selection of optimum
= pedestrian crossing on an
E already defined location
:<Zﬁ Transport infrastructure in urban X X
Z areas/road maintenance
E management
Z
= Transport infrastructure in urban X
=

areas/rehabilitation and
maintenance of rads

The AHP method (Analytic Hierarchy Process) is the most frequently used compared
to other MCDA methods [4-24]. More often used MCDA methods are the PROMETHEE,
SAW (Simple Additive Weighting), and then ELECTRE (ELimination Et Choice Translating
REality), ANP (Analytic Network Process), REGIME, MAUT (Multiple Attribute Utility
Theory) and TOPSIS (Technique for Order of Preference by Similarity to Ideal Solution) [25].

MCDM techniques are increasingly used nowadays in transport-related decision-
making, offering the following benefits [26].

e MCDM leads to better-considered, justifiable, explained and transparent decisions
once it allows the often conflicting and contradictory views to be addressed simulta-
neously and transparently;

e  The use of MCDM helps to organize, manage and in many ways simplify the immense
amount of technical information and data, which is often available in transport sector
problems;

e  The process can be fully controlled: scores and weights are given based on established
techniques, the values may also be cross-referenced to other sources of information
and the possibility for modifications at a further stage is given, if it is felt that the
decision model, the options considered, or the data provided are not adequate.

The comparison of the different MCDM methods was concluded that when choosing
the MCDA method, not only the method itself but also the method of normalization and
other parameters should be carefully selected. Almost every combination of the method
and its parameters may bring us different results [27].

The use of the MCDM methodology to the implementation of a sustainable urban
mobility plan presents certain differentiation from the above-mentioned cases. First of all,
the main scope of a SUMP is to merge the opinions of many different stakeholders, who
may have a different view of sustainability. Second, the criteria and parameters that should
be taken into account are not easily quantified as they mainly regard the quality of life,
social equity, environment, etc. Additionally, there different aspects that should be taken
into account, such as the easiness of applicability, which should be weighted and taken
into account in a different way than the other parameters.

The current work aims to create a comprehensive methodological framework for rank-
ing sustainable mobility measures and policies using MCDA and also to assess, through
the logical evaluation of a certain pilot case, the effectiveness of this framework.
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The next section presents the methods and tools that were used for formulating the
framework, while the third section describes the implementation of the framework. Finally,
the main results and conclusions are described in the fourth section.

2. Tools and Methods
2.1. The PROMETHEE Method

The preference ranking organization method for enrichment of evaluations (PROMETHEE)
method, which is used for the current work, belongs to the outranking family of MCDA
methods and is developed by Brans et al. [28] and Brans and Vincke [29]. The method has
been later on complemented by geometrical analysis for interactive aid (GAIA), an attempt
to represent the decision problem graphically in a two-dimensional plane. This interactive
visual module can assist in complicated decision problems.

PROMETHEE results in a ranking of actions (as the alternatives are known in the
method’s terminology) and is based on preference degrees. Briefly, steps include the
pairwise comparison of actions on each criterion, then the computation of unicriterion flows,
and finally, the aggregation of the latter into global flows. It has been applied successfully
in various application areas; Application domains include nuclear waste management,
the productivity of agricultural regions, risk assessment, web site evaluation, renewable
energy, environmental assessment, selection of contract type and project designer.

According to Brans and Mareschal, PROMETHEE is designed to tackle multicriteria
problems, such as the following [30]

max {gl(a), g2(a), - -, gn(a)la € A} D

where A is a finite set of possible alternatives {al, a2, - -, am}
and
{g1(-), 82(-), - -, gn(-)} a set of evaluation criteria either to be maximized or minimized.
The decision-maker needs to construct the evaluation table as in Table 2. The second
row of this table is about the weights associated with each of the criteria, and as in the
previous chapters, Equation (1) holds true:

n
Ywj=1,j=1,2,---,n 2)
j=1

Table 2. Evaluation table.

agl(-)g2()---gn()
wlw2---wn

al gl(al) g2(al) - - - gn(al)
a2 gl(a2) g2(a2) - - - gn(a2)

am gl(am) g2(.e.1.m) -+ - gn(am)

It must be pointed out that MCDA techniques in general place the decision-makers
in the center of the process, and different decision-makers can model the problem in
different ways, according to their preferences (it also must be mentioned here that the
methods assist the decision-maker, they do not make the final decision for him /her; thus,
the word “aid” in the MCDA acronym. The responsibility for the final decision rests with
the decision-maker alone). In PROMETHEE, a preference degree is an expression of how
one action is preferred against another action. For small deviations among the evaluations
of a pair of criteria, the decision-maker can allocate a small preference; if the deviation can
be considered negligible, then this can be modeled in PROMETHEE too. The exact opposite
stands for large deviations where the decision-maker must allocate a large preference of
one action over the other; if the deviation exceeds a certain value set by the decision-maker,
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then there is an absolute preference of one action over the other. This preference degree is a
real number always between 0 and 1 [30].

The current work aims to use the PROMETHEE method in order to formulate and
implement a methodological framework for ranking sustainable mobility measures and
improve decision-making in the sustainable urban mobility planning process. The next sec-
tion presents the analytical methodology that was applied for formulating the framework,
while the third section describes the results of a real pilot test of this framework, while in
the final section, the main conclusions are described.

The Questionnaire Survey

The 12 steps methodology of sustainable urban mobility planning (SUMP), as it is
presented in the specific European guidelines [31], is based on an approach according to
which the future problems of the city and the solutions to the issues are considered through
a multiparameter procedure so that experts from the field of transportation engineering
become a necessary part of a broader interdisciplinary team. In this team, a substantial role
in the decision-making process is given to professionals from other fields and the public.

Ten experts were selected to share their experience and give feedback for the proper de-
velopment and the test of this framework. They were mainly staff from the municipalities’
technical departments and engineers, who had worked as external consultants of the mu-
nicipalities during the development of the SUMPs to ensure the successful implementation
of them and the achievement of their targets.

A relevant questionnaire was formulated after many relevant discussions with the
experts regarding specific obstacles and difficulties that they faced during the SUMP
development and the knowledge gained during the monitoring phase, and the real imple-
mentation of the proposed measures.

2.2. Selection of Evaluation Criteria

There are many decisions and different parameters during the sustainable urban
mobility planning process, which should be taken into account. The selected strategy that
will be followed to serve the city’s vision, the targets of the city’s future development, the
chosen measures that need to be implemented for achieving these targets, but also the
difficulty of their applicability in specified time limits.

In order to address this need and as a first step of the proposed framework, the main
criteria for selecting and ranking the measures that should be implemented in an urban
area in order to upgrade sustainable mobility were determined. As already mentioned, in
the case of a SUMDP, these criteria are not easy to be defined. After different discussions
with the experts, two main categories were finally included in the methodology. The
effectiveness of the measures to the achievement of the SUMP targets and the difficulty of
their applicability.

According to the recent review of the different already completed SUMPs, the main
targets that were set as more important to be achieved are those that mainly serve the
main objectives of sustainable mobility planning and, more precisely, the accessibility and
operation of the transport system; the environment; the society; the economy and the
transportation system quality, and are presented in the next table (Table 3).
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Table 3. Main urban area targets set by the Greek developers of sustainable urban mobility plan-

ning (SUMP).

SUMP Proposed Targets

1 Increase in the number of kilometers traveled by bicycle

2 Increase in the number of kilometers traveled by public transport

3 Increase in pedestrian kilometers

4 Reduction in time between specific origin—destination pairs traveled on foot.

5 Reduction in the time between specific origin—destination pairs traveled by bicycle.

6 Reduction in the average walking distance to/from bus stops for specific
origin—destination pairs.

v Reduction (%) in dead and seriously injured in road accidents within the urban

network

8 Reduction in social exclusion du.e to lov\T gccessibility to transport services of people
with mobility problems

9 Reduction (%) in CO2 and NOx emissions caused by traffic

10 Reduction (%) in noise emissions caused by traffic

11 Increase in new jobs

12 Contribution of measures to the various economic sectors of the city (tourism,

entrepreneurship, etc.)

13 Upgrading the quality of the public transport system

14 Upgrading the offered quality of bicycle infrastructure

15 Upgrading the quality of infrastructure offered for walking.

For the second criterion, the difficulty of the measures’ applicability -regarding the
institutional interactions, the SUMP owner’s authorization to implement these measures,
the existing of legal barriers, the funding opportunities, etc. -the specific parameters that
were defined as more important, are presented in Table 4 below.

Table 4. Parameters of the criterion “difficulty of applicability”.

Difficulty of Applicability Parameters

The institutional responsibility for the implementation of the measures exclusively

belongs to the municipality, or there is a need for cooperation with other bodies.
’ Interaction of the measure with other measures or infrastructure that needs to be
implemented.
3 Legal and institutional barriers need to be overcome for implementing the current
measure.
4 Total investment cost.
5 Opportunities to include the project in European, national, or regional funding

schemes, or capability to be financed by own resources.

2.3. Selection of Sustainable Urban Mobility Measures

As a second step, and based on the selection of measures that so far seem to be mainly
proposed and adopted by the Greek authorities, who implement their SUMPS, specific
measures were selected to be evaluated, as presented below:

1. Development of a shared system of electric and conventional bicycles as well as
small-capacity electric cars;

2. Redesign of the existing public transport system;

3. Introduction of an e-bus line by the operator of the existing public transport system.
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10.

Development of a new high-frequency municipal e-bus line;

Conversion of the city’s central commercial axis to a 3 km pedestrian walkway with
open spaces for the citizens and infrastructure for biking and recreation areas;
Conversion of the central commercial axis into a light traffic road, with exclusive
access to buses, taxis, electric vehicles, bicycles, and many open spaces for pedestrians;
Conversion of a municipal open space to a central bioclimatic park with recreation
areas, cultivation, thematic parks, etc.;

Development of an advanced technology traffic and parking monitoring and manage-
ment center offering real-time traffic information and routing services to the citizens
(via the web or mobile app);

Implementation of infrastructure and the creation of incentives to promote e-mobility.
Installation of electric vehicle charging stations in several axes of the city center’s
urban network and off-road parking stations. Reduced cost of on-road parking;
Implementation of infrastructure for enhancing the mobility of people with disabili-
ties.

The application of the PROMETHEE multicriteria analysis, which will calculate the

preference degree of the measures separately for the SUMP targets and the difficulty of
applicability parameters, is presented in the next section.

3. Application of the PROMETHEE MCDA Method for Ranking the Selected
Sustainable Mobility Measures

3.1. Calculation of Average Weights of the Two Criteria

As it was mentioned, two main criteria were selected for the specific framework,

the effectiveness of the measures to the SUMP targets and the difficulty of the measures’
applicability. However, are these two criteria equally important for the final selection of the
measures? The group of experts was asked to give specific weight to the achievement of
SUMP targets and to the ease of applicability. The average weights are presented in Table 5
below.

Table 5. Average weights were given to different criteria of the analysis.

Parameter Average Weight Given by the Expert Group
SUMP proposed targets 85
Difficulty of applicability parameters 15

3.2. Calculation of Average Weights of the Different Parameters

During the third step of the framework, the experts were asked to allocate a specific

weight in each of the proposed SUMP targets and each of the Difficulty of applicability
parameters. The average weights were calculated and are presented in the following
Tables 6 and 7.
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Table 6. Average weights that were given to the sustainable mobility planning targets by the

experts group.

Targets

Average Weight (%) Given by the

Expert Group (1)

Increase in the number of kilometers traveled by 591
bicycle ’

Increase in the number of kilometers traveled by 10.09
public transport '

Increase in pedestrian kilometers 7.45

Reduction in travel time between specific O-D pairs 8.09
traveled on foot '

Reduction in the travel time between specific O-D 418
pairs traveled by bicycle '

Reduction in the average walking distance to/from 6.36
bus stops for specific O-D pairs ’

Reduction (%) in dead and seriously injured in road 836
accidents within the urban network '

Reduction in social exclusion due to low accessibility
to transport services of people with mobility 7.45
problems

Reduction (%) in CO, and NOx emissions caused by 564
traffic ’

Reduction (%) in noise emissions caused by traffic 5.09

Increase in new jobs 4.45

Contribution of measures to the various economic 536
sectors of the city (tourism, entrepreneurship, etc.) ’

Upgrading the quality of the public transport system 7.00

Upgrading the offered quality of bicycle 6.91
infrastructure '

Upgrading the quality of infrastructure offered for 7 64

walking

Table 7. Average weights that were given to measures’ difficulty of applicability parameters.

Difficulty of Applicability Parameters

Average Weights (%)

Legal and institutional barriers that need to be

solved before implementing the current 23.64
measure
Interaction of the measure with other measures 2091
or infrastructure that needs to be implemented '
Opportunities to include the project in
European, national, or regional funding
- . 20.91
schemes or capability to be financed by own
resources
Total investment cost 17.73
The institutional responsibility for the
implementation of the measure exclusively 16.82

belongs to the municipality, or is there a need
for cooperation with other bodies
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3.3. Application of the PROMETHEE Methodology for Ranking the Proposed Measures

During the fourth step of the methodology, the effect that each measure could bring to
the proposed SUMP targets, as well as the way that the measures’ implementation could
be affected by the parameters of the “difficulty of applicability” criterion, were assessed
by the experts. For both cases, the experts were asked to evaluate on a scale (1/low-
5/high). These values/weights were imported into the databases that were developed in

the PROMETHEE MCDA software.

The weights calculated in the previous subsection (Tables 6 and 7) were also imported.
The respective preference degrees and network diagrams are presented in Tables 8 and 9

and Figure 1 below.

Table 8. Ranking of the measures according to the proposed SUMP targets’ preference

degrees.

Measures

Phi

Phi+

Phi-

Conversion of a central
commercial axis of the city to a
3 km pedestrian walkway

0.2277

0.5139

0.2862

Introduction on an e-bus line by
the operator of the existing
public transport system

0.1677

0.4547

0287

Conversion of the main
commercial axis into a light
traffic road

0.1623

0.4907

0.3284

Redesign of the existing public
transport system

0.1487

0.4574

0.3087

Development of a new
high-frequency municipal
e-bus line

0.1232

0.4431

0.3199

Conversion of a municipal
open space to a central
bioclimatic park

0.0518

0.4346

0.3828

Implementation of
infrastructure for enhancing the
mobility of people with
disabilities

—0.1379

0.3448

0.4828

Development of a shared
system of electric and
conventional bicycles, as well
as small-capacity electric cars

—-0.1752

0.3374

0.5126

Development of a high
technology traffic and parking
monitoring management center

—-0.2187

0.3044

0523

10

Implementation of
infrastructure and creation of
incentives to promote
e-mobility

—0.3496

0.231

0.5806
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Table 9. Ranking of the measures according to the “difficulty of applicability” parameters prefer-

ence degrees.

Measures

Phi

Phi+

Phi-

Implementation of infrastructure and
1 creation of incentives to promote
e-mobility

0.12

0.3976

0.2777

Development of a shared system of
2 electric and conventional bicycles as
well as small-capacity electric cars

0.1167

0.3802

0.2635

Conversion of a municipal open
space to a central bioclimatic park

0.1027

0.3572

0.2545

Conversion of the central commercial
4 axis of the city to a 3 km pedestrian
walkway

0.0665

0.3292

0.2627

Development of a high technology
5 traffic and parking monitoring
management center

0.0614

0.3416

0.2803

Introduction of an e-bus line by the
6 operator of the existing public
transport system

0.0245

0334

0.3096

Development of a new
high-frequency municipal e-bus line

—0.0412

0.2941

0.3353

Redesign of the existing public
transport system

—0.1115

0.2853

0.3968

Implementation of infrastructure for
9 enhancing the mobility of people
with disabilities

0247

0.4119

Conversion of the main commercial

10 axis into a light traffic road

0.2329

0.4069

[ el ~ S
s g0t P 0,201 eane &
B ¥ =¥ < o1 0,9 P 0,30
- Toeare =
Al 4% 0]
Heanred |
110,84 s 0,33) |

Figure 1. Preference ranking organization method for enrichment of evaluations (PROMETHEE)
network display for SUMP targets and “difficulty of applicability” parameters preference degrees.
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3.4. Final Ranking of the Proposed Measures

As a fifth step and following the weights that were given by the experts (Table 3) to the
two different criteria, a composed preference degree index was calculated and is presented
in Table 10 below.

Table 10. Ranking of the measures according to both the SUMP targets and the “difficulty of
applicability” parameters preference degrees.

Composed Pi

Measures (0.85Pi1-0.15Pi2)

Conversion of the central commercial axis of the
1 . . 0.1552
city to a 3 km pedestrian walkway

5 Conversion of the main commercial axis into a 0.1501
light traffic road '

3 Redesign of the existing public transport system 0.3381

Introduction of an e-bus line by the operator of

4 the existing public transport system 02683
5 Development .o.f anew hlgh—frequency 0.1745
municipal e-bus line
6 Conversion of a m.um.c1pa1. open space to a 0,059
central bioclimatic park
7 Implementation of infrastructure for enhancing _0.2587

the mobility of people with disabilities

Development of a shared system of electric and
8 conventional bicycles as well as small-capacity —0.2961
electric cars

Development of a high technology traffic and

- - —0.2784
parking monitoring management center

Implementation of infrastructure and creation of

incentives to promote e-mobility —0.1939

10

4. Conclusions and Findings

Sustainable Urban Mobility Plans are targeted to create a new culture to the mobility
of citizens and visitors, taking as a priority the minimization of the emissions due to
traffic, the accessible transport network and modes for all, the development of open spaces
for the citizens and generally the “centralized to the people” cities planning. All the
above-mentioned principles can be achieved with strong cooperation between the different
relevant authorities and stakeholders. For this reason, the methodology that will be used
should consider the opinions of different scientific experts (urban planners, transportation
engineers, environmental engineers, economists, sociologists, groups of citizens, etc.),
ensuring that all the sustainability parameters will be served.

For selecting the most appropriate measures, there are many decisions to be taken in a
structural way and many criteria and parameters that should be taken into account. For
this reason, the MCDA methods are considered the most appropriate to be used. However
still, there are many particularities in the specific decisions that should be carefully taken
into account, as the poly-parametric decision should serve the area mobility targets, but
also should take into account the difficulty of the selected measures” applicability.

The application of a stepwise framework to the Greek experts of sustainable mobility
has proved that MCDA can be used for sustainable mobility planning, giving special
attention to the above-mentioned particularities and implemented separated analysis to
the different criteria.

If we imprint the preference degrees of the PROMETHEE to the two different criteria
and the composed one (Figure 2), it will be easy to understand the differentiation of
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the measures’ ranking that could be brought if we applicate separate application of the
PROMETHEE method to the different criteria that affect the final decision and then combine
the results, calculating a more composed preference degree.

Ranking of Measures According to their Preference Degrees

Figure 2. Comparison diagram of measures ranking according to their different preference degrees.

For example, the introduction of an e-bus line by the operator of the existing Public
Transport system was ranked as the second important measure when we took into account
only the effect on the targets. However, when we also added the criterion of “difficulty of
applicability,”; this measure was ranked as fourth.

However, what will be the results if we do not calculate a composed preference degree
indicator based on the specific weights that are given to each criterion?

The use of a quadrant analysis can give us a very useful view of the ranking using the
two separate PROMETHEE results. Each measure is placed according to its preference de-
grees (impact to SUM target and difficulty implementation) in a specific quadrant (Figure 3).
The first one represents the measures with a high impact on the area’s sustainable mobility
targets and severe difficulty in their applicability. The second quadrant declares a low
result to the sustainable mobility targets, but again the severe difficulty in their applicability.
In the third quadrant, the measures with low impact on the area’s sustainable mobility
targets and also the low difficulty of applicability are placed. Finally, the actions with a
high impact on the area’s sustainable mobility targets and low difficulty of applicability
are placed in the fourth quadrant. These measures should be the priority of the authorities
when they are starting to implement their SUMPs.

The fourth quadrant in the specific case that is examined includes the measures that
were ranked as a second, third and fifth priority, but not the first one as it has slightly
higher evaluation as regards the difficulty of implementation. The results can be considered
as a preliminary view of the experts’ preference, but they certainly differ from their final
decisions. It must also be highlighted that the result could be much more difficult to be
imprinted if the weight of the difficulty of applicability was bigger than 15% or if the
criteria were more than two.
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Impact to the SUM

Quadrant analysis of Measures' impact to the SUM and difficulty of
applicability

0:15
Conversion of a municipal open space to a central
bioclimatic park

® Implementation of infrastructures for
® enhancing the mobility of people with
Development of a shared system of ® disabilities
B . . 01
Electric and Conventional Bicycles
Conversion of central commercial axis of
the city to a 3 km long pedestrian
walkw‘
®
Development of a high technology trafficand 0.05

parking monitoring, and management center

Introduction e- bus line by the operator
of the existing Public Transport System

-0.4

-0.3 -0.2 -0.1 0.1 0.2 0.3

-0.05 Development of a new high
frequency municipal e-bus line

0.1
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Figure 3. Quadrant analysis of measures preference degrees.

In order to conclude the evaluation of the PROMETHEE method for the ranking of
sustainable urban mobility measures, some logical checks should be realized mainly under
the perspective of traffic planning. According to the prioritization, the main measures to
be implemented is the conversion of a central commercial axis to a pedestrian walkway or
alternatively to a light traffic road, which undoubtedly is a common strategic infrastructure
of most of the Greek cities as it gives a strong message in favor of shifting to sustainable
means of transport.

Measures that aim to redesign and upgrade the public transport system, as well
as the development of open spaces for citizens and visitors, hold the next positions in
the specific ranking. According to the European practice of SUMPs, these measures and
policies constitute critical interventions, but they demand strong support and cooperation
between the public transport authorities or the land-use planners, legal modifications, large
investments, etc.

Conclusively, it is confirmed that the PROMETHEE methodology and the method-
ological framework that is presented can be proposed as an efficient methodology that
would be transferred to the municipalities who implement their SUMPs.

The application of this work to different Greek cities and stakeholders, but also the
inclusions of more criteria and parameters, could further improve the final results of this
methodology.

Author Contributions: Conceptualization M.M.; methodology, M.M. and ].P,; formal analysis, M.M.;
data curation, M.M.; writing—original draft preparation, M.M.; supervision, ].P. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was implemented in the framework of postdoctoral research implemented
by M.M. under the supervision of J.P.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Mathematics 2021, 9, 602 14 of 15

Data Availability Statement: All the original data of the survey can be found on the relative postdoc
report and belong to M.M.

Acknowledgments: The authors would like to thank the Hellenic Institute of Transport for providing
assistance in the collection of the data.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Department for Communities and Local Government. Multicriteria AnalysisQ a Manual; DCLG: London, UK, 2009.

2. Yannis, G.; Kopsacheili, A.; Dragomanovits, A.; Petraki, V. State of the art review on multi-criteria decision-making in the
transport sector. J. Traffic Transp. Eng. 2020, 7, 413-431. [CrossRef]

3. Deluka-Tibljas, A.; Karleus$a, B.; Dragicevi¢, N. Review of multicriteria-analysis methods application in decision making about
transport infrastructure. Gradevinar 2013, 65, 619-631.

4. Pogarci¢, I; Franci¢, M.; Davidovi¢, V. Application of AHP Method in Traffic Planning. Available online: https:/ /bib.irb.hr/
datoteka/368476.PogarcicFrancicDavidovicISEPO8.pdf (accessed on 9 March 2021).

5. Karleusa, B.; Deluka-Tibljas, A.; Benigar, M. Mogucnosti primjene postupaka viSekriterijske optimizacije u prometnom pla-niranju
i projektiranju. Suvrem. Promet. 2003, 23, 104-107.

6.  Bari¢, D.; Radati¢, Z.; Cuperi¢, D. Implementation of multicriteria deciosion-making method in selecting the railway line for
reconstruction. In ICTS 2006 Transportation and Globalization; Zanne, M., Fabjan, D., Jancek, P., Eds.; Fakultet za Pomorstvo in
Promet Portoroz: Portoroz, Slovenia, 2006.

7. Cundri¢, A,; Kern, T.; Rajkovié, V. A qualitative model for road investment appraisal. Transp. Policy 2008, 15, 225-231. [CrossRef]

8.  Site, PD,; Filippi, F. Weighting methods in multi-attribute assessment of transport projects. Eur. Transp. Res. Rev. 2009, 1, 199-206.
[CrossRef]

9.  Rybarczyk, G.; Wu, C. Bicycle facility planning using GIS and multi-criteria decision analysis. Appl. Geogr. 2010, 30, 282-293.
[CrossRef]

10. Deluka-Tibljas, A.; Luci¢, S.; Beningar, M. Location selection criteria for the sea passenger terminal in relation to the urban
structure of the town. Promet-Traffic Transp. 2006, 18, 159-164.

11. Deluka-Tibljas, A.; Karleusa, B.; Benac, C. AHP methodology application in garage-parking facility location selection. Promet-
Traffic Transp. 2011, 23, 303-313. [CrossRef]

12.  Kovaci¢, M. Selecting the Location of a Nautical Tourism Port by Applying PROMETHEE And GAIA Methods Case Study—
Croatian Northern Adriatic. Promet-Traffic Transp. 2010, 22, 341-351. [CrossRef]

13. Sayers, T.M.; Jessop, A.T.; Hills, P.J. Multi-criteria evaluation of transport options—flexible, transparent and user-friendly? Transp.
Policy 2003, 10, 95-105. [CrossRef]

14.  Yedla, S.; Shrestha, R.M. Multi-criteria approach for the selection of alternative options for environmentally sustainable transport
system in Delhi. Transp. Res. Part. A Policy Pract. 2003, 37, 717-729. [CrossRef]

15. Moazami, D.; Behbahani, H.; Muniandy, R. Pavement rehabilitation and maintenance priorization of urban roads using fuzzy
logic. Expert Syst. Appl. 2011, 38, 12869-12879. [CrossRef]

16. Coutinho-Rodrigues, J.; Simao, A.; Antunes, C.H. A GIS-based multicriteria spatial decision support system for planning urban
infrastructures. Decis. Support. Syst. 2011, 51, 720-726. [CrossRef]

17. Beria, P; Maltese, I.; Marotti, I. Multicriteria versus Cost Benefit Analysis: A comparative prespective in the assessment of
sustainable mobility. Eur. Transp. Res. Rev. 2012, 4, 137-152. [CrossRef]

18. Jajac, N.; Knezi¢, S.; Mladineo, N. DSS for urban infrastructure mangement, parking garages case study. In Organization, Technology
and Management in Construction, Proceedings of the 8th International Conference (5th SENET Conference), Tokyo, Japan, 5-8 August 2008;
Radujkovi¢, M., Mlinari¢, V., Eds.; Croatian Association for Organization in Construction: Umag, Croatia, 2008.

19. Khaki, A.M.; Shafiyi, .M. Comparison between the output of cost benefit analysis and multi-criteria analysis in urban transporta-
tion investments. Aust. J. Basic. Appl. Sci. 2011, 5, 667-677.

20. Tudela, A.; Akiki, N.; Cisternas, R. Comparing the output of cost benefit and multi-criteria analysis: An application to urban
transport investments. Transp. Res. Part A Policy Pract. 2006, 40, 414—423. [CrossRef]

21. Karleusa, B.; Benigar, M.; Deluka-Tibljas, A. Use of AHP multicriteria optimization method for the optimization of garage facility
Dok 3 in Rijeka. In 11th International Symposium on Electronic in Traffic ISEP 2003; Anzek, M., Ed.; Electrotechnical Society of
Slovenia: Ljubljana, Slovenija, 2003.

22, Simunovi¢, L.J.; Grgurevi¢, L; Skrinjar, J.P. Selecting optimal pedestrian crossing using multi-criteria decision-making. Traffic
Manag. 2010, 22, 105-116. [CrossRef]

23. Jajac, N.; Knezi¢, S.; Marovic, I. Decision support system to urban infrastructure maintenance management. Organ. Technol.
Manag. Constr. 2009, 1, 72-79.

24. Saaty, T.L. The Analytic Hierarchy Process, Drugo Izdanje; RWS Publications: Pittsburg, CA, USA, 1996.

25. Brans, J.P,; Mareschal, B. PROMETHEE methods. In Multiple Criteria Decision Analysis: State of the Art Surveys; Figueira, J., Greco,

S., Ehrgott, M., Eds.; Springer Science + Business Media, Inc.: New York, NY, USA, 2005; pp. 163-196.


http://doi.org/10.1016/j.jtte.2020.05.005
https://bib.irb.hr/datoteka/368476.PogarcicFrancicDavidovicISEP08.pdf
https://bib.irb.hr/datoteka/368476.PogarcicFrancicDavidovicISEP08.pdf
http://doi.org/10.1016/j.tranpol.2008.05.003
http://doi.org/10.1007/s12544-009-0018-1
http://doi.org/10.1016/j.apgeog.2009.08.005
http://doi.org/10.7307/ptt.v23i4.133
http://doi.org/10.7307/ptt.v22i5.199
http://doi.org/10.1016/S0967-070X(02)00049-5
http://doi.org/10.1016/S0965-8564(03)00027-2
http://doi.org/10.1016/j.eswa.2011.04.079
http://doi.org/10.1016/j.dss.2011.02.010
http://doi.org/10.1007/s12544-012-0074-9
http://doi.org/10.1016/j.tra.2005.08.002
http://doi.org/10.7307/ptt.v22i2.169

Mathematics 2021, 9, 602 15 of 15

26.

27.

28.

29.
30.

31.

Basbas; Makridakis, C.M. A review of the contributionof multi-criteria analysis to the evaluation rocess of trans-portaions prjects.
Int. ]. Sustain. Dev. Plan. 2007, 2, 387-407. [CrossRef]

Satabun, W.; Watrébski, J.; Shekhovtsov, A. Are MCDA Methods Benchmarkable? A Comparative Study of TOPSIS, VIKOR,
COPRAS, and PROMETHEE II Methods. Symmetry 2020, 12, 1549. [CrossRef]

Brans, ].P.; Mareschal, B.; Vincke, P. PROMETHEE: A new Family of Outranking Methods in MCDM. In Operational Research’84;
Brans, ].P.,, Ed.; IFORS’84: Amsterdam, The Netherlands, 1984; pp. 477-490.

Brans, ].P.; Vincke, P. Note—A Preference Ranking Organisation Method. Manag. Sci. 1985, 31, 647—-656. [CrossRef]
Papathanasiou, ]J.; Ploskas, N. Multiple Criteria Decision Aid Methods, Examples and Python Implementations; Springer:
Berlin/Heidelberg, Germany, 2018; ISBN 978-3-319-91648-4.

Consult, R. (Ed.) Guidelines for Developing and Implementing a Sustainable Urban Mobility Plan, 2nd ed.; Cologne, Germany, 2019.


http://doi.org/10.2495/SDP-V2-N4-387-407
http://doi.org/10.3390/sym12091549
http://doi.org/10.1287/mnsc.31.6.647

	Introduction 
	Tools and Methods 
	The PROMETHEE Method 
	Selection of Evaluation Criteria 
	Selection of Sustainable Urban Mobility Measures 

	Application of the PROMETHEE MCDA Method for Ranking the Selected Sustainable Mobility Measures 
	Calculation of Average Weights of the Two Criteria 
	Calculation of Average Weights of the Different Parameters 
	Application of the PROMETHEE Methodology for Ranking the Proposed Measures 
	Final Ranking of the Proposed Measures 

	Conclusions and Findings 
	References

