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Sustainable Urban Mobility Plans (SUMP) are increasingly popular planning tools in cities with environmental issues
where numerous actions are usually proposed to reduce pollution from urban transport.
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| 1. Introduction

In Spain, the importance of urban mobility has been reflected in the regulatory framework since 2005, and has been
supported by generalist decrees, ministerial orders and calls for aid promoting sustainable mobility . This has led to the
development of numerous sustainable urban mobility plans (SUMP) in many cities in Spain during the last 20 years, but
has not been supported by a specific technical and regulatory framework. This tool has become quite popular in local
planning, sometimes more in the effort to obtain subsidies and European funds for cohesion and development, rather than
due to the existence of a true political commitment on the part of local administrations 2. However, the non-existence of a
specific regulatory framework on the matter has given rise to a wide technical heterogeneity, with different approaches
both at the diagnostic field and at the level of proposing solutions.

One of the best-known proposals in this context in Spain has been the so-called “Madrid Central” plan approved by the
Madrid city council in 2018 . This plan restricted access to the urban center area to the most polluting vehicles, and after
various political and social controversies is currently paralyzed due to a change of government in the municipal
corporation. However, this is not an isolated case, since there are many urban mobility plans in Spain whose
implementation has been defective or even non-existent =8, This situation has occurred either due to the difficulty in
generating the necessary consensus with the stakeholders to establish diagnoses and solutions to the current problems,
or due to the lack of will of the municipal administrations when implementing the necessary actions .

In this context of policy implementation, the multi-criteria decision making (MCDM) methods approaches are currently a
widely used tool in the field of multiparametric analysis for the diagnosis and resolution of complex planning problems. A
huge amount of successful cases in their application may be found related to complex scenarios’ assessment & in fields
such as logistics &, environmental management 29, construction industry 1 carbon emissions 12 and even sports
tourism 231 and medicine management 141, Therefore, these tools, because of their characteristics, present a high degree
of applicability to complex phenomena of urban planning, such as promoting sustainable mobility.

| 2. Analysis of SUMPs in Spain between 2006 and 2021

First, an analysis has been made of the level of presence from a statistical point of view of the different qualitative and
guantitative indicators in the selected sample of 47 plans developed in 43 cities in Spain (four of them made second
editions to update the previous plan) during the last 15 years. On the other hand, the level of interaction of the results of
gualitative and quantitative statistical indicators has been evaluated, by means of a statistical correlation using a linear
decision system by least squares (OLS). The results obtained can be seen in Figure 1 for indicators L1 (number of
stakeholders), L2 (number of actions in SUMPs), L3 (number of months for implementation), L4 (amplitude of the
participatory process of elaboration), L5 (existence of monitoring and verification indicators) and L6 (proven degree of
fulfilment of the SUMP).
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Figure 1. Results obtained for the quantitative and qualitative indicators analyzed in the 43 cities.

If researchers observe the results obtained, it can be seen that there is a clear statistical correlation between the scarce
presence of stakeholders or the absence of a broad participatory process at the SUMP level with the comprehensive
proposal of solutions to existing problems. There is also a clear relationship between the absence of follow-up and
monitoring mechanisms for these instruments and the failure to achieve their objectives over time. According to what can
be observed in the regression coefficients B, the qualitative indicators L4 (amplitude of the participatory process of the
SUMP) and L6 (degree of SUMP fulfilment) present the highest level of correlation in general with the quantitative
indicators L1 (number of stakeholders involved), L2 (number of actions proposed) and L3 (time necessary for elaboration).
On the contrary, the L5 indicator (existence of monitoring and verification indicators) is the one with the weakest
regression coefficients, with negative values in some cases (L3 case, close to zero, which rather denotes the absence of
correlation). Among the quantitative indicators, the L1 indicator is the one with the most stable behavior, with the L3 being
the one with the most heterogeneous values.

In relation to the evaluation of the performance of the model and the relative quality of the statistical model for the given
set of data, obtained through the multiple R squared/adjusted R squared values and the Akaike information criterion,
respectively, the statement in the previous paragraph is confirmed, with the most robust correlation model being the one
that correlates the quantitative indicators with L4, the most robust, and L5, the weakest.

On the other hand, it is interesting to observe how the majority (62%) of the plans analyzed do not fairly contemplate
structured methods of diagnosis and selection of alternatives in decision-making aid. Most of them use a rudimentary or
qualitative approach type when this issue is addressed (34%). Only a very exceptional minority (4%) raises structured
methods based on objective criteria (usually, type AHP or WSM). Finally, it is interesting to find out that, if applied, the
implementation of these improvement mechanisms does not necessarily imply the generation of a longer processing time
for the approval of the plan.

3. Application of the Hybrid Framework for the SUMP of the City of
Cartagena

Based on the results obtained in the study of SUMPs in Spain, the previously explained methodology has been proposed
to improve the implementation process of these planning instruments in cities. The methodological framework described
has been applied to the case study of the city of Cartagena, a city that houses the usual characteristics of the statistical
sample selected in the previous study.

As a consequence of the application of the proposed framework in its Phase 1, the following 18 x 22 decision matrix was
obtained after the application of the sum weight method using weighting criteria obtained based on a review of scientific
literature. The weighting criteria of the different coefficients have been established based on the following documents:
general priorities established in the Transport White Paper “Towards a competitive and efficient transport system in the
consumption of resources” 13! published in 2011 by the European Commission and the Sustainable Development Goals
2030 of the United Nations organization (Resolution A/RES/70/1 approved by the General Assembly on 25 September
2015 [18)) and specific technical criteria for strategic mobility planning, such as the practical guide for the preparation and
implementation of SUMPs published in 2008 by the IDEA foundation 17 and the conclusions established at the
Sustainable Urban Mohility Congress held in Bilbao in 2019 18],

The weighting criteria of the different alternatives evaluated by the expert committee are described below:

« Improvement of environmental quality (IEQ, 20%):



oPromotion of energy efficiency (EE, quotient x 08)Promotion of healthy habits (PHH, 20%):
olmprovement of air quality (AQ, quotient x 0.3)

oPromotion of noise reduction (NR, quotient > 0.4) Improving competitiveness (IC, 20%):
oSafe and comfortable city for bicycle use (BS, quotient x 0.3)

oRationalization of the use of the private car (CUR, quotient x 0.2)

oSafe and comfortable city for mobility on foot (PS, quotient x Obs)lmprovement of public space (IPS, 20%):
oPromotion of physical exercise (PE, quotient x 0.2)

oReduction of travel times (TTR, quotient x 0.2)

olnfrastructures for more efficient non-motorized mobility (NEVI, quotient x 0.3)

oElectric vehicle charging infrastructures (EVI, quotient x 0.2) * Social justice (SJ, 20%):
oEncouragement of bicycle travel (BUI, quotient x 0.3)

oElimination of architectural barriers (SB, quotient x 0_3)Each cell contains the score given by the expert commitiee

oDecrease in the occupation of public space by motor vehicles (COR, quotient x 0.2)When assessing an alternative

oPromotion of comfortable, inclusive and safe mobility (ISM, quotient x 0.3) regarding a determined criterion,

oCreation of public space for coexistence (CS, quotient x 0.2) being the maximum score 9 and minimum

oGoods accessible to all citizens (HG, quotient x 0.3) 1. For this method, Alternative 3 *Building of an

oReduction of territory fragmentation and barrier effect (EB, quotient x 0.3)|ntegrated and  coherent bicycle lane

oBetter quality of life for inhabitants and passers-by (LQ, quotient x 0.4) network” is the one out of 26 which gets the

highest score as it can be observed in the last
row is consequently the first alternative.

As foreseen in the proposed framework, and aiming to check the robustness of previous Ranking 1, another ranking was
obtained after the application of the SIMUS method. For the implementation of this second methodological approach,
issues such as the precedence of the actions have been considered for evaluation of alternatives, in order to be able to
assess the budgetary needs and technical feasibility of the actions in a combined way when establishing evaluation
criteria to the different options. Values obtained with SIMUS algorithm and inputs criteria for scoring the alternatives
evaluated can be observed in Table 1.

Table 1. SIMUS Efficient Result Matrix (ERM) and ranking of alternatives for Cartagena’s City SUMP.
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Table 1 shows the Efficient Result Matrix (ERM) where the 26 alternatives are in columns and the 18 criteria are in rows.
The ERM matrix is Pareto Efficient since all scores or results of the different objectives are optimal, that is, they cannot be
improved.

Consequently, the final scores for all alternatives are shown in the last row in solid black. According to these scores,
Ranking 2 is given and is depicted in Table 2.

Table 2. Ranking 2 after Phase 2 of the methodology and the application of SIMUS method (only 10 most valued
alternatives are shown).

Ran_k !ng Alternative Alternative Score
Position Number
1 3 Building of an integrated and coherent 0.72

bicycle lane network
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5 10 Greenway Connection 0.28
6 20 Generation of safe school itineraries 0.22
7 4 Implementation of the use of VMP and electric vehicles 0.17
8 5 Recovery from bicycle use 0.17
9 12 Traffic calming through superblocks 0.17
10 13 Road safety improvements 0.17

For a better comparison of Ranking 1 and Ranking 2, both are shown vis-a-vis in Table 3 to check differences. Horizontal

arrows indicate exact correspondence between the two rankings. Obliquus arrows show the difference in positions
between scores of the two rankings.

Table 3. Comparison of Ranking 1 and Ranking 2 to validate the proposed methodology.

Ranking 1 Ranking 2 Scores Scores
Alternatives Best Best WSM SIMUS
Alternatives Alternatives (Ranking 1) (Ranking 2)

Building a bicycle lane network 7.8 0.72
Promotion of pedestrian movements 3 . 3 7.48 0.67
Pedestrianization of the Historic Center 1 > 1 7.48 0.67
Generation of safe school itineraries 14 > 14 7 0.28
Greenway Connection 20 9 6.92 0.28
Start-up of smart trails >< 6.80 0.22
Traffic calming through superblocks 6.12 0.17
Recovery from bicycle use 6.04 0.17
Deploy zones 30 and 20 min 5.84 0.17
Implementation of the use of PMV and electric 5.78 017

vehicles

| 4. Conclusions

The development of Sustainable Urban Mobility Plans in numerous cities in Spain during the last 15 years without the
existence of a specific regulatory framework has given rise to a varied catalogue of actions with various problems. In this
study, 47 plans of this nature developed in different Spanish cities have been analyzed, observing how many of these
planning instruments have had difficulties both in diagnosing problems and in implementing solutions. By means of a
statistical analysis, it has been contrasted how there is a clear correlation between the implementation of these
instruments with rudimentary participatory processes or the scarcity of indicators for subsequent monitoring with the
failure of these strategies to improve urban mobility in cities.

Based on this diagnosis, a structured hybrid MCDM framework based on WSM and SIMUS methods has been proposed.
The results obtained with the application of this methodology for the implementation of the SUMP of the city of Cartagena,
show how the implementation of analytic mechanisms in the SUMPs of middle-sized cities such as Cartagena can
facilitate the achievement of their objectives.
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