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Abstract: The public decision-making process at the municipal level becomes extremely complicated
for government managers when unpopular measures must be adopted. In this sense, citizen par-
ticipation processes become a tool of undoubted added value that allows municipalities to adapt
their policies to the needs and feelings of their inhabitants. The aim of this research was to focus
on addressing the point of view of the citizens of a medium-sized Spanish city in the face of the
imminent implementation of a low-emission zone, in order to identify which aspects were of concern
to citizens. The methodology used in the research was based on a declared preferences survey that
allowed us to determine the daily behaviour of the user in terms of urban mobility and to anticipate
the citizen’s reaction to the implementation of socially unacceptable initiatives, such as restrictions on
access, circulation, and the parking of vehicles. The results obtained in relation to the consultation
on alternative measures to tackle pollution, noise and traffic jams showed that citizens are receptive
to improvements in universal accessibility, subsidies for public transport, increased road safety for
PMV’s infrastructure, subsidies for the purchase of environmentally friendly vehicles and PMV, and
the promotion of pedestrianisation. However, there are undoubted threats to the implementation
of the LEZ, such as the lack of acceptance of the measure. Therefore, it is considered imperative for
public administrations to work on the search for sustainable actions that contribute to improving the
degree of compliance with the measure, while at the same time making an effort to disseminate the
advantages of the LEZ for the quality of life and health of citizens (through information campaigns).
There is a knowledge gap in scientific research on the ex ante assessment of the effects of possible
transport measures to improve air quality in city centres and consultation through citizen participation.
It is estimated that the resolution of this research gap could contribute to a more feasible, reasonable,
and effective implementation of various urban mobility policies in medium-sized Spanish cities.
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1. Introduction

Transport policies aimed at improving air quality in cities are in the process of expan-
sion in many urban centres. However, the role that ex ante citizen participation can play in
identifying possible impacts and potential implementation strategies for urban mobility
and designing a more liveable city has not yet been fully exploited, as the effectiveness of
these policies is strongly affected by strong social controversy. The intrinsic relationship
between the development of human daily activities and mobility must be analysed in
depth and with caution, involving a global vision, which allows for connecting distant
areas of the city and, in turn, minimising the resulting externalities [1-7]. Sustainable
mobility provides an alternative paradigm within which investigating the complexity of
cities and strengthening the links between land use and transport becomes a priority in the
planning agendas of many cities. The generation of policies that achieve sustainable urban
mobility patterns seems crucial for political, social and academic agendas worldwide [8,9].
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In the last century, there has been an indiscriminate choice to favour the use of private
vehicles for everyday travel, generating a tacit dependence on this means of transport.
This fact is accepted and internalised by the user and assumed as an habitual pattern
of behaviour. However, multiple initiatives have been undertaken to transition mobility
towards more sustainable patterns [10-13], including the involvement of different stake-
holders in assessing the sustainability of mobility [14]. There is useful literature outlining
strategic policy lines for a more liveable city and more sustainable mobility [15-17]. On
a national level, several authors [18-20] have detailed a comparative approach regarding
the measures adopted in different SUMPs in Spanish cities, and it can be deduced that it
is essential to formulate holistic strategies that take into account essential aspects, such
as mobility and the short and long-term impacts of public policies, the quality of life of
citizens, the associations and neighbourhood groups affected, the social culture, and the
urban fabric where each measure is applied. It is considered decisive to address lines of
work focused on planning the form and design of the city, in addition to those that can be
established in public transport, given that, despite the possibilities offered by the Internet
and computerised communication networks, it is still essential to move from one place to
another to access different basic services such as health, education, and even leisure.

Over the last few years, different ways of approaching the change towards a less
polluting mobility model have been appearing, including demand management policies
that include combined stimulus and dissuasion strategies, making the use of private
vehicles more difficult or penalising them and making other means of transport more
attractive through incentives and improvements. Such was the case in the establishment
of urban tolls in London, the “Pico y placa” system in Colombia, or congestion charges in
Rome, Oslo, Frankfurt, Berlin and Lisbon, among others [14,21-25]. Although, regardless of
previous initiatives, it is observed that many cities in the old continent exceed the air quality
limit values set by the European Union, as argued in [26]. Therefore, assessing the most
efficient measures to reduce pollution levels is one of the premises developed in [27,28].
Examining how a transport pricing policy aimed at reducing car use can affect people’s
quality of life is the main task in [29], while [30] aims to shed light on why citizens are
satisfied with government performance by including their views on the use of restrictive
instruments, as well as inhabitants” evaluation of transport quality. The special issue [31]
discusses a range of decision-support tools that can help overcome barriers to effective
policymaking.

Other schools of thought have opted to develop and test collaborative approaches
intended to evaluate ex ante the implementation of specific transport measures to improve
inner-city air quality through stakeholder involvement [32], as well as the development of
an integrated modelling approach to assess ex ante the air quality impacts of LEZs in urban
areas [33]. These approaches in the literature reflect a growing societal concern about the
challenge of controlling transport-generated air pollution in cities [34]. A clear example of
this can be seen in the research developed in [35], where the interest lies in knowing the
degree of public acceptance of the Barcelona LEZ.

In Spain, according to Law 7/2021 of 20 May on climate change and energy transi-
tion [36], municipalities with more than 50,000 inhabitants in Spain must adopt sustainable
urban mobility plans by 2023 that introduce mitigation measures to reduce emissions from
mobility, including the establishment of low-emission zones, defined as areas delimited
by a public administration within its territory in which restrictions on access, circulation
and the parking of vehicles are applied to improve air quality and mitigate greenhouse
gas emissions, in accordance with the classification of vehicles by their emissions level
as established by the Directorate General of Traffic (DGT). In view of this regulatory and
mandatory requirement, there are 149 medium-sized municipalities in Spain that must
establish the premises for the establishment of a low-emission zone in their territory. For
the moment, there is no common criterion that definitively establishes the types of vehicles
that will or will not be able to circulate within these low-emission zones, as it will be each
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local council, through its different municipal ordinances, that will impose specific and
concrete restrictions.

At this juncture, which generates a certain amount of uncertainty and concern among
citizens, this research has opted to analyse the a priori impression of the population of an
average Spanish city in the face of the imminent implementation of a LEZ in its territory,
using as a working methodology the development of surveys of declared preferences.
Knowing the position of citizens, as well as the possible degree of acceptance of certain
proposed measures, is crucial in the planning and management processes of local ad-
ministrations. This paper aimed to shed some light on the knowledge gap that exists in
the ex ante evaluation of urban measures that promote air quality and the use of public
participation processes.

The authors consider this research to be a useful contribution to the advancement of
knowledge in the context of LEZs. In that sense, the article is based on a combination of
three fundamental aspects: (a) to identify people’s travel patterns in a standard medium-
sized city prior to the implementation of the measure, as well as their personal assessment of
the expected changes (through a stated preference survey); (b) to provide public managers
with a better understanding of citizens’ motivations and predisposition towards the LEZ
(which would allow redirecting negative impacts and optimising the social benefits of
sustainable urban mobility policies); and (c) to understand the stability of the approach to
implementing a low-emission zone, as well as the relationship of this initiative with the
challenges of climate change through a SWOT analysis (prior to making strategic decisions
with the aim of increasing the level of information and reducing citizen uncertainty).

2. Materials and Methods
2.1. Study Area

This research focused on the analysis of the future implementation of an LEZ in
Caceres, one of the medium-sized Spanish cities where it will be mandatory, according to
national legislation, as of 1 January 2023. Caceres is located in the centre of the Autonomous
Community of Extremadura and has a census population (according to the Spanish Na-
tional Statistics Institute in 2021) of 95,418 inhabitants. The city limits are bordered to the
east by the Ribera del Marco and the Sierra de la Mosca, to the west by the Sierra de Aguas
Vivas and to the north and south by the Trujillo-Cacerefia peneplain. The consolidated ur-
ban centre is divided from an administrative point of view into four districts: centre, north,
south, and west (Figure 1), although for the development of this research, the districts of
the city and the neighbouring municipalities have also been considered as the possible
origin-destination of trips to the LEZ of Caceres.

The heritage and monument-filled part of the city of Caceres boasts worldwide recog-
nition. Due to its rich historical past, which has a not inconsiderable attraction, the mon-
umental complex was awarded in 1986 with the declaration of World Heritage City by
UNESCO. This honourable distinction is essentially due to its excellent state of heritage con-
servation, being considered the best preserved monumental complex in Spain, and reaching
third place in the ranking in Europe [37]. This jewel of Extremadura’s heritage is unique
for its historical features, which show traces of multiple and contradictory influences.
The historical complex is characterised by the presence of fortress-houses, palace-houses
and towers that nowadays surprise the tourist with their high level of conservation and
material integrity. Focusing on the four districts that divide the territorial area of the city
under study, it can be seen that they show significant differences in the following elements:
building typology, urban fabric, demography and history. It can be clearly observed that
there is a densely populated district formed by the historic quarter inside and outside the
city walls (centre), which is surrounded by neighbourhoods of urban expansion with an
urban fabric similar to those of other Spanish cities at the end of the 20th century [38].
Adjacent to the central district, there are three other districts with lower density and higher
zoning: the west-east district (predominantly residential and low density), the north district
(which has greater urban diversity, combining residential areas, the university campus
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and other periurban facilities and providing a large area occupied by high-capacity road
infrastructure) and the south district (with a very low-density urbanisation of periurban
character, small industries, housing developments and a growing variety of land uses in
areas close to the center). In addition, the railway line has encouraged the division of some
neighbourhoods with marked social segregation (Aldea Moret industrial mining town),
while other well-known and traditional neighbourhoods of peripheral origin have been
perfectly integrated into the compact urban fabric (Las Trescientas or Llopis Iborra). The
four districts mentioned are structured by a set of radial road infrastructures, planned
and contemplated in the urban planning since 1923, which converge in the center district
(specifically in the Plaza de Ameérica), as well as by various bypasses suggested in the
1979 planning and carried out in the 1998 and 2010 plans [39]. For the above reasons, it is
estimated that the city of Caceres exhibits a typical urban fabric in the national scenario,
presenting a historic center accompanied by a dense urban development completed by a
series of expansion areas, perfectly identifiable in its General Municipal Plan. This fact
has led to an increase in the occupied surface area five times greater than the increase in
population since 1965. There has also been a gradual reduction of public facilities in the
historic center in favour of periurban spaces, as well as a shift in the habitual use of housing
in favour of tourist uses [40].

Figure 1. Location of study area.

With regard to the dynamics of movement, there is a daily flow of journeys between the
neighbouring municipalities towards the city of Cdceres, generating pendular movements
from these neighbouring municipalities towards the provincial capital (a real commercial,
socio-economic and administrative centre). In their day-to-day lives, the inhabitants’ daily
journeys are favoured by the backbone provided by its important road network, mainly
due to the existence of three high-capacity infrastructures (A-66, A-58, and A-5).

According to the latest report of the Metropolitan Mobility Observatory [41], the
motorisation index (vehicles /1000 inhabitants) for the city of Céceres is 515 for cars and
106 for motorbikes, and for the metropolitan area (including adjacent municipalities) it
is 540 for cars and 103 for motorbikes. Focusing on the characteristics of mobility in the
metropolitan areas, in Caceres there are 0.19 million journeys on a working day, which
means two journeys per person per day. In terms of modal split, 56.8% of the population
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opts for the private car, 33.5% for walking or cycling and the remaining 9.7% for public
transport. The supply of parking spaces for private vehicles is divided into: (1) unregulated
surface public road (39,762 spaces); (2) regulated surface public road (850 spaces); and
(3) publicly managed underground (1100 spaces). The Céceres urban bus has 14 lines, with
a total length of 308.7 km and 411 stops, which means an average length of 22 km and a
spatial coverage of 3 km of lines/km? and 4 stops/km?, developing an average annual
commercial speed of 14.9 km/h with an average peak hour interval of 22 min and a daily
service lasting 16 h. The cost of a single ticket is €1.1, a 10-trip pass is €8, and a monthly
pass is €29. Recently, the city has approved the exemption of inhabitants under 16 years
of age from paying for public transport, which is leading to a clear modal shift towards
this means of transport on the part of this sector of the population. On the other hand, in
terms of cycling mobility, the city has a total of 40 km of cycle lanes, which are expected
to increase in the short and medium term. Despite the positive modal transfer that the
COVID-19 pandemic has brought about in terms of travel and given that this trend has led
to the expansion of new forms of mobility, it can be seen that the city of Caceres does not
yet have shared mobility services (car, motorbike, bicycle or scooter).

Considering the guidelines set out in the new Climate Change Law, it is clear that the
city of Caceres will have to adapt and propose measures to encourage a shift towards more
sustainable forms of mobility. In this research work, the city of Caceres was selected as
an example under analysis for several reasons which are set out below: (1) it is one of the
149 medium-sized Spanish cities in which the establishment of a ZBE will be mandatory
as of 1 January 2023; (2) due to its urban configuration and territorial planning, it has a
typical urban fabric in the national panorama (with a historic centre accompanied by a
dense urban development and a series of expansion areas), which makes it possible to serve
as a comparative reference for other similar cities; and (3) the development of surveys of
the population is an arduous and complicated process, not without its vicissitudes, which
is why it was decided to undertake the study in the city where the researchers considered
that they would obtain the greatest success in terms of the number of responses (with the
aim of obtaining a valid representative sample).

2.2. Research Design

The main objective of the research project was the implementation of a low-emission
zone (LEZ) in the city of Caceres, taking as a reference other Spanish or European cities
where this type of measure is already fully operational, in order to achieve adequate pa-
rameters in terms of urban sustainability. The secondary objectives were: (1) the pro-
motion of sustainable mobility by reducing the congestion generated by motor vehicle
traffic, establishing pedestrian priority and the commitment to efficient public transport;
(2) improvement of the social welfare and health of citizens by reducing greenhouse gases;
(3) reduction of accidents in terms of urban road safety; and (4) release of part of the occu-
pation of public space used primarily by private vehicles. The following regulations and
strategic planning have been taken into account as reference tools to achieve the project
objectives: (a) Law on Climate Change and Energy Transition [36]; (b) Integrated National
Energy and Climate Plan [42]; (c) Strategy for Safe, Connected and Sustainable Mobility
2030 [43]; (d) Law on Sustainable Mobility and Transport Finance [44]; (e) Long-Term De-
carbonisation Strategy 2050 [45]; (f) Caceres Sustainable Urban Mobility Plan (PIMUS) [46];
(g) Caceres Integrated Sustainable Urban Development Strategy (EDUSI) [47]; and (h) General
Municipal Plan of the city of Caceres (PGM) [48].

At the beginning of the research project (prior to the design and drafting of the
survey), a working meeting was held between representatives of the company AHILAR,
the University of Extremadura and municipal technicians in order to identify as realistically
as possible what would be the delimitation of the outer contour of the different areas of
the city that could be included within the LEZ. The researchers developed different initial
attempts at LEZ zones using computer-aided design software (AutoCAD) and geographic
information tools (QGIS) and finally opted to include in the survey the map shown in
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Figure 1, which implies an extension of the LEZ similar to the one currently delimited
by the City Council of Caceres using access control cameras, since it was considered the
most viable. Subsequently, in order to address the main objective of this research (to know
the social perception of the forthcoming implementation of an LEZ in the city of Céceres),
a survey campaign was carried out with the intention of capturing the main variables
influencing modal choice at the individual level. The questionnaire was designed based on
a detailed review of similar forms on urban mobility and LEZs, and a validation process was
carried out before launching the final version of the survey [49]. Initially, it was decided to
send a very advanced draft of the survey to a group of people with different characteristics,
so that they could give their opinion on the following aspects: understanding of the
questionnaire, meaning of the wording, the involvement of the respondent, the length
of the text, the duration, difficulties encountered, possible typos or omissions, design,
etc. Taking into account the contributions of the validation process and in order to obtain
the appropriate socio-demographic heterogeneity, a refined questionnaire was prepared
whose dissemination plan combined multiple channels: (1) online through social networks
(WhatsApp, LinkedIn, Facebook, Twitter); (2) through email to the university community
and local public administrations; (3) dissemination in written and digital press; (4) by
generating a paper flyer providing a QR code distributed in the establishments, hotels,
foundations and other buildings within the area established as a future LEZ; and (5) face-
to-face surveys through fieldwork at street level (with the aim of bridging the digital
divide and facilitating access to digitally unskilled sectors of the population that face
technological barriers on a daily basis). The approach of combining different survey formats
(online, paper, face-to-face) and dissemination through the press, arises from the purpose
of reaching the maximum number of inhabitants possible, with the aim of obtaining an
image adjusted to the reality of the behaviour of the population of the city under study in
terms of mobility and their perception of the implementation of a low-emission zone. The
research project was developed over a one-year period, starting in December 2021. The
survey was conducted over a period of one month, starting on October 2022, and a total of
419 valid responses were obtained. Figure 2 shows the methodological process followed
for the implementation of the survey.

2.2.1. Questionnaire Structure

With regard to the elaboration and design of the questionnaire, it was decided to
divide it into three large thematic blocks according to their category, consisting of a total of
twenty questions. The content of the three sections is detailed below:

1. Section A (Socio-demographic data): This block of questions aims to facilitate the
segregation of data according to different aspects, namely: sex of the respondent,
age, employment status, level of studies, possession of driving licence and vehicles
available;

2. Section B (Characterisation of the usual trip): This module tries to identify the origin-
destination matrix, reason for trips and means of transport used, frequency, necessary
steps in the trip, assessment of mobility proposals, opinion on particular situations
at street level, aspects to be improved in terms of universal accessibility and point of
view regarding the overuse of the private vehicle;

3. Section C (Implementation of a LEZ in Caceres): This group of questions is divided
into three distinct parts. Initially, it focuses on collecting the user’s degree of knowl-
edge about concepts such as LEZs, climate change, environmental labels, etc. Sub-
sequently, a series of measures for action in the city to tackle pollution and noise
and to achieve more sustainable mobility are openly posed using a five-point Likert
scale [50]. Finally, a series of questions are set out to be rated by the user, expressing
their stated preferences on the impact that an LEZ would have on the city in general,
as well as on a personal level.

The sample covers a wide range of information and reliably represents the user’s
preferences prior to the implementation of an LEZ in the city of Caceres. The invaluable
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data obtained through citizen participation following the development of stated preference
surveys are a cornerstone for stakeholders in spatial planning, providing invaluable infor-
mation to city managers [51]. The quantitative approach based on surveys is underpinned
by their frequent use in transport and mobility studies.

Bibliographic
. Selected LEZ documents
review
il ) Draft
design Creating a Google forms 4m— survey
Validation Testing with a SI:JI?set of - Pilot survey : ‘
process the survey participants
Survey Socio- Usual Implementation
blocks demographic commuting of an LEZ
Survey Fyer with Paper
dissemination QR code survey |';_‘|.
Results ( _—“ Descriptive analyses
of the data

Figure 2. Methodology flowchart.
2.2.2. Sample Size

Regarding the survey, 419 valid responses were obtained for an adult population
of 78,634 inhabitants. In order to identify whether the sample size is representative of
the population and to be able to validate the study, the margin of error in the surveys
was estimated. The values used in the calculation carried out are as follows: t-size of the
surveyed population N = 78,634; sample size n = 419, with a distribution of p = 0.5. In this
case, considering a confidence level of 95%, it is concluded that the margin of error is less
than 5%. Therefore, the sample is considered representative of the population analysed
and presents two fundamental characteristics: randomness and adequate size.

3. Results

The results collected at the end of the period established for carrying out the surveys
are intended to provide a true reflection of the information obtained for each of the three
sections that made up the structure of the questionnaire. First, the socio-demographic
data of the respondents is highlighted, containing information at a personal level and
allowing the typology and characteristics to be observed. Second, the information relating
to mobility patterns was analysed to find out the spatial distribution of journeys in the



Buildings 2023, 13, 249

8 of 23

city of Caceres and the main aspects that determine them, with the intention of trying to
identify possible problems a priori. Finally, by means of the declared preference survey
methodology, the perception of the public about the implementation of the low-emission
zone in the city of Caceres was studied in order to identify how the implementation of the
LEZ would affect the inhabitants of Caceres.

3.1. Socio-Demographic Data

The analysis of the socio-demographic situation of the respondents is a tool that
allowed us to obtain relevant information about different attributes, such as: gender, age
range, employment status and level of studies, so that this segregation of the data would
make it easier to observe the essential characteristics of the respondents. Table 1 shows
the number of valid responses analysed, as well as the degree of representativeness of
each group and subgroup considered, together with the responses obtained regarding the
availability of driving licences by the users surveyed.

Table 1. Socio-demographic information.

Group Subgroup N° of Responses %
Man 260 62.05
Gender Woman 159 37.95
18-25 95 22.67
26-35 86 20.53
Age range 36-50 142 33.89
51-65 90 21.48
66-75 6 1.43
Unemployed 9 2.15
Student 77 18.38
Retired 7 1.67
Employment status Housework 5 1.19
Mixed worker 34 8.11
Face-to-face worker 260 62.05
Teleworker 12 2.86
Other 15 3.58
Bachelor/BUP/COU 57 13.60
University studies 323 77.09
Education level FP 29 6.92
Primary 9 2.15
Uneducated 1 0.24
Question Typology
Car 392 93.55
Truck 11 2.62
Do you have a Motorbike 60 14.32
driver’s licence? Bus 1 048
No ID card 27 6.44

As can be seen from the figures presented in Table 1, more than 60% of respondents
were male (a fairly high degree of representativeness) compared to women (almost 38%).
With regard to the age range, the subgroup with the highest number of responses was
between 36 and 50 years of age, with the 18-25, 26-35 and 51-65 age brackets having similar
values of around 20%. The presence of the digital divide can be clearly seen in the responses
obtained from the population over 65 years of age. With regard to the employment situation
of the respondents, those working in the workplace are the most represented, with 62% of
the responses, followed by students (less than 20% of the total). On the other hand, there
is an upward trend of mixed workers (combining face-to-face and telematic tasks) and a
timid representation of purely telematic workers. Focusing on the level of education of the
respondents, more than 75% of the respondents have a university education, and 20% have
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a vocational training qualification or a baccalaureate (excellent educational figures). Going
fully into the user’s relationship with regard to the use of a private vehicle, the respondents
were asked about the availability of a driver’s licence. The answers to this question, together
with the availability of vehicles in each family unit, make it possible to determine how the
implementation of the LEZ in the city of Caceres would directly affect the user. Table 1
shows that more than 93% of the responses refer to the availability of a car driving licence
and 6.4% have no driving licence at all. In addition, and in relation to the question on the
availability of a driving licence, the survey included a question on the number of vehicles in
each household and their type. Figure 3 shows the proportion of responses considering the
typology of the different vehicles and the number per household analysed.

100

O Automobile

80
70
60 . — B Motorbike
x50
40 B Personal Mobility
30 Vehicle (PMV)
20 Heavy vehicle
10
0 |k

1 2 3 or more

Figure 3. Number of vehicles available in the household by typology.

Consequently, it is clear from the results of this last question that the car is the vehicle
with the highest representation in each household among those surveyed, with over 50% in
households with 1, 2 and 3 or more vehicles. Behind the car, personal mobility vehicles
(PMVs) have a greater presence (with values of around 25%), followed by motorbikes and
motorbikes.

3.2. Characterisation of Usual Commuting

It is considered essential to gather all the relevant information in terms of daily
commuting, given that the city of Caceres is a real pole of attraction and development for
its immediate surroundings. In this way, the aim is to understand how the implementation
of a LEZ would affect the citizens of Caceres, but also the inhabitants of the districts and
municipalities which interact with the provincial capital daily. To this end, questions
relating to the user’s reasons for travelling and their frequency, the main means of transport
used and certain subjective considerations which are considered to need to be resolved
in relation to mobility and accessibility in the city are developed. In Table 2, we attempt
to provide an origin-destination matrix of the journeys made by the people surveyed,
thus deepening our knowledge of the mobility patterns of the citizens of Caceres and the
surrounding municipalities.
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Table 2. Origin-destination of movements.

Destination of Movements (%)

Question i i
District/Place Centre North West South Nelg.h l.)OUI“IPg Villages LEZ

Municipalities
Centre 30.60 45.36 6.56 3.28 8.20 1.09 4.92
North 36.92 38.46 1.54 6.15 7.69 0.00 9.23
West 24.59 40.98 9.84 3.28 6.56 1.64 13.11
Origin of South 38.46 38.46 2.56 2.56 2.56 0.00 15.38
movements  Neighbouring 29.73 32.43 0.00 2.70 18.92 0.00 16.22
municipalities

Villages 0.00 0.00 0.00 0.00 0.00 100.00 0.00
LEZ 15.15 30.30 12.12 3.03 12.12 0.00 27.27

Table 2 shows the pattern of travel behaviour between the different districts of the city
of Caceres and the low-emission zone. In general terms, 42% of the population living in
the central, northern, western, and southern districts commute daily to the possible low-
emission zone to be implemented in the city of Céceres, and these citizens are considered
to be the most directly affected by this delimitation. In particular, the districts with the
greatest mobility towards the LEZ are the west (13.1%) and south (15.4%), with journeys
from neighbouring municipalities (16.2%) and those within the LEZ itself (27.3%) also
standing out. Broadly speaking, it can be seen that journeys from the different districts of
Céceres tend to be made mainly to the central and northern districts (with values of over
30%), with a similar trend in the municipalities adjoining the city of Caceres. Focusing
on the district level, it can be observed that from the central district they usually move
to a greater extent to the northern district (45.4%), and the same happens the other way
round (36.9%). The frequent movements of citizens from the western district are distributed
between the central district with 24.6% and the northern district with 38.5%. As far as
the southern district is concerned, the distribution of daily commuting according to the
respondents is equally distributed between the central and northern district with 38.5%.

On the other hand, in order to be able to analyse in depth the mobility pattern of the
population of Caceres, it is crucial to specify the reasons for the trips, the means of transport
used, and the frequency according to the reason for the trip. Table 3 shows, firstly, the type
of means of transport used according to the reason for the trip. It can be seen that a large
proportion of the citizens surveyed say that they make their journeys mainly on foot or by
car, regardless of the reason for the journey.

Focusing on journeys on foot, more than 50% of those surveyed said that they walk for
tourism, health, and leisure purposes. Similarly, more than 40% of users indicated that they
walk when they are going to do business, shopping, or for study or work purposes. As
for the use of cars, more than 40% of those surveyed use them to carry out tasks related to
their own business, shopping or for work, with slightly more than 30% of those users who
use private vehicles for study, tourism, health, or leisure purposes. As for the other means
of transport, they do not show significant usage values, with motorbike trips (around 4%
depending on the reason for the trip) and bus trips (slightly above 3% depending on the
reason for the trip) standing out slightly.

With regard to the frequency of journeys, there is greater variability depending on the
reason, in contrast to the above according to the type of means of transport used (mainly
centred on two of the established types: on foot and by car). Within this apparent variability,
occasional trips stand out (with values of around 30% for all the established reasons),
followed by trips made two to three times a week (with figures close to 20%) and then trips
made more than twice a month, depending on the reason (with results of around 15%).

In order to analyse more precisely the interrelationship between the reasons for travel
and the means of transport used, we chose to carry out a cross-analysis of the information,
taking into account the gender of the respondent and their age range. Firstly, taking
into consideration the means of transport, in the case of the male gender there is a clear
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preponderance of trips by private vehicle (36%) and on foot (19%), with little representation
of other means of transport. Focusing the evaluation by age range, there is an increase
in the use of buses and motorbikes in the male population aged 18-25 (mainly university
students) and an increase in the use of private vehicles in the 36-50 age range. Regarding
the female population, the general trend is similar to the previous one, with a predominance
of car trips (55%) and walking (35%). There is also an increase in the use of buses in the
female population aged 18-25. Secondly, when examining the reasons for travel, the male
population between 18-25 years of age mentioned that they travel mainly for study (26%),
between 26-35 for tourism (19%) and study (17%), in the range between 36-50 years of
age they mentioned work/business (23%) as the main option, as well as in the category
between 51-65 (15%). In the case of the female population, the pattern of the educational
ratio is repeated in the 18-25 age group (19%), with no clear trend in the 26-35 age group.
However, in the 36-50 age range, work/business reasons are balanced with leisure reasons
(15%), with similar values for travel reasons in the 51-65 age range.

Table 3. Means of transport and frequency of travel by purpose.

Reason for the Journey (%)

Question Tipology Own Affairs Shopping Studies Work Tourism Health Care Leisure
On foot 44.34 48.21 48.62 49.14 55.24 52.47 50.85
Bus 3.17 3.59 5.50 2.86 3.50 3.70 3.39
Reasons for Bicycle 1.36 1.54 2.75 1.71 2.10 1.85 1.69
travel Car 46.15 42.05 37.61 41.71 33.57 37.65 39.55
Motorbike 4.52 4.10 4.59 4.00 4.90 3.70 3.95
Taxi 0.45 0.51 0.92 0.57 0.70 0.62 0.56
2/3 times 21.00 21.81 19.18 19.48 20.88 19.31 21.59
per week
Frequency More than
. 2 times per 15.30 15.64 17.12 13.42 14.29 14.85 14.54
of journeys
month
Occasionally 29.18 31.69 32.88 31.60 35.16 34.16 32.60
Every day 9.96 10.70 8.90 11.69 11.54 12.38 10.57
Once a day 11.03 8.64 8.22 10.82 7.69 7.43 7.49
Several 13.52 11.52 13.70 12.99 10.44 11.88 13.22
times a day

Another factor that helps to determine daily mobility is the number of stages a citizen
needs to take to make a journey, with each means or form of travel used being estab-
lished as a stage. Figure 4 shows the values obtained considering the number of stages
and according to the means of transport used, differentiating between soft modes (on
foot/bicycle/scooter), public transport (bus/taxi) and private vehicles (car/motorbike)
and their different combinations.

Figure 4 shows that more than 50% of journeys are made using the private vehicle,
making it the main means of transport among those surveyed. Soft modes are the second
most used element of mobility, with values very similar to the combination of soft modes
with the private vehicle for trips (values above 13%). Public transport is the least attractive
means of transport for citizens (5.7%).

Another of the fundamental aspects of the second part of the questionnaire consisted of
evaluating different mobility proposals, as well as collecting the user’s opinion on particular
situations existing at street level. In this sense, Table 4 shows the results obtained in the
survey, showing the user’s subjective response to the various options, using a five-point
Likert scale for their evaluation (value 5 being considered the highest priority for action).
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Figure 4. Means of transport required for travel.

Table 4. Assessment of proposals and current situation of the city.

Valuation (%)

Question 1 2 3 4 5
Creation of bicycle lanes 8.59 5.49 10.26 31.26 44.39
Creation of chargln'g points for electric 573 310 2943 3270 36.04

vehicles
Rental of electric scooters 9.07 5.73 26.97 29.83 28.40
Evaluates the Bicycle rental 7.88 4.53 19.33 34.37 33.89
following mobility Free blue zone for electric vehicles 15.04 11.93 25.30 23.63 2411
roposals i i i
prop Carsharing (rental O.f electric vehicles by 931 453 2912 29.83 2791
the minute)
Regular public transport
discounts/offers for public transport 7.16 2.86 10.50 2411 55.37
use
On-street parking 2291 38.42 29.59 6.92 2.15
Parking in the area of residence 15.75 25.30 30.07 20.53 8.35
Assess the Pedestrian space 7.40 15.04 41.77 26.49 9.31
following Accessibility of pavements 9.79 22.67 41.77 19.09 6.68
situations at street Traffic and road safety 7.88 19.33 46.78 20.05 5.97
level Ease of use of bicycles and electric 23.63 3723 27 68 6.92 453
scooters

Noise and pollution 11.22 26.25 41.77 13.60 7.16
School roads 16.23 29.36 37.71 10.50 6.21

Beginning with the citizen’s assessment of different approaches to sustainable mobility,
Table 4 shows that the most popular aspect would be the promotion of measures that
would favour economic advantages such as possible reductions in the cost of using public
transport on a regular basis. Other actions considered a priority by those surveyed were
the creation of cycle lanes and charging points for electric vehicles, together with bicycle
rental. Measures such as the rental of electric vehicles by the minute or scooters were given
lower scores, and the introduction of free fares in the regulated parking area for electric
cars was the least valued.

With regard to the assessment of the situation of the municipality at street level, Table 4
shows that respondents consider the existing traffic and road safety measures adopted,
as well as the space for pedestrians and the accessibility of pavements, to be acceptable
(rating 3 on the Likert scale). However, the user-friendliness of the PMVs, the existence
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of school roads, and noise and pollution are rated as acceptable-bad. The lowest-rated
factor is on-street parking, with no clear trend when asked about the availability of parking
around residences.

In order to complete section B of the survey, citizens were asked about those aspects
that they felt could be improved in the city in terms of universal accessibility, with the
intention of identifying the possible problems of walking, as well as the point of view
related to the overuse of private vehicles and the risks related to public health. Table 5
shows the results of the survey of stated preferences according to the answers provided by
citizens.

Table 5. Assessment of accessibility and the problem of excessive use of private vehicles.

Valuation (%)

Question 1 2 3 4 5

Increase the number of pedestrian 16.47 15.75 2434 20.29 2315
streets

Widen pavements 9.31 18.14 19.81 2291 29.83
What aspects do Reduce traffic 12.65 17.90 27.68 21.48 20.29
you think should Street crossings 7.64 14.32 34.61 26.25 17.18
be improved in Paving and/or street furniture 4.30 10.26 27.92 26.97 30.55
terms of universal Street signage 6.68 11.93 39.14 22.67 19.57
accessibility? On-street parking arrangements 5.49 10.74 30.31 25.54 27.92
Public transport, i(’:g;:on and design of 6.44 9.55 2124 28.40 3437
Access to buildings 9.07 15.75 36.04 19.81 19.33
Street lighting 6.44 11.46 27.92 2291 31.26
Lack of parking 9.79 9.79 17.66 24.82 37.95
What are your Trafﬁc. jams 12.65 17.18 21.48 23.87 24.82
concerns about Increas.ed noise pollution 11.22 13.37 21.72 24.82 28.88
excessive car use? . . Rlsl;1 of disease L 19.09 18.14 24.34 16.95 21.48
ncreased greenhouse gases and climate 13.37 10.98 1718 2076 3771

change

In relation to the public consultation on what aspects citizens consider should be
improved in terms of universal accessibility, it can be seen that the highest priority is
given to aspects such as: widening pavements, improving the paving and the appropriate
placement of street furniture, accessibility to public transport by relocating stops and
improving their functional design, as well as increasing the level of street lighting. Other
elements that are also considered as required, although with lower ratings, are: increasing
the number of pedestrian streets, reducing traffic, acting on crossings and signposting,
improving the layout of on-street parking and universal accessibility to buildings. On the
other hand, when asked about their concerns regarding the excessive use of private vehicles,
citizens consider that the most relevant aspects to consider are: lack of parking, climate
change linked to the increase in greenhouse gases, as well as the increase in noise pollution.
To a lesser extent, they are concerned about the risk of illness and traffic congestion.

3.3. Implementation of an LEZ in Ciceres

As anticipated in the section on the methodological design of the research, this section
is divided into three distinct parts. At the beginning, it focuses on the degree of user knowl-
edge on aspects such as LEZs, climate change, environmental labels, etc. Subsequently,
a series of measures for action in the city are proposed to the citizen, with the premise
of achieving more sustainable mobility. Finally, a series of alternatives to be evaluated
by the user are provided, expressing their stated preferences on the impact that a LEZ
could have on the city of Caceres, both in general and at a particular level. Table 6 shows
citizens’ opinions on the consultation on low-emission zones and on the situation of the
municipality under analysis.
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Table 6. Opinion on Low-emission zones (LEZs) and proposed measures.

Valuation (%)

Question 1 2 3 4 5
Did you know about the LEZ concept? 18.85 5.49 12.17 12.17 51.31
Do you know about “Madrid Central”? 6.44 5.73 14.56 17.18 56.09
Do you kngw about the existence of 453 406 10.02 15.04 66.35
environmental labels?
How informed e}ilre yo;l about climate 0.95 406 2104 30.55 43.20
What is your D 'Cd anghe. Cs b
opinion on 0 you consicer that t-aceres has 6.68 1122 25.06 3031 2673
Low-emission enough space for wall.q.ng. o
zones (LEZs)and DO you think that the municipality is - 3 g 28.64 2625 1265 8.83
the situation in the - access.,(li € }(:r C)}’f mg: 4
municipality? © you consider that there is a goo 13.60 22.67 3437 20.53 8.83
public transport infrastructure?
Would you change your way of getting
around if the cycling infrastructure 28.64 14.08 17.18 18.38 21.72
were improved?
Would you change the way you get
around if the pedestrian routes in the 21,72 14,56 20,29 22,20 21,24
municipality were improved?
Implementing urban tolls 61.58 12.65 13.60 6.21 5.97
Pedestrianisation 13.37 11.22 2243 20.05 32.94
) 30 Zones 2291 15.99 28.64 19.33 13.13
What do you think  Implementation of a Low-emission zone 20.53 9.79 24.34 2291 22.43
of the following Subsidies for the purchase of Eco and
alternative Zero Emission cars 14.80 7.88 16.71 23.39 37.23
measures to tackle Increased safe bicycle/pedestrian
pollution, noise infrastructure 9.55 5.73 18.62 23.39 42.72
and congestion? Subsidies for public transport 7.16 5.49 18.38 22.67 46.30
Subsidies ff)r the purchase of electric 16.71 7.40 24.82 18.62 30.46
bicycles/scooters
Universal Accessibility 6.21 2.63 16.71 24.58 49.88

From the results obtained in Table 6, a high percentage of the population of Caceres
are aware of the concept of the low-emission zone and are aware of the restrictions that
have been implemented in the residential priority area established in the centre of Madrid
(currently known as Madrid 360), as well as the environmental badges required for cars
to be able to circulate within the designated perimeter. A lower percentage, although
still considerable, said that they were informed about issues related to climate change.
With regard to citizens’ assessment of municipal infrastructures, it can be seen that those
surveyed consider that there is sufficient space for walking, although this is not the case
for cycling. In general, they gave a balanced score to infrastructures for public passenger
transport services, with no clear tendency towards a modal shift if both bicycle lanes and
pedestrian routes were improved.

When asked about alternative measures to tackle pollution, noise, and traffic con-
gestion, it is clear that the most unpopular action would be the introduction of urban
tolls. On the other hand, citizens are receptive to improvements in universal accessibility,
subsidies for public transport, increased road safety in infrastructure for MPVs, subsidies
for the purchase of environmentally friendly vehicles and MPVs, and the promotion of
pedestrianisation. Other measures envisaged, such as the implementation of LEZs and
30 zones, received inconclusive evaluations.

In order to assess the social perception and personal criteria of each citizen, we decided
to ask, in the case of the implementation of an LEZ in the municipality under study, what
effect it would have, both on the city and on the daily life of the respondent. Table 7 shows
the answers given by the population to this question.
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Table 7. Assessment of the possible implementation of an LEZ in Caceres.
Valuation (%)
Question 1 2 3 4 5

It will improve my quality of
life 22.67 21.72 24.82 12.17 18.62
Reduce my freedom 17.18 16.23 26.49 16.47 23.63

It will make me use my
car/motorbike less for my 21.48 15.27 31.26 14.08 17.90
If a Low-emission zone were daily commute
to be implemented in Will make me consider
Caceres, how would it affect  switching to a less polluting 18.62 11.69 28.64 12.65 28.40
your daily life? type of vehicle

Make me use public transport

18.38 16.23 27.68 15.99 21.72
more

 Will cause me to use my 15.27 15.75 24.82 1241 31.74

bicycle/electric scooter more
It will make me walk more 24.11 30.79 21.00 9.07 15.04
Ifa Low-emission zone were 1 Wil improve thehealthof =5, o 3055 18.38 6.68 1313

to be implemented in citizens

Caceres. how do vou think it Improve the quality of life 32.46 25.54 19.57 9.07 13.37
V\;oul d afert the Reduce traffic in the city 30.79 31.98 13.60 11.22 12.41
municipality? Make the city cleaner 27.68 32.46 17.66 9.79 12.41
paiity’ Decrease traffic noise 32.22 37.47 12.89 7.16 10.26

In the first case, citizens clearly define the aspects which, in their opinion, will affect
their daily journeys and cause them to change their approach to daily mobility. Respondents
consider that they will walk more and improve their individual quality of life, and do not
feel that their freedom of movement will be reduced. Citizens expect to use fewer private
vehicles, although they do not a priori consider switching to a less polluting type of vehicle
or making greater use of MPVs or public transport.

In the second case, when respondents were asked about the effect that the LEZ would
have on the municipality in general, it was observed that in all cases they were mainly in
favour of the considerations that it would improve the health of citizens and their quality
of life, and that it would reduce both traffic and noise, promoting a cleaner and healthier
city.

Finally, citizens were asked how long they would be willing to walk to their destination
if they were provided with both convenient and affordable parking and a safe pedestrian
priority zone. The results are shown in Figure 5.

0 - 5 minutes
6 — 10 minutes
B11 - 15 minutes

@ Over 15 minutes

Figure 5. Question: How long would you be willing to walk to your destination?
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Figure 5 shows that more than 68% of the population would agree to walk more than
ten minutes to their destination, and that for 31% it would be feasible to walk from 0 to 10
min. Therefore, it can be deduced that the creation of infrastructures such as peripheral
car parks in combination with semi-pedestrianisation or pedestrianisation (following the
model of the city of Pontevedra) could be a response to the modal shift that would allow
for greater walking distances.

3.4. Analysis of Respondents’ Perceptions

In order to evaluate in greater depth how the implementation of an LEZ would affect
the daily life of the inhabitants of the city of Cdceres on a personal level, it was decided
to carry out a cross-analysis of the information, taking into account the gender of the
respondent and their age range.

Focusing on the first group of questions shown in Table 6 (concerning the state of
the municipality), both male and female respondents, regardless of their age, consider
that the city under study has enough space for walking, but on the other hand, it is not
an accessible and attractive public space from the point of view of cycling. On the other
hand, all the women surveyed and the 36-50 age group of men consider that the public
transport infrastructure does not meet their expectations, in contrast to the opinion of the
rest of the male sector, which refers to the existence of adequate urban transport facilities.
When asked whether they would change the way they travel if improvements were made
to cycling infrastructure, the male sector was indifferent, while the female sector dismissed
the proposal, with the exception of women between 36 and 50 years of age, where there
was a slight hint of a modal shift. With regard to the issue of promoting and improving
pedestrian routes, the male sector as a whole (with the exception of the 18-25 age group), as
well as women aged 26-50 (apart from those aged 51-65) are inclined towards a modal shift
towards this soft mode. Women between 18-25 and 66-75 are indifferent to the proposal.

Considering the second group of questions represented in Table 6 (alternative measures
to tackle pollution, noise and traffic jams), regardless of the gender of the respondent and
their age range, the inhabitants are in favour of the implementation of a low-emission zone
that includes the construction of new pedestrian zones, the establishment of subsidies for
public transport and the purchase of PMVs and cars with Eco- or Zero-emission labels,
the creation of safer infrastructure for PMVs, as well as facilitating municipal universal
accessibility. On the other hand, they are totally opposed to the introduction of urban tolls.
At the same time, with regard to the implementation and signposting of new 30 zones, all
men and women between 18-35 years of age do not consider this to be a good measure,
but women over 36 years of age consider it to be a really favourable measure.

In relation to the questions listed in Table 7 and specifically when respondents are
asked how they consider that the implementation of the LEZ would affect them personally
in their day-to-day life, regarding the question on whether they consider that their quality
of life would improve, the male population between 18-25 years of age is mainly indifferent
to the question, while from this age range onwards, the respondents consider that they
agree with the question as a whole. In relation to the female sector, as in the previous case,
the population between 18-25 is indifferent, in the range between 26-35 no clear criterion
is defined, but above that age a positive evaluation is maintained in relation to the question
asked. As far as the reduction of freedom of mobility is concerned, the male population
aged 18-25 seems to be clear that the implementation of the LEZ would be a limitation,
but there is no clear trend in the rest of the age brackets. On the other hand, the female
population between 18-25 and 36-50 years of age is indifferent to this question, and those
between 26-35 and 51-65 consider that their freedom of movement will not be reduced.
With regard to the use of cars/motorbikes for everyday journeys, men aged 18-25 and
36-50 are of the opinion that they will not dispense with their use, while those aged 26-35
remain indifferent, while men aged 51-65 are clearly in favour of using these means of
transport to a lesser extent. Women are generally indifferent between the ages of 18-35 and
are less inclined to use the car/motorbike over the age of 36. As far as the use of public
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transport is concerned, in general, the male population does not consider that they will
make more use of public transport after the implementation of the LEZ, with the exception
of the 26-35 age group, which does not show a clear trend in their responses. On the other
hand, the female sector is strongly in favour of a modal shift towards the bus. With regard
to personal mobility vehicles (bicycles and electric scooters), the male population does
not show particular acceptance and considers that they will no longer use these means of
transport with the implementation of the LEZ, with the exception of the 26-35 age group.
Likewise, the female sector as a whole does not consider using PMVs more frequently.
In the case of walking, both the male and female respondents are in favour of walking
more when the LEZ measures are implemented. On the other hand, when respondents
are asked their opinion on how the implementation of the LEZ would affect their city (in
general), there is a clear trend among both men and women. Regardless of gender and age,
citizens agree or strongly agree with the effects of the LEZ measures, considering that it
would visibly improve the health of citizens, reduce traffic and noise in the city, and have a
positive impact on street cleanliness. However, when asked about the overall quality of life
in the municipality, men in the 18-25 age group do not have an a priori opinion and are
indifferent to the measure.

4. Discussion

The implementation of low-emission zones (LEZs) in many municipalities will pro-
vide a an effective toolto mitigate the negative externalities of urban transport, such as
noise and greenhouse gas emissions. Several authors have focused on understanding the
effects of LEZs on air quality [52,53], neglecting the economic and social effects. On the
other hand, worldwide know-how advises that the implementation of an LEZ should be
subject to an ex ante evaluation considering social acceptance, in order to foresee and
solve the obstacles that would generate the adoption of the new measures. Considering
that the effectiveness of an LEZ is intimately linked to the degree of social acceptance
and the impact on citizens’ behaviour and intentions, quantifying preferences and social
views prior to the establishment of the measure would serve to assess the relationship
between the adoption of behavioural patterns by residents and car users and the level of
restrictions [54]. Individual citizens” interests may clash head-on with the acceptance of
certain sustainable transport policies, in particular when residents are asked to make a
significant effort to adapt their lifestyle and mobility habits, which may affect their comfort
or generate economic costs [55]. In this research, as a complement to the stated preference
survey, a SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) was developed
to understand the stability of the approach to the implementation of a low-emission zone
in the city of Céceres, and to identify the relationship between this sustainable mobility
policy measure and the challenges posed by climate change. A SWOT analysis is used
in the preliminary phase of strategic decision-making and consists of an assessment of
strengths and weaknesses (internal) and opportunities and threats (external). Considering
the process of urban management and planning, it is observed that the internal strengths
and weaknesses (endogenous factors) are mainly the role of the municipal administration,
while the opportunities and threats (exogenous factors) are external stimuli beyond the
control of the public authorities [56]. The SWOT analytical framework is a tool to reduce
citizens” uncertainty about foreseeable changes since it generates an increase in the level
of information. At the same time, it enables the generation of urban planning strategies
because it can be used as a decision support system. The results are expected to help
provide evidence for improving the resilience of the city, anticipating the challenges of
climate change, and assisting in the establishment of measures that can form the basis
of urban planning strategies based on improved mobility. The integrated information
for structuring the SWOT analysis was collected through surveys conducted among the
population, together with existing studies and research on the city. Table 8 includes the
SWOT analysis for the establishment of an LEZ in the city of Caceres.
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Table 8. SWOT analysis of the possible implementation of an LEZ in Caceres.

Strengths

Weaknesses

S1. Pollution abatement and positive impact on air quality

S2. Protection of the historical and artistic heritage of the city

S3. Reduction of noise nuisance in the city centre due to traffic
restrictions
S4. Safe, accessible and sustainable tourism
S5. Increased quality of life for citizens
S6. Balanced geographical distribution of actions
complementary to the LEZ
S7. Reorganisation of parking spaces and generation of
park-and-ride facilities
S8. Improvement of sustainable urban mobility through the
promotion of soft modes, public transport and shared or
non-polluting vehicles
S9. Intensifying public interest in new, less polluting vehicle
models
S10. Preservation of public health and social well-being

W1. Public ignorance of future measures and social opposition
to the creation of the LEZ
W2. Lack of a proper legislative framework of reference that
clearly specifies the restrictions
W3. Possible disagreement of political groups on the approach
of measures
W4. Age of the vehicle fleet
WS5. Absence of clearly defined delimitation of the LEZ
Wé. Lack of a dissemination campaign on the benefits of the
strategy for the citizen
WY. Gap in coverage of a sufficient network of charging stations
for electric vehicles

WS8. Shortage of sustainable mobility infrastructures (cycle
lanes) and/or lack of connection

WO. Urban orography and insufficient public transport services
in certain areas
W10. Overuse of private vehicles for short distances

Opportunities

Threats

O1. New business alternatives (sale of electric or eco vehicles,
bicycles, MPVs)
02. Advances in the development of technological control of
urban traffic
O3. Willingness of citizens to travel in a more sustainable way
(transfer towards soft mobility)

0O4. Growing social awareness of the negative impact of
environmental pollution due to excessive traffic in the city
O5. Political interest in improving road safety and generating
flexible legislation
06. Revitalisation of the historic centre and commerce
O7. Launching of a public service of electric car sharing and
personal mobility vehicles (PMVs) on a per-minute rental basis
O8. Progress in the creation of new pedestrian and
semi-pedestrian zones
O9. Restructuring of lines and adaptation of public transport
timetables
010. Improving the city’s infrastructures and connections for
more efficient mobility

T1. User’s negative disposition towards the implementation of
the LEZ due to the limitation of their personal freedom
T2. Economic barrier for residents due to the burden of the
possible replacement of polluting cars by eco-friendly vehicles
T3. Saturation of road infrastructure and increased traffic
congestion in areas adjacent to and outside the LEZ
T4. Organisational problems in urban freight distribution (last
mile logistics)
T5. Competition/conflict between soft mobility users for road
use
T6. Non-compliance with restrictions by the population
T7. Possible initiation of legal proceedings or lawsuits against
the City Council for the implementation of the measure

T8. Increased travel times for the user

T9. Danger of imminent entry into force instead of a gradual
process of implementation
T10. Lack of acceptance of the measure due to the lack of a
public consultation procedure

From the internal (endogenous) point of view, Table 8 shows both the weaknesses
and strengths of the proposal. On the one hand, certain intrinsic potentialities of the im-
plementation of an LEZ in the city of Caceres are evident, such as: (1) in terms of health
(the reduction of noise and environmental pollution, improvement of quality of life and
preservation of public health and social well-being); (2) from a tourism point of view
(protection of the historical-artistic heritage and safe, accessible and sustainable tourism);
(3) in the field of infrastructure (reorganisation of parking spaces and creation of parking
spaces for car parks and appropriate spatial organisation of complementary actions to
the LEZ); and (4) in the field of sustainable urban mobility (promotion of soft modes,
public transport and car sharing and intensification of public interest in environmentally
friendly vehicles). With regard to the weaknesses of the LEZ, different vulnerabilities can
be identified: (1) in the social sphere (lack of public awareness of future measures, social
opposition to the creation of the LEZ and overuse of private vehicles for short distances);
(2) in terms of public administration (lack of a legislative framework specifying the restric-
tions, possible discrepancy between different political groups in the approach to measures,
lack of clear delimitation of the scope; and (3) in terms of mobility as a global concept
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(lack of charging stations for electric vehicles, lack of sustainable mobility infrastructure
(cycle paths) and/or their connections, complicated urban orography and imbalance in the
supply of public transport services in certain areas of the city, together with the age of the
vehicle fleet).

With regard to exogenous factors, Table 8 defines the threats and opportunities pre-
sented by the implementation of the LEZ in the city. Starting with those that would
represent a favourable situation, the following possibilities are listed: (1) in economic
terms (revitalisation of the historic centre and the area’s commerce, R&D&I advances in
technological control of urban traffic, new options for companies derived from the sale
of electric or eco vehicles, bicycles and PMVs); (2) from a social point of view (citizen
willingness for the transfer towards soft mobility and growing social awareness due to the
negative repercussions of environmental pollution from excessive vehicle traffic); (3) in the
field of public administrations (clear political interest in improving road safety and drafting
adaptable legislation); and (4) in the field of sustainable urban mobility (improvement of
city infrastructures and connections, creation of new pedestrian zones, reorganisation of
public transport lines and adjustment of timetables, implementation of a public service
for the rental of shared electric vehicles and MPVs). In relation to the risks to which the
LEZ is exposed, the main considerations are listed below: (1) in the social sphere (economic
obstacle for residents due to the required replacement of cars by eco-vehicles, citizen unease
resulting from an immediate entry into force instead of a gradual process of putting the
LEZ into operation, lack of approval by the inhabitants due to the absence of a public
consultation procedure and user disincentive propensity towards the implementation of
the LEZ due to the limitation of their personal freedom, situations that may result in a
disregard of the restrictions by the citizen); (2) with regard to the public administration
(possibility of legal proceedings against the municipal council for the implementation of the
measure); and (3) with regard to mobility as a global concept (competition between users
of soft mobility due to the use of road facilities, infrastructure congestion and increased
traffic in the areas surrounding and outside the LEZ, increased travel time for the user, as
well as the emergence of problems linked to last-mile logistics).

The SWOT analysis developed in the city of Caceres under the premise of the imple-
mentation of an LEZ shows that, although there are barriers and limitations that could
hinder the initiative, there are multiple opportunities that open the way to a new future of
mobility in the city. Citizen consultation, as has been carried out in this article, is considered
fundamental, since detecting social preferences and opinions prior to the establishment of
LEZs could help to balance the middle ground between the level of restrictions, the supply
of infrastructure and public services and citizen behaviour under different roles on the
road. The application of mechanisms such as fiscal incentives to encourage modal shift
towards public transport and PMV could perhaps be more fruitful for sustainable urban
mobility than the development of restrictive policies unknown to the citizen. Without the
necessary social acceptance, the behavioural change required for better air quality and
living conditions for city dwellers will not be achieved.

The research carried out in this article can provide urban planners, transport planners
and public managers with a better understanding of the motivations of the people who feel
affected by LEZs, which would allow redirecting the negative impacts and optimising the
social benefits of sustainable urban mobility policies. In parallel, it is considered that the
results obtained could feed into participatory planning processes, in which different citizen
profiles can be selected and involved in terms of the acceptability of LEZs [57]. Moreover,
the results achieved could become an interesting platform for policymakers to identify key
variables to better interpret modal choice and its effect after the implementation of an LEZ.
It should be considered that some research clearly underlines the initial rejection by private
car drivers of policies that restrict car access to certain areas [23], which is a controversial
aspect for coherent urban mobility planning. Other authors indicate that personal reasons
seem to be more important for modal choice than ideology or awareness [58].
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In many cases, motorists are receptive to the immediate individual benefits of the
private car for their journeys (cost, time, comfort, etc.), as the following research has
shown [59,60]. However, changes in mobility behaviour towards less-polluting modes
of transport are crucial to improve air quality. This research is a useful contribution to
knowledge in the context of LEZs, as it aims to identify people’s travel patterns prior
to the implementation of the measure [61,62]. In this sense, the authors consider it very
useful to establish an ex post questionnaire after the implementation of the measure, to
find out what changes have occurred in the mobility behaviour of the inhabitants after
the implementation of the LEZ and to assess whether the actions of the citizens are really
consistent with the answers given in the ex ante evaluation.

5. Conclusions

The aim of this research is to analyse citizen perception of the imminent implemen-
tation of a LEZ in a medium-sized Spanish city, using as a working methodology the
development of declared preference surveys. In the planning and management processes
of municipal public administrations, it is considered essential to ascertain the citizen’s point
of view and the possible degree of acceptance of certain measures to be considered which
may have an undeniably unpopular dimension. This paper aims to shed some light on
the knowledge gap that exists in the ex ante evaluation of urban air quality measures in
coordination with the use of public participation processes. The methodology employed
consisted of a citizen survey campaign, with the intention of identifying the main variables
influencing modal choice at the individual level of travel. The structure of the question-
naire was divided into three blocks: (A) Socio-demographic data, (B) Characterisation of
the usual mode of transport and (C) Implementation of an LEZ in Caceres. The results
obtained initially show the presence of a digital divide among the population over 65 years
of age, as well as an upward trend of mixed workers (face-to-face + telematic). On the
other hand, with regard to the mobility of the study area, it can be seen that the LEZ is a
destination widely selected by citizens of neighbouring municipalities, as well as residents
of the western and southern districts. According to the type of means of transport used
together with the reason for the journey, it can be seen that a large proportion of the citizens
surveyed make their journeys mainly on foot or by car, regardless of the reason for the
journey. About the frequency of journeys, the results show greater variability depending
on the reason, with occasional journeys standing out, followed by journeys made two to
three times a week and then journeys made more than twice a month depending on the
reason. In terms of citizens’ assessment of various sustainable mobility alternatives, the
most popular questions were possible reductions in the cost of public transport, the creation
of cycle lanes and charging points for electric vehicles, and bicycle rental.

Regarding the questions related to the implementation of an LEZ in the city of Caceres,
it appears that a high percentage of the population of Caceres is aware of the implications
of the concept and knows about the existence of environmental labels. A lower percentage
said that they were aware of issues related to climate change. With regard to the public’s
assessment of municipal infrastructures, it can be seen that those surveyed consider that
there is sufficient space for walking. When asked about alternative measures to tackle
pollution, noise and traffic jams, citizens consider that the most unpopular action would be
the introduction of urban tolls. On the other hand, citizens are receptive to improvements in
universal accessibility, subsidies for public transport, increased road safety in infrastructure
for MPVs, subsidies for the purchase of environmentally friendly vehicles and MPVs, and
the promotion of pedestrianisation.

These results are in line with the SWOT analysis carried out, where fragile endogenous
aspects emerge, such as the population’s lack of awareness of future measures, a problem
that could be solved with information campaigns developed by public administrations and
aimed at the population, providing the benefits of the LEZ. Although the implementation
of the LEZ presents clear opportunities for the city in terms of sustainable mobility, air
quality and territorial organisation (making it possible to recover public space for citizens),
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there are undoubted threats such as the lack of acceptance of the measure, which could
lead to a negative predisposition on the part of users, resulting in non-compliance with the
restrictions. However, respondents have stated that, with the implementation of the LEZ,
they consider that they will walk more, and their individual quality of life will improve, and
they do not feel that their freedom of movement will be reduced. Nevertheless, work should
be done on solutions within the framework of sustainability standards that contribute to
improving the acceptability of the measure and the quality of life of citizens in general.

In order to mitigate the limitations present in the article and improve the effective-
ness of the analysis developed, the authors plan to employ the following lines of future
research: (1) the implementation of stakeholder participation (policymakers, researchers,
urban planners, environmental consultants, municipal technicians, transport planners and
professional associations), through the design of a collaborative evaluation framework
comprising semi-structured interviews and an open dialogue space, (2) the establishment of
an ex-post questionnaire after the implementation of the LEZ, in order to identify changes
in users’ mobility behaviour patterns and to assess whether citizens’ behaviour is actually
consistent with the responses expressed in the ex ante evaluation and (3) the use of com-
puter tools for the statistical treatment of the information provided by the study results (in
terms of quantitative data evaluation).
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