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ABSTrAcT
The urban environment and the quality of the urban spaces are greatly affected by different 
forms of mobility, from the extremely impactful mass use of private vehicles to the ‘soft’ 
pedestrian walkways and cycle paths, and also through the several modes of public transport. 
In this paper we first explore the different urban impacts of these forms of mobility and the 
interaction between the urban system and the transportation system, and we then analyse 
the relationship of factors promoting urban quality in accordance with literature on urban 
design. Next, an analysis of the street’s cross section is made, as the quality of this space is 
inextricably linked to its grade of sustainable mobility. The results of this study are contrasted 
with the experience within Granada’s metropolitan area, which has a high level of private 
vehicular use, for example its heavy congestion coupled with severe environmental pollution. 
A new light rail system (LrT) has been developed, with major urban renewal along its track. 
The LrT has the particularity of having varied cross sections, whereby the improvement in 
quality of urban space along them can be evaluated. The high-quality urban spaces are those 
with virtually no vehicular access whatsoever, providing a completely pedestrianized area, 
such as in the traditional urban road crossing axes in the outlying districts, which are now 
almost completely free from vehicles and are more greatly accessible to people. As a result 
of current social distancing required by the cOVID-19 pandemic, urban space, which can 
be configured in a very adaptable way, is changing in many cities including Granada, giving 
more space in their streets to sustainable mobility modes and, therefore, indirectly increasing 
their quality and longevity. The changes carried out in Granada reveal a requirement for the 
promotion of improvement in urban spaces and sustainable mobility on a metropolitan scale, 
since the LrT is not enough if it is not accompanied by other urban development and mobi-
lity integrated measures.
Keywords: Granada, LRT, public transport system, sustainable mobility, urban quality, urban sustain-
ability.

1 INTrODUcTION: mOBILITy AND UrBAN SPAcE
considering the complexity of the urban space, the relationship and interactions between the 
transportation and mobility systems are clearly perceived. Transportation has a major impact, 
as observed by Vuchic [1], “not only on the physical form of cities but on their liveability – 
the quality of their natural and man-made environments”. Generally, these interactions have 
been explained largely in terms of land use and changes in patterns of activity, transformed by 
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the extended accessibility created by the transport infrastructures, and their long-term impact 
[2,3]. The purpose of this work is to analyse the nature of the symbiotic relationships [4], 
exploring the role of the public transport systems, sustainable mobility and the quality, not 
only of the urban public spaces [5] but also of the urban space in general. The metropolitan 
area of Granada will be assessed according to these considerations.

Varying impacts of different forms of mobility within the urban space are greatly diversi-
fied. Spatially, the concentrated accessibility of public transport systems gives a cluster of 
activities around their stops affecting land use, increasing land rents and promoting higher 
density developments [2], whilst private vehicle infrastructures cause them to spread over the 
suburban territory [1]. from an environmental perspective, the increase in private vehicular 
use and the subsequent traffic density is widely and traditionally documented as a fundamen-
tal element in the deterioration of living conditions and the exacerbation of urban environ-
mental problems [6–8]. On the contrary, public transport systems are, by their very nature, 
more sustainable than private vehicular-based transport systems, as a result of their social, 
economic and environmental performance [9–11].

The 2020 spring ‘lockdown’ due to the cOVID-19 pandemic demonstrated the great impact 
on air quality within our cities caused by such heavy traffic and that improved air purity can 
be achieved with lower traffic circulation density [12]. Pollution and congestion levels have 
since returned to their higher states, or even greater in some cases, as people are opting to use 
private motorized vehicles instead of public transport due to a fear of infection, and pollution/
congestion levels have reverted to an unsustainable trend [13]. All cities have experienced 
equivalent cOVID-19-instigated challenges, forcing the adoption of similar measures and 
models to address the new situation in order to guarantee safe and sustainable post-pandemic 
urban areas [12–14].

Sustainable mobility, resulting from a greater participation of sustainable transport modes 
in the mobility modal split, plays a central role in the quality of urban areas [8,9,11]. In 
addition, it is broadly recognized that sustainable mobility is promoted by sustainable urban 
forms. Urban plans should create ‘contained’ and compact urban configurations, with diverse 
uses in close proximity, reducing travel demand and fostering the use of local services and 
facilities. As a consequence, high densities provide enough population to support public 
transport services creating greater focus of population and employment and encouraging 
walking and cycling [9,15,16]. A high investment in sustainable transport solutions, such as 
public transport infrastructures and services, will unquestionably have a large impact on the 
urban space, the quality of life of the population and the betterment of locations and envi-
ronments within cities [1,9,16–18]. The strong links identified between sustainable urban 
mobility and urban sustainability can be demonstrated through the promotion of walking and 
cycling and the support of a well-designed public transport system, offering frequent, fast 
and direct services, and the location of transit stations, employment opportunities, homes and 
amenities all within walking distance of each other, or within close proximity [9], to ensure 
that sustainable modes of transport are more attractive [19,20].

In order to analyse the nature of the symbiotic relationships between public transport sys-
tems, sustainable mobility and the quality of the urban space in the metropolitan area of 
Granada, this work is organized into three more sections. In the next section we examine 
the role of sustainable mobility and public transport systems in the quality of urban spaces 
with consideration to the literature on urban design concepts. Pursuant to these observations, 
different sustainable mobility levels will be determined for various street configurations, and 
they will be considered in the context of Granada’s metropolitan area and its public transport 
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system, lately improved with a light rail transit (LrT) line. Lastly a modest increase in urban 
quality is reported due to implementation of the LrT.

2 SUSTAINABLE mOBILITy AND UrBAN qUALITy

2.1 Urban sustainable model and urban sustainable mobility

The need to restrict private indiscriminate vehicular access in urban areas to ensure their 
environmental quality was early established by Buchanan’s “environmental capacity areas” 
[7]. According to Parfect and Power, the first negative indicator for urban quality was the 
“excessive impact of vehicular/parking requirements upon the urban scene” [8], nowadays 
we should also consider the increased use of electric vehicles and their similar impact. There 
have been many examples of high-quality modern pedestrian-oriented areas been developed 
utilizing space previously allotted to private vehicles [21–23]. Thus, these traditional high 
“environmental capacity areas” [7] have been recognized as “a major regulating tool for 
urban quality” [8], and have been extensively implemented. An up-to-date example in Spain 
is Barcelona’s recent superblock model, where its urban structure is being re-organized “to 
discourage cut-through traffic and promote multiple uses of street space” [24]. Similarly, 
there are urban development proposals to implement a more pedestrian focused paradigm 
based on the proximity model, demonstrated in the “15-minute city” proposal, recently expe-
rienced in Paris [25]. furthermore, vehicle restrictions are also vital, not only to reduce pol-
lution emissions and enhance the quality of urban space but, in addition, to ensure the suc-
cess of public transit systems [1]. It is widely recognized that their greatest benefits will 
be accomplished by the integration of transport and urban or land use planning [2,9,16]. 
The private vehicle restriction approach must be complemented taking into consideration 
the role of public transportation in sustainable mobility. In particular, public transport has 
an effect on all dimensions of urban sustainability, changing the form of a city, and is linked 
to energy efficiency and social cohesion, promoting the sustainable urban model, in other 
words, a compact city in its morphology, complex in its organization, metabolically effi-
cient and socially cohesive [26]. As has been demonstrated in Oslo, higher social cohesion 
is associated with public transport accessibility [27]. So, in this relationship between the 
sustainability of the urban and transportation/mobility systems to attain urban liveability, 
the quality of the public transport systems is essential to promote walking and cycling and 
favouring sustainable transport modes to be competitive with motorized private transport. 
This is shown in the next table according to an assessment model on their attributes and cha-
racteristics [28], where mobility and services are highlighted. The proposed “15-minute city” 
concept, in addition to considering ‘density’, ‘proximity’ and ‘diversity’, that are capitalized 
in the table, also includes ‘digitalization’, in line with the present “smart city” paradigm for 
post-pandemic cities [25]. These should be adopted in new urban developments or reforms 
and the negatives associated with excessive density such as pollution and congestion should 
also be avoided (Table 1).

2.2 Sustainable transport modes and urban quality

Keeping in mind these reciprocal interactions between mobility and urban space, it is worth 
exploring in what respect sustainable transport modes, and particularly public transport sys-
tems, affect the urban environment and the quality of the urban space, given its recognized 
significant capacity for ‘placemaking’ [4,5,29].
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Essentially, sustainable transport modes are those alternatives to private vehicles in urban 
mobility such as walking, cycling, personal light electric vehicles and public transporta-
tion – especially electric powered – under global and continuous upgrade and development 
[9,11,30,31]. The increasing participation of theses modes in the urban mobility will help to 
promote high-quality accessibility and contribute to the high-quality environment of cities [9].

The issue of ‘quality’ in urban areas as linked to mobility has been prominent in the disci-
plines of urban planning and design since the seminal work of Jacobs (1961) [32], and it was 
also reinforced by the sustainability paradigm from the 1990s [8,32]. Thus, urban quality has 
become a significant feature in achieving urban sustainability by means of the coordination of 
urban and public mobility policies. Due to its essential complexity, there is a broad consensus 
on the multi-dimensional character of its nature, and that it cannot be easily measured or fully 
identified as it is dependent on both tangible and intangible elements [8,32–34]. however, 
an approximation is possible by considering several component factors, such as, those sum-
marized by Parfect and Power: “finance, including provision for maintenance; amenity, i.e. 
attractiveness for people and uses; traffic and parking, including provision for pedestrian 
and access; security/safety for people, uses, property, etc.; and order/organization i.e. clarity 
of purpose, whether applying to single or mixed uses” [8]. In addition, indicators of urban 
quality have been extensively discussed in urban design literature as a measurement of the 
tangible and intangible elements with respect to data on several dimensions of cities, with 
particular regard to walkability, such as “imageability, enclosure, human scale, transparency 
and complexity”, as proposed by Ewing and handy [35]. furthermore, digital technologies 
and digital mapping have enabled detailed spatial analysis [36–38].

Urban quality may be associated with urban design concepts such as urbanity and vitality, 
as most distinctive characteristics of cities, and also those promoting urban sustainability, and 
they have been widely discussed. With respect to ‘urbanity’, according to montgomery [39], 
there are three essential urban dimensions linked to this: “activity, image and form”. As he 
explained, these could be achieved as a result of some detailed principles. moreover, some 
basic conditions should be considered for achieving urban ‘vitality’, as have been listed and 
described by Jacobs as: “concentration, diversity, contact opportunity, need for aged build-
ings, accessibility and distance to border vacuums” [32]. As has been proved again in Oslo, 
neighbourhood density and the varied use of urban space are positive predictors of urban 
vitality [27]. certainly, they are related to the referred principles and have been charted in 
Barcelona highlighting the areas of greatest vitality [40].

Thus, sustainable urban mobility is strongly associated with a street’s vitality and liveability 
[20,36,41], as is currently recommended in the people-oriented sustainability framework of 
the UN New Urban Agenda [42].

Sustainable transport modes promote and/or increase urbanity and vitality and, therefore, 
an improvement in urban quality. The most basic mode, walking, is clearly linked to urban 
quality [8] and pedestrian access has also been used as a measure of it [43,44]. On the 
other hand, bicycles and more recently, personal light electric vehicles, will need their own 
space to avoid conflicts with pedestrians or share the street space with other vehicles, whilst 
generating positive transformations in the public space of cities [45,46]. With respect to 
public transport systems, focusing on the indicated urban design’s principles and conditions 
permits the comprehension of how they promote urbanity, vitality in cities and in the clear 
correlation between them, as can be seen in Table 2.
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Thus, as has been previously explained [5], these systems increase urban accessibility, 
activity and contact opportunities, requiring and promoting population and employment 
opportunities [2], and are therefore linked to the related vitality conditions, and activity 
principles. On the other hand, physical transformation of the urban space is associated with 
modern transport developments, improving sustainable mobility-oriented areas. This links 
to the form and image principles and characteristics of the public realm (see Table 2). The 
spatial efficiency of public transportation in the occupancy of urban space with respect to 
other transportation modes, especially cars [1], is one of the most important elements of 
their urban impact. Therefore, its development has led to multiple examples of urban space 
recovery, as has been previously indicated. Though, showing different levels of recognized 
success, the potential for urban public transport to transform cities will be different for each 
situation depending on several factors, as indicated by Pflieger et al., “of reproduction and 
dependency: technical, morphological, political and institutional” [47].

2.3 LrT systems creating high-quality urban areas and sustainable mobility levels

Among the different forms of public transportation, rail-based modes have been revealed to 
have a greater and longer lasting impact on urban areas, due mainly to their heavier physical 
characteristics and permanence [48], particularly when in comparison to bus-based transport 
systems such as the Bus rapid Transit [29].

Indeed, as has been evidenced in an increasing number of cities all over the world [49], rail 
transit systems, and particularly LrT, have proven to be the more beneficial public transport 
mode, enhancing human orientation within cities and having a major impact on them. Their 
compatibility with pedestrian zones and other people-oriented areas is especially relevant 
[1,8]. This is demonstrated particularly well in the case of the french tramways and their 
urban redevelopment [50], which have been created with a specific place-image and identity 
purpose in mind [29]. They have been an important reference for other countries, particularly 
Spain and their LrT developments.

The relationship between light rail developments and city boosterism as a place-making 
process has been analysed by ferbrache and Knowles [29] in order to develop an objec-
tive interpretation of terms regarding quality, liveability and attractiveness of cities. In addi-
tion, the new LrT system’s modern image has become a distinctive feature for a city’s pres-
tige, signifying ‘progress and development’ and promoting the perception of what a city 
should be. Their place-making effect is best achieved through the integration of these trans-
port infrastructures with urban planning and land-use, as previously stated [4,16]. This has 
been successfully carried out by city planners and transport developers, “marrying together 
both engineering and environmental/physical appearance considerations” [8], and favour-
ing proximity dynamics [51]. This strategy “towards achieving sustainability principles and 
more liveable cities”, has transformed urban areas and improved urban ‘image and quality’ 
from street level to full scale city development [29].

To this end, contemporary LrT systems have mostly been developed through both re-
urbanization and the promotion of the public realm along the transit corridor [50]. Their 
construction has consisted of a complete urbanization renewal from beginning to end. high-
quality physical environments are developed with pedestrian-friendly areas, improving the 
appeal of the streetscape, making it attractive not only to the transit passengers but also to 
the population in general. This urban renewal and the new high-capacity mode of public 
transport, reducing private car use and promoting sustainable transport modes, are the main 
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urban effects directly linked to urban quality. Among these attributes it should be highlighted 
that limiting the operational speed of LrT systems makes them fully-compatible with pedes-
trianized and pedestrian-oriented areas, creating high-quality urban areas in accordance with 
the sustainability dimensions, as indicated in Table 3 [1,2,11,16,29,50].

By performing spatial analysis through mapped indicators similar to those utilized in Bar-
celona [40] and in other cities [38], we are able to assess the quality of the urban space. In 
addition, the zonal quality considerations of the urban spaces can be examined according to 
the linear dimension of the streets, as previously developed with the comprehensive “link & 
place” methodology for street planning and design [52]. This attention to the streets’ cross 
section could also be considered with respect to the conformity between the urban sustain-
ability and the sustainable mobility models, which has already been discussed. Therefore, as 
a first simple approximation, the public space quality of the streets can be considered rela-
tive to the level of sustainable mobility that is taking place in their space. In this respect, an 
easy analysis of the sustainable mobility level of the streets according to their existing cross 
sections is presented with reference to the long-established level of service strata [53]. Sub-
sequently, the proportion of sustainable mobility areas can be easily assessed, with respect to 

Table 3:  LrT and high-quality urban areas according to sustainability dimensions (Source: 
Adapted from Miller et al. (2016), Vuchic (2017) and Bertolini (2017)).

Sustainability dimensions

Spatial Environmental Social Economic

Efficient and reduced 
space occupation

No atmospheric 
contamination

community 
cohesion

Increased economic 
efficiency

Barrier effect limited 
according to frequency

Noise reduction community 
livability

contributions to 
economic activity

fully-accessible Decrease pollution 
land-water

Safety and health reduced user cost

quality urban design Decrease in energy 
use

Aesthetics and 
modern image

Improved intermodal 
system

Table 4:  Levels of sustainable mobility of proposed street cross-sections analysis (Source: 
Own research).

Sustainable mobility level Sustainable mobility area 
(SMA) (%)

Unsustainable mobility area 
(UMA) (%)

A 100 0

B 80–100 20–0

c 60–80 40–20

D 40–60 60–40

E 20–40 80–60

f 0–20 100–80



318 A.L. Grindlay et al., Int. J. Transp. Dev. Integr., Vol. 5, No. 4 (2021)

the ‘soft’ modes areas for pedestrians and cycles, including the public transport areas and, in 
contrast, the proportion of the space given to motorized vehicles as an unsustainable mobility 
area (Table 4). In the next section we will examine how this methodology will be applied to 
the metropolitan area of Granada.

3 ThE cASE Of GrANADA’S mETrOPOLITAN ArEA
Granada is a provincial capital of the southern region of Andalusia (Spain) surrounded by 
more than thirty municipalities, shaping an urban agglomeration of around half a million 
inhabitants (fig. 1). The historical tram system, developed in the beginning of last century, 
disappeared during the 1970s due to the growth of motorization. Since then, Granada has 
had a bus-dominated public transport system but the majority of its daily mobility consists 
of private motorized transport (79%). The use of public transport scarcely makes up 8% of 

figure 1: Granada’s metropolitan area location and its recent LrT (Source: Own research).
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journeys, and travel by foot or bicycle just 13% [6]. This has resulted in high levels of conges-
tion and severe pollution problems, similar to Spain’s most populated areas of madrid and 
Barcelona. Despite having less traffic Granada’s problems are exacerbated by its geographi-
cal and climatic conditions [54].

The Andalusian regional government mobility policy has created metropolitan transport 
authorities to coordinate public transport systems and new LrT lines in their main urban 
areas [55]. metropolitan and urban sustainable mobility plans were also drafted to solve their 
mobility problems [6].

The construction and operation of Granada’s new metropolitan LrT (completed in 2017), 
with reference to Section one, has resulted in a great improvement in the quality of the exist-
ing public transport system. As a modern rail-based mode, the LrT favours intramodality 
with the connection of bus and railway stations and the rearrangement of the existing bus 
routes to serve it. Prior to the current pandemic, it had succeeded in reaching the expected 
numbers of passengers, increasing pedestrian mobility and reducing private vehicles depend-
ence in the areas it serves [5]. referring to the previously mentioned french experiences, it 
has been developed with consideration for its high urban transformational potential, giving 
a substantial urban renewal along its corridor and increasing the accessible pedestrian area 
by more than one hundred thousand square meters. Viewing this with regard to the second 
Section, it clearly contributes, as stated by the referred principles, to increased urbanity and 
vitality conditions. Despite the high urbanization quality for pedestrians along the route of 
the LrT, some areas are still more oriented towards motorized mobility. The higher quality 
sections are those with no private vehicular access whatsoever, providing a pedestrianized 
area completely free of vehicles in the traditional urban road crossing axis in the town of 
Armilla and along the university central campus. Although some potential opportunities to 
integrate the transport infrastructure with urban planning and land-use have neither been 
considered or achieved [56].

however, the contribution of private vehicles and the resultant congestion and  pollution 
levels continues to remain high. This is in large part due to the fact that the urban and 
me tropolitan sustainable mobility plans have not been entirely fulfilled, despite  improvements 
in the public transport system. In fact, only low-cost measures, such as traffic signalling 
and traffic restriction in central areas, have been carried out [57]. The sustainable urban 
 mobility plan proposed with our advice an ambitious neighbourhood spatial design, based 
on the  multifunctionality of the public space, favouring proximity mobility [58], in line 
with the  previously mentioned traditional “environmental capacity areas” and “15-minutes 
city” [7,25]. This would involve substantial transformation of the urban space, including the 
 adaptation of the pavement and street furniture, and the recovery of a large surface area for 
public space totalling approximately 150 ha.

Evaluating the sustainable mobility level of the metropolitan streets by analysing their 
existing cross sections, or inversely the predominance of motorized vehicles in the urban 
space (both by field work and virtually, through Google Street View), almost all metropolitan 
streets and avenues are of conventional urban design and are oriented towards motorized 
vehicle access. The majority of sections, according to the proposed scale outlined in Table 4, 
have moderate to high traffic space (c–E). The exceptions to this are the commercial and 
historical areas, urban parks, and the referred LrT corridor, which achieve A–B levels of sus-
tainable mobility. most of the streets were designed several decades ago with a high inertia in 
the physical urban transformation due to limited municipal resources, however a few central 
urban areas have been renovated in recent decades, thanks primarily to European funding. 
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As can be seen in fig. 2, there is a greater majority of vehicular access in the area, and type 
A sections, indicating plenty of sustainable mobility areas, and therefore urban spaces of 
high-quality are very limited. At the other end of the scale, sections E and f designate fully 
motorized vehicle-oriented areas, such as motorways, where pedestrian or bicycle access is 
excluded.

On the other hand, urban space can be configured in a very adaptable way, and it can be 
changed relatively quickly by restricting access to private vehicles simply with new street 
signalling, as has been shown in the cited examples [21,23]. currently, social distancing 
required by the cOVID-19 pandemic has meant that many cities are giving more space in 
their streets to sustainable mobility modes and creating low-traffic neighbourhoods [14,25], 
and Granada is no exception. Street areas for pedestrians, bicycles and other personal mobility  
modes have been increased [58] some streets will now change to level c and, therefore, 

figure 2: Sustainable mobility levels in Granada’s metropolitan area (Source: Own research).
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Table 5:  Sustainable mobility levels in Granada’s metropolitan area (Source: Own research).

Sustainable mobility 
level

Pre-COVID-19 [m] % Post-COVID-19 [m] %

A 11,754 0.74% 11,754 0.74%

B 38,048 2.41% 38,048 2.41%

c 65,529 4.15% 115,536 7.32%

D 1,265,820 80.18% 1,215,813 77.01%

E 6,756 0.43% 6,756 0.43%

f 190,856 12.09% 190,856 12.09%

Total 1,578,763 100% 1,578,763 100%

figure 3:  Post-cOVID-19 mobility enhancement in Granada’s urban area (Source: Adapted 
from Granada’s Municipality Office of Integral Mobility Management).
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indirectly increasing the quality of their urban space. however, these changes have been 
minimal (only 3%) with respect to the metropolitan streets (Table 5 and fig. 3) and, in some 
cities, such as London, they have been subsequently reversed due to legal challenges [59].

4 cONcLUSIONS
Urban spaces and mobility systems are intrinsically related to one another. Their interactions 
are indisputable, as are their respective links to urban quality and sustainability. The relevant 
incidence of high-quality public transport systems promoting urbanity, urban sustainability, 
image and vitality in cities has also been demonstrated. With respect to its characteristics and 
its full compatibility with high-quality urban areas (according to sustainability dimensions), 
LrT can be considered as the superior public transit mode, enhancing the human orientation 
of cities, and creating a more positive environment.

The LrT in the metropolitan area of Granada is a good example of the positive synergies 
between urban space quality and sustainable public transportation. however, some potential 
opportunities for the integration of transport infrastructure with urban planning and land-use 
were not considered. A marked increase in the space given to pedestrians and bicycles was 
created along its corridor, although the majority of the metropolitan street systems are of a 
conventional urban design (97%). The higher quality areas are limited to only a few com-
pletely pedestrianized central areas and the rest of its corridor consists of motorized mobility-
oriented areas, with high traffic presence, resulting in reduced urban quality along the route.

The sustainability of the metropolitan transport system has improved, but only a limited 
part of the metropolitan urban space has been reshaped and revitalized, despite its traditional 
cross section design. consequently, it gives high priority to motorized vehicular access and a 
reduced sustainable mobility level, and this is not enough to solve the serious environmental 
problems resulting from its high pollution effect.

A space analysis has been developed to explain the correspondence between the models of 
urban spaces and sustainable mobility levels. A grading of these mobility levels was proposed 
in order to evaluate the quality of the urban space. The assessment was made by means of the 
proportion of existing sustainable mobility areas in the cross sections of the streets in ques-
tion. The urban space was classified from A to f. Section A indicates plenty of sustainable 
mobility areas, and therefore urban spaces of high-quality, whilst section f is designated as 
being fully motorized vehicle-oriented areas with no pedestrian or bicycle access.

The cOVID-19 pandemic has forced various changes in order to facilitate social distanc-
ing, increasing urban space for sustainable mobility modes. These adaptations carried out in 
the Granada urban area have had a modest impact on the sustainable mobility areas. Streets 
designated as A–B–c levels were 7.93% pre-cOVID-19 and increased to 10.47% post-
cOVID-19, just 3%. This reveals the need for promoting improvements in urban spaces and 
sustainable mobility at a metropolitan scale since the LrT alone does not create a big enough 
change without the addition of other urban and mobility integrated measures.
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