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Abstract: The UN’s 2030 Sustainable Development Goals (SDGs) call for the provision of universal
access to: (a) safe, inclusive, and accessible green and public spaces, and (b) safe, affordable, accessible,
and sustainable transport systems for all. The Barcelona green axes plan aims to transform one third
of the streets within its 19th century extension grid, increasing the tree cover and the vegetation,
adopting sustainable urban drainage systems, limiting motor traffic, and providing a safer and
more comfortable environment for pedestrians, cyclists, and other social activities in healthier
environments. These transformations become even greater at the intersection of the axes, where
former traffic junctions are becoming squares and urban gardens. This study gives an in-depth
analysis of the origins of the superblocks plan, the rationale behind the transformation, and the
implementation process. The GIS-based analysis shows how the green axes and the new square
gardens (a) transform the city’s disconnected urban green areas into a more interconnected green
infrastructure system, and (b) significantly increase accessibility to green areas. The study reveals
this strategy’s potential to create a city of proximity, improve the well-being of the population, and
build a more equitable city, which could be a useful tool for planning and decision making at both
city and regional levels.

Keywords: constructed green areas; spatial planning; street design; sustainable transportation;
city government

1. Introduction
1.1. Sustainable Development Goals (SDGs) and Urban Green Infrastructure

The approval in 2015 of the 17 SDGs by the United Nations [1] created a new reference
framework of global scope. Aligned with the SDGs, the urban agendas provide, for the
first time, an operational framework that tacitly calls for cities to be considered as key
places for action in the struggle to achieve a more sustainable society—globally, as with the
New Urban Agenda [2], or more locally, as with the EU Urban Agenda [3] and the Spanish
Urban Agenda [4].

Urban greenery, and specifically street trees, can help cities achieve some of the
SDGs, such as goals 3, 11, and 15—i.e., good health and well-being, sustainable cities
and communities, and life on land [5]. Specifically, the development of green spaces
can contribute to “promoting mental health and well-being” and “reducing the number
of deaths and illnesses from hazardous chemicals and air, water and soil pollution and
contamination” (targets 3.4 and 3.9, respectively), “providing universal access to safe,
inclusive and accessible, green and public spaces” (target 11.7), and “integrating ecosystem
and biodiversity values into national and local planning, development processes, poverty
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reduction strategies and accounts” (target 15.9). In addition, the incorporation of vegetation
in streets, along with other deeper redevelopment operations that take into consideration
the water cycle and encourage active travel, can contribute to the achievement of another
important goal, namely “providing access to safe, affordable, accessible and sustainable
transport systems for all, improving road safety, notably by expanding public transport,
with special attention to the needs of those in vulnerable situations, women, children,
persons with disabilities and older persons” (target 11.2), given that active modes provide
the most sustainable transportation.

The first great urban axes and boulevards of the 19th century industrial city were
conceived to perform three main functions: movement, leisure use, and visual experience
of natural elements [6]. The arteries of the Cerdá extension plan for Barcelona, the city
on which this study focuses, the numerous boulevards of Haussmannian Paris, or the
American parkways conceived by Olmsted became prototypes for later generations of
urban planners and landscape architects. The latter were “intended to structure new
residential neighborhoods and serve as ‘linear’ parks connecting residential areas to larger
parks” [7] (p. 84). In retrospect, the realization of ecological values linked to urban green
networks can be seen as emergent properties of structures and forms that were conceived,
planned, designed, and built for other reasons [8]. However, although the interests and
concepts of the 19th century were not the same as today’s, they constitute an essential
reference regarding the combination of green infrastructure and sustainable mobility.

The concept of green infrastructure was introduced by Benedict and McMahon as an
interconnected network of green spaces that conserves the values and functions of natural
ecosystems and provides associated benefits to human populations [9]. Ecological networks
were defined by Jongman et al. as systems of nature reserves and their interconnections
that make a fragmented natural system coherent, supporting more biological diversity than
if unconnected [10]. In fact, there is a perception that ecological networks have specific
functions and objectives related to the promotion and enhancement of biodiversity, and to
the conservation of wildlife and respective habitats [11].

Today, according to the European Commission, we can understand green infrastruc-
ture as “a strategically planned network of natural and semi-natural areas with other
environmental features designed and managed to deliver a wide range of ecosystem ser-
vices. It incorporates green (or blue if aquatic ecosystems are involved) spaces and other
physical features in terrestrial (including coastal) and marine areas. On land, Green In-
frastructure is present in rural and urban environments” [12] (p. 3). The most common
green infrastructure planning principles are connectivity, multi-functionality, multi-scale,
integration, diversity, applicability, governance, and continuity [11].

In dense urban contexts, the demand for ecosystem services is high while their supply
is very limited. Urban green infrastructure has been identified as a valuable tool for
providing these services, as well as increasing the resilience of cities [13]. In fact, green
infrastructure has become a planning tool at multiple scales and has been associated with
the development of multiple social and environmental benefits [11,14], including those
related to people’s health described in the following section.

1.2. Green Areas, Active Mobility, and Public Health in Cities

Cities today face critical social and physical problems in adapting to growing popula-
tions, including increased air and noise pollution, inaccessibility of housing, and reduced
employment opportunities and available resources; all these directly relate to health [15].
Green infrastructure can be an important part of the solution to many of these problems.

The presence of plants in urban environments has been shown to have psychological
and biophysical benefits for humans [8], and daily contact with nature is important for
good mental health [5]. In fact, during the COVID-19 pandemic, when people were
encouraged to stay indoors, those who had views of trees and green spaces from home
experienced lower rates of depression and anxiety [16]. In this context, urban green
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spaces are considered equigenic environments that can disrupt the typical conversion of
socioeconomic inequalities into a greater risk of poor health [17].

Barton proposes a health map designed as a dynamic tool that provides a basis for
dialogue and collaboration among professionals (planners, public health, service providers,
ecologists, urban designers) and about issues (transportation, air quality, community
development, economic development) [18,19]. Each human settlement is understood within
its bioregion and the global ecosystem on which it ultimately depends, and broader cultural,
economic, and political forces affecting well-being are represented. This model allows
analysis of environmental side effects on health, which are often much more significant. For
example, the pattern of human activity (travel behavior and destinations) changes. Activity,
in turn, affects the local natural environment (air pollution) and the global ecosystem
(greenhouse emissions). It also affects local economic efficiency and people’s lifestyle
choices (the likelihood of walking or driving). Lifestyle changes may well affect the
pattern of social networks. The model can help identify these processes and contribute to
sustainability and health impact assessment.

One of the conceptual frameworks for urban health that can help establish these pro-
cesses proposes that links between urban planning, behaviors, environmental exposures,
and health outcomes are key to urban and transportation policies [20]. The relationship
between contact with the natural environment and health is mediated by a variety of mech-
anisms including air quality, physical activity, social contact, stress, and restoration. The
mechanisms have several possible modifiers, such as distance to green space, accessibility
factors, perceived safety in green spaces, social context, cultural context, gender, age, and
socioeconomic status. Better air quality, more social contact, physical activity, and less
stress are associated with better health [21,22].

Air pollution is related to the highest rate of respiratory diseases, such as asthma and
allergies, among the population [23]. Noise pollution can not only cause damage to the
auditory system but can also lead to lack of sleep and mental health problems [24,25]. In
the West, combustion engines linked to transportation are the main cause of air and noise
pollution. Green infrastructure can mitigate both types of pollution, in addition to making
the use of active means of transport more comfortable.

This can further increase the positive effects on health, not only because of the direct
benefits derived from physical activity performed by people moving around actively, who
can abandon sedentary lifestyles, which are a serious public health problem in most Western
countries. Increasing the percentage of people moving on foot, or by public transport, can
reduce premature deaths due to environmental conditions [26–28]. At the same time contact
with green infrastructure decreases mental illnesses such as depression [29,30].

Improving road safety, walkability, and the environmental quality of gathering spaces
can not only reduce the risk of traffic injuries but also promote social well-being by encourag-
ing more outdoor interactions, both with the neighborhood and with other residents [31,32].
In addition, improving non-vehicular mobility and increasing the number of pedestrians
can effectively reduce road traffic injuries through a “numerical safety” mechanism, in
which pedestrians and cyclists outnumber the presence of motor vehicles in an area [33,34].

Among this set of positive effects associated with the improvement of urban green
infrastructure, there may, however, be changes in the value of housing, generally increasing
due to improvements in neighborhoods and the possible growing desire to live in that
environment [35]. The rise in the price of housing and consumer goods in the affected neigh-
borhoods are undesired effects that can lead to the so-called “green gentrification” [36,37],
expelling the original neighbors who would be replaced by new residents with higher
purchasing power. This could generate neighborhoods that are not accessible to some
sectors of the population [38].

1.3. Research Objectives and Case Study

Ildefonso Cerdá’s Project for the Reform and Expansion of the City of Barcelona is
mentioned in most histories of 19th century Western urban planning. The urban transfor-
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mations for the Barcelona 1992 Olympic Games were also important internationally. Since
2016, Barcelona is again receiving international attention for its urban strategies associated
with the concept of superilles—superblocks, in English. Newspapers around the world have
published news related to Barcelona’s superblocks [39–41], while scientific research has
been more limited, with some notable exceptions [42,43].

The recent eixos verds—green axes, in English—of the Catalan capital are part of the
new Barcelona Superblock strategy and propose the transformation of every third street
in the Cerdá extension grid to expand the active mobility network throughout the city,
incorporating vegetation and green spaces [44]. These green axes, extended to the entire
city of Barcelona (Figure 1), seek to improve citizens’ access to green spaces, prioritize
active travel, reduce motor vehicle traffic, and improve citizens’ health by improving
environmental quality and facilitating physical activity in daily commuting.
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Figure 1. Green spaces in the city of Barcelona and green axes (dotted green lines) foreseen in the
Barcelona Superblock strategy Source: Ajuntament de Barcelona [44].

The green axes project in Barcelona is expected to have a positive health impact on
the residents of the neighborhoods crossed by the axes, improving physical (e.g., traffic
injuries, cardiovascular and respiratory diseases), mental (e.g., depression and anxiety),
and social well-being [45,46].
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This paper studies and describes the green axes project—its origin, conception, evo-
lution, and initial implementation—and gives an assessment of the expected impact that
this major redevelopment of two important central districts of the city of Barcelona will
have on the population. The current superblock project evolved from the model under-
taken by the Xavier Trías city council in 2013–14 into another model of axes: the version
finally adopted in 2018 with the superblock proposal for the Sant Antoni neighborhood
in L’Eixample district. The first was based on superblocks, while the version that is being
implemented is based on green axes. Following the international competition called New
Green Axes—Barcelona Superblock held in 2020–2021, the transformation of 2.8 km of a
major longitudinal artery (Consell de Cent street) and three sections of streets perpendicular
to it, totaling another 2.8 km, will be completed in 2023 as part of the first phase of the
Barcelona Superblock strategic plan.

The goals of this research are multiple. On the one hand, it aims to analyze the origin,
development, changes in the approach of government, implementation processes, and the
causes and mechanism of formalization of the green axes project, as a combined network
of green infrastructure and sustainable mobility, aimed at improving public health. This
improvement in environmental conditions is based on the increase in vegetation and space
and conditions for active mobility in these axes, and seeks to improve the health of citizens,
reducing levels of air and noise pollution, favoring physical activity in daily commuting
and in the informal practice of sports in urban environments, and improving accessibility
to the city’s green infrastructure. Lastly, there is a quantitative evaluation of the project’s
impact on people’s accessibility to green spaces in the two districts where the physical
transformations are being carried out, and in the other districts of the city.

2. Materials and Methods

To address the first objectives of this research, an analysis is carried out of the main
documents related to the conception, background, origins, transformation of the polit-
ical discourse, and the urban model in which the current green axes project is framed,
including but not limited to: Rueda’s 2002 superblocks proposal for Barcelona [47], the
Respira Project [48], the 2014 and 2022 Barcelona urban mobility plans [49,50], the 2016
city government measure on the implementation of the superblocks [51], the most recent
2021 government measure Barcelona Superblock [44], the 2013 Plan of Green Spaces and
Biodiversity of Barcelona 2020 [52], and the Barcelona Nature Plan 2021–2030 [53].

As will be seen, there is an evolution from the first superblock model towards networks
of streets that are conceived as part of the green and active mobility infrastructure of the
city. The analysis begins with the proposal of a network of pedestrian streets to reorganize
mobility in 2007 [54] and expands until the ongoing construction of the first green axes,
which are the result of an international competition called at the end of 2020, and now are
part of the 2021 Barcelona Superblock city strategy [44].

The results of this part of the research are presented under the following headings
in the next section: (Section 3.1) A model based on the sustainable city and the paradigm
shift to public health, (Section 3.2) From superblocks to green axes: integrating green and
active mobility infrastructure, and (Section 3.3) The formalization of the green axes and
their connection with the green corridors.

Finally, the expectations of the impact that the green axes project may have on the
population in terms of accessibility to green spaces are set out, by comparing the situation
prior to the transformation (scenario 0) with two subsequent situations: (scenario 1) the
implementation of the green axes in L’Eixample district, where the green axes are initially
built and tested, and (scenario 2) the expansion of the green axes towards the neighboring
Sant Martí district (Figure 2).
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Figure 2. Barcelona districts and green spaces: (top) scenario 0, before the implementation of the
green axes; (middle) scenario 1, with the green axes in L’Eixample district; and (bottom) scenario
2, with the green axes in L’Eixample and Sant Martí districts. The crossings between green axes
constitute green spaces of 0.5 hectare square gardens that are highlighted in the maps. Source: the
authors based on municipal data.
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For these three scenarios, the accessibility of the population to green spaces was evalu-
ated based on the distances between the access points to green areas and the surrounding
buildings. From the distances measured along the axes of the road network, the number of
buildings located less than 15 min away from a green space was established. To measure the
impact on the resident population, the residential population data of each block, according
to the January 2023 census, was used.

The methods used to characterize each of the three scenarios followed the methodology
proposed by the Barcelona Mobility and Infrastructures Office [55], which considers all
public green spaces those larger than 0.5 hectares. In accordance with this minimum surface
area criterion, this study does not consider as new green spaces the totality of the axes, but
only the intersections of two axes and their close surroundings, which constitute areas of
0.5 hectare in surface area (Figure 3).
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Figure 3. (Left) Vegetation scheme in the green axes within the usual set of tree vegetation in
Barcelona’s urban expansion area. (Right) A 0.5-hectare area at the intersection between green axes
Source: the authors, based on Ajuntament de Barcelona [56].

Following the same methodology, access to green spaces was modeled by points
located in the street network. To establish accessibility to green spaces, travel speeds of
2 km/h were considered to include most residents, including those with slower speeds,
e.g., children or elders. With these constraints, catchment areas were calculated from the
shortest path trees from each green space access point, using travel times of 5, 10 and
15 min. Scenario 0 was constructed from data provided by the Barcelona Department of
Mobility and Infrastructure [57], and for scenarios 1 and 2, the Network Analyst module of
ArcGIS Pro [58] was used.

The access distances of 5, 10 and 15 min and the minimum green space dimensions
adopted are compatible with the standards set by several supra-state agencies. In Europe,
the European Environment Agency recommends an accessibility measure to green spaces
of 15 min walking distance [59]. The World Health Organization considers spaces of
0.5–1 hectare at 300 m (about 5 min) [60] (p. 31).

Once the accessibility to the green spaces of the different city blocks had been estab-
lished, based on the distances and times, and taking into consideration the 15 min city
proposal [61], the evaluation of the impact on residents was made using 15 min isochrones—
i.e., 500 m—and the current population data (January 2023) provided by the Barcelona
City Council [62]. To account for the population in the case of blocks not fully included
in the 500 m catchment areas, the proportional part was considered according to the area
included in the corresponding block. From these calculations, the rise in the population
near green areas, as well as the proportion of residents with access to green spaces, was
analyzed for each district and for the whole city of Barcelona.
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3. Results and Discussion
3.1. A Model Based on the Sustainable City and the Paradigm Shift to Public Health

The superblocks project was promoted by Rueda and the Barcelona Urban Ecology
Agency in 2002 [47] and taken up by the Barcelona City Council in 2014, in the Urban
Mobility Plan 2013–2018 [49]. The Barcelona Urban Ecology Agency, created in 1999, had
picked up on the sustainable cities movement that emerged in Europe from the Aalborg
Charter (1994) [63]. During the period 1999–2005, the agency produced a proposal that
has clear similarities in its configuration to the 1984 Barcelona basic road network plan
(Figure 4, top) [64]. The latter had arisen from the perspective of the construction of the
Barcelona ring roads in preparation for the 1992 Olympic Games.
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The proposal of the Urban Ecology Agency of Barcelona was based on a basic network
structure in which superblocks were made of three-by-three blocks in Cerdá’s city extension.
This scheme was based on the criterion that active means of transport would move mainly
through the interior streets of the superblocks, where motorized traffic would be prevented
to lower noise and pollution levels inside these superblocks. The proposal was based on a
binary scheme: the perimeter streets of the superblocks were given over more to motorized
transport, while the interior streets were planned as a single shared platform, with priority
for active modes, restricting access for motorized vehicles (residents, loading and unloading,
emergencies) and favoring the development of stationary activities (Figure 5).

Land 2023, 12, x FOR PEER REVIEW  9  of  29 
 

would be prevented to lower noise and pollution levels inside these superblocks. The pro-

posal was based on a binary scheme: the perimeter streets of the superblocks were given 

over more  to motorized  transport, while  the  interior  streets were planned  as  a  single 

shared platform, with priority for active modes, restricting access for motorized vehicles 

(residents, loading and unloading, emergencies) and favoring the development of station-

ary activities (Figure 5). 

 

Figure 5. The homogeneous street network of Cerda’s extension (current 2013 model, model actual) 

vs. the superblock model proposed in Barcelona Urban Mobility Plan 2013–2018 (superblock model, 

model Superilles). Source: Ajuntament de Barcelona [49]. 

After three decades of socialist mayors in Barcelona, in 2011 there was a change of 

government in the City Council in favor of the Convergencia i Unió party. The mandate 

of Xavier Trías (2011–2015), characterized by a neoliberal policy, attempted to create new 

social networks to replace those consolidated during the previous government of the So-

cialist Party of Catalonia [65]. Two of the most important urban planning instruments of 

his mandate were the 2011 Esquema Director de les Portes de Collserola a Barcelona [66], 

which proposed the connection of the city to the Collserola sierra at sixteen points [67], 

and the 2012 Pla Buits for the use of twenty urban spaces with territorial and social impli-

cations, including new social networks [68]. Along with these proposals, sustainable mo-

bility was also addressed through the Urban Mobility Plan 2013–2018 [49], which, accord-

ing to the proposal of the Urban Ecology Agency, planned the creation of five hundred 

superblocks (Figure 4, bottom). 

The development of the plan was put into practice through the creation of five su-

perblocks in the so-called pilot areas (Figure 6). The project was approached more with 

the aim to introduce or transform urban service networks, from a perspective of closing 

the water, energy, and waste cycles. Urban transformation was approached from a meta-

bolic and self-sufficiency perspective [69]. This methodology included a timid regulation 

of motor  transport,  to begin with  the superblock of  the district of Les Corts. However, 

during this legislature none of the pilot areas in Cerdá’s gridiron extension were in fact 

put into effect. 

Figure 5. The homogeneous street network of Cerda’s extension (current 2013 model, model actual)
vs. the superblock model proposed in Barcelona Urban Mobility Plan 2013–2018 (superblock model,
model Superilles). Source: Ajuntament de Barcelona [49].

After three decades of socialist mayors in Barcelona, in 2011 there was a change of
government in the City Council in favor of the Convergencia i Unió party. The mandate of
Xavier Trías (2011–2015), characterized by a neoliberal policy, attempted to create new social
networks to replace those consolidated during the previous government of the Socialist
Party of Catalonia [65]. Two of the most important urban planning instruments of his
mandate were the 2011 Esquema Director de les Portes de Collserola a Barcelona [66],
which proposed the connection of the city to the Collserola sierra at sixteen points [67], and
the 2012 Pla Buits for the use of twenty urban spaces with territorial and social implications,
including new social networks [68]. Along with these proposals, sustainable mobility was
also addressed through the Urban Mobility Plan 2013–2018 [49], which, according to the
proposal of the Urban Ecology Agency, planned the creation of five hundred superblocks
(Figure 4, bottom).

The development of the plan was put into practice through the creation of five su-
perblocks in the so-called pilot areas (Figure 6). The project was approached more with the
aim to introduce or transform urban service networks, from a perspective of closing the wa-
ter, energy, and waste cycles. Urban transformation was approached from a metabolic and
self-sufficiency perspective [69]. This methodology included a timid regulation of motor
transport, to begin with the superblock of the district of Les Corts. However, during this
legislature none of the pilot areas in Cerdá’s gridiron extension were in fact put into effect.
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A few years earlier, in 2009, it became evident that more than 3500 people died
prematurely each year in the Metropolitan Area of Barcelona exclusively due to poor
environmental quality, i.e., not having levels below those proposed by the World Health
Organization. This is more deaths than those associated with cancer, coronary heart disease
or traffic accidents, and could mean reducing the life expectancy of the population by one
year [71].

The European Study of Cohorts for Air Pollution Effects investigated the long-term
effects of air pollution exposure on human health in Europe by analyzing the spatial
variation of measured NO2 and NOX concentrations between and within 36 areas across
Europe. The highest median concentrations were observed in southern Europe, and
the lowest in northern Europe. The greatest spatial variation in NO2 was found in the
largest European cities, such as London, Paris, Barcelona, and Marseille. The highest
concentrations were measured in the Mediterranean area, especially in the agglomerations
of Barcelona and Turin [72]. It was confirmed that the city of Barcelona, and especially
L’Eixample district, had extreme levels of air pollution.

The initial design density of the Cerdá grid was 250 inhabitants per hectare, but cur-
rently densities are double or triple this—500 or 750 inhabitants per hectare, respectively—
depending on whether the sector in question includes one of the blocks designated as urban
parks. Today, Cerdá’s extension is among the densest urban fabrics in Europe. Although
the benefits of urban density have been recognized for over half a century, above certain
thresholds, and when motorized transport is prioritized, high densities become detrimen-
tal. Density can be positive, but, in Barcelona, health indicators are not—pollution levels,
especially so [72].



Land 2023, 12, 919 11 of 29

This residential density and concentration of economic activity in Barcelona’s 19th
century limits has been accompanied by the development of car-based mobility, a major
consumer of space and a major component of the city’s environmental pollution. The car
occupies most of the road space, reaching a use of 60%, when it represents only 25% of
the modal distribution. In Barcelona, at the start of the millennium, the density of cars
was 6000 per km2, compared to 3000 in Madrid and 1200 in London [73]. This led to high
environmental pollution, with serious health consequences, especially in the L’Eixample
district [71].

This type of study and evidence spread from the more academic to the public sphere
and has had an impact on the political sphere. The concern about pollution and urban
health, together with the effects of the 15 M Movement, which emerged on 15 March 2011
in Barcelona and many other Spanish cities, led during the following years to bottom-up
civil initiatives and numerous changes of government in the municipal elections of 2015,
with commitments made by politicians during the election campaigns [74].

One of these initiatives was the citizen movement Recreant Cruïlles, which took
advantage of the opportunities provided by the 2013 Pla Buits to reclaim the use of the
streets for the neighbors. For example, in the two neighborhoods of La Esquerra de
L’Eixample, the need to integrate new healthy routes with pedestrian and cycling routes in
an environment of environmental quality was made clear (Figure 7) [48]. In this way, health
was included as a main objective—demanded by citizens—into a road transformation
project today, and was proposed, moreover, hand in hand with a network of streets in
which active modes of transport would have priority.
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In 2015, the municipal elections were won by Barcelona en comú—a new political
group led by Ada Colau, who was elected mayor. The first administration (2015–2019),
with greater ecological awareness due to the support of social movements, focused initially
on the promotion of cycling, and a project to introduce a tramway along the Diagonal
Avenue in L’Eixample district to connect the two pre-existing streetcar networks, linking
the three western lines and the three eastern lines.

Given the need and commitment to reducing pollution, two parallel strategies were
proposed. The first aimed to reduce the presence of vehicles with metropolitan-scale
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measures such as congestion charges or increased parking prices to discourage private
vehicles. The second proposed that at least one out of every three streets should be
preferentially pedestrian for pollution levels to be acceptable—given that 70% of pollution
comes from mechanized vehicles [75]. The aim was to improve public health, and the
actions were linked to mobility.

These social movements were key to bringing proposals for change in mobility from
the municipal government [76]. Among these, the previous work of the network of orga-
nizations linked to sustainable mobility was essential. The Association for the Promotion
of Public Transport proposed the introduction of the tramway along Diagonal Avenue,
groups for the promotion of bicycles defended the extension of the network of bicycle lanes,
and the neighborhood associations of L’Eixample district proposed priority axes for active
modes (Figure 7).

3.2. From Superblocks to Green Axes: Integrating Green and Active Mobility Infrastructure

In the second year of Ada Colau’s first term (2015–2019), the government team
addressed the transformation of the superblocks planned by the previous government
team more decisively, while promoting a government measure in which the green/civic
axes—their name at the time—were superposed onto the three-by-three superblocks
(Figure 8) [51].
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The first attempts at the transformation of superblocks in this period followed two
different strategies—both included in the 2016 superblocks city government measure [51].
The first was implemented in Sant Martí district [77] in Mobility Week in September 2016.
A temporary transformation was carried out on a superblock in the Poblenou neighbor-
hood of this district. This institutional tactical urbanistic action mainly used elements
of street furniture and painting. Although it was initially presented to the neighbors as
temporary, at the last moment it was proposed as being permanent. This improvisation
generated opposition from part of the neighborhood and required more than a year to be
approved [78], especially due to the contradictions of the project and the lack of consensus
with the associative fabric [79].

The second strategy was implemented in the Sant Antoni neighborhood of L’Eixample
district. Led by the district council and with the support of the Urban Planning and Urban
Ecology Area, a citizen participation process was developed from the beginning of 2017.
This action model sought the prior consensus of the organized groups in the neighborhood
around a proposal that was then submitted to the Neighborhood Council for approval. This
scheme was successfully initiated, taking advantage of the inauguration of the Sant Antoni
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Market Reform in 2018. The formal proposal would consist of transforming a series of
streets and the intersections between them—according to an initial proposal for a network
of axes planned for the entire L’Eixample district (Figure 9, top). In these new squares,
the continuity of motorized traffic was interrupted, but without modifying the direction
of movement of motor vehicles in the city. The solution included permanent structuring
actions and others of a provisional nature (Figure 9, bottom) [80].
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Figure 9. Implementation of the superblocks in the Sant Antoni neighborhood of L’Eixample district of
Barcelona. (Top) Proposed system of civic axes (streets highlighted in green) for the entire L’Eixample
district. (Bottom) Organization of motorized traffic directions, planned for higher (red lines), medium
(orange lines), and lower (green lines) speeds and flows. At the intersection of civic axes (green
lines) motorized traffic does not have longitudinal continuity and must turn. Source: Ajuntament de
Barcelona [80].



Land 2023, 12, 919 14 of 29

One of the main arguments for adopting this solution was that the original binary
model of Barcelona’s Urban Ecology Agency was difficult to implement. On the one hand,
the bus network required round trips to be made on the same or an adjacent parallel
street, and loading and unloading operations were unfeasible in the basic mobility network.
Furthermore, to achieve a paradigm shift, it was essential to create squares that served
as neighborhood centers. The actions in Sant Martí district had shown that, more than
just banning cars alone, it was essential to reconquer the street for the neighbors with
the neighbors.

The original superblock model, which emphasized three-by-three block enclosures
and their interior pedestrian spaces, is gradually giving way to the green axes model, which
seems more viable (Figure 10). The latter puts the focus on longitudinal continuity, also
enabling the connection with pre-existing green spaces, e.g., Consell de Cent Street linking
Joan Miró and Glòries parks and crossing the entire L’Eixample district.

Land 2023, 12, x FOR PEER REVIEW  14  of  29 
 

and loading and unloading operations were unfeasible in the basic mobility network. Fur-

thermore,  to achieve a paradigm shift,  it was essential  to create squares  that served as 

neighborhood centers. The actions in Sant Martí district had shown that, more than just 

banning  cars alone,  it was essential  to  reconquer  the  street  for  the neighbors with  the 

neighbors. 

The original superblock model, which emphasized three-by-three block enclosures 

and  their  interior pedestrian  spaces,  is gradually giving way  to  the green axes model, 

which seems more viable (Figure 10). The latter puts the focus on longitudinal continuity, 

also enabling the connection with pre-existing green spaces, e.g., Consell de Cent Street 

linking Joan Miró and Glòries parks and crossing the entire L’Eixample district. 

 

Figure 10. Diagram showing the change of approach of the Barcelona City Council. From a strategy 

based on local actions in self-contained superblocks (in light yellow) affecting a portion of a neigh-

borhood,  to an  implementation  through continuous district or city-scale green axes  (thick green 

lines). Source: Ajuntament de Barcelona [81]. 

From the management point of view, compared to the reduced scope of the three-by-

three superblock (nine blocks), the neighborhood seems to be the minimum unit of action, 

with a surface area approximately ten times larger (81 blocks). This allows for an orga-

nized social fabric and sufficient neighborhood representation and participation. On the 

other hand, the materialization of the more than five hundred superblocks initially pro-

posed could mean that L’Eixample would lose importance in terms of economic activity 

and would require a reflection on a city-wide scale in favor of a polycentric structure with 

peripheral nodes that would gain in importance at the expense of the center. 

After the experience of the first term of the Barcelona en comú government (2015–

2019), a leap of scale was made in the second currently ongoing period (2019–2023) from 

the superblock model  (which had been  implemented  in a dispersed manner)  to a new 

comprehensive urban strategy called Superilla Barcelona—Barcelona Superblock, in Eng-

lish [44]. In this model, the green axes model was extended to the Cerdá grid fabric from 

L’Eixample district to Sant Martí district and, in addition, the sections of several very im-

portant arteries were transformed, e.g., a section of the ecological corridor in Pi i Margall 

Avenue, Meridiana Avenue or Via Laietana. The city strategy changed from being superb-

lock-centered to prioritizing the construction of the green axes, which is indeed one of the 

main projects of the Barcelona Superblock strategy [81]. 

The superblocks plan, which was the star proposal of  the 2014 Barcelona Mobility 

Plan 2013–2018  [49], was replaced by  the green axes plan  in  the 2022 mobility plan for 

2024–2030 [50]. In the latter, superblocks are only mentioned to refer to past experiments, 

while the actions and goals for the new period focus on the green axes. The green axes 

plan has been gaining momentum in recent years and is the basic proposal for the trans-

formation of urban public space in the city’s current strategic plan (Figure 1). After the 

COVID-19 crisis, since October 2021, this project has been accompanied by many other 

operations in Barcelona. It brings together cross-city actions to reform Barcelona, make it 

Figure 10. Diagram showing the change of approach of the Barcelona City Council. From a strategy
based on local actions in self-contained superblocks (in light yellow) affecting a portion of a neighbor-
hood, to an implementation through continuous district or city-scale green axes (thick green lines).
Source: Ajuntament de Barcelona [81].

From the management point of view, compared to the reduced scope of the three-
by-three superblock (nine blocks), the neighborhood seems to be the minimum unit of
action, with a surface area approximately ten times larger (81 blocks). This allows for an
organized social fabric and sufficient neighborhood representation and participation. On
the other hand, the materialization of the more than five hundred superblocks initially
proposed could mean that L’Eixample would lose importance in terms of economic activity
and would require a reflection on a city-wide scale in favor of a polycentric structure with
peripheral nodes that would gain in importance at the expense of the center.

After the experience of the first term of the Barcelona en comú government (2015–2019),
a leap of scale was made in the second currently ongoing period (2019–2023) from the
superblock model (which had been implemented in a dispersed manner) to a new compre-
hensive urban strategy called Superilla Barcelona—Barcelona Superblock, in English [44].
In this model, the green axes model was extended to the Cerdá grid fabric from L’Eixample
district to Sant Martí district and, in addition, the sections of several very important arteries
were transformed, e.g., a section of the ecological corridor in Pi i Margall Avenue, Meridi-
ana Avenue or Via Laietana. The city strategy changed from being superblock-centered to
prioritizing the construction of the green axes, which is indeed one of the main projects of
the Barcelona Superblock strategy [81].

The superblocks plan, which was the star proposal of the 2014 Barcelona Mobility
Plan 2013–2018 [49], was replaced by the green axes plan in the 2022 mobility plan for
2024–2030 [50]. In the latter, superblocks are only mentioned to refer to past experiments,
while the actions and goals for the new period focus on the green axes. The green axes plan
has been gaining momentum in recent years and is the basic proposal for the transformation
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of urban public space in the city’s current strategic plan (Figure 1). After the COVID-19
crisis, since October 2021, this project has been accompanied by many other operations in
Barcelona. It brings together cross-city actions to reform Barcelona, make it more resilient,
and provide a sustainable response to climate, social, and economic crises [44].

3.3. The Formalization of the Green Axes and Their Connection with the Green Corridors

Following the experience of street transformation associated with superblocks during
the period 2015–2019, and after the COVID-19 lockdown, an international ideas competition
was held at the end of 2020 to design the first phase of green axes—2.8 km of Consell de
Cent street and another 2.8 km distributed among the three streets perpendicular to it—and
for the square gardens located at four intersections of Consell de Cent with other green
axes (Figure 11).
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Figure 11. Plan to execute 21 km of green axes in L’Eixample district before 2030. Green axes executed
in Sant Antoni in 2018 (dark green), green axes (continuous green lines) and square gardens (red
dots) to be built by 2023, and planned green axes (dashed green lines) [82].

This scheme, which represented a paradigm shift and a more viable roadmap, in-
volved the integration of transport systems with their networks—public transport, bicycles,
pedestrians, and private vehicles (cars, mostly)—within the urban project. It had the eco-
logical perspective of introducing as much vegetation as possible in the least green and
most dense part of the city, and connecting it to the network of green spaces. There was also
a social aspect, in that it organized the neighborhoods as socio-ecological units around the
intersections of the green axes—the square gardens—as a new meeting place for neighbors.
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Once the sections and squares were awarded to the winning teams, a technical par-
ticipation procedure was established to draw up a document describing “the new green
axes model” [56]. It established the design criteria for the future green axes and square
gardens and stressed the importance of achieving continuity of these throughout the green
axes, and emphasizing it at their intersections. The new design is based on three design
principles and three levels of action.

The three design principles are: a preference for active modes of travel and social use of
public space over a flexible, accessible and inclusive shared space; maximum naturalization,
preserving the existing arboreal heritage, adding new trees and shrubs, and modifying the
composition of the subsoil—increasing the volume of topsoil and providing a richer, more
porous and better draining subsoil; and environmental sustainability, which is committed
to reducing the ecological footprint, from construction to maintenance, paying special
attention to both the materials used and the role of the street in the urban water cycle.

The transformations are carried out at three levels: subsoil, soil, and aerial. The subsoil
is conceived of as environmental infrastructure, ensuring the maximum continuity and
quantity of soil for the development of plant species and the filtration of rainwater, using
sustainable urban drainage solutions. On the ground, the pavements used, in addition to
being arranged to encourage infiltration and the location of trees and plants, will promote
a transversal and longitudinal use of the entire width of the street, ensuring universal
accessibility for people and the necessary services. It is in the air that the visible part of
plant species develop, and this level takes into account where trees and shrubs are placed
so as to maximize biodiversity, thermal comfort, and CO2 absorption, along with: artificial
lighting respectful of people and other animal species; energy generation through the
introduction of solar panels; and the relationship of the street with the uses of the buildings
on the first floor (Figure 12).

From the set of criteria developed in the model, it is worth highlighting the details
regarding the feasibility of introducing more green space, especially trees, in a dense city
environment. In this sense, among the multiple variables to be identified, the following are
noteworthy: the evaluation of the available space; the uses that the street must support;
the availability of a subsoil free of urban services; and the willingness to maintain the
existing trees and to incorporate new trees in a significant way, together with other layers
of vegetation, and the improvement of the subsoil.

The available space across a standard street provides a 20 m right of way, which is
significantly enlarged in the square gardens up to 54 m. Regarding the availability of land
suitable for planting, the approved green axes projects consider two longitudinal strips,
immediately parallel to the façades of existing urban services, where it is not possible to
intervene in that subsoil. In the rest of the street, the goal is to maximize the green areas,
maintaining the existing trees and adding new ones, together with flowerbeds, shrubs, and
other autochthonous plants. Additionally, beyond the use of land suitable for planting,
according to the 2020 Technical Specifications for the design, execution, and reception of
green spaces, the use of structural soil is introduced in the paved areas adjacent to the
green flowerbeds, to improve the development of tree roots beyond the wells [83]. The
specifications also recommend the partial or total replacement of the soil below the current
roadways since its level of compaction is expected to be high. The benefits of the use
of structural soil to make compatible the bearing of loads from moving vehicles and the
appropriate development of trees have been demonstrated in urban environments [84,85].
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Figure 12. Main actions for the configuration of green axes as green infrastructure and active mobility.
In the subsoil, distribution of soil for continuity of roots (bottom-left) and rainwater filtration
(bottom-right). On the ground, priority area for active mobility and stationary activities (top-right).
At the aerial level, development of trees and other plant species (top-left). Source: Ajuntament de
Barcelona [56].

As a result, there is a set of limits within which to control the spatial configuration of the
green axes to maximize greenery and trees. The asymmetrical distribution favors planting
in the sunniest side of the street. Thus, from side to side, there are: a 3.5 m pedestrian safe
zone (for urban services below, not suitable for planting); 2 to 5.8 m suitable for planting; a
5.2 m shared space (with structural soil below); 2 to 4 m suitable for planting; and a 3.5 m
pedestrian safe zone (for urban services below, not suitable for planting). Evidently, the
green strips to be designed are not continuous and their intermittent rhythm is subject to the
needs of the future living areas, outdoor dining/bars, and access to buildings (Figure 13).

The green axes and square garden proposals, which won the competition and were
developed according to this model, are currently under construction and aim to be com-
pleted before the next municipal elections in May 2023. The City Council provides many
pictures of the expected outcomes, and states that green areas will be multiplied by ten,
moving form a standard of 1% green area on the streets, to an average of 14%. There will
be 438 new trees planted in the new green axes (Figure 14) [86].

The character and conditions conceived for the green axes means that, at their inter-
sections, they can be considered as small green areas—more so in the urban expansion area
where they are scarce—and as the most fine-grained part of the city’s green infrastructure,
allowing the interconnection of larger green areas and access to them by citizens through
healthier arteries.
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The 2013 Green and Biodiversity Plan of Barcelona (2012–2020) [52] proposes ecological
connectors linking the parks of Montjuïc, Ciutadella and the coast with the Collserola sierra
through roads more than 20 m wide and corridors extending towards the urban areas
(Figure 15), according to the Collserola Gates plan [66]. The municipal plan for green spaces
and biodiversity was consistent with the 2010 Barcelona Metropolitan Territorial Plan [87],
which proposed a network of ecological connectors to preserve biodiversity and ecosystem
services based on the metropolitan study conducted six years earlier for the Barcelona
Metropolitan Area, which recommended enhancing territorial mosaics with ecological
connectors [88].

A decade later, the ecological connectors have been planned and a more detailed
scale of action has been introduced. Thus, the 2021 Nature Plan for Barcelona 2021–2030
seeks a better distribution of greenery, a reinforcement of biodiversity nodes, integration
of the greenery of the metropolitan area, and the connection of the green areas through
green corridors [53]. The plan explicitly refers to the Barcelona Superblock strategy and
the network of green axes and new square gardens “that connect city facilities and urban
green spaces” (p. 70), incorporating them as a more fine-grained design to ensure access
to greenery in dense areas. The approach is like that proposed in Seattle, which enhances
parks and community spaces, extends green axes in the urban fabric, and encourages blue
infrastructures linked to water, as well as the promotion of different habitats [89].
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Figure 13. Typical distribution of spaces in a green axis in a standard 20-m-wide street, including
pedestrian safe zones by the buildings (services below), planting areas and shared spaces (with
structural soil underneath). Source: Adapted from Ajuntament de Barcelona [56].
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Figure 14. Images of the green axis project of Girona street (top) and square garden at the intersection
between Consell de Cent and Rocafort (bottom). Source: Ajuntament de Barcelona [86].
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Figure 15. Green and Biodiversity Plan (2012–2020) showing urban green corridors, green areas
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Barcelona [52].

3.4. The Impact of Green Axes on the Population’s Access to Green Areas

The previous sections have made it possible to trace the origin, evolution, and perspec-
tives of the current strategy of green axes in the city of Barcelona. As we have seen, these
seek to improve the public health of residents, improving environmental conditions and
favoring urban lifestyles that facilitate active travel and social interaction. The final part of
this study estimates the impact of green axes on accessibility to green spaces—considering
the entire population and the conditions of those sectors of the population with limited
mobility, e.g., children and seniors.

As described in the research methods, the analysis considers three scenarios (Figure 2):
the situation before the implementation of the green axes (scenario 0), the situation after
the implementation of the green axes in L’Eixample district planned for 2030 (scenario 1),
and the future situation with the expansion of the green axes into the neighboring Sant
Martí district (scenario 2). To assess the impact on the resident population, it is essential to
know the distribution in the city of Barcelona (Figure 16).
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Figure 16. Number of inhabitants in Barcelona per block according to the census, and location of
green areas of 0.5 hectare. Source: the authors based on data from Open Data BCN [57,62].

The distribution of residents per block, in the case of the L’Eixample district, allows a
simultaneous interpretation of the density, given the clear similarity of size of the blocks.
It shows the concentration of the population in L’Eixample district, and especially in the
neighborhoods to the left (southwest) and right (northeast). This population distribution,
together with the distribution of green areas in the city—in the current and future scenarios
(Figure 2)—already allows for a meaningful impact of green axes and new square gardens
on the resident population.

The spatial analysis of proximity to green spaces larger than 0.5 hectare in the various
scenarios, through the 5, 10, and 15 min isochrones, reveals a significant transformation
of the city (Figure 17). The current state suggests that large areas of the city’s urban areas
do not currently have any green spaces nearby. This phenomenon is more acute in the
urban expansion area where we find the largest such areas in L’Eixample district, but also
in Gràcia, Sant Martí and Sant Andreu.

The implementation of the green axes in L’Eixample shows a remarkable expansion
of the zones accessible to green areas, which cover almost the entire district and expand
into the bordering parts of neighboring districts. This is particularly the case in Gràcia
and Sant Martí, where there are still large areas of these districts without access to green
space. In the latter, the second planned expansion of the green axes solves the problem.
The map shows that, in scenario 2, almost all of Sant Martí’s residents have a park or an
urban garden within 500 m.
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Figure 17. Proximity to green areas in the city of Barcelona, with 5, 10, and 15 min isochrones for a
traveling speed of 2 km/h: (top) scenario 0, current situation; (middle) scenario 1, green axes and
square gardens in L’Eixample district in 2030; and (bottom) scenario 2, square gardens and green
axes extended to Sant Martí district. Source: the authors, based on a map from Open Data BCN [57].
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Combining the spatial location of Barcelona’s residents with the different levels of
accessibility to green spaces allows us to evaluate the impact of green axes and square
gardens on the population. Table 1 shows, for each district and for the whole city, the
number of inhabitants and, for the three scenarios analyzed, the number of residents with
access to green spaces, the increase in population with access to green spaces, and the
percentage of the population with such access.

Table 1. Population with access to green areas in the districts of Barcelona, in the current situation
(scenario 0), with the green axes and square gardens implemented in L’Eixample district in 2030
(scenario 1), and with the green axes and square gardens extended to Sant Martí district (scenario 2).
Source: the authors with original population data from Open Data BCN [62].

Districts Population Population with Access to Green Areas Rise * in Access to Green Areas

January 2023 Scen. 0 % Scen. 1 % Scen. 2 % Scen. 1 % Scen. 2 %

Ciutat Vella 109,672 44,689 40.7 55,524 50.6 55,524 50.6 +10,835 +24.2 +10,835 +24.2
L’Eixample 269,349 163,282 60.6 250,794 93.1 250,794 93.1 +87,512 +53.6 +87,512 +53.6

Sants-Montjuïc 187,026 156,817 83.8 169,129 90.4 169,129 90.4 +12,312 +7.9 +12,312 +7.9
Les Corts 81,576 77,299 94.8 77,309 94.8 77,309 94.8 +10 0.0 +10 0.0

Sarrià-Sant
Gervasi 149,201 109,081 73.1 109,083 73.1 109,083 73.1 +2 0.0 +2 0.0

Gràcia 123,276 46,637 37.8 55,265 44.8 55,265 44.8 +8628 +18.5 +8628 +18.5
Horta-Guinardó 173,944 127,207 73.1 127,207 73.1 127,207 73.1 0 0.0 0 0.0

Nou Barris 173,552 160,660 92.6 160,660 92.6 160,660 92.6 0 0.0 0 0.0
Sant Andreu 151,537 127,503 84.1 127,503 84.1 127,503 84.1 0 0.0 0 0.0
Sant Martí 241,181 178,380 74.0 186,982 77.5 204,807 84.9 +8602 +4.8 +26,427 +14.8

Barcelona (city) 1,660,314 1,191,555 71.8 1,319,456 79.5 1,337,281 80.5 127,901 +10.7 145,726 +12.2

* Compared to scenario 0.

L’Eixample and Sant Martí are the most populated of the city’s ten districts—with
269,349 and 241,181 inhabitants, they are also the only two with more than 200,000 people.
If we look at the percentage of the population with access to green spaces, L’Eixample
(60.6%) shows the lowest levels after Gràcia (37.8%) and the old city, Ciutat Vella (40.7%).
Sant Martí (74.0%), is at the next level of access to green areas, somewhat above 70%—as are
Horta-Guinardó and Sarrià-Sant Gervasi (both with 73.1%). In the remaining four districts,
we can distinguish two groups. In Sants-Montjuïc and Sant Andreu, the percentage of the
population with access to nearby green areas is between 80 and 85%, and in Nou Barris
and Les Corts, the percentage is ten points higher (90–95%).

The implementation of the 21 km of green axes in L’Eixample planned for 2030 will
radically alter the situation of this district. It will give 87,000 more residents access to
green space, an increase of 53.6%, which will mean that 93.1% of residents will have a
green space nearby. L’Eixample will be the second best positioned district in the city
in this respect. The impact of the transformation of these streets and gardens in this
district goes beyond its boundaries and improves the conditions of four of its neighboring
districts, thanks to the central position of L’Eixample. The increase in the number of
neighbors who benefit is significant and quite similar in these four districts (between
8500 and 12,500 more inhabitants), however, in relative terms, the impact is quite different
in each one. In Ciutat Vella (+24.2%) and Gràcia (+18.5%), almost half of the residents of
both districts now have a green space nearby. In Sants-Montjuïc (+7.9%) and Sant Martí
(+4.8%), the effect is more limited in relative terms. Although this means that in the former,
more than 90% of residents have a green space nearby, and in the latter almost 80%.

The subsequent expansion of green axes in the district of Sant Martí will mean a
significant change in the district itself, where we estimate that 26,427 new residents will be
less than 500 m from a green space. This is an increase of +14.8% that will bring 85% of
the population of this district close to a green space. However, the model does not foresee
any impact on neighboring districts. This is due to several reasons, such as its perimeter
location in the city and the configuration of its boundaries with neighboring districts other
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than L’Eixample, e.g., separated from Ciutat Vella by a park and from Sant Andreu by a
railway strip.

For the city of Barcelona as a whole, the implementation of the green axes will increase
the number of inhabitants close to green infrastructure by 145,726. A rise of +12.2% will
mean that 80.5% of the population will have a green space within 500 m of their home. The
huge improvement in L’Eixample—from 60.6% to 93.1%—is more limited in other districts
where the percentages are still low. This is particularly acute in Ciutat Vella and Gràcia.
Neither the old city nor this other historic settlement include any green areas, and other
solutions will have to be sought. These districts, on the other hand, have limited motorized
traffic and a more human-scale urban fabric that improves their livability, but access to
green spaces for the population will still not be satisfactory. For these districts and for the
whole city, improvements will have to be made, both in terms of increasing the number
of green axes and access to green spaces in the interior of blocks, improving façades, and
green roofs on buildings.

4. Conclusions

This study shows that the popular model of superblocks in the city of Barcelona,
initially conceived and usually understood as a model based on enclosures, has evolved
towards the green axes analyzed here. These urban arteries will constitute the basic
framework of the urban green infrastructure, especially in the densest part of the city,
associated with the Ensanche fabric. This network not only connects the pre-existing green
areas, but also, at the intersections of the green axes, allows the construction of new square
gardens that will be particularly relevant to provide a small green area of proximity to this
densely populated central area of the city so lacking in green spaces. The multi-functionality
envisaged for the green axes goes beyond their main role within the green infrastructure
and active mobility, as they enable other basic urban functions such as those linked to social
and commercial activity, and transform the role of the road in the water cycle, integrating
sustainable urban drainage systems. They also allow for gatherings that reinforce social
inclusion and cohesion, and improve mental health [45].

From the point of view of urban mobility, unlike the superblock model, the new
network of green axes seems more viable, as it affects one in three streets—rather than two
in three—and is conceived as one of the elements of an urban transport system organized
into four networks: the network of green axes itself, with priority for pedestrians, but also
with easy access for low-speed cyclists, and the networks of bicycle and bus lanes that run
along the other streets, with sufficient capacity for private motorized traffic.

The real impact that these measures will have on the reduction of motorized traffic, on
pollution levels and on the health of the population cannot be known. It will be important
to study the evolution of these factors as the green axes are implemented. So far, there
has been little monitoring of the results of the planned services and functions. In this
sense, to be effective, green infrastructure must require frequent investment, management
and updates, and the municipality must frequently publish new information about its
projects, its objectives, what has been achieved, and what its perspectives are regarding
green/blue spaces.

The impact on the population’s access to green spaces is radical in the central districts,
and notable throughout the city. Our analysis shows that 12.8% more of Barcelona’s
population (146,726 inhabitants) will have a green space less than 500 m away—from 71.8%
to 81.6% of the population. In the case of L’Eixample district, with one of the most extreme
states of pollution, the number of residents with access to a green space increased from
60.6% to 93.1%. Among the effects on the population, it will also be important to control the
possible unwanted effects of green gentrification, which has precedence in Barcelona [90].
However, considering the environmental and health benefits of renaturation projects, it is
necessary for cities to continue to invest in improving access and availability of parks in
disadvantaged neighborhoods, while implementing green and inclusive anti-displacement
policies [91,92].
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The study allows the principles of green infrastructure planning to be reviewed for
a dense fabric, such as Barcelona’s urban sprawl. The proposal of green axes, with their
increased connectivity, besides allowing the migration of certain species, the dispersal
of seeds, or even the repopulation of some patches in heterogeneous landscapes; serves
mainly as transit and recreation corridors for humans, contributing to the stability of the
system. In this way, connectivity aims to create a network of green spaces that can serve
both humans and biodiversity.

The green axes aim to increase the benefits of existing green spaces, especially in
urban areas where, as in the case of Barcelona’s urban expansion, these are scarce. They
are key elements for the connection of different scales of green elements. They connect
the local scale of the axes themselves and the square gardens with vegetation elements
linked to buildings—façades, roofs or interiors of plots and blocks. They also connect
them with elements of a higher scale, such as urban and metropolitan parks, and with
various ecological connectors, e.g., Besós and Llobregat Rivers within the limits of the city
of Barcelona (Figure 15). The development of a larger green area could be incorporated,
such as a linear park on Roma Avenue, by Sants station, and its connection to a green
corridor linking the central green axes with the environmental corridors of Rec Comtal and
the Llobregat river, considered in the next metropolitan urban plan of Barcelona currently
under preparation [93].

Going forward, it will be key to continue the current political momentum to further
develop the planned network of the green axes. They will be public spaces with pollution
levels that meet EU requirements, but do not reduce the city’s overall pollution levels. It is
not clear that the reduction in private vehicles proposed in the mobility plan for 2030 can
be met. Both the city climate plan and the 2030 urban agenda set goals that are based on the
SDGs, but do not always specify the instruments by which they will be achieved [94,95].
The former is a sum of plans, including the current urban mobility plan, which proposes
a 30% reduction in private vehicles by 2030—from 26% to 18% [50]. This target may be
too ambitious, especially considering that many of the measures to reduce car use are
linked to decisions at the metropolitan scale, outside the competencies of the municipal
plan. The Metropolitan Urban Mobility Plan 2019–2024 [96] relegates measures to reduce
private vehicle mobility by 30% to beyond 2024. In fact, no precise measures have been
proposed with targets to achieve this; it will be difficult for the level of pollution to meet
the environmental conditions required by the European Union.

All of this has implications for the stated objectives of improving health associated with
air pollution. The Barcelona Urban Agenda 2030 [94] also refers to these plans, although
it includes the public health goals set by the Barcelona Public Health Agency regarding
environmental pollution [97]. However, in the same way, the health objectives of the latter
assume that the objectives of the Urban Mobility Plan are met. In parallel, and at the
municipal and metropolitan scale, momentum has been imparted to improving pollution
levels with the 2017 metropolitan program of measures against air pollution. However,
this is also a series of measures that do not really involve a reduction in the use of private
vehicles, which is the main cause. The solution to pollution is on a city-wide scale. On the
other hand, the discourse of superblocks according to the scheme of precincts has spread,
as is the case of the Barcelona model itself and its over five hundred superblocks, which is
difficult to implement [98], or the example of the city of Los Angeles, where assessments of
theoretical application scenarios are being made [99]. More reasonable proposals on green
axes such as those of the city of Seattle. In the coming years, it will be seen how experiences
of the two models—superblocks and green axes—play out. In the case of Barcelona, the
perspective for 2030 is that green axes and interior courtyards will be the only spaces that
will generate areas with acceptable pollution levels.
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