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Abstract: The aim of this study is to highlight the need for sustainable urban development by
reviewing the different Indicator Systems (SI) and contrasting them with those factors that have
had a correlation in the spread of the virus in order to detect its deficiencies. This research carries
out an urban diagnosis and analyzes the influence of these factors in order to detect deficiencies
and propose a new IS adapted to current needs. Lastly, the new SI is validated through its practical
application in one of the Autonomous Communities most affected by the pandemic in Spain. It is
concluded that most of the factors causing a worse incidence of the virus are hardly evaluated by the
existing IS. The practical analysis shows that there are deficiencies in urban design, resulting in poor
environmental quality and urban morphology.
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1. Introduction

The world is becoming increasingly urban and aging [1], and 68% of the world’s
population is expected to live in cities by 2050 [2]. Sustainability focuses on meeting
the needs of the present without compromising the ability of future generations to meet
their needs [3]. These cities consume a large part of the world’s energy supply and are
responsible for 70% of greenhouse gas emissions [4], but we know that promoting an
alternative urban model aimed at reducing the use of resources could improve up to
50% efficiency globally [5]. Furthermore, this massive global urban grid’s expansion has
increased exposure to infectious diseases such as COVID-19 and sets out new challenges to
outbreak control [6].

This critical need to enhance urban sustainability is reflected in an increasing num-
ber of global, national, and local initiatives [7], such as the Sustainable Development
Goals and their fulfillment by the year 2030 to which 193 countries were committed [8]
or the Charter of European Cities toward Sustainability, known as the Aalborg Char-
ter, in which the signatory cities would participate in the United Nations’ local Agenda
21 initiatives [9]. In Spain, this is the case of the Spanish Strategy for Urban and Local
Sustainability (EESUL) [10], the Urban Ecology Agency of Barcelona [11], or the Spanish
Network of Cities for Climate [12].

Furthermore, since the appearance of the Sustainable Development term [13], many
efforts have been made to measure the level of sustainability of urban systems through
indicators: systems that help achieve sustainability objectives and report on the current
state of the environment, its weaknesses and strengths, as well as highlighting priority
areas [14]. It was in Agenda 21 [15] when the creation of indicators that assess the level
of sustainability in the world became a need [16]. This research of the urban context has
focused on municipal strategies and policies, predominantly in North America and Europe,
and local authorities that have faced many challenges in policy implementation [17].
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However, despite all the efforts of many national and international organizations and
governments, there has been no theoretical consensus on how to measure current well-
being and sustainability in urban settings [18].

In addition, the health crisis that is being experienced today brings questions toward
a new change [19]. Previous global pandemics have already transformed cities through
architecture and urban planning [20,21]. Air pollutants, such as particulates, nitrogen
dioxide, and carbon monoxide, have been shown to likely facilitate the longevity of virus
particles under favorable climatic conditions [22]. The European Space Agency (ESA),
thanks to the European Sentinel-5P satellite of the Copernicus program, published a series
of images in which a reduction in the levels of dioxide is observed during the confinement
period, which is one of the main pollutants emitted by vehicles and industry [23]. Focusing
on Spain, it can be seen how the city of Granada, where World Heritage monuments such
as La Alhambra are located, is the city with the highest emissions of Nitrogen Dioxide in
Andalusia and one of the first in Spain behind Madrid, Barcelona, and Valencia. According
to this and due to the relevance that the influence of history Granada has in the urban
layout of our cities, Granada is the city chosen for the practical application of this study [24].

It is also worth highlighting the latest report presented by the Spanish Network for
Sustainable Development (REDS) where all the indicators related to SDG11 “Sustainable
cities and communities” in Andalusia were marked as negative [25]. In addition, in the
midst of the health crisis, the Law to Promote the Sustainability of the Territory of Andalusia
was approved on 20 April 2021, whose purpose is to regulate the planning of the territory
and urban planning from the environmental framework in the Autonomous Community
of Andalusia, assuming the 2015 Paris Agreement on Climate Change objectives [26].

Thus, given that COVID-19 has shown that many countries and cities have not been
prepared for this great challenge [27,28], this research analyzes the main urban repercus-
sions derived from this health crisis, as well as its relation, affection, and quantification
in the current indicators of urban sustainability, identifying their deficiencies. The aim is
to propose an optimal list of indicators appropriate to current urban needs, based on the
evaluation of the main factors related to the spread of COVID-19 and the corresponding
deficiencies detected in the different SIs, whose results leave a record of the lack of indi-
cators that quantify the factors analyzed. Finally, the new system of indicators proposed
will be validated through its application in a case study in Spain, in the city of Granada,
as it was the most affected during the pandemic within the Autonomous Community of
Andalusia [29], which has ranked third in affected and deceased by COVID-19 within the
country [30]. The results show the need to create an evaluation tool for sustainable urban
development through indicators in a standardized way.

2. Materials and Methods

To this end, the methodology is structured in 5 main sections represented in Figure 1.
In stage 1, an urban diagnosis is carried out by identifying the main factors that have

been correlated with the spread of COVID-19 at the urban level. The aim will be to detect
which aspects of each urban area analyzed (environmental, economic, social, political,
urban, and demographic) have led to a greater spread of the virus, in order to detect
the vulnerabilities of the cities when facing this and future pandemics and to be able to
contrast the results with the sustainability indicators. The literature on the consequences of
COVID-19 is also quite extensive: one study concludes that a good action strategy is needed
to face the challenge posed by the pandemic [31]; Alfonso Viguria et al. reinforce the need
to consider vulnerable sectors of the population when designing strategies to minimise the
social impact of the pandemic [32]; another study reveals that high population density is an
important factor in the spread of the virus [33]; the energy sector and investment activities
have also been affected by the pandemic [34], as well as the economy and tourism [35].
Nevertheless, as explained above, in this study, we will focus on causal factors.
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Figure 1. Outline of research development.

In stage 2, the factors identified are contrasted with the areas most quantified by the
current IS in order to detect deficiencies; to this end, we will use the data obtained from the
study carried out by Merino-Saum et al. [36], in which they carried out an analysis of the
most frequent indicators in a sample of 67 IS: 2847 indicators in total. Once we detected the
main deficiencies in current IS, we made a new basic scheme proposal that any IS should
consider in order to respond to current urban needs, based on the most recent literature on
current IS.

Finally, the proposed model is validated through its practical application in an urban
area situated in the city of Granada, which is one of the hardest hit by the pandemic, as
it has registered more than 1200 cases per day, which implies a fairly high incidence. In
relation to the ISs, we have chosen to quantify the area most affected by this city: the
environment, whose value in the report presented by the REDS, which evaluates the
state of the different SDGs in 100 Spanish cities, is the worst score. For example, in O3
concentration, Granada has a value of 136, when the score in other cities is 76 in Girona, 9 in
Oviedo, or 41 in Almeria as stated in the report. Granada, according to the ESA publication,
is the city with the highest nitrogen dioxide emissions in Andalusia and one of the highest
in Spain after Madrid, Barcelona, and Valencia, the main cause being road traffic [37,38].

In stage 3, an urban region of the city of Granada is defined through the study of
the urban grid of the city for its analysis and application of the proposed indicators.
The data will be obtained mainly from information obtained from the General Urban
Development Plan of Granada, the Institute of Statistics and Cartography of Andalusia
(Ministry of Economy and Knowledge), the National Centre for Geographic Information,
aerial photographs, and environmental studies. The criterion for defining an urban region
is that it should cover as many areas as possible that are considered or can be considered,
with some intervention, as a sustainable urban region. For this purpose, the values of
the indicators for which an urban region is considered sustainable will be taken into
account. The choice will be justified on the basis of the data extracted on location, building
uses, construction typologies, number of floors, construction period, and road analysis.
Once the study sample has been chosen, it will be defined by means of its physical–
spatial components.

In stage 4, once the urban body has been defined, environmental indicators are applied
to identify which components have the greatest impact on this sphere.

Once the vulnerabilities of the defined urban region have been detected, in stage 5,
eco-efficient proposals are made to mitigate the negative results obtained in the previous
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stage, by means of general action proposals for each area analyzed, which are obtained
from the prior reflection and analysis of the different indicator systems, determining the
benefits that their implementation will provide.

The development of the proposed methodology is as follows:

2.1. Stage 1. Main Urban Factors in the Spread of COVID-19

It has been shown through analysis of multifactorial interrelationships in COVID-
19 spreading that housing quality, living conditions, race, and occupation were strongly
correlated with COVID-19 death counts [39], as well as other factors such as temperature,
air quality, and GDP per capita. Another research study highlights the major lessons that
can be learned for post-COVID urban planning and design: (1) environmental quality,
(2) socio-economic impacts, (3) management and governance, and (4) transportation and
urban design [40].

In this stage, environmental, economic, social, political, urban, and demographic
factors are analyzed, and their relationship with the spread of COVID-19 is determined in
order to detect deficiencies in cities and propose a new IS adapted to current needs.

Figure 2 shows, in a cluster network, the urban factors that have contributed the
most to the spread of the virus based on the literature review that will be explained in
Sections 2.1.1–2.1.6.
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2.1.1. Environmental Factors

Poor air quality has been associated with a higher death rate from COVID-19, with
fine particulate matter being associated with an increase of 8% in the United States and
up to 21.4% in the Netherlands [41]. A study in Bangkok has concluded that particulate
pollutants have a negative association with daily confirmed cases of COVID-19 [42]. In
addition, low wind speed means higher numbers of cases and deaths [43]. Another study
with sampling data from 160 countries also confirms that the level of contaminants, as
well as the loss of biodiversity, significantly affects the number of infections [44]. In
addition, contaminants tend to concentrate in greater proportion in the courtyards of
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homes and buildings, reaching up to 80% in static air conditions, increasing the chances of
contagion [45].

2.1.2. Economic Factors

In today’s society, economic factors should not be underestimated. In the study carried
out by Ahmed, J. et al. it has been shown that higher levels of development favor the
spread of the virus, as people living in countries with a higher GDP tend to travel and
attend more social events, paving the way for a quicker spread of the virus [46].

Approximately 80% of global GDP is represented by urban economies [47], which, due
to containment measures to curb the expansion of COVID-19, have had drastic economic
repercussions, with an estimated 14% drop in hours worked in all countries compared to
the same period in 2019, corresponding to a loss of 400 million full-time jobs [48]. On the
other hand, countries whose economies are heavily dependent on tourism have been more
affected economically, such as Mexico, Spain, and Italy [49].

2.1.3. Social Factors

On the other hand, the social characteristics of the population are another factor to
take into account since the most vulnerable groups have been particularly affected due to
circumstances such as the area of the city where they live, where they work, or gender and
age factors [50]. Urban areas with a high rate of crime or violence could make it difficult to
control COVID-19 [51] as well as a deficiency of infrastructure and housing [52] because of
insufficient resources. In addition, where access to health care as well as basic services is
limited, it makes response measures even more difficult [53].

It has also been shown that there is a strong association between income and total
population and COVID-19 cases/deaths [54,55].

However, 24% of the world’s urban population lives in slum areas and informal
settlements, worsening the effects of the pandemic [56].

In some cases, access to new technologies has been the ideal ally for achieving em-
ployment and academic occupations [57], but it has also revealed the digital divide and
inequality between countries. It is estimated that around 75% of the world’s population
does not have access to the Internet [58].

2.1.4. Political Factors

COVID-19 has shown the relevance of the management carried out by the political
authorities in response to the economic, social, and health crisis that has arisen. In the not
too distant future, it is rational to envisage a structuring hypothesis of a new post-pandemic
world order gaining momentum [59].

A study conducted in 3100 U.S. counties concludes that political preferences influenced
the association between governors’ COVID-19 communications and citizens’ mobility pat-
terns [60]. Two other studies also conducted in the USA, through an analysis of incidence,
deaths, testing, and positivity where rates are compared with governing party affiliation,
also conclude that governing party affiliation may drive policy decisions affecting COVID-
19 infections and deaths [61,62]. In addition, weak local policy exacerbates the effects of
the pandemic at all levels [63].

2.1.5. Urban Factors

A study carried out in Hong Kong has concluded that urban geometry has a direct
impact on the effect of COVID-19, with building height and density, low sky view index,
and smaller roads being the main aspects related to the worst impact. [64]. Another study
conducted in Brazil, which analyzed the correlation between the incidence of COVID-19
and several urban indices, found that those municipalities with a higher density of green
areas had a lower incidence of the virus [65]. Another study conducted in China reveals
that distance to the epicenter is a strong influencing factor and is negatively linked to
the spread of COVID-19, in addition to subways, sewage, and residential garbage [66].
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It has also been shown how urban areas with low-quality housing are associated with a
higher COVID-19 death count, even after adjusting for individual risk factors [67]. Urban
organization favors a typology of multifunctional neighborhoods that function as small
independent units, thus reducing medium- and long-distance commuting [68].

On the other hand, digitization, teleworking, and the provision of essential services
by virtual means is being accelerated by the pandemic, so the future of infrastructure and
buildings in cities could be altered, as the demand for office space could decrease or vary
in typology [69].

2.1.6. Demographic Factors

Over the last 40 years, there has been a demographic change which consequences
would have been much less devastating if birth rates had not fallen so sharply [70]. Figure 3
shows the evolution of the population in Spain for the years 1976, 2020, and 2065, showing
the change from a progressive to a regressive situation.
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If the 1976 rates had been maintained in Spain, today, the number of people under
43 years of age would be 20 million more, the country would be more powerful in the
international framework and with a much higher GDP. Thus, according to the study
carried out by Macarrón LarumBe, A. et al., the COVID-19 pandemic would have caused
considerably less damage.

On the one hand, in recent decades, the increase in life expectancy has raised the
demand for the residential market for the elderly [71]; however, and despite the number
of deaths, studies show that the number of deaths will be “almost imperceptible” in the
demographic pyramid, as an isolated year is very rarely significant [72]. In relation to the
birth rate, with uncertainty and fear of the future predominating, the birth rate is expected
to plummet.

This shows that the current residential stock does not meet the current needs of the
population, as shown in Figure 4.
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Figure 4. Number of households in Spain by type of household and number of rooms in the dwelling
(2020). Source: Own elaboration based on data obtained from the National Statistics Institute
(INE) [73].

Figure 3 shows the relationship between the number of people in the family unit and
the dwellings according to the number of rooms. It can be seen that the residential stock
does not correspond to demand, as there is a predominance of dwellings with a large
number of rooms compared to those with fewer. Moreover, it has been shown that there is
a relationship between the dynamics of demographic change and the demand for housing
and offer of residential land [74]. In addition, Figure 2 shows how the population pyramid
tends to become increasingly regressive, so that these problems will become more acute.

2.2. Stage 2. Analysis and Definition of Indicators

Once the urban factors that have contributed negatively to the impact of COVID-19
have been analyzed and identified in the previous stage, these are contrasted with the
most common indicators of the different current IS in order to detect their deficiencies.
To this end, we have based our figures on the study conducted by Merino-Saum et al.,
as it is considered to be a reliable and contrasted source, as well as the most recent and
complete study in which an analysis of the most frequent indicators in a sample of 67 IS,
2847 indicators, was carried out.

As result, Figure 5 represents what percentage of relevant factors in the expansion of
COVID-19 identified in stage 1 are taken into account by the current indicator systems. The
factors that appear in more than 10 sets are the ones represented as shown in the study by
Merino-Saum et al.

Most urban factors that have been correlated with the impact of COVID-19 are less
than 50% assessed by IS. Access to services, employment, air quality, and green areas are
the most quantified factors, while air speed, temperature, level of development, housing
quality, and population pyramid are the least quantified factors.

These results show the need to develop a tool for the evaluation of sustainable urban
development through a standardized system of indicators. It has been proven that without
an instrument that monitors and quantifies the different areas that make up an urban
organization, most of these areas are neglected, resulting in a poorer environmental and
quality of life, which is a fact that has been manifested in a worse incidence of COVID-19.

Therefore, a list of basic indicators for assessing the sustainability of an urban orga-
nization is proposed. To this end, an analysis of diverse IS studies has been carried out,
in addition to the analysis already done, starting in 2015, as many of the precedents have
been included in the latter. Table 1 shows the references on IS analyzed and details the
objective, methodology, and conclusions/results of each of them.



Energies 2021, 14, 6188 8 of 43
Energies 2021, 14, x FOR PEER REVIEW 9 of 45 
 

 

 
Figure 5. Level of quantification of the different indicator systems on the areas most affected by COVID-19 at the global 
level. Source: Own elaboration. 

Most urban factors that have been correlated with the impact of COVID-19 are less 
than 50% assessed by IS. Access to services, employment, air quality, and green areas are 
the most quantified factors, while air speed, temperature, level of development, housing 
quality, and population pyramid are the least quantified factors.  

These results show the need to develop a tool for the evaluation of sustainable urban 
development through a standardized system of indicators. It has been proven that with-
out an instrument that monitors and quantifies the different areas that make up an urban 
organization, most of these areas are neglected, resulting in a poorer environmental and 
quality of life, which is a fact that has been manifested in a worse incidence of COVID-19. 

Therefore, a list of basic indicators for assessing the sustainability of an urban organ-
ization is proposed. To this end, an analysis of diverse IS studies has been carried out, in 
addition to the analysis already done, starting in 2015, as many of the precedents have 
been included in the latter. Table 1 shows the references on IS analyzed and details the 
objective, methodology, and conclusions/results of each of them. 

 

62%

30%

19%
42%

65%

38%

100%

35%
30%

17%
55%

29%

41%
35%

Air quality

GDP

Political managment

Income level

Employment

Education

Access to services

Delinquency

Density

Street geometry

Green areas

Public transport

Waste

Birth rate

Figure 5. Level of quantification of the different indicator systems on the areas most affected by COVID-19 at the global
level. Source: Own elaboration.

Mercader-Moyano et al. develop a new methodology of indices that allow us to see
through different indices the main deficiencies and weaknesses on which to act both in
buildings and urban areas, for a more sustainable and efficient management [75]. Merino-
Saum et al. carried out a study in which they analyzed 69 IS (2847 indicators) to determine
which areas are the most quantified. Fautorehchi et al. proposed a sustainable evaluation
framework for residential buildings from a social point of view [76]. López Chao et al. ana-
lyzed 32 systems of indicators and developed a structure applicable to any urban organism
to measure its sustainability [77]. López-Mesa et al. developed a set of indicators for the
assessment of residential buildings in need of retrofitting for sustainability and energy
efficiency improvement [78]. Verma et al. concluded that data availability, target, and a
conceptual framework are necessary as preliminary considerations for indicator-based
urban sustainability assessment [79]. Cohen et al. conducted a study that concludes that a
more integrative approach should be employed in which basic sustainability principles
guide a target-based framework [80]. Huang et al. concluded that while there appears
to be no lack of IS, their applications have suffered from both technical and conceptual
inconsistencies. To move forward with the assessment of urban sustainability using IS,
they suggest using a theme-based framework, being clear about the type of sustainability
to be measured, including leading and lagging indicators and following rigorous standard-
ization procedures, as well as adopting a multi-scale strategy to consider the hierarchical
links between local cities and urban regions. Dizdaroglu as well as Braulio-Gonzalo et al.
also proposed a system of indicators for the sustainability of micro-urbanism and for the
Spanish context, respectively [81,82].
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Table 1. References on IS.

Reference Objectives Methodology Results

Mercader-Moyano et al. (2021)

Propose a novel index methodology for assessing
the adequacy of housing environments with social

backwardness, based on a dual weighting
procedure of four main dimensions: Building,

Urban, Environmental, and Social (BUES).

Technical inspections, together with social
questionnaires, from users, with respect to 32

variables related to housing environments, urban
services, and environmental issues.

Provide methodological implications for
adjusting public aids to promote effective
regeneration guidelines based on proper

decision making under an austere economic
context.

Merino-Saum et al. (2020)
Elucidate the emphases, as well as the gaps, that
exist in the way urban sustainability is currently

translated into metrics.
Collecting and mapping the diversity of available.

The findings highlight the most frequent
indicators in urban sustainability

measurement initiatives.

Fatourehchi et al. (2020)

Propose an assessment framework that addresses
social sustainability in residential building

construction by prioritizing social sustainability
criteria based on an Iranian context.

Exploiting social sustainability indicators, through
multi-criteria decision-making approach.

Local experts considered safety issues as the
most important and site considerations and
equipment as the least important criterion to

be considered in the social sustainability
assessment for residential buildings in Iran.

López Chao et al. (2020) Develop a structure of indicators applicable to
measure the urban sustainability.

Analysis of the 32 selected tools and guidelines,
including over 2000 indicators.

Structure of 14 categories and 48 indicators,
easily applicable in urban areas

López-Mesa et al. (2018)

Develop a system of physical performance
indicators to detect multi-family housing estates
that perform worse in energy efficiency, airborne

sound insulation against outside noise and
accessibility terms.

Indicators development based on the literature,
regulations, and the available software.

A set of proposed indicators that allow the
detection of those buildings that more

urgently require renovation work.

Verma (2018) Analyze challenges in the application of
sustainability indicators in urban areas.

Literature analysis to find out the specific issues
related to the development and application of

urban sustainability indicators.

Setting a Baseline, Evaluation of indicator
framework after implementation, and

Application of findings in the real world, are
the three emerging issues in an

indicator-based sustainability research.

Cohen (2017)
Identify the most common methods in urban

sustainability through a systematic review of its
literature.

A search term used in Web of Science, Academic
Search Premier, and Green FILE.

A more integrative approach in which core
sustainability principles guide a goal-based

framework should be employed.

Hang et al. (2015)
Gauging the state and progress of urban

sustainability, and discuss how USIs can be further
improved from a landscape ecology perspective.

Examine what USIs actually measure and whether
they are adequate for gauging urban sustainability.

While there seems no lack of USIs, their
applications have suffered from both technical

and conceptual inconsistencies.
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Table 1. Cont.

Reference Objectives Methodology Results

Dizdaroglu (2015)
Recommend key micro level urban ecosystem
indicators for monitoring the sustainability of

urban development.
Review of existing indicator initiatives.

Propose of a new indicator framework for
micro-level sustainability assessment by

describing theoretical foundations for the
selection of each indicator with reference to

the literature.

Braulio-Gonzalo et al. (2015)
Develop a structure of indicators applicable to

measure the sustainability of a Mediterranean city
in Spain.

Review of tools previously developed
internationally and nationally.

Propose of an indicator system structure to
assess urban sustainability for the Spanish

context.
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This analysis, along with the one carried out for this research, has led us to elaborate a
new system of indicators. This new list of indicators is shown in Figure 6. They are divided
into different areas: politics; economy; society; urban planning; and environment. In blue,
the new indicators that were hardly evaluated by the current IS and which are considered
relevant from the analysis are shown. The quantification of each of these indicators will
have to be adapted to the urban scale on which they are applied as well as the data and
means available for their application due to the need for individualization of each case,
whether due to changes in geographical, meteorological, social, etc. conditions. This has
been observed in the analysis of the different indicator systems, as there are no rigid or
immovable criteria, but they are, after all, part of a process to reach the same goal: to
promote a sustainable urban environment.
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2.3. Stage 3. Definition of the Study Model: Urban Organism

To validate the new system of indicators and its quantification, an urban area is
delimited in which it is to be applied. First, an analysis of the urban fabric of the city
of Granada is carried out with the aim of finding out the current reality of the urban
layout, identifying which area of the city is most interesting when it comes to drawing up
a proposal for eco-efficient regeneration.

The criteria for defining an urban organism are that it encompasses the greatest
number of areas that are considered or can be considered, with some intervention, as a
sustainable urban organism, such as density, proximity to services, accessibility to green
areas, state of the building, or social inclusion, all of which will be taken into account.

Granada has an area of 972.6 km2 and a population of 232,208 inhabitants (INE,
2018); the city is divided into eight districts (Figure 7): Centro, Albayzin, Beiro, Norte,
Chana, Ronda, Genil, and Zaidin. Granada’s urban development process has followed an
expansive model based on semi-circular concentric strips, with successive changes in the
orientation of its growth.
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The density of dwellings per hectare and the good condition of the buildings have been
analyzed based on the data collected by the National Institute of Statistics, as represented
in the Atlas de la Edificación (Ministry of Development) [83].

The Sustainable Mobility Plan of Granada has also been taken into account, which
has developed a new functional urban planning model, reaffirming the existing urban
structure set out in the PGOU and conserving its basic elements, but in pursuit of a city
model where general mobility does not depend on the private car and where all public
facilities and spaces are accessible to all inhabitants.

Thus, the urban organism chosen as representative is the Fontiveros neighborhood,
which is located in the Zaidín district. It is a pericentric neighborhood, which is fundamen-
tal as a link between the center and the south of the city, as well as between the west and
the southeast of the city (Figure 8).

It is worth noting that its urban centrality is combined with a local character and the
existence of quieter residential areas with several schools and some squares and corners
for the socialization of the neighborhood and children’s play.

The predominant use is residential, although there are also commercial and public
service buildings, which is a factor that favors the mix of uses (Figure 9).

In this neighborhood, we find the group of social housing Comandante Baldés, which
corresponds to the oldest buildings: 1950–1969 (Figure 10), originally built on the outskirts
of the city and today almost centrally located and surrounded by newer buildings.
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The largest number of dwellings is concentrated in newer buildings, as well as those
built earlier, with a smaller number of dwellings, as the city expansion into the Vega area
had not yet been necessary.

The high density of the neighborhood favors an active life in its streets, as well as
having an intense commercial activity, some of them becoming real commercial axes:
Avenidas Poeta Manuel de Góngora, Don Bosco, and Andrés Segovia.

The number of stories above ground level is related to the age of the buildings and
the number of dwellings in them, so that older buildings have a lower number of stories
above ground level and, consequently, a lower number of dwellings.

As it is a pericentric neighborhood that is fundamental as a link between the center
and the south of the city, as well as between the west and the southeast of the city, through
traffic is one of the main problems that this neighborhood represents due to its location
and its accessibility close to the A-4 motorway.

The predominant form of road is two-way lanes with parking on both sides, most of
them with little or no vegetation. On the other hand, there are public transport stops on
almost all the main roads. Pedestrian streets are scarce and of little interest as they have
arisen from the residual space generated between some plots in the same block (Figure 11).

2.4. Stage 4. Quantification of the Environmental Impact
2.4.1. Indicators’ Selection

We determined which is the indicator with the greatest impact in the city of Granada.
It is verified that environmental quality is the one that provides the worst data, as shown
in the first section of this study, as well as being a visible air pollution due to the haze
generated. It was demonstrated in stage 1 that it is one of the factors that negatively
affects the incidence of COVID-19, so we will evaluate the environmental impact of the
Fontiveros neighborhood by quantifying the indicators that evaluate air quality, thermal
comfort, biodiversity, and urban habitability, as these indicators are directly related to poor
environmental quality in Granada. With the quantification of these indicators, it will be
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determined which aspects are deficient in the urban design in order to, later on, elaborate
the proposal for its improvement. These indicators are reflected in Tables 2 and 3.
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Table 2. Indicators for environmental quality assessment. Source: Own elaboration.

Field Indicator

Environmental quality
Air quality

Thermal comfort

An excess of particulate pollutants in the air is a very serious environmental risk
today and is directly related to health and biodiversity problems. The origin of these
particles can come from a wide variety of sources such as vehicles, industrial activities,
residential buildings, but also from phenomena such as abrasion and the erosion of roads.
Thus, the indicators that evaluate air quality focus on measuring the different atmospheric
pollutants, and they must not exceed the quality standards established by law in order to
preserve health.

Thermal comfort in urban areas represents the number of hours of comfort per day
with respect to the useful hours of occupation of the public space, which are considered
between 8:00 and 22:00 h. The thermal comfort indicator evaluates both the level of comfort
and the percentage of useful hours under this comfort to obtain a favorable assessment.
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Table 3 shows the indicators selected for the assessment of urban habitability and
biodiversity. Mainly, three aspects are evaluated: amount of trees, hybrid road space, and
proximity to these two aspects.

Table 3. Indicators for assessing urban livability and biodiversity. Source: Own elaboration.

Field Indicator

Urban habitability and biodiversity

Provision of trees in public space

Proximity of the population to green areas

Distribution of the public road

Urban tree planting is intended to compensate for the built-up area while respecting
the biophysical matrix of the territory, as well as improving the thermal comfort of the
road and constituting an attraction value of the public space. This indicator evaluates the
suitable tree-covered area based on the conditions of the defined urban fabric. The second
indicator will evaluate the proximity of the population to these areas, since it is of no use
for a city to have favorable percentages of green areas and various travel options if these
are concentrated in only one area of the city and a large part of the inhabitants do not have
close access to any of these areas.

Finally, the importance of achieving hybrid public space is vital. Today, most cities
are made up of city blocks surrounded on all sides by streets where the private car is the
protagonist. Freeing the road from the almost exclusive use of private vehicles will provide
a new space for coexistence, leisure, exercise, socializing, and other multiple uses. This
indicator will measure the percentage of road space for pedestrians, bicycles, and public
transport, establishing optimal parameters.

2.4.2. Quantification

Through the application of the defined indicators, we proceed to quantify the environ-
mental impact in the field of environmental quality, habitability, and biodiversity of the
urban organism. To achieve this objective, each indicator is subdivided into two sections:
the one that provides data on the calculation parameters and the one on the evaluation to
be achieved, according to Table 4, in order to finally interpret the results obtained.

Table 4. Model table for the specification of the indicator. Own elaboration.

INDICATOR 0X
Calculation parameter

INDICATOR NAME

APLICATION/FORMULA

Evaluation parameterCALCULATION UNIT

REGULARITY

Each table specifies the indicator number and name, the calculation and evaluation
parameters, and other specifications such as the area where it applies, the calculation unit,
and the periodicity.

Environmental Quality Impact Quantification

For the quantification of air quality, the data collected by the measurement station
located at the Palacio de Congresos, Granada [84] were analyzed. For thermal comfort, the
radiation obstruction of trees on public roads has been quantified, as well as an analysis
of the average annual solar radiation received with the Huellasolar urban sunshine and
radiation web viewer [85]. Firstly, the road typologies have been classified according to the
configuration and presence of vegetation; secondly, a representative road has been chosen
for each typology of street (roads with no vegetation are evaluated as unfavorable); for
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each of these roads, a separate sheet has been prepared presenting their characteristics:
number of roads, road width, distance between trees, size of trees, and built density. A
cross-sectional profile of the average annual solar radiation received is also included in
these files. On the other hand, the web tool goolzoom [86] also provides heat maps, being
able to determine the areas that contribute the most.

Appendix A of this article shows the quantification tables for each of the indicators
analyzed. Regarding air quality, almost 30% is the percentage that represents the days for
which in 2019 the values were close to the limit or very close; 20% have been close to the
limit or very close so far in 2020. A diagnosis of air quality in the metropolitan area of
Granada points to road traffic as the main cause of the city’s poor air quality. In terms of
thermal comfort, 80% of the roads were found to be unfavorable, as they did not have the
conditions considered optimal in terms of trees, building density, orientation, and sunlight.

Urban Habitability and Biodiversity Quantification

In order to quantify the number of trees in public spaces, the roads and public spaces
with trees and their quantity are identified. The total area occupied is determined in order
to finally quantify and evaluate the results obtained. The optimum quantity and type
of urban trees will depend on the climatic and morphological conditions of the urban
environment where they are to be applied. Regarding the proximity of the population to
green areas, the different typologies of green spaces are identified in the urban nucleus
of Granada, where a circle of the diameter of the optimum distance will be inscribed and
the incidence on the study model will be analyzed. In order to determine whether the
distribution of public roads is optimal, based on the classification of the different types of
roads prepared for the quantification of the thermal comfort indicator, we proceed in this
section to calculate the linear meters of each type of road according to the number of lanes
it has. For pedestrian roads, the average width of each street will be calculated (it is usually
quite similar in most of them), and once these two data have been obtained, the percentage
allocated to each type of road will be calculated.

Appendix A of this article shows the quantification tables for each of the indicators
analyzed. Regarding the provision of trees in public spaces, there is a notable deficiency of
trees in the urban grid, as many of the roads do not have any vegetation, and those that do
have insufficient vegetation.

After measuring proximity to green spaces, the indicator shows that there is only
one green space in the urban area between 1000 and 5000 m2 that can be accessed on a
daily basis, limiting the population benefiting from green spaces of this type and, therefore,
having to travel a greater distance to enjoy a green space. On the other hand, there are
green spaces that can be accessed either on foot up to 750 m, such as Plaza Concordia, or by
bicycle up to 2 km, such as Parque Tico Medina. Finally, with a total area of 486 hectares,
we find the peri-urban park of Dehesa del Generafile, although public transport travels
more than 4 km, which is the optimum limit.

Finally, with respect to the distribution of public roads, more than half of the public
space is devoted to the use of private vehicles, which is far below the requirement that
pedestrian roads should represent at least 75% of the total.

2.5. Stage 5. Proposing Eco-Efficient Solutions

Sustainability indicators, in addition to allowing us to quantify the impact on some of
the different urban areas, in this case, environmental quality, habitability, and biodiversity,
serve to establish changes and new lines of action to improve the results obtained in the
case in which these have been negative. The results obtained after applying quantification
allow decisions to be taken much more accurately, as real data are available.

In this last stage, a series of guidelines and eco-efficient solutions are proposed at the
level of urban rehabilitation based on the components with the greatest environmental
impact related to the spread of infectious diseases such as COVID-19 on the analyzed urban
organism defined in the previous phase: environmental quality, habitability, and urban
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biodiversity. In this way, the urban organism being analyzed will be one step closer to
being considered a sustainable and healthy neighborhood.

2.5.1. Lines of Action for Implementation in the Urban Organism Analyzed

The lines of action are conceived as strategies for orienting and organizing different
areas related to a sphere of action toward an end, in our case, that of achieving sustainable
and healthy urban planning in environmental quality, in such a way that integration,
articulation, and continuity toward the objective can be guaranteed in an orderly, coherent,
and systematic manner.

A sphere of action shall have different lines of action toward the same end. These
lines of action must, as a minimum, respond to the results obtained in the quantification
when these have been negative, the purpose of which will be to improve these results with
the application of the lines of action proposed. These may be extended as much as the
depth to be reached through the addition of new detailed lines of action, although always
maintaining the minimum explained above.

In this study, we have focused on the quantification of the environmental impact from
the atmospheric point of view and on the analysis of habitability and quality of public
space taking into account the spread of infectious diseases. The different lines of action
proposed in each of these areas are set out in Table 5.

Table 5. Lines of action for improvement to be applied in the urban organism analyzed. Source: own elaboration.

Objetive Line of Action Proposed Measurement
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ty

Sustainable mobility plan

Optimize the urban public transport network

Implementation of bicycle infrastructure

Urban bicycle loan system

Greening of vehicles linked to public services

Increase the space dedicated to pedestrians

Concentrate vehicle traffic on a few well-prepared
roads

Reduce the presence of the private vehicle in urban
displacements
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Improved thermal envelopes

Improvement of the efficiency of thermal installations

Installation of low-power devices

Boiler and heater replacement program> 10 years
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Mobility

Limit the percentage of surfaces of materials with a
low solar reflectance index

Increase the trees in the public space with deciduous
species

Arrangement of trees depending on the
characteristics of the road

Edification
Implement green roofs and facades

Improved thermal envelopes
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Table 5. Cont.

Objetive Line of Action Proposed Measurement
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Urban morphology Guarantee density, complexity, and mixed use
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Encourage the use of alternative means of transport
to the automobile

Traffic restrictions and/or road capacity

Implement sustainable parking policies

Creation of pedestrian networks

Create a bike plan

Efficient scrolling patterns

Vehicles Bet on better quality vehicles
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Increase in green surfaces

Creation or complementation of corridors

Recovery and creation of green spaces

Greening the interiors of patios and blocks, when
possible

Bi
od
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si
ty

Installation of nest boxes and feeders in parks and
gardens

Permeabilize transport routes to minimize their
fragmenting effect on ecosystems

Reduce motorized roads, prioritizing pedestrian
roads

Implement management and maintenance methods
for green areas

Include water surfaces in squares and gardens

Minimize the impact of urban metabolism (water
management, waste)

2.5.2. Intervention Proposal

The intervention proposal will tackle the lines of action defined in the previous section.
Following the analysis of the urban grid of the city of Granada and, specifically, of the
Fontiveros neighborhood carried out in stage 3, it has been confirmed that the predominant
mobility system is the private vehicle, which runs along an inefficient road structure given
the complex hierarchy that has been adopted to the present day (Figure 12).

This work has already shown the need to establish a new urban mobility plan that is
more efficient and gives priority to pedestrians, freeing the streets of vehicles and increasing
the number of urban trees to favor habitability and an environmental improvement of
the surroundings.

The proposal for the new road hierarchy is based on the principles of superblocks,
as it is a model focused on urban sustainability and has proved successful in the case of
Poblenou, Barcelona, with the disadvantage of intervening in an existing urban organism
in which the road hierarchy is completely irregular and with important circulation nodes
that serve a larger scale.

The new road hierarchy follows the considerations regulated in the Granada Sustain-
able Mobility Plan, although it should be noted that the roads marked with maximum
speeds of 20 km/h and 10 km/h are those corresponding to what would be the inner
cell of a superblock, having to establish two different speeds due to the strong previous
conditioning factors, but with a pedestrian road material treatment (Figure 13).
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Similarly, those roads destined for road traffic will also be rehabilitated with the
incorporation of new trees and cycle lanes according to the needs of each road based on its
characteristics and layout (Figure 14).

New urban trees will be established on the basis of the criteria addressed in their
quantification: the orientation and characteristics of the road and the density of the building
they serve.

Thus, the lower density roads, with a wider roadway and N–S orientation, will
be those with the highest density of vegetation, with deciduous species of medium or
tall growth.

On the other hand, roads with a higher density, a smaller roadway, and an E–W
orientation will be those that do not require a high tree height, and the distance between
trees can be increased.

Three existing squares will also be rehabilitated for greener spaces, as their permeable
surface does not represent the minimum of 50% to be considered green areas and vegetation
is scarce.

In addition, two other spaces, currently residual, will be created as green areas next
to the current fire station and on the esplanades that are left free at the junction between
the streets Camino de la Zubia and Av. de Dilar, directly affecting the workers’ houses,
improving their condition (Figure 15).
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Figure 15. Provision of new green spaces. Own elaboration.

The bend in the street Plaza de Enrique Iniesta will be corrected to improve the flow
of traffic and create a green space by joining the new one between the streets Camino de la
Zubia and Av. de Dilar with the existing Plaza Concordia.

3. Results

It is known that in Granada, one of the main causes of poor air quality is road traffic.
Moreover, the quantification of the environmental quality of the Fontiveros neighborhood
has been negative. With the reorganisation of public transport in 2015, it was already
possible to reduce carbon emissions by 37% and PM10 particles by 33% [87], and it has
been proven that poor air quality is associated with a higher death rate from COVID-19, so
implementing the measures proposed in this study could further reduce the emission of
pollutants: the average CO2 emissions produced by diesel and petrol consumption could
be reduced by up to 74.18% with the application of the proposed new road hierarchy [88],
improving environmental quality and hindering the spread of infectious diseases.

On the other hand, a report concludes that it is more advisable to apply a set of
measures to achieve real improvements in air quality [89], which is why this study has
covered areas that go beyond road traffic. After quantifying thermal comfort by evaluating
the incidence of radiation on the different types of roads, it was found that 88% of the roads
in the Fontiveros neighborhood have a higher incidence of radiation than recommended,
which is largely due to the shortage of trees on public roads—an aspect that was also
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verified when quantifying this indicator, resulting in only 6.57% of the existing trees
compared to the 100% that would represent the ideal amount. This lack of trees is also
reflected in the quantification of the indicator that evaluates the proximity of the population
to green areas, as there are only two of a daily nature in Fontiveros, and the radius of
influence of 200 m does not cover the whole neighborhood, and it has been proven that
municipalities with a higher density of green areas had a lower incidence of the virus. The
new proposal foresees the adequacy of five spaces that are currently residual as green areas
for public use, providing a service to the entire resident population of the neighborhood.
Finally, the quantification of the distribution of public roads has also turned out to be
negative, as only 44% of these are destined for pedestrians and other uses, compared to
the ideal of 75%, which is something that cannot be overlooked because smaller roads
are one of the main aspects related to the worst impact of virus spread. With the new
road hierarchy proposal, as shown in Figure 13, 82% of the road network is destined for
non-motorized use, as most of the roads not belonging to the main arteries will be for
pedestrian use with restricted, low-speed vehicular access.

For a visual understanding, it is represented how the intervention in one of the roads
of this urban organism could be approached: Torres Molina Street. This is a low-density
area from which one can see the high-rise residential buildings that make up the most
recent developments in this neighborhood (Figures 16 and 17).
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4. Discussion

Since the emergence of the term Sustainable Development, many efforts have been
made to measure the level of sustainability of urban systems through indicators. Several
authors have carried out analyses and made new proposals for the evaluation and quantifi-
cation of sustainability in the urban and building sphere, as is the case of Fatourehchi et al.
with a proposal for the sustainable evaluation of residential buildings from a social point
of view, or López-Mesa et al., who also developed a series of indicators for the evaluation
of residential buildings in need of rehabilitation. Dizdaroglu as well as Braulio-Gonzalo
et al. also propose a system of indicators for the sustainability of micro-urbanism and for
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the Spanish context, respectively. However, these studies pre-date the crisis caused by
COVID-19, so they have deficiencies in the current context. This study aims to add to the
existing IS literature the added value of analyzing those factors that have been key to the
spread of the virus, thus obtaining a more complete IS adapted to current needs, as well as
serve as a tool for urban management in case of future pandemics. It also highlights the
need to standardize an urban sustainability quantification system that makes it possible
to monitor the different areas that compose an urban organism in order to draw up lines
of action with the aim of achieving sustainable development, since, as this study has
shown, when quantifying many of these areas, the majority have been negative, as no prior
monitoring has been carried out on them.

The benefits of this intervention are multiple, both in the short and long term. Increas-
ing the area of public space for pedestrians will increase social relations, improve road
traffic safety, favor mobility on foot, and reduce noise pollution and pollutant emissions, as
well as hinder the spread of infectious diseases.

On the other hand, the rehabilitation of new green areas, combined with the greening
of the roads, will improve the air quality due to the chlorophyll function of vegetation that
decomposes carbon dioxide, absorbing carbon and releasing oxygen into the air, having
also the ability to accumulate dust and particulate pollutants, thus reducing the surround-
ing environment [90]. As a consequence, bacteria in the air will not be as contagious.
In addition, it provides a much more comfortable living space, attracting more people,
encouraging the emergence of new businesses, and increasing the mix of the area and the
life of the city.

Furthermore, the moisture released by the plant species will result in lower temperatures
in summer, as well as blocking radiation on the surfaces, thus considerably lowering their
temperature and allowing radiation in winter as they are deciduous species (Figure 18).
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Biodiversity will also be favored by this action, and different plant species, as well as
aquatic and rocky surfaces, should be incorporated into the green spaces.

These measures are just one step toward a change for a new, more sustainable, healthy
and efficient city and are perfectly extrapolated to other neighborhoods of the city, whose
combined intervention, with the evaluation of the rest of the indicators, would bring many
benefits to the city of Granada.
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5. Conclusions

Cities have a high environmental impact and knowing how to act on them is essential
to minimize these impacts. Indicator systems are a very useful tool for objectively assessing
a complex area in order to simplify and better understand it. However, the COVID-19 crisis
has shown that those areas that the different systems of urban indicators contemplated for
the quantification of a sustainable organization need to be revised, as the health crisis has
left and will leave its mark on aspects that were hardly contemplated, such as political,
social, and demographic aspects.

As a result of COVID-19, in Andalusia (Spain), the Law for the Promotion of Territorial
Sustainability in Andalusia is being developed; this is why we have decided to carry out
the practical application of some of the indicators in this Spanish autonomous community.

The results obtained show how a review of the current IS is necessary, as well as a
standardization and implementation of the same as Directive 2014/95/EU does for the
business sphere. These results have allowed us to draw up a list of minimum and essential
indicators that each local system should contain, as it is understood that each urban nucleus
is different from the rest, and when quantifying its sustainability, local factors must be
taken into account according to climate, population type, political/economic system, etc.
This will not only improve urban management and quality but will help prevent and
mitigate future pandemics.

After all, cities are complex, composed by diverse systems (economic, social, infras-
tructural, etc.) and therefore are comparable to a living organism that consumes resources
and generates waste. Therefore, it is necessary to address the issue of sustainability in
all those areas that form and constitute the city, as the system of indicators is one of the
most useful mechanisms to address interventions of different magnitudes, while also
understanding the importance of a change in them for a better adaptation to reality.

The contribution of this research is important in the sense of emphasizing the relevance
of considering issues that are generally neglected in urban development, regeneration, or
rehabilitation processes or plans, which are basic to habitability or quality of life, since, as
has been seen in the most recent case such as a health crisis following a global pandemic,
those areas that are worst managed are the ones that suffer the worst repercussions.

It is worth noting the limitation that only some of the sustainability indicators have
been analysed in this study. This research leaves open the possibility of future research in
this area, completing the rest of the parameters not quantified in Granada in this work in
the pursuit of implementing a new way of making a city.

Based on these contributions, it is concluded that this study has the purpose of the
most faithful approach possible to reality, which is nourished through scientific sources of
information and the population, their daily lives, interests, and individual and collective
development, in order to provide the most sustainable perspectives from which urban
revitalization proposals should emanate.
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Appendix A. Quantification of Indicators in the Selected Urban Organism

1. Environmental quality

1.1. Air quality

Goal

To provide, as far as possible, a comfortable public space in terms of air quality.

Definition

Number of days per year with poor air quality.

Table A1. Table indicator 01: Air quality. Own elaboration.

INDICATOR 01 Calculation parameter: Days per
year that the established limits are
exceeded.AIR QUALITY

Evaluation parameter:
SO2 > 125 µg/m3 CO > 10 mg/m3

NOx > 50 µg/m3 PM10 > 50 µg/m3

O3 > 120 µg/m3

APLICATION/FORMULA MEASURING
STATIONS

CALCULATION UNIT DAYS PER YEAR

REGULARITY ANNUAL

Quantification methodology

The data collected by the measuring station located at the Palacio de Congresos,
Granada, are analyzed.

Quantification

Table 3 shows the results obtained.
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Almost 30% is the percentage that represents the days in 2019 when values were close
to the limit or very close to it and 20% in 2020.
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In Granada, it is common to see air pollution due to the haze generated. A diagnosis
of air quality in the metropolitan area of Granada determined that road traffic is the main
cause of the city’s poor air quality (Figure A2).
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1.2. Thermal comfort

Goal

Decrease or increase the radiant temperature in the public space depending on the
season of the year through the obstruction of solar radiation by the provision of trees along
the road.

Definition

Percentage of hours between 8:00 and 22:00 h with adequate thermal comfort condi-
tions for a pedestrian.

Table A2. Table indicator 02: Thermal comfort. Own elaboration.

INDICATOR 02 Calculation parameter:
Obstructed area (shadows
thrown by trees) (m2) / total
public road surface (m2) ∗ 100

THERMAL COMFORT. SOLAR RADIATION OBSTRUCTION
OF THE TREES ON THE PUBLIC ROAD

APLICATION/FORMULA ROAD AREA
Evaluation parameter:
Obstruction of solar radiation
greater than 30%

CALCULATION UNIT % OBSTRUCTION

REGULARITY SEASONAL

Quantification methodology

First, the road typologies are classified according to the configuration and presence of
vegetation (Figure A3).

Secondly, a representative road is chosen for each type of road with vegetation
to quantify its percentage of obstruction. Roads with no vegetation at all are assessed
as unfavorable.

For each of these roads, a separate sheet is drawn up presenting their characteristics:
number of roads, road width, distance between trees, size of trees, and built density.
Determining the size of the trees and the distance between them will help us to evaluate the
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percentage of obstruction (Figure A3), and depending on the built density, the obstruction
requirements will vary (Table A3).

Finally, these sheets also show the quantification by determining the section studied
and the parameters obtained after the mathematical application.

The sheets also include a cross-sectional profile of the average annual solar radiation
received. This profile has been obtained through the Huellasolar urban sunlight and
radiation web viewer and allows a more exhaustive evaluation to be provided, since,
although the density takes into account that the larger the buildings, the greater the solar
obstruction on the road, the proportion of building height and road width is a relevant
factor, as we find both situations of high building density and small road width that leads
to a high percentage of shade during the days, and situations of high building density and
large road width that leads to a lower percentage of shade throughout the days.

Energies 2021, 14, x FOR PEER REVIEW 31 of 45 
 

 

Secondly, a representative road is chosen for each type of road with vegetation to 
quantify its percentage of obstruction. Roads with no vegetation at all are assessed as un-
favorable. 

For each of these roads, a separate sheet is drawn up presenting their characteristics: 
number of roads, road width, distance between trees, size of trees, and built density. 
Determining the size of the trees and the distance between them will help us to evaluate 
the percentage of obstruction (Figure A3), and depending on the built density, the 
obstruction requirements will vary (Table A3). 

Finally, these sheets also show the quantification by determining the section studied 
and the parameters obtained after the mathematical application. 

The sheets also include a cross-sectional profile of the average annual solar radiation 
received. This profile has been obtained through the Huellasolar urban sunlight and radi-
ation web viewer and allows a more exhaustive evaluation to be provided, since, although 
the density takes into account that the larger the buildings, the greater the solar obstruc-
tion on the road, the proportion of building height and road width is a relevant factor, as 
we find both situations of high building density and small road width that leads to a high 
percentage of shade during the days, and situations of high building density and large 
road width that leads to a lower percentage of shade throughout the days. 

 
Figure A3. Classification of trees according to size. Prepared by the authors based on data obtained 
from the Special Plan for Environmental Sustainability Indicators for urban development in Seville. 

Table A3. Tree and obstruction requirements according to the characteristics of the road. Prepared 
by the authors based on data obtained from the Special Plan for Environmental Sustainability Indi-
cators for urban development activity in Seville. 

Tree requirements for solar radiation obstruction (30%) 
Distribución en una hileraDistribution in a row Small size Medium size Large size 

Trees/m2 of public space 0.02 0.012 0.01 
Distribution in two rows Small size Medium size Large size 
Trees/m2 of public space 0.04 0.025 0.02 

Degree of obstruction required according to construction density 
High >30% 

Medium >50% 
Low >65% 

Quantification 
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from the Special Plan for Environmental Sustainability Indicators for urban development in Seville.

Table A3. Tree and obstruction requirements according to the characteristics of the road. Prepared by
the authors based on data obtained from the Special Plan for Environmental Sustainability Indicators
for urban development activity in Seville.

Tree requirements for solar radiation obstruction (30%)

Distribución en una
hileraDistribution in a row Small size Medium size Large size

Trees/m2 of public space 0.02 0.012 0.01

Distribution in two rows Small size Medium size Large size

Trees/m2 of public space 0.04 0.025 0.02

Degree of obstruction required according to construction density

High >30%

Medium >50%

Low >65%

Quantification

Firstly, road typologies have been identified according to the number of lanes and
whether or not they have vegetation on the road (Figure A4), which allows us to group
them for quantification.
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For each representative road by type of street with vegetation, a sheet has been
prepared to quantify the % of obstruction. Roads with no vegetation at all are assessed
as unfavourable.
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Table A4. Representative sheet of one-lane roads and average density for the quantification of
thermal comfort. Own elaboration.

ROAD 01. Av. del Duque de San Pedro Galatino Granada
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Once the defined parameters have been applied, we obtain an unfavorable evalua-
tion, as the percentage of obstruction obtained is lower than desired according to the char-
acteristics of the road. It should be borne in mind that these factors do not take into ac-
count the ratio of building height/track width and orientation, which is why the average 
solar radiation profile received has also been analyzed. The one-lane roads at medium 
densities with vegetation have a southwest orientation throughout the sector, because 
they have a very similar average solar radiation profile, with an average solar radiation 
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Once the defined parameters have been applied, we obtain an unfavorable evaluation,
as the percentage of obstruction obtained is lower than desired according to the character-
istics of the road. It should be borne in mind that these factors do not take into account
the ratio of building height/track width and orientation, which is why the average solar
radiation profile received has also been analyzed. The one-lane roads at medium densities
with vegetation have a southwest orientation throughout the sector, because they have a
very similar average solar radiation profile, with an average solar radiation percentage
during the day of approximately 40%. An increase in the number of trees will still be
necessary, but it may not be necessary to achieve 50%.

www.huellasolar.com
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Table A5. Representative sheet of one-lane, high-density roads for the quantification of thermal
comfort. Own elaboration.

ROAD 02. Calle Gonzalo Jimenez de Quesada
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In this case, similar to the previous one, as the density increases, the minimum opti-
mum clogging value decreases. In this road, the parameters are favorably met. As there 
are small and medium-sized vegetation, an average has been made between the area of 
obstruction presented by each one. 
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In this case, similar to the previous one, as the density increases, the minimum
optimum clogging value decreases. In this road, the parameters are favorably met. As
there are small and medium-sized vegetation, an average has been made between the area
of obstruction presented by each one.
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Table A6. Representative sheet of two-lane, low-density roads for the quantification of thermal comfort.
Own elaboration.

ROAD 03. Camino de la Zubia
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The two-lane roads with vegetation serve low-density areas of the sector and have 
both south and southeast orientations. In this case, we have analyzed the most unfavora-
ble, i.e., south-facing, which means more hours of direct sunlight, which are also favored 
by the low density. 

This particular road also has a pedestrian pavement with a greater width than the 
rest, which has increased the surface area studied for the same length of section and, there-
fore, the obstruction requirement. 

Thus, a negative result is obtained not only because of compliance with the estab-
lished values, but also because of the typology of orientation of this road which, as can be 
seen in the radiation profile, would require an increase in vegetation, either by an increase 
in the number of trees, size, or both. 
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The two-lane roads with vegetation serve low-density areas of the sector and have
both south and southeast orientations. In this case, we have analyzed the most unfavorable,
i.e., south-facing, which means more hours of direct sunlight, which are also favored by
the low density.

This particular road also has a pedestrian pavement with a greater width than the rest,
which has increased the surface area studied for the same length of section and, therefore,
the obstruction requirement.

Thus, a negative result is obtained not only because of compliance with the established
values, but also because of the typology of orientation of this road which, as can be seen in

www.huellasolar.com
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the radiation profile, would require an increase in vegetation, either by an increase in the
number of trees, size, or both.

The southeast facing roads will have a lower percentage of hours of direct solar
radiation received; however, the configuration of the vegetation has similar characteristics,
so its assessment would also be negative.

Table A7. Representative sheet of three-lane roads and average density for the quantification of thermal
comfort. Own elaboration.

ROAD 04. Av. Pablo Picasso
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Table A8. Representative sheet for the two-lane + underground and high-density road for the quantification of
thermal comfort. Own elaboration.

ROAD 05. Av. de América
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The eastern orientation of this road and its high density favors a high percentage of 
shade throughout the day; however, the value obtained in this case is well below the de-
sired value.  

It should also be taken into account that the sun in summer falls from a higher point, 
so the road will receive much more sunlight, especially on its right side, which shows a 
clear need to increase the vegetation on this side to achieve greater thermal comfort. 
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The eastern orientation of this road and its high density favors a high percentage
of shade throughout the day; however, the value obtained in this case is well below the
desired value.

It should also be taken into account that the sun in summer falls from a higher point,
so the road will receive much more sunlight, especially on its right side, which shows a
clear need to increase the vegetation on this side to achieve greater thermal comfort.
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Table A9. Representative sheet of four-lane, high-density roads for the quantification of thermal
comfort. Own elaboration.

ROAD 06. Calle Palencia
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Most four-lane roads have an easterly orientation, and their presence in the highest 
density areas means that the percentage of sunlight received during the day is much lower 
than in other cases considered. However, the assessment (regardless of orientation) is un-
favorable, although not far below the minimum value. Paseo del Violón (the other four-
lane road) has a southern orientation, so the minimum vegetation level should be in-
creased, even above 30%. 

Energies 2021, 14, x FOR PEER REVIEW 38 of 45 
 

 

Table A9. Representative sheet of four-lane, high-density roads for the quantification of thermal 
comfort. Own elaboration. 

ROAD 06. Calle Palencia 

 

 

Elevation/Section Photography 
DESCRIPTION 

Nº of lanes 4 Parking No 
Road width 20 Built density High 

Distance between trees (m) 15 Vegetation size 
Medium 

size 
CUANTIFICATION 

Section analyzed (m) 100 % Obstruction 20% 
Surface analyzed (m2) 2000 % Obstruction goal >30% 
Surface obstructed (m2) 392 Evaluation Unfavorable 

 
 

Average annual solar radiation profile received. Source: www.huellasolar.com 

Most four-lane roads have an easterly orientation, and their presence in the highest 
density areas means that the percentage of sunlight received during the day is much lower 
than in other cases considered. However, the assessment (regardless of orientation) is un-
favorable, although not far below the minimum value. Paseo del Violón (the other four-
lane road) has a southern orientation, so the minimum vegetation level should be in-
creased, even above 30%. 

Elevation/Section Photography

DESCRIPTION

N◦ of lanes 4 Parking No

Road width 20 Built density High

Distance between trees (m) 15 Vegetation size Medium size

CUANTIFICATION

Section analyzed (m) 100 % Obstruction 20%

Surface analyzed (m2) 2000 % Obstruction goal >30%

Surface obstructed (m2) 392 Evaluation Unfavorable

Energies 2021, 14, x FOR PEER REVIEW 38 of 45 
 

 

Table A9. Representative sheet of four-lane, high-density roads for the quantification of thermal 
comfort. Own elaboration. 

ROAD 06. Calle Palencia 

 

 

Elevation/Section Photography 
DESCRIPTION 

Nº of lanes 4 Parking No 
Road width 20 Built density High 

Distance between trees (m) 15 Vegetation size 
Medium 

size 
CUANTIFICATION 

Section analyzed (m) 100 % Obstruction 20% 
Surface analyzed (m2) 2000 % Obstruction goal >30% 
Surface obstructed (m2) 392 Evaluation Unfavorable 

 
 

Average annual solar radiation profile received. Source: www.huellasolar.com 

Most four-lane roads have an easterly orientation, and their presence in the highest 
density areas means that the percentage of sunlight received during the day is much lower 
than in other cases considered. However, the assessment (regardless of orientation) is un-
favorable, although not far below the minimum value. Paseo del Violón (the other four-
lane road) has a southern orientation, so the minimum vegetation level should be in-
creased, even above 30%. 

Average annual solar radiation profile received. Source: www.huellasolar.com

Most four-lane roads have an easterly orientation, and their presence in the highest
density areas means that the percentage of sunlight received during the day is much lower
than in other cases considered. However, the assessment (regardless of orientation) is
unfavorable, although not far below the minimum value. Paseo del Violón (the other
four-lane road) has a southern orientation, so the minimum vegetation level should be
increased, even above 30%.

On the other hand, the web tool goolzoom also provides heat maps, and it can
determine the areas that contribute the most.
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As can be seen in Figure A5, the older, low-density housing areas have the greatest
impact in this area compared to open high-rise buildings.
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2. Urban habitability and biodiversity

2.1. Provision of trees in public spaces

Goal

Detect tree deficiencies in public spaces in order to assign a suitable surface area
according to the conditions of the urban fabric, enriching the connectivity of the urban
ecosystem and habitability.

Definition

Allocation of one tree for every 20 m2 of occupied area.

Table A10. Table Indicator 04: Provision of trees in public spaces. Own elaboration.

INDICATOR 03 Calculation parameter:
Number of trees/occupied
area (m2)PROVISION OF TREES IN THE PUBLIC SPACE

APLICATION/FORMULA TOTAL AREA Evaluation parameter:
Allocation of one tree for
every 20 m2 of occupied
surface

CALCULATION UNIT NUMBER OF TREES

REGULARITY ANNUAL

Quantification methodology

Firstly, the roads and public spaces with trees and the number of trees are identified.
The total surface area occupied will be determined in order to finally quantify and evaluate
the results obtained.

Quantification
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Table A11. Quantification to determine the number of trees in public spaces. Own elaboration.

Tree Quantification

Road with trees (linear m.) 8140.52

Average distance between trees (m) 10

Tree configuration Both sides

Total trees 1628

Total occupied area (m2) 495,249.45

Tree per 20 m2 of surface area 24,762

As can be seen, there is a notable lack of trees in the urban fabric, as many of the roads
have no vegetation at all, and in those that do, it is insufficient.

2.2. Proximity of the population to green spaces

Goal

Determine how far the population has to travel to access different sizes and types
of green spaces in order to guarantee the enjoyment of nature and minimize impacts
on biodiversity.

Definition

Simultaneous access to green spaces according to surface area and distance.

Table A12. Table Indicator 05: Proximity of the population to green areas. Own elaboration.

INDICATOR 04 Calculation parameter: Displacement
(linear meters)

PROXIMITY OF THE POPULATION TO GREEN
AREAS

Evaluation parameter: Simultaneous access
to green spaces according to surface area
and distance

APLICATION/
FORMULA TOTAL AREA

CALCULATION
UNIT NUMER OF TREES

REGULARITY ANNUAL AREA DISTANCE

>1.000 m2 <200 m On foot. Everyday
character

>5.000 m2 <750 m On foot.
Non-everyday character

>1 HA <2 Km By bike

>10 HA <4 Km By public transport

Quantification methodology

The different typologies of green spaces will be identified in the urban centre of
Granada, where a circle of the diameter of the optimum distance will be inscribed and the
impact on the study model will be analyzed.

Quantification

Figure A6 shows the different green spaces according to the hierarchy set out in Table A12.
There is only one green space of between 1000 and 5000 m2 accessible on a daily basis

in the urban area, limiting the population benefiting from green spaces of this typology
and, therefore, having to travel further to enjoy a green space.

On the other hand, there are green spaces that can be accessed either on foot by
walking up to 750 m, such as Plaza Concordia, or by bicycle up to 2 km, such as Parque
Tico Medina.
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Finally, with a surface area of 486 ha, we find the peri-urban park of Dehesa del
Generafile, although the journey by public transport is more than 4 km, having to cover
5 km (Figure A6).
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To quantify the percentage of pedestrian roads compared to the total public roads in
order to evaluate the need to give priority to the private vehicle as the main axis in the
urban morphology.

Definition

Pedestrian road area in front of the total public road area.
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Table A13. Table Indicator 06: Distribution of public roads. Own elaboration.

INDICATOR 05 Calculation parameter: Pedestrian
road area (m2)/Total public road
area (m2) ∗ 100DISTRIBUTION OF THE PUBLIC ROAD

APLICATION/FORMULA TOTAL AREA
Evaluation parameter: Public road
for pedestrians and other uses of
public space > 75%

CALCULATION UNIT % ROAD

REGULARITY ANNUAL

Quantification methodology

Through the classification of the different typologies of roads elaborated for the
quantification of indicator 02, we proceed in this section to count the linear meters of each
typology of road according to the number of lanes it has.

For pedestrian roads, the average width of each street will be calculated (it is usually
quite similar in most of them), and once these two data have been obtained, the percentage
allocated to each type of road will be calculated.

Quantification

Table A14 shows the linear meters of each typology of road, the average characteristics
of lanes, parking spaces and pavements and, finally, the quantification of the percentage of
pedestrian road compared to the total.

Table A14. Characteristics of the road hierarchy and quantification of the percentage of public roads
dedicated to pedestrians compared to the total. Own elaboration.

Road Hierarchy Linear m Characteristics Linear m

Pedestrian 1791.6 Lane width 3

1 lane 4536.38 Total parking width 5

2 lanes 2345.91 Pedestrian path width 3.5

2 lanes + metro 172.54 Half width sidewalks 2.5

3 lanes 609.6 Total road traveled (m2) 154,351

4 lanes 4742.05 Total pedestrian road (m2) 68,303

% pedestrian road compared to the total 44%

As can be seen, more than half of the public space is allocated to private vehicle use,
which is far below the requirement that pedestrian roads should account for at least 75% of
the total.
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