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Abstract: This article presents the methodology and results of a pioneering investigation in the
determination and mapping of socio-residential vulnerability in the city of Barcelona according to
a multi-criteria synthetic analysis. The methodology followed is based on a system of indicators
elaborated from the exploitation of habitual statistical Open Data complemented with specific
unprecedented data elaborated and supplied by the Barcelona City Council. The analysis is based
on secondary data and it is structured in georeferenced axes, components, and indicators, which
allow determination of the sociodemographic, socioeconomic, and urban and residential space
characteristics at neighborhood, population census unit, and urban block level. The objective of the
research was to detect, determine, and establish a measure of differentiation relative to the degree of
residential vulnerability of some neighborhoods with respect to others, in order to seek prioritization
measures for action in the most vulnerable areas. The results of the research provide a series of
maps that allow us to define the areas where the highest levels of vulnerability indicators coincide
according to a synthetic multi-criteria analysis.

Keywords: urban planning; multi-criteria analysis; geographic information system; socio-residential
vulnerability; urban data base; open data; social segregation; urban social inequality; spatial stratification

1. Introduction

Residential vulnerability is defined as a set of conditions that are related to the residen-
tial space in a specific space-time context and indicate situations of social discrimination
and structural disadvantage of the population. This concept has been the object of thought
and definition by many authors in the field of Social Sciences, especially Geography and
Sociology, since the first contributions and discussions of the Chicago School [1-3]. Robert
Castel defines vulnerability as a situation of uncertainty and disadvantage, “an interme-
diate unstable zone where job insecurity and the fragility of proximity support networks
are entwined” [4]. Currently, vulnerability is understood in relation to the drop in public
protections as a result of the crisis of the welfare state. From a transversal point of view,
the United Nations refers to vulnerability as “(...) a state of high exposure to certain risks
and uncertainties, combined with a diminishing capacity to protect or defend oneself from
risks and face their negative consequences. Vulnerability exists at all levels and dimensions
of society. It is an integral part of the human condition and, therefore, can affect both
individuals and society as a whole” [5].

Thus, urban vulnerability is based on a combination of vectors that outline social,
professional and residential exclusion [6]. The coexistence of these components usually
leads to a process of spatial segregation and concentration in neighborhoods that be-
come very disadvantaged in urban and social terms [7]. As some authors conclude [8],
vulnerability refers, on the one hand, to increased risks that affect groups of people,
society or states; on the other hand, it refers to the weakening of the mechanisms to face
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risks. Thus, it is relevant to analyze the concentration of certain indicators of vulnerabil-
ity in specific places or neighborhoods, to contrast their effect on the socio-residential
situation and their temporal evolution in order to identify trends. Accurate knowledge
of the sociodemographic, socioeconomic, and residential and urban characteristics is
essential to be able to define the complex urban dynamics that describe present inequali-
ties in the neighborhoods and areas of the city [9,10]. At the same time, it constitutes
a tool for public administrations in large cities and metropolitan areas that require
strategies to guide decision-making practices for urban improvement and regeneration
policies that aim at improving sustainability in environmental, economic and social
terms [11-14].

In this regard, recent studies have developed urban vulnerability observatories that
have been useful in guiding urban policies for the regeneration of neighborhoods in Europe
and Spain [15-18]. These previous studies on urban vulnerability in Spain have aimed
to detect the most disadvantaged neighborhoods, providing a theoretical framework and
methodological proposals that include a process of operation of the concept of vulnerability
in analytical terms and measurable indicators, and, in addition, the establishment of an
analytical mechanism to measure vulnerability in different territorial areas that can be
diagnosed [19-23]. An example of this is the research project in which this research has
taken place [24].

In Catalonia there are also referential initiatives for the definition, analysis, and
intervention on vulnerable areas. These are sponsored by the Neighborhood Law [25],
whose main objective is to act in those neighborhoods and towns where urban and social
problems had been detected. The law encourages a comprehensive approach, taking
into account both urban rehabilitation and the development of social and economic
projects that aim to promote social cohesion [26]. Its developed program focuses on
neighborhoods and urban areas that are in most need of the public administration sup-
port in order to improve living conditions [27] and promote urban equity. Proposed
neighborhoods or urban areas could show any of the following situations: urban re-
gression processes (degradation of buildings, lack of qualified public space, lack of
facilities, etc.), demographic problems (due to loss, aging, or too rapid growth of the
population), presence of particularly serious economic or social problems, or urban and
local development deficits.

The city of Barcelona has had numerous urban regeneration policies with different
aims and outcomes [12]. The city’s current reality is the result of multiple complex phe-
nomena with high urban and social consequences. The socio-spatial integration of migrant
population, the touristic boom, and gentrification processes are current situations that are
developing simultaneously in the city. At the same time, a framework of economic crisis,
in which public investments in urban and social matters decrease, provides a conjuncture
that translates into an increase in social polarization and socioeconomic inequality that is
manifested and expressed in the territory.

In this context, several studies in the metropolitan area of Barcelona have sought to
detect, quantify, characterize, and/or map the existing intra-urban differences [22,28,29],
based on quantitative methodologies that include demographic, socioeconomic, and urban
data, with the purpose of establishing inequality measures.

In its attempt to inform the design and development of recent redistributive policies,
the administration of the city of Barcelona also needed to carry out a deeper characteri-
zation of socio-residential vulnerability in the city of Barcelona [30] based on recent and
updated data.

Widely, the methodological search of tools to measure urban vulnerability has proven
to require systematic frameworks to integrate very heterogeneous information and data
in order to inform decision-makers to better evaluate and prioritize in front of the very
complex and multi-faced reality of vulnerable urban areas.
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This research shows in depth the methodology and results obtained from the most
detailed study of socio-residential vulnerability in the city of Barcelona [31] up to date. It
provides a description of the data sources and the analytical methodology that consists
of the measurement of a set of indicators as well as the development of a multi-criteria
analysis in GIS. Finally, results allow determining the characterization of neighborhoods
and census sections according to each indicator, and the identification of areas with a
greater degree of vulnerability according to the multi-criteria synthetic analysis.

2. Objectives and Contributions

The main objective of this research is to carry out a system of recognition of the
socio-spatial characteristics of the residential space of the different neighborhoods and
sectors of the city that can be used to assess urban inequalities. It is about building a
matrix of geospatial information that covers sociodemographic, socioeconomic, and urban
characteristics and the state of the buildings and homes, sufficient to establish a measure of
differentiation relative to the degree of residential vulnerability of some neighborhoods
with respect to others, in order to seek measures of balance between them. The research is
based on data from the general statistics complemented with data from the city council as
well as from other local entities, which enables access to very precise, disaggregated, and
updated information of the city.

The proposed system seeks to provide a method to define and discuss the aspects
that should or should not be considered when proposing proactively redistributive
public policies.

The objectives of the research and its main contributions to the city are:

e To collect, filter, and define the available data to perform a geospatial treatment in
order to identify the most relevant residential vulnerability indicators based on the
weight of the available data. A measurement system adjusted to the source and
to the calculation procedure of each indicator has been developed according to the
information available.

e To develop a system to describe the socio-spatial characteristics of the residential
space in different neighborhoods, as the basis for a GIS analysis that determines
which are the most vulnerable areas. Based on the available information sources, a
set of indicators of residential vulnerability are referenced in maps. Those established
indicators provide a visualization of the variations in values of the indicators both in
micro-units and in more aggregated units, such as neighborhood and district, which
allows us to relate the existing inequalities between areas of the city.

e  Toidentify urban areas with a higher level of vulnerability based on synthetic analysis.
A multi-criteria synthetic analysis that parts from the previously elaborated cartogra-
phies allows us to define the areas where the highest levels of vulnerability indicators
coincide, according to a set of alternatives. The review of these areas allows scaling up
and identifying sectors more precisely. Thus, their selection to be further analyzed
in more detail and to receive greater attention by public policy-makers is based on a
structured, well-informed, and defensible decision.

3. Methodology

The multidimensional nature of the vulnerability concept implies a major challenge
when it comes to operationalizing and measuring it. Likewise, the very availability of
updated data and the necessary disaggregated territorial units carry a new difficulty when
transferring the concept to a measurable entity.

Reference studies [20-22], especially the Urban Vulnerability Atlas (UVA) [15], ad-
vance in the effort to operationalize the concept of vulnerability and make it measurable
and analytical. With this objective, the present proposal for the operationalization of the
concept includes four large dimensions or basic axes, which include main components
specified in statistical measurement indicators.
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To address this system of identification, elaboration, and calculation of the most
relevant components and indicators, a wide range of indicators has been chosen, refined,
and contrasted with experts through an iterative process consisting of various work sessions
in which the contents have been analyzed and discussed.

This proposal is set out below.

3.1. Conceptualization and Organization in Axes: The Dimensions of Urban Vulnerability

From the foregoing, it can be deduced that urban vulnerability becomes the result of
jointly considering sociodemographic, socioeconomic, residential, and, finally, subjective
vulnerability. The identification of these four dimensions implies starting from a global
vision of what urban vulnerability entails, and, at the same time, considering and combining
specific aspects and processes of different nature that have a direct impact on increasing
vulnerability in urban areas [9,15,18,20-23].

Regarding the dimension of sociodemographic vulnerability, three demographic
phenomena present in current Spanish society have strong implications in increasing
social vulnerability. First, demographic aging. The progressive aging of the population is
a phenomenon consolidated in Spanish and Catalan societies. This trend is characterized
by an increase in life expectancy, an increase in the total number of elderly people,
and also in their proportion with respect to adults and young people. While many
authors show the correlation between the aging of the population and the prosperity of
society [32], the aging of the population also has a clear impact on social vulnerability.
Dependency, health problems, deterioration of housing, lack of income or low income,
and the increase of one-person households are factors that can lead to part of the old
population being vulnerable. Second, the dimension of sociodemographic vulnerability
also includes the greater complexity of the household structure with the appearance and
consolidation of typologies with a high risk of social vulnerability. It refers to single-
parent households, old people living alone, and extended households, especially those
that are formed from the coexistence of a recently arrived migrant population who resort
to shared housing as a strategy to access housing, lowering its cost. Finally, the third
aspect or main idea would refer to the boom in foreign migration with fewer economic
resources. The arrival of foreign migrant population calls for an accompaniment that
can guarantee their rights and enable their integration into the arrival society. Different
authors identify the formation of spaces of vulnerability as forms of urban segregation
in contexts in which there is the strong and sudden growth of migrant population,
especially in the case of groups with lower economic resources, if there is no specific
public support that fosters integration [33].

Regarding the dimension of socioeconomic vulnerability, the UVA [20] defines it as the
capacity of households to satisfactorily obtain a certain material and emotional well-being.
This area is directly related with the world of employment, considering job access, working
conditions, and the professional training and education of the population. For this reason,
the three main ideas that are considered in this area are unemployment (especially due to
high unemployment rates), job insecurity (unstable working conditions and low wages),
and the low educational levels of the working classes (especially derived from the high
school dropout rates among young people).

Regarding what this work coined as “residential and socio-urban vulnerability”, many
authors integrate indicators that refer to deficiencies in urban services and spaces as well
as in residential buildings in a dimension that indicates urban regression [18,20,22,23]. This
dimension highlights the importance of spatial sustenance for the satisfactory development
of daily life: the need for quality housing and the quality of the neighboring residential
urban environment.

Finally, the dimension of subjective vulnerability [20] includes the subjective per-
ceptions that residents have of the problems and shortcomings of their urban and social
environment. This dimension is based on aspects of social and urban vulnerability that
are directly pointed out by the residents of an area. This dimension was not included in
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the present research given the difficulty to assess new qualitative data, and because the
type of information that it would have provided was coincident with that obtained in other
quantitative available data.

In this way, it was decided to divide the research into three axes of study:

e  Axis 1. Socio-economic vulnerability, characterized by unemployment (especially high
rates), a precarious labor market (instability and low income), and the low educational
level of the working classes (especially related to school dropouts).

e Axis 2. Sociodemographic vulnerability, characterized by demographic aging (related
to situations of dependency, health problems, deterioration of housing, lack of income
or low income, and increase in single-person dwellings), and the greater complexity
of the housing structure (linked to the consolidation of family types with high social
vulnerability such as extended households of migrant low-income population).

e Axis 3. Residential and socio-urban vulnerability refers to the degradation of both
housing and neighboring residential urban environment, which becomes a risk of
vulnerability among the resident population. Poor housing as well as residential
environments that do not meet the basic habitability requirements due to their poor
state of conservation, insufficient surface area, or lack of basic facilities, are the highest
expressions of residential vulnerability.

Each of the defined axes was approached quantitatively after the set of indicators were
drawn up (see Section 3.2) from the available information sources (see Table 1).

Table 1. Data sources.

Entity/Organization Database

Cadaster
Municipal Register
Population and housing census
Conservation and maintenance files

Building licenses

Activity licenses
Commercial activity census
Statistics per neighborhood

Barcelona City Council

Rental assistance
Eviction files
Register of applicants for social housing
Rehabilitation of buildings with subsidies

Barcelona Housing Consortium

Punctual assistance

Social Right .
ocial Kights Permanent assistance

Certificate of occupancy
Elevator installation record
Technical inspections of buildings
Energy efficiency certificate

Catalan Government

Catalan Public Health Agency Mortality and public health

National Institute of Statistics Register

The universe of buildings to include in this research was determined by identifying
those that contained dwellings. These exhaustive previous filtering works were necessary
in order to assess the residential dimension of vulnerability.

3.2. Analysis of Indicators, Measurement Scale, and Elaboration of the Model Layer Index

A process for preparing the revised dataset was developed to integrate it into the geo-
graphic and multicriterial data analysis process. The preparation of the data set consisted
of taking data from the different data sources and developing a first stage of review and
preparation, with the following procedure:
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Definition of the appropriate descriptors for each axis
Selection and creation of the dataset

Data processing and cleaning

Data transformation

Identification of the geographical units of study

3.2.1. Indicators

In total, 37 quantitative indicators of different issues were considered (Table 2) at the

neighborhood, census unit (the geographic unit that delimitates the population census), and
block level. They were adjusted to the concepts that had previously been proved relevant
when measuring situations of vulnerability. Thus, after a first analysis and synthesis of the
first results, different approaches were produced, and they provided a set of representative
indicators of the three axes of study.

Table 2. Indicators analyzed.

Component Indicator Weight
Socio-Economic Vulnerability Indicator Axis
Grants for rental accommodation payment 6
Residential exclusion Evictions 8
Punctual municipal grants 5
Non-contributory or disability pensions 2 28
Economic shortcomings - —
Per capita family income 3
Unemployed population 3
Risk potentiality -
Unskilled workers 1
Socio-Demographic Vulnerability
Non-European population (nationality) 2
Mobility High rates of internal migration 2
Low rates of internal migration 0
Child population index 1
Aging index 3
Dependence
Over aging index 2 16
Mortality due to respiratory diseases 1
Number of residents per dwelling 1
Dwelling surface per resident 2
Residential density
Population density 1
Dwelling density 1
Residential and Socio-Urban Vulnerability
Dwelling average surface 1
Physical Aging of buildings 2
Average category of residential uses 1
21
Buildings’ conservation: state of ruin, bad or deficient 4
Buildings’ risk
Building typology 1
Accessibility Buildings 4 stories or higher without elevator 3
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Table 2. Cont.

Component

Indicator Weight

Rehabilitation activity

Buildings older than 40 years with no rehabilitation aids

Interior Conservation Requirements

Facade Conservation Requirements

Buildings older than 40 years with no rehabilitation licenses

Energy efficiency

Energy Efficiency Rating F or G

Tenancy

Social housing applications

Mortgages

Rental housing

Cadastral value
11

Ownership structure (vertical or horizontal)

Ownership type (natural person or legal entity)

Urban activity

Empty premises at ground floor

—_ N =R =N =R= NN =L, OWINDN| -

Commercial uses at ground floor

The data were structured in a matrix, developing several indicators related to each
component (set of indicators on a topic) (see Table 2). These indicators were analyzed
and mapped. Subsequently, they were debated and reviewed in a consultative table of
professional, academic, and municipal experts who are familiar with the city, and they set
out their data selection criteria. This methodology allowed us to identify valid decision
rules to incorporate the components and indicators that are more capable of detecting
deficiencies and adding content on those topics that were deemed relevant especially in
relation to the situation of fragility of people.

The definition of each indicator and the reasoning of their evaluation is provided in
the evaluation section (see Section 4) where each indicator is further described according
to each axis (see Sections 4.1-4.3)

3.2.2. Measurement Scale

The most unfavorable extreme was identified for each indicator, at census unit or
neighborhood level. The extreme quartile that contains 25% of the units is the one that is
identified with a situation of vulnerability. On this set of extreme units, a scale from 1 to 10
was established to emphasize the level of fragility and to differentiate the most extreme
threshold in all cases (Figure 1).

This measure establishes a normalized ordinal scale system for each entity (neighbor-
hood, urban block, or census unit) referred to each indicator, in such a way that it positions
each case with respect to the most extreme unfavorable situation rate. This procedure
allowed us to define a scale that contributes to identifying the most vulnerable areas ac-
cording to all the indicators in an organized way. This standardization system is usually
applied in multicriterial evaluation studies (MCE) that are applied to territorial planning
processes [34].

In the GIS map for each indicator (Figure 1), the extreme quartile is highlighted in red,
considered to be the most unfavorable range of values. Statistics have been obtained at
the census unit level, except for indicators that have only been available by district, where
statistics were calculated for this area. All plans of census sections (or neighborhoods
according to the indicator) were mapped highlighting the extreme quartile, to accentuate
where the problems or risk of vulnerability occur and how they were concentrated in certain
areas of the city. The fixed ranges range from 25% to 10%, range with more moderate risk
-light pink-, from 10% to 5%, range with more pronounced risk -red-, and from 5% to the
maximum or minimum value (according to the indicator), range with extreme risk -garnet-.
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Min

Q1 Median

ordinal scale

Q3

Pss

P percentile

Pso Pgs

Figure 1. Measurement scale and example of an indicator GIS map.

3.2.3. GIS and MCE Evaluation Model Map

A methodological decision in the research was to integrate Multi-Criteria Evalua-
tion Systems (MCE), commonly used as a decision-making tool in territorial planning
processes [34], with Geographic Information Systems (GIS). This methodology provided
greater control of the results thanks to the assessment capacity enabled by their greater
geographical visualization through the mapping of different models, isolated indicators,
and synthetic maps.

The possibilities of integration of GIS and MCE have shown difficulties since the
pioneering works of Voogd [35], Janssen and Ruetveld [36], and Barredo and Bosque [37],
although more recent empirical works have shown a substantial improvement in the
GIS analytical modules if combined with standard analytical programs in socioeconomic
studies [38].

The relative weight matrix of each indicator was established for each of the axes,
based on the criteria tested in previous studies and agreed upon in the present research
(see Table 2). The decision-making process brought together the opinions of a panel of
experts who, iteratively and in multiple meetings, assigned the weight to each indicator
and axis (Figure 2). This method allows that certain indicators have a higher level
of influence on the whole axis of study and its level of vulnerability. Socioeconomic
Indicators and Urban and Socio-urban Indicators (axes 1 and 3) were identified as those
with the greatest relevance in identifying situations of lack of economic resources and
deterioration of physical conditions of housing and its environment. The research was
based on a weighting that assigns a meaning of 2/5 to Axis 1, 1/5 to Axis 2, and 2/5 to
Axis 3, as shown in Table 2.

The analytical methodology followed allows the superposition of GIS and
EMC information layers in one or more model layers that indicate the global
vulnerability value.
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Problem definition: vulnerability risk

objetives/descriptors
components/indicators Understanding and consensus of
the decision regarding the
investigation. Agreement

| Complementary Conflicts regarding the problem

[

Expert panel

Component proposals ‘
Criteria modeling

Criteria Category
Scoring

Review of components and
indicators

y

Expert panel
Development of a table of
indicators

Standardization

Criteria weight

Y

Acceptance of the measurement

Selection of relevant indicators
system Expert panel >

Evaluation Weighting Criteria

GIS analysis sum of indicators
Selection of high risk areas

Result: Model map and GIS and
MCE integration

h 4

Expert panel

Figure 2. Methodological scheme of the decision-making model of the integrated GIS and MCE
vulnerability map.

4. Evaluation of Indicators and Results

This section shows the research results using the methodology described above. The re-
sults are presented according to the three axes of the research: socio-economic vulnerability,
socio-demographic vulnerability, and residential and socio-urban vulnerability.

Indicators and components are described in each axis. The values of the entire universe
are provided for each indicator, together with an indication of which quartile (in light red
below the figures) has been selected for the measure of vulnerability. It is important to note
that, in some cases, the highest values of an indicator indicate greater vulnerability, while,
in other cases, the lowest values are more unfavorable.

A GIS and MCE evaluation model map is provided for each axis as a result of a
synthesis that is obtained according to the weights described in Table 2.

4.1. Socio-Economic Vulnerability

As previously stated, 7 indicators grouped into 3 components were used to assess
socio-residential vulnerability:

e Residential exclusion

Grants for rental accommodation payment: number of grants requested per 1000 homes
of the census unit. Those census units where there is a greater number of requested grants
are highlighted.

Evictions: number of eviction files registered per 1000 homes of the census unit. Those
census units where there is a greater number of evictions are highlighted.

Punctual municipal grants: number of grants granted per 1000 homes of the census unit.
Those census units where there is a greater number of grants are highlighted.
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e  Economic shortcomings

Non-contributory or disability pensions: number of non-contributory or disability pen-
sions per 1000 inhabitants of the census unit. Those census units where there is a greater
number of people who receive these pensions are highlighted.

Per capita family income: per capita family income according to Barcelona City Council
for each neighborhood compared with the city average. Neighborhoods with the lowest
per capita income are highlighted.

e  Risk potentiality

Unemployed population: proportion of unemployed population with respect to the
total population aged 20 to 64, according to data by district of the Barcelona City Council.
Neighborhoods with a higher unemployment rate are highlighted.

Unskilled workers: proportion of unskilled workers in relation to the total workforce.
Neighborhoods with a higher representation of unskilled workers are highlighted.

Figure 3 shows the results and maps of each of the indicators referring to socio-
economic vulnerability. Figure 4 shows the GIS and MCE evaluation model map as a
synthesis of this axis.

4.2. Socio-Demographic Vulnerability

To assess the socio-demographic vulnerability, 11 indicators grouped into 3 compo-
nents were used:
e  Mobility

Non-European population (nationality): number of inhabitants who do not have a Eu-
ropean nationality in relation to the total population of each census unit. Neighborhoods
with a greater number of non-European nationalities are highlighted.

High rates of internal migration: number of new neighborhood inhabitants per 1000
inhabitants. This indicator is interpreted positively in high values and negatively in low
values. Since they denote an enclosed or potentially isolated population and an unattractive
area for new local settlers, the lowest values are highlighted.

Low rates of internal migration: inhabitants that leave the neighborhood per 1000
inhabitants. It is interpreted negatively and neighborhoods with the highest population
abandonment are highlighted.

e  Dependence

Child population index: population younger than 15 years in relation to the total popula-
tion. Census units with a greater number of children and, therefore, dependent population,
are highlighted.

Aging index: proportion of the population over 65 in relation to the total population of
the census unit. Census units with a greater number of inhabitants over 65 are highlighted.

Over aging index: proportion of the population over 85 in relation to the total pop-
ulation of the census unit. Census units with a greater number of inhabitants over 85
are highlighted.

Mortality due to respiratory diseases: ratio of the mortality of people due to respiratory
diseases standardized by age and smoothed following Bayesian methods, considering the
average between men and women. Many academic studies confirm that living conditions
in homes can influence people’s health, especially in relation to respiratory diseases [39].
This indicator highlights census units where there is a greater number of deaths due to
respiratory diseases.

e Residential density

Number of residents per dwelling: measured by census unit. It indicates potential
overcrowding, but it must be contrasted with the dwelling’s surface. Those census units
with a greater number of inhabitants per dwelling stand out.
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Duwelling surface per resident: census units where the dwelling area per inhabitant is
smaller are highlighted.

Population density: it refers to the census units where there is a higher general popula-
tion density.

Dwelling density: number of dwellings per hectare of land. Census units with a higher
density of dwellings are highlighted. It is interpreted as potential over-concentration of
residential activity.

Figure 5 shows the GIS and MCE evaluation model map as a synthesis of this axis
while Figure 6 shows the results and maps of each of the indicators referring to socio-
demographic vulnerability.

AXIS 1: SOCIO-ECONOMIC VULNERABILITY

RESIDENTIAL EXCLUSION ECONOMIC SHORTCOMINGS RISK POTENTIALITY

A e : — \ B
p) 7 - -
!, P % ;-
y alf ;
B S !
oS A S | /
= | e Y 1 4 4
: Y AP %
& b o P 1
; { \ s
mean = 10.88 mean = 11.51 = e mean = 8.99
§ i Oge 1836 =" ° 83357 1300 e 3.47 721 8.51 1056 1931
- ‘, . ‘
Grants for rental accommodation payment  Non-contributory or disability pensions Unemployed population

0 243 528
1.:{@*
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Ny
)
<
|
|
)
1.
.
mean = §.90

0 2.26 547 1141
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mean = 91.33 mean = §.43

Ak 347 61 81102 251.7 0 3.29 6.53 11.77 50.75
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Per capita family income Unskilled workers

102.68

~ Punctual municipal grants

Figure 3. Georeferenced results of the seven indicators used to assess socio-economic vulnerability, classified in columns

according to the three components analyzed.
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Figure 4. Model layer map as a result of GIS and MCE evaluation of socio-economic vulnerability.

MODEL LAYER MAP (SOCIO-DEMOGRAPHIC VULNERABILITY)
AP F..

\?

Vulnerability

0to 2
210 6
61013
W 13022
W 22to2s
W 25t050

A7

Figure 5. Model layer map as a result of GIS and MCE evaluation of socio-demographic vulnerability.
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AXIS 2: SOCIO-DEMOGRAPHIC VULNERABILITY
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Figure 6. Georeferenced results of the eleven indicators used to assess socio-demographic vulnerability, classified in columns

according to the three components analyzed.
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4.3. Residential and Socio-Urban Vulnerability

To assess residential and socio-urban vulnerability, 19 indicators were used, grouped
into 7 components. They are as follows:
Urban indicators:

e  Physical

Dwelling average surface: the census units where the dwellings are smaller are high-
lighted. Low values are potential indicators of overcrowding and substandard housing;
this situation is interpreted negatively.

Aging of buildings: census units with older buildings are highlighted.

Average category of residential uses: national indicator included in the Cadaster database
that provides information on the original quality of materials and construction according
to the period and context of construction. Census units scored according to the cadaster
with the highest construction category indices are highlighted. These correspond to the
lowest level of construction quality of the buildings.

e  Buildings’ risk

Buildings’ conservation: census units with a greater number of buildings considered to
be in state of ruin, bad, or deficient, according to census data, are highlighted.

Building typology: number of dwellings per building. High values are interpreted
as more unfavorable, as they can lead to difficulties in community management
and coexistence.

o  Accessibility

Buildings 4 stories or higher without elevator: those census units with a greater number
of buildings with 4 or more floors without elevator are highlighted.

e Rehabilitation activity

Buildings older than 40 years with no rehabilitation aids: those census units with a greater
number of buildings older than 40 years where no rehabilitation aid has been requested
are highlighted.

Interior Conservation Requirements: it refers to the number of interior conservation
requirements by the city council to the owners of the buildings or dwellings due to evident
lack of maintenance. Those census units where the number of requirements is higher
are highlighted.

Facade Conservation Requirements: it refers to the number of facade conservation require-
ments by the city council to the owners of the buildings or dwellings due to an evident lack
of maintenance. Those census units with a higher number of requirements are highlighted.

Buildings older than 40 years with no rehabilitation licenses: those census units with a
greater number of buildings older than 40 years where no rehabilitation works have been
carried out are highlighted.

e  Energy efficiency

Energy Efficiency Rating F or G: census units with a greater number of buildings that
present the lowest possible energy efficiency ratings in energy evaluation tests (F or G) are
highlighted, as they indicate a very low energy performance of buildings.

Socio-urban indicators:

e Tenancy

Social housing applications: census units with the highest number of applications for
social housing are highlighted.

Mortgages: census units where there is a high number of home buyers with outstanding
mortgage payments are highlighted. It can be interpreted as an indicator of fragility in the
access to housing.
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Rental housing: census units where there is a higher number of rental dwellings are
highlighted. It can be interpreted as an indication of fragility in access to housing that may
involve greater difficulties to carry out maintenance and rehabilitation actions.

Cadastral value: census units with the lowest cadastral values in the city are highlighted.

Ownership structure: census units with the lowest percentage of dwellings in vertically
owned buildings are highlighted. High values are related to a greater fragility since a
greater number of horizontally owned buildings involve a greater complexity in building
maintenance and rehabilitation processes and a greater need for management support.

Ownership type: neighborhoods where there is a higher percentage of dwellings owned
by legal persons are highlighted because this is a potential indicator of greater difficulties
in access to housing and gentrification.

e  Urban activity

Empty premises at ground floor: census units where there is a higher number of premises
on the ground floor with no activity are highlighted.

Commercial uses at ground floor: census units where there is a lower number of com-
mercial premises on the ground floor are highlighted. The lack of commercial activity is
interpreted as a lack of activity in the public space.

Figure 7 shows the GIS and MCE evaluation model maps as a synthesis of this axis
carried out with the weights described in Table 2. Figures 8 and 9 show the results and
maps of each of the urban indicators and socio-urban indicators respectively.

MODEL LAYER MAP: URBAN INDICATORS MODELT\I;AYER MAP: SOCIO-URBAN INDICATORS
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Figure 7. Model layer map as a result of GIS and MCE evaluation of urban vulnerability (left) and socio-urban

vulnerability (right).

4.4. Residential Vulnerability Map

Following the analytical methodology previously described (Figure 1), the chosen ge-
ographic entities were scaled to a relative measure from 1 to 10 in the scale of ordinal value
assigned to each criterion (indicator), considering 1 the lowest level of vulnerability and 10
the highest. This information was superimposed by layers of different axes according to
the weights defined in Table 2 in an additive way, so that scaled values assigned to each
entity provided an aggregated summation. This additive measure is classified in a decision
scale in which the most vulnerable entities (urban blocks) are highlighted with the highest
aggregated values and are structured according to three levels or ranges. The result is a
map that is formulated from the aggregation of superimposed values of each geographic
entity. The map obtained provides the global vulnerability value of the city of Barcelona
assigned to each geographic entity and presented in ranges of “extreme, pronounced, and
high” vulnerability (Figure 10).
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AXIS 3: RESIDENTIAL AND SOCIO-URBAN VULNERABILITY
URBAN INDICATORS
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Figure 8. Georeferenced results of the eleven of the nineteen indicators used to assess urban and socio-urban vulnerability,
presented in columns according to five of the seven components analyzed.
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AXIS 3: RESIDENTIAL AND SOCIO-URBAN VULNERABILITY
SOCIO-URBAN INDICATORS
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Figure 9. Georeferenced results of eight of the nineteen indicators used to assess urban and socio-urban vulnerability,
classified in columns according to the last two of seven components analyzed.

The resulting map highlights the highest values of residential vulnerability in Barcelona,
that is, those that are included in the highest quartile of vulnerability. The three highest
values are distinguished in red colors on the map as “extreme, pronounced, and high”.
Likewise, values included in the third quartile have been colored and indicated in the map
as “moderated vulnerability”, those included in the second quartile are marked as “low”,
and those values in the lowest quartile are indicated as “imperceptible”.
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Figure 10. Final model map as a result of GIS and MCE evaluation of vulnerability.

In general terms, the city presents a low level of vulnerability. Nevertheless, the
results of the present study highlight situations of extreme vulnerability affecting some
neighborhoods, characterized by socio-economic, socio-demographic, urban, and socio-
urban fragilities and weaknesses.

The highest vulnerability levels are confirmed in the district of Ciutat Vella (city
center) and particularly in the whole neighborhood of El Raval, the southern side of El
Barri Gotic, and specific areas of La Barceloneta (Figure 11). This central area together
with some less extremely vulnerable areas in Poble Sec, Sants-Montjuic, Hostafrancs,
Marina de Port, and Marina del Prat Vermell configure a potential vulnerable bigger area
around Montjuic, with particular intensity in the historic City Center. Another greater
concentration of vulnerable areas is noticed at the north-east border of the city with
particularly extreme situations in the “Zona Nord”: Ciutat Meridiana, Torre Baro, and
Vallbona, as well as Trinitat Vella, Can Peguera, La Clota, some areas in Trinitat Nova,
Roquetes, and El Carmel. Thirdly, neighborhoods arranged in the Besos axis (near river
Besos in the eastern limit of the city) configure a similar vulnerable arrangement: Bar6
de Viver, El Bon Pastor, La Verneda i La Pau, with a special remark of extreme fragility
observed in the neighborhood of Besos-Maresme. Besides the mentioned neighborhoods,
Sant Andreu district presents a moderated and low vulnerability in its central extension.
Sant Marti district is characterized by its current transformation and will have to be
further analyzed in the future to describe its evolution. The mentioned areas of Besos-
Maresme in the south-east are extremely vulnerable, whereas central zones and areas
of transformation show more moderate situations. Finally, Districts of 'Eixample or
Les Corts have barely any zone with moderate or low levels of vulnerability. The
Sants-Montjuic district presents some punctual vulnerable areas located in Poble Sec
and Hostafrancs. While the district of Sarria-Sant Gervasi shows a very low level of
vulnerability in its central area, there are sectors of higher risk in Vallvidrera and Les
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DISTRICT 1. CTUTAT VELLA
1. el Raval

2. el Gdlic

3. la Barceloneta

4. Sant Pere, Santa Caterina
ila Ribera

DISTRICT 2. L'EIXAMPLE
5. el Fort Pienc

6. laSagrada Familia

7. la Dreta de |'Eixample

8. I' Antiga Esquerra

de I'Bixample

9. la Nova Esquerra

de I'Eixample

10. Sant Antoni

DISTRICT 3. SANTS-MONTJUIC
11. el Poble Sec

12.1a Marina del Prat Vermell
13.1a Marina de Port

14. 1a Fent de la Guatlla

15. Hostafrancs

16. la Bordeta

17. Sants-Badal

18. Sants

DISTRICT 4. LES CORTS

19. les Corts

20. la Maternitat i Sant Ramon
21. Pedralbes

DISTRICT 5. SARRIA - SANT
GERVASI

22. Vallvidrera, el Tibidabo

i les Planes

23. Sarria

24. les Tres Torres

25. Sant Gervasi-Bonanova
26. Sant Gervasi-Calvarny

27. el Putget i Farré

DISTRICT 6. GRACIA

28. Vallcarca i els Penitents
29. el Coll

30. la Salut

31. Vila de Gracia

32, el Camp d'en Grassot

i Gracia Nova

Planes. Precisely, the area of Les Planes Vallvidrera in the northern border of the city is
an identified zone that should be defined and described in a more detailed scale. Gracia
district also offers a good state in general.

DISTRICT 7. HORTA-GUINARDO
33. el Baix Guinardd

34. Can Barg

35. el Guinardd

36. la Font d'en Fargues

37. el Carmel

38. la Teixonera

39. Sant Genis dels Agudells
40. Montbau

41. la Vall d'Hebron

42. 1a Clota

43. Horta

DISTRICT 8. NOU BARRIS
44. Vilapicina i la Torre Llobeta
45. Porta

46. el Turd de la Peira

47. Can Peguera

48. la Guineueta

49. Canyelles

50. les Roquetes

51. Verdun

52. la Prosperitat

53. la Trinitat Nova

54. Torre Bard

55. Ciutal Meridiana

56. Vallbona

DISTRICT 9. SANT ANDREU
57. 1a Trinilat Vella

58. Bard de Viver

59. el Bon Pastor

60. Sant Andreu

61. la Sagrera

62. el Congrés i els Indians

63. Navas

DISTRICT 10. SANT MART{
64, el Camp de I'Arpa del Clot
65. el Clot

66. el Parci la Llacuna del
Poblenou

67. la Vila Qlimpica del Poblenou
68. el Poblenou

69. Diagonal Mar i el Front
Maritim del Poblenon

70. el Besos i el Maresme k ———
71. Provencals del Poblenou
72 Sant Marti de Provengals

73.la Verneda i la Pau

Figure 11. Map of the districts and neighborhoods of the city of Barcelona.

5. Discussion

In synthesis, this research aimed to develop a precise and transparent methodology
that provided a consensual result that could judge the validity or not of each indicator
attending multiple components. Thus, it provided a tool to understand simultaneously
the geographic and urban built environment, the state of the building stock, and the
housing conditions in relation to refurbishment actions. It aimed to read both data sources
to better understand the morphology of the city under rehabilitation; translating both
classes of information in a conceptual common frame. It also aimed at offering a system of
measurement of social and socio-economic indicators that could enable synthetic forms of
analysis for further work with residential, urban, socio-demographic, and socio-economic
data bases.

The use of methodologies of multidimensional statistical analysis, usually performed
for the spatial stratification of the city, had been useful in previous works of the research
team [33]. Nevertheless, these methodologies were not considered optimal because some of
the results obtained from techniques of factorial analysis by principal components were not
consensual among academic and professional experts in the case of residential vulnerability
in the city of Barcelona. The combination of MCE and GIS enabled to elaborate a more
robust tool to address this very complex topic by incorporating data visualization tech-
niques, which allowed for a comprehensive approach to information stored in databases
and consensus in the relative weight of issues or indicators studied.

The measure of residential vulnerability is here provided by the elaboration of a
methodological proposal for the operationalization of the concept in an analytical dimen-
sion through measurable indicators as well as the systematization of each indicator analysis.
The final result of the study is materialized in a multivariable matrix that is structured in
three axes: socio-economic, socio-demographic, and residential and socio-urban. All three
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contribute to the identification of areas with a major level of residential vulnerability. This
approach is based on conditions that are obtained from the study data sources and treated
with an analytical methodology that contributes to generating a compared measure of the
current situation of the city neighborhoods.

The most vulnerable areas are those contained in the historic center and the extreme
northeast of the city, and they can be identified or grouped according to the axis of Montjuic-
Paral-lel (surroundings of the Montjuic hill in the south-western limit of the city) with
a special remark in the neighborhood of El Raval, the north-east limits of the city with
a remarkable concentration in the north-eastern extreme (Zona Nord), and the axis of
Besos (neighborhoods near the eastern limit of the city limited by river Besos) with special
extreme values in the south-eastern neighborhood of Besos-Maresme.

These three confirmed axes or larger groups of vulnerable areas strongly reaffirm
previous results on the topic of study [6,13-16,19,20,26-29], and can be also related to
historical factors of disadvantage and the historical evolution of the city [40]. Districts of
Horta-Guinardé and Nou Barris (north-east) continue to concentrate a very important part
of the most vulnerable areas. It is important to note that those are neighborhoods that faced
an important part of the post-war migration processes, hosting population that was located
in peripheral housing estates, informal self-constructed low-dense agglomerations, and
very dense but yet informal neighborhoods at the northeast of Barcelona between the years
1950-1975. Indeed, Nou Barris was conformed initially with strong urban and socio-urban
internal shortcomings such as the construction of new neighborhoods in topographically
inaccessible spots which lacked any connection to basic facilities and to the rest of the city.
Similar conditions characterized some of the south-western neighborhoods near Montjuic,
and some of those in the Besos south-eastern axis. Finally, the concentration of extremely
fragile zones in the historic center and their apparent extension towards the Paral-lel axis
(Ciutat Vella and Poble Sec) confirm a third large very relevant area. Historic centers are
sites that agglomerate the oldest constructions. Their history of adaptation, renewal, and
rehabilitation is determinant to their capacity of fulfilling today’s residents’ needs, and it
has been a central challenge in the debate and design rehabilitation policies in the past
decades in Europe [41]. Despite the display of many public programs of rehabilitation and
urban regeneration requiring high public investments in specific areas such as El Raval
neighborhood [12,42], it is clearly characterized by very extreme values of simultaneously
socio-economic, socio-demographic, urban, and socio-urban vulnerabilities. Some studies
relate this situation with the pressing processes of real-estate profit and touristification in the
Barcelona City Center [43,44], which have contributed to exacerbating existing situations
of fragility and risk in an area that has been, similarly to the previously mentioned areas in
the north-east, historically and successively home to historic and most recent migration
waves [33] and inhabited by unprivileged groups.

Although the city of Barcelona, as a whole, has a relatively low level of vulnerability,
the detection of extremely vulnerable areas confirms the existence of seemingly increasing
inequalities that have a geographical manifestation and call for strategic and redistributive
actions by the public administration. The verification of clear geographic groupings of
areas and neighborhoods that are historically, socially, and geographically very different
but that share a similar level of high and extreme vulnerability confirms the need and
adequacy of policies such as the Neighborhood Plan [45] that are specifically addressed
to these clearly unprivileged areas conforming nearly the 30% of the city. Nevertheless,
this study provides a distinctive clarification on which vulnerability dimensions are more
prominent in each area, and also highlights differences within the neighborhoods. The
series of maps provided enable the addressing of public policies specifically to the spots
and areas intra-neighborhood where resources are more needed, as well as orientation to
the type of policy that is more adequate, either on the socio-economic, socio-demographic,
or socio-urban dimension. For example, public policies that address unprivileged areas will
have to prioritize certain areas of El Raval where residential and socio-urban vulnerability
is extreme over other areas of socioeconomic vulnerability in Ciutat Vella. Similarly, in
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the north-eastern axis and Nou Barris District, Ciutat Meridiana neighborhood stands out
in the socioeconomic and sociodemographic dimensions while neighboring areas have
similar residential and socio-urban levels of vulnerability.

6. Conclusions

Cities experience growth in their capability to generate data and data sources on
the characteristics of their buildings and inhabitants. These data sets are collected in
open repositories that, in many cases, are georeferenced. This data availability provides
opportunities for analytical explorations based on data sources that are unprecedently rich
in content.

Barcelona Open Data contains an important data volume on different topics such
as demographics, socio economics, urban and building registers, among other public
data sources that provide a lot of information useful for urban designers and planners.
Nevertheless, the usability of these data is restricted by the adoption of non-standard
storing formats, the very specific origin of some data, and the lack of concepts that are
semantically clear enough in some cases. The methodology that is presented here seeks
to extract significant information from available data by using strategies of geographic
representation, multicriterial, and semantic evaluation.

This methodology elaborates a system of indicators based on the exploitation of
habitual open statistical data (Open Data BCN) complemented with specific unprecedented
data elaborated, updated, and provided by the Barcelona City Council. This pioneering
study required an exhaustive previous phase of data georeferencing and processing, which
opens pathways of work for further studies. This first research could develop an analysis
based on secondary data that are structured in axis, components, and georeferenced
indicators that help to determine sociodemographic, socioeconomic, residential, and socio-
urban characteristics at neighborhood, census unit, and urban block scales.

The applied methodology combined technologies of statistical analysis of habitual
data with geospatial analysis of GIS (superposition) and the normalization of data values
with techniques of Multicriterial Evaluation Systems. This procedure enabled us to work
with data visualization, which allowed for better communication and understanding of
information stored in databases, its interrelations, and the relative weight of issues or
indicators studied. The process culminated with the additive layered construction of a
model map of the vulnerability of the city of Barcelona.

The following main considerations can be drawn from this process:

(1) Visualization techniques of data in extreme quartiles (entities in the most unprivileged
situation) enable highlighting patterns that are not obvious to trained professionals
and academic experts. The use of a normalization system in an ordinal scale of the
value of indicators allows superposing or adding information that initially could not
have been added. This enables the comprehensive reading of conceptual data.

(2) This proposal called for the analysis of a great number of existing data sets, as well
as the creation of new synthetic data based on base data. These tasks enable the
identification of the most sensitive indicators of residential vulnerability and their
comprehension on the plane or layer in a compact synthetic visualization of their
interaction with other indicators.

(3) Data that did not count with a disaggregated cartography were displayed with
multiple visualization techniques that enabled to relate it with data in more disag-
gregated entities (population, residential surface, etc.). More significant information
can be extracted through techniques of disaggregation in geometric entities of an
inferior order.

(4) The present methodology is a significant advance in the understanding of the knowl-
edge that is stored in existing databases, through processes that are centered in data
mining based on the application of Lachine Learning algorithms. This unprecedented
study focuses on creating a first set of referential indicators that is debated and con-
sensual to offer an exhaustive exploration of the topic of residential vulnerability, a
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topic that lacked extensive bibliographic and practical expertise and consensus at the
moment of executing this research.

Results of this research constitute a solid base that can be useful for the design of
future redistributive intervention policies, plans, or rehabilitation policies in the city and
its districts and neighborhoods. The detection and analysis of areas with higher levels
of vulnerability has already proven a powerful tool to delimitate which areas deserve
higher attention when implementing rehabilitation policies and programs [12], such as the
Neighborhood Plan [45]. The situations and areas detected will be further studied through
fieldwork campaigns and qualitative on-site analyses to confirm the results obtained and
broaden the understanding achieved through the present data analysis.

To conclude, it is worth emphasizing that, in general, the level of vulnerability of
the city of Barcelona is relatively low. Nevertheless, there is a high concentration of quite
homogeneous extremely vulnerable areas that can be clearly identified geographically. This
confirmed evidence calls for the need to continue and advance in the implementation of
redistributive policies and actions that aim to improve the most vulnerable areas.
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