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Abstract: This paper uses data on housing stock owned by financial entities as a result of foreclosures
to analyze (1) the spatial logic of Spain’s mortgage crisis in urban areas, and (2) the characteristics
of the types of housing most affected by this phenomenon. Nearest-Neighbor Index and Ripley’s K
function analyses were applied in two Catalan cities (Tarragona and Terrassa). The results obtained
show that foreclosures tend to be concentrated in the most deprived neighborhoods. The general
pattern of clustering also tends to be most intense for smaller and cheaper housing. Our findings show
that home foreclosures have been concentrated in only a few neighborhoods and precisely in those
containing the poorest-quality housing stock. They also provide new evidence of the characteristics
and spatial patterns of the housing stock accumulated by banks in Catalonia as a result of the recent
wave of evictions associated with foreclosures.
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1. Introduction

Over the last decade, one of the main manifestations of the global financial crash and related
housing crisis has been a proliferation of mortgage foreclosures. Before this, the financialization of the
housing markets [1-4] and speculative property market practices [5,6] led to a massive increase in the
overexposure of household economies to credit, which was particularly evident during the property
boom (from the 1990s to 2007) [7]. The bursting of the property bubble and the accelerated growth of
unemployment have since resulted in an increasing number of families unable to meet their mortgage
payments. This has culminated in a wave of evictions associated with mortgage foreclosures. In the
USA, the mortgage crisis resulted in more than 16 million foreclosures in the 2008-2016 period [8].
In Europe, Spain has been the most affected country, with more than 695,000 mortgage foreclosures
during the same period (of those, 137,000 were in Catalonia), resulting in more than 327,000 evictions
(n.d. for Catalonia) [9]. Ireland, the United Kingdom, Italy, and Greece have also registered high rates
of foreclosure, although at lower levels than in Spain [10-12].

Previous studies conducted on the situation in Spain have highlighted that evictions due to
mortgage foreclosures tend to be concentrated in the most vulnerable social groups [13]. Unemployed
people, ethnic minorities, and single parent families have been underlined as the most affected
groups [14]. Within this context of a major wave of evictions due to foreclosures, financial entities have
emerged as new landlords through the acquisition and accumulation of a large stock of properties.
In consequence, these financial entities have become key actors in the post-crisis housing market
and the most important housing owners in Spain. According to data on Catalonia, the number
of housing units owned by financial entities (around 45,000) was 50% greater than those owned

ISPRS Int. ]. Geo-Inf. 2018, 7, 23; d0i:10.3390/ijgi7010023 www.mdpi.com/journal/ijgi


http://www.mdpi.com/journal/ijgi
http://www.mdpi.com
https://orcid.org/0000-0003-0557-6319
http://dx.doi.org/10.3390/ijgi7010023
http://www.mdpi.com/journal/ijgi

ISPRS Int. ]. Geo-Inf. 2018, 7,23 20f17

by all government agencies (around 30,000), including municipal authorities, public companies,
and regional government institutions [15]. This rise in the number of evictions resulting from failure
to make mortgage repayments was accompanied, and indeed fueled by, a process known as the
restructuring and sanitizing of the Spanish financial sector [16,17]. This process entailed first rescuing
financial entities with the use of public funds and the subsequent conversion of regional savings
banks into private banks (restructuring). This was followed by the transfer of the assets of the
rescued financial entities (land; empty, unsold, and/or unfinished housing; and housing acquired via
mortgage foreclosure) from the property sector to the Sociedad de Gestion de Activos Procedentes de la
Reestructuracion Bancaria (Company for the Management of Assets Proceeding from the Restructuring
of the Banking System) or SAREB (sanitizing) [18,19]. According to data from the Bank of Spain,
the value of direct aid granted to the banking sector has, to date, reached €61 billion (up to 20% this
amount could be attributed to their activity in Catalonia, since this region accounts this percentage of
the total of mortgage foreclosures carried out in Spain). The most significant aspect of this process is
that the financial entities rescued with public funds have carried out the largest number of evictions
associated with mortgage foreclosures. In fact, data on Catalonia show that around 65% of evictions
due to mortgage foreclosures executed between 2008 and 2015 were carried out by financial entities
that had, themselves, been previously rescued using public funds [15].

This paper seeks to contribute to the existing empirical literature in this field by providing detailed
results obtained from a new dataset that includes extensive records of foreclosed housing units in the
Catalan cities of Tarragona and Terrassa. More precisely, we carry out a spatial analysis that allows
us to identify the intra-urban spatial distribution of housing from which people were evicted due to
mortgage foreclosures. The dataset also includes information about some of the main characteristics
of these housing units; this helps us to establish a profile of foreclosed properties and explain the
spatial pattern of this phenomenon. This approach constitutes a novel contribution to the study of the
territorial logic of evictions in Spain. Previous studies on intra-urban logics and implications of the
mortgage crisis in Spain have mainly focused on analyzing social characteristics of the urban areas
most affected by foreclosures. However, there is a lack of studies that consider this phenomenon using
the characteristics of the foreclosed housing. Thus, this study allows us, for the first time, to identify
and correlate both the type of housing involved in evictions due to foreclosures and the neighborhoods
in which these tend to be concentrated.

As there is consistent international evidence to suggest that evictions increase urban inequality,
we aim to establish whether Spain’s mortgage crisis helped to exacerbate this situation. To accomplish
this, we seek to validate the following hypotheses:

1.  The distribution of evictions due to mortgage foreclosures is not random. It has a clear spatial
logic, with evictions clearly concentrated in the most deprived neighborhoods, where the majority
of low-income households live.

2. The housing units most affected by evictions associated with mortgage foreclosures tend to be
those of the lowest quality (i.e., the smallest and cheapest types of housing).

3. Based on the two previous assumptions, the third—and main-hypothesis of the study is that
evictions due to mortgage foreclosures involving lower quality housing tend to be more spatially
concentrated than other evictions. Moreover, these evictions tend to be clustered in the most
deprived neighborhoods, where the housing is of lower quality, but more affordable for those
with less economic capacity.

The structure of this paper is as follows: After the introduction, the second section briefly reviews
the existing literature on the Spanish mortgage crisis. This helps to contextualize our contribution to
this topic. The third section then explains the characteristics of the dataset and the study area and
outlines the methods applied to develop our spatial analysis approach. The fourth section presents the
main results we obtain, and the fifth section concludes with a discussion of the main implications of
our findings and suggests possible directions for further analysis.
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2. Background

The most extensive literature on mortgage crises and foreclosures relates to the US context. Several
case studies have highlighted the existence of “neighborhood effects”, or the direct contribution that
foreclosures have made to urban deprivation and forced displacements [20,21]. Within this context,
it is possible to observe links between the spatial concentration of foreclosures and falling property
values at the neighborhood level [22-26]. Relationships have also been observed with increases in
crime rates [27-31] and racial segregation [32,33]. Several studies have also focused on the negative
effects that increases in the number of foreclosures have had on public health [34-37] and on how
different groups of local residents perceive the quality of life in their respective neighborhoods [38].

In the Spanish context, the growing literature on the mortgage crisis and foreclosures has explored
various related topics that include the economic, financial, and political dimensions of the problem [39,40];
the political and historical roots that explain the extension of foreclosures and evictions [41]; some diagnoses
of the resulting social impacts [13]; the emergence of social movements, activism, and political participation in
response to the problem [42—46]; and the impact of these phenomena on public health [14,47]. At present,
there is a relatively small, although growing, corpus of academic literature that analyses the Spanish
mortgage crisis from a geographic perspective. A few studies [48,49] have analyzed the problem
for the whole country, using data from its 431 judicial districts (regional scale), while others [18,19]
have studied the clustering patterns of properties accumulated by SAREB at a municipal scale for the
whole country. However, this scale is highly aggregated and does not allow a focus on the intra-urban
level, as most judicial districts are larger than cities. Nevertheless, a few recent studies [15,18,50-52]
have used alternative data sources that permit an urban-scale approach for a selected group of
cities. This approach is based on spatial analysis methods based on the possibility of geolocating
foreclosed housing using these alternative sources. These studies coincide in pointing that the most
deprived urban areas of cities are more affected regarding the concentration of evictions related
to mortgage foreclosures. In the US context, there are also various studies based on geolocated
information about foreclosures using different sources. For instance, Immergluck and Smith studied
the impact of subprime lending on neighborhood foreclosure levels in the city of Chicago [53]; Pfeiffer
and Molina examined the spatial logics of the resale of foreclosed properties in Southern California
Latino neighborhoods [54]; and Zhang and McCord conducted a spatial analysis on the impact of
housing foreclosures on residential burglary in the city of Louisville [55]. Using a similar approach,
the Anti-Eviction Mapping Project [56] presents an innovative way to collectively build a geolocated
dataset of evictions in the San Francisco Bay area. The project has allowed the publication of more
than 100 maps in which spatial analysis and data help to support an activist movement of resistance
against displacement and gentrification.

To the best of the authors’ knowledge, to date, none of the studies on the urban-scale logics
of evictions and foreclosures using geolocated datasets have considered the characteristics of the
foreclosed housing units as a central topic. Considering this context, our research seeks to add to
the existing literature by providing evidence of the spatial patterns of mortgage foreclosures and
the characteristics of the housing units affected by the repossession processes. This research is, thus,
relevant for both deepening our knowledge of the subjacent logic of the uneven geography of the
mortgage crisis experienced in Catalan cities and providing clearer insights into the main characteristics
of the housing units that were accumulated by banks during this crisis.

3. Materials and Methods

3.1. Data

The Consejo General del Poder Judicial (General Council of the Judiciary, or CGPJ) and the Instituto
Nacional de Estadistica (National Institute of Statistics, or INE) are the only organizations that provide
official data on the geographic distribution of mortgage foreclosures and evictions in Spain. Data from
CGPJ have been available to the general public since 2009 and are aggregated by judicial district,



ISPRS Int. ]. Geo-Inf. 2018, 7,23 40f17

of which there are 431 across the whole country, with almost all of these supra-municipal). INE has
published aggregated data on the number of evictions and mortgage foreclosures for each of Spain’s
51 provinces since 2014. Neither data source allows the disaggregation of data at the city, neighborhood,
district, or census tract level. As a result, these data sources do not serve the requirements of the
present study. This is a relevant deficit because evictions, like any other socioeconomic phenomenon,
should be analyzed with respect to their territorial patterns. To overcome the limited scale of analysis
permitted by the available official data, we use alternative (non-official), secondary data sources.
More precisely, we use information about housing units in the hands of financial entities (housing units
owned by banks, or HOBs) as a proxy for evictions associated with mortgage foreclosures. This stock
comprises housing acquired by banks via mortgage foreclosures that resulted in the eviction of the
former residents.

The rapid growth in the number of foreclosures in Spain as a result of the mortgage crisis means
that banks have emerged as the largest property owners. As a result, Spain’s main banks have
created specialized property subsidiaries to manage and sell their property assets. This strategy was
also a consequence of banks’ objective to transfer toxic assets to other companies and belongs to
the wider financial strategy of sanitizing the Spanish banking sector. This, in itself, forms part of a
wider framework aimed at rescuing the Spanish banking sector, which is governed by the agreement
contained in the Memorandum of Understanding signed with the European Commission in 2012.
These property subsidiaries use their respective web pages to promote and sell the housing stock that
banks accumulated as a result of mortgage foreclosures. The web page of each property company
contains a list of all the housing stock available for sale. Moreover, an extensive list of individual
advertisements provides highly detailed information that includes the specific characteristics of
each property.

We obtained the data used in this study by systematically collecting relevant information
from the websites of property subsidiaries belonging to the 17 most important financial entities in
Catalonia (CaixaBank, Bankia, Banco Santander, Banc Sabadell, BBVA, CatalunyaCaixa, NovaGalicia,
Banco Popular, Grupo BMN, Banesto, IberCaja, Barclay’s, Bankinter, CajaMar-CajaRural, Kutxa-Bank,
Deutsche Bank, and BNP Paribas). We carried out this operation between February and May 2014.
We identified 471 HOBs in the city of Tarragona and 594 in Terrassa. Following this procedure,
we created a database in which each item (each HOB) was listed with information about its location
(full postal address) and main characteristics (e.g., year of construction, surface area, number of rooms,
market price, and the bank that owned it). We obtained these data from the individual advertisements
for properties for sale via the property subsidiaries” webpages. It is important to underline that this
information was not readily available from any other direct or indirect source. Moreover, while the
data were collected during four months in 2014, this does not imply that they cover only this period.
The dataset includes all the housing units accumulated by these 17 banks (and on sale on the web)
during the mortgage crisis through June 2014. Finally, using this source, we produced a geolocated
record of HOBs associated with the database of individual characteristics (see Figure 1 for the spatial
distribution of HOBs for each case study).

As we built this database using secondary sources, it is necessary to mention some of the
limitations of these sources. We must firstly underline the fact that the database includes housing
offered for both sale and rent by financial entities, as well as different types of housing: flats, apartments,
and single-family detached houses. Secondly, it should be made clear that no new housing stock
offered for either sale or rent by financial entities was considered in this study. This is because such
housing would not have been associated with eviction processes, as it would never have been occupied.
New housing that was never sold would have ended up in the hands of the bank as a result of the
inability of builders and promoters to return credit obtained from banks. This was a recurrent problem
following the bursting of the Spanish property bubble in 2007; when the property market collapsed,
the number of property development companies that went bankrupt soared. Thus, used housing
stock owned by banks corresponds to housing previously occupied by evicted families, while new
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housing stock refers to blocks of empty housing, which have proliferated on urban peripheries as
a consequence of the apparent overproduction of housing during the property boom. These two
very different scenarios had to be addressed in a disaggregated way. The current study is focused on
used housing units from which former residents were evicted as a result of mortgage foreclosures.
Accordingly, new empty housing units were excluded.

Finally, it is necessary to underline two of the particularities of the database. Firstly, our source
provided data focused on evictions due to mortgage foreclosures, but did not provide data about
evictions resulting from the non-payment of rent. For this reason, the research objectives of this study
are centered on evictions specifically related to the mortgage crisis. Secondly, these data do not cover
all the evictions associated with mortgage foreclosures that were carried out in a given city, nor do they
include all of those carried out within a specific period. Instead, as mentioned previously, they reflect
the total accumulated stock of foreclosed properties held by the main banks as of June 2014. Given all
of these conditional factors, we were unable to determine the total number of mortgage foreclosures
and evictions in Tarragona and Terrassa from our source. However, we were able to identify the main
characteristics of foreclosed housing and spatial distribution patterns based on a highly representative
sample. Thus, our HOB sample corresponds to between 25% and 30% of the total number of mortgage
foreclosures officially reported by the CGP] during the 2008-2015 period in both cities.

In addition to this dataset, we used data from the 2011 Spanish population and housing census.
This source was used to calculate the ratios of HOBs per 1000 inhabitants or 1000 housing units
in the study area. These ratios allowed a comparative analysis between neighborhoods and cities.
Moreover, census data were used to describe the socioeconomic profile of each study area (both whole
cities and neighborhoods).

3.2. Study Area

We chose two medium-sized Catalan cities as case studies: Tarragona (population of 132,000
in 2014) and Terrassa (population of 215,000 in 2014). The housing units were first identified,
characterized, and geolocated using the previously mentioned sources. A total of 471 HOBs were
recorded in Tarragona and 594 in Terrassa. Their spatial distribution is shown in Figure 1.

[2] Terrassa { [1] Tarragona

- Urban parcel 1
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:] Municipal boundaries
e  Banco Santander

BBVA

Catalunya Caixa

Caixa Banc
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o e e o o
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Figure 1. Study areas: HOBs (housing units owned by banks) in Tarragona and Terrassa. Source:
own elaboration.
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These selected case studies allowed us to analyze two different urban and territorial realities.
Terrassa is one of the largest cities in the metropolitan area of Barcelona and is characterized by its
compact urban structure and high population density. In contrast, Tarragona is the capital of the
second largest urban region in Catalonia and has a fragmented urban structure characterized by clear
discontinuities between the city center and its peripheral neighborhoods.

The neighborhood was used as the basic territorial level at which all the relevant calculations
and derived spatial analysis were conducted. Based on local council definitions, Tarragona has
five neighborhoods and Terrassa has six. These were used as the main units for our spatial analysis.
As shown in Figure 2, based on these divisions we conducted a disaggregated analysis for the
city centers, their immediate surrounding areas, and (in the case of Tarragona) their peripheral
neighborhoods. We then calculated the spatial patterns of HOBs at the infra-municipal scale.

Terrassa Tarragona

ST. SALVADOR,

LLEVANT

NORD-OEST

PONENT

N

A 0 1 2Km

Figure 2. Neighborhood statistical units in Tarragona and Terrassa. Source: own elaboration.

3.3. Methods

We used a point pattern approach to check whether evictions resulting from foreclosures tend to
cluster in certain parts of the cities, or—on the contrary—whether they are randomly spread across the
whole urban area [57]. Point pattern analyses have been applied to a large variety of events, including
the location of diseases [58], the location of particular tree species [59], property prices [60], and the
location of companies [61]. They may also be used for the analysis of any other georeferenced (point)
event. To perform the point pattern analysis, we first geolocated and identified each HOB as a single
point. More specifically, we were interested in analyzing whether there was any evidence of clustering
in the spatial pattern of evictions. Our assumption is that if these distances between HOBs were shorter
than those predicted for a random distribution (i.e., if all the evictions were randomly distributed
across the whole city), then these evictions could be regarded as clustered. To do this, we carried out a
Nearest-Neighbor Index (NNI) analysis and computed the Ripley’s K(d) function.

The NNI compares the mean value of the observed distance between each reference point (in this
case, each eviction site) and its nearest neighbor with the expected mean distance assuming a random
distribution. It can be expressed as:

_ Observed Average Distance
~ Expected Average Distance

NNI (1)
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Here, the observed average distance and expected average distance can be computed as follows:

n
t . d
Observed Average Distance = % (2)

[A
Expected Average Distance = 0.5 o 3)

where d is the distance, # is the number of neighboring links, and A is the total area of the region
considered. It is important to note that this index is sensitive to the definition of the area of study. It is,
thus, normal to expect larger areas to be associated with longer distances. Nevertheless, we can (at least
partially) control for this by computing A as the minimum area that would include all the existing
points (i.e., those representing evictions due to foreclosures). The same procedure was followed using
both NNI and Ripley’s K.

Accordingly, NNI values close to 0 indicate a clustered pattern (as the observed distances are
shorter than expected and HOBs are closer to each other), values close to 1 indicate a random pattern
(as the observed distances are quite similar to those expected) and values of around 2.149 indicate a
dispersed pattern (as the observed distances are longer than expected).

Ripley’s K function [62] computes the density of any set of points (in this case HOBs) for a
particular radius (i.e., distance) around each reference point and is used to establish whether there is
evidence of clustering within a certain distance. More specifically, distance radii are calculated around
every point, with K(d) being the mean density of points for each radius distance (d) divided by the
mean density of points (1) in the whole area (a): n/a. The interpretation of Ripley’s K is quite similar
to that of NNI as the expected random values are compared with the observed values. If the observed
values (i.e., the density of points) exceed the expected values, there is a clustered pattern, whereas if
the observed values are lower than the expected values, the result is a dispersed pattern.

It should be noted that both NNI and Ripley’s K help avoid the modifiable areal unit problem
(MAUP) [63]. As these functions treat space as continuous, without constraining data within
administrative boundaries, they avoid statistical bias caused by using statistical data aggregated
by territorial units. Their use is not, therefore, subject to the typical constraints associated with spatial
aggregation. Even so, we did not neglect the administrative units as we also used data on evictions
within the administrative boundaries of Tarragona and Terrassa. The methodology selected does not,
therefore, represent a source of potential bias in our results.

Once we identified global clustering patterns at the point level, we used the local version of the
Moran’s I calculation to identify the spatial autocorrelation of HOBs [64]. This is defined as:

L N
= n) Y (Xi—w) )

where N is the number of observations, i and j are spatial units, p is the average of variable and:

mo =Y | (Xi—w)?/n ®)

Using Local Indicators of Spatial Association (LISA) maps, the Local Moran’s I indicator makes
it possible to identify areas in which high and low values of a determined variable are concentrated.
It also makes it possible to discard elements that are not statistically significant [65]. We used the
aggregation of HOBs by census tracts weighted for the total number of housing units in each census
tract as the reference variable to establish the number of HOBs per 1000 housing units for each census
tract in both cities. After defining the HOB clusters, the bivariate version of the Local Moran’s I allowed
us to determine the spatial correlation of the HOB distribution with different socioeconomic indicators
at the census tract level. The unemployment rate and the percentage of the resident population without
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primary education (data from the 2011 Spanish population census) were used as indicators of the
socioeconomic vulnerability of each area.

With respect to the question of whether the results obtained from the three indicators can be
interpreted together, it is important to note that while NNI considers only location of the nearest
neighbor, Ripley’s K function computes information for all neighbors. In the case of Moran’s I, we used
the different levels of point concentration by census tract and then census tracts as the unit of clustering
analysis. These methods do not approach clustering in the same way and, thus, when combined,
they can be used to proxy neighboring links among different points.

4. Results

4.1. Spatial Clustering of Foreclosures

The spatial analysis of evictions due to mortgage foreclosures in Terrassa and Tarragona revealed
evidence of a non-negligible clustered pattern: HOBs tend to be concentrated in certain neighborhoods
of both cities, with this being particularly evident in Tarragona. More precisely, the NNI value for the
whole city of Tarragona is 0.211, while the value for Terrassa is 0.433. However, these values clearly
hide a considerable degree of intra-urban diversity. This asymmetry is particularly evident in the case
of Tarragona, which is more spatially heterogeneous than Terrassa [66].

To control for this heterogeneity, we decided to compute the NNI for several internal divisions
within the two cities. To do this, we focused on the neighborhoods in each municipality (five in
Tarragona and six in Terrassa).

As shown in Table 1, the NNI value for the whole city of Tarragona is quite small (0.211),
suggesting pronounced clustering. However, this value may be biased as it considers the whole of the
area in which evictions were reported, and yet one of the main characteristics of the urban layout of
Tarragona is the spatial discontinuity of its neighborhoods (see Figure 1), some of which are densely
populated (and consequently have a potentially higher number of evictions) while others (mainly
those on the east side of the city, such as Llevant) have significantly lower residential densities.

Table 1. Nearest-Neighbor Index (NNI) for neighborhoods in Tarragona.

Centre Sant St. Pere i Llevant Barris Tarragona
Salvador  St. Pau Ponent (Total)
Observed average distance (m) 85 38 43 411 33 53
Expected average distance (m) 115 80 111 755 69 252
Nearest-Neighbor Index (NNI) 0.735 0.471 0.387 0.545 0.479 0.211
N 71 58 49 13 255 446
Z-value —4.275 —7.707 —8.203 —-3.137  —15.927 —31.879

An intra-urban analysis for Tarragona revealed a heterogeneous pattern for the neighborhoods
considered in this analysis. Suburban neighborhoods such as Barris de Ponent, Sant Salvador, and Sant
Pere i Sant Pau were found to have lower values (0.479, 0.471 and 0.387, respectively) while those for
wealthier, low-density (Llevant, 0.545), and downtown (Centre, 0.735) neighborhoods are clearly higher.
These results show that HOBs tend to cluster in a relatively small number of areas within the most
peripheral neighborhoods, where urban sprawl has created large areas with a low-income population.

Table 2 shows the same analysis for the city of Terrassa and its neighborhoods. Here, the spatial
distribution of HOBs bears some similarity with that in Tarragona, with the more densely-populated
central neighborhoods exhibiting higher NNI values and the more peripheral ones having lower ones.
The two cities have similar patterns in terms of the spatial distribution of their respective evictions
despite differences in their urban structures: Terrassa is very compact, and its housing is distributed
around a rather densely-populated central area.
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Table 2. Nearest-Neighbor Index (NNI) for neighborhoods in Terrassa.

Centre Llevant Sud Ponent  Nord-Oest Nord-Est Terrassa (Total)
Observed average distance (m) 89 39 62 68 384 56 59
Expected average distance (m) 127 66 179 139 145 84 136
Nearest-Neighbor Index (NNI) 0.698 0.599 0.344 0.489 0.583 0.665 0.433
N 52 118 113 94 63 144 584
Z-value —4.165 —8.326 —13.336 —9.474 —6.328 —7.675 —26.233

City-specific factors apart, in both cases, evictions due to foreclosures were clustered in the most
deprived neighborhoods. Tables 3 and 4 summarize the distribution of HOBs by neighborhoods in
each city in relative terms (per 1000 inhabitants and per 1000 housing units in each neighborhood).
These show how the neighborhoods with the highest ratios of HOBs per 1000 inhabitants or housing
units are also the ones with the worst socioeconomic indicators (i.e., Ponent and Sant Salvador in
Tarragona and Llevant, Sud, and Nord-Est in Terrassa). This result corroborates previous empirical
evidence for the same areas presented by [50] and the findings of [51,52] for similar analyses carried
out in Lleida and Palma de Mallorca. In these cases, an inverse relationship was found between the
social status of the neighborhood and the relative concentration of housing evictions. Our data also
allowed us to correlate these two issues with the characteristics of the housing from which people
were evicted. Tables 3 and 4 show that the neighborhoods with the highest ratios of HOBs and the
worst socioeconomic profiles are those that also concentrated the HOBs with the smallest surface areas
and lowest market prices.

Table 3. HOB (housing units owned by banks) distribution by neighborhood according to their
characteristics and socioeconomic profiles (Tarragona).

HOB Ratio HOB Characteristics Residents’ Socioeconomic Profile
HOBs/1000  HOBS/1000  Mean Mean Age P % Unemploy.
Inhab. Housing Surface Price (€) (Years) without Foreign-Born Rate
Units (m?) Studies
Ponent 6.7 17.0 77.8 75,680.4 39.4 10.2 225 19.4
Centre 1.3 2.3 79.1 104,345.0 60.0 5.6 13.1 11.2
Llevant 0.9 1.5 148.6 222,604.3 31.3 14 13.9 10.5
Sant Pere i 29 6.4 713 89,065.9 413 67 21.0 16.7
Sant Pau
Sant Salvador 8.2 174 719 66,131.1 43.2 6.0 32.0 15.5
Tarragona
(weighted 34 6.8 78.5 84,767.0 42.7 6.6 17.9 14.2
average)

Source: own elaboration. Data for the socioeconomic profiles and that used to elaborate the HOB ratios (housing
units and inhabitants by neighborhood) obtained from the 2011 census on population and housing.

Table 4. HOB distribution by neighborhood according to their characteristics and socioeconomic
profiles (Terrassa).

HOB Ratio HOB Characteristics Residents” Socioeconomic Profile
HOBs/1000 HOBS/.l 000 Mean Mean Age . % % Unemploy.
Inhab. Housing Surface Price (€) (Years) without Foreign-Born Rate
Units (m?) Studies 8
Centre 1.4 3.1 81.2 112,909.5 349 5.2 12.8 114
Llevant 6.1 12.6 77.6 94,655.2 43.1 12.6 26.8 18.1
Sud 39 7.5 79.9 107,924.6 39.1 8.7 114 16.2
Ponent 2.3 4.6 84.8 117,758.3 38.7 6.7 12.5 13.6
Nord-Oest 1.4 3.0 79.2 117,041.6 38.1 6.8 11.0 139
Nord-Est 3.5 7.7 79.1 107,059.6 39.0 10.1 15.3 18.8
Terrassa
(weighted 2.7 5.7 80.1 109,540.9 39.3 79 13.9 15.1
average)

Source: own elaboration. Data of the socioeconomic profiles and that used to elaborate the HOB ratios (housing
units and inhabitants by neighborhood) obtained from the 2011 census of population and housing.
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The ratios of HOBs per 1000 inhabitants in the most vulnerable neighborhoods of Tarragona and
Terrassa were 3.9 and 4.0, respectively, while the same ratios for the whole cities were 3.4 and 2.7,
respectively. A similar relationship can be observed for the ratios of HOBs per 1000 housing units: 8.1
and 8.4, respectively, in the most vulnerable neighborhoods of Tarragona and Terrassa, and 6.8 and 5.7,
respectively, for the whole cities.

Figure 3 shows the neighborhoods in each city defined as “most vulnerable” by the “Atlas of Urban
Vulnerability” [67]. This publication defines the most vulnerable urban areas in Spanish cities larger
than 50,000 inhabitants. The definitions are based on data related to their socioeconomic profiles and
housing characteristics, which were obtained from the 2001 and 2011 national censuses. In Tarragona
and Terrassa, the neighborhoods defined as most vulnerable respectively contain 72.4% and 48.9% of
all HOBs in each city. Moreover, this figure shows the distribution of clusters of high concentrations
of HOBs in each city based on the Local Moran’s Autocorrelation Indicator (i.e., High-High). All the
clusters identified are located within the vulnerable neighborhoods previously defined. The clusters of
low concentrations of HOBs are located outside these deprived areas in typical medium to high class
neighborhoods of each city.

Terrassa Tarragona

¢
R -
N 8 3
A T L—tkn » A 1L Jkm
[ 1 2 0 1 2
Type of spatial association:
Not significant [l High-High [l Low-Low Low-High High-Low {7} Vulnerable neighborhood

Figure 3. Vulnerable neighborhoods and Univariate Moran’s I LISA (Local Indicators of Spatial
Association) cluster map for HOB/1000 housing units for census tracts. Source: own elaboration.

Figure 4 shows Bivariate Moran's I LISA cluster maps for HOBs per 1000 housing units
and the unemployment rate and residents without primary studies by census tract for each city.
This demonstrates the spatial correlation of HOB clustering and the socioeconomic vulnerability
of neighborhoods. As with the univariate Moran’s LISA cluster map, the High-High clusters are
concentrated within the areas defined as most vulnerable for each city.

4.2. Characteristics of Foreclosed Housing Units

Although intra-urban analysis generally provides the best explanation for the clustering patterns
of HOBs, it is also necessary to take into account the specific characteristics of the housing units
involved in these evictions. This is because it is reasonable to assume that the probability of eviction is
in some way related to these characteristics (i.e., they are of great importance for lower quality housing
units). We, thus, analyzed the respective roles played by price, surface area, and age of housing
units. Table 5 presents descriptive statistics related to these characteristics for both cities and for the
whole sample.
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Terrassa Tarragona

Typé of spatiai association:
Not significant [Jll High-High [l Low-Low [ Low-High High-Low {1 Vulnerable neighborhood

Figure 4. Vulnerable neighborhoods and Bivariate Moran’s LISA cluster maps for HOB/1000 housing
units for census tracts and the unemployment rate (upper); and residents without primary studies
(lower). Source: own elaboration.

Table 5. Characteristics of HOBs in Tarragona and Terrassa.

Mean Std. Dev. Min. Max. Obs.
Price (€)

Tarragona 84,767.03 47,405.93 19,200 455,100 433
Terrassa 109,540.90 54,699.11 16,158 387,000 576
Total 98,909.50 53,107.29 16,158 455,100 1009

Surface (m?)
Tarragona 78.52 26.70 31 390 445
Terrassa 80.07 27.30 20 376 582
Total 79.40 27.04 20 390 1027

Age (years)
Tarragona 42.71 17.42 7 164 248
Terrassa 39.25 15.88 5 84 253

Total 40.96 16.73 5 164 501
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As we can see from Table 5, the profiles of the housing units from which people were evicted
in Tarragona and Terrassa are quite similar in terms of their surface area (slightly larger in Terrassa)
and age (slightly newer in Terrassa). However, the date of the construction of the housing stock was
considerably longer in Tarragona, which is coherent for a city whose central area mainly dates from
the 19th century (see Figure 5).

0 20 40 60 80 AOO 120 140 160 180 200 0 20 40 60 80 ;I\OO 120 140 160 180 200
ge ge

Figure 5. Age of housing units subject to eviction due to foreclosure in Tarragona (left) and Terrassa
(right). Source: own elaboration.

Nevertheless, there are noticeable differences in property prices (higher in Terrassa) as the
monocentric price structure of Catalonia tends to make housing located near the metropolitan area of
Barcelona (Terrassa) more expensive than that lying further afield (Tarragona).

In view of the previously mentioned circumstances, we computed NNI according to the
characteristics of the housing units. To do this, we grouped the housing units according to whether
they are above or below the mean size and mean price.

The results presented in Table 6 are quite robust for both Tarragona and Terrassa. They show
that both size and price matter, as evictions from poor quality (cheaper and smaller) housing tend
to be more closely clustered than evictions from better quality (larger and more expensive) housing.
These results corroborate our previous assumptions about links between the clustering of evictions due
to foreclosures and lower quality housing. The clustering of evictions is, thus, not only concentrated in
low-income neighborhoods, but also in those with low-quality housing, which magnifies the negative
effects. Moreover, these two phenomena are spatially associated. Along these lines, Table 7 shows how
the most deprived neighborhoods in each city have the largest concentrations of HOBs, with sizes and
market values significantly less than those in the rest of the city.

Table 6. Nearest-Neighbor Index (NNI) related to mean surface area and mean price.

Tarragona Terrassa
Mean Surface Mean Price Mean Surface Mean Price
Over Below Over Below Over Below Over Below
Obﬁ;ﬁggfge 0873 0592 0972 0399  1.045 0552  1.078 0.644
Expected average 3462 2510 3551 1887 1925 1349  1.888 1.393
distance (m)
Neare“’?;ﬁ}l‘)bor Index 55 0236 0274 0211 0543 0409 0571 0.462
N 188 258 179 267 226 358 245 339

Z-value —19.616 —23.486 —18.590 —24.653 —13.141 —21.381 —12.847 —18.937
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Table 7. Mean size and market price of HOBs in the most vulnerable neighborhoods and in the rest of

the city.
Tarragona Terrassa
Size (m?) Price (€) Size (m?) Price (€)
Most vulnerable neighborhoods 76.6 81,868.2 78.6 102,811.2
Rest of the city 83.4 92,416.0 81.5 116,086.3
City average 78.5 84,767.0 80.1 109,540.9

Apart from the previously mentioned considerations, it is obvious that the NNI presents certain
specific (technical) features that must be taken into account when decoding results. One of these
is the fact that it only computes the mean distance to the nearest neighbor, but does not take into
account the spatial distribution of the rest of the neighbors. Another important feature is that all
the points identified are considered equally, regardless of the size of the event that they represent
(i.e., all evictions are given the same importance). Finally, it should be noted that no potential events
have been computed here, as we exclusively focus on reported events (i.e., evictions). In this sense,
it can be argued that the probability of evictions occurring is not constant across the whole city,
particularly as there are some areas in which there is a potentially greater risk of eviction than in others,
resulting from greater population density or more housing units. However, empirical evidence does
not seem to support this: the central area of Tarragona (Centre) is a densely populated neighborhood
and has the highest NNI in the whole city. In fact, its NNI score is even higher than that of Llevant,
where most of housing corresponds to single-family housing.

Finally, the Ripley’s K results (Figure 6) mainly confirm previous findings related to the clustering
of evictions obtained using the NNI for both Tarragona and Terrassa. Concretely, we have shown
that, by using a general approach, a tendency towards clustering is also revealed when considering
different band distances.

Apart from specific considerations related to the urban structures of Tarragona and Terrassa that
resulted in slightly different K values (e.g., urban sprawl is considerably greater in Tarragona than in
Terrassa), our results show that there is a significant tendency for evictions to be clustered. The densities
of observed evictions are thus greater than those expected from a random distribution pattern.

Overall, no matter the methodology (i.e., univariate or bivariate Moran’s LISA, NNI and
Ripley’s K) our results indicate a clear pattern of concentration of evictions in most deprived
neighborhoods of both Tarragona and Terrassa. Obviously, using different techniques allows to
highlight locational specificities of evictions as, for instance, their geographical position inside each
urban area, or the spatial clustering calculated across a range of different distances, but the main
conclusions remain unaltered.

K Function K Function

,02:
L)’

,00 ,01 ,01 ,01 ,01 ,01 ,02 ,02 ,02 ,02 ,02 ,03 ,03,03 ,03 ,03 ,04 ,04 ,04 ,00 ,00 ,00 00,01 ,00,00,00,01,01,01,01,01,01,02,02
Distance Distance

Dispersed Drspersed

Figure 6. Measure of spatial clustering for a range of distances in Tarragona (left) and Terrassa (right).
Source: own elaboration.
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5. Conclusions

The study of evictions due to mortgage foreclosures via the proxy of HOBs provides a clear view
of the uneven impact that the mortgage crisis has had on urban areas. This paper focuses on two
medium-sized Catalan cities (i.e., Tarragona and Terrassa) in which HOBs seem to follow quite specific
location patterns.

This is the first study in the Catalan and Spanish contexts to analyze the spatial patterns
of evictions due to foreclosures and incorporate the characteristics of the foreclosed properties.
Our unique dataset allowed us not only to study the spatial logic of this phenomenon and analyze its
distribution patterns according to the socioeconomic profiles of the different neighborhoods, but also
to explain clustering patterns using the affected housing units. In other words, this is the first work in
which the urban geography of the mortgage crisis is studied using the characteristics of the foreclosed
properties as an explanatory variable.

Considering the more concrete details, a number of interesting findings were obtained. Firstly,
the results revealed a clear clustering of evictions in the most deprived neighborhoods. This implies an
additional problem for those neighborhoods that have traditionally suffered the most from important
socioeconomic challenges and urban deficits. This type of spatial concentration also results in negative
externalities concentrated in relatively small deprived areas. Secondly, the results show a clear typology
of evictions due to mortgage foreclosures, with a particularly strong pattern of clustering associated
with the smallest and cheapest forms of housing. In other words, there is less clustering of evictions
involving properties with larger surface areas and higher values and there is greater clustering of
evictions involving properties with smaller surface areas and lower values.

Links between mortgage foreclosures and socioeconomic structures have already been
demonstrated [15,50,52] and show that the mortgage crisis has mainly affected low-income families
that had previously purchased low-quality housing. As a result, the type of housing most affected by
mortgage foreclosures tends to be of the lowest quality. If we combine this finding with our empirical
results, which show higher levels of clustering of evictions of lower quality housing, it is evident that
the most negative effects of the mortgage crisis have particularly affected low-income social groups
and hit the most deprived neighborhoods.

The main contribution made by this paper is to empirically demonstrate that, in the cases studied,
evictions caused by mortgage foreclosures exhibit neither a homogenous nor a random distribution
within urban areas; instead, they are mainly concentrated in the areas with the poorest quality housing
and clustered in the most deprived neighborhoods, where more affordable housing is located. This,
in turn, increases the vulnerability of the people and areas affected and magnifies any negative effects.
It, thus, follows that these cases provide useful examples of how the mortgage crisis has exacerbated
existing inequalities between neighborhoods of the same city. According to previous results, the three
hypotheses of this paper (i.e., spatial distribution of evictions due to mortgage foreclosures is not
random, housing units most affected by evictions linked with mortgage foreclosures are those of the
lowest quality, and evictions due to mortgage foreclosures involving low quality housing are the most
spatially concentrated) have been validated.

The main limitation of our study is that the empirical evidence that provides is based on a sample
of foreclosed housing units for only two cities, but the construction of a comprehensive framework for
the study of the uneven geography of the mortgage crisis in Catalonia, and its implications for cities,
needs to be built using data for most of the municipalities of the region. This is a research line that
should be developed in future studies.

Our findings also demonstrate that the housing stock accumulated by banks as a result of the
mortgage crisis has a clearly predominant typology and spatial pattern. This is relevant because,
as a result of the massive proliferation of repossessions, banks have now become the largest property
owners and, consequently, the key actors in the post-crash housing market. The implications that this
phenomenon will have for future national and local housing policies offer significant areas in which
to conduct future research. Within this context, the identification and characterization of the spatial
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distribution of overall properties accumulated by banks in Catalonia is another research objective to be
addressed in future works.
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