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Abstract

This research used open data from 2015 to 2023 to analyse the
spatio-temporal dependence of long-term unemployment (LTU)

at the municipal level in Andalusia, Spain, and its geo-sociological
significance. A bivariate spatial analysis was conducted to assess
global dependence, followed by an approach to assess local
autocorrelation using a LISA (Local Indicators of Spatial Association)
cluster analysis and a colocation map of the clusters over the time
series. The results revealed a decrease in spatial autocorrelation and
a significant reduction in the territorial polarisation of LTU, suggesting
possible improvements in employment. The practical implications
highlighted the importance of including spatial data science and open
data in territorially-focused employment policies to adequately assess
the ensuing socio-economic and employment implications.

Resumen

Esta investigacion analiza la dependencia espaciotemporal del
desempleo de larga duracién (DLD) a nivel municipal en Andalucia

y su significacién geosociolégica, utilizando datos abiertos de

2015 a 2023. Se lleva a cabo un analisis espacial bivariante para
evaluar la dependencia global, seguido de una aproximacion a la
autocorrelacion local mediante el andlisis de cluster LISA (Local
Indicators of Spatial Association) y un mapa de colocalizaciéon de

las agrupaciones en la serie temporal. Los resultados revelan un
descenso en la autocorrelacion espacial y una reduccion significativa
de la polarizacién territorial del DLD, lo que sugiere posibles mejoras
en el empleo. Las implicaciones practicas destacan la importancia
de incluir las ciencias de datos espaciales y los datos abiertos

en politicas de empleo territorialmente focalizadas, para evaluar
adecuadamente las implicaciones socioeconémicas y laborales.
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INTRODUCTION!

Unemployment, and in particular, long-
term unemployment (LTU), is a critical so-
cial issue with significant impact across
several regions of the European Union
(EU), which has escalated to become
a social emergency in the Autonomous
Community of Andalusia, Spain. This ar-
ticle analyses long-term unemployment in
Andalusia between 2015 and 2023 from a
spatio-temporal perspective, using official
open data disaggregated at the munici-
pal level.

It is imperative to begin by establish-
ing a definition of unemployment and how
the social category of “unemployed” is
constructed (Plugiese, 2000). This con-
ceptual exercise first involves identifying
individual unemployment status, which
commences with the voluntary registra-
tion of individuals at employment offices
as jobseekers, that is, through the active
search for work. This registration enables
the subsequent collection of statistical
data, which, in line with European unem-
ployment measurement criteria, classifies
a person as long-term unemployed when
they have been registered as a jobseeker
for more than one year.

The complexity and intersectional na-
ture of long-term unemployment (Aldrich
et al., 2020) demand a multidisciplinary
approach. The analysis of LTU must con-
sider both personal factors—such as men-
tal health, family dynamics, age, socioeco-
nomic status and job skills—and elements
pertaining to social structures—such as
the economic context and the local labour
market which the unemployed person nav-
igates (Fernandez-Marin, Riquelme-Perea
and Lopez-Martinez, 2020). It is therefore
particularly important for social research

1 The dataset is attached to fully reproduce the re-
search (Acevedo-Blanco, 2024).

on LTU to address the phenomenon within
a defined spatial and socio-economic con-
text, where local labour markets play a reg-
ulatory role in employment dynamics (Prieto
Rodriguez, 2024; Manzanares-Gutiérrez and
Riquelme-Perea, 2017).

However, this “context-sensitive” per-
spective on social and economic facts
has not always been considered in social
research. Urry (2001) emphasised that ne-
glecting the spatial dimension in theoreti-
cal frameworks has hindered our ability to
gain a comprehensive understanding of
societies and their interactions. This has
resulted in an “aspatial” view of societies
whereby they have come to be treated as
self-contained entities with fixed internal
structures, thus overlooking the impor-
tance of spatial variations within and be-
tween societies, states and administrative
boundaries. Diaz Parra and Roca (2021)
advocated for the need to include space
in the explanatory models of the social
sciences, as failing to heed them in soci-
ological theories limits the understanding
of how physical environment shapes so-
cial interactions and how power relations
are articulated through the spatial organi-
sation of society (Soja, 2022).

Kesteloot, Loopmans and Decker
(2009) noted that, in contrast, the Chi-
cago School has been instrumental in
establishing the “context-sensitive” par-
adigm, stressing the relevance of the
physical and geographical context in so-
ciological analysis. For Abbott (1997), so-
cial phenomena are intrinsically linked
to their spatial and temporal contexts.
Porter (2011) suggested that there is a
need to develop a theoretical framework
that fosters the development of “geo-so-
ciological imaginations”, based on tech-
nological advances and the processing
of large volumes of geo-referenced data
(Gutiérrez-Puebla and Garcia-Palomares,
2016; Lee and Kang, 2015). This orienta-
tion would facilitate a more profound un-
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derstanding of spatial relations within so-
ciology. In line with this methodological
perspective, the approach that incorpo-
rates the spatial dimension into the anal-
ysis of social and economic phenom-
ena is supported by the current paradigm
of spatially integrated social sciences
(Garrocho, 2016). This paradigm advo-
cates for the convergence of disciplines
such as sociology, geography, data sci-
ence and economics, offering a geo-
graphically integrated understanding of
social phenomena (Rodrigues-Silveira,
2013).

Following this theoretical framework,
this research focuses on examining LTU
in Andalusia at the municipal level, em-
ploying official statistical sources with
open data and relying on a spatio-tempo-
ral approach that goes beyond the tradi-
tional geographical disaggregation of the
Labour Force Survey (LFS). Spatial Data
Analysis (SDA) (Anselin, 1996) was used
to examine the spatial dependence of
the phenomenon at both local and global
levels, assessing the correlation of LTU
across space and time.

The main objectives of this research
are structured around the following hy-
potheses:

— Hypothesis 1 (H1): To explore the spa-
tial correlation between unemployment
rates in previous (t-1) and current ()
periods using the bivariate Moran’s
| statistic. This procedure examines
how LTU rates in nearby locations in
the past influence the current unem-
ployment rate in a given location.

— Hypothesis 2 (H2): To assess the spa-
tial autocorrelation of long-term unem-
ployment (LTU) over the period 2015-
2023 using local Moran’s |. To achieve
this objective, the local spatial de-
pendence of LTU will be analysed us-
ing the LISA (Local Indicators of Spa-
tial Association) cluster colocation

method. This procedure will identify
temporal trends indicating increases
or decreases in clusters of municipal-
ities with similar indicator values; in
other words, geographical clusters of
long-term unemployment.

The article is structured into several
sections. The first section reviews the
literature, presenting current social re-
search on long-term unemployment and
the spatial dependence of unemployment
in municipal or local labour market con-
texts. The second section is a methodo-
logical section that details the calculation
of the indicator, the open data sources
used and the operational basis of Mo-
ran’s spatial autocorrelation algorithms.
The third section, focused on results and
discussion, identifies clusters with higher
or lower incidence of long-term unem-
ployment and shows a trend towards an
attenuated polarisation of LTU. Finally,
the conclusions highlight the spatio-tem-
poral dependence of LTU and its prac-
tical implications. Emphasis is made on
the need to adjust employment policies
in the Autonomous Community of An-
dalusia in order to address the specific
characteristics of each area and avoid
uniform approaches that fail to take ter-
ritorial differences into account. The use
of spatial data science in statistical mod-
elling (Sanchez Lépez, 2023) is proposed
to support public planning of employment
plans.

A THEORETICAL REVIEW AND
RELATED EMPIRICAL RESEARCH
BACKGROUND

The importance of work in capitalist soci-
ety and the impact of job loss transcend
individual psychosocial repercussions
(Bonna, 2021). Systemic employment cri-
ses have increased the average length
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of unemployment, exacerbating its in-
dividual and social impacts, particularly
those associated with long-term unem-
ployment (LTU) (Laliberte Rudman and
Aldrich, 2016). This situation has signif-
icant implications for individuals, states
and regions, including social marginalisa-
tion and territorial stigmatisation based on
negative perceptions of dependence. The
ensuing financial insecurity hampers eco-
nomic growth (Theurl and Tamesberger,
2021), deepens social isolation, and nega-
tively affects both employability and over-
all well-being (Lindsay, 2010).

International research on the causes of
LTU has identified several determinants,
including gender, age, educational level,
previous work experience and family re-
sponsibilities. In addition, high vulnerabil-
ity to unemployment can be seen in spe-
cific regions, especially among women
and people working in the informal sec-
tor. This vulnerability is more pronounced
among those with basic educational at-
tainment and employed by microenter-
prises in the service sector (Ortiz Lazcano
and Rodriguez Esparza, 2022). This
means that women and minorities are
more likely to be underemployed or out-
side the labour force compared to men
(Grzenda, 2019; Jaba et al., 2010).

Moreover, a macroeconomic level
analysis shows that the consequences
of LTU are equally deleterious, as it leads
to reduced productivity (Ladnakova and
Spanikova, 2020); raises social welfare
expenditure; and may hinder economic
growth, since it results in the opportuni-
ties offered by technological advances
and globalisation being missed, owing to
skills mismatches and rigidities in labour
markets. These repercussions also have
an impact on local economies, where fac-
tors such as the presence or absence of
key industries, economic orientation to-
wards intensive tourism and investment
shortages in infrastructure and transport

can significantly influence local LTU rates
(Livanos, 2007).

Studies such as that by Martinez-Quintana
(2004) showed that the situation of the adult
long-term unemployed requires an in-depth
analysis of trends in inequality and social
exclusion. She examined the situations
faced by the long-term unemployed in rela-
tion to social exclusion and poverty, which
have particularly affected women, individu-
als experiencing skill deterioration and peo-
ple with disabilities who had managed to
enter the labour market. Her conclusion was
that barriers related to skill requirements, in-
sufficient labour demand and labour market
mismatches were additional obstacles en-
countered by those who experience long-
term unemployment (Martinez-Quintana,
2011). These problems underline the need
for a comprehensive and coordinated ap-
proach to effectively address protracted
unemployment and its consequences
(Bejakovi¢ and Mrnjavac, 2018).

LTU and Unobserved Heterogeneity.
Spatial dependence of unemployment

The importance of investigating the rea-
sons behind remaining unemployed for
prolonged periods, addressing both
“genuine state dependence” and “unob-
served heterogeneity”, has been high-
lighted by several scholars, including
Cutuli and Grotti (2020). For them, gen-
uine state dependence refers to the pro-
pensity for certain individuals to remain
unemployed for extended periods due to
structural factors within the labour mar-
ket, such as limited job opportunities,
barriers to employment access or dis-
crimination; whereas unobserved heter-
ogeneity denotes differences among un-
employed individuals which, despite not
being captured by the variables available
in a dataset, may significantly influence
the outcomes. These differences may in-
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clude individual attributes, such as innate
abilities, motivation, personal preferences
or social networks, as well as other con-
textual, geographical, local or residential
attributes that are not normally quantified.

In particular, the relationship of unob-
served heterogeneity between LTU and
geographical context at the municipal
level has not been explored in the liter-
ature and empirical research because of
the lack of adequate indicators to carry
out this level of analysis. However, the
spatial dependence of unemployment has
been extensively studied. In this context,
this study used an inductive approach
based on relevant theoretical contribu-
tions on unemployment and its spatial de-
pendence, given the lack of indicators at
the local level. This made it possible to
focus on LTU and its relationship to spa-
tial factors at the municipal level.

It is essential to consider that, al-
though unemployment varies significantly
by location, it is usually analysed from
a statewide point of view. Nevertheless,
there is a compelling reason to consider
unemployment from a regional perspec-
tive: unemployment disparities between
regions within countries are almost as
large as unemployment disparities be-
tween countries themselves (Elhorst,
2003). Regional unemployment rates have
a strong spatio-temporal correlation and
may run parallel to or diverge from state
unemployment rates. Ignoring serial dy-
namics, spatial dependence and com-
mon factors can lead to biased inferences
about unemployment (Halleck Vega and
Elhorst, 2016).

Using this approach, Al-Ayouty and
Hassaballa (2020) examined regional un-
employment in Egypt using spatial panel
data analysis. Their findings revealed that
the level of unemployment in a region is
influenced by a number of factors (unob-
served heterogeneity), such as climate

conditions, quality of life, rental costs
and educational opportunities. The results
suggested that each region can have an
idiosyncratic unemployment rate, deter-
mined by its unique set of endogenous
conditions.

Focusing on Romania and Hungary,
Danacica and Mazilescu (2014) high-
lighted the significant influence of ge-
ographical location on the duration of
unemployment, noting that economic dis-
parity between regions and the availability
of job opportunities affected employment
prospects and permanent long-term un-
employment.

Studies on the spatial dependence
of unemployment have shown that Ex-
ploratory Spatial Data Analysis (ESDA)
methodology can be as effective as time
series analysis, especially when ap-
plied to the study of unemployment with
the aim of developing statistical mod-
els adapted to the particularities of
each regional context. ESDA method-
ology has been successfully applied to
the European socio-occupational field
in several countries. In Italy, Cracolici,
Cuffaro and Nijkamp (2007, 2009) used
this technique to explore the spatial dy-
namics of unemployment. In Greece,
Prodromidis (2012) centred the anal-
ysis on employability at the municipal
level, differentiating between spatial and
non-spatial factors affecting the employa-
bility of both men and women. In Poland,
Lewandowska-Gwarda (2018a, 2018b) in-
vestigated women’s unemployment from
a spatial perspective and highlighted how
economic, social and demographic fac-
tors influence this phenomenon.

In the same vein, research by Patacchini
and Zenou (2007) explored the spatial
correlation between local unemployment
rates in the UK, stressing the impact of
commuting patterns and labour mobility.
Furthermore, studies on the spatial pat-
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terns of unemployment in Central Europe
and the Czech Republic (Netrdova and
Blazek, 2019; Netrdova and Nosek, 2016)
emphasised the importance of under-
standing these patterns for effective pol-
icy-making, employing tools similar to
those used in this research, such as bi-
variate Moran’s | and LISA cluster anal-
ysis. These studies identified a trend to-
wards convergence of unemployment
rates at the municipal level in the Czech
Republic since the onset of the economic
crisis which resulted in the observation of
what they called “convergence in misery”.

The specific nature of the labour mar-
ket in Spain is notably complex, under-
scoring the necessity for employment
policies that are tailored to the particular
conditions of each local market. For ex-
ample, Gulell and Lafuente (2022) high-
lighted that labour market frictions in
Spain are a key factor in understanding
the variability in the duration of unem-
ployment. They noted that the probability
of finding employment varied over time,
particularly affecting women and univer-
sity graduates.

When examining variations in unem-
ployment trends across the Spanish prov-
inces, Lopez-Bazo and Motelldén (2017)
associated these differences with worker
characteristics and geographical fac-
tors. Their conclusions were consistent
with those by Bentolila, Garcia-Pérez and
Jansen (2017), who emphasised the sig-
nificant influence of demographic and so-
cial factors—such as age and educational
attainment—on unemployment at the pro-
vincial level.

At the municipal level, notable stud-
ies have been conducted across vari-
ous Autonomous Communities in Spain.
One such study was that by Cidoncha,
Cardenas and Nieto (2023) on municipal-
ities in Cantabria, which not only identi-
fied the most vulnerable areas but also
provided valuable insights into how de-

mographic and socio-economic fac-
tors influenced unemployment in that re-
gion. In the Autonomous Community of
Madrid, Rodriguez Moya and Pozo Rivera
(2019) carried out a disaggregated anal-
ysis of unemployment to examine the
impact of socio-demographic variables
on its spatial distribution. Meanwhile,
Martinez-Tola and De la Cal (2017) ex-
plored unemployment in Basque Country
municipalities during the economic cri-
sis of 2007 to 2014 from both a territorial
and gender perspective, and found that
the crisis affected women and men dif-
ferently. This approach highlighted the
significance of incorporating gender as
an analytical variable in the study of un-
employment in order to achieve a more
comprehensive understanding of its ef-
fects and dimensions.

Research related to gender as a fac-
tor connected to employment and unem-
ployment in Andalusia has produced sig-
nificant contributions that have brought to
the fore the complexity and socio-labour
heterogeneity of the region. According to
the Argos Observatory (2024), 45.18 %
of unemployed women registered in An-
dalusia had been seeking employment
for over twelve months in 2023, while
approximately 38.99 % had been doing
so for less than six months. When ana-
lysing the time spent seeking employ-
ment in relation to the age of job seek-
ers, the length of time registered as job
seekers increased with age. Only 14.75%
of women under 25 had been looking
for a job for more than one year, a pro-
portion which doubled (32.07 %) among
women aged 25 to 44 and quadrupled
(58.11 %) among women aged 45 and
over. Furthermore, a comparison by gen-
der showed that women tended to re-
main registered as job seekers for longer
than men. While 38.23 % of unemployed
men had been looking for a job for more
than one year, this figure was seven per-
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centage points lower than that of women
(45.18 %).

Territorial gender research by Checa-Olivas
(2021) and Chica-Olmo, Checa-Olivas and
Lopez-Castellano (2021) used a spatio-tem-
poral approach to examine the distinctive
characteristics of the gender employment
gap in Andalusia, and found that both ob-
servable and unobservable factors contrib-
uted to its spatial distribution. They also
suggested that employment policies imple-
mented in one region could have significant
effects on neighbouring regions through im-
itation, competition and learning mecha-
nisms.

Some scholars, including Sanchez,
Séanchez and Ruiz-Mufoz (2018), have
analysed differences between municipal-
ities of varying sizes in Andalusia, and in
so doing have contributed to the broader
spatial analysis at the municipal level.
Their findings indicated that larger, more
urbanised municipalities acted as the “la-
bour engine” of the local labour market,
as they showed greater resilience in times
of financial crisis compared to smaller
municipalities, which suffered a more se-
vere impact from unemployment.

Applying a similar methodology, but re-
sorting to advanced distance matrices,
Lopez-Hernandez (2013) identified patterns
of spatial dependence in unemployment
rates in Andalusia, capturing both global
and local spatial dependence. Using up-
to-date data for all Andalusian municipali-
ties, Acevedo-Blanco, Martinez-Quintana,
and Gonzalez-Rabanal (2023), along with
Acevedo-Blanco and Martinez-Quintana
(2021), offered a comprehensive analy-
sis of how geographical context shapes
both the distribution and intensity of unem-
ployment, as well as the gender gap. This
study underlined the need for a more gran-
ular approach that goes beyond state sta-
tistics, paying special attention to the spe-
cific spatial dynamics in Andalusia. These

studies also identified areas with a high
concentration of unemployment, especially
in the provinces of Cadiz, Cérdoba and
Huelva, as well as in specific municipalities
in Seville and Jaén. Clusters with a high in-
cidence of gender gaps in unemployment,
predominantly in rural areas, also stood
out.

In summary, given that unemployment
patterns can vary significantly between
different territories (not only between
countries, but also between Autonomous
Communities, regions or municipalities),
it is essential to carry out a disaggregated
study at territorial level. This allows for
a more accurate diagnosis of its causes
and the design of better adapted poli-
cies to combat it. For this reason, anal-
yses such as the one presented in this
research on LTU are not only novel con-
sidering the scarcity of previous studies,
but they are also valuable on account of
the detailed information they can provide.

METHODOLOGY

This research is methodologically
grounded in the ESDA approach, which
combines spatial dependence statis-
tics with spatio-temporal dependence
analysis. Its main strength lies in its ca-
pacity to analyse large geographic data-
bases without requiring prior knowledge
of their spatial distribution. This method-
ology suggests using inductive research
designs in which the variables of analy-
sis are descriptive (statistical) rather than
confirmatory (econometric) (Chasco and
Fernandez-Avilés, 2009).

The use of this methodology has been
facilitated by the increasing access to lo-
cally disaggregated open data, both at
state and international level, which has
significantly boosted research into the
spatial interactions of unemployment.
This interest has been particularly no-

Reis. Rev.Esp.Investig.Sociol. ISSN-L: 0210-5233. N..° 192, October - December 2025, pp. 5-26



12 Long-term Unemployment in Andalusia: A Geo-sociological Analysis of Spatio-temporal Patterns

ticeable among spatial data scientists
and Open Government evidence-based
policy-makers. Hence, various analysts
have advocated for the use of empiri-
cal research to highlight the distinctive
characteristics that help to understand
the dynamics of regional labour mar-
kets (Kondo, 2015).

The contributions by Goodchild and Li
(2021) were also taken into account in the
study. These researchers proposed the
concept of “weak replicability” to reflect
that the ability to replicate studies is not
absolute, due to the spatially heterogene-
ous phenomena observed within the geo-
spatial sciences. This idea underlines the
importance of localised research, espe-
cially to understand unemployment from
a perspective that considers both the ge-
ographical particularities of each area and
their sociological significance, as well as
the spillover effect on neighbouring areas.

It should be noted that the analysis
of unemployment statistics in Spain has
traditionally been broken down at pro-
vincial level through the Labour Force
Survey (EPA). However, thanks to ad-
vances in the management of large
volumes of data, statistical insti-
tutes, including the Instituto de Es-
tadistica y Cartografia de Andalucia (In-
stitute of Statistics and Cartography of
Andalusia [IECA]), have started to offer
open unemployment data based on ad-
ministrative records. This methodology
has provided disaggregated unemploy-
ment rates at the local level, although
municipal rates of LTU had not been in-
cluded among the indicators provided by
these institutions to date.

The development of the ESDA meth-
odology requires a series of processes
that are undertaken over several succes-
sive stages. The steps and stages in our
research are detailed in the following sec-
tions:

Calculation of the LTU municipal levy

IECA is currently developing the Sistema
de Indicadores de Desarrollo Sostenible
de Andalucia (Sustainable Development
Indicators System for Andalusia) for the
2030 Agenda. The main objective of this
system is to establish a framework of sta-
tistical indicators aligned with the stand-
ards defined by the United Nations and
Eurostat, thereby facilitating the monitor-
ing of the goals and targets of the 2030
Agenda for Sustainable Development at
territorial level (IECA, 2024b).

In partnership with the Directo-
rate-General for the Regions, Eurostat
and the Joint Research Centre (JRC) of
the European Commission, the IECA has
developed an LTU indicator at municipal
level. This indicator is based on the anal-
ysis of administrative records of unem-
ployment provided by the Servicio Anda-
luz de Empleo (Andalusian Employment
Service [SAE]), accessible through the
ARGOS employment observatory, which
reports to the Employment Department of
the Andalusian Regional Government. The
IECA’s own registers were also used, ex-
tracted from the register of Social Secu-
rity affiliations (IECA, 2024a).

This indicator addresses the LTU mu-
nicipal rate and is freely available to both
researchers and the general public. It is
calculated based on the ratio between
jobseekers who have been unemployed
for over a year and the total of these job-
seekers plus those who are in employ-
ment in the same municipality. The mu-
nicipal LTU rate is defined as the number
of jobseekers not in employment (known
by its Spanish acronym DENOS [deman-
dantes de empleo no ocupados]) for more
than one year per one hundred people in
employment. To avoid double-counting
of temporary agricultural workers receiv-
ing special unemployment benefits (traba-
jadores eventuales agricolas subsidiados
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DENOS_1YEAR!
100

Municipal LTU rate =

where:

DENOS_1YEAR! + SS af filiatest — TEAS_1YEAR! %

DENOS_1YEAR":

jobseekers not in employment for a period in excess of one

year in year t. Annual average.

SS affiliates®:

Social Security affiliates in year t. Annual average.

TEAS_1YEAR®:

seasonal agricultural workers who had been job seekers for

more than one year in year t. Annual average.

[TEAS]) who have been seeking employ-
ment for over a year (Acevedo-Blanco
and Martinez-Quintana, 2022), the cal-
culation is adjusted by subtracting this
group from the total. The indicator is up-
dated annually, based on the yearly aver-
age of people out of employment, people
registered as being in employment and
TEAS seeking employment at the end of
each quarter.

Local and global spatial dependence of
LTU in Andalusia

The Moran’s | statistic is one of the most
widely used tools in the exploratory as-
sessment of spatial autocorrelation of
geo-referenced socio-economic data
(Moran, 1950). This statistic measures
the correlation between a spatially inten-
sive variable and its weighted average in
neighbouring locations. It works similarly
to a Pearson correlation coefficient: a
positive spatial autocorrelation indicates
that the values of the variable at one lo-
cation will be similar to the values of its
neighbours, while a negative spatial au-
tocorrelation indicates unequal values in
neighbouring locations.

The procedure begins by introducing
a contiguity matrix to identify the neigh-
bourhood relationships between spa-
tial objects. The connectivity defining the
neighbourhood is incorporated into the
spatial weights W matrix, representing the
spatial objects in each row i. In turn, the
matrix contains elements corresponding
to the same locations also represented in
the columns j. The structure of W, iden-
tifies locations neighbouring a given lo-
cation, such that values = 1 represent
“neighbours” and values = 0 refer to “non
neighbours”.

W11 Wi Win

W1 Wy Won
W = : . .

Wn1 Wn2 Wnn

The form of Moran’s | for each location i
is as follows:

n
I; =(z; / my) Zwijzj
—

J
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Where m represents the variance; and
z represents deviations from the mean
z = (x; — X). The sum of all Local Mo-
ran’s | values forms the Global Moran’s |
statistic.

The global spatial dependence that
can be shown by Global Moran’s | does
not detect the significance of local loca-
tions. For this purpose, Anselin (1995) de-
veloped the Local Moran’s / algorithm to-
gether with its graphical representation,
or LISA map. The algorithm I; calculates
a statistic for each of the spatial locations
to check whether there was a significant
association of analogous values (high or
low) in each unit i as follows:

Y. .
I; = m, Z Wyy,
jeli

Where y, and y; are the values of var-
iable Y, taken in deviations from the mean
at locations i, j. W; refers to the spatial
weights matrix, m, outlines a constant
proportionality factor across all spatial
units, and J; refers to the set of units re-
lated to i. The result shows that the mean
of the values of [; will be equal to the
mean of I times the proportionality factor.

Bivariate Moran’s I. A spatio-temporal
perspective

A special case of bivariate spatial au-
tocorrelation occurs when the variable
is measured at two points in time, say
Zit /Zi,t—l- The statistic then refers to
the degree to which the value observed

at one location at a given time correlates
with its value at neighbouring locations at
a different time.

The intuitive explanation of this con-
cept associates Zj: with Zj WijiZjt—1,
which represents the connection between
a present value Z;; and the values of its
neighbours at a previous time, t—1. Here,
“y” is the spatial lag of the unemploy-
ment rate, which reflects the unemploy-
ment rate at nearby locations at time t—1.
Meanwhile, “x” refers to the current ad-
justed and standardised unemployment
rate at time t for the specific location un-

der analysis.

_ Zi(Zj WijZje—q1 X Zi,t)

Ig
Ziziz,t

RESULTS AND DISCUSSION

Bivariate Moran’s |

To systematically assess the variation
of the Moran’s Index over time, we im-
plemented the calculation of the bivari-
ate Moran Index, a statistical method to
study the spatio-temporal interdepend-
ence of unemployment that is well-docu-
mented in the literature (Grekousis, 2018;
Netrdova and Nosek, 2020). This method,
applied to unemployment variables, as-
sumes some stability in spatial interac-
tions over time. However, if spatial dy-
namics change, these variations can be
detected through inconsistencies in pat-
terns between different periods.

In the context of spatial autocorrela-
tion, bivariate analysis is characterised by
applying the spatial lag to a different var-
iable, in this case, an earlier time event.
This type of correlation examines how the
characteristics of neighbours in the past
influence a central location at a later point
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in time. Although it is technically possi-
ble to represent the inversion of this linear
specification in a bivariate Moran scatter-
plot, doing so in a time series does not
reflect the real dynamics involved, which
may lead to erroneous conclusions and
invalid results. Conceptually, time moves
forwards, not backwards; past values in-
fluence present values, not the other way
around, as part of a dynamic process
(Anselin, 2024).

Figure 1 shows the results of the bi-
variate Moran Index, which explores the
spatial correlation between unemployment
rates in previous (t-1) and current (t) peri-
ods. This analysis focuses on how unem-
ployment rates in nearby locations in the
past influence the current unemployment
rate in a given location. For this reason, the

correlation map does not show the matrix
values of the upper diagonal. The univari-
ate Moran Index values are plotted on the
main diagonal, while the bivariate values
are shown at the bottom of the heat map.

For example, the first value in the row
for 2015 (0.28) was calculated using the
bivariate Moran Index for unemployment
in municipalities, using data from 2023
and considering the spatial lag structure
of 2015. The last value in that row (0.41)
represents the index calculated with 2015
data and the spatial structure of that
same year. The comparison between the
two values, which is also reflected vis-
ually in the hue in the legend, indicates
a significant change, a trend that can be
observed when comparing the different
years of the time series.

FIGURE 1. Heat map of LTU rate values in Andalusia. Bivariate Moran’s | (2015-2023)

SL23 - 0.27

SL22 - 0.27 0.28
SL21 - 0.27 0.29
SL20- 0.29 0.30
SL19- 0.29 0.30
SL18 - 0.29 0.30
SL17- 0.30 0.31
SL16- 0.29 0.31
SL15- 0.28 0.30

0.40
0.38
0.36
0.34
-0.32
-0.30

-0.28

I I
2023ts 2022ts 2021ts 2020ts 2019ts 2018ts 2017ts 2016ts 2015ts

Note: All values are significant based on the conditional permutation approach (999 permutations). The intensity of the co-
lour tone reflects the level of spatial autocorrelation. The y-axis values represent the spatial lag, while the x-axis values re-

present the standardised LTU rate.
Source: IECA and ARGOS Employment Observatory (SAE).
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Moran’s Index, plotted on the main di-
agonal, reveals significant changes in the
spatial patterns of unemployment, with a
notable decrease in the spatial depend-
ence of long-term unemployment in An-
dalusia, where Moran’s Index dropped
from 0.41 in 2015 to 0.27 in 2023.

The results of the bivariate analysis
suggest that the reduction of long-term
unemployment in the study area has had
a significant impact on the socio-eco-
nomic dependence structure at the mu-
nicipal level. The decrease in the degree
of spatial dependence over the years in-
dicates a process of convergence in LTU
rates between geographical units, which
entails a decrease in the territorial polar-
isation of long-term unemployment in An-
dalusia.

LISA Maps 2015-2023

Once the global spatial autocorrelation
of the LTU indicator was found to be po-
sitive, the next step in the analysis focu-
sed on local dependence, with the aim of
identifying the locations that were most
influential in forming Moran’s index. In
other words, it sought to determine which
municipalities had significantly high or
low LTU rates and were surrounded by
neighbours with similar rates for the in-
dicator. It is important to clarify that the
locations highlighted in the significance
and cluster maps do not represent ac-
tual clusters per se, but act as the cores
of these clusters. This is because being
assigned to a specific cluster is based on
each location’s contribution to the global
measure of dependence, which may not
be uniform.

The municipalities that formed clusters
of high incidence for the indicator, known
in economic terminology as hot spots, are
located in the upper-right quadrant (High-
High; shown in red in the LISA legend) of

the hyperplane of the scatterplot. Simi-
larly, locations where low values cluster
together (cold spots) are represented in
the lower left quadrant (Low-Low; blue on
the LISA map). These spots indicate ar-
eas with low rates of LTU surrounded by
neighbours with equally low rates, con-
tributing significantly to the overall pat-
tern of low values for the indicator. Both
positions reflect locations with extreme
values that contribute most to the con-
struction of the slope (b) of Moran’s in-
dex, thus evidencing areas with a strong
spatial relationship with their immediate
neighbours.

In addition to identifying these high
and low incidence spots, it is important
to pay attention to spatial outlier clus-
ters. These refer to locations with a par-
ticularly significant Local Moran statistic,
indicating that they have neighbours with
very different LTU rates. In Moran scat-
terplot terminology, these observations
are found in quadrants outside the main
diagonal: High-Low locations (hot out-
liers, high LTU rate surrounded by low-
rate neighbours) or Low-High locations
(cold outliers, low LTU rate surrounded
by high-rate neighbours). These locations
are represented by red and blue colours,
respectively, which are dimmed on the
LISA map.

The results in Figure 2 present the
time series of maps illustrating the spatial
distribution for the LTU indicator in Anda-
lusia’s municipalities for the years 2015
to 2023. In these maps, spatial cluster-
ing of high and low incidence for the LTU
indicator are highlighted, showing how
these patterns have changed over time.
Geographically, the High-High clusters
are mainly concentrated in the southwest
and some isolated areas in the northeast,
while the Low-Low clusters have a more
dispersed distribution, but are more vis-
ible in the northeast and centre. This ge-
ographical distribution suggests a terri-
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FIGURE 2. Panel of LISA maps for the years 2015 to 2023
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Source: IECA and ARGOS Employment Observatory (SAE).
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FIGURE 3. Count of municipalities by LISA Cluster (2015-2023)

100

N

/
%0 7/

60

Number of municipalities

40

Clusters
—e— High-High (Hot spots)
—m— Low-Low (Coldspots)
Low-High (Cold outliers)
—A— High-Low (Hot outliers)

20

~ 1 1—+"1T"17]

2015 2016 2017 2018 2019

Year

Source: Prepared by the authors.

torial polarisation where certain areas of
the Andalusian territory show consistently
high or low LTU values.

The graph in Figure 3 shows how the
number of municipalities classified in
each LISA cluster evolved from 2015 to
2023. The number of municipalities in the
High-High category peaked in 2016, fol-
lowed by a decreasing trend, which was
especially noticeable from 2021 onwards.
This suggests a decrease in areas with
a high concentration of LTU. The results
for the Low-Low clusters indicate simi-
lar dynamics, with a decreasing number
of municipalities over time and a general
downward trend. This pattern of decline
reveals a homogenisation of LTU rates at
the local level, with fewer geographical
areas polarised by both high and low LTU
concentrations.

As for outlier clusters (both Low-
High and High-Low), although the num-
ber of municipalities in these catego-
ries is lower, they show a slight upward

2020

2021 2022

trend, especially from 2021 onwards.
The results of the 2015-2023 LISA Maps,
aligned with the trend observed in the bi-
variate global spatial dependence analy-
sis, evidenced a decrease in polarisation
in the local dependence structure of long-
term unemployment.

Colocation

A problematic methodological issue in
the analysis of local spatial autocorre-
lation arises in the selection of the ap-
propriate p value to reflect the maximum
value allowed to consider the expected
type 1 error. The obtained p-values are
not analytical, as they result from a com-
putational permutation process and face
the issue of multiple comparisons. This
means that using a traditional value of
0.05 can lead to false positives, rejecting
the null hypothesis when in fact it is true.

There is no completely satisfactory
solution to this problem, and no strat-
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egy guarantees an unambiguously cor-
rect p-value. Several alternatives are pro-
posed in the literature on clustering, with
the confusion matrix being a common
technique for detecting false positives;
however, it is not applicable to spatial
dynamics. To address this, several ap-
proaches have been suggested, including
using Bonferroni bounds and the False
Discovery Rate. However, the preferred
strategy is generally to conduct a thor-
ough sensitivity analysis to identify “inter-
esting” locations rather than “significant”
locations, following the recommendation
by Efron and Hastie (2016).

In the context of not very long time
series, as is the case here, an effec-
tive sensitivity approach to outline “in-
teresting” locations that show patterns
of spatial-temporal dependence of so-
cio-economic indicators is the LISA co-
location method. This procedure entails

constructing a map where the locations
of the municipalities attached to each of
the clusters in each year of the time se-
ries coincide. The result of this method is
an effective tool to identify false positives
and determine the locations that have
been consistently present in each year of
the series, attached to their correspond-
ing cluster.

Figure 4 displays the results of the
LISA colocation map for the LTU time
series covered by this research (2015-
2023). This map illustrates the territo-
rial polarisation structure of the LTU in-
dicator, highlighting the main hot-spot
clusters (High-High) in the province of
Cadiz, including the administrative capital
and Jerez de la Frontera, both of which
are major population centres in the area.
In addition, an important high-incidence
cluster can be observed in the peri-ur-
ban areas of Seville, which includes the

FIGURE 4. LISA colocation map for the years 2015 to 2023
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Source: IECA and ARGOS Employment Observatory (SAE).
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FIGURE 5. Time series of LTU in Andalusia by grouping of municipalities attached to LISA clusters and their corresponding ATE (2015-2023) »
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capital of Andalusia. A smaller cluster can
also be identified in the Employment Ter-
ritorial Area (Area Territorial de Empleo,
ATE) of Granada Norte, although it is lo-
cated in less densely populated munici-
palities.

Low-Low clusters (cold spots) are
mainly concentrated in the northern and
north-western part of the map. These ar-
eas encompass several zones in the prov-
inces of Cérdoba and Jaén, especially in the
ATE Jaén Suroeste, where a notable cluster
of low LTU incidence is concentrated. Cold
spots can also be detected in the province
of Huelva and in the further east area of the
province of Almeria. Overall, these clusters
appear to be more dispersed on the map
than their hot-spot counterparts.

Figure 5 depicts the time series of LTU
means in Andalusia for the period 2015-
2023. Each individual graph within the
panel shows the mean LTU values for
the municipalities attached to each LISA
cluster type and grouped into their corre-
sponding ATE. The legend of each graph
indicates the name of the ATE together
with the number of municipalities involved
(in brackets). The clusters are ordered in
the legend according to the value of their
mean in the year 2023 to facilitate the
comparison of the different areas at the
end of the study period.

In the High-High and High-Low hot-
spot clusters, there was a clear down-
ward trend in LTU rates over the period
2015-2023, after a significant spike dur-
ing the COVID-19 pandemic years. Areas
with high incidence of LTU have shown a
notable reduction in long-term unemploy-
ment, the decline being more pronounced
compared to cold-spot clusters.

In the Low-Low and Low-High cold-
spot clusters, a downward trend in long-
term unemployment (LTU) rates was also
observed, with a spike during the pan-
demic years. However, this decline was

more gradual compared to the hot spots.
This pattern reflects an improvement in
LTU in these areas, albeit more localised
and less pronounced.

A case that warrants special attention
and illustrates the spatial heterogeneity
of long-term unemployment (LTU) is the
ATE of Guadiato-Los Pedroches, which
forms part of both High-High and Low-
Low clusters, presenting a distinctive sit-
uation. In the High-High cluster, there
was a significant decrease in the LTU
rate, falling from approximately 22 % in
2015 to 14 % in 2023. On the other hand,
in the Low-Low cluster, Guadiato-Los Pe-
droches started at around 9 % in 2015
and experienced a more gradual reduc-
tionto 6 % in 2023. The presence of this
ATE in both clusters reveals the internal
heterogeneity and variability in the inci-
dence of LTU across the territory.

CONCLUSIONS

The research identified patterns of spa-
tial dependence of LTU at the global le-
vel and territorial polarisation at the local
level in Andalusia, with significant con-
centrations of High-High clusters in the
provinces of Cadiz and Seville; in con-
trast, low-incidence areas were more dis-
persed, especially in Jaen, Cordoba and
Huelva. The outlier Low-High and High-
Low clusters were less common and were
scattered in specific locations, reflecting
the complexity and variability of LTU in
the region.

The temporal perspective (2015-2023)
revealed a trend towards a reduction in
territorial polarisation, leading to a pro-
gressive homogenisation of LTU rates in
areas with both high and low concentra-
tions, as summarised in the results shown
in Figure 5 and the bivariate analysis. The
more pronounced decrease in the High-
High clusters suggests a process of terri-
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torial convergence, possibly driven by im-
provements in employment policies and
the post-COVID-19 economic situation,
which are reducing disparities and territo-
rial polarisation in LTU rates in Andalusia.

In our study on LTU unemployment in
Andalusia, the applicability of the concept
of “weak replicability” is particularly rele-
vant, as it points to the limitations of this
research. However, we believe that the
methodology and the innovative approach
we adopted, by incorporating a geo-ref-
erenced LTU indicator at the municipal
level—a dimension not yet explored by
official statistical institutions or in the so-
cio-economic literature—provide a deeper
understanding of the spatial dynamics of
LTU. The practical implications of this ap-
proach are significant: by providing tools
for statistical modelling of unemploy-
ment, this open data-based research facil-
itates informed and evidence-based deci-
sion-making, which is aimed at improving
the management and governance of em-
ployment policies in Andalusia, especially
in the most vulnerable areas.
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