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Abstract: In recent decades, particularly intense changes have occurred in Spanish urban areas. This
is the result of demographic and urbanizing transformations that have led to a change in the city
model. The predominance of compact forms has been replaced by the growing prominence of urban
sprawl. Structures are now more extensive, characterized, in turn, by fragmentation and the notable
consumption of land in the peripheries. In medium-sized cities, the municipalities bordering the
central cities have concentrated the processes of suburbanization and periurbanization. This paper
addresses the processes of change for 34 cities and their urban areas located in inland Spain. A
proposal is made for the delimitation and characterization of urban areas, taking the municipality
as the unit of analysis. At the methodological level, six variables are used, analyzed by means of
multicriteria statistical techniques combined with the use of GIS tools. An Urban Transformation
Index (ITU) has been developed that synthesizes urbanizing, demographic and socioeconomic
dynamics (six variables related to population, housing and socio-productive structure are used). In
the territorial area, the 20-min isochrone is used as a reference. In the temporal domain, the period of
analysis addresses the events of the first two decades of the twenty-first century.

Keywords: urban areas; medium-sized cities; Geographic Information Systems (GIS)

1. Introduction

In recent decades, we have found ourselves in an urban context marked by a slowdown
in the demographic growth of cities, an increase in and the radicalization of environmental
threats, growing competition between cities, awareness of social problems and increased
urban sprawl [1]. Added to this are the effects of the recent crises, which are of a different
nature (the financial crisis of 2008, the COVID-19 health crisis of 2020–2021 and the energy
crisis of 2022, linked to the invasion of Ukraine). The visible result is cities that are less
dense, more dispersed, socially and territorially fragmented and more exclusive [2–4]. It is
difficult to establish a closed, orderly and hierarchical reading of the explanatory factors. It
is a territorial reconfiguration that affects the different scales of urban systems, doing so
with an intensity of variable processes and with a gradation that is mainly a function of
the proximity to the large metropolitan areas, the dynamics of the territories in which they
are inserted, the presence of tourism activity and the types of urban and territorial policies
deployed at the local/regional level [5,6].

The notions of density and urban fragmentation are subject to debate but must be
linked to the processes, dynamics and effects of urban sprawl. From the conceptual
viewpoint, the initial references must be sought in rurbanization [7], which has subsequently
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resulted in processes of suburbanization, stagnation or the loss of urban dynamics, the
most recent stage of which is redevelopment, which is still geographically very selective [8].
However, there remains considerable conceptual confusion behind these ideas, marked by
centrifugal movements of population migration and activities from the city to the periphery
in the functional realms of metropolitan regions. These processes of urban sprawl have
been reproduced with unequal intensity and with different manifestations in diverse
sociocultural contexts [9,10]. From the viewpoint of genesis, they have emerged essentially
in the Anglo-Saxon sphere, with their maximum expansion in the United States at the
beginning of the second half of the last century [11]. This favored the demographic and
economic recovery of rural areas close to cities [12]. The explanatory factors are multicausal,
with their more visible effects sometimes being a decrease in the population, density and
heterogeneity of the city that articulates the area, in favor of the greater intensity and
complexity of the periphery [13]. This implies a change in the professional profiles of
residents and a change in the nature of economic activities in the peripheries [14,15]. This
can be analyzed from different dimensions: residential density, constructive continuity,
concentration, aggregation, centrality, nuclearity, mixed land uses and proximity between
land uses [16]. As a result, mixed, dilated and transitory landscapes emerge, with the
traditional conceptions of the rural and the urban being diluted and intermingled [17,18].

The reasons for the rapid development of these processes lie in structural factors. Its
acceleration is linked to the effects of globalization and post-Fordism, which has left greater
flexibility and new patterns of territorial location of residential and productive uses [19].
Connected to the above is the improvement of communications infrastructures [20], as well
as the progressive generalization of the information society [21] and the forces of social
change and lifestyle [22]. Furthermore, the most recent pattern of change is accompanied
by the growing financialization of the economy in general and the housing market in
particular [23].

The Processes of Urban Dispersion in Spain, and the Specific Situation in the Area of
Medium-Sized Cities

The territorial reconfiguration of the city in Spain responds to global logics in some
cases and local logics in others. The former are connected to the dynamics of neoliberal
capitalism, with the effects of the improvements in the communications network, the
facilitating role of the administration or the growing influence of ICTs. Dispersion implies
the dissolution of the traditional boundaries between urban and rural in physical–functional
terms, although this is not the case when analyzed from a social and administrative
perspective. What is certain is that there was a favorable climate for expansive urbanization
in the first decade of the 21st century, when the national economy was highly dependent on
the construction sector. At the same time, there has been a change in mentality regarding
housing, which has transitioned from being a consumer good to an investment good, in
many cases speculative [23], which has altered the concept of the traditional city, especially
in relation to the ideas of density, diversity and agglomeration, with profound landscape
and functional transformations in the peri-urban space.

In the Spanish urban system, these processes led to the substantial growth of impor-
tant cities in the first decade of the 21st century. This has had significant impacts on the
shaping of urban areas, being increasingly complex, multifunctional and with a variable
territorial impact. This has also been replicated in inland medium-sized cities, which have
not been untouched by these changes. In fact, in recent years, urban areas articulated by
medium-sized cities have seen substantial growth in urbanized land, housing construc-
tion and population [24,25]. The visible result is the sociodemographic and urbanizing
transformation of the central and urban municipalities and of those located in urban areas.
However, the intensity and gradation of these processes have varied in the urban areas of
the respective cities [2,3,26,27].

The reasons for the consolidation of this city model have been addressed from different
approaches and by diverse authors. Particular attention has been paid to the territorial
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consequences of the process, especially in large urban spaces [20,28–34]. To a lesser extent
and more recently, the change in intermediary cities has been analyzed, focusing on the
events of the first decade of the twenty-first century [26,27,35,36]. However, the underlying
complexity explains why there is still a certain lack of conceptual and methodological
foundation when defining the scope, intensity, density and gradation of the extended city.
These reasons determine that, in addition to studying the processes, it is important to focus
our interest on spatial scales (that of the city and its urban area). It is in the peripheries
where much of the residential land, industrial and logistics estates, large shopping and
leisure areas or public facilities and infrastructures have been located. This has been done in
specialized and territorially fragmented sectors, which increases the complexity of extended
urban areas [36–38].

Methodologically, proposals have emerged from different disciplinary and institu-
tional areas. Research works typically use statistical repertoires and the territorialization of
data [39,40], which are based on three types of indicators: 1. indirect indicators, such as the
existence of certain economic activities, the dynamics of population and housing growth,
the typology of housing, etc., usually referring to the municipality due to the absence of
sources on a lower scale in Spain [41,42]; 2. morphological characteristics, based on the
density of the built space, the continuity of the urbanized area or the type of predominant
land use, using remote observation techniques, such as Corine Land Cover or Siose, with
certain problems in identifying the processes of urban dispersion [6,26,43–47]; 3. indicators
of functional relationships between municipalities, based on commuter mobility between
work or study and home [40,48–53]. In almost all cases, municipalities are used as adminis-
trative units of reference. The municipalities correspond to the Nomenclature of Territorial
Units for Statistics (NUTS-5) level, the lower unit for many of the statistics generated by
the National Institute of Statistics (INE); urban planning regulations are, with exceptions,
municipal in scope [54]; the municipal scale provides easily interpretable territorial units
for regional planning and for the analysis of rural–urban relations [55].

From the institutional perspective, varying proposals stand out. In the case of Spain,
the proposal of an atlas prepared by the Ministry of Transport, Mobility and Agenda
(MITMA), available as the Digital Atlas of Urban Areas of Spain (mitma.gob.es)(accessed
on 15 November 2022), was first launched in 2000 and has been published successively
until its latest version of 2022 (since 2007 in digital format). It is supported by consultations
generated from the General Subdirectorate of Urban Planning to the municipalities to
define their territorial scope. It is articulated on the basis of large urban areas, which have a
central municipality of more than 50,000 inhabitants, which gives its name to the urban area.
It also includes a varying number of municipalities in the surroundings of the central one
with a population of more than 1000 inhabitants. It draws on census sources of population
and housing [56]. The criteria used for the delimitation are the dynamics of population and
housing growth in the period 1960–1991. It does not consider, however, the modifications
and transformations effected in the peripheries during the real estate boom, which were of
great significance in the environments of medium-sized cities, which incorporated other
nearby municipalities.

At the European level, the institutional proposal is that of the Urban Audit, which
emerged at the end of the 1990s, sponsored by DG Regio and Eurostat (EU). Since 2010, it
has included 39 indicators to delimit the areas. These are defined on the basis of functional
relationships between municipalities (daily labor mobility), which help to delimit the
functional urban areas (FUA). The criteria defining the center of the FUA use central
municipalities of more than fifty thousand inhabitants, to which are incorporated the
adjacent ones in which at least 15% of the employed residents are working in the city [57].
Drawing on this definition, the proposal was prepared for the analysis of land use in
European urban areas contained in the Urban Atlas of the European Copernicus Program
(2006, 2012 and 2018 editions) [58].

As can be seen, despite having the common objective of defining the scope of urban
areas, all these institutional or academic initiatives are constructed on different methodolo-
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gies, sources and variables. This means that their results are equally disparate, with areas
differing considerably in size. Those of the MITMA are much less extensive than those
that appear in the Urban Audit proposal, which sometimes includes many municipalities
and large spaces that maintain, both socioeconomically and functionally, features of rural
spaces. In turn, the delimitation of the MITMA is much smaller and in many cases only
includes the municipality of the central city or only those that are on its edges, sometimes
ignoring recent change processes, which impedes a correct evaluation of the real scope of
urban areas.

The uncritical taking of indicators that are assumed to be homogenized and equivalent
throughout the territory to measure urban development can lead to interpretative errors
and may give a biased image of some territorial dynamics [40,53]. This lack of consensus to
fix the territorial scope of suburbanization, which was especially intense in the first decade
of the 21st century, encourages participation in the debate, incorporating alternative and
complementary indicators. A good example of this interest lies in the works that combine
different types of indicators and methodologies (statistical and cartographic), integrating
different variables, such as delimitation proposals based on demographic size, population
density, the evolution of the number of homes and mobility [39].

Under the framework of this state of the art, this work aims to focus on the processes
of suburbanization of medium-sized cities in inland Spain to delimit their scope in the
configuration of urban areas. It is intended to contribute to this debate and seeks to resolve
some of the imbalances and deficiencies detected in the existing institutional proposals
in the delimitation of urban areas. The fundamental reason is that these feature highly
heterogeneous territorial scopes, which are especially critical when applying them to
medium-sized cities. The hypothesis used is that the limit of urban areas for the inner
average cities is marked by the 20-min isochrone. This is a threshold that combines
accessibility, urbanizing dynamics and socioeconomic transformations, the latter especially
intense in the first decade of the 21st century. This idea contrasts other criteria of functional
delimitation, which more accurately reflect the reality of large urban areas, but which
are questionable for their application to medium-sized cities. In the development of the
research projects “Urbanisation dynamics and urban policies in inland medium-sized
cities. From expansion and dispersion to reformulation: towards a more urban urban
planning?” (CSO2015-63970-R) and “Spanish medium-sized cities: urbanisation and urban
policies. 40 años de ayuntamientos democráti-cos:1979–2019” (RTI2018-096435-B-C21+C22),
we studied the impact and intensity of urbanization pressure on municipalities around
medium-sized cities in maximum radii of 30 km using GIS. The layers of urban land cover
and increase in housing stock in the period 2000–2018 confirmed that the real estate and
land pressure generally coincided with the time isochrone marked by the 20 min of motor
vehicle travel time on the main roads and taking into account the hierarchy and capacity of
the main roads according to the buffer calculation through Hqgis spatial analysis (GIS). The
main results on the case studies of each of the cities that serve as the basis for the model
can be found in Andres, Bellet and Cebrián [27].

A synthetic methodology is proposed, which uses multivariate analysis and GIS tools
to define urban areas. The analysis criteria are based on the most recent demographic
and urbanizing dynamics. It is approached from three different and complementary
dimensions: the scope of suburbanization (definition of the urban area), the intensity
(the unequal impact within the urban area) and the territorial gradation of the processes
(differentiation of the most and least affected municipalities within the urban area). To
resolve these issues, a synthetic indicator is generated from six variables grouped into
three criteria. The following section presents the methodological proposal to address and
respond to this problem and the results obtained from the application of the ITU to a group
of medium-sized inland cities.
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2. Materials and Methods

In this proposal to delimit urban areas into medium-sized cities, a double methodology
was used. A multivariate model, based on six variables developed at the municipal level,
was run, while a GIS tool (QGIS) was used to territorialize the results and solve some
parts of the analytical process. It was organized in several phases: selection of variables
and development of indicators; delimitation of the space under analysis; design of a
synthetic indicator; application of the indicator; and classification of the behavior of the
municipalities in each urban area.

2.1. Selection of Variables and Indicators to Determine the Degree of Urbanization
of Municipalities

The starting point of the process was the selection of variables and the develop-
ment of indicators to measure the degree of integration of each of them in the different
urban areas. Three main and complementary axes were chosen, one linked to urban-
izing dynamics, another on demographic behaviors and a third on sociodemographic
characteristics (Figure 1).
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elaboration from INE, Population and Housing Censuses 2001 and 2011 and Municipal Register of
Inhabitants 2019; Transport, Mobility and Urban Agenda (MITMA), Digital Atlas of Urban Areas;
IGN, Geographic Information Coverage Corine Land Cover Project, 2000–2018.
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Axis 1. This includes variables that synthesize the characteristics of the urbanizing
dynamics and the process of transformation of the real estate stock. In this case, two
indicators are used. One is the growth rate of urbanized land in the period 2000–2018: the
intensity of the urban footprint from the surface information and by categories provided
by the geographic information layers of the Corine Land Cover (IGN) project. The second
focuses on the rate of variation in the number of homes built in each municipality between
2001 and 2011: it was generated from the existing real estate stock in the Housing Censuses
of 2001 and 2011 (INE).

Axis 2. This centers on the behavioral features of demographic indicators. Two
variables are used. The first is the population growth rate in the period 2001–2019, which
is based on the data obtained from the 2001 Population Census and the 2019 Municipal
Register of Inhabitants (INE). The second is the youth index in 2019, for which municipal
data are obtained from the Digital Atlas of Urban Areas of the Ministry of Transport,
Mobility and Urban Agenda [59].

Axis 3. This focuses on sociodemographic characteristics. In this case, we looked at
the socio-productive structure (job activity profiles). There are two variables: one is the
percentage of workers in the agricultural sector; the other is the percentage of workers in
the service sector. In both cases, the data for the year 2019 are used and were obtained
from the Digital Atlas of Urban Areas of the Ministry of Transport, Mobility and Urban
Agenda (MITMA).

2.2. Delimitation of the Area of Potential Influence for the Analysis of Urban Sprawl

To establish the potential catchment area, an urban area was defined with a central
reference point. In this case, the geographical coordinates of the main building of the town
hall of each of the 34 cities used as a sample were chosen. The spatial analysis tool Hqgis,
integrated as a complement in the QGIS free software, was used to generate a buffer of
20 min of travel in a vehicle (20-min isochrone). Based on this isochrone, a first territorial
delimitation was made, including the municipalities whose center was integrated within
this threshold. In a second step, two filters were applied to exclude municipalities that,
being in the area of influence determined by the isochrone, presented territorial realities
with sufficient personality to exclude them from urban areas. Those of 2000 inhabitants
or more that had not suffered urbanization dynamics related to their expansion and that
were further away were excluded because they were considered central municipalities
of rural districts other than the urban area under analysis. On the other hand, we also
excluded those with more than 10,000 inhabitants, as this renders them urban according
to the Spanish classification of municipalities, which sometimes allows them to have their
own urban areas. Drawing on these starting criteria, the analysis was carried out for
736 municipalities located in the vicinity of 34 interior medium-sized cities.

2.3. Elaboration of the Urban Transformation Index (UTI) to Classify the Behavior of Urban Areas

The methodology was designed to respond to two complementary and sequenced
objectives. The first aimed to delimit and characterize urban areas as sets. The second
focused on the level of integration of the municipalities included within each of them. In
the first, the value of each variable at the municipal level with the average value of its
urban area was chosen as a criterion for characterizing behavior. To avoid the distortion
that the values of the central city might generate over the whole area, these were removed
from the indicator. The result obtained allowed us to differentiate the municipalities with
behaviors higher than the average of the urban area. It also allowed the intensity of
urbanization to be characterized and the level of integration with respect to the central city
to be measured. It is understood, therefore, that features of the urban are found in those
that present dynamics of urbanization and the growth of housing, demographic growth
and a rising youth index and percentage of workers in the service sector and higher levels
of professional deagrarianization than the average of the urban area.
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Once the potential area of the urban environment was defined, multi-criteria analysis
was used. It was conducted with the six variables of the three analysis groups (dynamics of
urbanization, demographic characteristics and socio-productive profile). Percentage values
were used or values expressing a ratio of between 0 and 100, which avoids the model being
affected by the various scale factors of these variables. The variables used individually
illustrate, with substantial accuracy, the individualized behavior of the municipalities,
differentiating the most and the least dynamic in each case and the level of integration and
the position that they occupy in their urban area. To test the results obtained with the static
model, orthophotography and field work were used to check, adjust and correct the data.
This final adjustment made it possible to eliminate or add municipalities according to the
following criteria.

Elimination of municipalities: through the analysis of cartography and orthophotogra-
phy, we exceptionally excluded some in which there was an evident territorial discontinuity
with the central city, with little appreciable impact of the urban sprawl and which barely
benefited from the growth of the city. These are areas where the impact of suburbanization
is very small, but where the statistical model offers above-average results due to the low
level of the starting point.

Incorporation of municipalities: in very specific cases, fieldwork and analysis of
cartography and orthophotography recommended including municipalities with evident
continuity in the existing urban area. In others, this was done in order to avoid the
generation of discontinuities in the urban area (territorial islands). Finally, we added
municipalities that, despite the statistical result not yielding indicators of urbanization or
sufficient transformations, had large amenities or infrastructures of an eminently urban
nature (shopping centers, industrial areas, airports, golf courses, etc.).

2.4. The Classification of the Municipalities Integrated in Each Urban Area on the Basis of UTI

To classify the municipalities of each urban area (based on the integrated behavior
of the six variables), the Urban Transformation Index (UTI) was generated. The ITU has
the advantage of allowing a statistical grouping to be generated, which assigns a unique
value and the position occupied by each municipality in the whole of each urban area. The
result is an artificial numerical value per municipality, ranging from 0 to 100, and which
integrates and unifies urban transformation from the aggregation and combination of the
set of variables. This makes it possible to establish an orderly hierarchy of municipalities.
The higher values indicate high urban dynamism in the municipality in question, while a
low values suggest the opposite. The application of the UTI to all 34 cities resulted in three
large groups of urban areas. The groupings were constructed through the use of standard
deviations, which allowed us to identify the cut-off points or bands to create groups of
urban areas with homogeneous features.

3. Results and Discussion: The Typologies of Urban Areas and Their Delimitation in
Medium-Sized Spanish Cities

Table 1 shows the results of the initial multivariate analysis in which the results of the
data can be checked in the three axes of analysis. For the first group of variables (popula-
tion and housing), positive values can be found in all cases, although with considerable
differences according to the cases. In the dimension referring to the growth of urbanized
land, four exceed 2% (León, Albacete, Santiago de Compostela and Vitoria). Ten other
areas grew above 1%. With regard to real estate growth, considering the evolution of the
construction of new homes from the data of the Censuses of 2001 and 2011, it can be seen
that there are two especially dynamic urban areas (Guadalajara and Segovia), with growth
of more than 100%. Ten others grew above 40%, while most of them did so with rates above
20% (24 out of 34).
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Table 1. Variables selected in the methodological process and results of the application of the Urban
Transformation Index (UTI) to the 34 urban areas articulated by medium-sized cities in Spain. Own
preparation, using data from INE, Population and Housing Censuses 2001 and 2011 and Municipal
Register of Inhabitants 2019; Transport, Mobility and Urban Agenda (MITMA), Digital Atlas of Urban
Areas; IGN, Geographic Information Coverage Corine Land Cover, 2000–2018.

Axis 1: Urbanization
and Housing Axis 2: Population Axis 3: Structure

Socio-Productive
Urban Areas Growth Urb.

2000–2018%

Growth
Housing

2001–2011%

Population
Growth

2001–2019%

Index
Youth
2019%

Agricultural
Workers
2019%

Service
Workers
2019%

Urban Transformation
Index (ITU)

Guadalajara 1.20 178.29 5.52 13.90 5.30 68.75 100.00
Pamplona 1.30 85.97 3.30 15.60 2.30 63.90 87.42
Girona 1.10 46.34 2.10 15.10 4.40 57.10 33.18
Toledo 0.70 57.13 2.50 15.60 8.90 60.10 29.31
Segovia 0.70 109.42 3.20 12.90 13.20 56.50 27.51
Vitoria 4.10 32.29 1.60 12.20 14.60 59.20 26.71

Group 1:
Areas
high

dynamism

Manresa 0.20 43.99 1.65 13.90 5.30 54.80 18.16
Santiago de
Compostela 2.90 25.46 0.20 12.60 12.40 60.30 18.03

Albacete 2.40 27.75 0.60 15.20 24.10 53.30 16.91
Salamanca 0.50 64.30 1.50 12.90 15.20 57.90 15.73
Ciudad Real 0.80 37.10 0.50 14.20 15.95 60.05 14.26
Badajoz 0.30 22.60 0.35 15.64 21.10 66.60 13.58
Elda 0.70 30.36 0.80 15.40 7.26 47.90 13.19
Lion 2.10 30.26 0.20 10.60 15.50 62.10 12.04
Lorca 0.20 33.20 1.60 17.10 35.30 49.30 11.42
Talavera de la Reina 0.35 35.17 1.40 13.90 18.60 53.00 10.77
Burgos 0.76 45.72 1.70 11.50 19.50 52.17 10.08
Ponferrada 1.50 14.61 −0.50 11.50 7.50 57.70 9.40
See also 1.00 34.62 −0.60 9.60 7.10 65.10 8.92
Lérida 0.70 32.64 0.94 14.30 26.70 48.10 8.80
Alcoy 0.25 17.61 0.02 13.80 7.60 53.20 8.44
Merida 0.80 13.73 0.10 16.70 36.80 49.80 8.31
Cáceres 0.60 13.26 −0.10 14.90 13.10 51.80 7.94
Huesca 0.07 61.42 1.80 11.80 29.30 48.50 7.56
Teruel 0.15 17.99 0.10 13.70 25.00 55.70 6.32
Jaén 0.60 19.72 0.70 17.80 42.90 39.60 6.14

Group 2:
Areas

medium
dynamism

Basin 0.10 26.10 0.05 12.10 24.00 55.40 5.16
Logroño 0.40 55.94 0.50 11.50 24.10 41.30 3.87
Linares 0.90 12.91 −0.30 17.80 47.70 36.90 3.74
Logan 0.40 15.43 −0.60 11.00 21.20 50.40 2.44
Zamora 0.50 31.52 −0.30 10.60 29.50 44.00 1.87
Palencia 0.30 18.01 −0.30 11.50 32.00 43.70 1.50
Avila 0.07 19.38 −0.90 10.90 33.90 46.70 0.76
Soria 0.20 30.72 −0.60 9.06 40.05 44.02 0.00

Group 3:
Areas
low

dynamism

TOTAL 0.85 39.44 0.85 13.44 20.22 53.38 -

Demographic transformations exhibit different results. The general trend is positive,
but the rates have lower values. Only five urban areas registered growth of more than 2%
(Girona, Toledo, Segovia, Pamplona and Guadalajara). In another 22, the growth is less
than 1%, and, in eight of them, the final balance is negative. With regard to youth rates, the
results also show a greater dynamic in urban areas, although with considerable oscillations
depending on the case. The highest rates are concentrated in the most rejuvenated areas,
which exceed 15% (Girona, Albacete, Toledo, Pamplona, Badajoz, Linares, Mérida, Lorca,
Jaén, etc.), while those with the oldest populations present ratios ranging between 9 and
10% (Soria, Ourense, Zamora, León, Ávila, etc.)
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With regard to the socio-productive structure, there are also significant variations
between the different urban areas, which, in this case, appear to be more calibrated than
the previous results, thus defining to a large extent the degree of transformation of the
new peripheries in each urban area. The percentage of agricultural workers, which can be
understood as an indicator of the maintenance of traditional rural activities, ranges from
figures below 5% to others exceeding 40%. The average of the 34 urban areas is 20% of
the active agricultural population, 17 urban areas are above this reference value for the
entire set, and only nine are below 10%. The least agrarian are Pamplona, Gerona and
Manresa. In the same sense, the percentage of the population employed in the tertiary
sector identifies the group of workers involved in urban service activities. There are eight
areas with percentages above 60% (Guadalajara, Badajoz, Orense, Pamplona, León, Ciudad
Real, Santiago de Compostela or Toledo). Another 22 present tertiarization rates of above
50%, with only two having values below 40% (Linares and Jaén, with a strong agricultural
profile) (Table 1).

However, the specific analysis of the separate variables allows neither for the identifi-
cation of the dynamics nor of the growth rates and the delimitation of urban areas. The
multivariate result provided by the synthetic indicator (UTI) and GIS analysis is required.
The use of the UTI allows us to identify the behavior and the degree of compliance of
the variables in the municipalities included in each urban area and establish typologies
according to the three groups referred to (Table 1 and Figure 2).
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Group 1. Very dynamic areas. The degree of transformation and growth detected in
all variables is high, which explains why most of the municipalities experienced a strong
transformation in the municipalities around the central city. The generalized dynamics
of the area are positive and, consequently, the number of positive indicators that each
municipality must meet to be included in the urban area is lower. In this group, it is
detected that a behavior above the average of the area in two of the six indicators coincides
with a pattern of belonging to the urban area. This first group is formed by the five areas
with the highest demographic dynamics and the highest surface growth rates of urban
and real estate areas, and those that present sociodemographic features that indicate urban
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patterns (high youth index, predominance of the service sector in employment and very low
agrarian population index). This first group is composed of the urban areas of Guadalajara,
Pamplona, Girona, Toledo, Segovia and Vitoria. In all of these, the set in the six variables
is 0.5 times the standard deviation of the total areas, and the UTI values present results
that are above 25. Guadalajara is indisputably the urban area with the greatest urban
transformation according to the UTI (the reference value is 100, the highest allowed by
the index). Pamplona is close behind, with a value of 87. The other areas included in this
group show quite similar situations, although now located between the ranges of 25 and 30
of the UTI indicator. In the territorial sense, some are within the scope of influence of the
polynuclear metropolitan area of Madrid, although outside this autonomous community
(Segovia, Guadalajara and Toledo). The others are close to other metropolitan areas located
at the head of the Spanish urban hierarchy (Gerona, Pamplona and Vitoria).

Group 2. Areas of medium dynamism. The transformation and growth of the variables
is close to the average. This demonstrates that the municipalities of the urban area present
behaviors comparable to those of the central city. The number of positive indicators that
each municipality must meet to be included in the urban area is higher, due to lower
dynamics of urban growth. In this group, it is detected that a behavior above the average
of the area in three of the six indicators coincides with a pattern of belonging to the urban
area. This second group refers to a set of urban areas with more moderate urban, real
estate and demographic growth patterns, located around the average. It is the majority
segment of 21 cities and their respective urban areas. The values of the index are in the
range of 6 to 18, with the highest values found for Manresa, Santiago de Compostela and
Albacete, while the lowest are in Jaén, Teruel and Huesca. Here, we see a diverse set
of realities of urban areas, widely distributed territorially (autonomous communities of
Extremadura, Castilla-La Mancha, Castilla y León, Basque Country, Aragon, Catalonia,
Murcia or Valencia) and relatively far from the major cities.

Group 3. Areas that are not very dynamic. In this group, the dynamics of transforma-
tion and growth of the variables are limited, such that many of the municipalities present
behaviors below those of the central city and others are far from presenting urbanization
processes. For this reason, the number of positive indicators that each of them must meet
to be included in the urban area is even greater, since the trend of urban transformation is
not clearly perceived or is non-existent. In this group, it is detected that a behavior above
the average of the area in four of the six indicators coincides with a pattern of belonging
to the urban area. The third group has UTI values at 0.5 times the standard deviation of
the total. In this case, we have the least dynamic urban areas, consisting of eight (Cuenca,
Logroño, Linares, Lugo, Zamora, Palencia, Ávila and Soria) with scores below 5 (only
Cuenca slightly exceeds this threshold). In these cities, urbanization and housing dynamics
are below average, with very moderate or even negative demographic growth, and sociode-
mographic indicators continue to maintain characteristics typical of areas of medium or
high rurality, which highlights the limited processes of suburbanization observed. Some
of these are in mountain areas and four are in the region of Castilla y León. These are
territories characterized by demographic sluggishness and the structural weakness of their
economic models.

The use of the ITU makes it possible to assess the level of adjustment of the 20-min
isochron to the sociodemographic and urbanizing dynamics of the peri-urban space located
within this threshold. It helps to establish a delimitation that is more in line with the reality
of urban areas in medium-sized cities, since the processes of territorial reconfiguration at
this level of the urban hierarchy have their own idiosyncrasies. It also helps to assess the
level of compliance with the hypotheses, which assign urban behaviors to municipalities
located in the haloes of cities. When applying the criteria of the Urban Audit (UA) or
of the Ministry of Public Works (MITMA), mismatches can be seen, either by excess or
by defect. The UTI allows better adaptation of the territorial scope. On the other hand,
with the classification of urban areas, the UTI allows the categorization of the behavior
of municipalities within each urban area to be established. This is done by using the
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fulfillment of criteria for each of them. Due to space limitations, it is impossible to include
the reality of all the cases. Six examples are presented—two corresponding to each of the
three categories of urban areas (Figures 3–5). They show the unequal degree of integration
of each of the municipalities.
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4. Conclusions

The application of the UTI makes it possible to identify the limits, scope, intensity and
gradation of the transformation process of each urban area. It does so by differentiating
between the integrated behavior of the area and that specific to each municipality. The
method draws on the logic of the behaviors of the variables in the different municipalities
in relation to the central city they are ascribed to, which is used as a reference element.
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The use of multivariate methods complemented by GIS tools allows for the application of
statistical procedures and the territorialization of results.

The selected case examples show that the transformation processes are different across
urban areas, and, within them, between the municipalities they comprise. One of the
conclusions that emerges from the analysis is that the urbanizing intensity is inversely
proportional to the distance, although it is corrected by the main road axes. The municipali-
ties closest to each central city tend to meet a greater number of criteria in the ITU. This
situation also occurs for some municipalities that are more accessible or better connected,
or with specific conditions of urbanization by virtue of strategic actions. Meanwhile, the
greater the distance, the lower the number of variables and the ratio. This reading can be
clearly perceived in the urban areas of Burgos, Lleida, Salamanca, Santiago de Compostela
and Guadalajara, where a gradation is observed in which intensity is lost as the limit of the
20-min isochrone approaches. On the other hand, direct observation through orthopho-
togrpahy and fieldwork confirms that the 20-minue isochrone is a limit that expresses the
impact of urbanizing processes on this scale of the urban system with great precision.

Moreover, there is a certain heterogeneity in the reality of the different urban areas,
both in surface area and in the number of municipalities. The 34 urban areas include
321 municipalities (an average of 9.5 municipalities per area), occupying 24.524.5 km2

(an average of 149.4 Km2). Nonetheless, within the area of study, there are very different
situations, such as Burgos with 28 municipalities or Salamanca with 24, while Linares has
only one, that of the capital, and Lorca and Badajoz have two (both are among the largest
surface areas nationwide). The surface area also reflects highly differing realities, since
Albacete has 2059 km2, while Linares has only 196.7 km2. These mismatches in the surface
area of the administrative reference units are partially corrected with the use of the 20-min
isochrone, which helps to more precisely delimit the peri-urbanizing dynamics.

Another conclusion drawn from the application of the ITU lies in the comparison
of results with other proposals for defining urban areas. Thus, the urban areas obtained
clearly exceed those included in the proposal of the Ministry of Development (the Ministry
includes 140 in the 34 urban areas, many of which are formed by a single municipality
(Vitoria, Albacete, Lorca, Huesca, Teruel, Cuenca, Linares, Lugo, Ávila or Soria)), while the
ITU doubles this, with 321, avoiding reductive readings in a territorial regard. Comparing
the results with those of the Urban Audit, we find less extensive scopes (the Urban Audit
includes 380 municipalities, compared to the 321 obtained with the ITU application),
avoiding the inclusion of municipalities defined in this case by functional relationships
measured through mobility and that have sometimes been unaffected by the dynamics of
urbanization and socio-professional change: Pamplona (23 in ITU versus 52 in UA), Vitoria
(7 versus 19) or Burgos (28 versus 45).

Faced with these imbalances, the ITU methodology, which is based on six variables,
allows us to obtain a delimitation more in line with the reality of the recent transformations
produced in urban areas articulated by interior medium-sized cities. It clearly determines
the existence of urban characteristics and the notable dynamics of urbanization in the
surrounding areas of these cities, which affect several of the neighboring municipalities. The
method takes into account transformation from different perspectives. In a complementary
way, it allows the dynamics to be categorized based on the combined use of population,
housing, land and economic activity dynamics. It does not focus solely on the expansion of
the urbanizing footprint or functional relationships.

Progress in the delimitation of urban areas seems necessary, in a context in which co-
ordinated urban, housing and social policies of supra-municipal scope are required, which
would allow them to address their problems more effectively. Urbanization processes, hous-
ing markets and social areas no longer respond to municipal boundaries. For the design of
adequate policies and better management of the territory, studies and analyses are required
at the relevant scale—in this case, that of the urban area (the expanded city in the territory).
The complementary use of multivariate methods and GIS tools is an option that is effective
in addressing the challenges of the dispersed city. Our results corroborate this, although
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a permanent methodological review is required. The proposal facilitates a delimitation
instrument that is better suited to the results of recent urbanization in the environments of
medium-sized cities, making it a tool for use in supra-municipal governance.

Author Contributions: The three authors have jointly participated in the different parts of the work.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the public call for R+D+i projects granted by the Spanish
Ministry of Science and Innovation (MCIN): Fragmentation and socio-spatial segregation in Spanish
medium-sized cities and their urban areas (2001–2021). SUB 1– Sociospatial segregation and the
geographies of everyday life in Spanish medium-sized cities and their urban areas. (PID2021-
124511NB-C21). SUB 2—Spatial fragmentation and residential space (housing and public space) in
Spanish medium-sized cities and their urban areas (PID2021-124511NB-C22).

Acknowledgments: This research was carried out thanks to funding received in the public call for
R+D+i projects granted by the Spanish Ministry of Science and Innovation (MCIN): Fragmentation
and socio-spatial segregation in Spanish medium-sized cities and their urban areas (2001–2021). SUB 1–
Sociospatial segregation and the geographies of everyday life in Spanish medium-sized cities and their
urban areas. (PID2021-124511NB-C21). SUB 2—Spatial fragmentation and residential space (housing
and public space) in Spanish medium-sized cities and their urban areas (PID2021-124511NB-C22).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Uhaldeborne, J.M. Las ciudades europeas: Nuevos paradigmas, nuevas estrategias. Pap. Econ. Española “Econ. Ciudad.” 2017, 2,

1–22.
2. Cebrián Abellán, F. Ciudades Medias y Áreas Metropolitanas: De la Dispersión a la Regeneración; Universidad de Castilla-La Mancha:

Cuenca, Spain, 2018.
3. Cebrián Abellán, F. Dinámicas de Urbanización en Ciudades Medias Interiores: ¿Hacia un Urbanismo más Urbano? Tirant Lo Blanch:

Valencia, Spain, 2020.
4. Olazabal, E.; Bellet, C. Cambios en los modelos de crecimiento urbano de las ciudades medias. Santander-Torrelavega, Manresa,

Pamplona/Iruña y Guadalajara (1987–2011). In Dinámicas de Urbanización en Ciudades Medias. Dinámicas de Urbanización en
Ciudades Medias; Cebrián, F., Ed.; Tirant lo Blanch: València, Spain, 2020; pp. 175–208.

5. Escudero Gómez, L.A.; García González, J.A.; Martínez Navarro, J.M. Medium-sized cities in Spain and their urban areas within
national network. Urban Sci. 2019, 3, 5. [CrossRef]

6. Olazabal, E.; Bellet, C. De la ciudad compacta a la ciudad extensa. Procesos de urbanización recientes en áreas urbanas españolas
articuladas por ciudades medias. An. Geogr. Univ. Complut. 2019, 39, 149–175. [CrossRef]

7. Wehrwein, G.S. The rural-urban fridge. Econ. Geogr. 1942, 18, 217–228. [CrossRef]
8. Dembski, S.; Sykes, O.; Couch, X.; Desjardins, X.; Evers, D.; Osterhage, F.; Siedentop, S.; Zimmermann, K. Reurbanisation ans

suburbia in Northwest Europe: A comparative perspective on spatial trends and policy approaches. Prog. Plan. 2019, 2019, 100462.
[CrossRef]

9. Phelps, N.A. Suburbs for nations? Some interdisciplinary connections on the suburban economy. Cities 2010, 27, 26–76. [CrossRef]
10. Pahl, R.E. A perspective on urban sociology. Read. Urban Sociol. 2013, 25, 759–783.
11. Squires, G.D. Urban Sprawl: Causes, Consequences and Policy Responses; The Urban Institute Press: Washington, DC, USA, 2002.
12. Daniels, P.; Bradshaw, M.; Shaw, D.; Sidaway, D. An Introduction to Human Geography: Issues for the 21st Century; Prentice-Hall:

Harlow, UK, 2011.
13. Colantoni, A.; Grigoriadis, E.; Sateriano, A.; Venanzoni, G.; Salvati, L. Cities as selective land predators? A lesson of urban

growth, deregulated planning and sprawl containment. Sci. Total Environ. 2016, 545, 329–339. [CrossRef]
14. Clark, D. Urban Decline; Routledge: London, UK, 1989.
15. Bowler, I. Rural alternatives. In An Introduction to Human Geography: Issues for the 21st Century; Daniels, P., Bradshaw, M., Shaw,

D., Sidaway, D., Eds.; Prentice Hall: Harlow, UK, 2011; pp. 229–246.
16. Galster, G.; Hanson, R.; Ratcliffe, M.; Freihage, J. Wrestling sprawl to the ground: Defining and measuring an elusive concept.

Hous. Policy Debate 2001, 12, 681–717. [CrossRef]
17. Qviström, M. Landscapes out of order: Studying the inner urban fringe beyond the rural-urban divide. Geogr. Ann. Ser. B Hum.

Geogr. 2007, 89, 269–282. [CrossRef]
18. Brenner, N.; Schmid, C. Towards a new epistemology of the urban? City 2015, 19, 151–182. [CrossRef]
19. Halfacree, K. From dropping out to leading on? British counter-cultural back-to-the land in a changing rurality. Prog. Hum. Geogr.

2006, 30, 309–336. [CrossRef]
20. Herce, M. El Negocio del Territorio. Evolución y Perspectiva de la Ciudad Moderna; Alianza Editorial: Madrid, Spain, 2013.

https://doi.org/10.3390/urbansci3010005
https://doi.org/10.5209/aguc.64681
https://doi.org/10.2307/141123
https://doi.org/10.1016/j.progress.2019.100462
https://doi.org/10.1016/j.cities.2009.11.005
https://doi.org/10.1016/j.scitotenv.2015.11.170
https://doi.org/10.1080/10511482.2001.9521426
https://doi.org/10.1111/j.1468-0467.2007.00253.x
https://doi.org/10.1080/13604813.2015.1014712
https://doi.org/10.1191/0309132506ph609oa


Land 2023, 12, 1115 16 of 17

21. Castells, M. La Ciudad Informacional. Tecnología de la Información, Reestructuración Económica y Proceso Urbano; Alianza Editorial:
Madrid, Spain, 1989.

22. Champion, A. Urbanization, suburbanization, counterurbanization and reurbanization. In Handbook of Urban Studies; Paddison,
R., Ed.; Sage Publications: London, UK, 2001; pp. 143–161.

23. Méndez, R. Ciudades en Venta: Estrategias Financieras y Nuevo Ciclo Inmobiliario en España; Universitat de València: València,
Spain, 2019.

24. Bellet Sanfeliu, C.; Andrés López, G. Urbanización, crecimiento y expectativas del planeamiento urbanístico en las áreas urbanas
intermedias españolas (1981–2018). Investig. Geográficas 2021, 76, 31–52. [CrossRef]

25. Cebrián, F.; González, M.J.; Vallejo, M.E. Dinámicas de población y vivienda en las áreas urbanas de un grupo de ciudades medias
españolas no integradas en áreas metropolitanas. Rev. Eure 2023, in press. [CrossRef]

26. Olazabal, E.; Bellet, C. Procesos de urbanización y artificialización del suelo en las aglomeraciones urbanas españolas (1987–2011).
Cuad. Geográficos 2018, 57, 189–210. [CrossRef]

27. Andrés López, G.; Bellet Sanfeliu, C.; Cebrián Abellán, F. Procesos de urbanización y transformaciones recientes en las ciudades
medias españolas: Propuesta metodológica de delimitación de áreas urbanas. In Procesos Urbanos y Turísticos en Escenarios
post-Pandemia. Visiones Desde dos Fronteras, Libro de Trabajos Aportados al XVI Coloquio de Geografía Urbana Málaga-Melilla; Asociación
Española de Geografía (AGE) y Universidad de Málaga: Málaga, Spain, 2022; pp. 224–239.

28. Burriel, E. El estallido de la burbuja inmobiliaria y sus efectos en el territorio. In Geografía de la Crisis Económica en España; Albertos,
J.M., Sánchez, J.L., Eds.; Universidad de Valencia: Valencia, Spain, 2014; pp. 101–140.

29. Burriel, E.L. Empty urbanism: The bursting of the Spanish housing bubble. Urban Res. Pract. 2015, 9, 158–180. [CrossRef]
30. Gaja, F. El “tsunami urbanizador” en el litoral mediterráneo. El ciclo de hiperproduccion inmobiliaria 1996–2006. In X Coloquio

Internacional de Geocrítica. Diez Años de Cambio en el Mundo, en la Geografía y en las Ciencias Sociales, 1999–2008; Universidad de
Barcelona: Barcelona, Spain, 2008.

31. Gaja, F. Reparar los impactos de la burbuja constructora. Scr. Nova. Rev. Electrónica Geogr. Cienc. Soc. 2015, 19, 517. Available
online: http://www.ub.edu/geocrit/sn/sn-517.pdf (accessed on 10 October 2022).

32. Romero, J. El gobierno del territorio en España. Balance de iniciativas de coordinación y cooperación territorial. Bol. Asoc.
Geógrafos Españoles (BAGE) 2005, 39, 59–86.

33. Romero, J. Construcción residencial y gobierno del territorio en España. De la burbuja especulativa a la recesión. Causas y
consecuencias. Rev. Cuad. Geográficos 2010, 47, 17–46.

34. Romero, J.; Brandis, D.; Melo, C. El giro neoliberal de las políticas para la ciudad en España. Balance a partir de los ejemplos de
Madrid y Valencia. Boletín Asoc. Geógrafos Españoles 2015, 69, 369–386.

35. Obeso Muñiz, I. Definir la urbanización periférica: Conceptos y terminología. Ería 2019, XXXIX, 183–206. [CrossRef]
36. Obeso Muñiz, I. The spatial diffusion of economic activity in the Oviedo region (1970–2018). Investig. Geográficas 2019, 72, 189–207.

[CrossRef]
37. Andrés López, G. El significado de los espacios de actividad económica en la estructura urbana de las ciudades medias españolas.

Ciudades Rev. Inst. Univ. Urbanística Univ. Valladolid 2019, 22, 1–22. [CrossRef]
38. Sánchez, I.; Cebrián, F. Análisis de la dispersión urbana en Castilla-La Mancha a través del proceso de jerarquía analítica (AHP).

In La Reconfiguración Capitalista de los Espacios Urbanos: Transformaciones y Desigualdades; Parreño, J.M., Moreno, C.J., Eds.; ULPGC
Ediciones, AGE: Las Palmas de Gran Canaria, Spain, 2021; pp. 115–130.

39. Miramontes Carballada, A.; Vieira Sa Marques, T. Las áreas urbanas de la península Ibérica. Un ejercicio de delimitación. Pap.
Geogr. 2016, 62, 47–63. [CrossRef]

40. Gómez Giménez, J.M.; Vieira de Sá Marques, T.; Hernández Aja, A. Procesos urbanos funcionales en Iberia. Cuad. Geográficos
2020, 59, 93–128. [CrossRef]

41. Azose, J.J.; Ševčíková, H.; Raftery, A.E. Probabilistic population projections with migration uncertainty. Proc. Natl. Acad. Sci. USA
2016, 113, 6460–6465. [CrossRef] [PubMed]

42. Azevedo, A.; Módenes, J.A.; López-Colás, J. Changes in the relationship between first childbirth and homeownership: New
evidence from Spain, 2000–2008. In Housing Policy and Tenure Types in the 21st Century: A Southern European Perspective; Bargelli, E.,
Ed.; Pisa University Press: Pisa, Italy, 2019; pp. 109–133.

43. Catalán, B.; Saurí, D.; Serra, P. Urban sprawl in the Mediterranean?: Patterns of growth and change in the Barcelona Metropolitan
Region 1993–2000. Landsc. Urban Plan. 2008, 85, 174–184. [CrossRef]

44. Aguilera, F.; Valenzuela, L.M.; Botequilha-Leito, A. Landscape metrics in the analysis of urban land use patterns: A case study in
a Spanish metropolitan area. Landsc. Urban Plan. 2011, 99, 226–238. [CrossRef]

45. Rubiera Morollón, F.; González Marroquin, V.M.; Pérez Rivero, J.L. Urban sprawl in Spain: Differences among cities and causes.
Eur. Plan. Stud. 2015, 24, 207–226. [CrossRef]

46. Pascual Rosa, V.; Aguilera-Benavente, F.; Salado García, M.J. Clasificación y análisis de los procesos de cambio en la forma urbana
de las áreas metropolitanas españolas: Aplicación de métricas espaciales. Estud. Geográficos 2019, 80, e006. [CrossRef]

47. Pozueta, J.; Lamiquiz, P.; Higueras, E.; Benito, M. The spatial dynamics of land use surrounding the Spanish property bubble
(1990–2012). Investig. Reg.—J. Reg. Res. 2019, 45, 93–117.

https://doi.org/10.14198/INGEO.18054
https://doi.org/10.7764/EURE.49.148.08
https://doi.org/10.30827/cuadgeo.v57i2.5920
https://doi.org/10.1080/17535069.2015.1110196
http://www.ub.edu/geocrit/sn/sn-517.pdf
https://doi.org/10.17811/er.2.2019.183-206
https://doi.org/10.14198/INGEO2019.72.09
https://doi.org/10.24197/ciudades.22.2019.01-22
https://doi.org/10.6018/geografia/2016/247681
https://doi.org/10.30827/cuadgeo.v59i2.9542
https://doi.org/10.1073/pnas.1606119113
https://www.ncbi.nlm.nih.gov/pubmed/27217571
https://doi.org/10.1016/j.landurbplan.2007.11.004
https://doi.org/10.1016/j.landurbplan.2010.10.004
https://doi.org/10.1080/09654313.2015.1080230
https://doi.org/10.3989/estgeogr.201926.006


Land 2023, 12, 1115 17 of 17

48. Roca Cladera, J.; Moix Bergadá, M.; Arellano Ramos, B. El sistema urbano en España. Scr. Nova. Rev. Electrónica Geogr. Cienc.
Soc. 2012, 396, 3424. Available online: https://revistes.ub.edu/index.php/ScriptaNova/article/view/3424 (accessed on 10
October 2022).

49. Boix-Domenech, R. Concepto y delimitación de AM: Una aplicación a las AM de España. In Seminario Las Grandes AM Españolas
en una Perspectiva Comparada; Centro de Estudios Andaluces, Consejería de Presidencia, Sevilla, Spain. 2007. Available online:
http://urban.uab.es/references/2007/07002.pdf (accessed on 10 October 2022).

50. Salom, J.; Albertos, J.M. Densidad de la red viaria y forma urbana: Delimitación del espacio urbano en ocho aglomeraciones
españolas. In La Ciudad Metropolitana en España: Procesos Urbanos en los Inicios del siglo XXI; Feria Toribio, J.M., Albertos Puebla,
J.M., Eds.; Civitas: Madrid, Spain, 2010; pp. 49–94.

51. Feria Toribio, J.M. Problemas de definición de las áreas metropolitanas en España. Boletín Asoc. Geógrafos Españoles 2004, 38, 85–99.
Available online: https://www.bage.age-geografia.es/ojs/index.php/bage/article/view/483 (accessed on 10 October 2022).

52. Feria Toribio, J.M.; Martínez Bernabéu, L. La definición del sistema metropolitano español. Permanencias y cambios entre 2001 y
2011. Ciudad. Territorio. Estud. Territ. 2016, 187, 9–24. Available online: https://recyt.fecyt.es/index.php/CyTET/article/view/76
461 (accessed on 10 October 2022).

53. Feria Toribio, J.M.; de Oliveira Neves, G.; Hurtado Rodríguez, C. Une méthode pour la délimitation des aires métropolitaines.
Application au système urbain espagnol. Cybergeo Eur. J. Geogr. 2018, 852, 1–24. [CrossRef]

54. Gálvez Ruiz, D.; Diaz Cuevas, P.; Braçe, O. Developing an Index to Measure Sub-municipal Level Urban Sprawl. Soc. Indic. Res.
2018, 140, 929–952. [CrossRef]

55. Salvati, L.; Gargiulo, V.; Rontos, K.; Sabbi, A. Latent exurban development: City expansion along the rural to urban gracient in
growing and declining regions of Southern Europe. Urban Geogr. 2013, 34, 376–394. [CrossRef]

56. MITMA. Áreas Urbanas en España. 2022. Available online: https://www.mitma.gob.es/portal-del-suelo-y-politicas-urbanas/
atlas-estadistico-de-las-areas-urbanas (accessed on 15 November 2022).

57. Eurostat. Urban Audit. 2020. Available online: https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/
administrative-units-statistical-units/urban-audit (accessed on 12 November 2022).

58. Copernicus Land Monitoring Service (CLMS). Urban Atlas. 2006, 2012, 2018. Available online: https://land.copernicus.eu/local/
urban-atlas (accessed on 10 November 2022).

59. MITMA. Atlas Digital de las Áreas Urbanas de España—Indicadores: Mapas, Datos y Gráficos. 2023. Available online:
mitma.gob.es (accessed on 15 November 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://revistes.ub.edu/index.php/ScriptaNova/article/view/3424
http://urban.uab.es/references/2007/07002.pdf
https://www.bage.age-geografia.es/ojs/index.php/bage/article/view/483
https://recyt.fecyt.es/index.php/CyTET/article/view/76461
https://recyt.fecyt.es/index.php/CyTET/article/view/76461
https://doi.org/10.4000/cybergeo.29101
https://doi.org/10.1007/s11205-017-1801-3
https://doi.org/10.1080/02723638.2013.778675
https://www.mitma.gob.es/portal-del-suelo-y-politicas-urbanas/atlas-estadistico-de-las-areas-urbanas
https://www.mitma.gob.es/portal-del-suelo-y-politicas-urbanas/atlas-estadistico-de-las-areas-urbanas
https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/urban-audit
https://ec.europa.eu/eurostat/web/gisco/geodata/reference-data/administrative-units-statistical-units/urban-audit
https://land.copernicus.eu/local/urban-atlas
https://land.copernicus.eu/local/urban-atlas
mitma.gob.es

	Introduction 
	Materials and Methods 
	Selection of Variables and Indicators to Determine the Degree of Urbanization of Municipalities 
	Delimitation of the Area of Potential Influence for the Analysis of Urban Sprawl 
	Elaboration of the Urban Transformation Index (UTI) to Classify the Behavior of Urban Areas 
	The Classification of the Municipalities Integrated in Each Urban Area on the Basis of UTI 

	Results and Discussion: The Typologies of Urban Areas and Their Delimitation in Medium-Sized Spanish Cities 
	Conclusions 
	References

