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Abstract
The present study tests if the spatial variability in endogenous and exogenous com-
ponents of population growth (natural balance and migration balance) reflects the 
transition from a mono-centric (compact-dense) settlement structure towards a more 
polycentric agglomeration based on sub-centers. The spatial distribution of popula-
tion growth rates across municipal units in Barcelona province (Spain) was analyzed 
over a sufficiently long time period (44 years between 1975 and 2018, partitioned 
into four intervals of equal length, 1975–1985, 1986–1996, 1997–2007, 2008–2018) 
at five concentric rings around Barcelona. Natural balance and migration rates 
were investigated vis à vis selected territorial indicators using descriptive, inferen-
tial and multivariate statistical techniques. The contribution of natural balance to 
overall population growth decreased with the distance from downtown Barcelona; 
the contribution of migration balance increased with population density. In the first 
period (1975–1985), natural balance was higher in peri-urban locations and sub-
central municipalities. In the following two periods (1986–1996 and 1997–2007), 
the contribution of natural balance to total population growth decreased, showing 
a greater spatial concordance with migration rate. In the last period (2008–2018), 
natural population growth decelerated further, and the impact of migration balance 
was extremely variable across space. The empirical results of this study shed light 
on the (apparent or latent) demographic processes underlying Barcelona’s long-term 
growth, and provide evidence in favor of a relationship between polycentric develop-
ment and the shift from natural growth to immigration as the main engine of urban 
expansion in recent times.
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Introduction

Polycentrism is a common feature of metropolitan systems worldwide (Carbonaro 
et al., 2016; Fernández-Maldonado et al., 2013; Findlay & Hoy, 2000). This concept 
has assumed a normative relevance, being often regarded as a pre‐requisite for a more 
sustainable and balanced development across Europe. It was demonstrated widely how 
urban development taking place over the past few decades, has progressively moved 
away from standard mono-centric models towards spatially balanced structures and 
functionally polycentric agglomerations resulting from processes of residential decen-
tralization (Gilli, 2009; Hank, 2001; Lee & Reher, 2011). This transformation has had 
a strong impact on settlement structures characterized by subtle dispersion processes 
(Bocquier & Bree, 2018; Couch et  al., 2007; Dijkstra et  al., 2015). Long-term anal-
ysis of population and settlement distribution provides an informative tool to investi-
gate urban structures and the related functions (Paul & Tonts, 2005; Pérez, 2010; Roca 
Cladera et al., 2009; Salvati & Serra, 2016; Torrens, 2006).

Since the mid-1990s, polycentrism has been considered a theoretical framework 
in the analysis of the spatial organization of metropolitan regions and a tool of ter-
ritorial intervention, assuming a normative relevance in the European Union (Burger 
& Meijers, 2012). Being regarded as a sort of ’hegemonic’ policy goal (Hoekveld, 
2015; Kabisch & Haase, 2011; Vasanen, 2012), polycentric urban expansion has 
been frequently seen as a pre‐requisite for sustainable development, reducing ter-
ritorial disparities (Salvati et  al., 2016). While economic integration of marginal 
and disadvantaged areas is crucial to assuring greater competitiveness to the Euro-
pean Union (Schneider & Woodcock, 2008), polycentric development was the can-
didate strategy promoting tighter attention to a spatially balanced regional growth 
(Neuman, 2005). This target becomes achievable through place-oriented interven-
tions instead of top-down policies decided at European and national levels, ignoring 
the regional dimension, and with poor participation and awareness on a local scale 
(Parr, 2004; Longhi & Musolesi, 2007; Salvati et al., 2018). Examples of polycentric 
regions in Europe include, among others, the Ruhr area in Germany, Ramstad in the 
Netherlands, Stoke-on-Trent in the United Kingdom, the Po valley in Northern Italy 
and the most urbanized areas of Belgium (Meijers, 2008). As a result, these regions 
have no single urban center, but several towns with similar demographic size and 
a comparable economic power, interconnected by smaller centers embedded in a 
dense infrastructural network and hosting medium- or high-level functions (Bayona 
& Gil-Alonso, 2012; Hatz, 2009; Lucy & Phillips, 2000).

While scattered urban structures are associated with negative social, eco-
nomic and environmental consequences (Muñoz, 2003), polycentrism is widely 
acknowledged to achieve sustainable development (Muñiz & Garcia-Lopez, 2010; 
Muñiz et  al., 2003, 2008), combining the advantages of agglomeration econo-
mies observed in compact cities with the reduced congestion of decentralized 
spatial forms (Garcia-López & Muñiz, 2010, 2011; Garcia-López, 2012). Assess-
ing the spatial evolution of population growth rates – evaluating separately the 
contribution of natural balance and migration – over sequential stages of urban 
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development contributes to a more comprehensive understanding of metropolitan 
transitions (Marshall, 2000; Monclus, 2000; Neuman, 2005).

Spatial and a-spatial approaches have been proposed to evaluate the contribu-
tion of both components of population growth in total urban expansion (Helbich, 
2012; Kulu, 2013; Schneider & Woodcock, 2008). However, the specific socio-
demographic dynamics that characterize the transition toward a truly polycentric 
development are still under investigated and need clarification based on empirical 
analysis of local-scale population data (Balbo et al., 2013; Billari & Kohler, 2004; 
Boyle, 2003; Gavalas et al., 2014). Decomposition of total population growth in two 
components (endogenous and exogenous growth) allows a better comprehension of 
long-term demographic dynamics and polycentric development (Buzar et al., 2007; 
Salvati & Carlucci, 2017; Veneri, 2013).

Mediterranean cities are the most developed and affluent contexts in Southern 
Europe (Carlucci et  al., 2017; Cuadrado-Ciuraneta et  al., 2017; Pili et  al., 2017). 
In these cities, a particularly complex interplay of socioeconomic forces influenced 
population growth at different spatial scales – from local to regional (Duvernoy 
et  al., 2018; Garcia & Riera, 2003; López-Gay, 2014). The contribution of vital 
dynamics and migration was particularly heterogeneous over space, being oriented 
along elevation, coastal-inland, and accessibility gradients (Arapoglou & Sayas, 
2009). Demographic transition in Southern Europe contributed to accelerated urban 
change, with a shift from compact-dense settlements to more scattered and discon-
tinuous structures (De Muro et al., 2011; Dura-Guimera, 2003; Paul & Tonts, 2005).

Literature dealing with the long-term development of the Mediterranean cities 
concentrated on their peculiar morphologies and socioeconomic structures high-
lighting functional similarities and common transformative processes (Domingo & 
Gil-Alonso, 2007; Lerch, 2013; Morelli et al., 2014). However, relatively few stud-
ies linking new settlement forms with (more or less) rapid socioeconomic changes 
have been promoted with the aim at identifying evident and persistent characteris-
tics of their recent expansion (Kabisch et al., 2012; Serra et al., 2014; Tsai, 2005). 
Recent studies pointed out that defining unique trends of urbanization, not only in 
the Mediterranean basin, but even in Southern Europe, presents some inevitable dif-
ficulties because of country- and place-specific determinants that affect the develop-
ment pattern of each city in a more effective way than the (only supposedly stronger) 
regional (i.e. Mediterranean-wide) factors (Garcia-Ramon & Albet, 2000; Nel·lo, 
2011; Richardson & Chang-Hee, 2004).

While some elements characterizing the majority of Southern European cit-
ies still remain valid when contrasting them to the affluent and ’globalized’ North-
Western urban models (e.g. compact forms and dense settlements in the core city), 
traditional settlement structures have sometimes hampered the adopted measures 
aimed at promoting urban competitiveness in the Mediterranean region (Turok & 
Mykhnenko, 2007). Compact structures derive from a stratification of past develop-
ment waves, and are usually organized around a core center dominating the towns’ 
hierarchy on a regional scale (Gil-Alonso et al., 2016; Gospodini, 2009; Longhi & 
Musolesi, 2007).
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To ascertain if present development reflects a (more or less) rapid transition 
towards a polycentric structure presents inherent difficulties and needs further inves-
tigation (Roca Cladera et al., 2009; Tsai, 2005; Veneri, 2013). In this regard, a spe-
cific focus of this study was devoted to analyze population dynamics in sub-central 
locations, regarded as the most relevant engine of polycentric development (Blanco, 
2009; Champion, 2001; Kroll & Kabisch, 2012). Urban density, spatial forms, 
economic and social structures (and the rapidity of their changes), allow identifi-
cation of different expansion modes (Monclus, 2000). By analyzing the evolution 
of residential sub-centers over a sufficiently long time interval, earlier studies dis-
criminated a sort of ‘hidden polycentrism’ from more subtle scattered paths of urban 
expansion (Westerink et al., 2013).

According to Roca Cladera et  al. (2009), a sub-center was regarded as a loca-
tion that represents a structural element of urban sub-systems within the metropoli-
tan configuration. This definition resulted as particularly meaningful in the present 
study, which concentrate on long-term changes in population dynamics at various 
spatial scales (from regional to local) by assessing formation (and consolidation) 
of residential sub-centers (Vega & Reynolds-Feighan, 2008). Assuming a specific 
role of endogenous and exogenous population growth in the sequential phases of 
sub-central urban expansion, a diachronic and comparative approach seems to be 
particularly appropriate to identify similarities and differences in the restructuring 
of urban space (Vobetká & Piguet, 2012). By overcoming the restricted availability 
of long-time series of employment density or building types on a local scale (Van 
Nimwegen, 2013), this approach benefits from the extensive use of basic—and thus 
largely available—demographic data (long-term, homogeneous time series available 
at the desired territorial scale).

Based on these premises, this paper moves in the debate on polycentric develop-
ment and population dynamics in growing urban regions. More specifically, our study 
discusses the theory of urban transition through a long-term vision, integrating a 
comprehensive analysis of population growth that decomposes its endogenous (natu-
ral balance) and exogenous (migration) components with a polycentric vision of met-
ropolitan development (Coleman, 2006; Lesthaeghe, 2010; Lutz & Qiang, 2002). We 
assume that demographic dynamics are not spatially neutral, being in turn influenced 
by the dominant urban structure (Kulu & Boyle, 2009). On a metropolitan scale, we 
hypothesize that the exogenous component of total population growth was determi-
nant in the consolidation of sub-centers that attract short-range and long-range popu-
lation movements, while being initially supported by a higher rate of natural popula-
tion growth (Coleman, 2008; López-Gay, 2007; Módenes, 1998).

The relationship between components of population growth (vital transition and 
migration) and a set of variables delineating selected characteristics of local contexts has  
been investigated to verify if polycentric development in Barcelona—contrasting the 
mono-centric structure typical of several Mediterranean cities—has been characterized  
by peculiar population dynamics (Di Feliciantonio & Salvati, 2015; Di Feliciantonio  
et  al., 2018; Zambon et  al., 2017). To identify scale-dependent demographic pro-
cesses, the present study was articulated on multiple spatial levels—from regional to 
urban scales, using administrative boundaries and official statistics (Zambon et  al., 
2018). Barcelona is one of Spain’s oldest cities and has taken centuries to evolve into 
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its present state as a modern metropolis that has substantially benefited from mas-
sive infrastructural growth, urban regeneration and renewal, and spatially asymmetric 
peri-urban development over the past decades (Blanco, 2009; Dura-Guimera, 2003; 
Módenes, 1998). The Barcelona’s metropolitan region is considered exemplificative 
of urban transformations from mono-centrism and compactness to polycentrism and 
metropolitan balance (Dura-Guimera, 2003; Garcia & Riera, 2003; Garcia-Ramon & 
Albet, 2000). Based on empirical evidence, this study contributes to analysis of long-
term metropolitan growth in Barcelona as a polycentric process (Marshall, 2000) using 
demographic dynamics – instead of more classical indicators of economic agglomera-
tion and scale factors (Salvati, 2016). Studies identifying distinctive population dynam-
ics in central cities, residential sub-centers and peri-urban districts over a long time 
horizon are relatively scarce in Europe, thus justifying the analysis’ framework adopted 
here. The implications of this study for urban sustainability are finally discussed, and 
policy guidelines for cohesive urban growth and spatially balanced regions derived 
from our study can be extended to other contexts with similar patterns of change in both 
advanced economies and emerging countries.

Methodology

Study Area

The investigated area encompasses the administrative boundaries of Barcelona’s 
province (NUTS-3 level of European Statistical Nomenclature for Territorial Units) 
extending 7,726  km2 of land along the elevation gradient from the Mediterranean 
Sea to the Pyrenees mountain chain (Fig. 1). This area is partitioned into 311 munic-
ipalities (NUTS-5 level of the statistical classification for the administrative bounda-
ries of Europe) and is characterized by undulated topography consisting by nearly 
30% lowlands, 50% uplands, and 20% mountains (Paul & Tonts, 2005). Although 
urban fabric occupies an important portion of the area, the majority of the provincial 

Fig. 1  Distance of each municipality belonging to the study area from the inner city of Barcelona (left) 
map of sub-centre municipalities* (middle) and population density map (inhabitants /  km2) in 2010 
(right). *’RMB sub-centres’ include the following municipalities: Granollers, Martorell, Matarò, Ter-
rassa, Sabadell, Vilafranca del Penedés, Vilanova i la Geltrù; ’province head towns’ include Manresa, 
Vic and Berga
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surface still consists of cropland and forests. Barcelona’s province experienced a 
rapid population increase in the aftermath of Civil War (Muñoz, 2003) with growth 
rates approaching (and sometimes overpassing) 2% per year (López Gay, 2014). The 
economic structure of the region is dominated by advanced services and other activ-
ities with high value added. The Barcelona metropolitan region still has an impor-
tant industrial base focusing on the metallurgical industry and chemical/pharmaceu-
tical sectors.

Resident population in Barcelona’s province increased from one million inhab-
itants in 1900 to 5.5 million inhabitants in 2010 with marked changes in its dis-
tribution over core city, sub-centers and peri-urban areas. While at the beginning 
of the twentieth century more than 50% of province’s residents lived in the core 
city, the population declined to 29% in 2010. Downtown population, however, 
showed a U-shaped relationship over time, indicating urban concentration during 
1900–1950 (from 52 to 57%) and de-concentration afterwards (from 57 to 29%). 
Population dynamics were comparable in the medium-term (10 years) and the long-
term (30 years): sub-centers showed the highest growth compared to both core city 
and peri-urban municipalities. During 1900–1950, population growth rates were 
higher in the core city than in peri-urban municipalities while the reverse pattern 
was observed in the subsequent period (1950–2010), with peri-urban municipalities 
showing, on average, higher growth rate than the core city (López Gay, 2007).

Density progressively increased in the core city until 1980 (from 5.4 thousand 
inhabitants/km2 to 17.8 thousand inhabitants/km2), decreasing slowly to 16.4 inhab-
itants/km2 in 2010, mainly due to the suburbanization of baby-boomers when they 
arrived at the age of leaving the parental home. The same pattern was observed in 
sub-central locations with a peak density measured in 1980 and a moderate decline 
afterwards. The ratio of sub-center to core city density showed a positive trend from 
0.15 (1900) to 0.26 (2010) with a peak observed in 1980 (0.43). Although increasing 
over time, population density in peri-urban municipalities was, on average, remark-
ably lower than that observed in sub-central locations.

Spatial Analysis’ Unit

Selection of the spatial unit of analysis is a critical challenge for the empirical analy-
sis of population distribution, demographic dynamics, urban density and changes 
in the settlement structure over time (Morelli et  al., 2014). Most of them rely on 
administrative boundaries, which are arbitrary units of measurements with regard to 
population density (Pili et al., 2017). However, in both quantitative applications and 
qualitative case studies, local administrative boundaries (i.e. municipalities) have 
been largely used as the denominator for demographic indicators in both urban and 
peri-urban areas (Couch et al., 2007; Garcia & Riera, 2003; Tsai, 2005).

Analysis carried out on a municipal scale presents additional advantages consid-
ering that long-term population data are freely available from official statistics and 
allow both cross-country and within-region reliable comparisons, as well as integra-
tion with external sources, such as the statistical data collected annually within eco-
nomic and socio-demographic surveys. In this regard, municipalities are the smallest 
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spatial domain of most statistical surveys and results from analysis carried out on 
data collected at that geographical level are easily interpretable by non-technical 
users such as policy-makers and other stakeholders. Lastly, although regional plan-
ning is a centralized policy issue in Spain, municipalities are key local authorities in 
deciding about land destination, building volume, settlement size, land taxation, and 
other variables impacting population distribution and density at the local scale, so 
they appear as a meaningful spatial unit for demographic and urban studies.

Although the vast majority of studies are based exclusively on the analysis of 
urban density (Garcia & Riera, 2003; Muñiz et al., 2003, 2008; Tsai, 2005), litera-
ture on the identification of sub-central locations over recent decades has become 
increasingly objective and rigorous. Studies carried out during the 1980s and 1990s 
introduced the delimitation of sub-centers as determined by historical, institutional 
and administrative criteria (Fernández-Maldonado et  al., 2013; Garcia-López & 
Muñiz, 2010; Roca Cladera et al., 2009). Following these experiences, a renewed lit-
erature contributed to the empirical studies concerning the analysis of the structure 
of urban regions, basically using population density, employment density, and build-
ing types (Schneider & Woodcock, 2008). Statistical methods have been developed 
to corroborate the sub-centers identification process using both parametric and non-
parametric approaches (Serra et al., 2014).

Following Roca Cladera et al. (2009) a set of reference thresholds (cut-offs) which 
enable the identification of sub-center municipalities from the analysis of absolute 
population values was used in the present study: (i) resident population > 1% of the 
population inhabiting the whole region and (ii) municipal population density higher 
than 100% of the density observed in the core city. Since the analysis was carried 
out on a municipal scale, the core city was identified as the central municipality 
assumed to represent the political, economic and social ‘heart’ of the urban region. 
This approach appears as particularly adequate for traditional mono-centric urban 
regions like Barcelona, shifting (more or less slowly) towards polycentricism.

Territorial Classification of the Study Area

The study was carried out at multiple spatial levels to avoid a scaling bias when ana-
lyzing the spatial structure of population growth rates in Barcelona. Six partitions of 
the area have been considered: (i) the central city, coinciding with the Barcelona’s 
municipality and corresponding with downtown settlements, (ii) 33 municipalities 
surrounding the central city and belonging to the Barcelona’s metropolitan area, (iii) 
7 municipalities representing sub-central locations situated in the Barcelona’s met-
ropolitan region (see below), (iv) the remaining (peri-urban) municipalities of the 
Barcelona’s metropolitan region, (v) the remaining 147 (rural) municipalities of the 
Barcelona’s province (outside the boundaries of Barcelona’s metropolitan region) 
and, finally, (vi) the whole area coinciding with the administrative NUTS-3 province 
of Barcelona, including 311 municipalities.

Seven sub-central municipalities (all belonging to the RMB) were identified 
according to Muñiz et al. (2003) on the base of the density of population, employ-
ment and activities (Granollers, Martorell, Matarò, Terrassa, Sabadell, Vilafranca 
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del Penedès, and Vilanova i la Geltrù). They coincide with the sub-centers identified 
in Muñiz and Garcia-Lopez (2010) as edge cities characterized by a high concentra-
tion of jobs in specialized services (business services, as well as finance, insurance 
and real estate services) surrounded by residential areas, thus mimicking a small-
scale replica of the central city. Three head towns were also identified in Barcelona’s 
province outside the RMB (Manresa, Vic, and Berga). Manresa and Vic are the head 
towns of districts distant no less than 50–60 km from Barcelona with an intermedi-
ate density between urban and rural areas but not directly influenced by the urban 
development observed in the RMB. Berga is the head town of a rural district with 
low population density and distant 70–80 km from Barcelona. Analysis was aimed 
at determining a region of influence for these 10 locations in the study area.

Population Data and Demographic Indicators

Demographic data were derived from the Spanish Population Register held by the 
National Institute of Statistics (INE). Homogeneous data of population balance dis-
tinguishing the endogenous component (vital statistics of births and deaths) from 
the exogenous component (net migration rate) and disseminated annually at the 
municipal scale for the whole of the country, were used in this study. The investi-
gated time span was partitioned in four intervals lasting 11 years each (1975–1985, 
1986–1996, 1997–2007, 2008–2018). A total of 21 variables were calculated at the 
municipal scale from various official sources (Table 1) with the aim at delineating 
basic territorial characteristics of the study area. Variables include topographic indi-
cators (elevation, proximity to the sea coast), accessibility (road network), agglom-
eration (population density), a basic classification of municipalities in 4 rings using 
dummies (downtown Barcelona, the metropolitan area, sub-central locations, and 
the remaining part of the metropolitan region), linear distances from 11 locations 
(inner city, 7 sub-centers and 3 locations in rural areas) and, finally, 2 control vari-
ables (distance from Madrid, the Spanish capital, and municipal surface area).

Statistical Analysis

A data mining approach incorporating descriptive statistics, non-parametric infer-
ence, and multivariate exploratory analysis was developed in the present study 
(Rontos et al., 2016; Salvati & Serra, 2016; Serra et al., 2014). Population dynam-
ics decomposing natural population growth and net migration per cent rates were 
evaluated at the six spatial partitions of the study area for 4 consecutive time periods 
of 11  years each (1975–1985, 1986–1996, 1997–2007, 2008–2018). Similarity in 
the spatial distribution of annual rates of natural population growth and net migra-
tion was assessed using hierarchical clustering with Ward’s agglomeration rule and 
Euclidean distance as amalgamation metric. A Principal Component Analysis was 
run on a data matrix incorporating these two demographic variables and 21 territo-
rial variables (see Table 1) at each of the 311 municipalities in the study area. This 
analysis was aimed at identifying and decomposing different dimensions of metro-
politan expansion in Barcelona and the background variables associated with each 
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extracted component based on loadings, and to (ii) discriminate municipalities with 
different population dynamics and background characteristics based on component 
scores. By selecting principal components with eigenvalue > 1, the analysis provides 

Table 1  List of the indicators considered in this study

Variable Temporal schedule Unit of measure (range) Source

Natural population growth 1975–1985, 1986–
1996, 1997–2007, 
2008–2018

% (0–100) IDESCAT 

Net migration rate 1975–1985, 1986–
1996, 1997–2007, 
2008–2018

Distance from Barcelona km (0—∞) Analysis on a 
municipality 
boundaries map 
(INE)

Distance from Granollers
Distance from Martorell
Distance from Matarò
Distance from Terrassa
Distance from Sabadell
Distance from Vilafrance 

del Penedés
Distance from Vilanonova i 

la Geltrù
Distance from Manresa
Distance from Vic
Distance from Berga
Proximity to the sea coast Coastal municipality (1), 

otherwise (0)
Road accessibility Municipality with a motor-

way (1), otherwise (0)
Elevation km (0—∞)
Population density 1975, 1986, 1997, 2008 Inhabitants/km2 (0—∞) Resident population 

by municipality 
(INE)

Central city, downtown 
Barcelona

Dummy

Metropolitan area
Sub-centres
Other municipalities, metro-

politan region
Dummy

Distance from Madrid Control variable km (0—∞) Analysis on a 
municipality 
boundaries map 
(INE)

Surface area of municipality km2 (0—∞)
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an indirect assessment of urbanization patterns and processes and the related socio-
economic forces. The spatial distribution of component scores was illustrated using 
maps. Non-parametric Spearman coefficients were finally used to correlate pair-
wise natural population growth (or net migration rate) with the territorial variables 
mentioned above. Significant correlations were tested at p < 0.05 after Bonferroni’s 
correction for multiple comparisons. Spearman correlation analysis was used to 
identify background indicators displaying a (linear or non-linear) relationship with 
local-scale population dynamics, possibly distinguishing variables associated with 
natural population growth from those mostly related to net migration rate.

Results

Population Dynamics in Barcelona

Demographic dynamics in the different territorial partitions of the study area are 
illustrated in Table  2. The endogenous component (migration) contributes to the 
overall growth of population in all the study periods, being strongly differentiated 
over space. In the central city, both endogenous and exogenous components were 
positive only in the first period (1975–1985), being negative since 1986. Urban 
shrinkage has progressively slowed down since the late 1990s. The natural growth 
of resident population shows the highest rates in the metropolitan area of   Barcelona 
and in the municipalities of the metropolitan region surrounding sub-central loca-
tions. Sub-centers show an endogenous component (natural balance) that is system-
atically positive, while decelerating over time. The overall population growth rate 
was particularly high in the third time interval (1997–2007), because of the intrinsic 
contribution of migration—systematically higher in peri-urban areas than in central 
areas and rural districts.

The spatial distribution of endogenous and exogenous growth rates is shown in 
Fig.  2. Demographic dynamics, both endogenous and exogenous, in the first time 
interval were more heterogeneous and mixed at the territorial level. Accelerated 
demographic dynamics were observed in rural districts South of the Pyrenees. In the 
subsequent period, the overall growth slowed down: the endogenous component was 
positive only in the municipalities surrounding Barcelona; the exogenous component 
had positive, modest rates in rural areas. The third time interval was characterized 
by the highest demographic growth of the study period, and the highest rates were 
observed in the metropolitan areas more distant from Barcelona, and in municipali-
ties around sub-central locations. In the last time period, the overall growth slowed 
down and the most significant endogenous and exogenous dynamics corresponded 
with the sub-centers.

A cluster analysis (Fig.  3) on endogenous and exogenous growth rates (annual 
base) made it possible to identify similar dynamics over time in both demographic 
components. Two distinct periods characterized the spatio-temporal dynamics 
of the endogenous component. Population dynamics over the first time interval 
(1975–1985) were functionally distinct from those observed in the following three 
sub-periods, as the dendrogram has clearly evidenced. This distinction discriminates 
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late urbanization – still supported by endogenous dynamics – from suburbani-
zation – mainly dependent on short and medium-range residential mobility. On 
the contrary, exogenous dynamics were more heterogeneous over space, as they 
depend on indirect factors that mix short and medium-range internal mobility 
with international migrations, which have largely contributed to Barcelona’s 
growth since the 1990s. The comparison between the two dendrograms suggests 
a temporal decoupling between the two components of demographic growth.

Principal Component Analysis

Principal component analysis extracted five axes that explain 73% of the overall var-
iance, decomposing urban growth into representative dimensions characterized by 
different context variables and spatial hotspots (Table  3). Component 1 identifies 
urban growth processes typically oriented along the urban–rural gradient (Fig. 4). 
The variable that received the highest loading was the distance from Barcelona. The 
exogenous component was associated with this axis in the first study period while 
the endogenous component was positively associated with this axis in the three sub-
sequent intervals.

Component 2 outlined a typical east–west gradient in the metropolitan area of Bar-
celona that was not associated with any demographic variable. Component 3 identi-
fied a geographical area east of Barcelona with high population growth in the two 
intermediate time intervals (1986–1996 and 1997–2007). In this period, endogenous 
and exogenous growth rates manifested the same spatial dynamics, being correlated 

Fig. 2  Spatial distribution of natural population growth (left) and net migration (right) per cent rates by 
time interval in Barcelona province, 1975–1985 (upper), 1986–1996 (intermediate upper), 1997–2007 
(intermediate lower), 2008–2018 (lower)

▸

Fig. 3  Hierarchical clustering (Euclidean distances, Ward’s agglomeration rule) classifying years of 
investigation between 1975 and 2017 based on rates of natural population growth rate (left) and net 
migration (right) in each municipality of the Barcelona’s province
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positively with Component 3. The sub-centers most affected by urban expansion were 
Matarò and Granollers, while the sub-centers located to the west of Barcelona did not 
seem to have the same attractiveness, nor the same endogenous dynamism.

Table 3  Significant Principal Component Analysis loadings ( >|0.4|) by axis

Variable PC 1 PC 2 PC 3 PC 4 PC 5

Explained variance (%) 32.3 14.3 13.1 6.9 6.5
Natural pop. growth, 1975–1985 0.52 -0.63
1986–1996 0.45 0.40 0.42 -0.56
1997–2007 0.65 0.46
2008–2018 0.64
Net migration rate, 1975–1985 0.51
1986–1996 0.45
1997–2007 0.41
2008–2018 0.45
Distance from Barcelona -0.97
Granollers -0.68 -0.46 0.43
Martorell -0.84 0.41
Matarò -0.61 -0.43 -0.53
Terrassa -0.83 0.43
Sabadell -0.88 0.42
Vilafranca d.P -0.67 0.57 0.43
Vilanova i.l.G -0.72 0.52 0.41
Manresa 0.53 0.53 0.49
Vic 0.41 -0.43 -0.54 0.47
Berga 0.80 0.40
Proximity to the sea coast 0.44
Road accessibility 0.54
Elevation -0.84
Central city
Metropolitan area 0.47
Sub-centers
Metropolitan region 0.77
Population density 0.45 0.68 -0.50
Municipal surface area
Distance from Madrid 0.70 0.65

Fig. 4  Principal Component Analysis biplot (from left to right: from Axis 1 to Axis 5)
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Component 4 identified the endogenous dynamics typical of the first time inter-
val and, in part, of the second period, which mainly concerned the most marginal 
areas to the east, west and north of Barcelona. These dynamics, characteristic of 
rural areas outside the metropolitan region, reflect the relatively young demographic 
structure of these districts, maintaining a residual attraction for medium and long-
range migrants. Component 5 completes the analysis of spatial components in Bar-
celona’s urban growth, qualifying the role of coastal areas to the east and west of 
the city, which have attracted huge migratory flows, especially since 1997. However, 
coastal districts had also shown negative rates of endogenous growth in the first two 
time intervals.

Correlation Analysis

The analysis of Spearman’s correlation coefficients showed a different correlation 
profile with the background variables for the endogenous and exogenous components 
of population growth (Table 4). In the first time interval, natural population growth 
rate was not associated with any context variable. This result confirms the empiri-
cal evidence presented above, and the results of spatial analysis showing how natu-
ral growth in that period was modest but widespread throughout the study area. A 
greater spatial polarization in the endogenous component of population growth was 
observed in the subsequent time intervals: the natural growth rate decreased signifi-
cantly with the distance from Barcelona and from 4 sub-centers (Matarò, Terrassa,  
Sabadell, Granollers). The distance from other sub-centers negatively influenced this 
demographic rate, even if in a non-constant way over time. On the contrary, the rate 
increased with the distance from the marginal and rural district of Berga, North of 
Barcelona.

Taken together, these results show how the endogenous component follows a 
radio-centric distribution oriented towards central urban areas and demographically 
larger sub-centers. For instance, the impact of minor sub-centers (e.g. Vilanova and 
Vilafranca, as well as Manresa and Vic) was substantially limited. On the contrary, 
net migration growth rate was oriented along the urban gradient only in the first 
development phase. In the subsequent periods, the impact of some sub-centers was 
particularly relevant (Granollers, Matarò, Sabadell) attracting non-native population. 
In these districts, residential mobility and migration have been the primary compo-
nent of urban growth since the mid-1980s.
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Discussion

Following compact urban expansion, economic restructuring, population growth 
and social segregation in the post-war decades, one of the most diffused changes on  
the urban scale was the switch towards more diffused and polycentric development 
patterns (Couch et al., 2007; Gospodini, 2009; Richardson & Chang-Hee, 2004). In  
the last twenty years, the expansion of large Mediterranean cities was partly stim- 
ulated by the European Spatial Planning Framework (Cuadrado-Ciuraneta et  al., 
2017; Perrin et al., 2018; Zambon et al., 2018) indicating polycentric development 
as a tool (and, at the same time, a target) to achieve more cohesive territories. Both 
’strictly mono-centric’ and ’moderately polycentric’ urban systems in Southern 
Europe reveal their wide-range impacts on both forms and functions and their inti-
mate relationship with planning.

While Mediterranean sprawl has been sometimes accompanied by settle-
ment informality, planning deregulation, and lassez-faire policies (Carlucci et al., 
2017; Gospodini, 2009; Monclús, 2000), planning promoting the development 
of polycentric regions revealed less effective in achieving targets of environmen-
tal sustainability, social equity, economic competitiveness, and spatial cohesion 
(Montgomery, 2008). This is particularly relevant in the case of Mediterranean cit-
ies featuring long-term compact urban expansion. It was demonstrated how popula-
tion de-concentration, together with discontinuous and scattered settlements, repre-
sents the most recent development pattern in Southern European urban areas. How 
this development may alter the traditional mono-centric form typically observed in 
several Mediterranean cities towards a more polycentric spatial asset is an intrigu-
ing question that was addressed in this paper by adopting a diachronic and com-
parative approach (e.g. Lerch, 2019).

Based on these premises, our study debates on the use of demographic indi-
cators derived from vital statistics for the assessment of polycentric vs scattered 
urban growth in metropolitan regions of Southern Europe (Duvernoy et al., 2018; 
Salvati et al., 2018; Zambon et al., 2018). Empirical results of this study indicate 
that peri-urban municipalities, including the sub-centers belonging to Barcelona’s 
metropolitan region, are experiencing rapid transformations reflected into a dif-
ferential contribution of natural population growth and net migration to the expan-
sion of sub-centers and neighboring locations (Muñoz, 2003).

In this regard, our study proposes a differential model of urban growth with delo-
calized developmental centers displaying a different contribution of endogenous and 
exogenous components to total growth over time. More specifically, the study com-
prehensively assesses urban dynamics by decomposing population growth into natu-
ral balance and migration components for each municipality of Barcelona’s prov-
ince, Spain, between 1975 and 2018. The urban development of Barcelona, starting 
from the 1970s, has progressively abandoned a mono-centric, compact and dense 
model, evolving towards a polycentric setting based on the interaction between the 
central city and multiple (expanding) peri-urban nodes. The analysis carried out on 
a municipal scale considering annual and decadal data shows a strong differentiation 
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in the spatial structure of the two components of population growth during the study 
period.

Barcelona’s province embodies the characteristics of a moderately polycentric 
region with widespread (but substantially balanced) medium-density settlements, 
and a progressive de-concentration of the central city, which however still stands 
for density and compactness. The municipalities classified as sub-centers grew in 
number at distances progressively higher from the core city concentrating a high 
percentage of resident population. This trend, already observed between the 1950s 
and the 1980s, slowed down in the subsequent decades. The resulting structure, 
based on a mixture of (sometimes conflicting) demographic waves and planning ini-
tiatives, showed a moderate balance of urban functions (e.g. Lerch, 2019). Although 
it has sometimes been criticized, the Barcelona’s model highlights how processes of 
de-concentration of the core city and population re-concentration in satellite urban 
centers have resulted in a morphological structure, if not completed polycentric, at 
least more balanced over space (Garcia-López & Muñiz, 2010).

Apart from the intuitive divergence observed between urban and rural municipalities, 
the existence of an intermediate group of municipalities (sub-centers and surrounding 
locations) featuring specific population trends is interesting and should be better inves-
tigated on a regional scale (e.g. Kurek et al., 2015). The diversification of demographic 
dynamics in districts of the same metropolitan area may indicate specific paths of urban 
growth in accordance with the theory of city’s life cycle, with sequential phases of 
urbanization, suburbanization, counter-urbanization, and re-urbanization (Salvati, 2016). 
At the same time, demographic dynamics may indicate—better than other indicators—
that spillover processes, which have shaped Barcelona’s expansion over the last thirty 
years, are producing suburban spaces with moderately dispersed settlements and mixed 
socioeconomic functions (Couch et al., 2007). This process resulted in a different con-
tribution of natural balance and net migration rate to total population growth in the first 
decade compared with the most recent period. Interestingly, such transformations have 
been already observed in both mono-centric and more dispersed/ fragmented cities (e.g. 
Carlucci et al., 2017; Salvati et al., 2018; Zambon et al., 2018).

While demonstrating that the partial failure in promoting a polycentric spa-
tial asset may reflect the persistence of place-specific morphological, institutional 
and functional traits and a scarce participation to planning practices in Southern 
Europe, the present study reconsiders policies for sub-central development, pro-
moting establishment and permanence of high value added economic activities in 
peri-urban areas (Neuman, 2005). Strategies coping with the intrinsic development 
of large Mediterranean cities should promote conditions for equity, cohesion, com-
petitiveness and environmental security on a regional scale (Vasanen, 2012). Place-
specific and multi-scale strategies promoting the integration of urban competitive-
ness and socio-environmental sustainability targets are particularly suited to identify 
new polycentric-oriented developmental patterns (Serra et  al., 2014). At the same 
time, change in urban population is key to understand territorial and environmen-
tal dynamics at suburban locations, including the abandonment of rural areas and 
the consequent expansion of wildfires or the progressive greening of mountainous 
districts close to areas (Biasi et  al., 2015; Perrin et  al., 2018; Zambon & Salvati,  
2019). In this view, a broader selection of socioeconomic indicators possibly 
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affecting demographic dynamics seems to be an appropriate tool to explain the ter-
ritorial mechanisms underlying population growth in metropolitan regions (De Rosa 
and Salvati, 2016).

Representing an informative base for long-term urban development studies in 
originally compact cities, our findings contribute to the implementation of more 
effective policies that (i) stimulate regional competitiveness together with urban 
containment and more sustainable settlements, and (ii) are applicable to similar 
socioeconomic and territorial contexts, in both developed and emerging countries. 
Only a long-term analysis of population and settlement distribution may highlight 
the latent frame of urban growth suggesting specific measures for urban containment 
(Gilli, 2009; Hank, 2001; Salvati et al., 2016).

Conclusions

By focusing on the spatial dynamics of a set of demographic and territorial indica-
tors observed during the last century, our study analyzes the long-term expansion of 
a Mediterranean region representative of a development path from mono-centric to 
polycentric structures in Southern Europe. The novelty of the study lies in the use 
of simplified and stable criteria for identification of peculiar demographic dynam-
ics in sub-centers compared with surrounding locations. This provides original ele-
ments supporting a renewed interpretation of expansion paths observed in Mediter-
ranean cities, a representative example of compact and dense cities in the world. The 
relatively long time interval examined is another strength of this study, allowing a 
refined interpretation of the (increased) urban complexity typical of contemporary 
Mediterranean cities. The diverging spatial organization of Barcelona’s municipali-
ties suggests how the (supposed) homogeneity in forms and functions observed in 
the Mediterranean cities is influenced by place-specific development patterns, the 
spatial organization of historic settlements, and the planning strategies adopted on 
a local scale, producing path-dependent, fragmented and sometimes peculiar urban 
forms.
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