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Abstract: After sequential cycles of urbanization and suburbanization, European cities underwent
a (more or less intense) re-urbanization wave. The present study analyzes short-term population
dynamics in the core of a large metropolitan region (Milan, northern Italy), providing evidence
of spatially-heterogeneous re-urbanization characterized by spatially-complex population growth
(or shrinkage) at a local scale. Population dynamics over 1999-2017 were assessed in 88 urban
districts partitioning Milan’s municipal area and projected up to 2036 for the same spatial units.
Empirical results identify spatially-complex and temporally non-linear dynamics with expanding or
declining districts distributed heterogeneously across the study area. Multivariate analysis outlines
a generalized population decline during 1999-2008 and an opposite pattern afterward (2008-2017),
with spatially-homogeneous population expansion expected in the near future. Spatial analysis
finally highlights that local-scale population growth rates were more clustered in 2008-2017 than in
1999-2008. While the population decreased continuously in the inner districts (<1 km from the city
centre), sub-central districts (1-5 km far from the city centre) experienced mixed patterns of population
growth and stability. These results confirm the relevance of local-scale policies managing urban
renewal and rehabilitation and promoting metropolitan expansion in a spatially-coordinated manner.

Keywords: demography; urban district; multivariate analysis; Italy

1. Introduction

Economic expansion and recession have influenced population dynamics in different ways across
Europe, stimulating (or reducing) the attractiveness of central cities and promoting gentrification,
increased immigration, and the compact expansion of residential settlements on peripheral land [1-4].
Earlier studies have sometimes outlined a transition towards distinctive dynamics of urban expansion
in recent decades [5], featuring specific forms of exurban development, polycentric growth, and
spatially-heterogeneous patterns of population expansion or shrinkage [6-9]. In this framework,
demographic processes had a powerful transformative effect on inner cities, diversifying urban
landscapes and producing relevant changes in housing markets and economic structures [10-12].
Empirical evidence for re-urbanization has recently been documented in Europe [13-16], with
inner cities re-attracting populations and suburbs experiencing demographic stability or moderate
decline [17-19]. Together with the long-term demographic transitions and short-term effects of the 2007
economic recession, different factors were demonstrated to contribute to re-urbanization, depending
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on local conditions [20-22] that have determined spatial heterogeneity in population growth rates [23].
In these regards, drivers of re-urbanization include (i) rehabilitation and renewal of inner districts of
central cities through re-development projects ameliorating the condition of housing, public spaces, and
transportation; (ii) a (more or less) rapid decline in house prices; (iii) the rising cost of transportation
from peri-urban areas to inner cities; (iv) changes in the economic structure with the expansion of
high-tech, finance, and business sectors; and finally, (v) a generalized attitude toward urban lifestyles
induced by demographic changes, including the increase of mono-nuclear families [24-26].

Despite an increasing interest manifested by planners and policy-makers, relatively few studies
have analyzed the aforementioned processes in the light of a comprehensive assessment of population
dynamics and processes, distinguishing short-term from long-term demographic changes [27-31].
Empirical studies are still required to ascertain latent relationships between population dynamics
and re-urbanization processes, discussing the role of social changes—including (but not limited to)
aspects of social segregation, immigration, gentrification, and transformation of traditional family
structures [22,32-34]. In these regards, Haase et al. [35] argued that re-urbanization “relates more
to city-mindedness as a housing preference rather than to the actual return of suburbanites to the
city”. Moreover, re-urbanization processes have been reported to reflect spatially-heterogeneous and
socially-fragmented patterns of metropolitan expansion [36].

Based on these premises, our study analyzes short-term population dynamics and their impact on
urban expansion, discussing the relevance of social processes leading to gentrification, demographic
change, and re-urbanization, using an exploratory spatial data analysis of local-scale population
growth (or decline) in inner Milan (northern Italy) over the last two decades (1999-2017). Milan is
exemplificative of urban agglomerations attracting populations and jobs due to intense economic
growth and diversification in the production base, specialized in advanced services. Since the
1960s, the dense city underwent a slow transition towards suburbanization (1960s-1990s) with a
slow decline of core nodes and emerging sub-centers. An increasingly competitive environment
oriented to globalization, finance, real estate, and creative industries—including fashion—drove these
dynamics. Our study debates on the present and future expansion of contemporary cities, adopting a
geo-demographic approach for understanding metropolitan transitions in urban Europe. Results of
this study are commented upon in the light of sustainable urban management, evidencing the intimate
link between re-urbanization and urban containment in metropolitan regions [37].

2. Materials and Methods

2.1. Study Area

The investigated area includes Milan’s municipality extending 181 km? of flat land up to nearly
5 km farther away from the historical centre of the city (identified by the ‘Duomo’ cathedral). This
area represents the inner core of the largest Italian urban agglomeration (‘metropolitan area of Milan’),
involving 134 municipalities in the Lombardy region (northern Italy), with a total population of
nearly 3.2 million residents, a total surface area of 1576 km?, and a population density overpassing
2000 inhabitants/km?. Milan is one of the most developed and productive cities in Europe, thriving
in terms of fashion, banking, commerce, business, design, trade, and industry. The study area
was sub-divided into 88 urban districts (the so called ‘nuclei di identita locale” or ‘local identity
districts’, NIL) classified into distance zones from ‘Piazza del Duomo’ (the Church’s square taken as
the centre of Milan) and representing homogeneous neighborhoods in terms of social composition and
economic structure (Figure 1). Urban districts were identified by Milan’s municipality statistical office
with the aim of providing homogeneous spatial units for the local-scale demographic and economic
analysis of metropolitan transformations. The concept of urban identity was reflective of similarity in
basic socioeconomic structures, such as social composition, population age, job specialization, and
income/wealth profile of the resident population.
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Figure 1. Milan’s municipality by urban districts (hereafter ‘Nuclei di identita urbana’, NIL, identified
by Milan statistical office; arrows indicate sites cited below in the article; 1:500,000 scale; map oriented
toward a north-south axis).

2.2. Demographic Indicators

The latest annual population data at the urban district scale released for the time period 1999-2017
by the statistical office of Milan’s municipality were used in this study. As derived from the
official population register, a percent annual rate of population growth was calculated at the district
scale, obtaining 17 variables (population growth rate over 1999-2000, 2000-2001, ... , 2016-2017).
Contributions of population dynamics to a city’s expansion may assume positive (population growth)
or negative (population decline) values. Population forecasts covering a time interval from 2018 to
2036 were derived from a local-scale projection model developed by the statistical office of Milan's
municipality. Three scenarios were produced considering recent population dynamics (high, central,
low) characterized by distinct population growth rates. A central scenario was assumed in this study
as the most reliable prediction for future local-scale population dynamics. Three background variables
providing a basic description of the local socioeconomic context were calculated for each district:
(i) population density (inhabitants /km?), reflecting urban agglomeration and economic concentration;
(ii) distance (km) of the centroid of each spatial unit (NIL) from Piazza del Duomo, reflecting
accessibility as a result of the urban gradient in Milan; and (iii) percent share of university graduates
in the total resident population, reflecting economic conditions for each examined neighborhood.
A greater percentage of resident graduates is usually associated with better jobs and higher wages.
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2.3. Data Analysis

Descriptive statistics analyzing annual rates of population growth were computed by urban
districts. A non-parametric Principal Component Analysis (PCA) was run for the data matrices
composed of 17 variables quantifying percent annual population growth for each district (NIL), using
a simplified non-parametric approach with the aim of exploring non-linear relationships among
variables and to improve the performances of standard PCA [38]. Non-parametric PCA was applied
to the data matrix illustrating population dynamics at each district using a correlation matrix based
on Spearman rank coefficients instead of Pearson moment correlation coefficients. Non-parametric
approaches are promising tools in the analysis of large datasets characterized by complex, non-linear
relationships between variables. Non-parametric PCA has multiple aims: (i) to remove the scaling
effect typically associated with covariance matrices; and (ii) to consider both linear and non-linear
correlation patterns among variables. Spearman’s rank correlation coefficient is a non-parametric, rank
measure of statistical dependence between two variables [39]. Spearman correlation is less sensitive
than Pearson correlation to outliers, since Spearman’s coefficient limits the outlier to the value of its
rank, and considerable deviation from normality. The number of significant components was chosen
according to the scree-plot criterion fixing the minimum eigenvalue threshold to 1.

A global Moran’s spatial autocorrelation index (z-score) computed on four bandwidths (from 1 km
to 8 km) was run on the rate of population growth using districts as the elementary analysis” domain.
Global Moran'’s coefficients of spatial autocorrelation provide a coherent analysis of clustering or
randomness in the spatial distribution of percent annual population growth rates. A non-parametric
Spearman analysis was run to define significant pair-wise correlations between the annual rate of
population growth and each contextual variable (population density, distance from the city center, and
rate of university graduates in total population). Significance was set up at p < 0.05 after Bonferroni'’s
correction for multiple comparisons.

3. Results

3.1. Population Dynamics in Milan (1999-2017)

The resident population increased continuously in Milan between 1880 and 1975, reaching
1.7 million inhabitants (Figure 2). From 1976 onwards, the population decreased rapidly to 1.2 million
inhabitants in the early 2000s. In the most recent years, a moderate population growth occurred with
a relatively heterogeneous time pattern. The three periods described above correspond to distinct
phases of Milan’s urban cycle, including: (i) early urbanization of central districts; (ii) a subsequent
suburbanization of fringe districts; and (iii) a moderate re-urbanization of semi-central districts.
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Resident population
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Figure 2. Resident population in Milan by year, 1880-2017.
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Milan’s urban districts showed a rather homogeneous population density over space, which was
relatively stable over time (Figure 3) and follows a radio-centric distribution, with higher densities
observed in central districts and lower densities in more peripheral places. A few exceptions are
related to urban districts with parks, gardens, water bodies, and non-urban, protected land—as in the
southern part of Milan's municipalities, the location of a Regional Agricultural Park (“Parco Agricolo
Sud Milano’). In this framework, the population density increased moderately during the study
period, and especially over 2008-2017, thanks to spatially-heterogeneous processes of urban recovery,
economic re-polarization, and new residential developments in the few empty areas around the centre.
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Figure 3. Population density in Milan municipality by urban district: (a) 1999 real data; (b) 2017 real
data; (c) 2036 forecast.

The annual percent population growth rate (Figure 4) shows two different spatial patterns when
comparing the 1999-2008 and 2008-2017 time intervals. In the first period, the population mainly
increased in peripheral urban districts south and north of the city centre (>1%), while consolidated
urban districts displayed negative growth rates, often below —1% per year. The second period reflected
more homogeneous demographic dynamics, with a substantial re-polarization of consolidated urban
districts and a strong population increase in more peripheral districts. Only inner districts (<1 km
farther away from the cathedral) experienced a stable or moderately decreasing population. This
spatial pattern is predicted to consolidate in the future decades, with the largest population increase
being concentrated in central and eastern Milan.
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Figure 4. Annual population growth rate (%) in Milan municipality by urban district: (a) 1999-2008
real data; (b) 2008-2017 real data; (c) 2017-2036 forecast.
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The spatial structure of population dynamics (Figure 5) shows a significant, non-linear relationship
between the population growth rate (rs = 0.56, p < 0.05, n = 88) during the two time intervals (1999-2008
vs. 2008-2017).
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Figure 5. Relationship between annual rates of population growth (%) in 1999-2008 and 2008-2017 in
Milan urban districts.

Moreover, a Moran's analysis of global spatial autocorrelation (Table 1) revealed some differences
between the spatial structure of the population growth rate in the two time intervals investigated in
this study, being relatively more clustered in the second interval (2008-2017) compared with the first
one (1999-2008).

Table 1. Global Moran's spatial autocorrelation coefficient of population growth rate (%) by
time interval.

Time Interval 1km 2km 4 km 8 km
1999-2008 14 23* 2.7%* 29*
2008-2017 3.6* 40* 45* 46*

(* indicates significant at p < 0.01).

Overall, the empirical evidence may indicate more heterogeneous demographic trends over time
and spatially-complex population dynamics, distinguishing homogeneous urban clusters experiencing
population expansion or decrease. Taken together, spatio-temporal dynamics in Milan’s population
outline a moderate re-densification of semi-central districts based on a mosaic of locally-differentiated
processes of growth and decline.

3.2. Multivariate Analysis

A non-parametric Principal Component Analysis extracted four relevant axes explaining nearly
68% of the total matrix variance, outlining the most relevant temporal and spatial structures of
population dynamics in Milan (Table 2). Component 1 (33% of total variance) was mainly associated
with population increase in two time periods (2001-2004 and 2007-2012). The distribution of
component 1 scores over space indicates that a substantially radio-centric expansion of population
occurred in those two periods, with the highest growth rates concentrated in peripheral urban districts
south, east, and north of Milan (Figure 6). Component 2 (16% of total variance) outlines diverging
dynamics observed in 2005-2006 (positive loadings) and 2013-2016 (negative loadings) in the study
area. The first period gives evidence of sprawl, as the population increased in peripheral locations,
mainly south and north-west of Milan, remaining stable or decreasing slightly in more central locations.
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Component 3 (10% of total variance) outlines similar dynamics for the first and the last observation
years based on a marked increase of the resident population in semi-central districts forming the
consolidated city. Finally, component 4 (8% of total variance) was negatively correlated with the
population growth rate in a single year (2014) and identified a different spatial regime characterizing
population dynamics in Milan, with the population in semi-central districts north and south of the
inner cities expanding the most.
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Figure 6. District scores of the Principal Component Analysis: (a) Axis 1; (b) Axis 2; (c) Axis 3;
(d) Axis 4.
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Table 2. Loadings of a Principal Component Analysis on axis 1 to 4.

Year Axis 1 Axis 2 Axis 3 Axis 4
2000 0.53
2001 0.88
2002 0.56
2003 0.86
2004 0.63
2005 0.82
2006 0.66
2007 0.60
2008 0.58
2009 0.68
2010 0.69
2011 0.63
2012 0.72
2013 —0.51
2014 —0.65
2015 0.54
2016 —0.59
2017 0.53
Variance (%) 32.7 15.6 9.9 8.3

3.3. Background Correlation Analysis

A pair-wise correlation analysis between the spatial distribution of annual population growth
rates and the three contextual variables (population density, distance from downtown, and percent
share of graduated in total inhabitants) was run separately in two time intervals (1999-2008 and
2008-2017) for Milan's urban districts using both parametric and non-parametric coefficients (Table 3).
The population growth rate decreased significantly during 1999-2008 with population density and
the percentage of graduated people in each districts. In the following period, population growth
rates decreased moderately with the distance from downtown, providing evidence of anti-sprawl
movements. In all cases, pair-wise significant correlations assumed a non-linear form. Individual
PCA 1 scores for each district were correlated negatively with all background variables, displaying
linear relationships among variables. PCA 2 scores decreased moderately with the distance from
downtown in a mostly non-linear manner.

Table 3. Pair-wise Pearson product moment correlation coefficients between the population growth rate
(or component score) and selected background variables in Milan (only significant coefficients at p < 0.05
after Bonferroni’s correction for multiple comparisons were shown; the respective, non-parametric
Spearman rank correlation coefficients were reported in brackets when significant).

5 Population Growth (%) Non Parametric PCA
Variable
1999-2008 2008-2017 Axis 1 Axis 2
Population density (—0.29) —0.26(—0.34)
Distance from downtown —0.26 —0.30(—0.42) (—0.27)
Per cent share of graduated (—0.41) —0.29

4. Discussion

This contribution has studied short-term changes in the spatial distribution of annual rates of
population growth in a large city in Europe taken as a local-scale indicator evaluating the speed and
direction of urban expansion during distinct economic phases, namely expansion (1999-2008) and
recession (2008-2017). The results of this study are rather mixed, indicating intense re-urbanization
(at least in semi-central districts) after 2008, as a possible result of recession and the spatial
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restructuring of economic activities. Demographic trends in Milan reflect the simultaneous action of
sequential urban waves of suburbanization and economic re-polarization, intended as an early sign
of re-urbanization [40—44]. In the most recent decade, spatially-heterogeneous population growth
characterized peripheral areas, in contrast with the moderate increase of population observed in
semi-central districts. In this regard, districts placed in-between the inner city and the suburbs had
specific socio-demographic characteristics with a stable or slightly increasing resident population.
At the same time, the historical center (within the ancient walls, namely 'Cerchia dei Bastioni’) was
experiencing a long-lasting decline associated with the de-centralization of economic activities in
semi-central districts and more peripheral areas.

Population shrinkage in historical districts also reflected a recent slowdown of exurban
development, with semi-dense settlements expanding preferentially into vacant land in already
urbanized areas. Following urban renewal and regeneration, early signs of re-urbanization were
a result of economic re-polarization typical of semi-central districts [45]. In these regards, public
and private investments toward rehabilitation programs and initiatives were demonstrated to attract
specific population segments and /or economic groups (as specifically observed in ‘Navigli” district for
students, in 'Tortona’ district for architects and fashion design, and in ‘Corso Como/Garibaldi’ for
offices/advanced services and entertainment). At the same time, factors underlying urban recovery
were rather differentiated in semi-central areas thanks to their diverging social characteristics [17,46-48].
Trends toward re-urbanization in Milan seem to be related to specific patterns of residential mobility
of defined population segments (e.g., immigrants, native singles, and divorced people), consolidating
social segregation within the historical city [49]. Demographic and economic recovery of this part
of the city in the coming future may depend on multiple factors, e.g., the continued decrease of
housing prices. Urban rehabilitation measures, as the so-called ‘Bosco verticale’—one of the biggest
green redevelopment projects in Italy—as well as an improved cultural centrality compared with
the surrounding districts—is a key driver of residential mobility, especially in leading the native
population to come back to downtown [50,51]. Immigration is acting as another force of re-urbanization,
consolidating (or altering) the social structure of fringe districts [52].

The empirical results of our study indicate how gentrification and migration represent two
sides of the same medal, leading to class segregation [28]. The evidence is in line with the
findings of Haase et al. [35], suggesting that—although driven by similar underlying factors—the
contribution of social processes such as gentrification, immigration, segregation, and filtering to
re-urbanization is, in a qualitative sense, still distinctive [32]. Spatially-heterogeneous patterns of
re-urbanization make policy analysis more tricky [18,53,54]. Exurban development and re-urbanization
have divergent impacts on strategies of urban containment and settlement densification. In this
sense, an improved comprehension of mechanisms of population redistribution across metropolitan
regions should be better linked to short-term changes in the demographic structure [30]. Moreover,
understanding re-densification processes should be better re-connected with regional and national
spatial planning [54]. After long-lasting suburbanization and counter-urbanization, re-urbanization
led to mixed urban outcomes [55], indicating that a unique explanation of forces determining urban
re-densification and economic re-polarization is only partly adequate for representing the inherent
complexity of Italian cities, and possibly those of other European countries [32,56,57]. The most recent
economic crisis has deeply influenced patterns of urban expansion, shaping population dynamics,
influencing building cycles, and depressing housing and labor markets [58-60]. Unravelling impacts of
the 20072008 financial crisis on demographic dynamics and urban expansion, is particularly relevant
in countries and regions greatly affected by recession [61].

5. Conclusions

After a long period of suburbanization, evidence of a new attractiveness of cities is gaining
strength in Europe. A comparative analysis of statistical data integrating demographic dynamics,
settlement characteristics, and land-use is useful to document new patterns of urban expansion in



Sustainability 2018, 10, 3014 10 of 12

Europe underlying distinct processes of social change and economic transformations. Homogeneous
statistical sources documenting urban growth and change in contemporary cities are particularly
important in demographic studies. Analyzing recent population dynamics and future demographic
trends will contribute to the sustainable management of late suburbanization and early re-urbanization
of European cities.
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