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Abstract: The long-term impact of demographic transitions on the spatial distribution of human set-
tlements was occasionally evaluated in Europe. Assuming the distinctive role of urban–rural divides,
our study investigates local-scale population trends (1861–2017) in Southern Italy, a disadvantaged
region of Mediterranean Europe, as a result of long-term socioeconomic transformations. A quantita-
tive analysis of municipal-scale population data based on descriptive and exploratory multivariate
statistics, mapping, inferential approaches, and regression models identified four time intervals with
distinctive demographic dynamics: (i) a spatially homogeneous population growth between 1861 and
1911, (ii) a moderate population increase rebalancing a traditional divide in coastal and internal areas
(1911–1951), (iii) accelerated population growth enlarging spatial divides in urban and rural districts
(1951–1981), and (iv) population stability (or slight decline) leading to heterogeneous demographic
patterns since the early 1980s. The first three stages reflect a prolonged transition from high fertility
and mortality to high fertility and low mortality, with accelerated population growth typical of the
latest stage of the first demographic transition. Outcomes of time interval (iv) reflect the early stages
of the second demographic transition, with lowest-low fertility and rising life expectancy. While the
first transition reflected spatially homogeneous population trends along a considerable time spam,
the second transition has been associated with heterogeneous (leapfrog) demographic patterns as a
result of socially mixed (and spatially) fragmented dynamics of growth and change.

Keywords: population growth; multivariate analysis; urban-rural divide; southern Italy

1. Introduction

Demographic transitions have leveraged (and are in turn influenced by) socioeconomic
changes impacting settlement dynamics and stimulating a complete spatial restructuring
of countries and regions, especially in advanced economies [1–4]. Unprecedented rates
of natural population increase, large migratory flows from rural to urban areas, and
intense transformation of previously rural locations to metropolitan status, are considered
immediate sources of population growth [5–7]. Urbanization and demographic transitions
reveal how population concentration affects fertility and mortality rates via agglomeration
economies and congestion diseconomies [8]. These dynamics determined sequential rises
and declines in population growth rates reflected in an inverted U-shaped pattern over
time, typical of a demographic process known as the first transition [9]. The ‘demographic
transition’ theory was proposed to explain the historical shift from high birth rates and high
infant death rates in developing societies, to low birth rates and low death rates in advanced
economies, delineating four stages (numbered from 1 to 4 in Figure 1) with distinctive
demographic attributes moving from the first to the last scenario mentioned above. While
occurring (more or less synchronically) in almost all industrialized countries, specific
social, political, and economic factors affecting particular populations have influenced this
demographic shift, resulting in strictly homogeneous dynamics only in some cases [10,11].

Sustainability 2021, 13, 6636. https://doi.org/10.3390/su13126636 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-0349-781X
https://orcid.org/0000-0002-3509-4807
https://doi.org/10.3390/su13126636
https://doi.org/10.3390/su13126636
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13126636
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13126636?type=check_update&version=1


Sustainability 2021, 13, 6636 2 of 23

The existence of a ‘demographic transition’ is accepted in the social sciences because
of the well-established historical correlation linking fertility decline to socioeconomic
development. Additionally, at the end of the historical decline in both mortality and
fertility, characteristic of the last stage of the first transition, new socio-demographic
phenomena were observed in advanced economies of the Western World, representing
a completely different shift toward new population patterns [12–14]. In this context, the
so-called ‘second demographic transition’ attempted to explain features such as the baby
bust, the systematic postponement of marriage and parenthood, sub-replacement fertility,
the rise of alternative forms of partnerships, and parenthood outside marriage [15]. Theory
underlying this recent transition integrates an economic component grounded on the
assumption of rational choices and a cultural component relying on Maslow’s theory
of shifting needs, making the spatial outcomes of the second transition spatially mixed,
socially fragmented, and largely unpredictable [16].

As far as the individual behaviors, the two demographic transitions differ in marriage
choices, family creation, propensity to childbearing, and spatial mobility [17–19]. The
outcomes of these transitions have long been explored over time, highlighting differences
in fertility and mortality patterns and, subsequently, in the individual choices that lead to
marriage postponement, cohabitation, formation of non-traditional families, childbearing
postponement, and increased mobility for study, work, or leisure [20–22]. At the same time,
these outcomes have had important implications for population dynamics at both regional
and local scale [23]. However, the spatial outcomes of the two demographic transitions,
in both advanced economies and emerging countries, have generally been less studied.
In this perspective, integration of spatio-temporal dimensions of the first and second
transitions in a refined analysis of population growth (and decline) is increasingly required.
As a matter of fact, a comprehensive analysis of how short-term demographic dynamics
and long-term transitions impact population distribution across regions, may provide
an enhanced understanding of the spatial mechanisms of urban growth, reconnecting
aggregated patterns and individual behaviors into a unified socioeconomic and territorial
interpretation [24–26].

In Europe, the spatial outcomes of demographic transitions were less intensively
studied than the respective changes in population structures and dynamics over time [27].
However, population changes underlying the first demographic transition were at the
base of the inherent transformation of local districts, exalting urban–rural divides and
redesigning metropolitan hierarchies across the continent [12]. Compared with Western
Europe, a late transition was observed in the Northern Mediterranean basin, a region
with traditional human settlements characterized by reduced accessibility and partial
infrastructures, disadvantaged economic conditions, and secularized societies reflected in
medium-high fertility, natural population growth, and emigration, observed over the last
century [28]. Concentration of population along the sea coast and depopulation of inland
rural areas were key demographic trends in Southern Europe [29–31].

Industrial development, infrastructural growth, and tourism expansion contributed to
increase disparities in urban and rural districts, alimenting a prolonged transition toward a
dualistic model with distinctive demographic attributes [23]. This growth model—in Italy
as in Spain, in Portugal as in Greece—was at the base of fragmented metropolitan systems
led by a restricted number of large urban regions [32], and a poorly interconnected network
of medium-sized and small towns [33]. At the same time, the economic backwardness
of rural districts in Mediterranean Europe was a consequence of late industrialization,
poor accessibility, infrastructural deficiencies, and the structural distance from the leading
regions in Europe [34].

While micro-scale implications of demographic transitions in advanced economies
(e.g., changes in individual behaviors) have been analyzed over time, spatial outcomes as
far as long-term population trends are concerned have been investigated more occasionally
in Mediterranean Europe. Understanding distinctive settlement dynamics and population
growth along demographic transitions requires identification of socioeconomic forces
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and territorial factors assuring system stability or promoting change. Assuming different
population dynamics along urban–rural and coastal–inland gradients, the present study
investigates long-term population trends (1861–2017) in Southern Italy, a disadvantaged
region of Mediterranean Europe, as a consequence of sequential demographic transitions.
We hypothesized that demographic transitions in the study area have affected the spatial
distribution of resident population as a joint result of variations in fertility, mortality, and
spatial (internal and international) mobility.
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Figure 1. A summary description of the main stages of the first demographic transition in advanced
economies based on four attributes (from 1 to 4: birth rate, death rate, rate of natural increase, and
total population).

More specifically, we assumed that the spatial distribution of population in Southern
Europe has mainly reflected a typical urban–rural divide with accelerated growth of
metropolitan areas typical of the late phase of the first demographic transition [27,35,36].
The second transition has represented a much more heterogeneous regime progressively
decoupled from traditional geographical gradients [37–39]. A comprehensive analysis of
population growth rates at the municipal scale from time series (1861–2017) census data
was developed with the aim at testing this hypothesis, in turn controlling for population
density, past demographic dynamics, and basic territorial characteristics. The role of
specific geographical gradients shaping population dynamics was finally investigated
adopting a mixed statistical framework that integrates descriptive statistics, inferential
techniques, multivariate analysis, and spatial correlation.

2. Methodology
2.1. Study Area

Southern Italy is a polarized region representative of mostly disadvantaged economic
districts in Mediterranean Europe [30,40]. The study area includes 8 out of 20 Italian
administrative regions (Abruzzo, Molise, Campania, Apulia, Basilicata, Calabria, Sicily,
and Sardinia) with a surface area extending 143,196 km2 and administered by less than
three thousand municipalities (Figure 2).
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Figure 2. Maps illustrating selected territorial characteristics of the study area (left column) and population density at
selected years, 1861–2017 (right column).
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The European Development framework classified Southern Italy as a Target 2 region
(with an average per-capita income significantly lower than the rest of Italy) and, according
to such classification, the eight administrative regions mentioned above were eligible to
receive development funds and subsidies from structural funds (e.g., the European Re-
gional Development Program, FESR; and the European Social Program, FSE) and rural
development policies. Southern Italian land is mainly steep and characterized by a complex
environmental configuration with traditional rural landscapes still dominating the largest
part of the area. The Apennine mountain district extends a large part of the region, leaving
few space to flat (or gently steep) land, with negative implications for infrastructural devel-
opment. Apart from some port facilities, structural lacks in a modern system of railways
and highways, and a spatially fragmented network of airports—with few international
airports, such as Naples—limited the accessibility from the rest of the country and from
the neighboring European countries. The spatial distribution of resident population was
(and still is) traditionally polarized in hyper-dense urban areas (Naples, Bari, Palermo,
Catania, Cagliari) and marginal rural districts (the Apennine region, Central Sardinia, and
inland Sicily), thus making Southern Italy a typical example of economically disadvan-
taged regions in Mediterranean Europe, with demographic dynamics similar to what was
observed in rural Greece, inland Spain, and northern Portugal. A brief overview of selected
indicators profiling Southern Italy in comparison with neighboring socioeconomic contexts
in Central and Northern Italy was provided in Table 1.

Table 1. Selected indicators profiling the socioeconomic context of Italian macro-regions based on
official statistics (source: Istat) referring to the last available year (2018 or 2019).

Variable North Centre South

Per-capita income (Euros) 34,900 30,700 18,900
Total employed (%) 71 68 47
Unemployment rate (%) 6 7 19
Average number of components per family 2.3 2.3 2.6
Immigrants (%) 13.1 7.9 4.4
Death rate per 1000 inhabitants 10.9 10.7 9.9
Total fertility rate 1.34 1.23 1.26
Civil weddings (%) 64.0 48.5 30.4

2.2. Data and Variables

Estimates of resident population were made available at the municipal spatial scale
approximately every 10 years over a sufficiently long time interval (1861–2017). The original
data, aggregated at the municipal scale from the individual records of National Population
Censuses and standardized for small changes in municipal boundaries over time, were
derived from Istat [41]. The most recent data (2017) were derived from the national
population register (held by the Italian Institute of Statistics, Istat), whose results were
previously aligned with the last population census (2011). The annual rate of population
growth (%) was the target variable of this study, being calculated at each municipality over
15 time intervals of equal length (apart from three exceptions, according to different census
timing or unavailability of official data sources, e.g., during World War II): 1861–1871,
1871–1881, 1881–1901, 1901–1911, 1911–1921, 1921–1931, 1931–1936, 1936–1951, 1951–1961,
1961–1971, 1971–1981, 1981–1991, 1991–2001, 2001–2011, and 2011–2017. Population density
(hereafter ‘density’, inhabitants/km2) was also calculated at 16 time points between 1861
and 2017 at the same spatial scale.

Additional variables were considered with the aim to profile the local context in each
municipality of Southern Italy [42]: (i) average municipal elevation (hereafter ‘Elevation’,
m), (ii) proximity to the sea coastline (‘Sea’, a dummy variable assigning a value of 1 to
coastal municipalities and 0 to internal municipalities), (iii–vii) five dummies capturing
distinctive population trends in the largest regions of Southern Italy (‘Campania’, ‘Apu-
lia’, ‘Calabria’, ‘Sicily’, and ‘Sardinia’), and (viii) a variable controlling for the possible
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influence of municipal size on population dynamics (‘Area’, km2). Use of variables such
as population density, mean elevation, and proximity to the sea coastline, contributed to
clarify the role of specific geographical gradients, considered the most important factors at
the base of spatial population divides in Southern Italy and, more generally, in Mediter-
ranean Europe [36,43,44]. Municipal size was regarded as a control variable checking if
the administrative dimension of local authorities (basically, land area) may have affected
long-term population dynamics. We assumed a neutral (or slight) effect of municipal size
on demographic dynamics in Southern Italy.

2.3. Statistical Analysis

A preliminary analysis of changes over time in population density and annual rates
of population growth (%) was carried out calculating descriptive statistics (averages or
percentages) by year (or time interval) and elevation belt (lowland < 100 m; 100 m <
upland < 500 m; mountain > 500 m). A multivariate strategy was subsequently developed
integrating multivariate exploratory techniques (Principal Component Analysis and non-
hierarchical clustering) with an inferential analysis (stepwise multiple regression) aimed
at characterizing the intrinsic relationship between demographic transitions, population
growth, and the local context. Statistical techniques adopted in this study were individually
illustrated in the following paragraphs.

2.3.1. Principal Component Analysis

To identify the most important territorial factors underlying demographic transitions
in Southern Italy, a Principal Component Analysis (PCA) was performed on a data matrix
composed of the annual rate of population growth (%) calculated for 15 time intervals
between 1861–1871 and 2011–2017 (see Section 2.2) at each municipality of the study area.
The analysis was based on spectral decomposition of the correlation matrix, and the num-
ber of significant components was chosen by inspecting the scree-plot and considering
eigenvalues higher than 1 [45]. Component loadings and scores were used to delineate
spatio-temporal relationships between variables (time intervals with specific rates of pop-
ulation growth) and cases (municipalities), obtaining a comprehensive classification of
spatial population trends in Southern Italy. Component scores were correlated pair-wise
with the contextual variables presented in Section 2.2 using non-parametric Spearman
co-graduation coefficients testing for significance at p < 0.05 after Bonferroni’s correction
for multiple comparisons. A non-parametric technique was preferred to more standard
approaches (e.g., the product-moment Pearson coefficient) with the final objective to iden-
tify both linear and non-linear correlations among variables. In the case of non-parametric
correlations, testing at p < 0.05 after Bonferroni corrections for multiple comparisons
means that the formal inference level is automatically reduced to a probability value close
to p < 0.001, discriminating intense relationships from weaker (possibly, non-causative)
linkages between variables.

2.3.2. Non-Hierarchical Clustering

To classify municipalities into groups with homogeneous long-term population dy-
namics, a non-hierarchical clustering was run on the same data matrix (annual rates of
population growth) using the standard k-means computation strategy. Following the parsi-
mony criterion, the procedure was run for a set of possible solutions (i.e., cluster numbers)
ranging from 2 to 10. A higher number of partitions was considered inappropriate to
depict the demographic characteristics of the study area. Standard diagnostics such as the
pseudo F statistic and the Cubic Clustering Criterion were considered to identify the best
cluster partition, i.e., the number of suitable clusters that allows for the most significant
discrimination among municipalities. Each cluster was profiled considering descriptive
statistics (e.g., mean values) of the territorial variables illustrated above (Section 2.2).
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2.3.3. Stepwise Multiple Regression

To assess the multivariate relationship between the annual rate of population growth
(taken as the dependent variable) and the local context (nine predictors illustrated in
Section 2.2 that include population density), a multiple regression approach was run at
the spatial scale of municipalities, separately for each time interval between 1861–1871
and 2011–2017. Contextual indicators were included in each model based on a forward
stepwise strategy under a significant Fisher–Snedecor F test at p < 0.01 [45]. Results
include slope coefficient estimates and the associated significance level (testing for the
null-hypothesis of non-significant regression coefficients) based on Student t statistics at
p < 0.05. The goodness-of-fit of each regression model was measured using adjusted R2

and tested for significance (against the null hypothesis of non-significant models) through a
Fisher–Snedecor F test with p < 0.001. All variables were standardized prior to analysis [33].

In this study, stepwise regression was regarded as an exploratory approach, with no
specific assumptions on the goodness-of-fit of each tested model. While high goodness-of-
fit indexes (i.e., adjusted-R2) and significant regression coefficients (i.e., slope coefficients)
were expected when a formal theory is verified, our exploratory perspective allows identi-
fication of the latent, multivariate relationship among dependent variables and predictors,
focusing on statistical significance. In other words, we assume a variable goodness-of-fit
and heterogeneous regression coefficients over time. Goodness-of-fit of models run sepa-
rately for each time interval was considered a proxy of dependence (or independence) of
population growth processes from the background territorial context. The Durbin Watson
(DW) statistic was run separately for each model as a standard test for autocorrelation in
the residuals of stepwise regressions. Assuming values that range between 0 and 4, values
around 2 mean no autocorrelation detected in the sample. Starting from the ‘exploratory’
perspective mentioned above, the unexplained proportion of variance in our regression
models is an important finding, opening new perspectives of investigations typical of
non-confirmatory approaches grounded on ecological theory.

2.3.4. Analysis of the Spatial Distribution of Population

To identify the overall impact of demographic transitions on the spatial distribution
of population in Southern Italy, metrics of central tendency, dispersion, and asymmetry
were calculated on municipal-scale population density at each time point between 1861
and 2017. Metrics assessing central tendency include (i) the ratio of median to (arithmetic)
mean density, (ii) the ratio of median to grand total density (Southern Italy), and (iii) the
ratio of (harmonic) mean to grand total density. Metrics assessing dispersion include
(iv) minimum and (v) maximum density, (vi) the ratio of absolute range (Max–Min) to
arithmetic mean density, (vii) coefficient of variation, (viii) 25th-percentile and (ix) 75th-
percentile of population density, as well as (x) the ratio of the interquartile score (75th–25th
percentile) to the absolute range of population density (Max–Min). Finally, (xi) kurtosis and
(xii) skewness were used to assess asymmetry in the statistical distribution of population
density over time. To assess the latent relationship between demographic transitions
and the spatial distribution of population over time, a Principal Component Analysis
was run on a data matrix containing the 12 indicators illustrated above and calculated at
16 time points.

3. Results
3.1. Long-Term Population Dynamics in Southern Italy, 1861–2017

On average, population density in Southern Italy grew from 78 inhabitants/km2 in
1861 to 168 inhabitants/km2 in 2017 (Table 2).
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Table 2. Selected characteristics and spatial distribution of Southern Italy population (% share in
total figure) by elevation belt and year.

Variable 1861 1911 1951 1981 2017

Population density 78 110 144 163 168
Population growth (%) - 0.80 0.77 0.45 0.09
Percent share in total population by district
Lowland 22.0 26.2 31.0 37.8 39.9
Coastal upland 25.6 27.0 27.8 29.8 30.4
Internal upland 28.4 26.8 24.2 19.8 18.8
Coastal mountain 4.2 3.9 3.7 3.1 2.8
Internal mountain 19.8 16.1 13.3 9.4 8.1

Population increased in lowlands and coastal uplands and declined in internal uplands
and mountain districts. The percent share of resident population in lowland districts in
total population was 22% in 1861, doubling in 2017 (40%). Coastal uplands maintained a
relatively high share of resident population, increasing from 26% in 1861 to 30% in 2017.
Population in mountainous districts close to the sea was relatively stable to 3–4% along the
entire study period. The largest decreases were observed in internal districts, both uplands
(from 28% to 19%) and mountains (from 20% to 8%). Spatially imbalanced population
growth—especially during the period 1951–1981—consolidated the demographic divide
between coastal and inland areas. High fertility, a progressive reduction of mortality
and, more recently, international migration were the main factors boosting population
growth in Southern Italy. Emigration rates were particularly high up to the mid-1930s
and decreased between the late 1940s and the early 1970s (Figure 3). At the same time,
internal migration to Northern Italy was particularly intense between the late 1940s and
the mid-1970s, leading to a slightly negative internal balance.
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Analysis of changes over time in the spatial distribution of population growth rates
in Southern Italy (Figure 4) identified major demographic expansions in correspondence
with the following time periods: 1861–1871, 1931–1936, and 1936–1951. Spatially mixed
rates of growth were observed in 1871–1881 (with a moderate decline along the Apennine
mountains), 1881–1901 (with a marked decline in the internal districts of Basilicata), and
1901–1911 (with a generalized decline in mountainous districts of Abruzzo, Basilicata,
and Sicily). Even more polarized rates of growth were recorded since the early 1950s,
distinguishing lowlands with expanding population from inland districts with declining
population. A particularly fragmented distribution of growth rates was recorded in the
last two time intervals, since 2001. The population increase between 1951 and 1991 was
particularly intense in metropolitan regions (Figure 5). By contrast, similar rates of growth
in urban and rural municipalities were observed between 1861 and 1911. Since the early
1990s, population increased more rapidly in rural municipalities than in urban areas.

3.2. A Multivariate Analysis of Local-Scale Population Growth

The empirical results of a Principal Component Analysis run on the annual rates of
population growth by time interval and municipality in Southern Italy were illustrated in
Table 3 and Figure 6.
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Figure 5. Annual population growth rate (%) in Southern Italy by year and municipal type
(grey = urban; black = rural).

Table 3. Principal Component (PC) loadings of the annual rate of population growth by time interval
(significant coefficients between variables and loadings were shown).

Time Interval PC 1 PC 2 PC 3 PC 4

1861–1871 0.40
1871–1881 0.42
1881–1901 0.61
1901–1911
1911–1921
1921–1931 0.70
1931–1936 −0.51
1936–1951 0.41
1951–1961 0.61
1961–1971 0.75
1971–1981 0.81
1981–1991 0.76
1991–2001 0.51 −0.58
2001–2011 0.64 −0.47
2011–2017 0.60
% explained variance 25.5 9.9 8.8 7.3

Four components were selected, explaining 51% of the total matrix variance (Table 2).
These components identify distinct spatial processes with specific demographic characteris-
tics and peculiar growth rates. Component 1 assigned positive loadings to all time intervals
since 1936, with the highest value observed for the decade 1971–1981. The spatial distribu-
tion of positive scores on Component 1 identifies areas with the highest population density
in Apulia, Campania, coastal Sicily, and Sardinia and, more generally, in flat, accessible
districts around the largest cities (Naples, Bari, Palermo, Catania, Cagliari). Conversely,
negative scores characterized inland areas along Apennines and in upland Sardinia and
Sicily. These areas had the lowest population density in Southern Italy (Figure 6).
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Component 2 assigned negative loadings to population growth in 1991–2001 and
2001–2011 and a positive loading for the decade 1871–1881. The spatial distribution of
component scores was particularly heterogeneous: lowland and hilly rural municipali-
ties, especially in Apulia, Calabria, and Sicily, received the highest positive scores. On
the contrary, municipalities with low and negative scores were mainly located in the
Apennine districts of Abruzzo and Campania. This component discriminates rural areas
experiencing moderate growth in the initial decades of study (Apulia, Calabria, and Sicily)
from rural districts undergoing intense depopulation in the most recent decades (Abruzzo
and Campania).

Component 3 had a positive loading with population growth during 1881–1901 and
a negative loading with population growth during 1931–1936. The spatial distribution
of component scores shows a polarization in rural areas growing along the first decades
of observation (Southern Sicily, part of Apulia, Northern Sardinia, and some districts of
Calabria) and areas experiencing early depopulation in the inter-war period (Basilicata, in-
ternal Campania, Southern Sardinia). Component 4 identifies spatial patterns of population
growth typical of 1921–1931 decade (the early stage of the Fascist era). This was a process
of settlement expansion substantially independent from the previous ones, which involved
Southern Italy in a particularly mixed way. The highest component scores were observed
in flat and marshy rural areas where the Fascist regime had implemented extensive land
reclamation programs, supporting population mobility from rural areas of Northern Italy
(mainly from Veneto region).

3.3. Non-Parametric Correlations

A refined characterization of the principal components illustrated in the previous
paragraph was derived from a non-parametric correlation analysis between component
scores and selected attributes for each municipality (Table 4).
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Table 4. Non-parametric Spearman pair-wise correlations between component scores and contextual
variables at the municipal scale in Southern Italy (only significant coefficients at p < 0.05 were shown
after Bonferroni’s correction for multiple comparisons).

Variable PC 1 PC 2 PC 3 PC 4

Territorial context
Proximity to sea coast 0.36
Elevation −0.66
Population density
1861 −0.24
1871 −0.22
1911 0.23
1921 0.28 0.24
1931 0.32 0.21
1936 0.34
1951 0.41
1961 0.49
1971 0.57
1981 0.64
1991 0.69
2001 0.71
2011 0.74
2017 0.76

Results of non-parametric correlation analysis showed that coastal municipalities
were associated with Component 1. Component scores grew with population density since
1921, while decreasing with municipal elevation. Component 2 scores decreased with
population density in the first two time points (1861 and 1871). Component 3 scores were
positively correlated with population density at three times (1911, 1921, and 1931). Finally,
Component 4 scores were not correlated with any territorial dimension.

3.4. Cluster Analysis

A non-hierarchical k-means clustering was run with the aim at classifying munic-
ipalities into homogeneous groups based on the most characteristic spatial patterns of
population growth over time. Results of non-hierarchical clustering allow identification
of local-scale dynamics reflecting long-term population trends. Three clusters formed the
best partition of the sample, i.e., the number of clusters allowing for the most effective
discrimination between elementary spatial units. A detailed profile of the three groups
was illustrated in Table 5 using basic territorial descriptors that include population density
and trends over time in population growth. Non-hierarchical clustering partitioned the
sample of investigated municipalities quite homogeneously: more than one thousand
municipalities were classified in both Cluster 1 and 3. By contrast, Cluster 2 was composed
of nearly 350 municipalities.

Cluster 2 includes coastal municipalities with positive rates of population growth
along the whole time period. The highest rates were observed between 1931–1936 and
1971–1981. Population density increased, on average, from 82 inhabitants/km2 in 1861
to 457 inhabitants/km2 in 2017. These municipalities include the main urban areas in
Campania, Apulia, Sicily, and Sardinia (Figure 7).
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Table 5. Basic characteristics of Southern Italian municipalities by k-means cluster.

Cluster 2 1 3

Number of municipalities 348 1121 1085
Territorial variables
Coastal municipalities (%) 52.0 29.4 11.2
Elevation (m) 115 304 565
Municipal area (km2) 48.9 54.7 41.1
Percent share of municipalities in the total number of municipalities by region
Campania 32.5 24.6 14.8
Apulia 18.7 14.1 3.1
Calabria 8.0 15.3 19.3
Sicily 14.7 14.6 16.1
Sardinia 18.1 17.8 15.1
Annual population growth rate (%)
1861–1871 0.89 0.61 0.45
1871–1881 1.15 0.89 0.48
1881–1901 1.01 0.86 0.35
1901–1911 1.11 0.73 0.25
1911–1921 0.99 0.89 0.10
1921–1931 1.34 0.04 −0.37
1931–1936 1.68 0.74 0.22
1936–1951 2.01 1.00 0.31
1951–1961 1.85 0.54 −1.10
1961–1971 1.88 −0.01 −1.81
1971–1981 1.72 0.42 −0.88
1981–1991 0.85 0.07 −0.64
1991–2001 0.31 −0.08 −0.59
2001–2011 0.35 0.07 −0.68
2011–2017 0.41 −0.01 −1.77
Population density (inhabitants/km2)
1861 82 87 65
1871 89 92 68
1881 99 100 71
1901 119 118 76
1911 133 126 78
1921 146 138 79
1931 165 138 76
1936 179 143 77
1951 233 165 80
1961 276 174 72
1971 328 174 59
1981 385 181 53
1991 418 182 50
2001 431 182 47
2011 446 182 44
2017 457 182 39

Cluster 1 identifies coastal and inland municipalities in flat (or moderately hilly) areas,
more frequently located in Campania, Apulia, and Sardinia. Average population growth
rates for this cluster showed accelerated dynamics in the decades preceding World War II,
and a substantial stability (or slight growth) in the following decades. Population density
remained in line with the average values of municipalities belonging to Cluster 2 until 1901,
increasing slowly up to 182 inhabitants/km2 in 1991 and remaining stable in the following
years. These municipalities represent heterogeneous locations with homogeneous demo-
graphic dynamics: (i) peri-urban areas, (ii) medium-small provincial head towns, (iii) flat
and highly accessible rural areas, (iv) low-density coastal areas, and (v) hilly areas that have
attracted industrial growth poles—often driven by state policies—especially in Abruzzo,
Basilicata, Calabria, and Sardinia. Finally, Cluster 3 identifies mountain municipalities
primarily located in Calabria. These municipalities experienced positive growth rates until
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1911–1921 and a substantial population decline afterwards, with progressively more intense
negative rates, reaching the peak in the decade 1961–1971 and in the last period (2011–2017).
On average, population density in the municipalities classified in cluster 3 stood at values
not exceeding 80 inhabitants/km2 (maximum density observed in 1951). The average
density has halved in the last 60 years, evidencing processes of rural depopulation and
progressive abandonment of mountain and marginal areas. All over Southern Italy, most
of the inland municipalities have been classified in Cluster 3.
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3.5. Exploratory Regression Analysis

Stepwise regressions were run separately for each decade of investigation with the
aim at identifying the factors most associated with population growth in each municipality
of Southern Italy (Table 6). The model’s goodness-of-fit has been rather heterogeneous over
time: Although all regressions were statistically significant, the model’s goodness-of-fit
(based on the values of the adjusted-R2 index) was rather modest until 1951. The most
intense relationship between population growth and territorial variables was observed in
periods of marked population increase (1951–1981) and accelerated demographic dynamics.
In these periods, population density at the beginning of each observation period was the
predictor most associated with population growth. This result confirms that population
growth intensified in high-density (urban and peri-urban) districts since 1951. Completely
different dynamics were observed in decades before World War II. The negative regression
coefficients assigned to population density indicated how population increased in locations
with lower population density. In other words, demographic expansion between 1861 and
1951 contributed to balance the spatial distribution of population in Southern Italy, while
polarization in high- and low-density settlements increased with accelerated demographic
dynamics in the aftermath of World War II. Elevation has represented an indirect constraint
to population growth all over the study period. At the same time, the contribution of
coastal areas to population growth was relatively modest until 1951, and more evident in
some decades after World War II. All over the study period, the regions with the highest
growth rates in the sample were Apulia and Campania.



Sustainability 2021, 13, 6636 16 of 23

Table 6. Results of a stepwise multiple regression model run separately for each time interval, with annual population growth rate as the dependent variable and selected contextual
variables as predictors.

Variable 1861–
1871

1871–
1881

1881–
1901

1901–
1911

1911–
1921

1921–
1931

1931–
1936

1936–
1951

1951–
1961

1961–
1971

1971–
1981

1981–
1991

1991–
2001

2001–
2011

2011–
2017

Proximity to the sea 0.06 0.06 0.04 0.12 0.06 0.07 0.08
Apulia (dummy) 0.12 0.12 0.15 0.06 0.08 0.09 0.07 0.05 −0.07 −0.07
Sicily (dummy) 0.11 0.26 0.17 0.09 0.13 0.07 −0.05 −0.07
Calabria (dummy) 0.08 0.16 0.13 0.13 0.07 −0.04 −0.11 −0.13
Campania (dummy) 0.09 0.19 0.16 0.17 0.09 0.05 −0.06
Sardinia (dummy) −0.13 −0.14 0.14 −0.06 0.09 0.18 0.16 0.11 0.04 0.10
Elevation −0.12 0.26 −0.22 −0.20 −0.24 −0.20 −0.29 −0.28 −0.38 −0.21 −0.19 −0.18 −0.20 −0.16
Municipal size 0.15 −0.08 −0.06 0.13 0.12 0.17 0.08 0.06 −0.11 0.04 0.31
Population density −0.11 −0.21 −0.14 −0.08 −0.06 −0.25 −0.23 −0.06 0.06 0.42 0.43 0.37 0.11 0.33 0.62
Adjusted R2 0.04 0.17 0.12 0.10 0.10 0.05 0.11 0.12 0.22 0.33 0.30 0.23 0.12 0.20 0.31
Durbin-Watson 1.89 1.96 1.77 1.91 1.93 2.00 1.95 1.98 1.81 1.85 1.83 1.94 1.84 1.83 1.90
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3.6. Spatial Distribution of Population Density as a Result of Long-Term Demographic Growth

In parallel with a progressive growth of resident population, Table 7 illustrates trends
over time in some metrics that assess the spatial distribution of population density in
Southern Italy. In particular, the ratio between average and median density appears
to be far from the unit value, declining over time since 1936. This decline indicates an
increased asymmetry in the statistical distribution of population density. A similar trend
was observed for the ratio between median and grand total density. The most recent
values deviated significantly from one, indicating population concentration. A similar
tendency has been observed for the relationship between (harmonic) average and grand
total density. Variability metrics indicate a progressive increase of spatial heterogeneity
in settlement density, with maximum values observed systematically at the end of the
‘baby boom’ (in 1971 or 1981 depending on the indicator). The relationship between the
interquartile difference (75th–25th percentile) and absolute range of population density
indicates a higher variability in recent times. Both kurtosis and skewness reach the peak
in 1971.

A Principal Component Analysis run to investigate latent patterns of population
concentration in Southern Italy highlights three distinct demographic stages (Figure 8).
The biplot drawn on Component 1 (56.7% of explained variance) and Component 2 (31.2%
of explained variance) indicates a homogeneous stage of growth between 1861 and 1951,
associated with a high value of the median-to-arithmetic mean ratio in population density.
A second stage, mostly oriented along Component 1 and associated with high values
of both skewness and kurtosis in the statistical distribution of population density, was
observed between 1951 and 1971. A third stage, oriented primarily along Component 2
and persistently associated with all the indexes of statistical variability, encompassed a
relatively long time interval between 1971 and 2017.
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Table 7. Descriptive statistics of the spatial distribution of population density (inhabitants/km2) across Southern Italy municipalities, by year.

Variable 1861 1871 1881 1901 1911 1921 1931 1936 1951 1961 1971 1981 1991 2001 2011 2017

Grand total 78 83 90 103 110 117 119 124 144 151 153 163 167 167 168 168
Median/mean 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3 0.3
Median/grand total 1.0 1.0 1.0 0.9 0.9 0.8 0.9 0.8 0.8 0.7 0.6 0.5 0.5 0.5 0.5 0.5
Harmonic/grand tot 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.4 0.4 0.4 0.3 0.3 0.3
Minimum 2.0 3.2 3.2 4.7 4.3 6.1 6.2 7.6 8.4 6.2 5.7 5.3 4.3 3.9 3.6 3.2
Maximum 4127 4170 4564 5297 6406 7330 7093 7384 8617 11,144 16,791 17,790 15,261 14,823 14,742 12,075
Abs. range/mean 32.6 31.2 32.0 33.2 38.3 41.8 38.5 38.3 39.1 48.4 69.1 65.0 52.1 49.0 47.6 39.1
Coeff. Variation 1.6 1.6 1.6 1.6 1.7 1.8 1.8 1.9 2.0 2.3 2.8 3.0 2.8 2.8 2.8 2.7
25th-percentile 44 46 49 52 53 54 55 57 63 61 51 48 46 44 42 37
75th-percentile 131 138 145 164 174 179 183 187 209 202 190 197 207 214 214 210
(75th–25th)perc/range 1.1 1.1 1.1 1.2 1.2 1.3 1.3 1.2 1.3 1.4 1.5 1.7 1.8 1.9 2.0 2.2
Kurtosis 105 100 97 99 131 152 125 123 126 157 210 176 124 104 93 66
Skewness 8.2 8.0 7.9 7.7 8.7 9.5 8.8 8.8 9.1 10.2 11.9 11.1 9.3 8.5 8.1 7.0
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4. Discussion

Results of our study demonstrate the substantial distinctiveness of spatial population
trends during the first and the second demographic transitions. While the first transition
reflected spatially homogeneous population dynamics over both time and space, the second
transition was more clearly associated with heterogeneous spatial patterns resulting from
mixed, and mostly fragmented, individual behaviors as far as marriage, childbearing, and
spatial mobility are concerned [16]. However, going beyond the linear and sequential inter-
pretation of demographic dynamics delineated in earlier literature for European countries,
the spatial outcomes of demographic transitions in Southern Italy were demonstrated to
be particularly complex over time. Population dynamics were found articulated in four
distinct stages: (i) a spatially homogeneous, moderate expansion between 1861 and 1911, (ii)
a relatively slow population growth rebalancing a traditional divide in coastal and internal
areas (1911–1951), (iii) accelerated population growth enlarging spatial divides in urban
and rural districts (1951–1981), and (iv) population stability (or moderate decline) leading
to an increased heterogeneity in demographic patterns since the early 1980s. Stages one to
three outline a slow transition from models oriented toward high fertility and mortality to
demographic patterns characterized by high fertility, low mortality, and accelerated popu-
lation growth, in partial agreement with the predictions of the first demographic transition.
Conversely, the fourth stage reflects lowest-low fertility and aging, being demographic
outcomes more typical of the second transition.

Starting with the unification of Southern Italy within the Kingdom of Italy and ending
before World War I, the first stage identified in our study was characterized by a spatially
homogeneous growth of population, with higher rates in urban districts than in rural
areas. The second stage encompassed the time interval between the two world wars, and
featured accelerated population growth in inland flat areas, coastal districts, and urban
settlements, and moderate depopulation of the Apennine mountainous region. The third
stage extended over the first three decades after World War II, evidencing accelerated de-
mographic dynamics typical of the ‘baby boom’ (1945–1975), intense migration to Northern
Italy, and population aging in rural contexts. This stage also reflected a marked polar-
ization of resident population along urban-rural gradients, with intense depopulation of
marginal districts, and intense expansion of metropolitan agglomerations. The fourth
stage encompassed the last four decades, from the lowest-low fertility of the 1980s to a
moderate—while temporary—recovery in the 2000s [46]. During this period, depopulation
continued uninterrupted in hyper-rural areas and was associated with a moderate growth
of population in peri-urban districts and coastal lowlands [30].

Results of regression models indicate spread and long-term persistency of population
growth as important factors influencing demographic dynamics and settlement characteris-
tics in Southern Italy. In these regards, changes over time in spatial mobility patterns were
mainly related to post-war socioeconomic transformations. While population increase in
coastal and lowland areas was a dominant trend along the 20th century, even with intense
emigration to Northern Italy and abroad, depopulation affected significantly mountain
areas during the first demographic transition, contributing to the uneven marginalization
of rural spaces [17]. Although less intense, depopulation was observed also during the
second transition, in common with many other regions of Southern Europe, from Spain
to Greece [24,25,37]. For instance, a particularly intense depopulation during the last two
decades resulting in very low population densities at the local scale (<10 inhabitants/km2)
characterized most of internal municipalities of Central and Northern Spain and a large
number of upland and mountainous municipalities in Central-Northern Greece and Pelo-
ponnese [29]. Taken together, these findings indicate that patterns of population con-
centration have been spatially persistent in Southern Italy at least until the early 1950s.
Population dynamics in the subsequent decades consolidated the gap (i) between urban
and rural municipalities within high-density and low-density (but economically dynamic
and demographically expanding) districts, and (ii) between high- and low-density districts
within both metropolitan and rural regions [25,37]. Although the backwash effects due
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to (relatively early and deep) industrialization of Northern Italy was hypothesized to be
stronger than in other regions after World War II [22], our analysis confirms that population
increase between 1951 and 1981 significantly impacted the spatial distribution of settle-
ments in Southern Italy [46], with indirect implications for economic performances and
the socio-demographic context at large [17]. The following decades, up to nowadays, were
characterized by heterogeneous demographic processes that increased spatial variability
without altering significantly the previous pattern of local development [15].

The empirical results of this study definitely point out the linkage between population
growth and demographic dynamics in light of both economic cycles and metropolitan
hierarchies. These findings reconnect the spatial outcomes of demographic transitions
with long-term population trends and highlight distinctive stages intimately characterizing
both the first and the second transition at a very local scale [4]. While some demographic
phenomena are the result of socioeconomic transformations typical of a specific stage,
other phenomena appear to be common to all the stages of population growth identified
in this work, albeit with varying intensity [7]. For instance, rural depopulation remains a
basic trend characterizing not only time periods with rapid population growth and intense
internal migration, but also more recent times of low fertility, weak population growth,
and intensified (short-range) spatial mobility [11]. In this case, population aging, internal
migration towards Northern Italy, a resurgent emigration, and a poor attractiveness of
international migrants—which reflects a substantial backwardness of inland areas—were
recognized as the main factors contributing to rural depopulation during the second
demographic transition in Southern Italy [32], and likely in other marginal socioeconomic
contexts of Northern Mediterranean [29].

The empirical results of this study also indicate how the spatial distribution of res-
ident population in Southern Italy reflects specific characteristics of past demographic
transitions [12]. The most impacting phenomenon was likely the ‘demographic boom’
observed during the third phase identified in this study [47–50], in common with similar
patterns observed at the European and national level (e.g., the so-called period of the
‘Trente Glorieuses’ (Thirty glorious years) in France encompassing 1945–1975 [6,48,49]). In
such decades, Southern Italy population concentrated in urban areas, fueling the socioe-
conomic gap with rural districts and enlarging a broader-scale divide between regions,
e.g., high fertility coastal districts of Campania vs. internal areas of Calabria and Sar-
dinia [51–54]. Together with a stable (or weakly increasing) population in rural areas,
metropolitan expansion after the 1980s affected this compact-dense settlement model less
markedly [40,55,56]. Recent works have highlighted how the major urban agglomerations
in Italy were progressively undergoing a new phase of suburban growth [31,57–59]. In such
a context, the contribution of internal and international migration to population dynamics
was found spatially differentiated in the last two decades [60–62]. While immigration drove
population expansion in all agglomerations of Northern and Central Italy, urban growth in
Southern Italy was more stagnant and more dependent on the natural population balance
(births vs. deaths) [26,60,61]. In these regards, further studies should clarify the role of
both rural-to-urban migration and urban mortality decline as (i) drivers of urbanization or
(ii) factors triggering a metropolitan transition toward shrinkage [7,21,27].

With the lowest-low fertility observed in Italy in the early 1990s, the demographic
system of Southern Italy has reflected in the last three decades, more evidently than in the
past, a polarized economic structure and marked social inequalities, in common with other
Mediterranean regions, namely Southern Spain, rural Greece and, in part, Portugal [63–65].
Developmental policies specifically designed for all these contexts—being more or less
heavily affected by 2007 recession—are strongly required to consider demographic issues as
a basic aspect of post-crisis recovery, promoting endogenous growth and a more balanced
structure of urban and rural areas [4]. To keep regions prosperous (promoting competitive-
ness) and to avoid inequality (maintaining cohesion), policy-makers should find ways to
cope with these challenges through new fiscal and social policies [23], though measures
impacting demographic and migratory trends may also be needed [66–68]. Taken together,
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these results—and especially population dynamics observed in the last decades—may
encourage further research on additional, latent factors shaping population dynamics in
Mediterranean countries, assuming demographic growth and urban–rural patterns as truly
complex and intimately entropic issues [50,51]. This approach is intended as substantially
far from traditional interpretations of population growth (and urban expansion) as additive
and cumulated processes showing linear (or slightly non-linear) trends over time and
space [4].

5. Conclusions

The evolution of metropolitan systems plays a crucial role in socioeconomic develop-
ment of advanced economies [35,40,44]. Based on population change, urban transition in
Italy was particularly accelerated over the three to four decades following World War II;
urban–rural polarizations were in turn interpreted as a result of demographic dynamics
typical of the first transition [69,70]. By contrast, the second transition was associated to
increased spatial heterogeneity in population growth, impacting metropolitan expansion
in a less predictable way in respect with past dynamics [71,72]. During both stages of
growth, disadvantaged economic conditions, internal migrations towards Northern Italy, a
structural job shortage, unstable socioeconomic conditions of internal districts, as well as a
delayed infrastructural development enlarging the ‘digital divide’ with the rest of the coun-
try, were considered, at the same time, causes and consequences of a ‘locked’ demographic
system. How to combine spatially balanced, socially cohesive and demographically re-
silient population growth in disadvantaged European areas is a major challenge for research
in regional demography and sustainable development in the coming years.
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