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Abstract: Diachronic variations in demographic rates have frequently reflected social transformations
and a (more or less evident) impact of sequential economic downturns. By assessing changes over
time in Total Fertility Rate (TFR) at the regional scale in Italy, our study investigates the long-term
transition (1952–2019) characteristic of Mediterranean fertility, showing a continuous decline of births
since the late 1970s and marked disparities between high- and low-fertility regions along the latitude
gradient. Together with a rapid decline in the country TFR, the spatiotemporal evolution of regional
fertility in Italy—illustrated through an exploratory time series statistical approach—outlines the
marked divide between (wealthier) Northern regions and (economically disadvantaged) Southern
regions. Non-linear fertility trends and increasing spatial heterogeneity in more recent times indicate
the role of individual behaviors leveraging a generalized decline in marriage and childbearing
propensity. Assuming differential responses of regional fertility to changing socioeconomic contexts,
these trends are more evident in Southern Italy than in Northern Italy. Reasons at the base of such
fertility patterns were extensively discussed focusing—among others—on the distinctive contribution
of internal and international migrations to regional fertility rates. Based on these findings, Southern
Italy, an economically disadvantaged, peripheral region in Mediterranean Europe, is taken as a
paradigmatic case of demographic shrinkage—whose causes and consequences can be generalized to
wider contexts in (and outside) Europe.

Keywords: regional disparities; total fertility rate; exploratory time-series approach; Italy

1. Introduction

Like other demographic processes, fertility decline intensified in advanced economies
since the 1970s, with distinctive regional trends [1–9]. In Europe, the ‘first demographic tran-
sition’ has reflected—at least since the late 1960s—a fertility decrease together with (more or
less evident) socioeconomic transformations [10–14]. Later on, the ‘second demographic
transition’ has coincided with more heterogeneous and individualized demographic be-
haviors, leading to non-traditional family forms, cohabitation, marriage and childbearing
postponement, resulting in an even more intense decline of birth rates. The role of exoge-
nous drivers of change (e.g., the evolving labor and housing markets, institutional and
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cultural transformations, strategic developmental policies and local governance) consoli-
dated over time [15–18]. Economic stagnation has been regarded as a powerful cause of
fertility decline [19–21]. This process was rather evident in peripheral Europe, and espe-
cially in Mediterranean countries, since the mid-1970s [12,22–26]. Such trends significantly
differed from those observed in Central Europe—despite the structurally low birth rates
typical of this region—and were also distinct from the high fertility of Western and North-
ern Countries [9,27–31], despite a temporary recovery associated with the 2000s economic
expansion [32–36].

Based on these premises, a refined understanding of long-term population trends in ad-
vanced economies (i.e., encompassing both the first and the second demographic transitions)
is especially meaningful to identify specific fertility trends and the underlying socioeconomic
drivers in wealthy, peripheral countries, e.g., in Southern Europe [16]. Especially in such
contexts, a better investigation of regional fertility contributes to reconcile basic knowledge
from analysis of traditional (macro)indicators and approaches grounded on a refined com-
prehension of socio-demographic mechanisms at the base of individual choices [37–39].
Among Mediterranean countries, Italy is a particularly appropriate example of territorial
divides in birth rates, with high-fertility districts located, for a long time, in Southern
regions [39].

Our study illustrates the results of a time-series analysis exploring a sufficiently long
period (1952–2019) and providing an overview of fertility trends in the Italian regions.
These findings may inform a thorough discussion of mechanisms underlying formation
and consolidation of spatial disparities in fertility, in Italy as well as in other peripheral
countries of Europe [40]. An exploratory investigation of regional fertility is intended to
highlight diversified demographic responses to economic downturns, possibly delineating
the specific contribution of sequential expansion and recession waves. The empirical
results of this investigation may contribute to rethinking long-term demographic trends in
light of spatial complexity and local heterogeneity, outlining—especially with the second
demographic transition—the increased role of individual behaviors toward marriage and
childbearing.

2. Materials and Methods
2.1. Study Area

Displaying comparable population trends with other Southern European countries,
such as Portugal, Spain, or Greece [19,20,32,41], Italy was regarded as a representative case
in Mediterranean Europe of late and spatially heterogeneous fertility changes—in respect
with earlier (and likely less intense) high-to-low fertility transitions typical of Western,
Northern, and Central Europe [5,42,43]. While approaching the lowest fertility in the
early-1990s after prolonged high fertility, a temporary recovery in gross birth rates was
observed in the 2000s [43]. A regional divide in Northern and Southern Italy characterized
regional fertility in the country up to the early 1990s, with the highest rates observed in
economically disadvantaged Southern regions for a relatively long time. Even more intense
within-regions differences in gross birth rates have been recorded in Italy depending on
the local context [44,45].

More specifically, the traditional division into Northern and Southern regions high-
lights the intense territorial disparities characteristic of Italy, similarly to other large Eu-
ropean countries such as Germany, Spain, or the United Kingdom. Since World War II,
the Northern regions in Italy have represented an affluent area, with a consolidated eco-
nomic structure based on industry and advanced services. Industrial (and infrastructural)
development has long been facilitated by the great accessibility of the Po Valley, a central
location with respect to the European countries with which Italy has the most intense
commercial and institutional relations (e.g., France, Germany). For a long, Central Italy
has represented a developed and moderately rich area, with a strong agricultural and
tourism vocation, a widespread industrial structure and concentration of advanced ser-
vices in specific districts, especially in Tuscany and Marche. However, marked disparities
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between urban areas (e.g., Rome and Florence) and rural areas have been observed in this
region [46]. Southern Italy, a peripheral and economically backward area, has benefited
from an intense flow of economic subsidies granted by the development policies of the
European Union. Agricultural specialization, lack of industrial concentration except in
a few poles (e.g., Naples), settlement dispersion and spatially fragmented urbanization
along the sea coast—together with the peripheral position of internal areas, in many cases
still socially backward—make this context similar to the most marginal regions of Southern
Spain and Greece [47–49].

2.2. Demographic Data

Total Fertility Rate (TFR) was adopted in this study as a honest indicator of fertility
spatial patterns and trends over time. TFR represents the average number of children per
woman over a certain year, cumulating the specific fertility quotients calculated divid-
ing, for each fertile age (15–49 years), the number of live births to the (average) female
population at the same year. TFR was derived from vital statistics released annually by
the Italian National Institute of Statistics (ISTAT) covering a time period encompassing
68 years (1952–2019), a sufficiently long time series including significant socioeconomic
dynamics since World War II. TFR was calculated separately for 20 administrative regions,
a geographical domain corresponding with the NUTS-2 level of Eurostat hierarchical clas-
sification of the European space. Administrative regions in Italy (Figure 1) were classified
in three macro-domains: (i) Northern Italy (Aosta Valley, Piedmont, Lombardy, Liguria,
Trentino Alto Adige, Veneto, Friuli Venezia Giulia, and Emilia Romagna), (ii) Central
Italy (Tuscany, Umbria, Marche, and Latium), and (iii) Southern Italy (Abruzzo, Molise,
Campania, Apulia, Basilicata, Calabria, Sicily, and Sardinia).
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macro-partitions (lower left).

2.3. Data Analysis

Our study evaluates TFR time series separately for each of the Italian regions between
1952 and 2019. An integrated, exploratory analysis based on multivariate and time-series
approaches was proposed here to investigate latent patterns in long-term regional fertility
along the post-war Italian development. A refined knowledge of such patterns may reveal
interesting elements for a refined comprehension of present demographic conditions and a
more precise (short-term) prediction of population dynamics, of interest for both socioeco-
nomic disciplines and environmental studies [50]. A hierarchical clustering was carried
out on a data matrix constituted of TFR values at 20 regions (from Aosta Valley to Sardinia)
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and 68 years (from 1952 to 2019). Hierarchical clustering is a multivariate exploratory tech-
nique analyzing complex data matrices [51] and assumes that cases (years) and variables
(administrative regions) contribute to delineate apparent (and latent) patterns in regional
fertility. Based on Euclidean metric and Ward’s agglomeration rule [52], a dendrogram was
constructed illustrating similarities (or differences) in long-term fertility regimes across
administrative regions in Italy [53,54].

An exploratory approach based on a multivariate time-series analysis was run on
regional fertility rates by calculating multiple autocorrelation coefficients by lag (from 1
to 33 over 68 years). Autocorrelation is a statistical technique implemented in time series
analysis with the aim at measuring the degree of correlation of two values in the same data
set at different times [55]. We adopted four autocorrelation coefficients (namely, Bray-Curtis,
Pearson, Spearman, and Morisita metrics) that range between 1 (the highest positive
autocorrelation over time) and −1, representing the highest negative autocorrelation
over time [56]. Being appropriate for analysis of time series with different statistical
characteristics, these metrics allow a joint exploration of data (i) with both normal and non-
normal statistical distribution and (ii) with both linear and non-linear structure over time.
A comparative analysis of these metrics provides an enhanced overview of a given time
series structure, irrespective of the length over time (i.e., the number of observation) and the
intrinsic statistical features of the data [55]. Finally, results’ stability using various metrics
was considered an indirect proof of statistical robustness and conceptual representativeness
of the analysis.

Global and local analysis have been performed respectively considering (i) all regions
together and (ii) each region separately. A Mantel scalogram—a multivariate extension to
autocorrelation quantifying similarity (or distance) between the multivariate time series
and a time-lagged copy, for different lags [57]—was carried out at both analysis’ levels.
The scalogram plots similarities between all pairs of points along with the time series,
with the apex representing the degree of similarity between the first and last point and the
base illustrating similarities between pairs of consecutive time points [58]. The global anal-
ysis was complemented with the Mantel periodogram representing a power spectrum of
the multivariate time series [59]. This spectrum was derived from the Mantel correlogram,
assessing the temporal structure of the TFR series (i.e., estimating the relative frequency of
recurrent fertility levels at varying lags).

The exploratory approach was complemented with results of a Continuous Wavelet
Transform (CWT) adopting a Morlet function and running on the complete TFR time series
separately for each Italian region [56]. The CWT is a procedure exploring latent structures
of data sets at small, intermediate and large scales simultaneously, with the final objective
at identifying (i) data periodicities at multiple wavelengths, (ii) self-similarity and (iii)
other (intrinsic) features of the studied time series [59]. CWT provides a graphical outcome
called biplot, with the vertical axis (logarithmic size scale) representing the signal recorded
at a scale of only two consecutive data points at the bottom, and a scale of one-fourth of the
whole sequence at the top [58]. CWT algorithm is based on fast convolution of the signal
with the wavelet at different time scales, using the fast Fourier transform. Assuming that
one unit on this axis corresponds to a doubling of the size scale, the bottom of the CWT
biplot provides a fine-grained representation of short-term time trends, and the top depicts
a smoothed overview of trends at broader time scales. Taken together, results of temporal
autocorrelation analysis, Mantel scalograms and Continuous Wavelet Transform, give fur-
ther insight in the intrinsic complexity of fertility transitions in Italy. Regional specificities
are discussed in line with literature information on the socioeconomic development path
characteristic of each spatial domain.

3. Results

Between 1952 and 2019, fertility in Italy decreased from 2.4 to 1.3 children per woman
(Supplementary Materials, Table S1). A continuous increase was observed between 1952
and 1964–1965 (from 2.4 to 2.7 children per woman), preceding an intense decrease between
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1965 and 1998 (from 2.65 to 1.18 children per woman). A temporary fertility recovery was
observed between 1999 and 2010 (ranging from 1.19 to 1.42 children per woman), and a
new decline manifested between 2011 and 2019 (shifting from 1.40 to 1.29 children per
woman). Changes over time in the North-South fertility gap were reported in Table 1 and
summarized in Figure 2.

Table 1. Total Fertility Rate in the Italian Regions at selected years between 1952 and 2019.

Region 1952 1960 1970 1980 1990 2000 2010 2019

Piedmont 1.49 1.65 2.09 1.34 1.10 1.17 1.44 1.30
Valle d’Aosta 1.82 1.73 2.21 1.37 1.18 1.28 1.63 1.31

Liguria 1.39 1.56 1.88 1.11 1.01 1.03 1.37 1.21
Lombardy 1.90 1.98 2.15 1.40 1.15 1.21 1.57 1.36

Trentino-Alto Adige 2.52 2.67 2.55 1.67 1.40 1.46 1.65 1.57
Veneto 2.37 2.43 2.39 1.45 1.16 1.22 1.50 1.32

Friuli-Venezia Giulia 1.75 1.91 2.03 1.25 1.03 1.10 1.40 1.23
Emilia-Romagna 1.69 1.79 1.96 1.18 1.01 1.17 1.54 1.35

Tuscany 1.64 1.79 1.95 1.32 1.08 1.12 1.42 1.25
Umbria 1.85 1.96 1.92 1.49 1.17 1.17 1.42 1.23
Marche 2.01 2.03 2.11 1.52 1.23 1.18 1.42 1.20
Latium 2.21 2.25 2.35 1.59 1.28 1.20 1.46 1.27

Abruzzo 2.46 2.35 2.35 1.74 1.39 1.16 1.37 1.18
Molise 2.46 2.35 2.41 1.82 1.42 1.15 1.24 1.15

Campania 3.18 3.27 3.20 2.34 1.81 1.48 1.45 1.31
Apulia 3.38 3.26 3.03 2.24 1.65 1.35 1.35 1.22

Basilicata 3.49 3.19 2.91 2.04 1.66 1.25 1.20 1.15
Calabria 3.39 3.46 2.99 2.25 1.74 1.26 1.32 1.26

Sicily 2.96 3.15 2.90 2.22 1.85 1.41 1.44 1.32
Sardinia 3.80 3.45 2.92 1.99 1.37 1.06 1.19 1.03
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Figure 2. Total fertility rate between 1952 and 2019 in three macro-regions (North, Centre, South)
of Italy.

Fertility levels in Southern Italy (especially in Campania, Apulia and Sicily) were
rather stable between the 1950s and the 1960s, decreasing during the 1970s. Mild and
relatively more stable birth rates were observed in Sardinia, Calabria, and Basilicata.
While being classified as peripheral regions in Italy, Abruzzo and Molise were in some ways
more similar to Central Italian regions such as Latium, Umbria or Marche. Fertility levels in
more dynamic regions were less marked and the decline was less intense over time during
the first demographic transition, between the 1970s and the 1990s. Interestingly, fertility
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recovery in the 2000s was more intense than in Southern regions. A particularly accelerated
recovery was observed in correspondence with less peripheral, advanced regions such
as Lombardy, Veneto, Emilia Romagna, Trentino Alto Adige and, in part, Tuscany and
Piedmont. High-fertility regions such as Campania (Southern Italy), showed the reverse
pattern, demonstrating the most rapid response of dynamic and central areas to the intrinsic
changes typical of the second demographic transition. Such dynamics progressively
reduced the fertility gap between Northern and Southern Italy (1.5 children per woman
more in Southern Italy during the 1950s), being substantially neutral at the beginning
of the 2000s. Ten years later (2010), fertility rates were higher in Northern Italy than in
Southern Italy for the first time in the modern history (Figure 2). A hierarchical clustering
run on long-term TFRs with Euclidean distances and Ward agglomeration rule indicates a
traditional division of Italy in dynamic and disadvantaged regions (Figure 3), reflecting the
North-South gradient. Similarities in long-term fertility trends were particularly evident
for Northern and Central Italy; Southern regions clustered together.

Data 2021, 6, 19 6 of 14 
 

 

being classified as peripheral regions in Italy, Abruzzo and Molise were in some ways 
more similar to Central Italian regions such as Latium, Umbria or Marche. Fertility levels 
in more dynamic regions were less marked and the decline was less intense over time 
during the first demographic transition, between the 1970s and the 1990s. Interestingly, 
fertility recovery in the 2000s was more intense than in Southern regions. A particularly 
accelerated recovery was observed in correspondence with less peripheral, advanced re-
gions such as Lombardy, Veneto, Emilia Romagna, Trentino Alto Adige and, in part, Tus-
cany and Piedmont. High-fertility regions such as Campania (Southern Italy), showed the 
reverse pattern, demonstrating the most rapid response of dynamic and central areas to 
the intrinsic changes typical of the second demographic transition. Such dynamics pro-
gressively reduced the fertility gap between Northern and Southern Italy (1.5 children per 
woman more in Southern Italy during the 1950s), being substantially neutral at the begin-
ning of the 2000s. Ten years later (2010), fertility rates were higher in Northern Italy than 
in Southern Italy for the first time in the modern history (Figure 2). A hierarchical cluster-
ing run on long-term TFRs with Euclidean distances and Ward agglomeration rule indi-
cates a traditional division of Italy in dynamic and disadvantaged regions (Figure 3), re-
flecting the North-South gradient. Similarities in long-term fertility trends were particu-
larly evident for Northern and Central Italy; Southern regions clustered together. 

 
Figure 3. A dendrogram of hierarchical cluster analysis (Euclidean distances, Ward’s agglomeration rule) representing 
similarities and differences of regional fertility rates in Italy, 1952–2019. 

An exploratory time series analysis of regional fertility in Italy showed simplified 
latent structures at the global scale. Partial auto-correlation coefficients over time for TFRs 
were positive and significant only at lag 1 for all regions in Italy (with values ranging 
between 0.95 and 0.99). This result suggests a linear, short-term dependence structure over 
the whole time series. Considering together all regional time-series based on a multivari-
ate approach, results of four different metrics (Bray-Curtis, Pearson, Spearman, Morisita) 
outline a progressive decline of temporal autocorrelation with increasing lags. Mantel per-
iodogram confirms the importance of lag-1 autocorrelation structure in regional fertility 
time-series. The scalogram plot finally delineates the polarization between (i) short-term 
fertility regimes, reflecting a rather simplified and linear autocorrelation structure, and 
(ii) long-term trends showing a regime shift toward a more complex structure with 
smaller similarities (Figure 4). 

Figure 3. A dendrogram of hierarchical cluster analysis (Euclidean distances, Ward’s agglomeration rule) representing
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An exploratory time series analysis of regional fertility in Italy showed simplified
latent structures at the global scale. Partial auto-correlation coefficients over time for TFRs
were positive and significant only at lag 1 for all regions in Italy (with values ranging
between 0.95 and 0.99). This result suggests a linear, short-term dependence structure over
the whole time series. Considering together all regional time-series based on a multivariate
approach, results of four different metrics (Bray-Curtis, Pearson, Spearman, Morisita)
outline a progressive decline of temporal autocorrelation with increasing lags. Mantel
periodogram confirms the importance of lag-1 autocorrelation structure in regional fertility
time-series. The scalogram plot finally delineates the polarization between (i) short-term
fertility regimes, reflecting a rather simplified and linear autocorrelation structure, and (ii)
long-term trends showing a regime shift toward a more complex structure with smaller
similarities (Figure 4).
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A time-series analysis was run separately for each Italian region (Figure 5) evidencing
a substantial similarity in the regional TFR across the country, although the scalogram was
highly comparable only for Southern Italian regions. Mantel’s scalogram based on similar-
ity coefficients showed a characteristic structure of long-term birth rates. This structure
was demonstrated to ‘loose memory’ more rapidly in Southern Italian regions (Campa-
nia, Apulia, Basilicata), in turn displaying a more intense shift from high-to-low fertility.
Long-term fertility trends in Northern Italy demonstrated to ‘loose memory’ less rapidly,
indicating a more balanced transition from high fertility to low fertility. However, Mantel’s
scalogram in both contexts outlined the intrinsic similarity of demographic behaviors at
the beginning (1950s and 1960s) and the end (2000s and 2010s) of the time series, in turn
classifying the intermediate decades (1970s, 1980s, 1990s) as a transitional period.

Empirical results of a Wavelet analysis were presented in Figure 6 using biplots
that report spectrums illustrating short-term and long-term fertility trends respectively
at the bottom and the upper part of each plot. The lowest part of the Continuous Wave-
length Transform (CWT) biplot indicates a (more or less intense) fertility decline in Italy
with a rather stable structure reflecting the inherent transition from high to low fertility.
Two homogeneous transitional patterns have been observed in regions of Northern and
Central Italy, around time 16 and 48 (corresponding with the mid-late 1960s and late 2000s).
Less similar dynamics were evident in Southern Italy: two particularly intense transitions
were observed in Campania, with a similar timing of that found in Northern/Central
Italy. A more complex transitional pattern was recorded in Abruzzo, Molise and Apulia.
Sardinian and, in part, Calabria fertility displayed less intense transitions. Multiple shifts
at various wavelengths were recorded in Sicily and Abruzzo, documenting how fertility
transitions were less balanced over time in peripheral regions likely as a result of abrupt
population changes all over the study period (e.g., internal migration toward the north,
international emigration toward Americas and more advanced economies in Europe).
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4. Discussion

Economic downturns, urbanization, internal and international migration, changes
in individual attitudes towards family social institution (e.g., marriage and childbearing
postponement), were (more or less relevant) socioeconomic dimensions affecting regional
fertility levels [21,24,60]. These dimensions have influenced long-term demographic dy-
namics anticipating, at least in some cases, short-term fertility patterns [26,35,43]. Results
of our work delineate, likely better than other—more traditional—approaches, a fertil-
ity trend typical of the late stages of the first demographic transition (fertility decline in
both Northern and Southern Italy, possibly with high between-region differences and a
relatively low within-region heterogeneity). A less intense fertility decline, and a low
between-region heterogeneity in reproductive behaviors, were characteristic of the early
phase of the second demographic transition [16,52,61]. This new pattern, however, was not
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associated with homogeneous fertility levels at the local scale, varying with the socioeco-
nomic context [62–64]. As a matter of fact, the new regime seems to reflect more individual
(demographic) behaviors, in parallel with a moderate decline in the role of traditional
(e.g., economic) factors of population change [24,65–67].

Considering time intervals long enough to represent different components of an
economic cycle impacting fertility trends and shaping population structures at large, a com-
parative analysis of changes in regional fertility regimes provides relevant knowledge
to a refined understanding of the intrinsic linkage between demographic dynamics and
socioeconomic contexts [18,68,69]. Assuming expansions and recessions as important
factors influencing individual decisions towards marriage (and childbearing) postpone-
ment [10,70–72], our study compared fertility trends over more than 60 years of the recent
demographic history in Italy, considering separately 20 administrative regions that reflect
a developmental gradient from advanced northern contexts to peripheral and disadvan-
taged areas in Southern Italy [73]. The exploratory, multivariate time-series approach
adopted here contributes to identifying significant changes in regional fertility, confirming
the relevance of integrated exploratory and predictive techniques to identification and
comprehension of complex demographic transitions [35,70,74].

For decades, the demographic gap between Southern and Northern regions has repre-
sented one of the most relevant dimensions of the territorial gap in Italy. Until the 1980s,
the low fertility of the northern regions was associated with an intense level of economic
development, similar to that recorded in other regions of Western and Central Europe.
Peripheral regions in Southern Italy have represented the permanence of traditional family
models associated with the pervasiveness of the Catholic religion, superior marital stability,
the role of housewives, the perfect division of labor and childcare tasks between men and
women [75,76]. In a peripheral, secular society closed to innovation, characterized by a
young population age structure, as well as high emigration and negligible immigration,
a high-fertility regime maintained for a long time [38]. However, this regime did not resist
the stimuli of social modernization inherent in the last phase of the first demographic
transition [19,32,41]. In fact, fertility levels in the 1980s fell more rapidly in Southern
Italy than in the rest of the country, showing the progressive spread of more innovative
social practices and family models [5,26,42]. The second transition, albeit oriented towards
greater heterogeneity and individualism in reproductive behaviors, offered an opportunity
to recover fertility levels in Southern Italy through e.g., the contribution of immigration [72].
It has been demonstrated widely that since the early 1990s, in parallel with the slowdown
of both internal migrations and emigration to the Americas and Northern Europe, interna-
tional migration has played a basic role in population dynamics of marginal regions in the
Mediterranean [77].

The higher birth rate characteristic of immigrant families significantly contributed
to the demographic recovery of the 2000s. However, the peripheral location of Southern
Italy, a progressive decoupling from the economic dynamics of Northern Italy, a substantial
social retreat, an economic base still traditional and backward, also in terms of infrastruc-
tures, together with a cogent marginalization in north-south relations at the European level,
have led to population shrinkage. Despite the impact of economic subsidies for local de-
velopment in the target regions, the progressive reduction of foreign immigrants, moving
to central and dynamic regions, in Italy as in the European Union, fueled population
ageing. This has caused internal migrations of the foreign population towards Northern
Italy, attracted by greater job opportunities and better conditions of life, e.g., through the
reunification of pre-existing families. These dynamics, in the last twenty years, have in-
verted the traditional fertility gap between Southern and Northern Italy, consolidating a
sort of ‘demographic marginality’ of the South [78,79]. While these dynamics confirm the
role of economic performances and geographical centrality in regional demography [20],
they also indicate how a substantial rethinking of territorial gaps is necessary for economic
development policies, which should impact ‘demographic dividends’ more effectively [80],
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trying to reverse the downward spiral toward population shrinkage, which is threatening
the most peripheral regions of Mediterranean Europe.

5. Conclusions

Like other exploratory statistical techniques, our study showed the potential of mul-
tivariate time series analysis for regional demography. This analysis has highlighted the
(latent) temporal structure of regional fertility rates in Italy, outlining the main shifts typical
of the later stages of the first demographic transition and the greater volatility associated
with the second demographic transition. With this perspective in mind, the recovery of
gross birth rates in the 2000s is re-interpreted as a distinctive regional process of change,
confirming the importance of spatial analysis in demographic transitions. The traditional
gap in fertility levels between northern and southern regions represents a characteristic
element of the Italian demographic system, which faithfully reflects the wider regional
disparities in economic development, similarly with what has been observed in other
European countries—Spain and the United Kingdom, among others. With the second
demographic transition, the inversion of fertility levels between Northern and Southern
Italy delineated a new course of population dynamics in the Northern Mediterranean arc.
A progressive, further marginalization of peripheral regions and a modest strengthening of
central regions (better connected with the economic dynamics typical of the most advanced
European countries), were observed. As demonstrated in this work, fertility dynamics
remain a key dimension of territorial divides and represent, better than other indicators,
the complex socio-demographic evolution of wealthier economies.

In this sense, future studies on territorial disparities in Europe from an eminently
demographic perspective should integrate exploratory multivariate techniques and infer-
ential approaches based on hypothesis testing. Such studies could also perform a spatially
explicit analysis of the relationship between fertility levels and socioeconomic contexts.
However, substantial lacks in relevant social and economic time series at such geographical
scales should be overcome, especially for the earlier decades of study (e.g., 1950s and
1960s at least). A more appropriate analysis in this direction could be run on disaggregated
spatial domains (e.g., provinces, homogeneous local districts, municipalities), but the actual
lack in sufficiently long time series prevents historically sound investigations. Official
statistics in Europe should consider the importance of spatially detailed, long time series in
economic modeling and social analysis.
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14. Bavel, J.V.; Różańska-Putek, J. Second Birth Rates across Europe: Interactions between Women’s Level of Education and Child

Care Enrolment. Vienna Yearb Popul Res. 2010, 8, 107–138. [CrossRef]
15. Adserà, A. Changing Fertility Rates in Developed Countries. The Impact of Labor Market Institutions. J. Popul. Econ. 2004, 17,

17–43. [CrossRef]
16. Billari, F.C. Integrating Macro- and Micro-Level Approaches in the Explanation of Population Change. Popul. Stud. 2015, 69,

S11–S20. [CrossRef] [PubMed]
17. Kreyenfeld, M.; Andersson, G.; Pailhé, A. Economic Uncertainty and Family Dynamics in Europe: Introduction. Demogr. Res.

2012, S12, 835–852. [CrossRef]
18. Goldstein, J.; Kreyenfeld, M.; Jasilioniene, A.; Karaman Örsal, D.D. Fertility Reactions to the “Great Recession” in Europe: Recent

Evidence from Order-Specific Data. Demogr. Res. 2013, 29, 85–104. [CrossRef]
19. Kotzamanis, B.; Baltas, P.; Kostaki, A. The Trend of Period Fertility in Greece and Its Changes during the Current Economic

Recession. Popul. Rev. 2017, 56, 30–48. [CrossRef]
20. Sabater, A.; Graham, E. International Migration and Fertility Variation in Spain during the Economic Recession: A Spatial Durbin

Approach. Appl. Spatial Analysis 2019, 12, 515–546. [CrossRef]
21. Cazzola, A.; Pasquini, L.; Angeli, A. The Relationship between Unemployment and Fertility in Italy: A Time-Series Analysis.

Demogr. Res. 2016, 34, 1–38. [CrossRef]
22. Yoo, S.H. Postponement and Recuperation in Cohort Marriage: The Experience of South Korea. Demogr. Res. 2016, 35, 1045–1078.

[CrossRef]
23. Fiori, F.; Graham, E.; Rinesi, F. Economic Reasons for Not Wanting a Second Child: Changes before and after the Onset of the

Economic Recession in Italy. Demogr. Res. 2018, 38, 843–854. [CrossRef]
24. Franklin, R.; Plane, D.A. A Shift-Share Method for the Analysis of Regional Fertility Change: An Application to the Decline in

Childbearing in Italy, 1952–1991. Geogr. Anal. 2004, 36, 1–20. [CrossRef]
25. González, S. The North/South Divide in Italy and England: Discursive Construction of Regional Inequality. Eur. Urban Reg. Stud.

2011, 18, 62–76. [CrossRef]
26. Kertzer, D.I.; White, M.J.; Bernardi, L.; Gabrielli, G. Italy’s Path to Very Low Fertility: The Adequacy of Economic and Second

Demographic Transition Theories. Eur. J. Popul. 2009, 25, 89–115. [CrossRef] [PubMed]
27. Kalmijn, M. Explaining Cross-National Differences in Marriage, Cohabitation, and Divorce in Europe, 1990–2000. Popul. Stud.

2007, 61, 243–263. [CrossRef] [PubMed]
28. Neels, K.; De Wachter, D. Postponement and Recuperation of Belgian Fertility: How Are They Related to Rising Female

Educational Attainment? Vienna Yearb Popul Res. 2010, 8, 77–106. [CrossRef]
29. Van Bavel, J.; Reher, D.S. The Baby Boom and Its Causes: What We Know and What We Need to Know. Popul. Dev. Rev. 2013, 39,

257–288. [CrossRef]
30. Guetto, R.; Azzolini, D. An Empirical Study of Status Exchange through Migrant/Native Marriages in Italy. J. Ethn. Migr. Stud.

2015, 41, 2149–2172. [CrossRef]
31. Rosina, A.; Fraboni, R. Is Marriage Losing Its Centrality in Italy? Demogr. Res. 2004, 11, 149–172. [CrossRef]
32. Rontos, K. Prospects for a New Family Formation and for Its Impact on Fertility: Some Research Evidences from Greece. Stat. Rev.

2007, 3, 49–67.

http://doi.org/10.4054/DemRes.2017.36.60
http://doi.org/10.4054/DemRes.2018.38.60
http://www.ncbi.nlm.nih.gov/pubmed/31942164
http://doi.org/10.1111/j.1728-4457.2009.00304.x
http://doi.org/10.1146/annurev.soc.31.041304.122220
http://www.ncbi.nlm.nih.gov/pubmed/20376287
http://doi.org/10.1007/s10144-017-0597-y
http://doi.org/10.4054/DemRes.2018.38.25
http://doi.org/10.1002/psp.2088
http://doi.org/10.1002/psp.1936
http://doi.org/10.1146/annurev-soc-060116-053442
http://www.ncbi.nlm.nih.gov/pubmed/28798523
http://doi.org/10.1080/0032472032000137835
http://www.ncbi.nlm.nih.gov/pubmed/14602532
http://doi.org/10.2307/2137845
http://doi.org/10.1553/populationyearbook2010s107
http://doi.org/10.1007/s00148-003-0166-x
http://doi.org/10.1080/00324728.2015.1009712
http://www.ncbi.nlm.nih.gov/pubmed/25912913
http://doi.org/10.4054/DemRes.2012.27.28
http://doi.org/10.4054/DemRes.2013.29.4
http://doi.org/10.1353/prv.2017.0006
http://doi.org/10.1007/s12061-018-9255-9
http://doi.org/10.4054/DemRes.2016.34.1
http://doi.org/10.4054/DemRes.2016.35.35
http://doi.org/10.4054/DemRes.2018.38.30
http://doi.org/10.1111/j.1538-4632.2004.tb01120.x
http://doi.org/10.1177/0969776410369044
http://doi.org/10.1007/s10680-008-9159-5
http://www.ncbi.nlm.nih.gov/pubmed/19816540
http://doi.org/10.1080/00324720701571806
http://www.ncbi.nlm.nih.gov/pubmed/17979001
http://doi.org/10.1553/populationyearbook2010s77
http://doi.org/10.1111/j.1728-4457.2013.00591.x
http://doi.org/10.1080/1369183X.2015.1037725
http://doi.org/10.4054/DemRes.2004.11.6


Data 2021, 6, 19 13 of 14

33. Sobotka, T. Post-transitional fertility: The role of childbearing postponement in fuelling the shift to low and unsustainable fertility
levels. J. Biosoc. Sci. 2017, 49, S20–S45. [CrossRef] [PubMed]

34. Oppermann, A. Educational Field and Fertility in Western Germany: An Analysis of Women Born between 1955 and 1959.
Vienna Yearb Popul Res. 2017, 15, 239–267. [CrossRef]

35. Caltabiano, M.; Castiglioni, M.; Rosina, A. Lowest-Low Fertility: Signs of a Recovery in Italy? Demogr. Res. 2009, 21, 681–718.
[CrossRef]

36. Sobotka, T.; Skirbekk, V.; Philipov, D. Economic Recession and Fertility in the Developed World. Popul. Dev. Rev. 2011, 37, 267–306.
[CrossRef] [PubMed]

37. Bayona-i-Carrasco, J.; Gil-Alonso, F.; Rubiales-Pérez, M.; Pujadas-Rúbies, I. New Spatial Mobility Patterns in Large Spanish Cities:
From the Economic Boom to the Great Recession. Appl. Spatial Analysis 2018, 11, 287–312. [CrossRef]

38. Salvati, L. The Dark Side of the Crisis: Disparities in per Capita Income (2000–12) and the Urban-Rural Gradient in Greece.
Tijdschr. Econ. Soc. Geogr. 2016, 107, 628–641. [CrossRef]

39. Caltabiano, M. Has the Fertility Decline Come to an End in the Different Regions of Italy? New Insights from a Cohort Approach.
Population 2008, 63, 157–171. [CrossRef]

40. Zambon, I.; Benedetti, A.; Ferrara, C.; Salvati, L. Soil Matters? A Multivariate Analysis of Socioeconomic Constraints to Urban
Expansion in Mediterranean Europe. Ecol Econ. 2018, 146, 173–183. [CrossRef]

41. Arpino, B.; Tavares, L.P. Fertility and Values in Italy and Spain: A Look at Regional Differences within the European Context; Social Science
Research Network: Rochester, NY, USA, 2013; pp. 34–43.

42. Sobotka, T. Is Lowest-Low Fertility in Europe Explained by the Postponement of Childbearing? Popul. Dev. Rev. 2004, 30, 195–220.
[CrossRef]

43. Vitali, A.; Billari, F.C. Changing Determinants of Low Fertility and Diffusion: A Spatial Analysis for Italy. Popul. Space Place 2017,
23, e1998. [CrossRef]

44. Billari, F.C.; Kohler, H.-P. Patterns of Low and Lowest-Low Fertility in Europe. Popul. Stud. 2004, 58, 161–176. [CrossRef]
45. Felice, E. Regional Development: Reviewing the Italian Mosaic. J. Mod. Ital. Stud. 2010, 15, 64–80. [CrossRef]
46. Salvati, L. Population Growth and the Economic Crisis: Understanding Latent Patterns of Change in Greece, 2002–2016. Lett. Spat.

Resour. Sci. 2018, 11, 105–126. [CrossRef]
47. Salvati, L.; Zitti, M.; Perini, L. Fifty years on: Long-term patterns of land sensitivity to desertification in Italy. Land Degrad. Dev.

2016, 27, 97–107. [CrossRef]
48. Recanatesi, F.; Clemente, M.; Grigoriadis, E.; Ranalli, F.; Zitti, M.; Salvati, L. A fifty-year sustainability assessment of Italian

agro-forest districts. Sustainability 2016, 8, 32. [CrossRef]
49. Delfanti, L.; Colantoni, A.; Recanatesi, F.; Bencardino, M.; Sateriano, A.; Zambon, I.; Salvati, L. Solar plants, environmental

degradation and local socioeconomic contexts: A case study in a Mediterranean country. Environ. Impact Assess. Rev. 2016, 61,
88–93. [CrossRef]

50. Salvati, L.; Ciommi, M.T.; Serra, P.; Chelli, F.M. Exploring the Spatial Structure of Housing Prices under Economic Expansion and
Stagnation: The Role of Socio-Demographic Factors in Metropolitan Rome, Italy. Land Use Policy 2019, 81, 143–152. [CrossRef]

51. Salvati, L.; Serra, P. Estimating Rapidity of Change in Complex Urban Systems: A Multidimensional, Local-Scale Approach.
Geogr. Anal. 2016, 48, 132–156. [CrossRef]

52. Incerti, G.; Feoli, E.; Salvati, L.; Brunetti, A.; Giovacchini, A. Analysis of Bioclimatic Time Series and Their Neural Network-Based
Classification to Characterise Drought Risk Patterns in South Italy. Int. J. Biometeorol. 2007, 51, 253–263. [CrossRef]

53. Serra, P.; Vera, A.; Tulla, A.F.; Salvati, L. Beyond Urban–Rural Dichotomy: Exploring Socioeconomic and Land-Use Processes of
Change in Spain (1991–2011). Appl. Geogr. 2014, 55, 71–81. [CrossRef]

54. Giannakis, E.; Bruggeman, A. Economic Crisis and Regional Resilience: Evidence from Greece. Pap. Reg. Sci. 2017, 96, 451–476.
[CrossRef]

55. Christensen, R. Linear Models for Multivariate, Time Series, and Spatial data; Springer Science & Business Media: Berlin, Germany,
1991; p. 168.

56. Reinsel, G.C. Elements of Multivariate Time Series Analysis; Springer Science & Business Media: Berlin, Germany, 2003; p. 334.
57. Tsay, R.S. Multivariate Time Series Analysis: With R and Financial Applications; Wiley: London, UK, 2013; p. 216.
58. Wei, W.W. Multivariate Time Series Analysis and Applications; Wiley: London, UK, 2018; p. 252.
59. Zhang, Z.; Zhang, K.; Khelifi, A. Multivariate Time Series Analysis in Climate and Environmental Research; Springer: Berlin, Germany,

2018; p. 188.
60. Rosti, L.; Chelli, F. Self-employment among Italian Female Graduates. Educ. Train. 2009, 51, 526–540. [CrossRef]
61. Rosti, L.; Chelli, F. Higher Education in Non-standard Wage Contracts. Educ. Train. 2012, 54, 142–151. [CrossRef]
62. Chelli, F.; Rosti, L. Age and Gender Differences in Italian Workers’ Mobility. Int. J. Manpow. 2002, 23, 313–325. [CrossRef]
63. Perez, M.D.; Livi-Bacci, M. Fertility in Italy and Spain: The Lowest in the World. Int. Fam. Plan. Perspect. 1992, 24, 162–171.

[CrossRef]
64. Gabrielli, G.; Paterno, A.; White, M. The Impact of Origin Region and Internal Migration on Italian Fertility. Demogr. Res. 2007, S6,

705–740. [CrossRef]
65. Chelli, F.; Gigliarano, C.; Mattioli, E. The Impact of Inflation on Heterogeneous Groups of Households: An Application to Italy.

Econ. Bull. 2009, 29, 1276–1295.

http://doi.org/10.1017/S0021932017000323
http://www.ncbi.nlm.nih.gov/pubmed/29160188
http://doi.org/10.1553/populationyearbook2017s239
http://doi.org/10.4054/DemRes.2009.21.23
http://doi.org/10.1111/j.1728-4457.2011.00411.x
http://www.ncbi.nlm.nih.gov/pubmed/22066128
http://doi.org/10.1007/s12061-017-9222-x
http://doi.org/10.1111/tesg.12203
http://doi.org/10.3917/pope.801.0157
http://doi.org/10.1016/j.ecolecon.2017.10.015
http://doi.org/10.1111/j.1728-4457.2004.010_1.x
http://doi.org/10.1002/psp.1998
http://doi.org/10.1080/0032472042000213695
http://doi.org/10.1080/13545710903465556
http://doi.org/10.1007/s12076-018-0204-7
http://doi.org/10.1002/ldr.2226
http://doi.org/10.3390/su8010032
http://doi.org/10.1016/j.eiar.2016.07.003
http://doi.org/10.1016/j.landusepol.2018.10.030
http://doi.org/10.1111/gean.12093
http://doi.org/10.1007/s00484-006-0071-6
http://doi.org/10.1016/j.apgeog.2014.09.005
http://doi.org/10.1111/pirs.12206
http://doi.org/10.1108/00400910910992736
http://doi.org/10.1108/00400911211210251
http://doi.org/10.1108/01437720210439656
http://doi.org/10.2307/2136019
http://doi.org/10.4054/DemRes.2007.17.24


Data 2021, 6, 19 14 of 14

66. Waldorf, B.; Franklin, R. Spatial Dimensions of the Easterlin Hypothesis: Fertility Variations in Italy. J. Reg. Sci. 2002, 42, 549–578.
[CrossRef]

67. Sobotka, T. Tempo-Quantum and Period-Cohort Interplay in Fertility Changes in Europe: Evidence from the Czech Republic,
Italy, the Netherlands and Sweden. Demogr. Res. 2003, 8, 151–214. [CrossRef]

68. Rosti, L.; Yamaguchi, C.; Castagnetti, C. Educational Performance as Signalling Device: Evidence from Italy. Econ. Bull. 2005,
9, 1–7.

69. Johnson, K.M.; Voss, P.R.; Hammer, R.B.; Fuguitt, G.V.; Mcniven, S. Temporal and Spatial Variation in Age-Specific Net Migration
in the United States. Demography 2005, 42, 791–812. [CrossRef] [PubMed]

70. Chelli, F.M.; Ciommi, M.; Emili, A.; Gigliarano, C.; Taralli, S. Assessing the Equitable and Sustainable Well-Being of the Italian
Provinces. Int. J. Unc. Fuzz. Knowl. Based Syst. 2016, 24, 39–62. [CrossRef]

71. Watkins, S.C. From Local to National Communities: The Transformation of Demographic Regimes in Western Europe, 1870–1960.
Popul. Dev. Rev. 1990, 16, 241–272. [CrossRef]

72. Rontos, K. Demographic Trends, Young People’s Attitudes towards Marriage and Socio-Economic Changes Related to Family
Formation in Greece and in the European Union: A Comparative Analysis Based on Official and Survey Research Data. Int. J.
Econ. Bus. Adm. 2015, III, 11–33. [CrossRef]

73. Lesthaeghe, R.; Neels, K. From the First to the Second Demographic Transition: An Interpretation of the Spatial Continuity of
Demographic Innovation in France, Belgium and Switzerland. Eur. J. Popul. 2002, 18, 325–360. [CrossRef]

74. Gigliarano, C.; Chelli, F.M. Measuring Inter-Temporal Intragenerational Mobility: An Application to the Italian Labour Market.
Qual. Quant. 2016, 50, 89–102. [CrossRef]

75. Ciommi, M.; Gigliarano, C.; Emili, A.; Taralli, S.; Chelli, F.M. A New Class of Composite Indicators for Measuring Well-Being at
the Local Level: An Application to the Equitable and Sustainable Well-Being (BES) of the Italian Provinces. Ecol. Indic. 2017, 76,
281–296. [CrossRef]

76. Ciommi, M.; Gentili, A.; Ermini, B.; Gigliarano, C.; Chelli, F.M.; Gallegati, M. Have Your Cake and Eat It Too: The Well-Being of
the Italians (1861–2011). Soc. Indic. Res. 2017, 134, 473–509. [CrossRef]

77. Gavalas, V.S.; Rontos, K.; Salvati, L. Who Becomes an Unwed Mother in Greece? Sociodemographic and Geographical Aspects of
an Emerging Phenomenon. Popul. Space Place 2014, 20, 250–263. [CrossRef]

78. Di Feliciantonio, C.; Salvati, L. ‘Southern’ Alternatives of Urban Diffusion: Investigating Settlement Characteristics and Socio-
Economic Patterns in Three Mediterranean Regions. Tijdschr. Econ. Soc. Geogr. 2015, 106, 453–470. [CrossRef]

79. Strozza, S.; Benassi, F.; Ferrara, R.; Gallo, G. Recent Demographic Trends in the Major Italian Urban Agglomerations: The Role of
Foreigners. Spat. Demogr. 2016, 4, 39–70. [CrossRef]

80. Benassi, F.; Lipizzi, F.; Strozza, S. Detecting Foreigners’ Spatial Residential Patterns in Urban Contexts: Two Tales from Italy.
Appl. Spatial Analysis Pol. 2019, 12, 301–319. [CrossRef]

http://doi.org/10.1111/1467-9787.00272
http://doi.org/10.4054/DemRes.2003.8.6
http://doi.org/10.1353/dem.2005.0033
http://www.ncbi.nlm.nih.gov/pubmed/16463922
http://doi.org/10.1142/S0218488516400031
http://doi.org/10.2307/1971590
http://doi.org/10.35808/ijeba/82
http://doi.org/10.1023/A:1021125800070
http://doi.org/10.1007/s11135-014-0138-0
http://doi.org/10.1016/j.ecolind.2016.12.050
http://doi.org/10.1007/s11205-016-1450-y
http://doi.org/10.1002/psp.1761
http://doi.org/10.1111/tesg.12102
http://doi.org/10.1007/s40980-015-0012-2
http://doi.org/10.1007/s12061-017-9243-5

	Introduction 
	Materials and Methods 
	Study Area 
	Demographic Data 
	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

