
 
 

 

 
Data 2021, 6, 19. https://doi.org/10.3390/data6020019 www.mdpi.com/journal/data 

Article 

High-to-Low (Regional) Fertility Transitions in a Peripheral  
European Country: The Contribution of Exploratory Time  
Series Analysis 
Jesus Rodrigo-Comino 1,2, Gianluca Egidi 3, Luca Salvati 4,*, Giovanni Quaranta 5, Rosanna Salvia 5 and  
Antonio Gimenez-Morera 6 

1 Department of Physical Geography, University of Trier, 54296 Trier, Germany; jesus.rodrigo@uv.es 
2 Soil Erosion and Degradation Research Group, Department of Geography, Valencia University,  

Blasco Ibàñez, 28, 46010 Valencia, Spain 
3 Department of Agricultural and Forestry Sciences (DAFNE), Tuscia University, Via San Camillo de Lellis,  

I-01100 Viterbo, Italy; egidi.gianluca@unitus.it 
4 Department of Economics and Law, University of Macerata, Via Armaroli 43, I-62100 Macerata, Italy 
5 Department of Mathematics, Computer Science and Economics, University of Basilicata, Viale dell’Ateneo 

Lucano, I-85100 Potenza, Italy; giovanni.quaranta@unibas.it (G.Q.); rosanna.salvia@unibas.it (R.S.) 
6 Departamento de Economia y Ciencias Sociales, Universitat Politècnica de València, Cami de Vera S/N,  

ES-46022 València, Spain; angimo1@doctor.upv.es 
* Correspondence: luca.salvati@unimc.it 

Abstract: Diachronic variations in demographic rates have frequently reflected social transfor-
mations 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 ap-
proach—outlines the marked divide between (wealthier) Northern regions and (economically dis-
advantaged) 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 mar-
riage 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. Rea-
sons 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 Mediterra-
nean Europe, is taken as a paradigmatic case of demographic shrinkage—whose causes and conse-
quences can be generalized to wider contexts in (and outside) Europe. 
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1. Introduction 
Like other demographic processes, fertility decline intensified in advanced econo-

mies since the 1970s, with distinctive regional trends [1–9]. In Europe, the ‘first demo-
graphic transition’ 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 de-
mographic behaviors, leading to non-traditional family forms, cohabitation, marriage and 
childbearing postponement, resulting in an even more intense decline of birth rates. The 
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role of exogenous drivers of change (e.g., the evolving labor and housing markets, insti-
tutional and cultural transformations, strategic developmental policies and local govern-
ance) consolidated over time [15–18]. Economic stagnation has been regarded as a pow-
erful cause of fertility decline [19–21]. This process was rather evident in peripheral Eu-
rope, and especially in Mediterranean countries, since the mid-1970s [12,22–26]. Such 
trends significantly differed from those observed in Central Europe—despite the structur-
ally low birth rates typical of this region—and were also distinct from the high fertility of 
Western and Northern 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 
advanced economies (i.e., encompassing both the first and the second demographic tran-
sitions) is especially meaningful to identify specific fertility trends and the underlying so-
cioeconomic drivers in wealthy, peripheral countries, e.g., in Southern Europe [16]. Espe-
cially 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 comprehension of socio-demographic mechanisms at the base of individual 
choices [37–39]. Among Mediterranean countries, Italy is a particularly appropriate exam-
ple 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 delineat-
ing 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 sec-
ond 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 charac-
terized regional fertility in the country up to the early 1990s, with the highest rates ob-
served 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 
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tourism vocation, a widespread industrial structure and concentration of advanced ser-
vices in specific districts, especially in Tuscany and Marche. However, marked disparities 
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 South-
ern 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 dividing, 
for each fertile age (15–49 years), the number of live births to the (average) female popu-
lation 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 dy-
namics 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, Cam-
pania, Apulia, Basilicata, Calabria, Sicily, and Sardinia). 

 

 

  
Northern regions Southern regions 

Figure 1. The position of Italy in Europe and the Northern Mediterranean basin (upper left); the 
geography of administrative regions in Italy (right); classification of administrative regions in two 
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 socio-
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economic disciplines and environmental studies [50]. A hierarchical clustering was car-
ried out on a data matrix constituted of TFR values at 20 regions (from Aosta Valley to 
Sardinia) and 68 years (from 1952 to 2019). Hierarchical clustering is a multivariate ex-
ploratory technique analyzing complex data matrices [51] and assumes that cases (years) 
and variables (administrative regions) contribute to delineate apparent (and latent) pat-
terns in regional fertility. Based on Euclidean metric and Ward’s agglomeration rule [52], 
a dendrogram was constructed illustrating similarities (or differences) in long-term fertil-
ity 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 autocorrela-
tion 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 repre-
sentativeness 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 
analysis was complemented with the Mantel periodogram representing a power spectrum 
of the multivariate time series [59]. This spectrum was derived from the Mantel correlo-
gram, assessing the temporal structure of the TFR series (i.e., estimating the relative fre-
quency 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 se-
ries separately for each Italian region [56]. The CWT is a procedure exploring latent struc-
tures 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 further insight in the intrinsic complexity of fertility transitions in Italy. 
Regional specificities are discussed in line with literature information on the socioeco-
nomic development path characteristic of each spatial domain.  
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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 be-
tween 1965 and 1998 (from 2.65 to 1.18 children per woman). A temporary fertility recov-
ery 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 

 
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 ra-
ther stable between the 1950s and the 1960s, decreasing during the 1970s. Mild and rela-
tively more stable birth rates were observed in Sardinia, Calabria, and Basilicata. While 
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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). 
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Bray-Curtis Pearson Spearman 

   
Morisita Periodogram Scalogram 

Figure 4. A global (exploratory, multivariate) time-series analysis of regional fertility in Italy, 1952–2019; four autocorre-
lation coefficients by lag (Bray-Curtis, Pearson, Spearman, Morisita) were illustrated together with a general periodogram 
and scalogram plots. 

A time-series analysis was run separately for each Italian region (Figure 5) evidenc-
ing 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 
similarity coefficients showed a characteristic structure of long-term birth rates. This 
structure was demonstrated to ‘loose memory’ more rapidly in Southern Italian regions 
(Campania, 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 be-
haviors 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. 
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Figure 5. Scalogram illustrating the temporal auto-correlation structure (rho similarity coefficient) of regional fertility rates 
in Italy, 1952–2019. 

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 Wavelength 
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 Cen-
tral 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. Sar-
dinian 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 
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population changes all over the study period (e.g., internal migration toward the north, 
international emigration toward Americas and more advanced economies in Europe). 

 

 
Figure 6. Continuous Wavelength Transform (CWT) plots for fertility trends in Italian regions, 1952–2019. 

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 fertility 
trend typical of the late stages of the first demographic transition (fertility decline in both 
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Northern and Southern Italy, possibly with high between-region differences and a rela-
tively low within-region heterogeneity). A less intense fertility decline, and a low be-
tween-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 associated with homogeneous fertility levels at the local scale, varying with the socio-
economic context [62–64]. As a matter of fact, the new regime seems to reflect more indi-
vidual (demographic) behaviors, in parallel with a moderate decline in the role of tradi-
tional (e.g., economic) factors of population change [24,65–67]. 

Considering time intervals long enough to represent different components of an eco-
nomic 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 so-
cioeconomic contexts [18,68,69]. Assuming expansions and recessions as important factors 
influencing individual decisions towards marriage (and childbearing) postponement 
[10,70–72], our study compared fertility trends over more than 60 years of the recent de-
mographic 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, confirm-
ing 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 rep-
resented 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 fam-
ily models associated with the pervasiveness of the Catholic religion, superior marital sta-
bility, 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, character-
ized by a young population age structure, as well as high emigration and negligible im-
migration, 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 ori-
ented towards greater heterogeneity and individualism in reproductive behaviors, of-
fered an opportunity to recover fertility levels in Southern Italy through e.g., the contri-
bution 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, international migration has played a basic role in population dy-
namics 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 It-
aly, 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 
development in the target regions, the progressive reduction of foreign immigrants, mov-
ing 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 
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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], trying to reverse the downward spiral toward population shrinkage, which is threat-
ening 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 typ-
ical of the later stages of the first demographic transition and the greater volatility associ-
ated 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 Eu-
ropean countries—Spain and the United Kingdom, among others. With the second demo-
graphic 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 ad-
vanced European countries), were observed. As demonstrated in this work, fertility dy-
namics remain a key dimension of territorial divides and represent, better than other in-
dicators, 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 geograph-
ical 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 disaggre-
gated 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. 

Supplementary Materials: The following are available online at www.mdpi.com/2306-
5729/6/2/19/s1, Table S1: Total Fertility Rates of Italian regions by year, 1952–2019. 
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