
    

 

 

 

QUADERNI DEL DIPARTIMENTO 

DI ECONOMIA POLITICA E STATISTICA 

  

   
 
  

Federico Bacchi 
Laura Neri 

 
 

 

 
 Classification of the population dynamics observed in Italian 

Municipalities between 1951 and 2019 

 
 Classification of the population dynamics 

 
 
 
 

 
n. 887 – Agosto 2022 

  

     

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

     



 

 

 

 

Full Title: Classification of the population dynamics 

observed in Italian Municipalities between 1951 and 

2019 

Short title: Classification of the population dynamics 

Federico Bacchi 
Alma Mater Studiorum – University of Bologna 

federico.bacchi3@unibo.it 
https://orcid.org/0000-0002-7300-0568 

 

Laura Neri 
University of Siena 

laura.neri@unisi.it 

https://orcid.org/0000-0003-3290-8948   



Federico Bacchi and Laura Neri   1 

Abstract 

After the Second World War Italy’s population has shown a gradual growth, but this was not uniformly distributed 

throughout time and space. An original classification method, based on the demographic trend observed during 

the last seventy years, is proposed to classify 7914 Municipalities. Considering the population dynamic as a 

Markov Chain, a division into groups is proposed. As a result of a series of statistical analysis, we observe that 

the earthquake risk and the quality of internet connection are associated with population dynamics. 

 

Key words: Classification Methods; Demographic Trend; Depopulation; Italy; Markov Chain; Population 

Dynamics.  
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Introduction 

Population declines and depopulation associated with strong out-migration of some specific geographic areas 

is attracting the attention of both researchers and policy makers. In 2020, Europe was the first continent and the 

only one, which has shown an overall decline in population. Most recent estimates from the United Nations (UN) 

predicted that this decline would not stop during the 21st century (United Nations Population Division, 2022). 

However, even in 2019, when an increase in Europe’s population was recorded, the magnitude of this growth 

(0.1%) was far from the ones observed in the other continents, where it ranged from 0.7% in Northern America 

to 2.5% in Africa. Moreover, in the same year, 19 out of 49 European countries were already recording a decrease 

in the number of their inhabitants. Most of them were in the East and in the South of the continent and were 

characterized by a shrinking population also in the previous years. 

Over the last decades, European countries presented different demographic trends, especially at local level 

(EU, 2016). Until 2013, Italy has shown a gradual growth of its population, although not evenly uniformly 

distributed throughout time and space; since 2014, we are looking at a population decline, also not uniformly 

distributed over the Country. Particularly after the Second World War, Italian Municipalities have recorded 

different patterns of population growth. The dichotomy rural-urban areas plays an important role in the 

explanation of these differences (ESPON 2017), but it seems too restrictive to focus only on it. Indeed, Italian 

public authorities have moved beyond this dichotomy. In 2013, the Agency for Territorial Cohesion developed a 

policy — National Strategy for Inner Areasi (SNAI; Italian: Strategia Nazionale per le Aree Interne) — whose 

purpose was to classify Italian municipalities according to the spatial inequalities, namely the different level of 

accessibility to basic public services. 

For this reason, this paper aims to understand if there exists a link between the patterns followed by the 

population dynamics and specific characteristics of the territories. To address this issue, we follow two steps. 

Firstly, focusing on demographic data, we classify the Italian Municipalities into groups showing similar 

demographic trends. None of the classic clustering methods are useful for the purpose, so, it is necessary to come 

up with original solutions. The second step concerns the identification of features that may be associated with the 

population dynamics and particularly to the depopulation, such as geographical and environmental socio-

demographic and institutional variables.  

Even though the topic is becoming increasingly popular, there are only few scientific publications about the 

relationship between population dynamics and other features of the geographic areas and, to the best of our 
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knowledge, most of the contributions available are focused on continents or countries while only few specific 

analyses are conducted at Municipality level (Del Panta et al. 2019, Reynaud et al. 2020, Benassi et al. 2021). 

Therefore, the originality of this work consists precisely of investigating, for the first time in Italy, the population 

dynamics for a longer time slot (1951-2019), adopting, as a territorial scale, the municipality one. On one hand, 

policy makers and researchers share the same interest on better understanding the topic but, on the other hand, 

there is a paucity of contributions in literature. The deep analysis on Italian municipalities introduced in this paper, 

may be useful to better understand the phenomenon of the depopulation and to address specific policy for 

municipality already heavily affected by the phenomenon. Moreover, the analysis can be a useful tool to identify 

at risk municipality that need of policy intervention to mitigate or prevent the consequences associated with 

population decline.  

The paper is structured as follows: in the next section, some reflections on the population dynamics are 

proposed in a very brief overview; the data and methods are presented; finally, the results with the discussion and 

conclusion are presented. 

Literature Review 

Population declines observed in Europe is a completely new, but not unexpected, scenario in recent centuries. 

As a matter of fact, fertility rates in almost all European countries currently lie below the replacement level of 2 

births per woman (UN 2022). More specifically, in 2021 only Faroe Islands (2.78) and Monaco (2.11) were above 

the threshold. Italy recorded the sixth lowest fertility rate within European countries.  

Positive net migration streams, principally from lower-income countries, allow to compensate or mitigate the 

consequences of low fertility rates (Billari et al. 2011). However, replacement migration should not be seen as a 

long run optimal solution to face depopulation (Saczuk 2013). 

 Rural vs Urban Areas 

Shifting the attention to intra-nations population dynamics, it has been already pointed out that a great 

emphasis has always been posed on the difference between rural and urban areas. An extensive literature has the 

rural to urban migration as a core topic, but most of the analyses concern developing countries (see, for example, 

Zhang et al. 2003, Lucas 2004, Mitra et al. 2009, Castillo-Rivero et al. 2021). 
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Clearly, Italy cannot be included in the previous group. Bonifazi et al. (2000) saw that rural to urban migration 

was a driver of interprovincial migration in Italy mostly in the 1950s and 1960s. More recently, Rizzo (2015) 

focused on the emerging concept of “intra-rural divide”, showing that in the Southern Italy there is a relevant 

share of rural municipalities which are currently recording growth in population. 

On the other hand, it is frequent to see urban areas which are currently characterized by decreasing population. 

Haase et al. (2016) studied the so-called “urban shrinkage” phenomenon across Europe, focusing on ten shrinking 

cities. Their work shows a variety of causes for depopulation in urban areas and the importance of the context.  

This evidence suggests analyzing the population decline in a wider framework. 

Contextual factors 

Moving beyond the dichotomy rural-urban areas, a variety of recent contributions has been produced to 

understand population dynamics at local level. Drápela (2011), focusing on depopulated areas in Czech Republic, 

showed that a greater attention should be paid to transport infrastructure. Doignon et al. (2016), by comparing 

population dynamics observed in France, Italy, Portugal and Spain between 1990 and 2010, carried out their 

analysis considering also the differences in age structure. De Lucia et al. (2020) studied the demographic 

consequences of two natural disasters which happened in Italy during the last century.  

Despite these and other possible examples, literature about timing and spatial structure of population decline 

is still quite sparse. In a very recent contribution, Newsham et al. (2022) studied population decline since 2000 in 

696 sub-national areas across 33 European territories and showed the importance of local contextual factors. 

Considering the results of these authors, the purpose of the present work is to integrate the study of Italy’s 

population dynamics at municipal level with several local contextual variables to investigate the presence of a 

link between them. 

Focus on Italy 

Italy’s birth rate is 1.32 births per woman, the lowest it has ever been since the Italy unification. Italy's 

population is declining and it is expected to decline throughout the 21st century: the death rate greatly exceeds 

the birth rate and, despite a positive net migration rate, the overall trend is negative (in 2022 the growth rate is -

0,32%).  

http://www.iflscience.com/editors-blog/population-maps-show-europes-deaths-are-exceeding-births-0/
http://www.iflscience.com/editors-blog/population-maps-show-europes-deaths-are-exceeding-births-0/
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In the last years, the share of population aged 65 years and over constantly grew, whereas the percentage of 

younger people declined.  

Italy's population density is very uneven and the Po Valley is the most densely populated with almost half of 

the country's population. Other densely populated areas include the metropolitan areas of Naples and Rome. The 

Basilicata plateaus, the Alps and Apennines highlands, and the island of Sardinia have a very sparse population. 

The heterogeneity of the Italian territory and the unequal demographic dynamics at municipality level led to a 

progressive fragility of the territory and its social system (Benassi et al., 2021) and it is worth to investigate at 

territorial level. 

Data 

To analyze the dynamics of the Italian municipalities’ population over the past 70 years, census data about 

population have been downloaded from the National Statistical Institute (ISTAT) website. The target variable to 

evaluate the phenomenon of depopulation is the resident population at municipality level; such information was 

historically collected by the Population Census. The first one was in 1951 and, until 2011, the census was 

conducted every ten years. Since 2018, ISTAT has started the so called “permanent census” which allows to 

collect data yearly. Thus, data on the resident population at municipality level, is available for the years 1951, 

1961, 1971, 1981, 1991, 2001, 2011, 2018, 2019. We construct a dataset composed of 7914 rows and 10 columns: 

each row stands for each Italian municipality, at 31/12/2019 (ISTAT 2022); the first column identifies the 

municipality code; columns 2 to 10 represent the resident population in each census time. This dataset allows 

classifying the units into clusters, representing a common observed pattern in demographic trend. 

 

Table 1. Few rows of the original dataset containing information about resident population for all the Italian 

municipalities in nine different times. 

Code 1951 1961 1971 1981 1991 2001 2011 2018 2019 

001001 2594      2469 2805 2578 2623 2574 2644 2634 2621 

001002 1053 1021 1501 3037 3252 3554 3819 3613 3598 

001003 649 540 524 476 503 479 462 442 441 

 

Since in the literature a great emphasis is posed on the age structure of the local areas, data about the resident 

population by age of the municipalities on 31st of December 2019 have been downloaded from ISTAT’s website. 

http://www.encyclopedia.com/topic/Po.aspx
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With the aim of enriching the analysis and of having an official term of comparison, data from the Agency for 

Territorial Cohesion (Agenzia per la Coesione Territoriale 2022) have been used, where the information about the 

classification in “Aree Interne” and “Centri” is stored. The database, which refers to the 7903 existing 

municipalities on 31st December 2020, includes also other useful features. 

Moreover, data from Authority for Communications Guarantees (AGCOM; Italian: Autorità per le Garanzie 

nelle Comunicazioni) related to the quality of internet connections have been downloaded to evaluate the goodness 

of the infrastructures. These data (AGCOM 2022) were collected in December 2018 and referred to the 7998 

existing municipalities on 31st December 2016. Since the research interest was posed on the number of different 

types of internet connection addresses, it has been easy to obtain the values of the same variables for the 7914 

municipalities existing on 31st December 2019. Indeed, the former municipalities were merged into a contiguous 

one or united in a new one. So, it has been only necessary to make a bunch of additions. 

Finally, we decided to enrich the analysis by considering a feature specific to Italy: the seismic risk. It was 

possible to obtain the information about this variable at municipality level thanks to the database (Civil Protection 

Department 2022) of Civil Protection Department (Italian: Dipartimento della Protezione Civile). 

Classification methods 

To identify clusters of Italian Municipalities based on their population’s patterns, we propose three different 

methods. All are based on the following idea: eight indicators, specified as dummy variables — one for each 

census couple of years — whose value is equal to 1 when the resident population of the municipality has increased, 

0 otherwise. Thus, the data structure for the next analysis is the 7914 x 9 matrix for which the first three rows are 

reported in Table 2. 

 

Table 2. Few rows of the dataset containing indicators for the increasing or decreasing population for the census 

couple of years: Italian Municipalities. 

Code 51_61 61_71 71_81 81_91 91_01 01_11 11_18 18_19 

001001 0 1 0 1 0 1 0 0 

001002 0 1 1 1 1 1 0 0 

001003 0 0 0 1 0 0 0 0 



Federico Bacchi and Laura Neri   7 

Sum of dummy variables 

The simplest way to induce if a municipality has shown an increasing or a decreasing demographic trend is to 

compute a new variable (Growth1), counting in how many periods its population has grown. Empirically, this is 

equivalent to sum all the dummy variables defined previously.  

Now, it is possible to classify the 7914 Italian municipalities into different clusters, that can be defined 

according to two different options: i) deciding the number of clusters; ii) or the dimensions of these ones. Here 

we choose option (i) considering the classification according to 5 or 3 clusters. Thus, two new variables — Trend1 

and Trend1bis — are introduced, to identify respectively the grouping into five or three clusters, as shown in Table 

3. 

 

Table 3. Values of “Growth1” and corresponding groups. 

Growth1 Trend1 Trend1bis 

0 Decreasing Decreasing 

1 Decreasing Decreasing 

2 Tendentially Decreasing Decreasing 

3 Tendentially Decreasing Alternate 

4 Alternate Alternate 

5 Tendentially Increasing Alternate 

6 Tendentially Increasing Increasing 

7 Increasing Increasing 

8 Increasing Increasing 

 

According to the previous method, the variable “Growth1” assumes value 2 if the population growth in two 

subsequent or detached periods. It is a strong assumption, based on the hypothesis that all the time points have the 

same importance in the definition of the demographic trends and, consequently, on the clustering process. 

Linearly increasing weights 

Aiming at removing the overmentioned assumption, we wonder whether it seems reasonable to think that the 

dynamic of the population in (t; t+1) depends only on the dynamic in (t-1; t). The second method assumes that 
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the influence of past population dynamics decreases as the laps of time increases. Mathematically, this is 

equivalent to build a new variable “Growth2” as a weighted sum of the dummy variables previously introduced. 

We define the following vector of weights: 

𝒘 = (0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1). 

Now, let us consider the matrix M obtained from the one shown in Table 2 deleting the first column, M has 

dimension 7914 x 8 and each row mi. (i = 1, ... ,7914) contains the indicators for the increasing/decreasing of 

population for each census couple of years. The variable “Growth2”, for each municipality, can be computed as 

the vectorial product: 𝒕𝑖 × 𝒘𝑇 . According to “Growth2” we can define a new classification of the Italian 

municipalities. In Table 4 the main quantiles of “Growth2” are shown. 

 

Table 4. Main quantiles of "Growth2". 

Min 20% 25% 33.3% 40% Median 60% 66.7% 75% 80% Max 

0 0.6 0.8 1.2 1.5 2.1 2.6 3.0 3.5 3.9 5.2 

 

Now, we group the municipalities, again into three or five clusters, considering new thresholds for the groups’ 

definition based on Growth2’s quantiles (Table 5). 

 

Table 5. Bounds of “Growth2” and groups according to Trend2 and Trend2bis. 

Lower Upper  Trend2 Lower Upper  Trend2bis 

[0 0.6) Decreasing [0 1.2) Decreasing 

[0.6 1.5) Tendentially Decreasing [1.2 3.0) Alternate 

[1.5 2.6) Alternate [3.0 5.2] Increasing 

[2.6 3.9) Tendentially Increasing    

[3.9 5.2] Increasing    

Population dynamics as a Markov Chain 

Describing the logic behind the second method, the concept of cumulative demographic trend has been introduced. 

It has been also accepted the hypothesis about the major importance of recent years. In probability theory, a 

sequence of possible events in which the probability of each event depends only on the state attained in the 
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previous event is the Markov Chain. Thus, we wonder if the population dynamics observed between 1951 and 

2019 on the Italian municipalities could be represented as a Markov Chain. 

First, it is necessary to verify if the Markov property holds for the variables describing the population trends. The 

Chi-square statistics is close to 0, thus the dynamic of the population across the nine periods can be treated as a 

Markov chain. In general, any Markov chain is characterized by the “transition matrix” describing the probabilities 

of transitioning from one state to another. We address the problem of the estimation of the transition matrix by 

using the maximum likelihood method. In Table 6 the transition matrix (by rows) estimated and the standard 

errors. 

 

Table 6. ML estimate of the transition matrix: estimated probabilities and SE (in parenthesis). 

  Future State 

  0 1 

Present 

State 

0 0.777 (0.005) 0.223 (0.003) 

1 0.297 (0.003) 0.703 (0.005) 

 

The practical meaning of the transition probability is very important for our purpose, in fact, for instance, the 

figure 0.703 represents the probability of an increase in population in the next period, given an increase in the 

present period. Thinking about the first aim of this chapter, that is the division of 7914 Italian municipalities into 

5 or 3 clusters, the transition matrix could allow us to make a quantum leap. The introduction of linearly 

increasing weights in the previous section was a good solution to take into account the major influence of recent 

years in the future population dynamics. However, the weights assigned were arbitrary values. Now, there is the 

possibility to assign weights which have been generated from a more scientific approach by using a specific 

value in the transition matrix: the already mentioned probability to observe “1”, given the present state “1”. 

Now, it is possible to define the following vector of weights: 

𝒘𝑀 = ((0.703)7, (0.703)6, (0.703)5, (0.703)4, (0.703)3, (0.703)2, (0.703)1, (0.703)0). 

Now, let us consider the previously described matrix M. A new variable “Growth3”, for each municipality, can 

be computed as the vectorial product: 𝒕𝑖 × 𝒘𝑀
𝑇 . According to “Growth3” we can define a new classification of the 

Italian municipalities. In Table 7 the main quantiles of “Growth3” are shown. 
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Table 7. Main quantiles of "Growth3". 

Min 20% 25% 33,3% 40% Median 60% 66,7% 75% 80% Max 

0 0.206 0.348 0.622 0.842 1.117 1.442 1.666 2.047 2.168 3.168 

 

Now, we group the municipalities, again into three or five clusters, considering new thresholds for the groups’ 

definition based on Growth3’s quantiles (Table 8). 

 

Table 8. Bounds of “Growth3” and groups according to Trend3 and Trend3bis. 

Lower Upper  Trend3 Lower Upper  Trend3bis 

[0 0.206) Decreasing [0 0.622) Decreasing 

[0.206 0.842) Tendentially Decreasing [0.622 1.666) Alternate 

[0.842 1,442) Alternate [1.666 3.168] Increasing 

[1.442 2.168) Tendentially Increasing    

[2.168 3.168] Increasing    

Results 

The next empirical analysis will concern the clustering method based on the Markov chain. First of all, we 

perform a sort of validation study, checking how the municipality classified by the Agency for Territorial 

Cohesion, as “Centro” or “Area Interna” are in turn classified according to our groups. The results (in Table 9) 

seem to be reasonable: the presence of a decreasing demographic trend is more likely to be observed among the 

group of municipalities classified as “Area Interna”. 

 

Table 9. Cross tabulation of “Trend3” and official classification by the Agency for Territorial Cohesion 

(percentage). 

Trend3 Area Interna Centro 

Decreasing 33.75 7.05 

Tendentially Decreasing 20.75 15.41 

Alternate 20.28 24.01 

Tendentially Increasing 13.08 22.41 

Increasing 12.14 31.11 

Total 100.00 100.00 

 



Federico Bacchi and Laura Neri   11 

Level of accessibility to basic public services 

As already said in the introduction, the classification method by Agency for Territorial Cohesion is based on 

the level of accessibility to some essential services. More specifically, the level of accessibility is a distance. We 

wonder whether it is possible to observe association between this distance and our clustering method.  

The database from the Agency for Territorial Cohesion provides the minimum travel time (in minutes) from 

each of the 7903 statistical units to nearest “Centro”.  Its main quantiles, its mean and its standard deviation are 

reported in Table 10. 

 

Table 10. Main quantiles, mean and standard deviation of the minimum travel time. 

Min 25% Median Mean 75% Max 

Standard 

Deviation 

0 18.5 27.1 31.1 40.4 317.6 18.26 

 

The maximum value of the variable might suggest the presence of an error. However, this is not the case. The 

municipality characterized by this huge distance from the nearest “Centro” is the municipality of Lampedusa and 

Linosa. Although the two islands are separated islands located Mediterranean Sea, they are actually a 

single municipality. Moreover, there are 32 more municipalities which show a value greater than 100 and a 

consistent share of them are located in some other Italian little islands, such as for example Elba Island. So, we 

may just say that the presence of these outliers is due to the peculiar geography of Italy. 

To evaluate if there exist a link between the distance from the nearest “Centro” and the past population 

dynamics, we conducted an analysis of this variable conditioned by the groups built in the previous section. We 

decided to focus on the medians by group, instead of the mean, because of the presence of the outliers. 
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Figure 1. Scatter plot of the median distance from the nearest “Centro” by Trend3. 

 

From Figure 1, it is possible to see that the median distance from the nearest “Centro” decreases as the past 

demographic trend increases. Recalling the classification method defined by the Agency for Territorial Cohesion 

and Table 9, this result is not surprising. 

Age structure 

To understand why the population of a local area is shrinking or not, it seems reasonable to consider the age 

structure of its inhabitants. For this reason, after collecting data about population of every municipality by age, 

we decided to divide it into three groups: i) minors, composed by the population under 18 years; ii) adult 

population, aged in the range [18; 64]; iii) retirement age population, with age greater than 64. Obviously, this is 

a simplification of the reality, but it helps us understanding the phenomenon. 

Then, we focused on the rate of each population group on the total population of the municipality to which 

they belong. In Table 11, the main quantiles, the means and the standard deviations of the three new variables are 

reported. 
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Table 11. Main quantiles, means and standard deviations of the population groups’ rates. 

 

Min 25% Median Mean 75% Max 

Standard 

Deviation 

% Minors 0.00 12.87 14.81 14.58 16.60 26.73 3.01 

% Adult age 34.78 58.33 60.34 59.95 62.02 81.25 3.25 

% Retirement age 8.64 21.91 24.92 25.47 28.34 62.32 5.41 

 

It is not surprising that the share of the people with age smaller than 18 is minoritarian in every municipality, 

but the minimum value of this variable (0) might seem unexpected. It was recorded in two different units — 

Roaschia (CN) and Mogasa (BS) — which have both a small population — 99 and 109 inhabitants. The largest 

range is recorded by the percentage of retired population — 53.68 — and the highest mean and median —

respectively, 59.95 and 60.34 — are the ones of the share of working age people. 

Since the empirical distribution of the three variables do not show high values of skewness, we decided to 

proceed by analysing the conditioned means by groups. 

 

 

Figure 2. Scatter plot of the conditioned mean of the age structure indicators by Trend3. 
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Figure 2 shows the presence of a clear pattern for each variable: i) the percentage of minors and the share of 

adult people tend to increase as the past demographic trend increases; ii) the percentage of retirement age 

inhabitants tends to decrease as the past demographic trend increases. 

Geological and physical characteristics 

We can expect that geological and physical characteristics of an area may influence population dynamics, so 

it seems reasonable to suppose an association between the clustering variable and the seismic risk index. For this 

reason, a discrete variable representing the Earthquake risk — defined by Protezione Civile — is assigned to each 

Municipality a seismic risk zone: where “Zone 1” is the most dangerous and “Zone 4” is the least dangerous area. 

Tables 12 reports the relative frequency distribution of the Italian municipalities by seismic risk zone. 

 

Table 12. Relative frequency distribution of the Italian municipalities by seismic risk zone. 

Zone 1 Zone 2 Zone 3 Zone 4 

9.34 29.90 38.17 22.59 

 

Even though the majority of the units do not present high earthquake risk, the frequency of the ones in Zone 1 

and the ones in Zone 2 (about 40%) is not negligible. However, it seems more useful to analyse the relative 

frequency distribution within the groups. We now focus on the division into three groups. 

Figure 3 shows the presence of a pattern between the seismic risk zone and the population dynamics: i) the 

relative frequency of municipalities with highest seismic risk — Zones 1 and 2 — tends to decrease as the past 

demographic trend increases; ii) the relative frequency of municipalities with lowest seismic risk — Zones 3 and 

4 — tends to increase as the past demographic trend increases. 
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Figure 3. Relative frequency distribution of the seismic risk by “Trend3bis”.  

ICT services 

Finally, it seems reasonable to suppose that geographic areas having better infrastructure and services may 

attract more people [ESPON 2017]. Nowadays, the quality of internet connection could be considered as an 

indicator of the quality of life. Accordingly, data from AGCOM website on inhabitants classified by type home 

connection are considered. The four types of connection, listed from the worst to the best, are: ADSL, VDSL, 

EVDSL, FTTH.  

 

Table 13. Main quantiles, means and standard deviations of the different type of connection addresses. 

 

Min 25% Median Mean 75% Max 

Standard 

Deviation 

% ADSL addresses 0.00 47.64 99.69 77.16 100.00 100.00 29.14 

% VDSL addresses 0.00 0.00 0.00 13.91 33.50 100.00 18.24 

% EVDSL addresses 0.00 0.00 0.00 6.09 8.12 47.06 10.55 

% FTTH addresses 0.00 0.00 0.00 0.32 0.00 94.44 1.85 
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From Table 13, which shows the main quantiles, the means and the standard deviations of the different type 

of connection addresses, it is clear that, in December 2018, the most popular one was the ADSL. However, we 

might wonder if any differences between the groups are present. Even though the standard deviations of the first 

three variables are quite high, we decided to carry on the analysis by considering the mean values. The reason 

why is that the median values appear to be less informative. 

 

 

Figure 4. Mean share of the total number of addresses for each type of internet connection by “Trend3”. 

 

Figure 4 shows the mean values of the percentages of each type of internet connection by demographic trend 

groups. Also in this case, it is possible to underline the presence of a pattern between the variables: i) the most 

popular type of connection (ADSL), which is also the worst, tends to be majoritarian in every group, but its share 

tends to decrease as the past demographic trend increases; ii) the share of VDSL and EVDSL internet connections, 

despite being almost always minoritarian, tends to increase as the demographic trend increases; iii) the best type 

of internet connection (FTTH) was far from being widespread in 2018, so it would be incorrect to say that a clear 

pattern is present, even though the highest mean share is the one of the Increasing group and the lowest is the one 

of the Decreasing one. 
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Conclusions 

Original classifications methods have been adopted to classify the Italian municipalities into groups of 

statistical units showing a similar demographic trend during the last seventy years. To avoid the implicit 

assumption that all the past time points have the same influence on the future trend, we first introduced a vector 

of linearly increasing weights. Then, we decided to proceed with another vector of weights based on the estimated 

transition matrix of a Markov Chain and we divided the 7914 units into five or three groups. This classification 

seems to be coherent with the official one, so we adopted it for the following empirical analysis.  

Basing on the literature, we considered several characteristics of the units which might be related to population 

dynamics. In this work, we presented only the ones which turned out to be strongly associated with demographic 

trends: the level of accessibility to basic public services, the age structure, the home connection quality and the 

earthquake risk. Analyzing some of the most informative descriptive statistics, such as mean and median, by 

groups, several patterns have been observed and underlined. To sum up, one might state that an average 

municipality showing an increasing past demographic trend is characterized by: i) a lower distance from the 

nearest “Centro”; ii) a higher share of minors and population in working age; iii) a lower seismic risk; iv) a higher 

share of internet connection different from the ADSL. On average, the opposite holds for the municipalities 

classified as Decreasing. 

The analysis presented in this work do not aim to be exhaustive. Indeed, it would be interesting to consider 

fuzzy indicators, instead of dummy variables for intercensal trends, and to extend the set of variables which may 

influence depopulation. Moreover, it might be interesting to build a predictive statistical model for future 

demographic trend based on specific characteristics of the units. 
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