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Tourism sustainability in the Italian regions: a
fuzzy clustering approach
Sostenibilità turistica nelle regioni italiane: una
classificazione fuzzy

Leonardo Salvatore Alaimo and Giovanni Finocchiaro

Abstract Impact of tourism on the environment is rarely object of investigations
and in-depth studies because of the lack of appropriate official statistics. Taking
into account the annual time series of the ISPRA environmental indicators (2015-
2019) selected to measure the sustainability of tourism, we try to investigate this
phenomenon in the Italian regions. Using a fuzzy clustering approach, two clusters
of Italian regions were identified. Regions of the two groups are characterised for
the different environmental pressure suffered by their territories and the use of their
accommodation offer.
Abstract Tenendo conto delle serie storiche annuali (2015-2019) degli indicatori
ambientali selezionati da ISPRA per misurare la sostenibilità del turismo, questo la-
voro cerca di indagare la sostenibilità turistica delle regioni italiane. L’applicazione
di una fuzzy cluster analysis ha portato all’identificazione di 2 cluster omogenei
di regioni italiane, caratterizzate da una maggiore o minore pressione ambien-
tale subita dai territori e da un migliore o peggiore utilizzo della propria offerta
ricettiva.

Key words: Tourism, Sustainability, Italian regions, Fuzzy clustering, Time series

1 Introduction

Tourism and the environment represent a fundamental combination for many world
tourist destinations as, often, it is the natural heritage that makes them attractive.
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Department of Social Sciences and Economics, Sapienza University of Rome, Piazzale Aldo Moro,
5, 00185 Rome, Italy, e-mail: leonardo.alaimo@uniroma1.it

Giovanni Finocchiaro
ISPRA – Italian Institute for Environment Protection and Research, Via Vitaliano Brancati, 48,
00144 Rome, Italy, e-mail: giovanni.finocchiaro@isprambiente.it

Book of short papers

424



Leonardo Salvatore Alaimo and Giovanni Finocchiaro

However, it is not as clear how the environment should not be damaged by tourism
or for tourism. The monitoring of the relationship between tourism and the envi-
ronment is necessary, in particular, for the control of the impacts of tourism on the
environment and, consequently, for the implementation of policies aimed at ensur-
ing greater tourism sustainability in the various territories. The relationship between
tourism and the environment is essentially ”unknown” to official national and Euro-
pean statistics. Tourism is generally seen as a productive sector dedicated to creating
income, and the statistics available on tourism are essentially designed to measure
the economic role of tourism, whereas its effects on the environment are not really
systematically measured [6, 3]. However, the environmental impact of tourism is
receiving more and more attention in the general framework of Sustainable Devel-
opment Goals (SDGs) and Agenda 2030. At a global level, tourism, although it has
been explicitly linked to the 8, 12 and 14 Goals of the 2030 Agenda (SDGs), has
the potential to contribute, directly or indirectly, to all of them. Indeed, the United
Nations World Tourism Organization (UNWTO) has defined how each objective
corresponds to a specific response from the tourism sector. This work devotes its
attention to three mentioned SDGs by proposing a measure to monitor the envi-
ronmental effects of tourism in a integrative way, i.e. trying to give an integrated
reading of the environmental indicators produced in Italy by ISPRA (the only insti-
tutional reporting experience on tourism and the environment). The work therefore
seeks to provide an integrated reading of environmental indicators to measure the
current sustainability of the tourism sector, much desired from an environmental
point of view and just as little considered from an economic point of view. The
focus is on the Italian regions, given the profound territorial differences that char-
acterise the territory. The aim of this paper is to identify homogeneous clusters of
Italian regions, taking into account the yearly time series of the indicators selected
to measure the sustainability of tourism, in the period 2015-2019. In this way, we
analyse the evolution over time of this concept in the Italian regions, finding hidden
patterns or similar groups and highlighting their characteristics. So, we can examine
the evolution over time of tourism sustainability and take into account its territorial
characteristics. In order to deal with the complexity and uncertainty of this concept,
we adopt a fuzzy approach. The paper is organized as follows. Section 2 presents the
indicators and the methods used. In Section 3 the application and the main findings
are shown. Conclusions in Section 4 summarise the obtained results.

2 Data description and methods

Table 1 reports the indicators selected for this work and their description. We must
underline that all variables present negative polarity with respect to tourism sus-
tainability (i.e., the higher their values, the worst the situation in terms of tourism
sustainability), except ”X5 - Tourism infrastructures” that has positive polarity. All
the indicators have been normalised using a Min-Max normalisation.
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Tourism sustainability in the Italian regions: a fuzzy clustering approach

Table 1: Indicators of tourism sustainability; code; variable name; description.

Code Variable name Description

X1 Tourism intensity
Ratio between the overnight stays (number of
nights spent in the area by those who practice
tourism) and the population leaving in the area.

X2 Nox Emissions produced by road travel of Italian
residents on Italian territory for tourism purposes

Tons of nitrogen oxides (Nox) produced by road
travel by Italian residents for tourism purposes.

X3 Electricity consumption in tourism sector Electricity consumption for the NACE Groups
55.3, 55.4 and 55.5: “Hotels, restaurants and bars”.

X4 Quote of municipal waste per capita attributable to
tourism

Per capita share of urban waste attributable to
tourism.

X5 Tourism infrastructures

Ratio between the number of nights spent in the
area by those who practice tourism, recorded in the
hotels, and the product of the number of opening
days of the hotels by the number of beds.

In this paper, we use a fuzzy clustering method for multivariate time series based
on the so-called Dynamic Time Warping (DTW) distance [9, 2]. It is based on the
dilatation or contraction of two (multivariate) time series locally, in order to make
their shape as similar as possible. The total distance between two time series Xi and
Xi′ is computed through the so called “warping path”, which ensures that each data
point in Xi is compared to the “closest” data point in Xi′ . Let:

Φl = (ϕl ,ψl), l = 1, . . . ,L. (1)

under the following constraints:

1. boundary condition: Φ1 = (1,1), ΦL = (T,T ′);
2. monotonicity condition: ϕ1 ≤ . . .≤ ϕl ≤ . . .≤ ϕL and ψ1 ≤ . . .≤ ψl ≤ . . .≤ ψL.

The warping curve realigns the time indices of Xi and Xi′ through the functions ϕ
and ψ . The total dissimilarity between the two “warped” multivariate time series is:

L

∑
l=1

d(xi,ϕl ,xi′,ψl )ml,Φ (2)

where ml,Φ is a local weighting coefficient; d(., .) is, usually, the Euclidean dis-
tance for multivariate time series:

d(i, i′) = (∥xit −xi′t ′∥)
1
2 . (3)

The DTW distance is the one which corresponds to the optimal warping curve
among the several warping curves, Φ̂l = (ϕ̂l , ψ̂l), l = 1, . . . ,L which minimizes the
total dissimilarity between Xi and Xi′ :

dDTW (Xi,Xi′) =
L

∑
l=1

d(xi,ϕ̂l ,xi′,ψ̂l )ml,Φ̂ . (4)
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The following exponential transformation of the DTW distance is used:

expd2
DTW (Xi,Xi′) = 1− exp

{
−β d2

DTW (Xi,Xi)
}

(5)

where β is a suitable parameter (positive constant) determined according to the
variability of the data [5]. In our study, we use the Dynamic Time Warping-based
Fuzzy C-Medoids clustering model with Exponential transformation (DTW-Exp-
FCMd) (for details, please see: [5]):





min : ∑I
i=1 ∑C

c=1 um
ic expd2

DTW (Xi, X̃c) =

∑I
i=1 ∑C

c=1 um
ic

[
1− exp

{
−β d2

DTW (Xi, X̃c)
}]

s.t. ∑C
c=1 uic = 1, uic ≥ 0

(6)

For choosing the optimal partition, C, we use the Xie-Beni criterion [8]:

min
C∈ΩC

: IXB =
∑n

i=1 ∑C
c=1 um

ikd2
DTW (Xi, X̃c)

I minc,c′ d2
DTW (X̃c, X̃c′)

(7)

where ΩC represents the set of possible values of C (C < I). The optimal number
of clusters C is identified in correspondence with the lower value of IX B (for more
detail, please see: [4]). The used time series clustering approach presents all the gen-
eral advantages connected to the fuzzy theory in a clustering framework, is sensitive
in capturing the dynamic characteristics of the time series and inherits the advan-
tage connected to DTW distance (for details, please see: [4]). Furthermore, being an
observation-based clustering method, it is particularly suitable for classifying short
time series, as those treated in this paper (for details, please see: [1, 4]).

3 Application and results

We compute the Xie-Beni index for 2 ≤ c ≤ 4 obtaining these results: IXB(c = 2) =
0.506; IXB(c= 3) = 0.796; IXB(c= 4) = 1.332. According to the criterion, we chose
the 2 clusters partition. For the evaluation of the fuzziness, we need to specify a
cut-off point for the membership degree. If we have a two-clusters situation and the
membership degrees in both clusters are between 0.3 and 0.7, it would be considered
that there is a reasonable level of fuzziness in the cluster membership of the time
series (for more information on the choice of cut-off, please see: [4, 7]). The solution
identifies two medoids, Emilia Romagna (EMR) for cluster 1 and Marche (MAR)
for cluster 2, and one fuzzy region, Apulia (PUG).

Figure 1 shows the subdivision of the Italian regions according to the cluster
to which they belong and the matrix with the membership degrees. The regions’
membership to their respective clusters, apart from the fuzzy region, is clear and
unambiguous. There is no split of the country between northern and southern re-
gions. Clusters are clearly characterised; the first (including 7 regions) presents
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Fig. 1 Tourism sustainability:
clusters’ composition and
membership degrees.

higher trends than Italy, while the second (including 12 regions) lower ones. This is
clearly shown in Figure 2, which presents the comparison between the two clusters’
medoids, respectively EMR and MAR, Italy and the fuzzy region, Apulia (PUG).
Cluster 1 includes the regions that have more negative externalises than the national
data from the environmental point of view, but at the same time they have the tourist
infrastructures better exploited and probably better managed. Cluster 2 presents the
exact opposite situation. PUG clearly presents different trends than those of the two
medoids. If, in fact, it presents trends better than Cluster 2 in tourism intensity and
quote of municipal waste per capita (indicating a better situation in terms of tourism
sustainability), at the same time it has trends worse than Cluster 1 in tourism infras-
tructures and Nox emissions. Regarding the electricity consumption, it has a trend
very similar to the national one.

4 Conclusions

Given the current absence at European level of official statistical surveys aimed at
collecting data useful for monitoring the relationship between tourism and the en-
vironment, we try to approach this analysis by using the environmental indicators
of ISPRA about ”Tourism & Environment”. Our analysis, conducted for the Italian
regions yearly time series (2015-2019), aims at identifying homogeneous clusters.
For this purpose, we adopted a clustering method particularly suitable for the data
analysed. We identified two specific clusters of Italian regions, not grouped by ge-
ographic origin (North-South), but by their way of managing and/or experiencing
tourism in their territories. In detail, the regions belonging to cluster 1, that is the
ones that show values exceeding the national ones, are 6 out of 8 among the most
populous in Italy and also host the largest Italian metropolitan cities. So cities al-

Book of short papers

428



Leonardo Salvatore Alaimo and Giovanni Finocchiaro

Fig. 2: Tourism sustainability: comparison among Cluster 1, Cluster 2, Italy and
Apulia.

ready in themselves with an imposing endogenous and structural demographic pres-
sure that inevitably increases with tourism. Therefore, those regions should be more
careful than others to ensure their territories a more sustainable approach than the
tourism they offer.
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How young people perceive environmental issues, 

react to ecological concerns and commit themselves 

to sustainable behaviours 

Come i giovani percepiscono le questioni ambientali, 

reagiscono alle preoccupazioni e si impegnano per adottare 

comportamenti sostenibili 

Angela Maria D’Uggento 

Abstract Environmental issues have gained widespread prominence, contributing to 

growing environmental awareness and positive action for the environment. Young 

people have participated in global green movements that call on policy makers to 

consider environmental protection as a priority on their agendas. This paper aims to 

investigate young people's awareness of the dangerous effects of climate change and 

subsequent pro-environmental actions through an online survey of 2,041 high school 

students. Data analysis is conducted using Classification Trees and Random Forest 

to identify sustainable behaviours. The results show that the younger generation has 

a strong awareness of environmental conditions and is, in part, engaged by adopting 

best ecological practices and actively caring for the environment. 

Abstract Le questioni ambientali hanno acquisito un'importanza sempre maggiore, 

contribuendo alla crescita di una coscienza ambientale e di azioni positive per l'ambiente. I 

giovani partecipano a movimenti verdi di rilevanza planetaria sollecitando i governanti ad 

inserire la protezione ambientale tra le priorità nelle loro agende. Il contributo intende 

valutare la consapevolezza dei giovani sugli effetti pericolosi del cambiamento climatico e 

le conseguenti azioni a favore dell'ambiente attraverso un sondaggio online su 2,041 

studenti delle scuole superiori. È stata effettuata una classificazione ad albero ed una 

Random Forest per identificare i principali comportamenti virtuosi sostenibili per 

l’ambiente. I risultati mostrano che le giovani generazioni hanno una forte consapevolezza 

delle condizioni ambientali e in parte, si impegnano adottando best practices ecologiche. 
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