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Abstract. This paper addresses the problem of supporting public deci-
sion makers in the data analysis of the territory they are responsible for.
Most of the Italian territory consists of the so-called inner areas, which
are primarily rural areas usually far from main centers that provide edu-
cation, health and mobility services. A project that analyzes inner areas
is reported; it has two main objectives. A first one is to identify proper
clusters of such areas so that smaller areas can be grouped together in
order to share important services in the best and more economic way;
different algorithms are used to identify relevant parameters and to clus-
ter inner areas. The second objective is to create proper visualizations
of data of such inner areas, in order to better support decision makers
in understanding the data and taking more informed decisions. It is re-
marked that using visualization techniques without adequate knowledge
of their possibilities greatly limits the support that analysts may get
from them.

Keywords: Smart territories · Urban Development Planning · Cluster-
ing Algorithms · Data Visualization

1 Introduction and motivations

The emphasis on smart cities keep increasing with a major focus on large metropoli-
tan cities. Other important components of the European territory are the so-
called inner areas. In Italy, inner areas are rural areas characterized by their dis-
tance from main service centers; such centers are municipalities able to provide
education, health and mobility services that inner areas may lack, for example
schools with a full range of secondary education, emergency care hospitals and
silver category railway stations. In Italy, inner areas refer to more than 50%
of Italian municipalities, are home of about 25% of the Italian population and
cover about 60% of the national territory. Thus, they require specific attention
by public administration managers and politicians.
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The models considered for the analysis of smart cities cannot be directly used
for analyzing inner areas since they have different characteristics. Such models
could be used only after selecting the right indicators for inner areas. The data
resulting from the analysis can then be presented to the decision makers so that
they can identify proper strategies for the development of such marginalized
territories [8]. Several attempts have been developed to categorize inner areas [2,
1, 10]). For example, data engineering, data visualization and intelligent data
analytics methods are used to create a decision support system to be used by
technical and/or political decision makers [6]. In Italy, a national strategy for
inner areas was introduced with the objective of improving the quality of life of
people living in inner areas and inverting the demographic trend of such areas,
see e.g. [14]. Several indicators describing the social, economic and territorial
environment have been proposed [13, 5, 7]. The census of inner areas performed
in 2013 classifies the peripheral level according to two main criteria: the offered
services and the distance of an inner area from the centers that provide the
essential services.

This paper briefly reports about a project that Links Management and Tech-
nology S.p.A. is carrying out in the South of Apulia region, the Salento area,
with the municipality of Galatone, a town in that area. The project involves
researchers of the IVU Lab of the Computer Science Department of the Univer-
sity of Bari Aldo Moro, since one of the objectives is to analyze data with the
support of visualization techniques, of which these researchers are expert. The
overall goal of the project is to improve the potentialities of inner areas, based
on the idea that inner areas can join to provide together more essential services.
Some activities of the project are briefly described in Sections 2 and 3. Section 4
concludes the paper.

2 Clustering inner areas

One of the objectives of the project is to analyze how inner areas can be joined
so that, together, can provide a set of essential services. For this analysis, sev-
eral aspects have been considered, such as geo-demography, economy, innovation
and sustainable development [11]. For each aspect, several indicators have been
defined, reaching a total of about 50. Using such indicators, several clustering
algorithms have been applied to cluster inner areas in order to identify those that
can be grouped together. The results showed that the most useful algorithms
are K-means++, Skater and an ensemble algorithm; however, they provide dif-
ferent classifications of the inner areas. Specifically, K-means++ reveals more
irregular distribution of municipalities and classifies them in four clusters, while
Skater takes more into account the distance and creates 5 clusters. The ensem-
ble method shows the most similar municipalities to a reference one, so that all
similar municipalities are selected at once and can be classified more easily.

The clustering techniques have been selected empirically, taking into account
the knowledge of the analyst. In order to support the analyst on the correct
choice of the method or the parameters, a visual tool may help. Some authors
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Fig. 1. Occupied houses by municipalities

use visual techniques to compare predictive models (e.g., see [4, 9]). Pister et
al. [12] propose PK-clustering to support the user choosing the best method
compared to the user’s prior knowledge. However, visual techniques are useful
not only for complementing other analytical methods, they are very powerful as
visual analysis tools themselves, as described in the next section.

3 Visual analysis of inner areas

Several tools are available in the market, which provide different visualization
techniques. One of these is Kibana3, that is used in the project with Galatone
municipality. However, the collaboration with researchers of the IVU Lab of the
University of Bari was instrumental for a more valuable use of the techniques
in Kibana, as reported in the following. In addition, IVU researchers discussed
with Links researchers the importance of the validation with real users of the
adopted visualizations, as for example done in [3].

In this project, a first report was produced by Links consisting of 26 dash-
boards (a dashboard is a set of visualizations proposed for a certain goal);
such visualizations referred to data relative to various aspects of the inner ar-
eas: environment and territory; economy; infrastructures and mobility; socio-

3 https://www.elastic.co/kibana, last visited: July 2021

Fig. 2. (a) Salento municipalities ordered by the number of houses; orange color indi-
cates empty houses and blue color indicates occupied houses. (b) Details of Galatone
municipality when hovered with the mouse
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demographic, tourism. An example of visualization using one of the technique in
Kibana is in Fig. 1: it visualizes the top 10 municipalities of Salento in terms of
occupied houses; each column represents the percentage of houses occupied by
people; the legend at the top of the figure associates the color of each bar with
the referred municipality.

Let us discuss now how this data visualization was redesigned by the IVU
experts in order to allow the analyst to be faster in the data analysis and get
more information, possibly discovering new and unexpected patterns.

Fig. 2(a) still uses a histogram as in Fig. 1 but, being rotated of 90 degrees,
it may visualizes all 97 municipalities in Salento (for the sake of space, the image
is cropped and only the top 28 municipalities are visible here). In addition, each
bar presents two colors because each color codifies an attribute: the blue color in-
dicates houses occupied in the municipality and the orange color indicates empty
houses. The length of the colored bar is proportional to the number of houses.
This is an interactive visualization. As shown in Fig. 2(b), the visualization
changes when hovering with the mouse on one bar: all the other municipalities
are grayed and a popup shows detailed information about the selected munic-
ipality (Galatone, in the case of Fig. 2(b)). The municipalities can be shown
in the histogram in various orders chosen by the user. In Fig. 2, the data are
ordered by the number of houses. It is immediately visible that the proportion of
occupied and free houses in the municipalities is different in the municipalities.
For example, the three municipalities above Galatone (reported by eighth bar
from the top in Fig. 2(a)) have much more empty houses than occupied ones. By
further investigating on these three municipalities, the analyst finds that they
refer to the most touristic towns in Salento, located on the sea, and the empty
houses are a lot since they are occupied only during summer.

4 Conclusions

This paper discussed the problem of analyzing inner areas with clustering tech-
niques as well as visualizations techniques, in order to better support the the
decision maker of public administrations to group them in larger areas that
are more efficient from the point of view of the available services. An on-going
project is illustrated, on which Links Management and Technologies is working
on, also collaborating with researchers of the IVU Lab of the University of Bari
Aldo Moro. There is still a significant work to do on different directions, includ-
ing the identification of the best clustering algorithms and the investigation of
additional visualization techniques, not only to improve the comprehension of
the analyzed data but also to provide new perspectives or analysis dimensions.
A future plan is also to provide citizens with dashboards they may directly use.
This is a challenging task because the visualizations must be understandable for
the mass without requiring any training or specific expertise.
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