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Abstract: Low-density dispersed urban development, known as “sprawl” or “sprinkling”, is an
alternative configuration that best expresses the structure of the Italian urban system and is taking
on increasingly significant dimensions. This phenomenon has increased in recent decades due to a
weakening of the urban agglomeration force that had characterized the first half of the last century.
Partial abandonment of agricultural activities and socio-economic changes led to the progressive
urbanization of rural areas and the birth of widespread cities. This work discusses the externalities
generated by sprawl, focusing on the tangible costs that this urban development model unloads on
the people. In particular, the territory of the Basilicata Region is analyzed. Based on the data of some
municipalities in the region, a relationship between the marginal costs relating to the greater linear
infrastructure that sprinkling requires and an index already described in the literature to provide a
quantitative measure of this phenomenon was built and verified with a regression model.
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1. Introduction

Scientific research has been carried out on the environmental costs generated by urban
transformation processes, focusing attention on soil sealing and soil consumption and the effects they
produce [1]. The growth in the number of buildings, extraction activities, landfills, construction sites,
yards, and other paved areas is representative of the processes of degradation and soil consumption
which affect the whole European Union, although they do not equally affect the European member
countries. The European Union has responded to this emergency with directives that underline the
growing importance of the issue over the past 20 years (COM2002/179, COM 2006/231).

On the one hand, uncontrolled urban development, also known as sprawl, has generated
ephemeral advantages for residents in new settlements, giving satisfaction to the desire to live in
affordable single houses with a garden and more privacy [2]. On the other hand, it has led, as mentioned,
to serious environmental, economic, and social consequences. The effects on the environment are
consequent to the conversion of agricultural land into built or simply waterproofed areas that are no
longer available for food production, and this has altered the landscape and led to drastic degradation
of water quality [3] and air quality [4–6], loss of most of the ecological functions of soil [7], reduction
of the resilience of ecosystems [8,9], and higher energy consumption [10,11]. Social effects are linked
to the lengthening of commuting times, motor vehicle dependence, traffic congestion, and spatial
separation of social classes [8,12–18].

Finally, there is an economic impact on people due to the greater expenditure on necessary
infrastructure and public services. The impact of urban sprawl on local public costs does not have
many examples in the literature. The first of these is by Ladd [19] who estimated a U-relation between
the population and current public expenditure. The population exerts two contrasting forces: on the
one hand, with the increase in population density, the per capita costs decrease due to economies of
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scale in the production of public services; on the other hand, the increase in the population entails
an increase in public expenditure due to a greater demand for public services and congestion in the
use of infrastructure. Carruthers and Ulfarsson [20] have shown that the per capita costs of many
public services decrease with increasing population density and urbanization. In Spain, Hortas-Rico
and Sole’-Olle’ [21] finally highlighted a non-linear and growing relationship between widespread
development and the costs of the main local public services.

In Italy, uncontrolled urban development has a specific form: sprinkling [22]. Sprinkling differs
from the widespread development model (sprawl) because it has an extremely dispersed configuration
in uneven and dimensionally variable aggregates, from single buildings to small conurbations, and with
different uses, from residential to industrial or commercial, inserted in rural matrices without road
networks and infrastructures designed based on organic patterns, but which had to support widespread
and disordered building. Furthermore, the urban sprinkling phenomenon is characterized by very
low population and building density values compared to those of the urban sprawl phenomenon.
This research, starting from a quantitative measure of the sprinkling phenomenon, focused precisely on
one of the least investigated aspects in the literature, namely on the economic impact that uncontrolled
or poorly managed urban transformation generates on the population. In particular, the object of the
study was the greater expenditure resulting from the infrastructure (roads, sewers, aqueducts, electricity
network, etc.) necessary to connect these dispersed urban aggregates with the city center. It can be
identified as one of the direct and monetizable social costs due to sprinkling. It therefore certainly
represents an underestimate of the whole social cost whose potential rates have been previously
described. The case study analyzed was that of the Basilicata region which, as demonstrated in other
research [23,24], is a territory with a low population and settlement density. The territory is also
affected by the phenomenon of urban sprinkling, especially in rural areas. Starting from the sprinkling
index, the costs of transformation dynamics were analyzed.

In particular, this study tried to investigate whether greater urban fragmentation resulted in
greater infrastructure expenses. The second section compares the two dynamics of transformation:
urban sprawl and urban sprinkling. The following sections, starting from the description of the
case study, construct the interpretative model and analyze the results obtained. In the conclusions,
the results are discussed and commented on.

2. Sprinkling vs. Sprawl

In the early years of the twentieth century, the lack of transport systems and the weakness of
the infrastructure itself led to the development of small settlements near to the established centers of
cities in order to ensure easy access to public services. Since the second half of the century, however,
the trend has completely inverted. The great increase in private mobility and the progressive reduction
of restrictions on urban standards led to the crisis of the urban system, the loss of urban settlement
cohesion, and the expansion of buildings in the rural area, mainly based on private investment. From
the beginning of the 21st century, the dynamics of urban expansion have no longer been linked
to the real need for new areas of expansion deriving from demographic growth. The new urban
transformation is strongly correlated to low demand for new housing in a spatial planning system that
is often ineffective in driving efficient urban development or in limiting and controlling speculative
real estate initiatives.

Considering the main dynamics of urban transformation, urban sprawl is most diffused in the
proximity of cities with high territorial density; on the other hand, in the proximity of cities with
low settlement density, the dynamics of urban transformation are like the phenomenon of urban
sprinkling. Both phenomena affect rural areas near urban centers with the construction of new
residential settlements far from existing public services and marked by low levels of accessibility.
They are characterized by low (urban sprawl) and very low (urban sprinkling) population density and
building density indices.
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Among the various studies concerning the urban sprawl phenomenon [17,25–29], a generally
shared definition of the term “urban sprawl” is “the spread of urban developments (such as houses
and shopping centers) on undeveloped land near a city” (Merriam Webster [30]). The urban sprawl
phenomenon indicates an urbanization model characterized by an unplanned and disorganized
structure, a low population density (between 20 and 150 inhabitants per hectare), and a discontinuous
building settlement (with density between 6 and 12 buildings per hectare) that originally spread along
transport infrastructures and disorderly occupied large portions of land [31].

The dynamics of transformation that occurred (principally) in some regions of central and southern
Italy after the Second World War led to phenomena of settlement dispersion different from those of
urban sprawl, so much so that the need was felt to coin the new concept of urban sprinkling [23].
Sprinkling is defined as a small amount that falls into drops or scattered particles, and it is the best
way to represent the configuration of the urbanized Italian territory.

This phenomenon has mainly affected the regions of central and southern Italy both in the
hinterland and coastal areas. The phenomenon is typical of regions with very low settlement (between
0.1 and 0.8 buildings per hectare) and population density (between 0.2 and 2 inhabitants per hectare)
whose territory is fragmented by settlements scattered in an uncontrolled way in the rural landscape [31].
Recently, urban sprinkling has also been studied and analyzed in different contexts from Italy, such as in
research on African cities [32] and continental Portugal [33]. In some cases, this phenomenon originated
from weak urban planning, in others, it was the consequence of abusive initiatives, encouraged by
amnesties for the violation of building regulations. Moreover the phenomenon of urban sprinkling
has also been investigated considering new components of the settlement system different from the
traditional ones, i.e., renewable energy installations [34].

Knowledge of the different forms of urbanization is the basis for being able to effectively deal
with the question of the sustainability of an urban development model.

As there is only a non-objective definition of sprawl [2,28], a series of indicators have been
proposed to quantify it, ranging from single to multidimensional metrics [26,27,35–39], and sometimes
the results are contradictory in measuring the expansion of certain cities [40].

As concerns urban sprinkling, an indicator that has already emerged as effective in expressing the
transformation dynamics and territorial fragmentation is the Sprinkling index (SPX) [22].

3. Materials and Methods

In this research, measurement of the economic impact of sprinkling on the population was
done through the preliminary estimate of additional costs due to the urbanization necessary for
new settlements.

The estimate of the tangible costs that local administrations must bear due to this urbanization
model was then related to the SPX index or, better, to the extent of its variation. For this, a regression
model was used. The investigation was conducted on some municipalities in the Basilicata region. The
time interval taken as reference was from 1950 to 2013.

To analyze the dynamics of sprinkling, together with the ISTAT data relating to the distribution of
the population as of 2013, the following territorial data were acquired from the Regional Technical
Map and from the Geo-Topographical Database of the geoportal of the Basilicata Region:

• the distribution of the buildings in 1950, deduced from the 1:25000 topographic map of the Military
Geographical Institute;

• the distribution of the buildings in 2013;
• the settlement of the population in the various census sections; and
• the network of roads, classified by category, for each of the selected municipalities.

The above-mentioned data, downloaded in vector format, were subsequently processed and
compared using the support of the open-source software QGIS.
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3.1. Study Area

The data provided by the National Institute of STATtistics (ISTAT) [41] between 1950 and 2013
relating to the entire region revealed a trend of an ever-decreasing population, mainly determined by
migratory flows directed to other regions and by low birth rates. This decrease contrasted with the
intense construction of new residential properties, which has recorded a constant percentage increase
in the reference time interval (Figure 1).
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Figure 1. Population trend—residential buildings (1950–2013).

Figure 2 shows the map of Basilicata’s municipalities classified by the degree of fragmentation
and resident population in 2013 based on the results of previous research [24]. The municipalities
analyzed in this work were also identified: Potenza, Matera, Melfi, Pisticci, and Lagonegro. An attempt
was made to consider one municipality for each class of fragmentation without considering the low
class of fragmentation in which very small municipalities are included.
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The five municipalities were chosen considering the degree of fragmentation, the resident
population, and the morphological characteristics of some territories that have certainly characterized
the dynamics of transformation. Potenza, Matera, Melfi, and Pisticci are the first four municipalities
in the region per resident population (over 16,000 inhabitants), while Lagonegro is among the
municipalities with a population range between 2000 and 6000 inhabitants. For the class of high
fragmentation, two municipalities—Matera, the main town of the province, and Pisticci—were chosen.
This last municipality is interesting because it is a coastal municipality whose urban transformation
is concentrated far from the main center and mainly for tourism purposes. For the medium–high
fragmentation class, the municipality of Melfi was chosen, which, with about 17,000 inhabitants, is the
third largest municipality in terms of population. The dynamics of transformation have been widely
studied in other studies [42]. For the class of average fragmentation, it was decided to analyze the
municipality of Potenza, the regional capital and first city by number of inhabitants. The municipality
of Lagonegro, which falls in the medium–low fragmentation class, was chosen for its morphological
characteristics, its position in the south of the region, and its transformation dynamics that are almost
stable over time.

Figure 3 shows the relationship between demographic trends and changes in urbanized areas over
twenty years in the municipalities studied and for all the regional territory. Each symbol represents
one of the five municipalities analyzed and the regional territory. The symbols in grey represent the
variation between 1989 and 1990, while those in red represent the variation between 1990 and 2013.Sustainability 2020, 12, x FOR PEER REVIEW 6 of 16 
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Figure 3. Relation between demographic trends and artificial surface variation over 20 years.

In analyzing the graph, it can be observed that, overall, in the face of a decrease in population, in
some cases even substantial, the urbanized area continued to increase. In the case of the municipality
of Lagonegro, the one with the smallest population among the municipalities analyzed, in the first
decade (1989–1998) a decrease in population of 2% corresponded to an increase in artificial surface
area of 25%, which continued to increase in the second decade with an increase in artificial surface area
of 31% and a further decrease in population of 7%. The same happened for the municipality of Pisticci:
a decrease in population corresponded to an increase in artificial surface area. In the municipality of
Potenza, in the first decade, a population increase of 5% corresponded to a 24% increase in artificial
surface area, while in the second decade, a 14% increase in artificial surface area corresponded to a 3%
decrease in population. For the other two municipalities, Melfi and Matera, a growth of the artificial
surface corresponded to a demographic increase.
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As already demonstrated in previous work [24], the increase of artificial surface area in the region
in the years considered has increased without a real demand for new residences. Moreover, the increase
in artificial surface area was fragmented and affected the phenomenon of sprinkling.

3.2. Sprinkling Index and Cost Estimation

The sprinkling index defined by Romano et al. [22] was used in this research to describe the
dynamics of territorial transformation. Considering buildings aggregated in complex polygons at a
predetermined distance (50 m according to [24]), and dividing the municipal territory with a grid of 1
square km, the index measures the degree of fragmentation of each analyzed cell. The grid was set
casually on the examined territory. The SPX index is a purely geometric measure that found its basis
on the Euclidean distance between the different geometries (aggregated buildings) present in the cell
and assumes that the most compact and sustainable form of urban growth is that of a circle. The SPX
index is expressed by Equation (1):

SPX = {
∑√

[(xi − x*)2 + (yi − y*)2]}/R, (1)

where xi and yi are the coordinates of the centroid of the ith polygon of the urbanized areas that
fall in the examined cell, and x* and y* are the coordinates of the centroid of the aggregate larger
buildings present in each cell of the grid at the instant considered; R is the radius of the circular area of
dimensions like those of the sum of the urbanized areas present in each cell.

The SPX can have a range of values from 0 to +∞: the higher the index value, the higher the
degree of fragmentation of the territory. An SPX equal to zero represents an urban transformation that
has occurred in an unfragmented and, therefore, compact way. It expresses the presence in a grid cell
of a single aggregate that can occupy the whole cell, with a surface of 1 square km in this case, or has
smaller dimensions.

The SPX index has been calculated for 1950 and 2013 for each cell of the considered municipality,
and the gap between them was measured. Figure 4 shows an example of the discretization of the
territory of one of the municipalities analyzed and the values of the SPX index relating to each square
of the grid.
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In order to describe the transformation dynamics of the territory, the SPX index was divided
into six classes of fragmentation from “not fragmented” to “high fragmentation”. The fragmentation
classes are shown in Table 1.

Table 1. Fragmentation Degree.

Fragmentation Degree SPX 1

Not fragmented SPX = 0
Low fragmentation 0 < SPX < 50

Medium–low fragmentation 50 ≤ SPX < 100
Medium fragmentation 100 ≤ SPX < 150

Medium–high fragmentation 150 ≤ SPX < 200
High fragmentation SPX ≥ 200

1 All SPX index values were divided by 1000.

Comparing the SPX indices measured in 1950 and 2013 made it possible to detect the evolution of
the phenomenon within each square of the grid.

Figures 5 and 6 show two examples that highlight the variation of the SPX index over time.
The buildings in the two time phases analyzed (1950 and 2013) and the aggregates built around them
are represented. Figure 5 shows an example of a decrease in the SPX due to the increase in the size of the
main aggregate present in 1950 following the construction of new buildings close to the existing ones.
We define this urban transformation dynamic as compaction dynamics. Figure 6 shows the opposite
situation, which is an increase in the SPX index. In the cell from 1950 to 2013, the size of the existing
aggregates increased, but new buildings were also built far away from them. This transformation
dynamic is exactly that of sprinkling.Sustainability 2020, 12, x FOR PEER REVIEW 8 of 16 
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Figure 5. Example of reduction of the SPX index: (a) 1950; (b) 2013.

A sample of 57 cells belonging to the five municipalities was selected. These had undergone the
greatest territorial transformations, i.e., the SPX index changed from 1950 to 2013. Of these cells, only
those in which the SPX index increased were analyzed. An increase in the index corresponds, in fact,
to an increase in fragmentation. The index increased for 15 cells, and the analyses carried out on these
cells are illustrated below. To better clarify the choice, the regression analysis was also carried out on
the meshes with negative ∆SPX (42) demonstrating in this case, as expected, that there is no statistically
significant relationship between the variables taken into consideration.
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Figure 6. Example of an increase in the SPX index: (a) 1950; (b) 2013.

In the regression model, the cost of linear infrastructures (roads, underground services, public
lighting, etc.) per unit volume of building (cubic meters) was taken as a dependent variable, while the
following were considered as independent predictors or variables:

• the variation in sprinkling, defined by the difference,

∆SPX,I = SPXi(2013) − SPXi(1950); (2)

• the mean square deviation, S, of the elevation values (X) measured every 5 square meters within
the reference mesh,

Si =

√∑n
i=1 (Xi −X)

2

n− 1
(3)

Index S is representative of the orographic complexity of the mesh. Meshes with strong variations
in altitude have higher values of this parameter compared to almost flat meshes.

The idea behind the choice of this second predictive variable is that the orographic conformation
of the single mesh affects the cost of infrastructure. A geomorphological conformation with greater
elevation differences entails a certainly more complex road network layout, which obviously is reflected
in the costs of this infrastructure.

To estimate the construction costs of the road infrastructure, all road sections within each mesh
were identified, and for each of them, the type was identified and the length defined.

The length of each road section was determined approximately by placing it equal to its
semiperimeter. Given the lack of information relating to the year of construction of the roads,
by a comparison between the map of the residential buildings surveyed in 1950 and 2013 and a
subsequent overlap with the road cartography, it was assumed that urban and local roads outside the
inhabited centers (in 1950), different from those which were the main routes, had been built precisely
in this interval to allow accessibility to the new construction. It was also hypothesized that any roads
dating back to the year 1950 or earlier, serving buildings outside the existing urban perimeters, were
mostly configured as sheep tracks made of clay. Therefore, although already existing, they have been
considered in calculating the new infrastructures generated by sprinkling. As mentioned, extra-urban
roads (main and secondary) and highways were excluded from the calculation.

For the definitions of the physical and geometric characteristics of the road superstructures of
each type, the indications provided by the Road Paving Catalog drawn up by the CNR (National
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Research Center) were used. This catalog assigns the thicknesses to the different layers of the pavement
according to the number of passages of commercial vehicles, the climatic conditions, and the type
of substrate (which expresses their bearing capacity). Finally, quantities were determined to define
the construction costs of the road sections, which defined the costs per linear meter for the different
categories of roads (as described by the Highway Code), based on the items reported in the price list of
the Basilicata region.

To estimate the average costs of water and sewage networks and public lighting systems, price
lists known in the literature were used that define a detailed reference of parametric prices for various
urbanization works.

Subsequently, the volumes of residential buildings built after 1950 were measured, calculating the
product of the height per building area. Finally, the cost of urbanization was weighed on the volumes
present in each mesh of the grid, and the costs per unit of volume were estimated.

4. Results

In Table 2 are the data used for the analyses.

Table 2. Input Data.

Town
Response Predictors

Cost (€/m3) ∆SPX S

Potenza
32.196 14.573 47.68

44.907 45.795 27.49

Lagonegro
44.163 14.403 37.165

60.807 27.085 81.987

26.754 5548 68.53

Matera
10.851 3055 7917

110.563 101.17 855

Melfi

31.865 20.161 4.46

35.918 65.991 21.789

17.642 4023 52.988

Pisticci

32.608 20.177 24.51

23.771 7177 4935

31.779 11.77 8242

9821 4817 17.932

32.786 39.344 29.444

Simple linear regression was primarily developed by assuming the SPX index as the only
explanatory variable. Table 3, Figures 7 and 8 describe the results. They show a good fit of the model
with R2 of 0.69. Considering the layout of the observed points, that some of them had a measure
of the variation of the SPX index very close to zero, and that if ∆SPX = 0 the variation of the cost
must also be zero, the power regression was also processed (Figure 9). In this case, R2 increased to
0.71 (Table 4). In the last two data processing analyses, multiple linear regression was developed by
assuming as predictors both the variation of the SPX index and the orographic complexity index (S)
with and without the constant. In the regression with the constant, the R2 increased to 0.73, but the
indicators of statistical significance of the predictors discarded both the constant and S (Table 5 and
Figure 10). In the regression without the constant, the model showed a better fit to the observed data
(R2 = 0.91), and for both explanatory variables, the null hypothesis was rejected (Table 6 and Figure 11).
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Table 3. Simple Linear Regression Statistics.

R 0.8301 R-squared 0.68906 Adjusted R-squared 0.66515

MSE 198.02889 S 14.07227 MAPE 33.34135

Durbin–Watson (DW) 1.65484 Log likelihood −59.87392

Akaike inf. criterion (AIC) 8.24986 AICc 8.27037

Schwarz criterion (BIC) 8.34426 Hannan–Quinn criterion (HQC) 8.24885

PRESS 5298.72 PRESS RMSE 18.79489 Adjusted R-squared 0.36001

Coefficients Std Err LCL 1 UCL 1 t Stat Value p H0 (5%)

Constant 17.58168 5.05288 6.66559 28.49776 3.47953 0.00407 rejected

∆SPX 0.73413 0.13677 0.43864 1.02961 5.36742 0.00013 rejected
1 LCL—Lower limit 95% confidence interval. UCL—Upper limit 95% confidence interval.
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Table 4. Power Regression Statistics.

R R-squared Adjusted R-squared Standard Error of the Estimate

0.840 0.706 0.683 0.343

Coefficients Std Err Std Coefficients T Stat Value p

ln(∆SPX) 0.484 0.087 0.840 5.585 0.000

Constant 8.123 2.062 3.940 0.002

Table 5. Multiple Linear Regression Statistics with the Constant.

R 0.85385 R-Squared 0.72906 Adjusted R-Squared 0.6839

MSE 186.9357 S 13.67244 MAPE 30.73977

Durbin–Watson (DW) 1.68796 Log likelihood −58.84124

Akaike inf. criterion (AIC) 8.2455 AICc 8.31216

Schwarz criterion (BIC) 8.38711 Hannan–Quinn criterion (HQC) 8.24399

PRESS 5738.40 PRESS RMSE 19.55914 Adjusted R-squared 0.30691

Coefficients Std Err LCL UCL t Stat Value p H0 (5%)

Constant 10.55533 7.20909 −5.15192 26.26258 1.46417 0.16885 accepted

∆SPX 0.76928 0.13549 0.47408 1.06448 5.67785 0.0001 rejected

S 0.20707 0.15558 −0.13191 0.54604 1.33096 0.20794 accepted
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Table 6. Multiple Linear Regression Statistics without the Constant.

R 0.95194 R-Squared 0.90619 Adjusted R-Squared 0.89898

MSE 203.38309 S 14.26124 MAPE 32.93767

Durbin–Watson (DW) 1.64565 Log likelihood −60.07401

Akaike inf. criterion (AIC) 8.27653 AICc 8.33807

Schwarz criterion (BIC) 8.37094 Hannan–Quinn criterion (HQC) 8.27553

PRESS 4918.98 PRESS RMSE 18.1089 Adjusted R-squared 0.82548

Coefficients Std Err LCL UCL t Stat Value p H0 (5%)

Constant 0

∆SPX 0.88968 0.11232 0.64703 1.13233 7.92095 2.49E-06 rejected

S 0.37388 0.11051 0.13514 0.61261 3.38322 0.0049 rejected
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5. Discussion

Analysis of the models showed that a unit increase in the SPX index produced an additional
cost that weighed on the population due to the greater linear infrastructures serving widespread
and fragmented urbanization, which varied in the range between €0.73 and €0.89 per cubic meter
of total built volume (new and existing). This means that in the passage from one degree of urban
fragmentation (SPX) to the next (see Table 4), the cost increase is estimated in the range €36.50–44.50/m3.
If it is assumed that each inhabitant occupies about 100–120 cubic meters, the per capita cost, resulting
from the increase in a degree of urban fragmentation, is approximately €4000.00.

The cost of sprinkling calculated in this way certainly has a social character, and it falls directly on
the entire population. A new residential complex far from the main urban center needs new services
that, in turn, require new road infrastructure and additional costs for the population. What drives
users to build new houses in the rural landscape, isolated from existing residential complexes? Surely,
a triggering factor lies in the tax benefits related to infrastructure for new homeowners, the lower costs
of agricultural land, and the need for a new residence (sometimes a second residence) away from the
chaos of the city.

If we transfer the cost calculated per capita on the cells of 1 square km analyzed in the following
research, we obtain the cost of sprinkling per square km. For example, for the municipality of Matera,
in one of the cells analyzed, we obtained ∆SPX = 101.17 (see Table 2), which means a passage of two
classes of fragmentation. Considering that the population density of the municipality of Matera is 57
inhabitants per square km, we could say (intensifying the result) that the new transformations occurred
in the above cell between 1950 and 2013, and that the following the dynamics of urban sprinkling
generated a cost of €228,000 per square km and per transition of fragmentation class.

In addition, other considerations come from analyzing each municipality’s cell with the highest
SPX variation. For each municipality, the hypothetical resident (or inhabitable) population per cell was
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calculated by dividing the existing volume by 120 m3 per inhabitant. It follows, obviously, that the
municipalities classified with a high degree of fragmentation (Matera and Pisticci municipalities) have
a high cost. In a specific case, the cost of sprinkling in a single cell in Pisticci is €1,060,000.00, while in
Matera it is €736,000.00. In the municipality of Matera, the difference in the SPX index is equal to the
passage of two classes of fragmentation, and for this reason, the cost has been doubled. Figure 12
shows the cost and the SPX index difference for each cell analyzed in the five municipalities.Sustainability 2020, 12, x FOR PEER REVIEW 14 of 16 
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The municipalities of Potenza and Melfi have costs that are around €700,000. For the municipality
of Lagonegro, which is classified with a medium–low fragmentation degree, the cost is much lower:
€328,000. This shows that low levels of fragmentation have much lower costs than higher levels
of fragmentation.

6. Conclusions

Starting from a previous study conducted at the University of Basilicata [24] aimed at measuring
widespread urbanization and sprinkling and reconstructing its dynamics in the municipalities of the
Basilicata region, this research examined the phenomenon from an economic point of view. It focused
on the most evident social costs that are consequent to the greater linear infrastructure deriving from
urban fragmentation.

The idea behind the research was to analyze a primary relationship between the costs of
urbanization and the quantitative measure of sprinkling already defined in the mentioned work.
The results of the analyses demonstrated the goodness-of-fit of the model and the significance of the
explanatory variables selected.

Further research developments involve experimentation and verification of the model by applying
it to a sample of more numerous data both on the regional scale of Basilicata and in other regional areas.

Dissemination of the results of this experimentation will serve to gain further awareness of the
serious negative impacts of uncontrolled urbanization. While on the one hand, the literature has
already widely highlighted the indirect consequences, the direct consequences in terms of higher
expenses that administrations incur are seldom investigated. Even limiting the analysis of costs
to major linear infrastructure, as this research has done, the significant per capita impact of these
costs translates into fewer and worse services that the local administration can guarantee its citizens.
Awareness of the burdens that weigh directly on citizens constitutes a warning for those who govern
the territory. This evidence could direct administrations towards adequate planning aimed at curbing
widespread urbanization by imposing limitations on further taking land, favoring the maintenance of
soil permeability and the protection of residual open space.
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Interventions can support these activities to improve the quality of life in urban areas, to consolidate
them and the infrastructures that serve them, to efficiently manage public housing assets, to cooperate
with municipalities in planning new developments, and to encourage reuse through taxation of the
disused real estate assets.

Author Contributions: Conceptualization and investigation: B.M. (Benedetto Manganelli); methodology, data
curation, visualization, writing—review and editing: B.M. (Benedetto Manganelli), B.M. (Beniamino Murgante),
L.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
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