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Abstract: For the first time in human history, over half of the world’s population lives in urban
areas. This rapid growth makes cities more vulnerable, increasing the need to monitor urban
dynamics and its sustainability. The aim of this work is to examine the spatial extent of urban
areas, to identify the urban-rural continuum, to understand urbanization processes, and to monitor
Sustainable Development Goal 11. In this paper, we apply the methodology developed by the
European Commission-Joint Research Center for the classification of the degree of urbanization of
the Italian territory, using the ISPRA land consumption map and the ISTAT population data. The
analysis shows that the availability of detailed and updated spatialized population data is essential
to calculate SDG indicator 11.3.1, which assesses the ratio of land consumption rate to population
growth rate. Three new indicators are also proposed to describe the main trends in urban sprawl,
analyzing the spatial distribution of land consumption in terms of infill and settlement dispersion.
The research shows good results in identifying class boundaries and describing the Italian urbanized
landscape, highlighting the need for more detailed spatialized demographic data. The classification
obtained lends itself to a variety of applications, such as monitoring land consumption, settlement
dynamics, or the urban heat islands, and assessing the presence and state of green infrastructures
in the urban context, driving the development of policies in urban areas toward sustainable choices
focused on urban regeneration.

Keywords: urban-rural continuum; land consumption; land use efficiency; SDG; urban expansions;
population dynamics

1. Introduction
1.1. Effects of Urban Growth and Insights on Urbanization Dynamics in Italy

Historically, the main drivers of urban development have been economic and demo-
graphic growth but also the effects of local policies and regulations [1,2]. In recent years,
the extension of city surface areas has been increasing twice as fast as their population,
leading to an estimated increase in global land consumption of 1.2 million square kilome-
ters by 2030 [3]. This expansion will have repercussions on the habitats and ecosystem,
influencing the services they provide to humans and other life on Earth [4], e.g., they
can lead to hydrological impacts, influencing runoff in urban catchments [5] and crop
production [6]; moreover, urban centers are responsible for about 70% of global carbon
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emissions and more than 60% of resource use, while rapid urbanization is often associ-
ated with worsening air pollution [7-9]. These considerations were strengthened after the
emergency linked to the COVID-19 pandemic, which highlighted the need for resilient
cities that guarantee the highest level of well-being to citizens [10,11]. Human pressure on
soil is a key driver of the loss of biodiversity and of ecosystem services [12]. Due to their
high density of people and assets, cities must play a central role, which is manifested in
one of the sustainable development goals formulated by the United Nations within the
2030 Agenda. The 17 Sustainable Development Goals and the 169 associated targets in-
tegrate and balance the three dimensions of sustainable development, covering social,
economic, and environmental aspects [13]. The thematic of the SDG 11 is the “Sustainable
Cities and Communities” [14]; to monitor progress toward the achievement of target 11.3
(“by 2030 enhance inclusive and sustainable urbanization and capacities for participatory,
integrated and sustainable human settlement planning and management in all countries”),
the UN established indicator 11.3.1, which measures how efficiently cities use the territory,
focusing on the relation between urban expansion and the population growth in urban
area [15]. This indicator is categorized under Tier II, meaning the indicator is conceptu-
ally clear and an established methodology exists but data on many countries are not yet
available [16-18].

In this context, it is essential to understand the state of settlements and the main trends
in urbanization and demographic variations. The low-density urban growth known as
“sprawl” [19,20] is a common phenomenon in Europe that, in Italy, assumes the charac-
teristics of extreme dispersion, taking the name of “sprinkling” [21]. Compared to sprawl
(which is based on urban systems designed through zooning), this settlement dynamic
develops spontaneously, following different intensities based on the orography and often
in the absence of urban planning. Sprinkling is characterized by aggregates of highly
variable dimensions that generate low-density hybrid landscapes in rural areas, whose
characteristics mix with those of urban areas [22-24] (Figure 1). This configuration is the
result of planning processes of the 1960s and 1970s, which led, on the one hand, to the
creation of new zone plans on the peripheral areas and to densification, and on the other, to
the construction of new residential complexes in the countryside. This dynamic has led to
the proliferation of settlements in a widespread form on the margins of large urban centers,
influencing the growth of periurban fringes and the transposition of urban models to the
countryside [25]. Therefore, on the one hand, there is the presence of consolidated urban
forms with centrality roles, and on the other, discontinuous and low-density suburban or
periurban settlements have been formed, with marginal dimensions and roles that limit the
triggering of centrality effects [26]. This fraying of the margins of urban areas makes the
delimitation of the margins between city and countryside complex and limits the definition
of a univocal criterion for circumscribing them [27]. It is, therefore, necessary to analyze the
urban landscape on a national scale in terms of the urban-rural continuum, overcoming
the urban-rural dichotomy [28-30].

(@ B (b)
Figure 1. Example of sprawl in Paris (a) and sprinkling in Naples (b).
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1.2. Existing Data for the Representation of Urban Areas

Several products are available nationally and internationally for the representation
of urban areas and the urban—rural continuum, with different geometric and thematic
characteristics and different definitions.

1.2.1. Global Data—Global Human Settlement Layer (GHSL) SMOD

Eurostat proposes a harmonized methodology to improve the quality of urban statis-
tics starting from the classification of the entire territory along an urban-rural continuum.
The scheme is based on the combination of population data (represented by a grid of
1 km?) and density of artificial surfaces, with the aim of overcoming the traditional
urban-rural dichotomy [28,30]. The Joint Research Center (JRC) has implemented Eu-
rostat’s methodology by introducing the Global Human Settlement Layer (GHSL), which
offers information on a global scale, based on the combination of total resident population
density [31,32].

1.2.2. European Data—Copernicus Land Monitoring Service Data

Copernicus data refer to a definition of urban area that considers permanently popu-
lated areas and surfaces dominated by the influence of human activities, excluding agri-
cultural use. These areas include all man-made structures (buildings, road infrastructures,
and other paved areas) and the unsealed and vegetated surfaces associated with them.

The CORINE Land Cover (CLC) belongs to the Pan-European component of the CLMS
and describes land cover and land use with a minimum mapping unit of 25 hectares for
the entire European territory. Class 1 CLC distinguishes “artificial areas” according to
the prevalent use into “Urban fabric” (which includes built-up areas), “Areas mainly for
commercial and industrial use and infrastructures for transport and logistics” (such as ports,
airports, roads, and railways), “Quarries, landfills and construction sites”, and “Green
urban areas and sport and leisure facilities” [33-35].

Urban Atlas (UA) is another important CLMS data for the description of urban areas.
UA belongs to the Local component of the CLMS and provides a high-spatial-resolution
land cover and land use mapping of Functional Urban Areas (FUAs), defined as the set of
central cities and their commuting areas. The data are available for the years 2006, 2012,
and 2018 and have a higher spatial resolution for artificial classes (minimum mappable unit
of 0.25 hectares) than for natural areas (1 hectare). There are also two change layers, relating
to the periods of 2006-2012 and 2012-2018. Urban Atlas adopts a four-level classification
system based on CLC classes, with higher thematic detail for artificial areas [36].

1.2.3. European Data—European Settlement Map

The European Settlement Map (ESM) is a mapping of the human settlements in Europe
produced with GHSL technology by the Joint Research Center (JRC) and represents the
percentage of built-up area coverage per spatial unit. The ESM for 2016 was obtained by
applying machine learning techniques on multispectral and panchromatic bands of SPOT5
and SPOT6 imagery, in order to understand systematic relations between morphological
and textural features in the description of human settlement [37,38].

1.2.4. National Data—Degree of Artificialization and Degree of Urbanization

ISPRA has characterized the urban-rural continuum according to two approaches,
based on the analysis of the density of artificial surfaces (in the first case) and integrating
this information with data on population density (in the second one).

The first approach describes the density of the artificial surfaces starting from the
ISPRA National Land Consumption Map (LCM), considering the average density of the
artificial surfaces in a radius of 300 m. The LCM is a 10-m-resolution raster, produced
and updated annually [39-41]. The data have national coverage and are available for the
years 2006, 2012, and all the years between 2015 and 2021. The map adopts a three-level
classification system, which distinguishes different classes of permanent and reversible
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consumed land [42]. The third classification level is adopted for all new changes and is
available for most of the built-up areas, for the entire road network, and for all quarries,
landfills, and paved and unpaved greenhouses. The national territory was then classi-
fied into urban, suburban/periurban, and rural areas, in accordance with the thresholds
indicated by sustainable development goal number 11 of the United Nations 2030 Agenda.

The second ISPRA data is based on a procedure similar to the Eurostat/JRC one and
considers the consumed land density map together with the population density map. The
resulting data have four classes of artificial surface and population density, three of which
reflect those of the Eurostat/JRC (High-Density Urban Areas, Medium-Density Urban
Areas, and Rural Areas) and the fourth relates to areas with a high density of artificial
surfaces and low population density [42].

1.3. Describe Urban—Rural Continuum Using National Data

The study proposes a classification of urban areas for the Italian territory according to
the indications of the 2030 Agenda for Sustainable Development and the related Sustainable
Development Goals. The research is part of the activities carried out by ISPRA for the
characterization of the rural-urban continuum and for the monitoring and analysis of
the spatial distribution of land consumption [42]. For this purpose, the methodology
adopted by Eurostat and applied by JRC for the realization of the GHS-SMOD was resumed
and adapted to the ISPRA LCM and to the ISTAT demographic data. Starting from this
characterization of the urban area, an estimate of the SDG 11.3.1 indicator and of the land
consumption distribution was carried out for the period 2012-2018.

2. Materials and Methods
2.1. Overview

The study refers to the entire Italian territory (Figure 2) and takes up the methodology
proposed by Eurostat for a classification of the urban—rural continuum based on the spatial
distribution of the population.

O)

Figure 2. Study area—the analysis refers to the whole Italian territory, which is represented with
reference to orography and major road infrastructure.
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Three main phases can be identified:
1. Creation of a spatialized population layer based on ISTAT demographic data.

The spatial distribution of the population was analyzed starting from the ISTAT data
on total municipal population, considering for each municipality a uniform distribution of
the inhabitants among the “residential” pixels. Ancillary data were introduced to identify
the residential areas: Starting from the LCM, the buildings were identified and then, using
the CLMS and ESM data, the residential ones were selected.

2. Classification of the urban-rural continuum on a national scale starting from the
spatialized population data.

Through focal analysis, the population density was evaluated around 1 km? of each
pixel and population density thresholds were introduced to identify 4 classes of clusters,
which were then further divided into 9 subclasses based on the total population and
contiguity rules.

3. Application of the classification of the urban-rural continuum for the calculation of
SDG indicator 11.3.1.

The metadata of the SDG 11.3.1 indicator suggest calculating the “Ratio of land
consumption rate to population growth rate” considering the urban area obtained by
applying the Eurostat/JRC methodology as the reference area. However, the most detailed
and updated demographic data for Italy refers to the aggregate value of total municipal
population. Actually, no further information is available on the spatial distribution of the
population and its variations among the different urban—rural classes within the same
municipality (for example, how many inhabitants of a municipality live in its urban center
or the migrations from urban to periurban/suburban or rural and vice versa). As suggested
by Eurostat, each municipality was associated with the prevailing class (the one in which
the largest number of inhabitants lived) and the calculation of the indicator was carried out
for the entire territory of the urban municipalities, i.e., those where the urban class prevails.
To provide information on the evolution of urbanized areas within the municipal territory,
three new indicators were introduced that evaluate the distribution of land consumption
among the urban suburban/periurban and rural classes.

2.2. Spatialization of the Population

This paragraph describes the procedure for creating a spatialized population layer
based on ISTAT demographic data (Figure 3). The analysis refers to 2018 and is conducted
for the entire national territory.

ISTAT provides yearly updated population data for the Italian territory, with the
highest level of detail at the municipal scale (total municipal population). According to
the Eurostat methodology, in the absence of spatialized population data (geocoded census
or population register), a disaggregation grid can be created by combining the population
of census units with high-resolution land use data from national or global sources [31].
To allocate the population within the territory of the municipalities, ancillary data were
introduced for the identification of residential areas. First, the built-up areas were identified,
starting from the ISPRA LCM, where areas classified as 111 (buildings) and as 1 (consumed
land not yet reclassified to the third thematic level of detail) were selected. Starting from
these built-up areas, residential buildings were identified using the Copernicus CLMS
data (CORINE Land Cover, Urban Atlas, Coastal Zones, Natura 2000 and Riparian Zones)
and the ESM data. CLMS class 1 distinguishes different artificial surfaces, making it
possible to separate the “urban fabric” from “industrial, commercial, transport, and logistics
areas”, “extraction sites”, “green urban areas”, and “sport and leisure facilities”. In areas
not covered by CLMS class 1, ESM was used, which provides thematic information on
residential and non-residential buildings derived by remote sensing imagery and training
data. For each municipality, the total population of ISTAT was spatialized considering a
uniform distribution among the “residential building” pixels, as no supporting data are
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available (such as the height of the buildings or updated census sections) to distribute the
population on the municipality in a more detailed way. In the following, we refer to the
spatialized population data as “population raster”.

| Selected Classes .
111-1 l
Attribution of
LU classes
Population

Selected Classes
12-13-14

A

v

Bl Permanent consumed land M Residential consumed land
Reversible consumed land I Non residential consumed land

Figure 3. Workflow of the spatialization of population. The built-up areas were identified with the
ISPRA LCM; among these, the residential buildings were selected thanks to the CLMS data and the
ESM. The population was then distributed uniformly among all residential pixels.

2.3. Classification of the Urban—Rural Continuum

This paragraph describes the methodology for the classification of the urban-rural
continuum on a national scale starting from the population raster. The analysis refers to
2018 and is conducted for the entire national territory.

The classification adopted by Eurostat and JRC requires information on population
density per square kilometer. These data were obtained by calculating the focal statistics
on the population raster and associating with each pixel its own population density value
around 1 km?2. The data were, therefore, reclassified into four classes, according to the
following thresholds (Table 1):

Class 1, with over 2000 inhabitants per km?;

Class 2, for areas with between 500 and 2000 inhabitants per km?;
Class 3, for areas with between 100 and 500 inhabitants per km?Z;
Class 4, with less than 100 inhabitants per km?.
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Table 1. Classes defined by Eurostat/JRC for the classification of settlements and their adaptation to
the Italian context. For the “Water” class, there must be no population and at least half a pixel must
be covered with water. The revision of the thresholds takes into account the differences between
the GHS-POP data (to which the Eurostat/JRC thresholds refer) and the proposed data, in terms of
spatial resolution and a different criterion for the spatialization of the population.

Code Definition Eurostat/JRC Thresholds Proposed Thresholds
Pop. Density Pop. Size Pop. Density Pop. Size
Urban Centers >1500 >50,000 >2000 >10,000
Dense urban cluster >1500 5000-49,999 >2000 <10,000
22 Semi-dense urban cluster 300-1500 5000—49,999 500-2000 >5000
21 Suburban cells 300-1500 - 500-2000 -
Rural cluster 300-1500 500-4999 500-2000 <5000
12 Rural low density 50-300 - 100-500 -
- Rural very low-density <50 - <100 -
Industrial, commercial
. n.a. n.a. - -
and services
60 Water 0 0 - -

Class 1 was further subdivided based on the total population, making it possible

to identify:

e Urban Centers with over 2000 inhabitants per km? and a population of over
10,000 inhabitants;

e  Dense Urban Clusters with over 2000 inhabitants per km? and a population of less
than 10,000 inhabitants.

Class 2 was divided into two subclasses using a contiguousness criterion:

e  Suburban cells, for areas contiguous to class 1 and with a population density between
500 and 2000 inhabitants per km?;

e  Semi-dense Urban Clusters, for areas not contiguous to class 1 and with a population
density between 500 and 2000 inhabitants per km? and a total population of over
5000 inhabitants;

e Rural Clusters with population density between 500 and 2000 inhabitants per km?
and a population of less than 5000 inhabitants.

Class 4 was defined “Low-Density Rural Cells”, while the areas that do not fall into
any of the above classes were classified as “Very Low-Density Urban Cells”. An additional
class was also introduced with respect to the Eurostat and JRC classification, relating to
areas with high built-up density and low population density, which are mostly associated
with production, commercial, or logistics areas. This class was identified with a focal
analysis on non-residential buildings and includes areas that have a built density higher
than 10% in an area of 1 km?.

The Eurostat/JRC thresholds were revised through trial and error in order to take into
account the characteristics of the population raster, maintaining a result as comparable
as possible to the GHS-SMOD. In detail, the population raster compared to the GHS-
SMOD has a higher spatial resolution (10 m against 1 km) and, for the spatialization of the
population, it does not consider the census sections, whose data are updated to 2011.

2.4. Calculation of the SDG 11.3.1 Indicator

The paragraph describes the application of the classification of the urban-rural contin-
uum for the calculation of SDG indicator 11.3.1. The calculation was conducted with respect
to the period of 2012-2018 on urban municipalities, i.e., those in which the population is
mainly concentrated in the urban classes. Here, a set of three unpublished indicators was
also calculated to analyze the spatial distribution of land consumption among the urban,
suburban/periurban, and rural classes.
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2.4.1. SDG 11.3.1 Indicator

The indicator SDG 11.3.1 “Ratio of land consumption rate to population growth rate
(RLCRPGR) relates the variation in land consumption with the variation in population in
a reference period. In detail, it is defined as the ratio of land consumption rate (LCR) to
population growth rate (PGR) [16]:

”

CLiyn—CLy
CL;

T
LCR
RLCRPGR = = 1
PGR i (T >1 )
Y

where:

CL; = Total areal extent of the consumed land for the first year.

CL;+, = Total areal extent of the consumed land for the last year.

T = Number of years between CL¢.,, and CL;.

Popy = Total population in the first year.

Pop; 1, = Total population in the last year.

y = Number of years between the two measurement periods.

The indicator metadata suggest calculating the RLCRPGR assuming the territory
classified as an urban area as the reference area, according to the Eurostat/JRC methodology.
The assessment requires deep knowledge of the spatial distribution of land consumption
and population variation, in order to be able to accurately evaluate the variation in the two
quantities within the reference urban area.

With regard to the LCR, the LCM provides spatialized and yearly updated information
on land consumption, allowing for the identification of the changes occurring in the
reference urban area.

Regarding the PGR, ISTAT produces and annually updates the official demographic
data for Italy, providing the total municipal population as more detailed data. These data
do not allow for spatially characterizing in which areas of the municipality population
variations occur. Actually, it is not possible to evaluate the population variation with respect
to urban areas, as, in some cases, they only occupy a portion of the municipal territory,
and in others, they include more municipalities. In accordance with the Eurostat/JRC
methodology, the calculation was, therefore, carried out on a municipal scale, associating
the prevailing urban-rural class with each administrative unit (i.e., the one in which the
majority of the population is concentrated) [31]. The indicator was calculated for the period
2012-2018 on the municipalities classified as “Urban Center”, “Dense Urban Cluster”, and
“Semi-dense Urban Cluster”.

The value of the indicator depends on the two terms LCR and PGR. If they are
both positive (increase in land consumption and population) or negative (decrease in
land consumption and population), the indicator assumes positive values; otherwise, it is
negative. For the interpretation of the RLCRPGR indicator, it is important to observe the
sign of LCR and PGR, as the same RLCRPGR value can represent different dynamics (for
example, a negative RLCRPGR value can derive from an increase in PGR and a decrease in
LCR or from an increase in LCR and a decrease in PGR) (Table 2).
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Table 2. Interpretation of the RLCRPGR based on the values of the two terms LCR (Land Consump-
tion Rate) and PGR (Population Growth Rate).

LCR PGR RLCRPGR Description

-1 Land consumption grows much
>0 more than population
Population grows much more than

land consumption
Population decreases significantly
<0 and land consumption increases
Population decreases and land
consumption increases significantly
Population grows while land
>0 consumption decreases significantly
Population grows significantly while
land consumption decreases
Population decreases much more
<0 than land consumption
Land consumption decrease much
more than population
0 >0, <0 0 -

>0

<0

2.4.2. Normalized Difference of Consumed Land

In addition to the calculation of SDG 11.3.1, the auxiliary indicator “Normalized
Difference of Consumed Land” (NDCL) was also introduced, with reference to urban
areas (2), suburban/periurban areas (3), and rural areas (4):

LC in urban area — LC in rural and suburban area

DL = Total LC k)
LC in suburban area — LC in rural and urban area
NDCLs = Total LC 3)
NDCL, — LCin rural area — LC in urban and suburban area @
Total LC

The indicators were calculated for the same urban municipalities considered for the
RLCRPGR indicator. The calculation was based on the ISPRA LCM for the two reference
years and the interpretation of the three indicators allows for describing the spatial dis-
tribution of land consumption in the urban municipalities. Each of the three indicators
evaluates the portion of land consumption that affects each of the three classes (urban,
suburban/periurban, and rural) and the one that assumes the highest value represents the
prevailing trend of that municipality, in terms of:

e  Urban Infill, where land consumption mainly affects urban areas, thus filling the gaps
between the existing urban fabric.

e  Periurban Infill, when land consumption is concentrated in periurban areas on the
edge of the dense urban fabric.

e  Dispersion, when low-density land consumption occurs in rural areas.

3. Results
3.1. Spatialization of the Population

The spatialization of the population refers to the residential areas identified on the
ISPRA LCM. Starting from the total consumed land of the LCM (2,130,088 hectares in
2018), buildings (class 111) and consumed land at the first classification level (class 1) were
selected, for a total of 536,579 and 689,645 hectares, respectively. The introduction of CLMS
and ESM data made it possible to distinguish the residential component (71.42% of the
built-up area) from the non-residential component (28.57% of the built-up area) (Table 3),
where the population was evenly distributed.
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Table 3. Extension of total consumed land and of classes 1 and 111 of the LCM and extension of
residential and non-residential areas within classes 1 and 111 of the LCM.

Percentage (%)

Area (ha) On Total On LCMC OnLCM
National Area onsumed Land  Built-Up Area
Consumed land 2,130,088 7.06 - -
Built-up-class 1 689,645 - 2.37 -
Built-up-class 111 536,579 - 25.19 -
Residential 875,794 - - 71.42
Non residential 350,430 - - 28.57

3.2. Classification of the Urban—Rural Continuum

The classification of the settlements of the national territory according to the eight
Eurostat/JRC classes provided the results shown in Figures 4 and 5 and Table 4, expressed
in terms of hectares and percentages on the national surface. The data were also compared
with the GHS-SMOD data.

]
(b)
URBAN - RURAL CONTINUUM CLASSES
[l Urban centre [] Suburban or periurban M Rural very low density
[l Dense urban cluster B Rural cluster [T Industrial, commercial, or services cluster
[ Semi-dense urban cluster [ Rural low density ] water

Figure 4. Urban area of Bologna: comparison between (a) classification of the urban-rural continuum
from the proposed data (2018) and (b) GHS-SMOD (2020). The two data are consistent with regard to
the distribution of the different classes; however, the proposed data represent with higher geometric
detail the edges of dense urban centers and the spatial configuration of small and medium-sized
clusters that have developed around the main metropolitan areas.

The Italian territory shows a prevalence of rural classes with low and very low popu-
lation density. The areas with the highest population density (Urban Centers and Dense
Urban Clusters) occupy just over 2% of the national territory, while the surrounding subur-
ban areas occupy under 5%. Compared to the GHS-SMOD, there is a similar distribution
of the national territory between urban, suburban/periurban, and rural classes, with the
main differences concerning the classes of Dense Urban Cluster and Semi-Dense Urban
Cluster, which are larger in the GHS-SMOD than in the proposed data.
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Figure 5. Urban—rural continuum in Italy (2018). The map shows the location and spatial configura-
tion of the urban clusters and the extension of the related expansion areas. Here, the rural spaces close
to the dense urban cores have undergone a conversion into urban uses with a tendency to connect
with each other.
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Table 4. Extension of the urban-rural continuum classes on the national territory, expressed in
hectares and percentage and compared with the GHS-SMOD data.

URCC GHS-SMOD
Classes
ha % ha %
Urban center 478,965 1.59 421,293 1.39
Dense urban cluster 161,683 0.54 412,635 1.36
Semi-dense urban cluster 44,219 0.15 253,155 0.83
Suburban cells 1,400,857 4.65 1,315,428 4.33
Rural cluster 660,323 2.19 800,973 2.64
Rural low density 5,921,639 19.65 4,555,108 15.00
Rural very low-density 20,855,863 69.20 22,381,960 73.70
Industrial, commercial, and services 441,594 1.47 - -
Water 173,558 0.58 227,783 0.75
Total 30,138,702 100.00 30,368,335 100.00

A total of 2825 urban clusters are identified on the national territory, of which 719
are classified as Urban centers, 2046 as Dense Urban Clusters, and the remaining 60 as
Semi-Dense Urban Clusters (Table 5). Overall, the Urban Centers occupy about three times
the surface of the Dense Urban Clusters and over 10 times that of the Semi-Dense Urban
Clusters. About half of the Urban Centers are in Lombardy (which accounts for a quarter
of the class), Campania, and Lazio. Lombardy is also the region where the class of Dense
Urban Clusters is most extended, while about one third of the Semi-Dense Urban Clusters
fall in Veneto, Latium, and Sicily.

Table 5. Surface and number of clusters present on the Italian territory for the three classes of Urban

Centers, Dense Urban Clusters, and Semi-Dense Urban Clusters.

Semi-Dense

Largest

Large Urban Center Dense Urban Cluster Urban Cluster Urban Center LUCPI

Count ha Count ha Count ha ha %
Piedmont 32 29,926 138 10,646 3 2515 14,809 34.37
Aosta Valley 1 730 3 290 0 0 730 71.56
Lombardy 66 108,648 452 34,143 4 2817 48,016 32.98
Trentino A.A. 6 5291 48 3273 0 0 1509 17.62
Veneto 23 27,278 197 17,286 12 6780 5299 10.32
Friuli V.G. 28 8674 33 2265 6 4162 2903 19.22
Liguria 119 14,626 44 3524 1 601 7623 40.66
Emilia-Romagna 27 27,843 154 9975 2 1263 6737 17.24
Tuscany 33 29,906 109 7720 5 3472 8833 21.49
Umbria 4 3007 26 1628 4 3124 1289 16.61
Marche 18 8193 50 4258 2 1333 1438 10.43
Latium 37 52,989 142 13,173 5 5140 39,061 54.78
Abruzzo 14 8277 33 2735 0 0 4226 38.38
Molise 2 1393 9 685 0 0 836 40.24
Campania 125 74,469 103 7859 3 2176 49,065 58.06
Apulia 80 24,305 157 13,710 6 4530 4280 10.06
Basilicata 2 1381 21 2115 0 0 770 22.02
Calabria 15 7553 79 6260 1 812 2253 15.41
Sicily 74 36,482 177 14,231 5 4898 11,089 19.94
Sardinia 13 8289 71 5987 1 598 4181 28.11

ITALY 719 476,837 2046 161,762 60 44,219 - -

Regarding the extension of the larger urban centers, in Lombardy and Campania, the
centers of Milan and Naples each occupy almost 50,000 hectares, while, in Latium, the
urban area of Rome reaches just under 40,000 hectares. In the other regions, the main
centers do not reach 10,000 hectares, except for Piedmont and Sicily, which stop just above
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this threshold. The “Largest Urban Patch Index” (LUPI) expresses the extent of the largest
patch as a percentage on the total regional extent of the three urban classes. In Campania
and Latium, the two main clusters are among the largest in Italy and occupy between 50
and 60% of the regional urban class, while Lombardy’s Milan cluster, despite being the
largest in Italy, includes less than a third of regional urban areas, reflecting the high level
of urbanization of this region. The highest LUPI value is in the Valle d’Aosta, where the
Aosta cluster (despite being the smallest of the largest regional urban centers) includes
over 70% of the urbanized area of the region, confirming the low level of artificialization of
that territory.

3.3. Calculation of the SDG 11.3.1 Indicator

The attribution of the prevailing urban—rural class to the municipalities provided the
results of Table 6 and Figures 6 and 7.

Table 6. Classification of municipalities among the urban-rural classes based on the prevailing class.

Municipality
Classes n. %
Urban center 605 7.65
Dense urban cluster 470 5.94
Semi-dense urban cluster 56 0.71
Suburban cells 1216 15.38
Rural cluster 1640 20.74
Rural low density 2777 35.13
Rural very low-density 1142 14.44

A\ aew e

[ | Large urban centre I Rural cluster [ | Large urban centre I Rural cluster
Bl Dense urban cluster I Rural low density B Dense urban cluster I Rural low density
[] Semi-dense urban cluster [l Rural very low density [] Semi-dense urban cluster [l Rural very low density
[] Suburban or periurban  [[] Industrial, commercial [ ] Suburban or periurban
or services cluster
[ ] Water
(a) (b)

Figure 6. The metropolitan area of Rome. (a) Urban—rural continuum classes. (b) Attribution of the
prevailing urban—rural class to the municipalities. This generalization involves a loss of detail, which
precludes the possibility of using indicator 11.3.1 for intra-municipal analyses, but it is the only way
to exploit ISTAT demographic data, which have annual updates at the most at the municipal level.
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Figure 7. Urban-rural continuum classes in Italy (2018)—Attribution of the prevailing urban-rural
class to the municipalities. Compared to Figure 5, this generalization leads to a loss of detail, which
limits intra-municipal analyses, but still allows evaluations and comparisons to be made between
different municipalities attributable to the same classes.
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For the calculation of the RLCRPGR indicator, municipalities defined as “Urban
Center”, “Dense Urban Cluster”, and “Semi-dense Urban Cluster” were taken into consid-
eration (Figure 7). Overall, 1131 municipalities belong to the three classes (14% of the total),
of which 605 classified as Urban Center, 470 as Dense Urban Cluster, and 56 as Semi-dense
Urban Cluster.

The calculation of the RLCRPGR indicator provided the values shown in Figure 8,
relating to municipalities with an increase in land consumption and, therefore, positive
LCR values. In detail, 13 of the 1131 municipalities show negative LCR values; in 6, there
are no changes in LCR, and 1112 show an increase in land consumption. For all urban
municipalities with a decrease in land consumption (LCR < 0), the whole territory was
inspected using the ISPRA LCM. In all cases, the restorations take place in areas classified
as reversible land consumption, in correspondence with areas of maneuvering and storage
surrounding the construction sites of new buildings, roads, and infrastructures, as in the
example of Figure 9. The following analysis, therefore, focused only on municipalities with
LCR > 0.

With regard to the municipalities with increasing land consumption, the following
results were obtained (Figure 10):

e In 571 municipalities (51.3% of those with LCR > 0), the indicator has values less
than 0. In these areas, the increase in land consumption corresponds to a decrease in
population. In detail, in the 397 municipalities with SDG values between 0 and —1,
the rate of population decrease is significantly higher than the rate of increase in land
consumption, while in the 174 municipalities with SDG < —1, the increase in land
consumption is higher than the population decrease.

e  The SDG has positive values in 541 municipalities (48.6% of urban municipalities
with increasing land consumption). About two thirds of them have values between 0
and 1, i.e., a rate of increase in the population higher than the rate of increase in land
consumption, while in the remaining 164 municipalities, the population increases less
than the increase in land consumption.

The SDG indicator was supported by an analysis on the territorial distribution of land
consumption between urban, periurban/suburban, and rural areas relating to the period of
2012-2018 (Table 7).

Table 7. Distribution of land consumption (2012-2018) among the different urban-rural classes.

CLASSES ha % ha %
Urban center 2172 19.45
Dense urban cluster 347 3.11 2628 23.53
Semi-dense urban cluster 108 0.97
Periurban/suburban area 2819 25.24 2819 25.24
Rural cluster 278 2.49
Rural low density 2170 19.43 3749 33.57
Rural very low-density 1301 11.65
Industrial, commercial, and services 1972 17.66 1972 17.66
Water - - - -

Total 11,169 100.00 11,169 100.00
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Figure 8. RLCRPGR values in the municipalities classified as “Urban Center”, “Dense Urban Cluster”,
and “Semi-dense Urban Cluster” with an increase in land consumption (LCR > 0). In 51.3% of these
municipalities, the population decreases, while in the remaining ones, the population increases
together with land consumption.
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(b)

Figure 9. The image shows a road construction site area (reversible consumed land) in Novara
between 2012 (a) and 2018 (b). The central area has been transformed into a paved road (permanent
consumed land), while the purple areas have been restored after the completion of the road. In
all urban municipalities with a decrease in land consumption, the changes are associated with the
restoration of the maneuvering and storage areas surrounding the construction sites of new buildings,
roads, and infrastructures.

LCR<0
—P 13

municipalities

LCR=0
6

municipalities

Figure 10. Value of the RLCRPGR indicator in the urban municipalities. In almost all urban mu-
nicipalities, there is an increase in land consumption. Among these municipalities, just over half
also show an increase in population, while in the remaining municipalities, the variations in land
consumption and population are uncorrelated.

Land consumption between 2012 and 2018 prevails in rural areas; in fact, over one
third of the changes fall into the “Rural Cluster”, “Rural Low Density”, and “Rural Very
Low Density” classes. Urban classes and periurban/suburban areas each host about a
quarter of the total changes, while about 17% of land consumption is in non-residential
areas for productive and commercial use. The trend toward land consumption outside
the denser urban classes is also recognizable from the analysis of the three Normalized
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Difference of Consumed Land (NDCL) indicators, which describe the prevailing trend in
each of the analyzed municipalities. The three indicators NDCL,,, NDCLs, and NDCL,
assume values between —1 and 1 and, for each municipality, they have a sum equal to —1;
the one with the highest value indicates the prevailing tendency of land consumption to be
concentrated in urban areas (prevalence of NDCL,), periurban/suburban areas (prevalence
of NDCLy), or rural areas (prevalence of NDCL;).

The calculation of the three indicators for the 1131 urban municipalities shows the
results of Figures 11 and 12, with a tendency to infill in the main provincial municipalities
and a concentration of land consumption in the rural area in the other municipalities, with
a tendency toward dispersion in areas with low settlement density.

COmm
DﬁD
/-
URBAN INFILL
i
0.75
0.5 |
0.25 |
0
-0.25
-0.5
,/ : o
DISPERSION /" ™~ PERIURBAN INFILL
O O
el | e
o O jD 0

Figure 11. Value of the three indicators NDCL,, NDCLs, and NDCL,; for the Italian urban municipal-
ities. Overall, a tendency toward dispersion emerges, caused by a concentration of new buildings in

rural areas.

In detail (Table 8), in 493 municipalities, land consumption is concentrated in rural ar-
eas (settlement dispersion). In 317 municipalities, land consumption has the characteristics
of the completion of periurban/suburban areas, and in the remaining 321 municipalities,
it shows a tendency to infill the voids between the dense and semi-dense consolidated
urban fabric.

Table 8. Land consumption distribution between urban, periurban/suburban, and rural municipali-
ties according to NDCL values.

CLASSES Count %
Urban Infill 321 28.38
Periurban Infill 317 28.03
Dispersion 493 43.59

Total 1131 100.00




Land 2023, 12, 155 19 of 24

13°15'0.0"E
1

O

s » )
Q o~ . 4
- L B
% 5
N
z . )
Iz S - &
r 2 =
2 ’ N 2
& # T Bari z
— )
I Ty ’ §
fan} o
=} 4 3 o
‘ WP s O
o W

&
URBAN AREA'S GROWTH
B Urban infill -
|| Periurban infill B g
[ | Dispersion -
0 100 200 km
L 1 |

13°15'0.0"E

Figure 12. NDCL,,, NDCL;, and NDCL, values in the municipalities classified as “Urban Center”,
“Dense Urban Cluster”, and “Semi-dense Urban Cluster”. With the exception of the main capitals, in
most urban municipalities, land consumption takes place in rural areas, assuming the characteristics
of settlement dispersion.

4. Discussion

The availability of adequate input data for the description of the spatial distribution of
built-up areas and population is one of the main factors influencing the representation of
settlements in compliance with the Eurostat methodology [17,43]. ISPRA LCM represents
the built-up areas on the Italian territory with high thematic and spatial detail and yearly
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updates [40,42], while, at the European level, the CLMS data allow a description of the
artificial areas LU with good coverage and high thematic detail while maintaining an
adequate update frequency (indicator SDG 11.3.1 recommends conducting the calculation
over a reference period of 5-10 years) [16]. Finally, on a global scale, it is possible to study
urban areas starting from the classification of artificial surfaces obtained from free satellite
data, such as Sentinel-2 multispectral images or Sentinel-1 SAR data [41]. Currently, the
main limitation is linked to the availability and homogeneity of demographic data [44].
ISTAT data are the national reference for demographic analysis in Italy and they are updated
yearly for the national scale and at NUTS 2, NUTS 3, and municipal levels [45]. In this study,
the availability of high-resolution LU data has made it possible to uniformly spatialize
the population on the residential areas of each municipality; however, the absence of an
updated spatialized population data limits the possibility of carrying out analysis on a local
scale, for example, linked to population flows between different urban clusters of the same
municipality. A version of the data with higher spatial detail refers to the census sections
but is subject to ten-year updates, since 1991, 2001, and 2011 [46], and the data as of 2021
have not yet been published.

The proposed representation of the urban—rural continuum is in line with Eurostat
indications, adapting to the specificities of the Italian territory and bringing the description
of these areas to a higher level than the ISPRA “degree of urbanization” [42]. The data show
a concentration of urban areas along the coastline, in lowland areas, and in the valley floors,
particularly in the Po valley. At the regional level, Lombardy has the largest extension
and the highest number of urban clusters (about 18% of large urban centers, dense urban
clusters, and semi-dense urban clusters are in this region). The yellow (suburban/periurban
areas) and light green (rural low-density areas) areas show that the expansion of the urban
clusters is concentrated along the main road infrastructures (Figure 5, Tables 4 and 5).
Compared to the GHS-SMOD, the data allow for yearly updates and the use of LCM offers
a better description of the low-density built-up areas typical of the sprinkling of Italian
rural and periurban landscapes. Moreover, the introduction of the class of “Industrial,
commercial, and services” areas, which occupy 1.47% of the total national surface, makes it
possible to understand their position and role with respect to the urban—-rural continuum,
which constitutes a useful support tool for orienting effective governance policies for the
sustainable management of productive areas [47].

The classification of the urban-rural continuum was used to calculate the SDG 11.3.1
indicator on Italian urban areas. The LCM adequately identifies land consumption within
urban areas, while the population data do not allow for intra-municipal analysis. The
calculation of the RLCRPGR was, therefore, carried out on a municipal scale, associating
with each municipality the class of the urban-rural continuum where most of the population
is concentrated; the RLCRPGR was then calculated in municipalities classified as “Urban
Center”, “Dense Urban Cluster”, and “Semi-dense Urban Cluster”. The calculation of
RLCRPGR conducted on urban municipalities highlighted an increase in land consumption
in 1112 of the 1131 urban municipalities considered (over 98% of the total), and half of them
show a decrease in the population (571 of the 1131 considered municipalities), indicating a
disconnection between land consumption and population variation; however, the lack of
spatialized population data prevents an exact assessment of the migration flows within the
administrative boundaries of the municipality, limiting the effectiveness of the RLCRPGR
indicator. To better understand the dynamics occurring within the territory of the urban
municipalities, a set of new indicators was also introduced for the assessment of the spatial
distribution of the land consumption that occurred between 2012 and 2018, evaluated on
the ISPRA LCM. The analysis of the distribution of changes between the different classes
of the urban-rural continuum shows a tendency to fill urban voids in the consolidated
built-up area (infill), which affects 28.38% of the 1131 urban municipalities considered. A
similar percentage (28.03%) of the municipalities shows a tendency toward the expansion
of the cities in the periurban fringes (periurban infill), while, in the remaining 43.59% of
the urban municipalities, the land consumption is concentrated in the low-density rural
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areas, confirming the consolidated trend toward sprinkling. This trend affects the rural
areas located on the edge of the dense urban core, which are subject to a conversion and a
fusion in periurban fringes.

The application of the Eurostat/JRC methodology to the Italian context shows en-
couraging results, improving the representation of the territory compared to other current
available national and international data. The distinction between low-density clusters
and surrounding periurban areas can be further improved, but more detailed information
on the spatial distribution of the population would be needed. Furthermore, the future
introduction of LU information on the LCM will also allow a more accurate discrimination
of residential areas from non-residential ones; the integration with an auxiliary database
(i.e., satellite images and socioeconomic data) could support the creation of dasymetric
maps useful for improvement of the limitation related to the availability of disaggregated
census data [48].

5. Conclusions

Historically, city size and economic growth have been described as strictly corre-
lated [49] and, in combination with population growth, have generally driven land con-
sumption dynamics. This paradigm has lost its validity in recent years; indeed, the signifi-
cant urban growth detected in recent decades is completely unrelated to the demographic
dynamics both in Italy and at a global scale [3]. Furthermore, the intense migratory flow
to urban areas has led to an unplanned growth of cities, which usually expand their geo-
graphic boundaries [50]. In this context, monitoring the state and evolution of urban areas
is essential for defining strategies aimed at sustainable management and development of
settlements [51].

Regarding spatial expansion, the historical evolution of the Italian landscape has led
to an increase in land consumption in rural areas, and, in particular, in the urban fringe,
assuming the characteristics of sprinkling and causing a low-density expansion of the urban
fabric toward the surrounding areas [52]. This trend has led to a shift from a landscape
in which a dichotomy between urban and rural areas was clearly distinguishable, to a
continuum where dense urban fabric expands and merges with the surrounding rural
areas, generating large and dilated suburban and periurban bands [29]. In this context, it
is necessary to define and orient the planning tools in such a way that they capture these
specificities of the territory and adequately orient the decision-making processes, while
remaining connected with the European framework in terms of achieving the sustainable
development goals.

This study falls within the framework of the research activities carried out by ISPRA
for the definition of tools for the monitoring of land consumption and its influence on urban
areas and for the characterization of settlement dynamics [39-42,53-55]. These topics are
also of interest at the legislative level; the proposed law on urban regeneration [56] and the
future national law on land consumption (envisaged among the reforms of the PNRR) [57]
underline the need of tools for monitoring land consumption and the effectiveness of urban
regeneration interventions, functional to the conservation of natural and semi-natural areas
within and outside the urban area. The monitoring activity should be ensured at different
scales of investigation and be based on scientific data collected in representative contexts of
the urban area, in order to provide data and information to support decision-making and
land-government activities.

The presented work fits within this request by providing a geographic interpretation
of the urban-rural continuum of the whole national territory with high geometric detail,
allowing for the analysis of settlement dynamics within urban areas and in the surrounding
landscape, to make comparisons between different contexts and to stand as a supporting
basis for further multi-scalar analysis [58,59]. Along these lines, future insights will involve
analysis of urban morphology even at the neighborhood scale with the aim of identifying
recurring and recognizable settlement types that can support strategies to restore the
urbanized landscape in accordance with the physical elements that compose it [60-65].
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Actually, this representation of the urban—rural continuum has the characteristics to be a
reference for a wider range of further analysis at the regional scale, such as the management
and conservation of urban green infrastructures [66,67] or the monitoring of the Urban
Heat Island along the urban-rural continuum [68,69], and can support activities related to
the introduction of nature-based solutions [67] or with the study of the fragmentation of
urban forms [70].

This study shows that the availability of appropriate input data significantly affects
the quality of the resulting monitoring tools. The input data introduced for the description
of land consumption and the population have yearly updates, allowing the data to be
updated with a high frequency. In addition, the introduction of high-spatial-resolution data
for the representation of the consumed land has made it possible to obtain a classification
of the urban-rural continuum consistent with the GHS-SMOD, but with a higher spatial
detail in the description of the composition of the territory. On the other hand, the lack of
information on the spatial distribution of the population was an important limitation in
conducting analysis related to demographic dynamics, as demonstrated in the calculation of
Indicator SDG 11.3.1, where the reduction in detail of the analysis has limited the possibility
of observing intra-municipal dynamics.
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