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ABSTRACT

This paper illustrates a land consumption map for Italy (year 2017) at a scale 1:1,300,000, and the
assessment of its changes (2012-2017). We define land consumption as the replacement of a
non-artificial land cover to an artificial land cover, both permanent and no-permanent. The
maps are a 10 m spatial resolution raster, produced by photointerpretation of very high
resolution images and semiautomatic classification of high resolution remote sensing images.
An overall accuracy of 97.7% for the map of 2012 and of 99.66% for the map of 2017 was
obtained. The results suggest that the method proposed is appropriate to detect land
consumption, both for the urban densification and for the sprawling phenomena, from
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national to local level. Furthermore, because of the high spatial resolution and the
classification scheme adopted, it is suitable for an effective monitoring system, compared to

other existing classification systems or monitoring programs.

1. Introduction

After World War II, massive urbanization, industrializ-
ation and infrastructure development determined
many landscape changes, both in terms of land use
and land cover (Lambin & Geist, 2006). Land use is
defined as territory characterised according to its cur-
rent and future planned functional dimension or
socio-economic purpose (e.g. residential, industrial,
commercial, agricultural, forestry, recreational) (EC,
2013a). It is the description of land in terms or its
socio-economic and ecological purpose. Land cover
data provides a description of the surface of the earth
by its biophysical characteristics, including the veg-
etation, bare soil, open bodies of water and artificial
surfaces that can be observed by any earth observation
platform (EC, 2013b).

Land use and land cover changes dynamics, from
local to global, involve important ecological conse-
quences, such as loss of high-quality agricultural
land, increased risk of flooding, biodiversity loss and
effects on climate changes, having effects also in
terms of soil resources depletion (Burghardt, 2006;
Ceccarelli et al., 2014; Haase & Nuissl, 2007; Henry &
Dicks, 1987; Montanarella, 2007).

Soil can be considered one of the most important
non-renewable resource since its major role in many
ecosystem functions (e.g. biomass production,
filtration and transformation of many substances, habi-
tat provision, cultural and historic function) and the

slow process of formation (Adhikari & Hartemink,
2016; MEA, 2005). Increasing the awareness of policy-
makers on the importance of monitoring this resource
is a crucial objective.

Although a specific soil protection legislation is not
in place in the EU, the 2006 Soil Thematic Strategy
(EC, 2006) promoted the inclusion of soil protection
measures in different policy areas. This strategy
emphasized prevention of further land degradation
and maintenance of its functions, underlining the
need to implement good practices to reduce the nega-
tive effects of land use and, in particular, its most
obvious and irreversible form: soil sealing. Soil sealing,
is defined as the constant covering of an area land and
its soil with artificial waterproof materials, such as
asphalt and cement (SWD, 2012).

While the European Commission in May 2014 decided
to withdraw the proposal for a Soil Framework Directive,
the Seventh Environment Action Programme (EU, 2013),
which entered into force on 17 January 2014, recognizes
that soil degradation is a serious challenge. It provides
that by 2020 land is managed sustainably.

Furthermore, the Commission had already con-
sidered it useful to indicate the priorities for action and
the guidelines to be followed in order to achieve no net
land take by 2050 by publishing guidelines for limiting,
mitigating and compensating the soil sealing (EC, 2012).

In addition, the United Nations Conference on Sus-
tainable Development in 2012, published the final
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report ‘The future that we want’ (UN, 2012) in which
invited national governments to intervene to ensure
greater attention to the decisions regarding land use,
at all levels of relevance, with respect to the environ-
mental, social and economic impacts which generate
land degradation.

Later the United Nations Global Agenda for Sus-
tainable Development (UN, 2015), defined the Sustain-
able Development Goals (SDGs) and indicated, among
others, some targets of particular interest for land and
soil, to be integrated into national short- and medium-
term programs and to be achieved by 2030.

Finally, the European Commission publishes ‘The
Future Brief: No net land take by 2050?" (EC, 2016)
focusing on how land and soil could be used efficiently
to continue to provide functions and ecosystem ser-
vices for generations to come.

In Italy, the National Strategy for Sustainable Devel-
opment 2017-2030 is the mean for the implementation
of the 2030 Agenda. However, as in Europe there is a
lack of a soil framework directive, even in Italy the Par-
liament has not yet approved a law that aims to protect
the soil from its progressive artificial cover. Currently
(year 2019), a law to limit land consumption is under
discussion in the Parliament.

Within this context, monitoring land consumption
is a paramount requirement for defining effective pol-
icies and sustainable planning. An efficient land con-
sumption monitoring strategy allows to quantify land
changes, detect trends and adopt appropriate develop-
ment policies.

Following the definition of the UN-Habitat (2019)
land consumption is defined as the uptake of land by
urbanized land uses. It often involves conversion of
land from other uses to urban functions.

Another definition of artificial land cover comprises
all the surfaces where landscape has been modified or
influenced by human construction activities (replacing
natural surfaces with artificial constructions or artificial
materials), including settlements within rural areas.
Therefore, urban greenery is vegetation and it is not
considered artificial land cover (EAGLE, 2019).

In a more general sense, land consumption can be
considered the change from a non-artificial land
cover to an artificial land cover of the ground, with
the distinction between permanent land consumption
(due to permanent artificial cover) (EC, 2012) and
no-permanent land consumption (due to a reversible
artificial cover) (ISPRA, 2018).

In the last decades, following the boost of techno-
logical and methodological progresses in the remote
sensing sector, the investigation on land consumption
received remarkable attention, especially in the field
of impervious surfaces detection (e.g. Lu et al., 2011;
Smiraglia et al., 2014; Stathakis et al., 2012; Wu, 2009).

Estimation of land consumption represents a funda-
mental step for the landscape change analysis, in

particular, all the ecosystem services related to soil
need the information of land use and land cover change
as a primary input, giving its main role in affecting
major ecological processes, including soil erosion,
exchange of energy and water cycling (Fu et al., 2015;
Kibblewhite et al., 2007; Manna et al., 2017).

Some of the limitations of the existing land cover
dataset are related both to the spatial resolution and
to the classification adopted (Smiraglia et al., 2014).
In most classification systems, a clear distinction
between land use and land cover is lacking, giving
rise to hybrid classifications (Sallustio et al., 2016).
For example, in the Corine Land Cover (CLC) inven-
tory, land use and land cover are often confused within
mixed classes and this data are not properly suitable to
detect land consumption. Moreover, artificial areas
class, with a minimum mapping unit of 25 hectares,
may comprise also portions of vegetated areas, while
infrastructures and isolated or dispersed buildings are
not mapped.

For these reasons, dedicated and detailed tools are
needed to overcome the ambiguity and diversity of
trends shown by the current available tools at Euro-
pean level such as CLC and Land Use/Cover Area
frame Survey (LUCAS). Moreover, these data sets do
not provide a reliable accuracy for a comparison of
small territories (Decoville & Schneider, 2016) such
as Italian municipalities, which is rather the study
scale of urban planning.

Once the definition has been established it is clear
that a robust and unique definition of land consump-
tion should include a land cover perspective rather
than a land use one. The European Union is developing
new datasets in the framework of Copernicus Land
Monitoring Services (CLMS); in particular new pro-
ducts will be developed based on a conceptual frame-
work from EIONET EAGLE group (Action Group on
Land monitoring in Europe) that will provide the
basis for meeting users’ requests on land cover/land
use information for the next 15 years. The data
model proposed by the EAGLE group is based on the
definition of three blocks, in order to provide a tool
that allows to completely separate land use and land
cover definitions, always encouraging integration
between data as much as possible.

Among Copernicus products there are the High
Resolution Layers (HRLs), which are raster maps
(20 m resolution) for the following environmental
issues: Imperviousness, Forest, Grassland, Water and
Wetness. The Imperviousness product is the specific
product to monitor soil sealing.

The layer Imperviousness Degree (IMD), with tem-
poral resolution of three years and minimum 90%
user’s/producer’s accuracy, is based on a definition of
land consumption that refers to the concept of
impermeable covering of land according to a gradient
of impermeability ranging from 0 to 100.



Imperviousness means all areas covered by buildings,
impermeable surfaces contained within permeable
areas (parks, gardens private, cemeteries, campsites),
road structure, photovoltaic parks, surfaces covered
with permanent plastic, etc. Other no-permanent artifi-
cial surfaces are not considered in the Imperviousness
layer.

The Italian Institute for Environmental Protection
and Research (ISPRA) is responsible for a monitoring
program on land consumption producing national
maps with a spatial resolution of 10 m updated every
year. These land consumption maps and the Coperni-
cus Imperviousness layer are different not only in terms
of spatial and temporal resolution and accuracy, but
also in class definition. The Copernicus satellite images
with 10 meters spatial resolution, such as the four
bands of Sentinel-2, integrated with photointerpreta-
tion of national orthophotos, allows for a detailed
investigation of artificial land covers recognizing
more classes than the existing classification systems,
and to reach a suitable minimum mapping unit useful
to detect land consumption changes. ISPRA’s products
include also other artificial surfaces contributing to soil
depletion such as unpaved parking, dumps, quarries,
and railways lines, considering the ‘land consumption’
in a thorough meaning encompassing permanent and
no-permanent altered surfaces due to anthropogenic
pressure (ISPRA, 2018).

The aims of this paper are therefore (i) to present a
map at a 1:1,300,000 scale illustrating the extension of
land consumption in Italy in 2017 with a 10 m resol-
ution, and (i) an assessment of land consumption
rate in Italy from 2012, when the first national land
consumption map was produced, to 2017.

2, Study area

The Italian peninsula is located in the middle of the
Mediterranean basin between 47°05 N — 35°29' N
and 6°37" E — 18°31’ E (Main Map), and has a surface
of about 300,000 km?. Italy is separated from Europe
by the Alps and the peninsula is divided longitudinally
by the Apennines mountain range. It is composed of
about 23% of flat zones (up to 300 m a.s.l.), 42% of
hilly areas (between 300 and 700 m a.s.l.), and 35% of
mountains (above 700 m a.s.l.) and has a long coastline
of about 7500 km including islands. The country is
divided into 20 administrative regions with important
regional disparities in economic growth, settlement
development and natural resource distribution (Salvati
et al,, 2015).

3. Data and methods

The national land consumption map for the year 2012
was generated using RapidEye imagery whereas, given
the data availability from 2015, Sentinel-1 and
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Sentinel-2 data were used to produce the land con-
sumption map for the year 2017. RapidEye is a constel-
lation of satellites providing 5 bands (Blue, Green, Red,
NIR and Red Edge) with 5 m pixel size. These bands
have proved to be useful for urban studies and for
the identification of vegetation (Tigges et al., 2013).
The Sentinel-2 Multispectral Instrument (MSI)
samples 13 spectral bands: four bands at 10 m, six
bands at 20 m and three bands at 60 m spatial resol-
ution. Table 1 shows the technical specification of the
bands.

Sentinel-1 is an imaging radar mission providing
continuous all-weather, day-and-night imagery at C-
band. Built-up areas, like buildings, are typically
characterized by high backscattering values: urban
areas do not significantly change within short time
and therefore they can be easily recognized in the mul-
titemporal images stacks.

In addition, to improve the detection of consumed
land, ancillary data were used; e.g. to enhance the
classification of roads, the free and open data Open-
StreetMap (year 2012) was used as ancillary
information.

The production methodology (Figure 1) integrates
multispectral and SAR images, vegetation index extrac-
tion (i.e. Normalized Difference Vegetation Index), and
photointerpretation according to the phases described
hereafter.

3.1. Classification of land consumption

The national land consumption map for the year 2012
(10 m resolution) is a product derived from a first
classification, performed by ISPRA in collaboration
with Planetek Italia s.r.l. and which is not presented
in this paper (ISPRA, 2014). It was derived from the
semiautomatic classification of RapidEye imagery
(5 m resolution) acquired in 2011 and 2012 covering
the Italian territory, provided from ESA (https://
earth.esa.int/web/guest/missions/3rd-party-missions/
current-missions/rapideye). To produce the map, the
Maximum Likelihood classification algorithm was per-
formed using the five available wavebands of RapidEye
imagery and collecting training data of impervious sur-
faces derived from visual interpretation (ISPRA, 2015);
considering that each RapidEye image has 77 km wide
swath, dozens of tiles were processed separately to
cover the whole territory, thus collecting a variable
number of training areas per tile (from a few to
hundreds).

Moreover, ancillary data available at the regional
level were used, such as regional land cover and land
use databases, and OpenStreetMap data to improve
the identification of roads (ISPRA, 2015).

The national land consumption map for the year
2012 presented in this paper (available at http://
groupware.sinanet.isprambiente.it/uso-copertura-e-
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Table 1. Sentinel-2 and RapidEye bands technical specification.

Central Wavelength Resolution
Sentinel-2 Bands [micrometers] [meters]
Band 1 - Coastal aerosol 0.443 60
Band 2 - Blue 0.490 10
Band 3 - Green 0.560 10
Band 4 - Red 0.665 10
Band 5 - Vegetation Red 0.705 20
Edge
Band 6 - Vegetation Red 0.740 20
Edge
Band 7 - Vegetation Red 0.783 20
Edge
Band 8 — NIR 0.842 10
Band 8A - Vegetation 0.865 20
Red Edge
Band 9 — Water vapor 0.945 60
Band 10 — SWIR - Cirrus 1.375 60
Band 11 - SWIR 1.610 20
Band 12 — SWIR 2.190 20
RapidEye Bands Central Wavelength Resolution
[micrometers] [meters]
Band 1 - Blue 0,475 5
Band 2 - Green 0,555 5
Band 3 - Red 0,658 5
Band 4 - Red Edge 0,710 5
Band 5 - NIR 0,805 5

consumo-di-suolo/library/consumo-di-suolo/carta-
nazionale-consumo-suolo-2012), is the result of pixel
resampling (from 5 m to 10 m) and intensive manual
editing in order to correct omission errors and to
improve classification accuracy.

3.2. Spectral indices

Sentinel-2 images were used for the calculation of spec-
tral indices in order to ease the photointerpretation of
land cover changes, and update the land consumption
maps of the following years.

The Normalized Difference Vegetation Index
(NDVI) is a very important spectral index commonly
used for monitoring vegetation dynamics (Bhandaria
et al.,, 2012; Fensholt et al,, 2012; Jeong et al., 2011;
Viana et al., 2019) because it is a reliable indicator of
plant biomass (Glenn et al., 2008).

It is computed by measuring the difference between
near-infrared (which vegetation strongly reflects) and
red light (which vegetation absorbs) as shown below
by the formula:

(NIR — Red)

NDVI =~
(NIR + Red)

NDVI ranges from —1 to +1 where negative values
indicate non-vegetated areas, positive low values refer
to sparsely vegetated zones and values close to 1 indi-
cate densely vegetated zones.

For every Sentinel-2 tile, NDVI was calculated for
every image acquired in a year; therefore, the maxi-
mum value per pixel was calculated for each vyear,
obtaining rasters of maximum NDVL

The difference between the two maximum NDVI
rasters of the reference year and the previous year

was calculated in order to assess the possible land con-
sumption changes, assuming that land consumption
caused a decrease of the NDVI values due to the
removal of vegetation cover. The NDVI difference ras-
ter was compared to a threshold value, in order to
extract pixels of potential changes. Pixels above the
threshold of 0.2 were considered as possible changes,
if the NDVI of the reference year was below 0.5
(Figure 1). These thresholds allows for removing false
positive changes due to drier seasons in the reference
year; nevertheless false-positive changes can occur for
agricultural fields without vegetation such as plowed
land or land at rest.

To enhance the reliability of the results, Sentinel-1
images have been employed too. Areas with low
NDVI values could be artificial or simply bare soil.
Using a threshold on SAR backscatter of VH polariz-
ation it is possible to determine if those areas are
bare soil or urban areas making possible to mask out
from the map of changes only the bare soil areas.
The median backscatter was calculated and a threshold
lower than —10 dB was applied for the reference year
and the previous year. Therefore, if the difference
between the two medians resulted greater than 5, the
pixels were considered as possible land consumption
(Figure 1).

3.3. Photointerpretation of changes

The manual photointerpretation was carried out for
the year 2017 editing vector polygons at a detailed
scale (greater than 1:5,000, MMU 100 sq m) based on
the mosaics of Sentinel-2, national orthophotos and
other free VHR satellite images (e.g. through Google
Earth or Bing services). The data refer to the period
between March and July. This choice supports the
identification of land consumption (and the distinction
from the bare soil) because in this period the vegetation
is more evident. Then the data were converted into ras-
ter format (10 m spatial resolution) by attributing the
class to each pixel based on the prevalent coverage
that falls within it (Figure 2).

The classification nomenclature adopted follows a
hierarchical scheme on three levels (Table 2). The
third level defines different kinds of permanent and
reversible land consumption and it is ensured for all
changes in areas with very high-resolution image avail-
ability. The first and second level were used in other
cases where the image spatial resolution was not
adequate.

The final maps are the product of a binary classifi-
cation (consumed land/not-consumed land) having
10 m spatial resolution, allowing for the accurate esti-
mation of land consumption at the local level and for
the whole national territory (Congedo et al., 2017).
The map projection is UTM Zone 32N, Datum
WGS84.
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NDVI, NDVI,

Condition of land consumption:
NDVI, - NDVI, > 0.2

and

NDVI, < 0.5

and

SAR, - SAR, > 5

Figure 1. Workflow of the methodology for producing the land consumption map.

3.4. Accuracy assessment

The accuracies of the two land consumption maps
(2012 and 2017) were evaluated calculating confusion
matrices. The validation of the 2012 map was per-
formed using the ISPRA national and regional land
consumption monitoring network, consisting of
190,000 points. From the network, a stratified random
sample of 40,000 points was extracted and classified
according to the first level of the classification system
(consumed or not consumed land) through photo-
interpretation of very high-resolution images (ISPRA,
2016). The comparison of the classification map (5 m
resolution) to the sample points was performed with
the process of extracting values from raster pixels.
Regarding the map of 2017, the validation approach
was focused on area samples, selecting 10 cells of
1 km? of area using a grid reference with regular square
cell. A total of 200 cells were randomly selected and
distributed evenly in each region. The sampled areas
were photointerpreted through high-resolution images
using the method described in Section 3.3. Commis-
sion and omission errors were classified and considered
in the assessment of the accuracy.

4, Results

Regarding the land consumption map of the year
2012, the comparison of sample points to the
expanded map resulted in an overall accuracy of

97.7%, with an omission error of 19.6% and a com-
mission error of 21.7%.

Regarding the land consumption map of the year
2017, the overall accuracy performed with the area
samples was 99.7%, with all regions above 98.5% and
with an error of omission between 0.22 and 1.49%
and a commission error which turns out to be between
0.15 and 2.14% (Table 3).

The Main Map shows the distribution of consumed
land at the national level for the year 2017 (7.65% of the
national surface). From 2012 to 2017 the consumed
land in Italy increased by about 1% (Table 4) amount-
ing to a total of 23,063 square kilometers of the Italian
territory with a net growth from 2012 of 24,881 hec-
tares (Figure 3).

As shown in Figure 4 the areas most affected are the
plains: the Po plain, the Tuscan area along the axis
between Florence and Pisa, and the plains of Lazio,
Campania and Puglia regions. Also, the main metropo-
litan areas show the new consumption of soil in the
study period. Coastal areas, in particular those border-
ing the Adriatic Sea and the Liguria, Campania and
Sicily regions, albeit with a lesser extent, are one of
the most vulnerable areas that has been affected. By
contrast, the areas with least land consumption are
those in which the geomorphological characteristics
represent a major obstacle to the spread of urbaniz-
ation, principally the mountainous areas.

At the regional level (Table 4) the most affected
region by the land consumption is Lombardia with
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Figure 2. Process of photointerpretation: (a) area of interest at 2012, (b) change 2012-2017, (c) manual interpretation of vector
data, (d) conversion of the new land consumption polygon in raster.

Table 2. Legend of the land consumption
classification.

11 Permanent land consumption
(111) Buildings

(112) Paved roads

(113) Train railroad

(114) Airports

(115) Ports

(116) Impervious non-built areas and sports fields
(117) paved Greenhouses

118) Landfills sites

12 No-permanent land consumption
(121) Dirt roads

(122) Construction sites

(123) Mining areas

(124) Quarry

(125) Solar fields

(126) Other land consumption

almost 13% of its land that turns out to be consumed,
followed by Veneto (12.35%) and Campania (10.36%).
Analyzing the relative variations, Puglia and Basilicata
have been the regions with a greater increase (1.53%
and 1.44% increasing in soil sealed from 2012 to
2017). The changes in regional land consumption
ranges between 0.37% and 1.53% showing a positive
trend of this process in the 5 year period.

At the local level, urban morphological trends and
expansions patterns can be distinguished. Figure 5
shows two examples of urban densification (a) and
urban sprawling (b) giving evidence of the effectiveness
of the method in the detection of both compact city
and diffused urban agglomeration.

A few cities are illustrated in detail in the Main Map
(Turin, Milan, Padua, Rome, Naples) in order to
appreciate the spatial resolution and the potential use
of the map for urban planning purposes.

5. Conclusions

The need to protect the soil to halt land degradation
has been widely recognized both at the European and
global level. In such a view, the proposed method pro-
vides accurate land consumption maps, from national
to local level, compared to other classification systems
or monitoring programs.

The classification system adopted enables to monitor
also the non-permanent artificial surfaces which are focal
areas where effective measures to contain soil loss can be
implemented. Therefore, the definition adopted for land
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Table 3. Accuracy assessment of the land consumption map (year 2017).

Overall Accuracy Artificial Land Not Artificial Land Artificial Land Not Artificial Land
99.66% User Accuracy User Accuracy Producer Accuracy Producer Accuracy
97.86% 99.85% 98.51% 99.78%
Articial land Not Artificial Artificial Land Non Artificial Land
Commission Error Commission Error Omission Error Omission Error
2.14% 0.15% 1.49% 0.22%

Table 4. Land consumption at national and regional level from 2012 to 2017.

2017 2012 _ Absolute Diff Rel. Diff

Code Regions ha % ha % ha % %
1 Piemonte 174,349 6.86 172,931 6.81 1418 0.06 0.82
2 Valle d'Aosta 9509 291 9395 2.88 113 0.03 1.21
3 Lombardia 310,156 12.99 306,975 12.86 3180 0.13 1.04
4 Trentino-Alto Adige 61,836 4.55 61,115 4.49 721 0.05 1.18
5 Veneto 226,530 12.35 223,565 12.19 2964 0.16 1.33
6 Friuli-Venezia Giulia 70,571 8.92 69,750 8.82 821 0.10 1.18
7 Liguria 44,983 830 44,819 8.27 164 0.03 0.37
8 Emilia-Romagna 221,645 9.87 219,859 9.79 1787 0.08 0.81
9 Toscana 163,301 7.0 162,376 7.06 925 0.04 0.57
10 Umbria 47,626 5.63 47,044 5.56 583 0.07 1.24
1 Marche 67,561 7.20 66,669 7.11 892 0.10 134
12 Lazio 144,584 8.40 142,632 8.29 1952 0.11 137
13 Abruzzo 54,886 5.08 54,310 5.03 576 0.05 1.06
14 Molise 18,035 4.06 17,839 4.02 196 0.04 1.10
15 Campania 140,924 10.36 139,372 10.25 1551 0.11 1.1
16 Puglia 162,016 8.37 159,578 8.25 2437 0.13 1.53
17 Basilicata 33,923 340 33,442 335 481 0.05 1.44
18 Calabria 78,129 5.18 77,274 5.12 854 0.06 N
19 Sicilia 185,156 7.20 182,857 7.11 2299 0.09 1.26
20 Sardegna 90,535 3.75 89,570 371 965 0.04 1.08

ITALY 2,306,253 7.65 2,281,373 7.57 24,881 0.08 1.09

consumption mapping is in line with what is suggested at
the European level and improves monitoring operations
with the production of national data consistent with the
requests of the EU. Such approach, combined with the
spatial resolution of 10 meters of Sentinel-2 products,

allows to overcome the limits linked to classification sys-
tems and coarse minimum mapping units insufficient to
detect land consumption changes.

The Sentinel satellite images are found to be useful
in monitoring land consumption due to the very high

M Changes 2012-2017
[] Water bodies and wetlands

5.070.000

710.000

Figure 3. A detail of the 2012 land consumption map and example of changes occurred between 2012 and 2017.
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Figure 4. Map of changes occurred between 2012 and 2017 with extent greater than 0.5 ha.

spatial and temporal resolution, and the free access of
data. This is important from the perspective of a fre-
quent and cost-efficient monitoring of the dynamics
of land consumption.

Furthermore, the proposed monitoring method-
ology allows to identify the changes both of the expan-
sion of the urban areas and those that occurred in the
consolidated city. For example, the process of urban
densification, the new artificial cover of the soil within
an urban area, represents a form and an increase in

land consumption that would not be counted in moni-
toring operations that use classification typologies
based only on land use. Likewise, the urban fabric pro-
duced by sprawl and sprinkling phenomena (Romano
etal., 2017) would also escape in many cases, not falling
into areas destined for urbanization or not reaching
spatial dimensions definable as such. The represen-
tation of land consumption is, therefore, given by the
growing set of areas artificially covered but not necess-
arily only in urban areas.
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Figure 5. Examples of urban densification (a) and urban sprawling (b).

The Main Map and the other products provided in
this paper fulfill a wide range of landscape issues con-
sidering their relevance for further spatial analyses
assessing the effect of land consumption on the
environment, such as the evaluation of land vulner-
ability, as well as monitoring land capability or biodi-
versity threats recognition. Such information could be
relevant for landscape planning, supporting urban

strategies aimed to contain land consumption and
able to put together environmental sustainability and
future urban development.

Software

QGIS 3.4 was used for the land consumption classifi-
cation process and ArcGIS 10.2 was used for the
Main Map production.
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