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Abstract: Urbanization and related land consumption are one of the main causes of ecosystem
services loss. This is especially the case for soil-related services affecting ecosystem functions and
limiting accessibility to natural resources. Satellite remote sensing and environmental databases
enable in-depth analysis of urban expansion and land changes, which can be used to monitor trends
in the provision of ecosystem services. This work aims to describe a multilayered approach to the
assessment of biophysical loss of ecosystem services flows in Italy caused by an increase in land
consumption in the period 2012–2020. The results show higher losses in wood production, carbon
storage, hydrological regime regulation, and pollination in the northern regions of Italy, as well
as in some southern regions, such as Campania and Apulia. Habitat quality loss is widespread
throughout Italy, whereas crop production loss varies on the basis of the locations in which it occurs
and the crop types involved. Loss of arable land and fodder production mainly occurs in northern
regions, whereas southern regions have experienced a drop in permanent crop production. This study
highlights the importance of using integrated data and methodologies for well-founded approaches,
with a view to gaining a thorough understanding of ecosystem services-related processes and the
changes connected therewith.

Keywords: ecosystem services flows; land monitoring; land cover; land consumption; Italy

1. Introduction

Compact and dispersed patterns of urban expansion [1,2] are a global phenomenon
and are one of the most important factors in landscape change [3,4]. Starting from the 20th
century, the increasing demand for land to be used for buildings and infrastructures led to
greater urbanization of previously natural and agricultural areas [5], making urbanization
a major cause of land consumption. More generally, land consumption can be considered
to be the change from non-artificial land cover to artificial land cover, with a distinction
having to be made between permanent consumption (due to permanent artificial land
cover, such as concrete or asphalt) and non-permanent consumption (due to reversible
artificial land cover or soil alteration processes, such as, soil compaction in construction
sites or excavations in quarries) [6,7]. The process of urbanization, and the related increase
in impervious surfaces, affects other types of land use and land cover [8], triggering a
series of effects on the environment, which results in it being the main cause of land
degradation [9]. The main effects consist of the loss of fertile soils [10], the adverse impact
on water balance [11], the increase in surface water runoff and flood risk [12], the negative
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influence on local microclimates due to urban heat islands [13,14], landscape fragmentation,
and the loss of biodiversity [15,16]. Such effects limit the accessibility to natural resources
and the provision of ecosystem services (ES), defined as the goods and benefits that people
derive from ecosystems [17,18]. ES provision is a dynamic process and can be measured, in
terms of flow, as the annual potential number of services provided by ecosystems [19,20].

Recent studies have focused mainly on drivers of change and the impact thereof on
ES as a relevant issue to be understood, as well as the related implications on ecosys-
tems functions and conservation [21], also including soil functions. Soils play a crucial
role in providing several so-called soil ES [22,23], in particular provisioning and regula-
tion services [24,25], contributing for example to food and wood production, hydrologi-
cal flow regulation, carbon sequestration, pollination, habitat function, and biodiversity
conservation [26]. Indeed, there is, through soil functions, a direct link of soil properties to
specific ES, as indicated in Adhicari et al. [27]. In recent decades, policies and strategies
have highlighted the importance of ES in maintaining livelihoods, and have stressed the
fact that, for the purpose of providing ES, the natural land and agricultural system depend
on soil. This is also confirmed by the recent EU Soil Strategy for 2030 [28], the EU Biodi-
versity Strategy for 2030 [29], and the Common Agricultural Policy [30]. The increasing
amount of attention that is, with a view to fostering sustainable land development, paid at
the international level to ecosystems, and the need to consider how changes in ecosystems
affect human well-being [17,31,32], have given rise to an assessment being made both at a
global level—based on the Aichi Biodiversity Targets [33] and the 2030 Agenda [34]—and
at a European level [35]. The concept of ES, and the related frameworks that have been
developed in connection therewith, have been recognized as being vital for supporting
territorial management policies [17,22,36]. The various initiatives aim to improve the map-
ping of ecosystems, become apprised of the functional interactions and the pressures to
which they are subjected, as well as establish indicators that assess changes in the provision
of ES, in terms of the biophysical and economic aspects thereof [37].

ES assessment is a complex process, which involves integrating different scientific
fields and several databases that vary in accuracy, scale, updating, and availability. There-
fore, an approach based on various thematic layers is required, so as to have an overview
of ES loss that supports the resource management decision-making process. Furthermore,
monitoring land use and land cover spatial distribution, especially in urban areas, is es-
sential for providing accurate and timely information to be used as input data that allows
soil-based ES provision changes to be assessed. Within this context, major advances in
satellite remote sensing have improved data collection and analysis methodologies used
for the purpose of detecting artificial land covers [38–41]. These include the Sentinel satel-
lite constellations of the EU Copernicus Programme [42] which provide high-resolution
(spatial, spectral, and temporal) multispectral and SAR images suitable for measuring land
consumption in a detailed manner [6].

In Italy, where land degradation processes due to land consumption are increasing,
especially in agricultural and peri-urban areas [43], the Italian Institute for Environmental
Protection and Research (ISPRA) is in charge of a monitoring program at the national level
regarding: (i) land consumption mapping, based on a Sentinel satellite images analysis that
is integrated with the photointerpretation of national orthophotos; (ii) land cover mapping,
based on the integration of the Copernicus Land Monitoring Services (CLMS) datasets
(Corine Land Cover, High Resolution Layers, Urban Atlas, Riparian Zones, and Natura
2000) and the national land consumption map; (iii) estimate of land degradation and ES
changes (biophysical and economic) caused by annual land consumption. This study is the
first work that is focused on Italy and that, in trying to collect and harmonize existing data,
analyzes nationwide soil-based ES loss with a detailed spatial resolution. The paper aims
to describe the multilayered approach that has been adopted in assessing biophysical loss
of ES flows caused by land consumption increase in the period 2012–2020, as recorded by
the aforementioned national monitoring program.
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After having introduced the topic of ES and ES losses due to urban expansion, we
describe the procedure adopted for the purpose of assessing changes in six ES in the period
under examination. We describe the input data used and the methodologies applied for the
purpose of analyzing the reference data and the additional thematic layers. The section in
which the results are set out shows what losses were recorded for each ES. We then discuss
the results of the analysis and considering the procedure’s achievements and shortcomings.
Finally, we summarize the conclusions derived therefrom.

2. Materials and Methods
2.1. Study Area

Italy is located in the Mediterranean basin (southern Europe), it covers around
300,000 km2 and is divided into 20 administrative regions. It is a peninsula characterized by
two mountain ranges (the Alps and the Apennines), wide river valleys, two major islands
(Sardinia and Sicily), and various other small islands. Italy’s physiography and geographi-
cal position have led to it having heterogeneous features in terms of climate (ranging from
a Mediterranean climate along the coastline to an alpine climate at the higher elevations)
and in terms of land use/land cover, with urban areas concentrated in the plains and along
the coasts, which cover 7.1% of the national territory (year 2020) (Figures 1 and 2) [44].

2.2. Reference Data

The basic cartographic maps used to detect changes in the provision of ES in Italy are
the national land cover map and the national land consumption map. These maps are the
common data source for all the ES analyzed in this study.

The national land cover map is based on the integration of the Copernicus Land
Monitoring Services (CLMS) datasets (namely the Corine Land Cover, High Resolution
Layers, Urban Atlas, Riparian Zones, and Natura 2000 datasets). The datasets show
differences in the classification systems, resolutions, and updating frequencies adopted.
Therefore, a harmonization procedure had to be adopted in order to make the datasets
comparable. De Fioravante et al. [45] followed the EIONET EAGLE (Action Group on Land
monitoring in Europe) group framework, which provides a methodology for describing
land cover and land use data in a consistent manner. The CLMS data were integrated in
an EAGLE compliant land cover map for the year 2012 (10 m resolution), which includes
16 classes of land cover (Figure 1).

The national land consumption map is, on the other hand, a product generated by
the processing of Sentinel-1 (based on the SAR backscatter of VH polarization threshold)
and Sentinel-2 (based on Normalized Difference Vegetation Index extraction and threshold
value) satellite images, and photointerpretation of national orthophotos. The land con-
sumption map is updated every year with a spatial resolution of 10 m [6,44]. National land
consumption maps for the years 2012 and 2020 (Figure 2) were used for the purpose of
assessing ES changes.

Land consumption is mapped both in its permanent and temporary forms following
the definition given by [6,7]. By permanent consumed land, artificial surfaces composed
of impervious material (e.g., concrete, asphalt or tarmacadam), both 3D (buildings) and
2D (roads), were taken into consideration (6.6% of the Italian national territory). This
component is assumed to be irreversible, since extremely long amounts of time are required
for restoring soil to its the natural state. Reversible consumed land is the result of com-
paction in construction sites, excavations in quarries, temporary coverage with artificial
surfaces and other forms of soil alteration that do not imply permanent consumption, but
that adversely affect the soil’s natural state. However, this component is a minor (albeit
dynamic) part of the total consumed land (0.5% of the Italian national territory). In light of
the limited extent thereof and taking into account that for some portions of Italy’s territory
the distinction between permanent and temporary forms of land consumption is lacking,
both components are considered as consumed land, without any exception whatsoever
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(Figure 2). Figure 3 shows some examples of land consumption in urban, agricultural, and
natural environments in the period under investigation.
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2.3. Biophysical Assessment of Loss of Ecosystem Services Flows

The biophysical evaluation of Italy’s territory concerned six ES: crop production,
carbon storage, wood production, habitat quality, hydrological regime regulation, and
pollination. The land cover and land consumption maps were used as data input for all six
ES, and other appropriate data inputs were added for each ES. Specific methodologies or
already existing analysis models were adopted for each ES, taking into consideration the
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loss of ES flow in light of the reduction in the current yearly potential provision thereof, due
to the increase in land consumption. Consumed land leads to soil-based ES being reduced
to zero, since the soil no longer performs its functions. The analyses were conducted at
the national and regional level and were performed using QGIS 3.20 [46] and InVEST 3.9.1
(Integrated Valuation of Ecosystem Services and Tradeoffs) [47] software.

Land 2022, 11, 236 5 of 21 
 

lacking, both components are considered as consumed land, without any exception what-
soever (Figure 2). Figure 3 shows some examples of land consumption in urban, agricul-
tural, and natural environments in the period under investigation. 

 
Figure 2. Land consumption map for Italy (year 2020). Figure 2. Land consumption map for Italy (year 2020).



Land 2022, 11, 236 6 of 20Land 2022, 11, 236 6 of 21 
 

 
Figure 3. Examples of land consumption in urban (a), agricultural (b), and natural (c) environments. 

2.3. Biophysical Assessment of Loss of Ecosystem Services Flows 
The biophysical evaluation of Italy’s territory concerned six ES: crop production, car-

bon storage, wood production, habitat quality, hydrological regime regulation, and polli-
nation. The land cover and land consumption maps were used as data input for all six ES, 
and other appropriate data inputs were added for each ES. Specific methodologies or al-
ready existing analysis models were adopted for each ES, taking into consideration the 
loss of ES flow in light of the reduction in the current yearly potential provision thereof, 
due to the increase in land consumption. Consumed land leads to soil-based ES being 
reduced to zero, since the soil no longer performs its functions. The analyses were con-
ducted at the national and regional level and were performed using QGIS 3.20 [46] and 
InVEST 3.9.1 (Integrated Valuation of Ecosystem Services and Tradeoffs) [47] software. 

2.3.1. Crop Production 
Crop production is essential for food supply. Land take due to urbanization nullifies 

the land’s capacity to cultivate and produce the resulting goods and benefits. With a view 
to estimating the provisioning of crop production, and the loss of flow in the period under 

Figure 3. Examples of land consumption in urban (a), agricultural (b), and natural (c) environments.

2.3.1. Crop Production

Crop production is essential for food supply. Land take due to urbanization nullifies
the land’s capacity to cultivate and produce the resulting goods and benefits. With a
view to estimating the provisioning of crop production, and the loss of flow in the period
under examination due to land consumption increase, data on surface cover (hectares) and
production (quintals) for each crop types were, in respect of each Italian administrative
province, taken from the national census of agriculture carried out by the Italian National
Institute of Statistics (ISTAT) (year 2013) [48]. The crop types were grouped into five classes
(fruit trees, olive groves, vineyards, fodder, and arable land). Data on crop production
were then spatialized for the purpose of obtaining the values in q/ha, and then in q/pixel
compliant with the land cover and land consumption maps’ spatial resolution. The amount
of crop production in 2012 and the potential loss in the period from 2012 to 2020 on account
of land consumption were calculated. Even though the quintal is not considered in the
International System of Units, it is widely used, especially in Europe, and it is the unit
of measurement with which data are officially released by ISTAT. For these reasons, the
results of changes in agricultural production will be presented in quintals (1 q = 100 kg).
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2.3.2. Wood Production

The production of wood raw materials is a provisioning service supplied to a large
extent by natural forest and tree plantations. As is the case with crop production, the
urbanization of areas covered by forests leads to wood production ES flow being completely
lost. The method adopted follows the For-est model [49,50] concerning the above ground
biomass, which uses the National Inventory of Forests and Forest Carbon Tanks (INFC) data
(classified by administrative region and forest typology) [51] as input data. The model takes
into consideration four main forest management categories: stands, coppices, plantations,
and protective forests. It uses, through the Richards function [49], growing stock as the only
driver for the purpose of estimating the evolution of forest carbon pools (above ground
and below ground biomass, dead wood and litter, and soil organic matter) over time. The
lack of detailed, homogenous and georeferenced data for all of the arboricultural systems
in Italy has led to the simplification of the national methodology. The average annual index
of the above ground biomass volume increase, which is calculated by the For-est model
and utilizes the historical series of INFC data, is used to assess the biophysical value of the
ES flow. All of the land cover map’s forest classes were, therefore, considered in the same
way and the same average annual index was applied to them. The change from forest area
to consumed land resulted in this index being reduced to zero.

2.3.3. Carbon Storage

Carbon storage is a regulation service provided by terrestrial and marine ecosystems
thanks to their ability to fix greenhouse gases [52]. This service contributes to the regulation
of the climate at a global level and plays a fundamental role in the context of climate
change mitigation and adaptation strategies. The model Carbon Storage and Sequestration
of InVEST software was used to assess the carbon storage loss using the INFC and the
National Soil Organic Carbon Map [53] as a data source. The land cover classes were
associated with the INFC forest typologies [54]. Four different carbon pools, according
to the Intergovernmental Panel on Climate Change classification [55], were taken into
consideration for each land cover type: above ground biomass, below ground biomass,
dead organic matter, and soil organic matter. Specific coefficients were used for the purpose
of identifying different pools’ contribution thereto [56–58].

The flow of carbon content regarding above ground and below ground biomass
volume for forest types and permanent crops is expressed as a function of the growth
rate taking as a reference point the growing stock data provided by the INFC for each
forest type, and Caneveira et al. [59] for permanent crops. In [59], the authors proposed
default carbon stock values for olive trees, vineyards, and fruit trees in which the age of
plantations is known (1, 5, 10, 15, and 20 years). The average increase for these crop types
is given by the difference between the value of 20 years and that of 5 years divided by
the 15 years that elapse. Literature values were used for other natural and agricultural
areas [60], and artificial areas are considered as zero. With regard to the carbon contained
in the dead organic substance, the necromass values are deduced from those of the above
ground biomass through coefficients (0.20 for evergreen plants and 0.14 for deciduous trees,
source [55]), whereas those in the litter specific formulas for each species reported in the
bibliography were used [56,61]. As far as the soil organic pool is concerned, the values
reported in the National Soil Organic Carbon Map were used. The map contains the values
of the carbon contained in the soil up to a depth of 30 cm, in raster format and with a
resolution of 1 km. See [45] for a detailed description of carbon storage ES assessment.

2.3.4. Habitat Quality

This is a regulation service which, in supplying different types of habitats, contributes
to human well-being by guaranteeing ecosystem functionality, biodiversity maintenance,
and environmental resilience. Various anthropogenic factors have an impact on habitat
quality, causing degradation and alteration of ecological processes [62]. With a view to
assessing the loss of ES flow due to land consumption in the period under investigation,
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the Habitat Quality model of the InVEST software has been used. In this model, habitat
quality is assessed in relation to different land use and land cover classes [47], on the basis
of the premise that areas with higher habitat quality host a greater number of species and
that habitat size and quality decrease lead to a decline in the persistence of species [63].
After having associated the land cover classes with habitat types (according to the EUNIS
classification [64]), a habitat suitability value for each land cover class, for the purpose of
assessing its ability to provide a habitat for biodiversity, has been assessed, ranging from
0 to 1, where 1 indicates habitat with the highest suitability for species biodiversity [65].
Three types of threats affecting habitat suitability have been taken into account: the habitat’s
sensitivity to being influenced by different types of threats, the impact (weight) of different
threats on each habitat type, and the maximum distance at which the threats can affect
the habitat. A threats impact value has been assessed, ranging from 0 (absence of threat)
to 1 (presence of threat). The habitat suitability values and the threats parameters, which
have been used as input data in the InVEST model, have been set through an expert-based
approach [66] (Tables 1 and 2), using a questionnaire put to over 41 national experts, whose
results are described in [67]. The result is a map of habitat quality in which the cell values
range from 0 to 1, where 1 indicates high habitat quality. The ES was estimated ranking the
range in five classes (class 1 poor habitat quality, class 5 high habitat quality) and assessing
the surface variation in the period 2012–2020 for each class.

Table 1. Habitat suitability values generated by the survey (adapted from [67]).

Habitat Type Suitability

Beaches, dune and, sands 0.74
Water bodies 0.83

Wetlands 0.96
Grasslands 0.86
Shrublands 0.81

Broadleaves forests 0.93
Conifer forests 0.82

Inland unvegetated or sparsely vegetated areas 0.55
Intensive agricultural lands 0.26
Extensive agricultural lands 0.52

Buildings and other artificial areas or impervious soils 0.09
Open urban areas 0.27

Table 2. Input values regarding the threats parameters generated by the survey: habitat sensitivity to
the types of threats, impact (weight) of different threats on each habitat type, and maximum distance
at which the threats can affect the habitat (adapted from [67]).

Threats Motorways;
Trunks; Primary

Roads

Secondary
and Tertiary

Roads

Residential
and Service

Roads

Tracks and
Bridleways Railways

Intensive
Agricultural

Lands

Extensive
Agricultural

Lands

Buildings and Other
Artificial Areas or
Impervious SoilsHabitat Type

Beaches, dunes
and sands 0.81 0.46 0.69 0.50 0.67 0.68 0.51 0.86

Water bodies 0.72 0.64 0.60 0.36 0.51 0.76 0.53 0.72
Wetlands 0.84 0.74 0.69 0.44 0.64 0.80 0.59 0.79
Grassland 0.80 0.71 0.63 0.42 0.60 0.75 0.52 0.72

Shrublands 0.78 0.71 0.63 0.39 0.60 0.72 0.51 0.69
Broadleaves forests 0.85 0.77 0.66 0.40 0.65 0.67 0.47 0.77

Conifers forests 0.84 0.76 0.68 0.39 0.61 0.63 0.44 0.76
Inland unvegetated

or sparsely
vegetated areas

0.61 0.57 0.52 0.30 0.46 0.51 0.35 0.61

Intensive agricultural
lands 0.61 0.54 0.47 0.24 0.44 \ 0.12 0.51

Extensive agricultural
lands 0.71 0.61 0.55 0.26 0.51 0.54 \ 0.62

Buildings and other
artificial areas or
impervious soils

\ \ \ \ \ \ \ \

Open urban areas 0.56 0.52 0.46 0.19 0.46 0.31 0.21 0.56

Weight 0.86 0.69 0.61 0.28 0.62 0.69 0.42 0.79
Distance [km] 1.5 1.0 0.9 0.3 1.6 1.6 0.6 1.7
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2.3.5. Hydrological Regime Regulation

With regard to regulation services, hydrological regime regulation is an important
water cycle-related ES. The evaluation thereof is based on the BigBang 1.0 (Nationwide
GIS-based hydrological water budget on a regular grid) hydrological model developed
by ISPRA for the purpose of evaluating the factors of hydrological balance at national
level, with a GIS-based spatially distributed procedure being used that assesses the water
budget components at different spatial and temporal scales [68]. Total precipitation, actual
evapotranspiration, surface runoff, and groundwater recharge are evaluated on a monthly
basis directly on the grid with a 1 km resolution. The procedure allows the effects produced
by soil consumption increase in the period 2012–2020, in terms of increase in surface runoff,
to be verified. This is done by applying the land cover and the land consumption maps,
while the climatic conditions are considered as values mediated over the period in question.
In this paper, the BigBang 1.0 version has been used. A BigBang 4.0 version has, however,
recently been released for national accounting purposes [69] and will be tested for future
improvements in ES assessment.

2.3.6. Pollination

Pollination is an important regulation service for agriculture production and ecosys-
tems well-being [70,71] which is threatened by urbanization, agriculture intensification, and
the use of pesticide and fertilizers [72,73]. The provision of this ES depends on the availabil-
ity of nesting habitats and floral resources, and on the foraging distance of pollinators [74].
The InVEST Crop Pollination model was used to evaluate this ES. 50 species of pollinators
(bees and bumblebees) were selected for the Italian national territory [75] (Table 3), and
their characteristics were associated with the land cover classes and then analyzed, in terms
of the availability of hosting pollinating species according to the types of nesting (reeds,
rocks, cliffs, walls, plant stems, soil, and dead wood). The Italian national territory was
divided on the basis of the altitude range (less than 800 m, from 800 to 1600 m, from 1600
to 2100 m, and over 2100 m) and the three main biogeographical regions (Mediterranean,
Continental and Alpine), taking into account each of the resulting areas’ different vege-
tation and different pollen production periods. In particular, the information used were:
the type of nesting, period of activity, maximum flight distance, preferences among the
varieties of nests, presence of flowers, and pollen period for the most widespread plants.
The abundance of pollinators in each area were, therefore, considered as a “source” and
subsequently the distribution on the agricultural surfaces to be pollinated were estimated
(i.e., the potential index of abundance of pollinators that can reach an agricultural area).
The result is a map in which the availability of pollinators for a potential agricultural area
to be pollinated is estimated and the cell values range from 0 (low availability) to 1 (high
availability). The ES flow was estimated, ranking the range in four classes (class 1 poor
pollination, class 4 high pollination) and assessing the surface variation in each class in the
period under investigation.

3. Results
3.1. Crop Production Loss

In 2012, agricultural production in Italy amounted to 915,705,580 quintals (q), with
an average production of 45,785,279 q. Looking in detail at regional production (Figure 4),
fruit trees had their highest production in Sicily and Calabria (12,861,590 q and 9,909,800 q,
respectively), whereas production was below 7 q in the other regions. The region with the
highest production levels for olive groves was Apulia, with 8,213,754 q, whereas the highest
production level for vineyards was recorded in Apulia and Sicily (around 15,000,000 q)
and in Veneto with 8,099,192 q. As far as fodder is concerned, the highest production level
was recorded in Lombardy (32,761,977 q) and Emilia-Romagna (26,786,595 q), whereas
it remained below 15,000,000 q in the other regions. Emilia-Romagna also recorded the
highest production level for arable crop production (107,583,166), followed by Lombardy,
Veneto, Piedmont, and Apulia, with around 50,000,000 q.
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Table 3. Main species of selected pollinators.

Pollinators

Andrena agilissima Andrena bicolor Andrena carbonaria
Andrena dorsata Andrena flavipes Andrena morio

Andrena minutuloides Andrena nigroaenea Andrena nitidiuscula
Andrena taraxaci Anthidium manicatum Anthophora dispar

Anthophora plumipes Bombus hortorum Bombus humilis
Bombus lapidaries Bombus lucorum Bombus pascuorum
Bombus pratorum Bombus ruderatus Bombus terrestris

Ceratina cucurbitina Colletes succinctus Dasypoda altercator
Eucera longicornis Eucera nigrescens Halictus scabiosae
Halictus sexcinctus Halictus maculatus Heriades truncorum

Hoplitis adunca Hoplitis anthocopoides Hylaeus angustatus
Hylaeus communis Hylaeus clypearis Lasioglossum calceatum

Lasioglossum leucozonium Lasioglossum nitidulum Lasioglossum pauxillum
Lasioglossum villosulum Megachile parietina Megachile rotundata

Osmia bicornis Osmia caerulescens Osmia cornuta
Osmia leaiana Panurgus calcaratus Stelis nasuta

Tetraloniella salicariae Xylocopa violacea
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In Italy, a loss of approximately 4,154,559 q of agricultural products due to land
consumption in the period 2012–2020 was estimated (0.45% of percentage loss). The
greatest drop occurred in the class of arable land (2,533,940 q, 0.43%), followed by fodder,
fruit trees, vineyards, and olive groves, with a loss of approximately 974,403 (0.56%),
307,691 (0.45%), 247,670 (0.41%), and 90,853 q (0.42%) in the products generated therefrom,
respectively (Table 4). At the regional level (Figure 5, Table 4), Emilia-Romagna is the region
that has the highest variation in arable land production (376,972 q, 0.35%), followed by
Veneto (372,463 q, 0.72%), and Lombardy (270,171 q, 0.50%). In the other regions, the loss is
between 50,000 and 100,000 q and it is less than 50,000 q in only five regions, with the lowest
value being recorded in the Aosta Valley, where the loss was approximately 3,536 q, which
corresponded to a loss of 0.90%. As far as the fodder category is concerned, the greatest loss
occurred in Lombardy (approximately 250,000 q, 0.76%), followed by Campania (130,000 q,
0.64%), Veneto (131,000 q, 0.75%), Trentino-Alto Adige, Emilia-Romagna, and Latium
(79,000, 87,000 and 86,500 q, respectively), corresponding to a 0.60% loss in the regional
fodder production in Latium and Trentino-Alto Adige, and 0.35% in Emilia-Romagna. In
the other regions, the loss was less than 20,000 quintals, with the exception of Piedmont
(around 42,000 q). The lost production of olive groves caused by land consumption was
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greater in Apulia, with a drop of 50,000 q (0.60%), whereas it was less than 10,000 q in the
other regions. As far as the fruit trees category is concerned, Calabria and Sicily lost almost
40,000 (0.41%) and 75,000 q (0.58%), Trentino-Alto Adige 39,000 q (0.76%), and Campania
and Apulia 30,000 q (0.65% and 0.49%, respectively). On the other hand, the loss was
lower (below 10,000 q) in the other regions. Finally, the variation in vineyards due to soil
consumption in the period under examination led to a reduction of about 10,000 q in all
of the regions, with the exception of Apulia (58,200 q, 0.38%), Sicily (60,160 q, 0.40%), and
Veneto (56,000 q, 0.69%).

Table 4. Percentage loss of crop production due to land consumption for five agricultural classes in
the period 2012–2020 at the regional level.

Crop Typologies

Regions Fruit Trees Olive Groves Vineyards Fodder Arable Land Total

Piedmont 0.19 0.00 0.17 0.38 0.32 0.31
Aosta Valley 0.67 \ 1.67 0.79 0.90 0.88
Lombardy 0.30 0.75 0.29 0.76 0.50 0.59

Trentino-Alto Adige 0.76 0.00 0.90 0.64 0.66 0.68
Veneto 0.95 0.68 0.69 0.94 0.72 0.76

Friuli-Venezia Giulia 0.35 0.00 0.45 0.71 0.50 0.53
Liguria 0.38 0.21 0.52 0.21 0.41 0.34

Emilia Romagna 0.23 0.07 0.13 0.32 0.35 0.34
Tuscany 0.23 0.18 0.17 0.26 0.28 0.26
Umbria 0.19 0.23 0.27 0.20 0.40 0.34
Marche 0.15 0.36 0.43 0.53 0.43 0.43
Latium 0.31 0.25 0.57 0.65 0.57 0.58

Abruzzo 0.40 0.54 0.51 0.29 0.57 0.51
Molise 0.09 0.47 0.32 0.22 0.22 0.23

Campania 0.65 0.32 0.60 0.93 0.64 0.71
Apulia 0.49 0.60 0.38 0.47 0.35 0.39

Basilicata 0.26 0.29 0.33 0.35 0.32 0.32
Calabria 0.41 0.22 0.42 0.33 0.29 0.32

Sicily 0.58 0.44 0.40 0.39 0.38 0.42
Sardinia 0.19 0.13 0.21 0.19 0.26 0.24

Italy 0.45 0.42 0.41 0.56 0.43 0.45
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3.2. Wood Production Loss

At the national level, a total loss of 595,063 m3 of wood production was estimated. At
the regional level, Piedmont is the region with the highest loss (63,520 m3), followed by
Trentino-Alto Adige, Veneto, Lombardy, and Campania with a loss of around 50,000 m3. In
the other regions, the loss of flow is between 10,000 and 50,000 m3, apart from Molise and
the Aosta Valley, which have the lowest values (5,628 and 6.963 m3 respectively) (Figure 6).
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3.3. Carbon Storage Loss

In Italy, a loss of about 17,000 tons of stored carbon due to land consumption was
estimated between 2012 and 2020. At the regional level, the greatest loss occurred in
Piedmont, Trentino-Alto Adige, and Veneto (1902, 1731, and 1686 tons, respectively), with
a considerable contribution also being provided by the Lombardy, Campania, and Sicily
regions (between 1200 and 1500 tons). Values below 250 tons were estimated for the Marche,
Umbria, Basilicata, Molise, and Aosta Valley regions (Figure 7).
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3.4. Habitat Quality Loss

Figure 8 shows the surface variations of ES flow at the regional level for each class of
habitat quality. Class 1 (poor quality) records an increase of above 1% for all of the regions
(between 1% and 3%), with the highest percentages being recorded for the Trentino-Alto
Adige, and Abruzzo regions. Classes 2 and 3 record a slight decrease, with only Veneto
and Apulia reaching 1% for class 2 and class 3, respectively. Class 4 has not recorded
considerable changes, with the exception of Trentino-Alto Adige and the Aosta Valley,
where increases of 2% and 1.4%, respectively, have been recorded. Class 5 has recorded a
slight decrease, with the greatest changes being recorded for Sicily, Trentino-Alto Adige,
and Campania (0.5–0.6%).

Land 2022, 11, 236 14 of 21 
 

 
Figure 8. Percentage surface variation of habitat quality classes due to land consumption in the pe-
riod 2012–2020 at the regional level. 

3.5. Hydrological Regime Regulation Loss 
An estimate was made, in the period 2012–2020, of the impact that the increase in 

land consumption had on surface runoff (which represents the hydrological regime regu-
lation service). Figure 9 shows the variations in hm3 in this service caused by the consump-
tion of land in Italy. At the national level, an increase of about 250 hm3 of surface runoff 
was estimated. The biggest increases were recorded in the Veneto and Lombardy regions 
(50 and 44 hm3 , respectively), whereas the smallest increases (less than 10 hm3) were rec-
orded in the Umbria, Basilicata, Liguria, Molise, and Aosta Valley regions. 

 
Figure 9. Surface runoff variations due to land consumption in the period 2012–2020 at the regional 
level. 

3.6. Pollination Loss 
Figure 10 shows the surface variations of ES flow at the regional level for each class 

of pollination. Class 1 (poor pollination) records a slight increase, with the highest value 

Figure 8. Percentage surface variation of habitat quality classes due to land consumption in the
period 2012–2020 at the regional level.

3.5. Hydrological Regime Regulation Loss

An estimate was made, in the period 2012–2020, of the impact that the increase in land
consumption had on surface runoff (which represents the hydrological regime regulation
service). Figure 9 shows the variations in hm3 in this service caused by the consumption
of land in Italy. At the national level, an increase of about 250 hm3 of surface runoff was
estimated. The biggest increases were recorded in the Veneto and Lombardy regions (50
and 44 hm3, respectively), whereas the smallest increases (less than 10 hm3) were recorded
in the Umbria, Basilicata, Liguria, Molise, and Aosta Valley regions.

3.6. Pollination Loss

Figure 10 shows the surface variations of ES flow at the regional level for each class
of pollination. Class 1 (poor pollination) records a slight increase, with the highest value
being recorded for Apulia (0.7%). Class 2 records an increase in almost all regions, with the
highest percentages to be found in Trentino-Alto Adige and Campania (0.9%). Classes 3
and 4 record a decrease in all regions and the greater variations have been estimated in
Veneto, Friuli-Venezia Giulia, Lombardy, Campania, and Marche (between −1% and −3%)
for class 3, and the Aosta Valley and Trentino-Alto Adige (−3.4% and −1.6%, respectively)
for class 4.
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4. Discussions

This study has assessed, from a biophysical point of view and with a multilayered
approach, the changes occurring in the provision of ES flows as a result of land consump-
tion in Italy This has made it possible to integrate and harmonize the large amount of
heterogeneous data available in Italy so as to better interpret the ongoing land dynamics
and how these affect the availability of goods and services offered by ecosystems. The
results have explained how transformations have occurred in Italy over the selected time
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interval, which have mainly been driven by urbanization. The loss of crop production
varies in Italy, depending on the type of crops involved. Loss of arable land and fodder
production mainly affects the northern regions, whereas southern regions show a decrease
in permanent crop production. Even if the percentage variations in crop production are
low, they are nevertheless important because, in many cases, agricultural areas are based
on important biological and cultural practices that are difficult to replace [76], and they
also play a role in carbon storage and pollination assessment. Wood production and car-
bon storage losses affect the northern regions more, as well as the Campania region. The
northern regions also show an increase in water runoff, with potential consequences for the
hydrological regime regulation service. As far as habitat quality is concerned, the increase
in the lowest quality class is widespread throughout Italy. The northern regions and the
Campania region have recorded a drop in pollination ES availability. Since urban expansion
is a process affecting more the lowlands, the higher losses in ES flows have mainly been
recorded in the northern regions which include the Po plain, and the plains of Campa-
nia and Apulia in the south. These findings are in line with the demographic dynamics
model of wealthier countries proposed since the late 1980s [77]. Indeed, whereas compact
urban growth has been frequently associated with population increase and economic de-
velopment, which is typical of most of the European countries after World War II [5], the
advanced economies have been characterized in the last decades by the outward expansion
of low-density settlements [78,79], often occurring in fertile agricultural areas [9,80]. Other
research studies dealing with the impact of urbanization on ES have confirmed losses of
stored carbon, agricultural production, habitat quality, and flood mitigation in developing
urban areas [25,81,82], also leading to land reclamation and deforestation in rural areas [82].

The accurate localization of these processes has benefited from the detailed informa-
tion provided by the input data. The high resolution of Sentinel satellites images and
CLMS datasets and their high frequency availability enable an in-depth analysis of land
consumption changes consistent with the EU requests and useful for the purpose of mon-
itoring trends in ES provisions and flows to be conducted. The outcomes show that the
proposed approach is effective in giving an overall assessment of the ES by using spatially
explicit data and models. Indeed, these products of the monitoring program are already
gathered in the national Environmental Data Yearbook [83], which is the official collection
of nationwide data and information concerning the environment in Italy. Furthermore,
they are used for national environmental monitoring policies, such as the National Capital
Accounting [84], and could be a point of reference for the implementation of the various
environmental policies, first of all the EU Soil Strategy for 2030 [28], in which the important
role played by ES in maintaining ecosystems and human well-being is highlighted.

However, there is still room for improvement, especially with regard to models and
input data. The need for more detailed information has arisen. For example, the inap-
propriate use of conventional agriculture technology and improper forest management
practices can have negative short-term effects on crop and wood production, but can also
have adverse effects on other ES in the long term. As a result thereof, a national evaluation
of biophysical loss of ES must be integrated with more detailed information, for example
on agricultural practices, forest management practices, and water balance at river basin
level. A further example to be found in this study concerns the wood production analysis.
An up-to-date database that localized arboriculture plants, forest types, age, provision, and
forms of management would be needed for the purpose of developing a methodology able
to overcome the simplification and achieve better results.

Furthermore, one of the main shortcomings arising therefrom concerns the data up-
dating frequency. While the national land cover and land consumption maps are generated
by analyzing datasets, satellite images, and remote-sensed indicators obtained from the
Copernicus program, which guarantee a frequent data updating that is compliant with
the requirements of the national monitoring program, other data concerning thematic
issues required for conducting a biophysical assessment of the ES selected in this study
are provided less promptly and are updated less regularly. These differences confirm the
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need, with a view to having more accurate and reliable results, for improved national
spatial data that enhance spatial and temporal dynamics evaluations in the provision
of goods and benefits. A data release agreement that is more suitable for a monitoring
plan should be considered, on account of the replicability of the methodology that can
only be guaranteed by satellite and spatial data being available on a regular basis. This
is an important issue to take into consideration to make the analysis of soil-based ES a
consolidated procedure for the purpose of increasing the effectiveness of sustainable spatial
planning. ES spatial distribution and evolution over time is, indeed, able to gather and
aggregate complex information [85] that can be used by decision-makers as a tool for land
sustainability evaluation [86] that encourages development with less ES degradation [87].

5. Conclusions

This study is the result of a first attempt to present an assessment of nationwide
biophysical loss ES flows caused by land consumption as an indicator of urbanization in
Italy at a detailed spatial resolution, dealing with the problem of the lack of accurate and
available information for the whole study area, and trying to collect and harmonize existing
data from different scientific fields. Indeed, the concept of ES, and the related frameworks
developed at the international level, have been recognized as fundamental for supporting
territorial management policies, and the importance of biophysical quantifications has
been emphasized, with a view to supporting economic evaluations and natural capital
management. The multitemporal analysis set out herein may serve as a tool for stakeholders
and policymakers that allows them to understand the impact of human activities, and in
particular urbanization, on land cover pattern, the rates of variation, and the causes that give
rise to changes in the provision of ES. Furthermore, remote sensing and GIS technologies
make it possible to analyze, assess, and map ES at different spatial and temporal scales
for the purpose of understanding how the provision thereof varies according to territorial
dynamics and different underlying socioeconomic circumstances, and how the synergies
and trade-offs between the various ES in certain landscapes occur.

The evaluation of soil-based ES is becoming increasingly important in the context of
land planning, since urban planning predominantly has an impact on soil resources. The six
ES investigated herein are strictly connected with soil properties and functions, and modifi-
cations of this resource on account of urban expansion can affect the ecosystems’ ability to
provide goods and benefits. Therefore, soil-based ES are a valuable reference-point and
provide useful indications to administrations for the purpose of sustainable development
policies and land planning, both at the national and local scale, even though they have to
date not yet found a stable and codified position in the land use planning process.

Moreover, our study underlines the importance of using multilayered thematic data
and the detailed localization of rapid changes that support the investigation of how ur-
banization affects ES and provides suggestions for how urban planning can be conducted
with a view to ES protection, sustainable urban development, and human well-being.
For this reason, this paper has pointed out the importance of using integrated data and
methodologies, as well as more consistent and detailed data inputs. This allows well-
founded approaches to be adopted, with a view to gaining both a thorough understanding
of ES-related processes and the changes therein that are taking place, as well as acquiring a
reference framework for the purpose of also gaining further insights that evaluate ES at
different scales, from national to local levels. Further developments and improvements
in the methodology are foreseen, especially as far as the search for updated and accurate
thematic data and the use of new analysis models is concerned. In this respect, the Horizon
2020 project (SERENA: Soil Ecosystem seRvices and soil threats modElling aNd mApping)
is currently conducting an in-depth analysis of this approach at the European level, whereas
the LIFE preparatory project (NewLife4Drylands: Remote sensing oriented nature based
solutions towards a NEW LIFE FOR DRYLANDS) is doing so at the local level. The results
generated therefrom may serve as a basis for tackling multiscale landscape management
and planning issues.
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