
Abstract
Desertification is a complex phenomenon defined as the

extreme degree of land degradation induced by human activities
and climatic conditions. Climate change is accelerating and
widening these areas. 

Previews analysis and studies assessed the vulnerability to
desertification in Italy at national and regional level through a
methodological approach based on integrating climate, soil, vege-
tation, and socio-economic data (ESA). The studies carried out by
ISPRA aim to provide an update of the of land degradation assess-
ment in Italy, based on Trends.Earth methodology and of the three
UN-SDGs sub-indicators on Target 15.3.1 (land use/land cover,
land productivity and soil organic carbon above and below ground
status and trends), together with additional dimensions of land
degradation considered crucial for national land characters. Final
assessment of the percentage of degraded land is around 36% of
national area. This exercise demonstrates the importance to con-
sider a larger number of data and include information on other fac-
tors, such as climate, physical, chemical data. This integrated
approach to the assessment of land degradation will allow to
describe also of the loss of related ecosystem services.

Introduction
Land is a complex system of soil, water and biodiversity inter-

actions providing services on which sustainable livelihoods are
based. However, land is a non-renewable resource, and the land
degradation processes threaten the health, livelihoods and safety
of many people. Land degradation is defined as a negative trend

in land condition, caused by direct or indirect human-induced pro-
cesses including anthropogenic climate change, expressed as
long-term reduction or loss of at least one of the following: bio-
logical productivity, ecological integrity, or value to humans
(Olsson et al., 2019). The 3rd World Atlas of Desertification
(Cherlet et al., 2018) uses a wider definition: land degradation
leads to a long-term failure to balance demand for and supply of
ecosystem goods and services, i.e. direct and indirect benefits to
people from ecosystems depending upon specific soil properties
and functions (MEA, 2005; Dominati et al., 2010) covering deser-
tification issues, but also problems linked to droughts and floods,
to encroachment of urban areas and overexploitation of soils.

The complexity of this phenomenon represents a challenge for
the scientific community either to develop a unique methodology
or to harmonize the already existing methodologies, in order to
adopt appropriate as well as comparable methods to assess and
monitor land vulnerability and land degradation processes
(Symeonakis et al., 2016; Pravalie et al., 2017, 2020; Giuliani et
al., 2020a).

In this context, the conservation of ecosystem functions and
services, while also supporting human wellbeing, are the primary
goals of sustainable land management (SLM). SLM has in fact a
strong relevance to the United Nations Environmental
Conventions (UNFCCC, UNCCD and UNCBD), as well as to the
UN Agenda 2030 and related Sustainable Development Goals
(SDGs) (Helming et al, 2018), particularly SDG 15 on protecting
land-based ecosystems and biodiversity but also many others
related to food production, water, etc. (Ministry for the
Environment, Land and Sea, 2017).

Related Target 15.3 calls for By 2030, combat desertification,
restore degraded land and soil, including land affected by deser-
tification, drought and floods, and strive to achieve a land degra-
dation-neutral world, introducing the concept of land degradation
neutrality (LDN).

The UNCCD, the only binding legislative framework on
desertification and land degradation, defines LDN as a state
whereby the amount and quality of land resources necessary to
support ecosystem functions and services and enhance food secu-
rity remain stable or increase within specified temporal and spa-
tial scales and ecosystems (UNCCD, 2015) [Parties of the
UNCCD recognize that within the scope of the Convention, this
definition is intended to apply to affected areas as defined in the
text of the Convention.]. Among all of the six progress indicators
adopted by the same Conference of Parties [Decision 22/COP.11],
three land-based indicators (namely land cover and land cover
change, land productivity status and carbon stock value and
changes) and associated metrics allow to estimate progress
towards achieving LDN. These indicators, already monitored in
the context of the UNCCD reporting process (UNCCD, 2017 and
2018), in line with the SDG indicator 15.3.1 (Proportion of land
that is degraded over total land area) established by UN
Statistical Commission. 

The indicator 15.3.1 is reported as a binary (i.e., degraded/not
degraded) quantification, based primarily on the assessment of the
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three above mentioned sub-indicators: i) land cover, as vegetation
cover to assess land conversion trends and the possible loss of
ecosystem services; ii) land productivity, to determine changes in
health and capacity of primary production; iii) soil organic carbon
trends, to quantify overall soil quality. 

In particular, the UN Good Practice Guidance for SDG
Indicator 15.3.1 recommends assessing their value utilising com-
parable and standardized national official data sources. The
UNCCD recommends (but does not prescribe) that the set of three
above mentioned indicators should be complemented by other rel-
evant national (or sub-national) indicators (Wunder and Bodle,
2019). This could help to obtain an even more accurate picture of
the current status of land and the progresses made towards LDN
(Global Mechanism of the UNCCD, 2016; IAEG-SDGs, 2016). 

Italy is the only developed country engaged in the pilot assess-
ment program launce by UNCCD and then one of the more than
120 countries voluntary committed to setting LDN targets in the
framework of the UNCCD wider LDN Target Setting Program.
Data on LDN were utilised in last national UNCCD report deliv-
ered in August 2018 (Chasek et al., 2019). A previous assessment
referred to land degradation processes, based on vegetation land
cover and climatic data (Salvati and Baiocco, 2011) showed an
increasing pressure on land; most vulnerable areas to environmen-
tal degradation was mainly detected in the southern-central part of
Italy, where climate characteristics associated to human activity
pressure were supposed to contribute to land degradation processes
(Salvati et al., 2014).

Recent studies and analysis utilised told us that negative
impact on land is mainly driven by land cover change (Munafò,
2018, 2019). They are based on the set of the three sub-indicators,
in line with the international approach adopted by UNCCD for
LDN and for SDGs 15.3.1 indicator Proportion of degraded land
on total land. These indicators were integrated with other sub-indi-
cators to better address specific conditions at national level, such
as habitat fragmentation and quality of soils and ecosystems,
linked to ecosystems services provision. The aim of the paper is to
discuss the relevance of this approach to assess the main causes of
land degradation giving a qualitative framework with the numbers
of negative factors affecting different areas. 

Materials and methods
Italy is located in central-southern Europe, the characteristic

shape of the peninsula extends into the Mediterranean Sea, origi-
nating a coastal development of about 8300 km. Two large moun-
tain ranges dominate the landscape: the Alps, in the northern part
of the peninsula, among the most rugged in the world, and the
Apennine, which forms the backbone of the continental part of the
country. While the Alps surround the Po river basin, a large plain,
the Apennines leave room for coastal plains facing the Tyrrhenian
and Adriatic Sea. Two major islands (Sardinia and Sicily) and near-
ly 800 smaller islands complete the territory. These characteristics,
added to the geomorphological, microclimatic and vegetational
peculiarities, make Italy a country with a strong landscape diversi-
fication, shaped over the centuries by anthropic pressures, histori-
cally conditioned by unique cultural and social factors and by
urbanization dynamics in the recent past.

The methodology adopted in this study is based on the
UNCCD recommendations (UNCCD, 2017). It considers the addi-
tion of other relevant national (or sub-national) indicators to land
cover, land productivity and carbon stocks indicators. Particularly

the following indicators were additionally calculated: loss of habi-
tat quality, burnt areas, fragmentation index, density of artificial
surfaces and buffer areas, and Increasing of small natural patches,
from now on referred to as sub-indicators. 

The study used two reference years, 2012 and 2018, and
utilised Trends.Earth model (Gonzalez-Roglich et al., 2019),
developed by FAO with the guidance of UNCCD (http://trends.
earth/docs/en/). It is a free and open source tool supported by a
cloud-based system available as a QGIS plugin. It can separately
generate the three sub-indicators and combine them to calculate
indicator 15.3.1. Useful tools in the package are the data collect-
ing, preparation and results visualization integrated in a minimal
graphic interface (Meyer and Riechert, 2019) and usage of the
Google Earth Engine to process data (Gorelick et al., 2017). 

Elaboration process data for 2012 and 2018 is illustrated
below. The final result follows the One Out, All Out approach: if
one of the sub-indicators is negative (or stable when degraded in
the baseline or previous monitoring year) in a specific land unit, it
would then be considered as degraded, subject to ground validation
by national authorities (UNCCD, 2017). 

Land cover
UNCCD suggests considering land cover data with 300 meters

of resolution produced by European Spatial Agency (ESA) as part
of the Climate Change Initiative. Although, the method
approached at national level considers land consumption map pro-
duced by SNPA with 10 meters of spatial resolution integrated by
Corine Land Cover dataset for cropland, natural and forest areas
and wetland (CLC, 2012, 2018). According to IPPC legend, the
input raster based in the standard CLC nomenclature including 44
land cover classes, have been reclassified in six groups: cropland,
forestland, grassland, settlement, wetlands and other lands. All
possible transitions are shown in Figure 1. 

Productivity
Land productivity can be measured across large areas utilising

Earth observations data on net primary productivity (NPP). NPP is
the net amount of carbon assimilated after photosynthesis and
autotrophic respiration over a given period of time (Clark et al.,
2001) and is typically represented in units such as kg/ha/year
(annual NPP or ANPP). Remote sensing techniques are the most
effective way to measure ANPP in fine detail at national scales, but
Earth observation sensors do not directly measure it. One of the
most commonly used surrogates of primary productivity is the nor-
malized difference vegetation index (NDVI), which is an indicator
of green leaf productivity and biomass (Tucker, 1979). 

Trends.Earth toolbox currently supports AVHRR (8 km) and
MODIS (250 m) data for primary productivity analysis. 

The assessment of land productivity considers three metrics:
trend (e.g., rate of change in primary production over time), state
(e.g., detection of changes in primary productivity as compared to
a baseline period) and performance (e.g., local productivity rela-
tive to other areas that share a similar land cover type over the ded-
icated region) (UNCCD, 2017; Sims et al., 2019).

The trend (or trajectory) is calculated through linear regression
in each pixel to identify positive or negative correlation across the
considered time series (MODIS series from 2001 to 2018 with 1
km of spatial resolution). 

The measure of state results from the comparison of the annual
integrals of NDVI for each pixel in recent years with the historical

                   Article
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observation (baseline period) of NDVI in the same area. We
assessed the index matching the baseline period (on MODIS
images 2001-2012) with the recent monitoring period (2012-
2018). The value of two periods have been divided into classes,
from the smallest to the largest (1-10) considering the following
possibilities: NDVI (monitoring period) – NDVI (baseline) < –2:
potential degraded areas, if –1 <NDVI (monitoring period) –
NDVI (baseline) <1: stable areas and if NDVI (monitoring period)
– NDVI (baseline) >2: improved areas. 

Finally, productivity performance is calculated by comparing
the average NDVI value with the productivity of ecologically sim-
ilar areas (the model uses the intersection of land cover - 37 ESA
CCI at 300 m resolution - and SoilGrid USDA at 250 m resolu-
tion).

Soil organic carbon
The third sub-indicator can be generated using satellite EO

data even if the assessment is difficult due to spatial variability of
soils, lack of consistent time-series data and standardized soil
organic carbon (SOC) information system, etc. (Stumpf et al.,
2018; Angelopoulou et al., 2019). On the other hand, conventional
methods for SOC monitoring are expensive and time consuming.
The methodology proposed by Trends.Earth use a combination of
land cover and SOC changes (Giuliani et al., 2020b). This
approach suggested to determine SOC using Italy’s assessment
contained in Global Soil Organic Carbon Map produced in the
Global Soil Partenrship framework (GSOCmap - FAO and ITPS,
2018). The aforementioned assessment considers data from 6.748
soil profiles collected between 1990 and 2013 and spatialized
through concepts and techniques of Digital Soil Mapping. 

Additional sub-indicators
As stated before, more specific indicators were utilised in

order to allow a more accurate description of land degradation for
the period 2012-2018, as illustrated in Figure 2: i) Loss of habitat
quality: assessed through InVEST model habitat quality; the model
combines information on Land Use/Land Cover and threats to bio-
diversity and calculates several parameters based on spatial analy-
sis (Assennato et al., 2018); ii) Burnt areas: fires database allow-
ing the assessment of burnt areas during 2008-2018 provided by
Carabinieri Command unit for the protection of forests, the envi-
ronment and agri-food (CUFAA); the vector file of burnt area was
converted to raster in order to compare the data with the other indi-
cators; iii) Fragmentation Index (or increasing of mesh density):
fragmentation from roads, railroads and urban settlements is repre-
sented through the mesh density (number of patches in a grid of
1000 km2). It is calculated according to the effective mesh size
methodology (Jaeger, 2000) and modified according to the cross-
boundary connections procedure (Moser et al., 2007); the differ-
ence between the mesh density of 2018 and 2012 was calculated,
resulting in degradation with a difference greater than 10 mesh-
es/1000 km2; iv) Density of artificial land cover: urban and subur-
ban areas, as defined in the target 11.7 of SDGs, are considered
degraded areas; degradation occurs when the density of artificial
cover increases in the target period (2012-2018); v) Density of
buffer areas: the potential negative impact is calculated as 60
meters buffer around polygons in artificialized land class; the
degradation is represented by the increase in potential impact area
in the period 2012-2018; vi) Increasing of small natural patches
<1000 m2: small natural patches are calculated through spatial
analysis as patches of not consumed land with area less than 1000

                                                                                                                                 Article

Figure 1. Summary of the land cover/land use change for the IPCC classes (30 possible transitions); the colour highlights improvement
(green), stable (light grey) or degradation (red).
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m2; the new patches created between 2012 and 2018 are consid-
ered as land degradation.

For each degradation cause described above, results are pro-
duced as raster layer with 20 m of spatial resolution. The spatial
overlay of all layers allows to map total land degradation in Italy,
and to calculate the number of degradation causes for each pixel,
as well as to calculate the area of degradation for each sub indica-
tor.

Results and discussion
The main result is the extension of land degradation in the

2012-2018 timeframe, assessed considering the different factors
(Table 1) and pixel-based map over the entire country at a spatial
resolution of 20 m (Figure 3), representing that degraded areas are
concentrated mainly in fertile agricultural land and in correspon-
dence of large urban areas.

Results showed the level of degradation in terms of number of
causes thereof (1-2- ≥3) (Table 2). Around 80.000 km2 (26.53%)
are subjected to an increasing degradation even if in many cases
only one factor insists (22.96%). The area of degradation by at
least 3 causes, results in almost 800 km2, representing 0.26% of the
national territory.

These results, compared with the official set of three sub-indi-
cators by UNCCD, underline the prevalence of areas degraded by

                   Article

Figure 2. Steps to derive LD indicator for Italy (Adapted from UNCCD, 2017).

Table 1. Degraded areas under different causes (2012-2018).

Indicator                                           km2              % of IT territory

Land cover change                                         1094                                 0.40
Productivity                                                      9420                                 3.12
Organic carbon decline                                 670                                  0.22
Loss of habitat quality                                 33,977                              11.26
Burnt areas                                                      2374                                  0.8
Fragmentation Index                                   44,259                              14.68
Areas of potential impact                              409                                  0.14
Density of artificial land cover                     951                                  0.32
Increasing of not sealed areas                    14                                  0.005

Table 2. Degraded areas for one or more causes (2012-2018).

Number of causes                            km2              % of IT territory

1                                                                         69,323                              22.96
2                                                                          9961                                 3.30
>3                                                                        796                                  0.26
Total                                                                  80,079                              26.53
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fragmentation and loss of habitat, while the strict set of land cover,
productivity and organic carbon cover a very limited national land
surface. The percentage of degraded land is 26.53% according to
our assessment, while the value calculated using the strict UNCCD
approach, namely the three main sub indicators, is 3.54%, varying
from Valle d’Aosta region 1% to Emilia Romagna more than 6%.

It must be pointed out that the preliminary estimate from
UNCCD Report from ITALY released in 2018 (https://prais.unccd.
int/sites/default/files/pdf_reports/unccd_Italy_2018_1.pdf), was
13.4% for the 2000-2015 period, being not directly comparable
with our assessment because of different methodology and time
frame.

This high variability, depending on indicators selected and
detail of inputs, confirm the necessity of improved national indica-
tors to enhance compliance with the official UN SDG reporting
system, by taking into account parameters that are not yet currently
considered as shown by previous studies (Giuliani et al., 2020a
and 2020b). Additionally, the possibility to disaggregate indicators

at high-resolution and capturing both spatial and temporal dynam-
ics of land degradation will result in more effective support to deci-
sion-makers.

This assessment is a preliminary result, obtained by the over-
lay of sub-indicators mainly related to land cover changes. More
accurate results could be available by improving data and sub-indi-
cators in consideration of climate conditions (drought, rainfall,
etc.), physical (compaction, water erosion) and chemical (saliniza-
tion, contamination) degradation phenomena (Salvati et al., 2011).
The monitoring of land degradation adopted for Italy will take into
account such improvements, while the ecosystems state and level
of services supply will be useful to better address degradation
effects.

The proposed assessment highlights the opportunity to consid-
er high resolution territorial information on the different causes of
degradation, being the original three indicators less effective in
capturing high diversity of landscapes and habitats in Italian terri-
tory.
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Figure 3. Map of degraded areas distribution (2012-2018).
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Conclusions
There is still the need for some technical improvement of LDN

indicators to obtain an accurate land degradation picture, integrat-
ing also climate data as well as a better representation of physical
and chemical phenomena. However, this study is a first attempt to
account for the many causes of degradation, and it is the starting
point towards a more complete assessment of LDN indicators. 

The assessment provided for Italian territory reveal the urgen-
cy to stimulate the adoption of more sustainable land management
measures in each land-use sector, especially in areas with a project-
ed increasing pressure on land and water resources. The main chal-
lenge is to overcome the sectoral fragmentation between land use
planning, agricultural production, forestry, protection of natural
capital and landscape. The prevention of land degradation could be
improved with a more complete approach to the assessment of land
degradation and of soil ecosystem services, based on our capacity
to better understand the ongoing phenomena and forecast their
evolution.

A better, more accurate assessment would provide a strong
base to consider alternative scenarios of future land challenges and
to quantitatively describe how the deteriorating condition of land
may influence ecosystem services and functions, creating a crucial
base for sustainable land management tools and programs.

Highlights
- Assessment and mapping of land degradation in Italy, toward

an improvement of SDG Target 15.3 indicator.
- Trends.Earth methodology integrated with additional data and

information, in order to map ecosystem conditions and related
ecosystem services provision.

- Focus on land cover change as Italy main degradation factor.
- Analysis with disaggregated results is provided for a deeper

understanding of the specific contribution of the sub-indicators
at the local level.

- Improving sustainable land management by integrating land
degradation prevention.
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