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Abstract

Investigating spatio-temporal trends in soil vulnerability to degradation based on the diachronic analysis of
selected biophysical and socioeconomic drivers is a key issue for the identification of prone areas. The
working hypothesis of the present study is that a given territorial system may undergo different (and
sometimes contrasting) patterns of soil vulnerability (improvement, worsening or stability) in the long
term, thus creating (or amplifying) spatial heterogeneity in land resource distribution. Areas classified as
“critical” are regarded as soil vulnerability hotspots that require dedicated mitigation policies. The correct
identification of “critical” areas to soil degradation is particularly important for the natural areas and, more
generally, for the agro-forest systems preserved under various land protection regimes. Based on these
premises, the objectives of this study are (i) to assess the spatial distribution of soil vulnerability in Italy
over a long enough time interval (1990–2010), (ii) to provide an operational tool to identify soil degradation
hotspots according to the observed vulnerability trend and, finally, (iii) to analyze hotspot spatial distribu-
tion in relation with natural protected areas and the Natura2000 network. The results of this study provide a
useful tool for environmental monitoring and are discussed in the light of sustainable agro-forest manage-
ment and preservation of natural areas.
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1. INTRODUCTION

The United Nations Convention to Combat Desertification
defines soil degradation as a process causing the decline of
the biological and economic productivity of soils (Romm
2011). Soil degradation results either from the unsustain-
able use of land or from a combination of biophysical and
socioeconomic processes (Detsis 2010). These include soil
erosion, salinization, sealing and long-term loss of natural
vegetation, among others (Montanarella 2007). Soil degra-
dation (SD) can be thus regarded as an interactive process
involving multiple factors, among which climate and land-

use play a significant role (Geist and Lambin 2004).
Particularly in the Mediterranean region, biophysical and
socioeconomic drivers together impact ecologically fragile
soil–landscape systems (Thornes 2004), and their interac-
tion may become extremely complex through space and
time, resulting in typical SD patterns (Costantini et al.
2009). Understanding spatio-temporal trends in soil vul-
nerability to degradation is therefore a key issue from both
science and policy perspectives (Salvati and Bajocco 2011).
Due to the millenary interaction among nature and

man, traditional agro-forest systems dominated the
Mediterranean landscape in southern Europe, preserving
plant and animal biodiversity, water and soil quality,
aesthetic values and sustainable agricultural practices
(Antrop 2005). Agro-forest systems, covering both inter-
nal, upland and mountainous areas and more accessible,
flat areas, are widely diffused in Italy and extensively
protected through the institution of national and regional
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parks (Capotorti et al. 2012). The core area of parks and
natural reserves is frequently formed by high-diversity,
mixed agro-forest landscapes (Basso et al. 2012).
Although experiencing a higher human pressure and
local-scale climate warming (Mancino et al. 2013), it
was demonstrated that agro-forest systems, and especially
those placed under environmental protection, may repre-
sent effective buffer zones positively contributing to the
containment of soil degradation and desertification risk
(e.g., Salvati et al. 2014).
The working hypothesis considered in the present

study is that a given territorial system may undergo
different (and sometimes contrasting) patterns of soil
vulnerability to degradation in the long term (improve-
ment, worsening or stability), thus amplifying the spatial
heterogeneity in the distribution of land resources
(Salvati et al. 2013). ‘Critical’ areas to SD are considered
vulnerability hotspots and require specific mitigation
measures (Imeson 2012). This concept is particularly
relevant when dealing with natural areas, or, more gen-
erally, with agro-forest systems under various regimes of
land protection (Oldfield et al. 2004; Ioja et al. 2010;
Capotorti et al. 2012).
Based on these premises, the aims of the present study

are (i) to define “hotspots” for soil vulnerability to degra-
dation in the northern Mediterranean basin, (ii) to assess
the spatial distribution of soil vulnerability hotspots in
Italy (1990–2010) and, finally, (iii) to analyze soil vulner-
ability patterns in hotspots within protected areas of
regional and national relevance and the Natura2000
reserve network. The proposed approach provides a use-
ful tool supporting environmental monitoring and inform-
ing land conservation policies (Simeonakis et al. 2007).
The methodology would allow us, on the one hand, to
identify areas where SD impact is increasing and, on the
other hand, to monitor the evolution of SD processes in
relation to different land protection regimes (Sommer
et al. 2011; Vogt et al. 2011).

2. STUDY AREA

Italy is a southern European country located on the
northern side of the Mediterranean basin. The country
surface area (301,330 km2) lies between latitudes 35 and
47°N and longitudes 6 and 19°E, being composed of
23% flat areas, 42% uplands and 35% mountainous
land. The Italian borders and coastlines on the
Adriatic, Ionian and Tyrrhenian Seas amount to around
7600 km including the islands. The Alps form most of its
northern boundaries and the Apennine Mountains form
the backbone of the peninsula. Thanks to the remarkable
longitudinal extension and to the mostly mountainous
conformation of the inner areas, different climate
regimes can be found in Italy. In most of the inland

northern and central regions, the climate ranges from
humid sub-tropical to humid continental and oceanic;
in particular, the climate regime in the Po Valley is
mostly continental with harsh winters and hot summers.
The coastal areas of Liguria, Tuscany, Latium and most
of southern Italy generally match the Mediterranean
climate stereotype. Conditions on peninsular coastal
areas can be different from the interior’s higher grounds
and valleys, particularly during winter when the higher
altitudes tend to be cold and wet, and where it often
snows. The coastal regions have mild winters and warm,
dry summers. The average winter temperatures vary
from 0°C on the Alps to 12°C in Sicily, while average
summer temperatures range from 20 to over 30°C.
The geographical partition into three subdivisions

(Northern, Central and Southern Italy), in turn formed
by the 20 Italian administrative regions, reflects impor-
tant socioeconomic disparities (Fig. 1). Northern Italy
(Aosta Valley, Piedmont, Liguria, Lombardy, Trentino-
Alto Adige, Veneto, Friuli-Venezia Giulia and Emilia
Romagna) occupies the whole of Po Valley and is one
of the most developed regions in Europe. Central Italy
(Tuscany, Marche, Umbria, Latium), separated from
Northern Italy by the Apennine Mountains, is a region
polarized in urban areas (e.g., Rome, Florence) and tra-
ditional, rural landscapes based on a crop mosaic mixed
with woodland, shrubland and pastures. Southern Italy
(Campania, Abruzzo, Molise, Apulia, Basilicata,
Calabria, Sicily and Sardinia) is one of the most econom-
ically disadvantaged regions in Europe. The spatial par-
titioning mentioned above is particularly meaningful in
the assessment of soil vulnerability to degradation, since
the administrative regions were designed by the Italian
National Action Plan to Combat Desertification as the
effective spatial unit to coordinate and implement poli-
cies against soil degradation (Salvati and Bajocco 2011).

3. MATERIALS AND METHODS

3.1. Assessing soil vulnerability to degradation
Severe forms of SD result from a combination of inade-
quate land management and a number of environmental
factors including soil, climate and vegetation as the most
relevant ones (Lavado Contador et al. 2009). To develop
a diachronic soil vulnerability map, a total of 14 vari-
ables have been considered in the present study, accord-
ing to the Environmentally Sensitive Area (ESA)
framework referring to four themes: climate, soil, vege-
tation and human pressure (Fig. 1). The outcomes of the
ESA model have been extensively validated on the
ground (e.g., Kosmas et al. 1999). A regional assessment
based on heterogeneous geographical datasets with dif-
ferent reliability, indicates the Environmentally Sensitive

2 L. Salvati et al.
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Area Index (ESAI), i.e., the composite index derived from
the ESA methodology, is a reliable proxy for SD in the
Mediterranean basin (Lavado Contador et al. 2009).
Significant correlations have been identified between the
ESAI and a number of SD indicators (Basso et al. 2000).
Ferrara et al. (2012) assessed the statistical stability of
the ESAI, demonstrating that the index is not affected by
spatial and temporal heterogeneity in the composing
variables.

3.2. Elementary variables
The complete list of the ESA variables is reported in
Table 1. Slope aspect, the long-term average annual

rainfall rate and the long-term aridity index [defined as
the ratio between rainfall and reference evapotranspira-
tion calculated using the Hargreaves and Samani (1985)
approach based on computation of minimum, mean and
maximum air temperature] have been used in the present
study to classify land based on climate quality using
information collected in the Agro-meteorological
Database of the Italian Ministry of Agriculture. The
database relates to gauging data collected daily from
various meteorological and hydrological networks
(Italian Ministry of Agriculture, National Hydrological
Service, Italian Air Force and some minor networks),
operating with nearly 3000 weather stations since 1951
and homogeneously covering the whole of Italy (Salvati

Figure 1 Upper panel: map representing Italy and the boundaries of the 20 administrative regions (northern Italy: Va, Pi, Li, Lo, Tr,
Ve, Fr, Em; central Italy: Tu, Ma, Um, La; southern Italy: Ab, Mo, Ca, Ap, Ba, Cal, Si, Sa). Lower panels: maps representing the
distribution of the National Protected Areas (NPAs, left) and Natura2000 sites (right) in Italy.
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and Bajocco 2011). Two time windows were selected
(1961–1990 and 1981–2010) considering 30-year peri-
ods as stable enough to describe climatic conditions in
the area at different points in time through the last
50 years (Salvati and Bajocco 2011).
Soil data were obtained from the soil quality map

produced in the framework of the Desertification
Information System for the Mediterranean (DISMED)
project (Basso et al. 2000) and derived from the
European Soil Database at 1 km2 pixel resolution
(Joint Research Center, JRC). According to the ESA
framework, soil texture, depth, slope and parent material
have been selected as soil-related variables. Considering
the examined time span, these variables are regarded to
be static during the study period because they change
slowly, if at all or, by their nature, are infrequently
measured (Salvati and Bajocco 2011).
Changes in vegetation cover and their possible contri-

bution to the degree of soil vulnerability to degradation
were assessed through four variables (Lavado Contador
et al. 2009): (i) fire risk, (ii) vegetation protection from
soil erosion, (iii) vegetation drought resistance and (iv)
plant cover. The four variables were determined by
applying a standard weighting system that classifies
each observed land-cover class according to the level of
vulnerability to land degradation (see Salvati and
Bajocco 2011 for the weight matrix). Scores range from
1 (the lowest contribution to land vulnerability to degra-
dation) to 2 (the highest contribution to land vulnerabil-
ity to degradation). Following the benchmarks
introduced by Kosmas et al. (1999), Basso et al. (2000)
and Lavado Contador et al. (2009), the applied scoring
system was based on the known relationship between
each factor and the land degradation processes (Salvati
et al. 2013). Primary land-cover data were derived from
Corine Land Cover (CLC) maps produced by the Italian

Institute of Environmental Research and Protection
(Ispra) for 1990 and 2006 (Salvati and Bajocco 2011).
The CLC program was developed by the European
Environment Agency (EEA) using satellite imagery to
provide pan-European, diachronic 1:100,000 land-
cover maps with a 25-ha minimum mapping unit. The
CLC nomenclature includes 44 land-cover classes
grouped into a three-level hierarchy.
Finally, human pressure shaping SD vulnerability has

been assessed as the combination of three variables
(population density, demographic variation and land-
use intensity). Population density was measured on a
municipality scale in 1991 and 2011 on the basis of the
National Censuses of Population and Households (Salvati
et al. 2013). Annual population growth rate was
measured at the same spatial scale during 1981–1991
and 2001–2011, using the same data source. Land-use
intensity was estimated by applying a score system (ran-
ging from 1 to 2 and derived from Salvati and Bajocco
2011) that classifies each of the observed classes accord-
ing to the intensity of use and the potential level of
vulnerability to SD. This indicator was obtained from
elaboration on the CLC maps described above.

3.3. Vulnerability (partial) indicators
All variables were ranked according to a specific vulner-
ability score system based on the estimated degree of
correlation with SD processes (Ferrara et al. 2012). The
standard benchmarking of the score system introduced
by Salvati and Bajocco (2011) was adopted in the pre-
sent study and supplemented with information taken
from Kosmas et al. (1999), Basso et al. (2000), and
Ferrara et al. (2012). For each variable, scores range
from 1 (the lowest contribution to land vulnerability to
degradation) to 2 (the highest contribution to land

Table 1 List of variables used in the Environmentally Sensitive Area (ESA) framework by theme, measurement unit and statistical
source

Theme Variable Scale Unit of measure Data source

Soil quality Soil texture 1:250,000 Sensitivity class European Soil Database
Soil depth 1:250,000 mm
Parent material 1:250,000 Sensitivity class
Slope angle 1:25,000 %

Climate quality Annual mean rainfall rate 1:500,000 mm Ministry of Agriculture
Aridity index 1:500,000 mm/mm
Aspect 1:25,000 Angle Aster Digital Elevation Model

Vegetation quality Fire risk 1:100,000 Sensitivity class Corine Land Cover
Erosion protection 1:100,000 Sensitivity class
Drought resistance 1:100,000 Sensitivity class
Vegetation cover 1:100,000 Sensitivity class

Land management Population density 1:400,000 People km−2 Census of population
Demographic variation 1:400,000 %
Land use intensity 1:100,000 Sensitivity class Corine Land Cover

4 L. Salvati et al.
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vulnerability to degradation). Four partial indicators (cli-
mate quality – CQI, soil quality – SQI, vegetation quality
– VQI and land management quality – MQI) have been
derived from the geometric average of the scores attrib-
uted to each elementary variable measured in every
spatial unit (Lavado Contador et al. 2009).

3.4. Developing a composite index of soil
vulnerability

A composite index (ESAI) quantifying the degree of soil
vulnerability to degradation has been finally calculated for
each spatial unit and year as the geometric mean of the four
partial indicators described above, obtaining a score ran-
ging from 1 (the lowest vulnerability to soil degradation) to
2 (the highest vulnerability to soil degradation). The four
indicators were weighted the same in the ESAI procedure
(Kosmas et al. 1999). With reference to the most used ESA
classification systems (Salvati and Bajocco 2011), three
classes of soil vulnerability were identified: (i) < 1.225:
non-affected or only potentially affected (NA); (ii) 1.225–
1.375: fragile (F); (iii) > 1.375: critical (C). Geographic
information system (GIS) layers for the different input vari-
ables were generated and subsequently rasterized, regis-
tered and referenced to an elementary spatial unit of
1 km2 resolution. Intermediate (for the partial quality indi-
cators) and final (for the composite ESAI) maps were then
derived from the input variable layers using the “raster
calculator” tool provided by the ArcGis version 9.3 pack-
age (Salvati et al. 2013).

3.5. Land protection regime
Two different data sources were used in the present
study to identify natural protected areas in Italy: the
National Protected Areas (NPAs) archive and the
Natura2000 sites (Fig. 2). The official list of NPAs in
Italy is drawn up and periodically updated by the
Italian Ministry for the Environment, Land and Sea
(Directorate for the Protection of Nature), which covers
all the officially recognized protected areas, either mar-
ine or terrestrial (Italian Ministry for the Environment,
Land and Sea 2010). Natura2000 is an ecological net-
work composed of Special Areas of Conservation
(SACs) and sites designated under the Birds Directive
79/409/EEC (Special Protection Areas, SPAs) and the
Habitat Directive 92/43/EEC (Sites of Community
Importance, CISs) (Italian Ministry for the Environment,
Land and Sea 2012). For each Natura2000 site, national
authorities have submitted a standard data form that con-
tains an extensive description of the site. The European
Topic Centre for Biological Diversity (ETC-BD) is respon-
sible for validating these data and creating a Europe-wide
database. The European database of Natura2000 sites
consists of data submitted by member states to the
European Commission. These data are subjected to a per-
iodic validation and updating process. The sites’ bound-
aries submitted by each member state are validated by the
European Environment Agency (EEA) and linked to
descriptive data. Spatial data are generalized to 1:100,000
and integrated into a database covering the whole of
Europe.

Figure 2 A flowchart illustrating the Environmentally Sensitive Area (ESA) methodology. ESAI, Environmentally Sensitive Area
Index.
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3.6. Spatial analysis
A change detection layer (1990–2010) was created using
the ESAI maps dated 1990 and 2010. The analysis was
focused on the pixels where trends of improvement,
worsening or stability in soil vulnerability occurred dur-
ing the investigated period (20 years). This time period
was considered enough long to capture relevant changes
in both biophysical variables (e.g., climate regime) and
socioeconomic factors (e.g., land-use change, population
growth, urban sprawl). Each elementary spatial unit was
therefore classified into five “hotspot” classes (a–e)
according to one of the nine types of SD transitions
based on the scheme provided in Table 2. The last two
classes (d and e) formed by transitions 6–9 were consid-
ered “critical” hotspots due to their vulnerability status
and trend over time. To derive the final hotspot map a
3 × 3 km median filter was applied to the native hotspot
raster map in order to eliminate spurious pixels and to
create more homogeneous boundaries for each hotspot
class. The final hotspot map was then overlain with
the boundaries of NPAs and Natura2000 sites (see
section 3.5) to derive the surface area classified for each
soil vulnerability hotspot class within and outside pro-
tected areas.

4. RESULTS AND DISCUSSION

Table 3 illustrates the average score and the coefficient of
variation of each partial indicator (SQI, CQI, VQI,
MQI) and of the composite index of soil vulnerability
(ESAI) for the two studied years (1990, 2010), the three
geographical divisions of Italy (Northern, Central and
Southern regions) and the three land partitions (NPAs,
Natura2000 sites and non-protected land). The ESAI
showed a diverging pattern at the regional scale with
increasing soil vulnerability over time in Northern Italy
(1.5%) and Central Italy (1%) and decreasing soil vul-
nerability in Southern Italy (−0.4%). In Northern Italy,

soil vulnerability grew in both protected and non-pro-
tected areas, while in Central Italy the highest growth
rate was found in non-protected areas. In Southern Italy,
the vulnerability level observed in protected areas (both
NPAs and Natura2000 sites) decreased by 0.7–0.8%
during the investigated time period.
Despite specific trends at the regional scale, all partial

indicators showed a generalized tendency towards
higher land vulnerability in Italy. The CQI increased
primarily in protected areas of Northern Italy and
decreased at a comparable rate in protected areas of
Southern Italy. The VQI declined in Northern Italy and
increased in Southern Italy with a relatively stable pat-
tern observed in Central Italy. The MQI increased in
Northern and Central Italy showing higher growth
rates in NPAs and maintaining relatively stable values
in Southern Italy.
Figure 3 illustrates the spatial distribution of soil

vulnerability hotspots identified in Italy according to
the procedure illustrated in section 3.6. “Critical” hot-
spots (including land classified as “critical, stable” and
“worsening”) are concentrated in specific areas of
Italy. In Northern Italy, “critical” hotspots cover
26.8% of the investigated area and are concentrated
along the Po plain and in the internal uplands of
Emilia Romagna and Veneto regions, being formed
by a combination of both “critical, stable” (25.4%)
and “worsening” conditions (1.4%). In Central Italy,
“critical” hotspots cover 25.5% of the total land and
are concentrated along coastal areas mainly on the
Tyrrhenian side; land classified as “critical, stable”
accounts for most of the hotspot area (Table 4). In
both Northern and Central Italy, “critical” hotspots
are concentrated in semi-dry land with high human
pressure owing to agricultural intensification and
urban expansion or with land abandonment, possibly
determining a higher soil erosion risk.
In Southern Italy, “critical” hotspots cover more than

44% of the regional area and are concentrated in coastal
and lowland areas of Campania and Sardinia. The lar-
gest part of Apulia and Sicilian land was also classified as
“critical” to SD. This is in accordance with previous
studies (Salvati and Bajocco 2011; Ferrara et al. 2012)
which indicated that soil vulnerability to degradation is
distributed along a latitudinal gradient in Italy and
shaped by site-specific factors (micro-climate, soil attri-
butes, vegetation cover and population pressure). Non-
affected hotspots (land classified as “non-affected,
stable” and “improving”) are located primarily in moun-
tain areas along the Alps and the Apennine mountains,
especially in Northern and Central Italy. In Southern
Italy, non-affected hotspots are more fragmented and
heterogeneously distributed in inland, mountain and
marginal rural areas.

Table 2 Land classification based on hotspot analysis (for
abbreviations, see paragraph 3.4)

ID Initial class Final class Hotspot class (type)

1 NA → NA Non-affected, stable (a)
2 C → NA Improving (b)
3 F → NA
4 C → F
5 F → F Fragile (c)
6 NA → F Worsening (“critical” hotspot, d)
7 F → C
8 NA → C
9 C → C Critical, stable (“critical”

hotspot, e)

Notes: NA = Not affected, C = Critical, F = Fragile.

6 L. Salvati et al.
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Table 3 Descriptive statistics of the partial indicators (SQI, CQI, VQI, MQI) and the composite index (ESAI) by geographical
division and land protection regime in Italy

The whole area NPAs Natura2000 sites Nonprotected areas

Region Mean CV Mean CV Mean CV Mean CV

Soil Quality Index
North 1.517 7.1 1.566 6.3 1.555 6.8 1.509 7.0
Center 1.525 7.0 1.507 6.6 1.514 6.9 1.528 7.1
South 1.553 6.9 1.544 6.5 1.540 6.5 1.556 7.0

Climate Quality Index (1990)
North 1.099 8.3 1.060 7.3 1.069 7.7 1.106 8.3
Center 1.156 8.1 1.149 7.5 1.152 7.9 1.157 8.1
South 1.293 10.0 1.244 9.7 1.275 9.9 1.301 9.9

Climate Quality Index (2010)
North 1.127 7.8 1.103 7.4 1.105 7.6 1.132 7.8
Center 1.160 7.9 1.148 7.9 1.148 7.9 1.163 7.9
South 1.263 11.4 1.201 11.2 1.235 11.8 1.273 11.2

Change 1990–2010 (%)
North 2.6 −6.3 4.1 0.6 3.4 −0.9 2.4 −6.6
Center 0.4 −1.7 −0.1 4.3 −0.4 0.2 0.5 −2.7
South −2.3 13.8 −3.4 15.5 −3.1 19.0 −2.1 12.6

Vegetation Quality Index (1990)
North 1.511 15.7 1.391 12.4 1.392 13.4 1.538 15.5
Center 1.502 16.8 1.388 16.3 1.358 15.6 1.533 16.3
South 1.503 15.6 1.368 14.7 1.403 15.5 1.538 14.9

Vegetation Quality Index (2010)
North 1.432 14.4 1.433 13.3 1.422 13.9 1.435 14.5
Center 1.466 15.7 1.389 15.3 1.376 15.2 1.486 15.4
South 1.513 14.0 1.398 15.8 1.436 15.9 1.542 12.9

Change 1990–2010 (%)
North −5.2 −8.4 3.0 7.4 2.2 3.6 −6.7 −6.8
Center −2.4 −6.8 0.0 −5.7 1.3 −2.4 −3.0 −5.3
South 0.7 −10.1 2.2 7.3 2.3 2.4 0.2 −13.7

Land Management Quality Index (1990)
North 1.269 12.3 1.167 10.3 1.181 9.5 1.288 12.2
Center 1.259 11.3 1.244 12.1 1.194 9.1 1.270 11.3
South 1.270 12.2 1.207 9.9 1.209 10.1 1.290 12.3

Land Management Quality Index (2010)
North 1.314 13.9 1.194 10.8 1.200 10.2 1.339 13.8
Center 1.307 13.5 1.274 15.3 1.222 11.6 1.322 13.3
South 1.272 11.6 1.207 9.4 1.211 9.5 1.291 11.7

Change 1990–2010 (%)
North 3.5 13.5 2.2 5.5 1.6 7.5 3.9 13.0
Center 3.8 18.9 2.5 26.8 2.3 28.0 4.1 17.2
South 0.1 −4.7 0.0 −5.0 0.2 −5.7 0.1 −4.6

ESAI (1990)
North 1.327 6.4 1.271 4.7 1.277 5.0 1.338 6.4
Center 1.342 6.5 1.307 6.3 1.290 5.7 1.353 6.4
South 1.388 6.3 1.326 5.7 1.343 6.1 1.404 6.0

ESAI (2010)
North 1.347 6.6 1.295 4.8 1.295 5.0 1.358 6.6
Center 1.355 6.9 1.315 6.9 1.297 6.1 1.367 6.7
South 1.382 6.4 1.315 5.9 1.333 6.2 1.399 6.0

Change 1990–2010 (%)
North 1.5 2.5 1.9 2.3 1.4 −0.2 1.5 2.8
Center 1.0 6.2 0.6 10.6 0.6 6.1 1.1 5.4
South −0.4 1.0 −0.8 3.1 −0.7 2.6 −0.4 0.0

ESAI: Environmentally Sensitive Area Index; NPAs: National Protected Areas.
Notes: CV = Coefficient of Variation.
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Table 4 reports the percent land distribution of the five
hotspot classes found in Italy as a whole and, separately,
in the NPAs and Natura2000 sites. The percent

composition of the hotspot classes varied significantly
between Italy as a whole and NPAs, and between Italy
as a whole and Natura2000 sites (in both cases,

Figure 3 Spatial distribution of soil vulnerability hotspots in Italy (1990–2010) based on the land classification system illustrated in
Table 2.

Table 4 Percent distribution of land by hotspot class, geographical division and land protection regime

Geographical division Land protection regime

Class North Center South Italy NPAs Natura2000

Not affected, stable 18.7 19.3 6.8 13.9 23.6 24.4
Improving 4.2 2.0 1.4 2.6 4.1 4.1
Fragile 50.3 53.2 47.8 49.8 56.2 54.8
Worsening 1.4 0.8 1.7 1.4 0.9 1.0
Critical, stable 25.4 24.7 42.4 32.3 15.1 15.7

Total investigated land (km2) 107,030 54,755 115,371 277,156 50,428 27,874

NPAs: National Protected Areas.
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Kruskal–Wallis test, p < 0.05) while non-significant dif-
ferences were found in the percent distribution of the five
classes between NPAs and Natura2000 sites (Mann–
Whitney U test, p > 0.1). While non-affected hotspots
are concentrated in both NPAs and Natura2000 sites,
the opposite pattern was observed for stable critical
areas. These findings indicate the positive impact of
land protection regimes (both NPA and Natura2000
status) to the mitigation of soil vulnerability to degrada-
tion and to the containment of “critical” hotspots expan-
sion over time.
Figure 4 shows the proportion of land under NPAs or

the Natura2000 protection regime by hotspot class.
Interestingly, only 20 and the 10% of the land classified
as “critical” hotspots is under Natura2000 or NPA pro-
tection regimes, respectively. These results suggest that
protected areas in Italy, especially NPAs, were desig-
nated preferentially for preserving agro-forest systems
with high biodiversity and good environmental quality
that are not (structurally) affected by SD (but see also
Capotorti et al. 2012 for a discussion).
Our results suggest that soil vulnerability to degradation

in Italy is higher in NPAs. These areas may experience
worse environmental conditions in the future, with the
negative consequence of a further expansion of the “criti-
cal” hotspots. Traditional agro-forest systems may act as
“buffer zones” to prevent the expansion of “critical” hot-
spots (Tombolini and Salvati 2014), especially in less acces-
sible lowlands and hilly areas. Sustainable land
management practices coupled with land protection mea-
sures specifically designed for traditional agro-forest land-
scapes were considered an indirect mitigation strategy
against soil vulnerability hotspot expansion (Basso et al.
2012).

5. CONCLUSIONS

The present study illustrates a methodology for identify-
ing soil vulnerability hotspots on a local scale, compar-
ing hotspot spatial dynamics (1990–2010) in both
protected and non-protected areas of Italy. The proposed
approach can be implemented as a multi-temporal mon-
itoring scheme and provides a potentially useful tool for
environmental assessment and policy implementation
(Gisladottir and Stocking 2005). The methodology
allows the characterization of “critical” hotspots which
require specific measures for land conservation
(Barbayiannis et al. 2011). At the same time, the results
contribute to evaluating the effectiveness of land protec-
tion measures (e.g., the Natura2000 initiative) in the
mitigation of soil degradation (Briassoulis 2011). These
findings prove to be a useful base for implementing
dedicated conservation policies for natural ecosystems
and agro-forest landscapes.
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