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Abstract: Following an operational framework derived from earlier research, our study research
estimates the specific contribution of biophysical and socioeconomic factors to soil sensitivity to
degradation at two-time points (Early-1990s and Early-2010s) in Italy, a Mediterranean hotspot for
desertification risk. A total of 34 variables associated (directly or, at least, indirectly) with different
processes of soil degradation (erosion, salinization, sealing, contamination, and compaction) and
climate change were considered here, delineating the predominant (underlying) cause (ie.,
biophysical or socioeconomic). This set of variables represented the largest (quantitative)
information available from national and international data sources including official statistics at
both national and European scale. Contribution of biophysical and socioeconomic dimensions to
soil sensitivity to degradation was heterogeneous in Italy, with the level of soil sensitivity to
biophysical factors being the highest in less accessible, natural areas mostly located in hilly and
mountainous districts. The highest level of soil sensitivity to socioeconomic drivers was instead
observed in more accessible locations around large cities and flat rural districts with crop
intensification and low (but increasing) population density. All these factors delineated an enlarged
divide in environmental quality between (i) flat and upland districts, and between (ii) Northern and
Southern Italian regions. These findings suggest the appropriateness of policy strategies protecting
soils with a strong place-specific knowledge, i.e., based on permanent monitoring of local
(biophysical and socioeconomic) conditions.

Keywords: soil degradation; desertification risk; territorial disparities; land management;
mediterranean
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1. Introduction

Soil is a particularly sensitive environmental matrix affected together by biophysical
degradation and socioeconomic transformations [1-3]. While human activities shape
territories to expand their limits and living places, an enlarged anthropogenic pressure is
generating a planetary ecological crisis [4]. Undoubtedly, humans need to exploit natural
resources; however, it is necessary to identify specific thresholds to avoid the activation
of irreparable processes of soil degradation [5-7]. Therefore, defining and characterizing
research dimensions such as soil sensitivity to degradation [8,9], in turn, associated with
the notion of multi-hazard risk of desertification [10-13], is vital to perform integrated
monitoring approaches. While soils are recognized as the most ignored part of the global
ecosystem, they are likely the most affected by physical and economic deterioration [14—
16].

During millennia, the connection between humans and soils became indispensable,
allowing the ordered development of the most important advances to establish the current
society, including agriculture and mining [17-20] among others. Soils represent a complex
interface which interacts with multiple factors, natural and human ones, whose intensity
is unevenly distributed in time and space [21,22]. When the soil surface is properly
managed, conserved, and protected, it can be considered a renewable resource [23,24].
However, soil characteristics such as fertility, quality, or depth, are particularly expensive
to maintain and associated with very slow (natural) renovation processes [25,26]. Scholars
highlight several types of soil degradation processes affecting these above-mentioned
characteristics such as erosion [27-30], organic carbon depletion [31-33], sealing [34,35],
pollution due to trace or toxic elements [36,37], compaction [38,39], salinization [40,41],
nutrient leaching [42,43], or the loss of biodiversity, e.g., because of climate change [44-
47]. All of them could be also enhanced following the potential intensification of human
activities [48,49] and global warming [50,51]. To date, the damage caused to the ecosystem
services is becoming higher and soil functions are significantly reduced [52,53].

Soil degradation processes have been increasingly observed in both advanced
economies and emerging countries. Europe, and especially the Northern Mediterranean
region, is widely regarded as a hotspot of soil degradation driven by climate change and
increasing human pressure [47,54]. Surpassing soil degradation thresholds may lead to an
inevitable process characteristic of soils shifting from an initial (reversible) status of
sensitivity to degradation to (strictly irreversible) conditions for desertification [7,55,56].
In these regards, the Mediterranean belt was defined as one of the most sensitive areas
affected by soil degradation and early desertification processes [57,58]. Among them, Italy
is considered a critical hotspot for many issues together, that include biodiversity loss,
wildfires, habitat fragmentation, soil erosion, deforestation, water shortage, and reduction
in soil organic matter content [59,60]. In this country, as likely everywhere in the
Mediterranean basin, abuse or misuse of soil resources, but also the allocation of land for
unsustainable uses have also caused regional disparities in many socio-environmental
variables that may further enhance soil degradation intensity [8]. However, it is worthy
to highlight that soil degradation is not distributed with the same intensity throughout
the Italian territory. Earlier studies demonstrate that there is a spatial asymmetry in the
level of soil sensitivity to degradation [61,62]. Together with the rather well-known issue
of “territorial disparities” (namely, “socioeconomic inequalities” among regions in the
same country), soil quality, and, more generally, “environmental divides” across space
(considering both ecological and socioeconomic conditions) are getting increasing
attention at both regional and national planning scales [63]. In Italy, soil sensitivity to
degradation is recognized to have a strong connection with multiple socioeconomic
dimensions, but detailed analyses at the regional scale are rather scarce. Investigating
together socioeconomic and biophysical drivers of soil degradation at the appropriate
spatial scale will consolidate empirical knowledge about the spatial distribution of soil
degradation processes and the more effective policies required to combat them.
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In these regards, soil degradation is defined here as a complex process impacting
crop production and resulting in the decline of environmental quality and ecosystem
services [54]. The distribution of soil quality is assumed to be spatially heterogeneous,
depending on geological, climatic, vegetation, and human factors [64,65]. In recent years,
however, climate and land-use changes, population increase, and differential economic
growth were also assumed to exacerbate soil sensitivity to degradation. Taken together,
the effect of such factors can be spatially “neutral” (stable or increasing level of sensitivity
over a given area) or “asymmetric” (increasing sensitivity in areas with low or high soil
quality), thus amplifying (or reducing) regional disparities in soil quality.

To identify sensitive areas in Italy over a sufficiently long time interval, the present
study applies a framework originally proposed by Salvati et al. [63] analyzing 34 variables
that quantify the intensity of 6 processes of soil degradation and allow estimation of the
overall contribution of biophysical and socioeconomic dimensions of change to the level
of soil sensitivity to degradation at an appropriately detailed spatial scale (773
homogeneous agricultural districts) in Italy. Our study completes a traditional,
mainstream research based on the Mediterranean Desertification and Land Use
(MEDALUS) philosophy to the analysis of desertification risk [62]. The empirical results
of this study are considered key to developing efficient decision-making tools informing
country-scale and regional-scale measures of soil conservation, reducing spatial
disparities in the level of land degradation [63,66]. Relatively few studies were aimed at
estimating the specific contribution of biophysical and socioeconomic dimensions of soil
degradation at a sufficiently detailed spatial scale over large areas with the final objective
of designing more effective policy strategies targeting the causes underlying soil,
landscape, and environmental processes of change.

2. Materials and Methods
2.1. Study Area

Italy extends a surface area of 301,330 km? and its coastline extends for almost 7500
km. Marked variability in topography, latitude, and proximity to the sea accounts for a
great variation in environments, landscapes, climates, and soils [67-69]. For instance, the
average annual rainfall ranges from less than 400 mm in Sicily to 1500 mm in Northeastern
Italy. The country is also socially divided into affluent regions (mainly in Northern Italy)
and economically disadvantaged districts (primarily in Southern Italy) [70-72].

2.2. Data Sources and Variables

The present study estimates the specific contribution of biophysical and
socioeconomic drivers to soil sensitivity to degradation in Italy by applying the
operational framework proposed by Salvati et al. [63] and considering a total of 37
variables classified into 6 dimensions of soil degradation (Table 1). These dimensions were
delineated following the EU Communication on soil conservation (231/2006) and include
five processes of soil degradation (erosion, salinization, sealing, compaction, and (point
and diffused) contamination) and an additional component of climate change, supposed
to (indirectly) influence soil quality [73]. Variables (and general dimensions) of soil
degradation were theoretically related with the proximal cause—either biophysical or
socioeconomic—in order to estimate a composite indicator of biophysical (and
socioeconomic) sensitivity of soils to degradation (see Table 1). Statistical redundancy
when manipulating a high number of variables with the final aim at preparing indicators
of soil sensitivity was reduced using multidimensional approaches (e.g., factor analysis).
The empirical results of this procedure were finally validated through fieldwork [63].

The selected variables were derived from official statistics (Censuses of Agriculture,
Population and Buildings, Industry and Services, whose results were disseminated by the
Italian National Statistical Institute (Istat)), land-use and land cover databases (maps
derived from the pan-European CORINE Land Cover project: See technical details below
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in the section), and additional country-specific sources like meteorological statistics and
soil cartography. All variables refer to the Early-1990s (mainly 1990 or 1991) and the Early-
2010s (mainly 2010 or 2011). All data were collected at a detailed spatial resolution (e.g.,
municipality or census track for socioeconomic variables, 1:250,000 (or lesser) scale for
biophysical variables). Variables were selected according to their documented
relationship with soil sensitivity to degradation [73-78] according to a previous work by
Salvati et al. [63]. A comprehensive review of the rationale for use of most variables as
indicators of soil sensitivity to degradation was given in Salvati et al. [63], together with
methodological details and a complete description of the variables considered.

Table 1. List and number of variables used in the empirical approach presented in our study
distinguishing the related process of soil degradation and the basic component of change
(biophysical or socioeconomic).

Dimension Main Process # Variables

Soil depth, soil texture, soil water content (maximum
potential retention), quality of parent material, erosion
risk, plant cover, grazing index, wildfire frequency,
and protected areas

Biophysical Erosion

Risk of primary salinization, groundwater irrigation,
Salinization 4 obsolete irrigation systems, and diversification of
irrigation water sources

Average annual precipitation, rainfall seasonality
index, rainfall concentration index, rainfall variability
Climate change 10  index, standardized precipitation index, dry spell
occurrence, hot wave occurrence, aridity index,
average soil moisture, and aspect

Socio- - : 1 S
. Contamination 1 Soil vulnerability to contamination
economic

Crop intensity index, percentage of leased agricultural

Intensification/so . L9
5 area, farmers’ elderly index, farm mechanization, and

il compaction
p land abandonment

Population density, population growth rate,
percentage of the population living in dense
settlements, per cent share of built-up area in the total
landscape, and workers in tourism

Sealing

2.3. Biophysical and Socioeconomic Indicators of Soil Sensitivity to Degradation

The statistical procedure deriving composite indicators of soil sensitivity consisted
of 3 steps: (i) standardization (into a 0-1 numerical scale) of each variable through the
algorithm (Xobs = Xmin)/(Xmax — Xmin) at the selected spatial scale (773 homogeneous
agricultural districts); (ii) Principal Component Analysis (PCA) of the standardized data
matrix (34 variables by 773 locations); (iii) computation of two indicators —delineating the
specific importance of “biophysical” and “socioeconomic” dimensions to soil sensitivity
to degradation, as the weighted average of the selected variables appropriately associated
with the relevant “biophysical” or “socioeconomic” dimension as illustrated in Table 1.

To objectively derive the weight for each indicator, standardized variables were
converted to a regular grid covering the investigated area by way of ArcGIS software
(ESRI Inc., Redwoods, CA, USA). A common grid size of 1 km was chosen according to
the original resolution of the 34 layers considered in this study (1 km for climate, soils,
and data derived from population census, 250 m for soil erosion, 100 m for land cover,
land-use, and soil salinization variables). A 15 km point grid composed of 1346 nodes was,
thus, extracted and the value of each variable estimated at each grid node, after
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transformation into a 0-1 range [79]. The PCA was then applied to the matrix composed
of the 34 transformed variables. The number of significant axes (1m) was chosen according
to the components with eigenvalues higher than 1. A weight was attributed to each
variable by multiplying its contribution to the i-th PCA axis by the proportion of explained
variance. The sum of these products for all m-th axes corresponds to the weight assigned
to each variable. Weights were expressed as a value ranging between 0 and 1. Composite
“biophysical” and “socioeconomic” indicators were finally calculated as the weighted
average of the respective variables [8]. The scores of the composite indicators therefore
range between 0 and 1, respectively indicating the lowest and the highest contribution to
the level of soil sensitivity to degradation at a given location.

3. Results

The spatial distribution of two composites (“biophysical” and “socioeconomic”)
indicators of soil sensitivity to degradation at two-time points (the Early-1990s and Early-
2010s) in Italy was illustrated in Figure 1 and tabulated as average scores by latitude and
elevation (Table 2), regarded as relevant geographical gradients in the analysis of soil
degradation and desertification risk in Italy. The indicator of soil sensitivity due to
biophysical factors illustrate a north-south gradient in the country: Sensitivity increases
substantially from Northern Italy to Southern Italy, mainly because of the inherent drift
of climate regimes (more arid moving from Northern to Southern regions). Considering a
measurement scale that ranges between 0 (no sensitivity) and 1 (the highest level of soil
sensitivity), scores higher than 0.5 were extensively observed along the sea coast all over
Italy, both in the major islands (Sicily and Sardinia) and in the Adriatic coast in North-
Eastern Italy. Relatively high scores (between 0.4 and 0.5) were also recorded in flat
districts close to the sea coast in Southern and Central Italy. A large part of the Po Plain,
the largest lowland in Northern Italy, was classified within the same score range.
Biophysical conditions leading to soil sensitivity became worse during the study period,
as documented in the 2010s map.

Table 2. Average score of socioeconomic and biophysical dimensions of land sensitivity to
degradation in Italy by macro-region and time point, and the absolute ratio of socioeconomic to
biophysical indicator’s score.

Socioeconomic ) ) ] Socioecon. vs.
. Biophysical Indicator .
Indic. Biophys.

1990s 2010s A (%) 1990s 2010s A (%) 1990s 2010s A (%)

Geographical
Gradient

Latitude range

North 0.145 0.152 048 0.354 0366 0.34 0410 0415 0.14
Centre 0.178 0.188 1.19 0.373 0.392 051 0450 0480 0.65
South 0.150 0.172 147 0421 0442 050 0.356 0389 0.92
Elevation range
Lowland 0.208 0.223 0.74 0440 0.449 020 0485 0.509 0.50
Upland 0.168 0.187 112 0403 0420 043 0426 0453 0.64

Mountain 0.103 0.111 0.82 0311 0.332 0.69 0325 0.329 0.12
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Figure 1. Spatial distribution of biophysical and socioeconomic components of soil sensitivity to degradation (upper left,
biophysical indicator in the Early-1990s; upper right: Early-2010s; lower left: Socioeconomic indicator in the Early-1990s;
and lower right: Early-2010s).

Socioeconomic forces responsible for a high level of soil sensitivity in Italy showed a
different spatial distribution centered on more specific territorial “hotspots”
corresponding with urban areas, the surrounding peri-urban districts, and some
additional flat and rural regions, irrespective of the latitude gradient. Representing the
intimate geography of human pressure in Italy, the highest score was observed in the
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metropolitan areas of Milan, Rome, and Naples, the three major urban agglomerations in
the country. A moderate anthropogenic pressure (scores ranging between 0.2 and 0.3) was
also recorded in Northern Italy, along the Adriatic Sea coast in Central and Southern Italy
and, more sparsely, in districts of South-Western Italy and the two major islands. As far
as the role of human pressure shaping soil sensitivity, homogeneous regions were
basically found in the Po plain, likely the most densely populated and affluent area of
Italy, hosting a mix of intensive crop and livestock, industrial activities, traditional and
advanced services, and infrastructures.

Considering average scores by geographical gradients, soil sensitivity to biophysical
factors increased almost linearly from Northern regions to Southern regions and increased
over time more in Central-Southern Italy than in Northern Italy. The average score in
Southern Italy is the highest observed all over the country (0.44 over a 0-1 scale). Soil
sensitivity was the highest in lowlands (0.45 over a 0-1 scale), decreasing moderately in
uplands, and reaching the lowest level in mountainous districts. These findings delineate
how impacts of biophysical drivers of land degradation are, on average, more intense in
flat districts of Italy when ecological conditions are less favorable (e.g., drier climate
regimes), despite a generally high level of soil fertility. The largest increase over time was
found in the mountainous range, declining in both uplands and lowlands, revealing a sort
of “spatial rebalance” in the distribution of biophysical drivers of land degradation all
over Italy. However, statistical analysis demonstrates that the distribution of the
“biophysical” indicator across districts was quite similar in the time points investigated
here (Spearman rank correlation testing similarities between the 1990s and 2010s scores,
rs=0.98, p <0.001, and n =773).

Soil sensitivity to socioeconomic forces was less clearly distributed all over the
country, being moderately higher in Central Italy than in Southern and Northern Italy. A
latitude gradient was instead observed for the increase over time in the same indicator,
being the largest in Southern Italy (an economically disadvantaged area) and declining in
both Central and Northern Italy (including more affluent districts). As expected, lowlands
had the highest sensitivity score, reflecting an intense anthropogenic pressure that grew
rapidly over time. Scores decreased along the elevation gradient, reaching the lowest
value in mountainous districts. Population density, urban concentration, infrastructural
development, and industrial growth were likely the most effective forces of change
determining, on average, a higher sensitivity of lowlands compared with uplands and
mountain ranges. The largest increase over time in soil sensitivity to socioeconomic forces
was observed in uplands, likely reflecting socioeconomic processes determining a
particularly intense anthropogenic pressure that spreads from lowlands to the
surrounding upland districts. The spatial distribution of the socioeconomic indicator
remained mostly unaltered in both time periods (Spearman rank correlation testing
similarity in the 1990s and 2010s scores, 1s=0.93, p <0.001, and n = 773). Confirming earlier
results, the biophysical indicator of soil sensitivity increased weakly with population
density, a proxy of human pressure in Italy (rs = 0.31 and 0.26 for the Early-1990s and the
Early-2010s, both at p < 0.05, and n = 773). As expected, the socioeconomic indicator
showed the reverse pattern, rising significantly with density (rs = 0.58 and 0.61 for the
Early-1990s and the Early-2010s, both at p <0.001, and n = 773).

The spatial relationship between socioeconomic and biophysical indicators of soil
sensitivity to degradation in Italy was illustrated in Figure 2 at the level of homogeneous
agricultural districts. At both investigation times, the relationship was strongly positive
(Early-1990s: Socioeconomic indicator = 0.733 * (biophysical indicator) + 0.266, R? = 0.275;
Early-2010s: Socioeconomic indicator = 0.757 * (biophysical indicator) + 0.269, R? = 0.320).
A non-parametric Spearman pair-wise rank correlation confirmed these results, indicating
a significant correlation between the two indicators of soil sensitivity to degradation, both
in the Early-1990s (rs = 0.56, p < 0.001, and n = 773), and in the Early-2010s (rs = 0.56, p <
0.001, and n = 773). Although the studied relationship was linear, a more evident
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heterogeneity was observed in agricultural districts showing the highest values of soil
sensitivity to biophysical factors.

Taken together, these results indicate a partial substitution between biophysical and
socioeconomic factors of soil sensitivity especially in agricultural districts with less critical
background conditions (left side of Figure 2). In such contexts, the intrinsically linear
relationship between the two drivers suggests the importance of (formal and informal)
measures impacting both (“socioeconomic” and “biophysical”) dimensions of change,
e.g., enhancing adaptation to climate change and mitigating human pressure at the same
time. In more critical conditions (right side of Figure 2), the relationship between the two
drivers was found less homogeneous and predictable, suggesting the key role of local
forces (mostly “biophysical”) shaping particularly high levels of sensitivity to soil
degradation.

The absolute ratio of socioeconomic to biophysical indicators’ scores provides a
summary view of the intrinsic role of both drivers in soil sensitivity to degradation of
Italy. Generally speaking, the importance of biophysical factors was dominant all over
Italy, as far as soil sensitivity is concerned. However, spatial asymmetries were observed
that may indicate differentiated conditions at both regional and local levels. According to
basic statistics reported in Table 2, the ratio was higher (stronger role of socioeconomic
forces) in Central and Northern Italy, reflecting a significantly higher human pressure
than in the rest of Italy, increasing largely over time. Southern Italy totalized the lowest
importance of socioeconomic forces and the lowest increase over time in the country.
Socioeconomic forces were particularly intense in lowlands, reducing progressively in
uplands and, especially, mountainous districts, as illustrated in Figure 3.

?
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Figure 2. Spatial distribution of the absolute ratio of socioeconomic-to-biophysical indicator of soil sensitivity to
degradation in Italy (left, the Early-1990s; middle: The Early-2010s; and right: Change over time, where “<1” indicates a
decreasing ratio, “>1” denotes an increasing ratio).
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Figure 3. The relationship between socioeconomic and biophysical indicators of soil sensitivity to degradation in Italy at
the spatial level of agricultural homogeneous districts (left: Early-1990s and right: Early-2010s).

4. Discussion

With our study, emphasis has been placed on a detailed analysis’ scale of land
degradation dynamics in the Mediterranean region, since earlier studies covering large
areas were especially oriented to calibrate monitoring approaches addressing
desertification risk [79-81]. On the contrary, diachronically quantifying spatial disparities
in soil sensitivity to degradation in both affected and non-affected regions at country (or
supra-national) scale, provides robust, key information for policies aimed at contrasting
soil deterioration, land degradation, and, ultimately, desertification in the Mediterranean
basin [82]. Results of our study suggest how soil degradation can be effectively managed
only by a thorough understanding of the factors generating territorial disparities and
influencing the quality of the environment [64]. By the contrary, environmental policies
more frequently concentrated on specific soil degradation processes, such as soil erosion,
e.g., by introducing agro-environmental schemes and measures within the Common
Agricultural Policy framework. These measures have been demonstrated to be partially
effective in the Mediterranean region [82], needing a broader action framework that
encompasses multiple degradation processes with both biophysical and socioeconomic
origin (from soil erosion to salinization, from soil sealing to contamination).

By considering six groups of factors related to soil degradation, this study showed
how the affected land area increased throughout Italy during the investigated period. The
highest increase was concentrated in the region’s most vulnerable to soil deterioration.
This process seems to amplify the “environmental divide” observed in the Early-1990s
between “structurally” sensitive lands (i.e., semi-arid or dryland districts, agriculture-
oriented, and with rural poverty, mainly found in Southern Italy) and less sensitive lands
(relatively wet climate, mainly service-oriented regions with high per capita income,
mostly located in Central and Northern Italy). This gap may trigger a downward spiral of
land degradation determining soil quality loss at the regional scale (e.g., [63]). More
specifically, the empirical findings of our study indicate that: (i) in districts with most
critical conditions (mainly located in Southern Italy), soil sensitivity to degradation mostly
depends on the synergic action of biophysical factors. In such contexts, the additional
impact of socioeconomic forces was spatially heterogeneous and quite moderate; (ii) in
less critical contexts, the impact of biophysical and socioeconomic forces was more
balanced and both drivers contribute substantially to determine the (increasing) level of
soil sensitivity to degradation.

These findings were graphically summarized in Figure 4 comparing the per cent rate
of growth over time characteristic of both socioeconomic and biophysical indicators. The
two rates of growth were significant and non-linearly correlated (rs = 0.13, p < 0.05, and n
= 773), evidencing a moderate inverse U-shaped trend that denotes how the highest
increase in the socioeconomic indicator of soil sensitivity was observed in agricultural
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Socioeconomic indicator

districts experiencing an intermediate growth of the biophysical indicator of soil
sensitivity. More importantly, the largest part (nearly nine out of ten) of critical districts
(with a biophysical indicator score systematically above 0.5) experienced a positive
increase of both indicators during the study period. Moreover, the intrinsic growth of the
socioeconomic indicator was significantly higher in highly sensitive districts than in non-
sensitive areas. Such evidence delineates a future scenario with worse conditions of soil
sensitivity driven by an even stronger interplay of biophysical and socioeconomic forces.
While the most critical districts remain associated with a profile of soil sensitivity to
degradation basically dependent on biophysical factors, intermediate and moderately
critical districts were increasingly characterized by the joint impact of both forces.
Differentiated strategies targeting soil sensitivity to degradation should address critical
and less critical areas, distinguishing the impact of specific drivers of sensitivity over a
sufficiently long time interval and taking specific actions against the most relevant factors
of land degradation.

8 Non-critical Critical
4
0
-1 0 1 2
-4

3 Biophysical indicator

Figure 4. Per cent rate of change over time (from the Early-1990s to the Early-2010) in two indicators of soil sensitivity to
degradation in homogeneous agricultural districts of Italy, distinguishing between critical and non-critical districts
(biophysical indicator >0.5 or <0.5 in the early 2010s).

Taken together, these results refine and corroborate the empirical findings presented
in earlier studies [79], outlining the need for more careful identification of local “hot-
spots” of soil degradation in non-affected regions. Furthermore, our study confirms that
the increased sensitivity to soil degradation in Italy depends on the synergic impact of
biophysical and socioeconomic factors [64,65,73]. Interestingly enough, the socioeconomic
drivers of soil degradation, including changes in land management, crop intensification,
population growth, and urban sprawl, explain the larger increase in the degree of land
sensitivity especially in the less ecologically “fragile” areas, with definite implications for
policies aimed at reducing socioeconomic disparities among regions [83-85]. In this
perspective, a renewed effort should be made to deploy multi-scalar and multi-targeted
policies for mitigation of soil degradation and, ultimately, desertification risk [78]. Fields
of application should encompass agriculture, water, sustainable use of land, population
dynamics, economic growth, and social change. Measures should go therefore towards an
“integrated vision” of territorial processes and disparities related to soil degradation [86-
88].
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Following the commitment of the National Action Plans developed in Northern
Mediterranean countries (e.g., Italy, Spain, Portugal, Greece) [89], there is an evident need
to coordinate regional, country and supra-national strategies for soil quality and
sustainable development in order to reduce the “environmental divide” between critical
and non-critical areas [90-92]. In these regards, coordinated policies should promote the
economic growth of regions together with the conservation of their socio-environmental
quality within a spatially balanced framework [93]. According to the European Strategy
for Soil Protection, a comprehensive approach informing synergic, multi-target measures
against soil degradation at country scale should parallel sector policies and single-target
actions enforced at regional and local scales. Examples of single-target actions include
measures reducing soil erosion by water or wind in affected areas, e.g., giving incentives
(or economic subsidies) to farmers adopting less intensive mechanization (e.g., no-tillage
and minimum tillage). This kind of measures should be better connected with broader
policies promoting rural development, e.g., supporting farms that adopt organic
cultivations protocols reducing the use of chemicals, with positive implications for soil
contamination. Fine-tuning of actions addressing specific soil degradation targets will
definitely improve the overall effectiveness of any national strategy of soil protection.
Additionally, further studies should incorporate an explicit analysis of other dimensions
of soil degradation—mainly based on the geological risk. Landslides, flooding, and the
intrinsic contribution of earthquakes, volcanoes, and tsunamis to soil degradation can be
more effectively identified and quantified, being relevant phenomena in Mediterranean
countries. The proposed analysis’ framework can easily incorporate these dimensions
providing a truly “holistic” analysis of soil degradation.

5. Conclusions

Contribution of biophysical and socioeconomic dimensions to soil sensitivity to
degradation was largely heterogeneous in Italy, with the level of soil sensitivity to
biophysical factors being the largest in less accessible, natural areas mostly located in hilly
and mountainous districts. The highest level of soil sensitivity to socioeconomic drivers
was instead observed in more accessible locations around large cities and flat rural
districts with crop intensification and low (but increasing) population density. All these
factors delineate an enlarged “environmental divide” between (i) flat and upland districts
and between (ii) Northern and Southern Italy, suggesting the appropriateness of
dedicated, policy strategies protecting soils with a strong place-specific knowledge, i.e.,
based on permanent monitoring of local (biophysical and socioeconomic) conditions.
These strategies should achieve a particularly ambitious objective improving
environmental cohesion between more and less sensitive territories to soil degradation in
light of a “spatial justice” vision.
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