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The relevant erosive effects of extraordinary rainfall events due to climate change require establishing soil
conservation strategies to prevent damages due to hydrogeological instability. The “tolerable” soil loss, i.e., the
maximum soil loss compatible with sustainable soil use, represents a quantitative target to establish the effec-
tiveness of actions to control soil erosion. In this paper, a new approach to defining the condition corresponding
to a tolerable soil loss is proposed. At first, using the statistical analysis of the measured annual values of the
rainfall erosivity factor, the cover and management factor Cr, for which the maximum tolerable soil loss is equal
to the annual soil loss of given return period T, is defined. Then, for the Sicilian region, a relationship between
the Cr factor obtained for T = 1000 years and the mean annual value of the rainfall erosivity factor, R, is
established. For a given value C of the cover and management factor, this relationship allows for the estab-
lishment of the corresponding mean annual rainfall erosivity factor, named Rignd.use- The result C < Cy for T =
1000 years is obtained for areas with R < Rjgnd.use; and the compliance with soil loss tolerance is then assured.
Conversely, for areas characterized by R > Rignd.use, the reduction of C to a value less than Cr for T = 1000 years is
required to obtain a tolerable soil loss condition. Finally, for the Sicilian region, the overlay between the C spatial
distribution for arable lands (mainly cereals and legumes) and areas covered by vineyards, derived from the land
use map, and the Cr spatial distribution allowed to define areas in which tolerable soil loss conditions occur or
soil conservation strategies are required.

1. Introduction many areas across the European Union and the economic loss associated

with soil erosion processes, estimated assuming a restoration cost of $20

The soil thematic strategy of the European Commission (EC 2006)
stated that “soil is essentially a non-renewable resource and a very dynamic
system which performs many functions and delivers services vital to human
activities and ecosystems survival”. Soil is considered a non-renewable
resource as its formation process is very slow, requiring from hun-
dreds to thousands of years to form a few centimeters of topsoil when
normal agricultural conditions occur (Kendall and Pimentel, 1994)
(Bazzoffi, 2009), while its destruction due to erosion phenomena is rapid
and can be accelerated by human activities (Dregne, 1987; Raclot et al.,
2018).

Soil loss by water erosion is a key element as degraded lands are
sensitive to the loss of nutrients and organic matter in the topsoil, soil
productivity reduction, pollution of water bodies, destruction of wildlife
habitats, and decrease of biodiversity (Food and Agricultural Organi-
zation, 2019). Soil erosion rate is greater than that of soil formation in

* Corresponding author.
E-mail address: vincenzo.pampalone@unipa.it (V. Pampalone).

https://doi.org/10.1016/j.catena.2023.106945

per tonne, is almost equal to $20 billion per year (Panagos et al., 2015).
Panagos et al. (2018) estimated that in Europe a land area of 12 million
hectares is affected by soil erosion phenomena, which result in a loss in
crop productivity of €1.25 billion. Land degradation costs (Sartori et al.,
2019) are generally estimated considering productivity loss due to soil
erosion. This ’first-order’ cost evaluation derives from the land pro-
ductivity loss (in-site effect) (Martinez-Casasnovas and Ramos, 2006;
Erkossa et al., 2015; Hein, 2007) and is estimated by the product of loss
in crop production (tonnes) and the average market price ($/tonnes).
This approach neglects the ’second round’, which considers other effects
beyond the primary resource (off-site effects) such as the transport and
deposition of eroded particles and associated nutrients.

In the period 2000-2010, the Common Agricultural Policy adopted
soil conservation strategies that reduced soil loss by 20 % in cultivated
areas (Panagos et al., 2015). However, the increased frequency of
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extraordinary rainfall events, such as those recently occurred in
Luxembourg and Germany (Fekete and Sandholz, 2021), demonstrated
that landscape protection strategies are often inadequate and in-
terventions to limit and prevent damages due to hydrogeological
instability have been insufficient. Soil conservation strategies mitigate
agricultural productivity losses in the areas which are affected by soil
erosion phenomena (“on site” effects) and reduce indirect effects (“off-
site”) related to the transport and deposition of sediments and associated
nutrients along the hillslopes and in the river network. As a conse-
quence, the reduction of soil erosion processes protects agriculture and
forestry production and reduces the use of fertilizers and other auxiliary
substances (Grunewald and Naumann, 2015; Syrbe et al., 2018).

In this context, the introduction of regulating services, named
Ecosystem Services (ES) and defined as (Kandziora et al., 2013) “the
benefits people obtain due to the regulation of natural processes such as water
purification and erosion control”, plays a relevant role. The ES are related
to the main ecosystem processes (such as water regulation, soil loss, and
pesticide control), aim to control or modify abiotic and biotic factors,
and are associated with the need to mitigate the impacts of current and
future environmental hazards (Xu et al., 2020). The payment of sub-
sidies, designed to limit soil erosion and restore degraded soils, is a
controversial topic as it is not clear if their application over decades has
determined net benefits (Kumar, 2010; Robinson et al., 2012; van
Leeuwen et al., 2019). Payment for ecosystem service (PES) continues to
attract attention of scholars and stakeholders as an efficient tool to
design policies and incentive mechanisms (Swinton et al., 2007; Jonsson
and Davidsdottir, 2016) able to encourage environmental conservation
strategies (Papanastasis et al., 2015; Smith et al., 2015; Zhang et al.,
2013). PES can be considered as a cost associated with environmentally
respectful soil use and as a tool to compensate for the reduced crop
productivity to assure an environmental service. The implementation of
ecosystem services may be limited by legal property rights, and private
land users should be encouraged to adopt sustainable land uses targeted
at reducing the on-site and off-site effects of their activities (Miksa et al.,
2020). As an alternative, the cost-benefit analysis of soil conservation
strategies requires quantifying the costs due to the depleted resources
and their unavailability for other uses and the negative impacts of soil
erosion control such as the increased use of herbicides applied in
reduced-tillage systems. The need of estimating the costs associated with
soil conservation strategies requires a spatial targeting of soil loss
reduction to establish where to pay (Guo et al., 2020). In other words,
spatial targeting requires the selection of the most suitable areas where
soil conservation strategies and PES policies should be implemented.

In the framework of the European Green Deal (EC COM, 2019), a soil
loss target is required to adopt soil conservation strategies, evaluating
the effectiveness of the adopted strategies, and stating PES policies. The
efficiency of the soil conservation strategy associated with the ecosystem
service can be measured by the distance of the actual soil loss to the
target value (Johnson, 2005; Bagarello and Ferro, 2006; Li et al., 2009).
The need for soil conservationists to determine this quantitative target
led to establishing a tolerable soil loss, TSL (Schmidt et al., 1982;
Johnson, 1987). The use of this concept started in 1962 when the U.S.
Soil Conservation Service defined TSL as “the maximum level of soil
erosion that will permit a high level of crop productivity to be sustained
economically and indefinitely”. Values of soil loss tolerance ranging from
45 to 11.2 t halyear ! were proposed for many American soils
(Wischmeier and Smith, 1978; Renard et al., 1997; Lal, 2001). The U.S.
Soil Conservation Service defined, by a sharing action among agrono-
mists, geologists, and soil conservationists, a TSL value of 12.5 t ha™!
year !, Wischmeier and Smith (1978) suggested a value of 11.2 t ha™?
year’l. In the European context (European Environment Agency, 1998)
a value of TSL ranging from 1 t ha™! year™, for shallow sandy soils, to 5
tha ! year !, for deep well-developed soil, is suggested. The variability
of tolerable soil loss values can be related to the specific factors driving
the soil formation and Huber et al. (2008) proposed higher values of TSL
for southern Europe than those for northern Europe. Specific values of
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TSL are adopted in Switzerland (1-2 t ha! year’l) and in Norway (2 t
ha™! year_l) (Verheijen et al., 2009). The Organisation for Economic
Co-operation and Development (OECD) suggested a soil erosion rate
lower than 6 t ha™? year’l. Bazzoffi (2009) proposed a soil loss tolerance
value that balances the need of reducing soil erosion rate with that of
allowing agricultural land use. The TSL values proposed by Bazzoffi
(2009) never exceed 3 t ha! year’l. For considering the in-site and off-
site effects, Larson (1981) proposed a two-level definition in which the
lower limit TSL; is related to the need for maintaining the in-site soil
productivity level while the upper limit TSL, is associated with the
control of off-site effects such as water pollution, gully erosion, and
reservoir sedimentation.

Even if the soil loss tolerance is a generally accepted concept and a
useful conservation-planning tool (Toy et al., 2002), its quantitative
estimation continues to be debated since a robust scientific method for
its estimation is still lacking. A shared value or a common procedure for
its estimation is not available in the European environment. Panagos
et al. (2015) and Syrbe et al. (2018) assessed soil loss in the European
Union by the Revised Universal Soil Loss Equation (RUSLE) and sug-
gested using crop rotation and applied agricultural management prac-
tices as factors useful to estimate the soil coverage conditions.

In this paper, a new method to estimate soil loss tolerance at a
regional scale is proposed. A procedure for defining a target value of the
crop and management factor of the Universal Soil Loss Equation (USLE)
corresponding to a tolerable condition is proposed. The proposed
method is applied to the Sicily region (south Italy) for two significant
land uses (arable land, i.e., mainly cereals and legumes, and vineyards).
The overlay between the land use map and the spatial distribution of the
target value of the crop and management, originated from the iso-
erosivity map, is used to define the areas in which soil loss tolerable
conditions occur or soil conservation strategies are required.

2. Methods
2.1. Evaluating tolerable soil loss (TSL)

According to Wischmeier and Smith (1978), the combined use of
USLE and TSL value (t ha™! year’l) is useful to establish soil conser-
vation strategies:

TSL
RKS = LCP (@D)]
in which R (MJ mm ha'h™! year’l) is the mean annual value of the
rainfall erosivity factor, K (t ha™! per unit of R) is the soil erodibility
factor, S is the slope steepness factor, L is the slope length factor, C is the
cover and management factor, and P is the support practice factor. Eq.
(1) establishes that L, C, and P factors can be modified to obtain a soil
loss equal to the TSL value. Use of Eq. (1) to design soil conservation
strategies implies representing the climatic variability by a mean value,
such as the rainfall erosivity factor R, and this choice is acceptable in the
years in which non-intensive rainfall erosive events occur, while it is
critical when relevant erosive events produce intolerable sediment yield
values (Gonzales-Hidalgo e al., 2010, 2012). To go beyond a soil con-
servation design using a “mean climatic condition”, many authors
(Bagarello et al., 2010; Strohmeier et al., 2016) suggested considering
large storms. This last choice must overtake the difficulties related to the
availability of historical sequences of soil loss measurements, charac-
terized by a sample size relevant to develop a frequency analysis and
have significant soil loss estimates of a given return period (Mannaerts,
1992; Hession et al. 1996; Baffaut et al. 1998; Mannaerts and Gabriels
2000; Bagarello et al. 2010, 2011). Larson et al. (1997) proposed as
target the soil loss corresponding to a return period ranging from 10 to
20 years.

Bagarello et al. (2011) used soil loss measurements carried out on
plots of different lengths, A (11, 22, 33, and 44 m) to investigate the
statistical distribution of soil loss. These authors proposed to estimate
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the annual soil loss of given return period T for a bare soil (C = 1), SLq T,
by the following equation:

SLa,T = RaTKLS = XTRKLS (2)

in which R 7 is the annual rainfall erosivity factor, R, having a re-
turn period of T years and xr = R, 1 /R is the quantile of the given return
period of the variable x = Rq/R.

Bagarello et al. (2010, 2011, 2015) performed the frequency analysis
of soil loss measurements collected in the period 1999-2012 in the
Sparacia (Sicily) experimental area. The test bare plots varied in length
from 0.25 m to 44 m, had steepness of 14.9 %, and at least two replicates
for each length were available. The variable xg;, which was equal to the
ratio between the maximum measured event soil loss for each plot
length and recording year and the mean soil loss measured for that event
in all plots having the same length, was considered to develop the fre-
quency analysis. However, the findings of Bagarello et al. (2010, 2011)
ensured that the parameters of the probability distribution of the annual
maximum soil loss and the quantiles of given return period T could be
estimated using all the event soil loss measurements. This result allowed
the authors to enlarge the sample size to develop a more robust fre-
quency analysis. For example, the database used by Bagarello et al.
(2105) consisted of 1,649 event soil loss values from a monitoring period
of 14 years. These soil loss measurements varied greatly, as they ranged
from 0.0001 kg m 2 to 27.3 kg m 2, and resulted both from events with
only interrill erosion and with rill and interrill erosion. The frequency
distribution of xg; was well fitted by a two-component probability dis-
tribution, whose basic and outlying components were discriminated by
Xs1,70 = 2, being xs, 7, the xg; value with a return period T, of 25 years.
The event soil loss of given return period T was estimated as the quan-
tile, xg;, 7, of given T of the variable xg;, by the mean soil loss measured in
the highest erosion event for a given length. Considering that xsz, 7, = 2
discriminates between the relatively low and frequent xg;, values and the
high and rare ones, the tolerable event soil loss can be set as two times
the mean soil loss measured in the highest erosion event for a given plot
length. Considering that a great amount of yearly soil loss measured at
Sparacia was due to the annual maximum value of event soil loss
(Bagarello et al., 2015), differences between the two temporal scales
(event in which the maximum soil loss is measured, annual) were
considered negligible. Consequently, the annual tolerable soil loss was
set equal to the tolerable event soil loss, i.e., two times the mean soil loss
measured in the highest erosion event for a given plot length.

Here, considering RKLS as an estimation, according to the USLE/
RUSLE scheme, of the mean soil loss for the highest erosion event for
bare plots without control practices (C = 1 and P = 1), the following
equation is obtained:

TSL = x5, 7,RKLS 3

where xg;, 7, = 2 for the Sparacia area.

Under the hypothesis that the C annual value is constant for a given
crop and different from the unit, Eq. (2) can be generalized for the
condition in which only the effects of control practices are neglected (P
= 1), resulting in

SL,7 = R, 7KLSC 4

Imposing that the tolerable soil loss, expressed by Eq. (3), is equal to
the annual soil loss of a given T calculated by Eq. (4), the following
equation is obtained:

X5, 7oRKLS = R, 7KLSCr 5)

in which C = Cris a specific crop and management factor having the
following expression:

X, R Xxsi70
_ SL,To _ SL,To (6)

C
! R.r Xr

Areas with C > Cr are characterized by soil loss values greater than
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tolerance, in which interventions to reduce the cover and management
factor or field length or apply support practices should be carried out.

The C-factor considers the effect of land cover and management
measures (Wischmeier and Smith, 1965) and ranges from 0 to 1. C-factor
values close to zero are typical of areas with a 100 % ground cover
whereas values close to one are typical of a bare plot (no vegetation)
with till up and down the slope, which is taken as a reference condition
(C=1) (Borrelli et al., 2018). The change in land cover and management
factor in 28 Member States of the European Union from 2010 to 2016
was also used as an indicator of the effectiveness of soil conservation
measures/strategies supported by the Common Agricultural Policy to
reduce soil erosion in Europe (Borrelli and Panagos, 2020).

2.2. Determination of Cr

For the Sicilian region, Ferro et al. (1991) carried out a statistical
analysis of the measured annual rainfall erosivity factor R,, calculated
by the procedure of Wischmeier and Smith (1978) using the data of 41
recording rain-gauges, and demonstrated that the Weibull’s distribution
can be applied to this hydrological variable.

Using the Weibull’s distribution (Weibull, 1951) to estimate Ry,
Ferro et al. (1991) obtained the following frequency factor x7:

Ry _ p(nT)"*

R R )

Xy =

in which p and ¢ are the two parameters of the Weibull’s law.
Introducing Eq. (7) into Eq. (6), the following equation is obtained:

Xs1,1oR

Cp = LI ®)
" panr)' "
in which p and € have to be estimated by the following equations:
R= ﬁr(l + é) ©)]
2 11"
a(Ra):/)’[r<1+g> 7r2<1+g)} (10)

where I is the gamma function and 6(Ry) is the standard deviation of
the annual rainfall erosivity factor R,.

The mean annual value R can be estimated for a Sicilian recording
rain-gauge by the following equation (Ferro et al., 1991):

R = 183.82 + 1.3956 (1, 2162142 ) an

in which R is expressed in SI units (MJ mm ha'lh'lyearfl) and I; 2,
Ig2, I242 (mm h™1) are the rainfall intensities with 1, 6, and 24 h
duration and a return period of two years, respectively.

For a Sicilian non-recording rain gauge, the following equation is
available:

R =8.92F;¥ 12)

in which Fr is the mean annual value of the Modified Fournier Index
(Bagarello and Ferro, 2006):

12

.
nzgﬁ a3

in which p;; is the monthly rainfall of the month i of the year j and P;
is the annual rainfall of the year j.

For the Sicilian region, the standard deviation 6(R,) is estimated by
the following equation (Ferro et al., 1991):

o(R,) = —521.63+1.38R (14)

in which R is expressed in SI units.
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3. Results

The R values calculated for 276 Sicilian rain-gauges were used to plot
the distribution of the mean annual rainfall erosivity (isoerosivity map)
(Fig. 1) and estimate the coefficients § and ¢ of the Weibull’s distribution
by Egs. (9), (10), and (14). Eq. (8) shows that C decreases as T increases;
in other words, more cover or protection is needed as the return period
increases (i.e., heavier storms). The choice of Cy values corresponding to
a return period of 1000 years, C1ggg, can be considered conventional and
guarantees high-safety conditions for soil conservation. The Ciggo
values, estimated by Eq. (8) with T = 1000 and xs;, 1, = 2, are related to
the mean annual value of the erosivity factor by the following rela-
tionship (Fig. 2):

417\*
Cram = 0,198 + (7) (1s)

Eq. (15) allows for the establishment of a mean annual rainfall
erosivity factor, named Rjgng.use, corresponding to a specific value of the
cover and management factor depending on land use. In other words,
Rignd-use is the R value calculated by Eq. (15) for C;ggp = C (for example,
C = 0.5 for vineyards and C = 0.35 for arable land). The result C < Ciggpp
is obtained for areas in Sicily that are characterized by R smaller than or
equal to Rjgnduse, and the compliance with soil loss tolerance is then
assured. Instead, for areas characterized by R > Rjgnd.use the reduction of
C to a value less than or equal to Cjggo is required to obtain a tolerable
soil loss condition. Fig. 2 demonstrates, for example for the case in which
the land use is cereals and legumes (C = 0.35), that areas in which R <
1070 are characterized by soil loss values less than or equal to TSL. On
the contrary, for R > 1070, areas cultivated with cereals and legumes are
exposed to soil loss values greater than TSL as 0.35 is greater than Cjggo-

Fig. 3 shows, for the case of arable land (mainly cereals and legumes)
(Fig. 3a) and vineyards (Fig. 3b), the overlay of the Cr spatial distri-
bution, originated from the isoerosivity map, with C spatial distribution,
obtained by Corinne-land cover for Sicily (Bagarello et al., 2016), to
identify areas (marked in red) where the soil loss tolerance is exceeded.
In these areas, in which R > 1070 (Fig. 3a) and R > 758 (Fig. 3b),
respectively, land use should be changed to obtain C < Ciggo.
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Fig. 2. Relationship between C;ggp and the mean annual value of the erosivity
factor R and graphical example of the determination of the mean annual rainfall
erosivity factor Rijgng.use corresponding to the cover and management factor C
for arable land (mainly cereals and legumes).

4. Discussion

In the case R > Rignd.use> the applied soil conservation strategy must
determine a reduction CR of the cover and management factor:

2
CR=C—Cp0=C—0.198 — (%) (16)

However, changing land use to another crop or a crop rotation can be
unlikely. This is the case, for example, for areas covered by traditional
crops (e.g., wheat in the Sicilian hinterland) in which farmers could be
not inclined to change traditional cropping due to cultural heritage and
soil agricultural vocation. In addition, other land uses (for example
vineyards, olive groves, etc.), are much more unlikely to change due to
their high profitability. Alternatively, the current land use (represented
by C) can be maintained adopting a soil conservation strategy which has
the same effect on the soil loss of given return period as the reduction of
C to, at least, Cygp0, €.8., by limiting field length.

Fig. 1. Sicilian rainfall erosivity map and rain-gauges used to calculate the mean annual values of the rainfall erosivity factor R.
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I R <758
Bl R>=758

(b)

Fig. 3. Overlay of the spatial distributions of C and Cr for arable land (mainly
cereals and legumes) (a) and vineyards (b). In the red areas, the annual soil loss
SLq 1 of T = 1000 years exceeds the tolerable soil loss TSL, while in the green
areas SLq r is under TSL. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

In this case, the changed value, L., of the slope length factor for a
given Cjggp, can be obtained by the following relationship:

Ra,TKLCSC = RGQTKLSCK)OO (17)
from which
C
Le= ( EOU)L 18)

where C1000/C is less than 1.
A reduced value, S, of the slope steepness factor can be obtained by a
similar relationship to Eq. (17)

R,7KLS.C = R, 7KLSC000 19

resulting in
C
Sc = < g’”)s (20)

Egs. (18) and (20) underline that if a farmer wishes to maintain a
land use that would determine a soil loss higher than the tolerance value
(C > C1000 for R > Rignd.use), some different soil conservation actions to
limit the slope length or steepness should be done. Reasonably, it is less
expensive reducing the slope length factor by using, for example, con-
tour ditches than realizing terraces for reducing slope steepness. Sub-
stantial investment of human and financial resources is required to
establish terraces (Food and Agricultural Organization, 2019), but they
are widely used in agriculture as they have relatively higher crop
productivity.

From previous studies, the generally accepted maximum limit of TSL
value is 11.2 t ha ! year’1 (Wischmeier and Smith, 1978), but signifi-
cantly lower values were proposed for the US (Renard et al., 1997; Lal,
2001) and European environments (European Environment Agency,
1998, Verheijen et al., 2009; Bazzoffi 2009). A quantitative model for
assessing site-specific TSL values for a region of India (Bhattacharyya
et al., 2008) was used by integrating various soil functions (e.g., water
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entry and transport into soils, physical and bio-chemical degradation of
soils, functions related to sustain plant growth), obtaining TSL values
varying from 2.5 to 12.5 tha~! yr ~! instead of the single value of 11.2 t
ha ! yr ~L. The proposed approach goes beyond the simple choice of TSL
values suggested in the literature as it considers the effect of R, K, L, S
factors on the TSL value, and allows designing conservation systems for
limiting soil loss using a target value of normalized soil loss corre-
sponding to a specific return period Ty (for the Sicilian region equal to
25 years).

This method can be applied in any geographical area if the result
(applicability of a two-component probability distribution for xg; and
individuation of a specific value xg;, 1,) by Bagarello et al. (2010, 2011,
2015) holds, R is known, the probability distribution of the annual
rainfall erosivity factor R, has been established and its parameters have
been estimated. While the availability of rain-gauge networks allows for
widespread rainfall data acquisition, long historical sequences of
maximum annual soil loss data are a rather uncommon occurrence. In
Italy, for example, only two experimental stations for soil erosion
measurement, in addition to that of Sparacia in Sicily, are currently
operating (Bagarello et al., 2018) and are located at Bagnara (Calabria
region, south Italy) and Masse (Umbria region, central Italy). The rain-
fall data allow determining the spatial distribution of R and the proba-
bility distribution of R, within a region, while the soil loss data have to
be used to develop a reliable frequency analysis of xg;.

According to the USLE scheme, an annual value of the C factor ap-
plies for a particular cropping and management system (Wischmeier and
Smith, 1978), which can vary within a multi-year rotation and results in
a single value to be applied at the mean annual scale. In other words, the
C factor generally has an inter-annual variability. Additionally, the
original procedure to calculate this factor is based on the interrelation
between the particular cropping system and the rainfall distribution
through the 12 months of the year. As the latter varies with location, the
C value for a particular cropping system differs between locations of the
same region, thus it also has a spatial variability. According to the
proposed approach, this would imply a varying Rjgnd.use With location, as
it is obtained by equating the C value and the second member of Eq.
(15). Here, Eq. (4), from which the definition of Cy (Eq. (6)) is obtained,
is based on the hypothesis that the C annual value is a constant, thereby
the temporal variability is neglected. Moreover, although the present
approach could be applied in a given site to account for the original C
calculation, the aim of Fig. 3 was to provide an overview at a larger
spatial scale, i.e., the regional one, under the simplifying hypothesis of
an invariant C factor between locations for a given land use.

The USLE/RUSLE predicts soil erosion rates due to rill and interrill
erosion processes, while it does not consider other erosion forms, such as
ephemeral gully and gully erosion. Therefore, the proposed approach
cannot be applied to areas where these erosive forms are present.

Incentive mechanisms to encourage soil conservation strategies
should be higher the closer the post-intervention soil loss is to TSL. For
example, the payment for the provided ecosystem service PES (€ ha™})
could be determined as

PES TSL

PES, e SL,r (21)

in which PESpqy (€ ha™1) is the maximum payment for the condition
SLor = TSL (e.g., C = Cr). According to Eq. (21), the payment reduces
proportionally to TSL/SLq 1, which is less than 1 (e.g., C > Cp), for soil
loss conditions exceeding tolerance.

Soil erosion models and risk maps are useful tools to assist public
authorities and political decision-makers establishing land use and soil
conservation strategies (Bagarello et al., 2016). A large part of the
Sicilian region is cultivated with cereals, especially wheat, and legumes
(Fig. 3a). Fig. 3a shows that most of the areas with this land use are
characterized by an annual soil loss SLor of T = 1000 years under
tolerable soil loss TSL (green areas), while the eastern part and a spot in
the center of the island have SL, r exceeding TSL (red areas). Vineyards
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are mainly spread in western Sicily (Fig. 3b), and marginally in the south
and close to the Etna mount. For the western and southern areas, the
extents of green and red areas are comparable, while in the Etna area the
red ones sharply prevail.

These results were obtained under the conservative hypothesis that
no control practices are applied (P = 1).

5. Conclusions

Considering that soil conservation strategies, designed by the mean
annual value of the climatic variable, as the rainfall erosivity factor,
allow an appropriate erosion control only in the years in which non-
intensive rainfall erosive events occur, a new approach to define the
condition corresponding to a tolerable soil loss was proposed. This
approach is based on the statistical analysis of the measured annual
values of the rainfall erosivity factor and allows determining the cover
and management factor Cr for which the tolerable soil loss is equal to the
annual soil loss of a given return period T.

For example, using the available measurements for the Sicilian re-
gion, a relationship between the factor C;¢gp and the mean annual value
of R was established. For a given land use characterized by a specific
value C of the cover and management factor, the corresponding mean
annual rainfall erosivity factor Rjgnd.use Was determined by the proposed
regional relationship. Areas having mean annual values R less than or
equal to Rignd.use feature Cyppp values greater than or equal to C, while for
areas characterized by R > Rjgnd.use» the reduction of C to a value less
than Cjiggp is required to obtain a tolerable soil loss condition. For
example, for vineyards and arable lands, the overlay between the spatial
distributions of C and Cr was used to define the areas in which soil
tolerable conditions (R < Rjgnq.use) OCcur or soil conservation strategies
are required (R > Rignd-use)- Finally, for the condition R > Rjgnd.use, the
land use (represented by C) can be maintained using a reduced field
length or slope steepness.
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