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Abstract: In river basins, the deep interrelationships between land-use changes, soil erosion and
rivers and shoreline dynamics are clearer than at a national or regional scale. Southern Italy is an
ecologically fragile, desertification-prone territory where land-use changes in the last decades were
significant. Notwithstanding this, studies dealing with multidecadal land-use changes in large-sized
river basins of Southern Italy and their implications on soil erosion are missing. In this study, we
assessed the land-use changes that occurred between 1960 and 2012 in the 3245 km?-wide Sele River
basin. We carried out GIS-aided comparisons and analysis of two land-use maps and interpreted
the results in terms of soil erosion intensity based on a detailed review of the scientific literature.
The results confirmed the trend of the inner areas of Italy and, in particular, of the Campania region
moving towards more pristine conditions, with an increase in forest cover, mainly at the expense of
grasslands. Agricultural areas remained substantially unchanged, while the area of urban settlements
increased. The diffuse afforestation of slopes suggested an overall decrease in soil erosion intensity,
which was fully coherent with the geomorphological evolution of both the Sele River and local
shoreline reported in literature.

Keywords: land-cover changes; afforestation; geographical information systems; human impacts;
geomorphology; Campania region; Mediterranean area

1. Introduction

Studies dealing with land-use changes have a great importance in geographical and
geo-environmental research, as proved by the large number of papers on this topic [1-3].
First, they provide information about the type and the intensity of human impact on the
physical landscape [4-6]. Such impacts have important implications on local economies [7].
Land-use changes, together with climate change, also play a central role in controlling
soil erosion [8,9], as different land uses affect both the degree of protection of soil against
erosional processes and soil properties, including soil erodibility [10,11]. In areas whose
economy largely or totally depends on agriculture, the knowledge, control and quantifica-
tion of soil erosion factors (e.g., land-use changes) and rates is of utmost importance, as the
soil represents the physical and chemical support for plants and allows the perpetuation of
the agricultural activity [12-14]. In turn, vast literature proves that soil erosion processes
and rates control the sediment supply to the rivers, which is a key driving factor in their
dynamics and geomorphological changes [15-18]. The knowledge of these changes is also
a fundamental starting point in correctly determining flood hazard and risk, i.e., the impact
of the river dynamics on the economy of alluvial plains [19-21]. Furthermore, the varia-
tions of river sediment discharge, which, as stated above, land-use changes significantly
and indirectly control, have deep impacts on the shoreline dynamics [22]. For example,
land-use changes such as afforestation and constructions of dams generally reduce the
sediment supply to the shoreline by the rivers, often resulting in shoreline retreat, which
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has consequences, among others, on economies based on coastal and maritime tourism [22].
Finally, land-use changes have important implications in biodiversity dynamics [1,23].

Researchers carried out studies dealing with land-use changes at different scales, i.e.,
at the morphoclimatic regions [24-29], continental [30], national [23,31-34] and regional
scale [35-38]. However, it is at the basin scale that the above-mentioned relationships be-
tween land-use changes, soil erosion processes, river solid discharges and, in coastal areas,
shoreline dynamics are clearer [39-42]. In all these studies, GIS analysis and processing of
remotely sensed data proved to be fundamental [42-48].

Southern Italy is an ecologically fragile, desertification-prone territory, whose economy
is largely based on agriculture [49]. According to what is stated above, studies dealing with
land-use changes in this area would be of main importance, especially at the basin scale.
Despite this, a lack of scientific literature on land-use changes at the basin scale in this area
exists. The few pre-existing papers exclusively focused on several small- and medium-sized
river basins. In particular, D'Ippolito et al. [50] and Ricca and Guagliardi [51] analyzed
land-use changes over fifty years in two small-sized basins located in the Calabria region.
Apollonio et al. [21] and Romano et al. [52] investigated these changes over periods of
27 and 24 years, respectively, in two medium-sized watersheds at the boundary between
Apulia and Campania regions and their implications on floods and river sediment load,
respectively. Thus, most of the river basins of Southern Italy remain uninvestigated in
terms of land-use changes. In particular, analyses of land-use changes in larger river basins
at a multidecadal scale in this area are totally missing.

This study is a first attempt to fill this gap. The land-use changes that occurred over
a period of ~50 years (i.e., 1960-2012) in a relatively large-sized watershed (i.e., the Sele
River basin), mostly located in the Campania region (Southern Italy), were analyzed by
means of a quantitative comparison between raster and vectorial land-use maps in the GIS
environment. Furthermore, given the deep interrelationships between land-use changes
and soil erosion processes ([30], and references therein), a preliminary subdivision of the
basin area into zones with expected different dynamics (i.e., increase/decrease) of soil
erosion intensity induced by land-use changes in the investigated period was also proposed.

2. Materials and Methods
2.1. Study Area

The Sele River basin is located in Southern Italy, at the geographical boundary between
the Campania and Basilicata regions, between 40°11’ N and 40°52’ N latitude and 14°58' E
and 15°47' E longitude (Figure 1). It covers a surface area of 3245 km?. Altitudes range
between 0 m a.s.l. and 1886 m a.s.l. [53], with an average elevation of approximately
600 m [54]. Mountainous relieves account for more than 54% of the study area, while flat
land surfaces accounted for 5.1%.

The climate is of Mediterranean type, with prolonged warm and dry summers and
wet and mild winters [54]. Mean annual precipitation ranges from 700 to 2000 mm, with
an average of 1180 mm, with important spatial variation of both erosive rainfall and
temperature, according to the elevation and the distance from the coast [55]. Stormy
rainfall events with the highest hourly and half-hourly intensity mostly happen from May
to September [54].

According to the method proposed by Rinaldi et al. [56], the Sele River basin can be
subdivided into three main physiographic units, i.e., (i) the Apennine mountain range,
(if) the low-altitude hills/alluvial valleys and (iii) the coastal plain [53].

From a geological standpoint, the Apennine mountain range physiographic unit is
mainly shaped into limestone and dolostone, Triassic to Cretaceous in age [57]. The hilly
sectors of the basin have a terrigenous bedrock, mainly Miocene to Pliocene-aged. The main
rivers flow into valleys of morphostructural origin, infilled with alluvial, volcanic and slope
deposits [58-60]. Finally, the coastal plain physiographic unit is mainly made up of beach
and dune-ridge sandy deposits, back-ridge flat depression deposits and travertines [61].
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Figure 1. Location map of the study area (Sele River basin) in the framework of the Italian penin-
sula (a) and Southern Italy (b). Red line in (b,c) indicates the basin boundary. SR: Sele River;
CR: Calore Lucano River; TR: Tanagro River; PD: Persano Dam.

From a geomorphological standpoint, steep slopes, locally deeply dissected by gorges,
characterize the Apennine mountain range physiographic unit. At the top of these slopes,
karstified remnants of ancient erosional landscapes are present [58]. In contrast, the hilly
relieves shaped into the terrigenous deposits are generally gently sloping and gently rolling
and affected by severe water erosion and mass movements [53]. Alluvial and slope deposits,
often arranged into coalescent and/or telescopically arranged alluvial fans, connect the
slopes to the alluvial plains. Different orders of river terraces characterize the alluvial plains.
Locally, structural terraces shaped into pyroclastic deposits (i.e., Campanian Ignimbrite)
and travertines are present.

The Sele River is the main watercourse flowing into the basin. It has a length of
~68 km and has the highest mean annual flow discharge among the rivers of Southern Italy
(i.e., ~69.4 m3/s). The Sele River springs were captured in the 1910s to supply drinkable
water to a vast area of Southern Italy. Between the end of 1929 and 1932, the Sele River was
also dammed by the construction of the Persano Dam, which caused the formation of the



Geographies 2021, 1

318

Persano Reservoir. The 92 km-long Tanagro River and the 63 km-long Calore Lucano River
are the main tributaries of the Sele River (Figure 1c). Both the alluvial plain of the Tanagro
River and the coastal and alluvial plain of the Sele River were extensively reclaimed in
the 1920s.

2.2. Data Source and Methodology

We investigated the land-use changes in the Sele River basin between 1960 and 2012
by means of a GIS-aided analysis of two land-use maps.

The first map is the Map of Land Cover, produced by the National Research Council
(CNR) Touring Club (hereinafter, CNR-TC) in 1960 [62]. The map, 1:200,000 scaled, was in
a raster format. We scanned the map at 1200 dpi and georeferenced in the UTM-WGS84
coordinate system using the “Georeferencing” functions of the ESRI® ArcGIS 10.4.1 soft-
ware. Because the map covers the entire Italian territory, we manually digitized the area of
the Sele River basin only. Previously, we digitized the boundary of the basin, in GIS envi-
ronment, from 1:25,000 topographic maps produced by the Italian Geographical Military
Institute (IGMI). Finally, we calculated the area of each digitized polygon, corresponding
to land surfaces with different land uses, by using the “Calculate Geometry” ArcGIS tool.

The second map, reporting the land-use data for the studied basin in 2012, was
obtained from Corine Land Cover shapefiles, freely downloadable from the www.sinanet.
isprambiente.it website [63]. The shapefile was georeferenced in UTM-WGS84, zone 32 N,
so we used the “Georeferencing” functions of ArcGIS software to re-project the shapefile in
the UTM-WGS84 coordinate system, zone 33 N.

Because of some differences in land-use classes between the two maps, we carried out
a harmonization of such classes. We used the different response to soil erosion processes,
widely accepted in scientific literature ([8,9], and references therein), as main criterion
for the harmonization. Given the deep differences between the land-use classes of the
two maps, due to their different scopes, years and methods of production, harmonization
was mainly possible only at the first level of the Corine Land Cover. Thus, we defined
six broad classes: agricultural areas, forests and chestnuts, wetlands and water bodies,
artificial surfaces, olive groves and fruit trees, and grasslands and pastures. Table 1 reports,
in detail, the harmonization between the land-use classes of the two maps. Chestnuts were
included in the “forests and chestnuts” land-use class due to their canopy cover >30%.

Because of the deep influence of land-use changes on soil erosion processes [8,9], we
interpreted the detected land-use changes in terms of increase/decrease in soil erosion.
Because the C factor of the USLE equation [64] quantitatively expresses the effect of land-
use changes on soil erosion (in particular, on soil erosion induced by diffuse water runoff,
while gully, wind and crop erosion are excluded), we assigned to each land-use class a
mean C factor calculated according to the C factor values reported by Panagos et al. [30].
For artificial surfaces, not considered by Panagos et al. [30], we took into account the vast
literature dealing with impacts of urbanization on soil erosion ([65-67], and references
therein) that converged in highlighting the severe increase in soil erosion associated to any
land-use change that leads to urbanization. Accordingly, we ordered the land-use classes
in terms of decreasing “degree of protection” of soil against erosion. Then, we ranked each
type of land-use change (e.g., afforestation, deforestation, agricultural extensification and
so on) in terms of increase or decrease in soil erosion processes. For example, we assigned
the highest increase in soil erosion (i.e., severe increase) to the land-use change from the
“most protective” land-use class (i.e., forests and chestnuts) to the “less protective” one (i.e.,
artificial surfaces). We excluded flat land surfaces from the analysis, as land-use changes
do not significantly affect either water or mass erosion where a topographic gradient
is missing. On these land surfaces, we assumed that soil erosion intensity induced by
land-use transitions remained unchanged.
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Table 1. Conversion scheme used for the comparison of the land-use maps. CLC: Corine Land Cover. CNR-TC: Consiglio

Nazionale delle Ricerche (National Research Council) Touring Club.

CLC 2012—1st Level

CNR-TC 1960 This Study

Agricultural areas

Arable crops (dry)
Agro-forestry areas (dry)
Irrigated crops
Irrigated agro-forestry areas Agricultural areas
Rice fields
Kitchen gardens
Vineyards

Agricultural areas

Olive groves
Fruit trees
Citrus groves
Olive groves and vines association

Olive groves and fruit trees

Dry grasslands
Agricultural areas Irrigated grasslands Grasslands and pastures
Pastures
Forests and semi-natural areas Shrub and/or herbaceous vegetation associations

Rotation coppices

Forests and semi-natural areas High forest Forests and chestnut
Mixed forest orests and chestnuts
Agricultural areas Chestnuts
Artificial surfaces Settlements Artificial surfaces

Water bodies
Wetlands

Wetlands and water bodies

3. Results
3.1. Land-Use Changes

Figure 2 shows the spatial distribution of the land-use classes in the Sele River basin
in 1960 and in 2012. Figure 3 compares the percentages of the total surface of the study
area in the considered years. Finally, Table 2 reports the extension of the land-use classes in
the considered years and their variations compared with the area of each class in 1960.

Figures 2a and 3 show that in 1960, 42% of the total surfaces consisted of agricultural
areas (mainly arable lands and, to a lesser extent, kitchen gardens and vineyards) and 6%
of olive groves and fruit trees. Thus, in 1960, 48% of the total surface of the basin was
used for agriculture. In 2012, agricultural areas decreased to 34%, while land surfaces
used for olive groves and fruit trees slightly increased to 9%. Thus, in 2012, the total
surface used for agriculture slightly decreased compared with 1960 (i.e., from 48% to 43%
of the total area). Figure 2 shows that in both 1960 and 2012, the land surfaces used for
agriculture were mainly concentrated along the alluvial valleys and on surrounding hilly
relieves. In particular, olive groves and fruit trees prevailed over other agricultural areas on
hills, whereas the opposite occurred in the river valleys. In contrast, mountainous relieves
were mostly covered by forests (mainly oak and beech groves and coniferous forests) and
pastures in both the considered years. In particular, Figure 3 shows that, at the basin
scale, forest cover significantly increased from 21% in 1960 to 53% in 2012, while pastures
dramatically decreased from 30% to 3%. Artificial surfaces tripled in the considered period,
even if they occupied a negligible percent of the total surface (0.6 and 1.8%, respectively).

The geoprocessing in GIS environment of the two land-use maps shown in Figure 2
highlighted a series of land-use changes summarized in Figure 4, the latter adapted from
Di Gennaro et al. [68].
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Figure 2. Land-use maps of the Sele River basin in 1960 (a) and 2012 (b).
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Figure 3. Variations of the extension of the land-use classes in the study area, expressed as percent of the total surface of the
Sele River basin. Bars with diagonals refer to 1960.

Table 2. Extension of the land-use classes in the study area in the considered years and percent
variations compared with the area of each class in 1960.

Land-Use Class Area 1960 Area 2012 Difference Variation
(ha) (ha) (ha) (%)
Grasslands and pastures 96,039.1 8382.5 —87,656.6 —-91.3
Agricultural areas 135,317.3 110,455.2 —24,862.1 —18.4
Olive groves and fruit trees 20,320.0 27,656.7 7336.7 36.1
Forests and chestnuts 68,928.6 169,688.0 100,759.4 146.2
Artificial surfaces 1860.1 5928.3 4068.2 218.5

Figure 5 shows the spatial distribution of these changes in the Sele River basin in
the considered period and their amount in terms of percent of the total surface. Figure 5
shows that the land-use remained unchanged (i.e., forestry, agricultural, grassland and
urban persistence; Figure 4) in slightly more than a half of the basin (i.e., 54% of the total
surface). However, the most notable result is that more than one third of the basin (i.e.,
34% of the total surface) underwent afforestation in the considered period. Such land-use
change mainly affected the mountainous relieves located both in the central part (Alburno
and Cervati Mts.; Figure 1) and along the external boundaries of the basin (Figure 5).
Afforestation mainly occurred at the expense of grasslands and pastures. More precisely,



Geographies 2021, 1

Figure 5 shows that, at the basin scale, more than 20% of area occupied by grasslands
in 1960 was covered by forests in the following five decades, while afforestation affected
agricultural areas to a slightly lesser extent (i.e., 13% of the total surface of the basin). In
contrast, a negligible percentage (i.e., 2.5%) of the basin experienced deforestation in the

considered period. Finally, artificial surfaces covered less than 2% of the land surfaces.

CLC 2012

Forests and chestnuts

Grasslands and pastures

Forests and chestnuts

Grasslands and pastures

Agricultural lands

Olive groves and fruit trees

Water bodies and wetlands

CNR-Touring Club 1960

Artificial surfaces

Py
o

Agricultural lands

Olive groves and fruit trees
Water bodies and wetlands

Afforestation of agricultural lands

Artificial surfaces

Afforestation of grasslands

Urban persistence

Agricultural deforestation

Overflooding

Afforestation of wetlands ATi Agricultural tillage
Afforestation of artificial surfaces AgE Agricultural extensification
Forestry persistence AgP Agricultural persistence

Wetlands persistence

Deforestation for pastures

Gex

Grasslands extensification

Urban deforestation

Gpe

Grasslands persistence

Urbanization

Figure 4. Matrix used to classify the different types of land-use changes that occurred in the study

area (adapted from Di Gennaro et al. [68]).
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- Aff ion of agricultural lands [13%] - Agricultural deforestation [2.2%]
- Afforestation of artificial surfaces [0.1%] Agricultural tillage [6.8%)]

- Afforestation of grasslands [20.8%] Agricultural extensification [0.3%]
Forestry persistence [18.7%] Agricultural persistence [33.5%]
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Figure 5. Map of the land-use changes of the Sele River basin and pie chart expressing the percent of
the total extension of the study area affected by the different types of land-use changes. Same colors
as Figure 4.
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Some of the land-use changes described above at the basin scale (i.e., the percent of the
total surface of the basin affected by a given land-use change) are still more evident when
considered at the scale of the single land-use class (i.e., the percent of the total surface of
each land-use class that experienced the same type of land-use change). Table 3 summarizes
the obtained results.

Table 3. Transition matrix of percent change for different land-use classes in the investigated period.

2012
Forests and Grasslands and  Agricultural Olive Groves Water Bodies Artificial
Chestnuts Pastures Areas and Fruit Trees and Wetlands Surfaces
Forests and chestnuts 87.7 1.3 8.9 1.6 - 0.5
Grasslands and pastures 71.6 4.5 20.3 2.8 - 0.7
1960 Agricultural areas 25.9 2.3 58.1 11.2 0.2 24
Olive groves and fruit trees 25.0 0.8 28.3 41.8 - 41
Water bodies and wetlands - - - - - -
Artificial surfaces 18.0 0.1 28.0 11.3 - 42.6

The most striking result is that, in five decades, forests covered ~71.6% of the total
surface of grasslands from 1960. In the same period, forests also covered a significant
part of both agricultural areas and olive groves/fruit trees (25 and 25.9%, respectively). In
contrast, deforestation affected a much lower percent of the forested areas from 1960. In
particular, agricultural deforestation affected only 10.5% of the former forests (1.6% for
olive groves and/or fruit trees plantations and 8.9% for other agricultural uses), while a
very negligible percent (i.e., 0.5%) of forests were cut for urbanization. Finally, Table 3
shows that some parts of the negligible area occupied by artificial surfaces in 1960 (i.e., less
than 1% of the basin area) changed into forests (18%), agricultural areas (28%) and olive
groves (11.3%). Visual inspection showed that forests mainly occupied reclaimed sediment
extraction sites, while agricultural areas were forms of “urban agriculture”, e.g., kitchen
gardens. Artificial surfaces remained unchanged where impervious covers occurred (42.6%
of the land-use class area from 1960).

3.2. Variations in Expected Soil Erosion Intensity Induced by Land-Use Changes

Because the C factor of the USLE equation expresses the protective effect of the
different land-uses against soil erosion [64], we calculated the C factors of the land-use
classes occurring in the study area according to the values reported by Panagos et al. [30].
Unfortunately, the quoted study does not provide C factor values for artificial surfaces. This
problem was partly overcome by analyzing the vast scientific literature, which converges
in highlighting that urbanization is the most destructive land-use change in terms of
soil erosion processes, due to trees being clear cut, earth-moving, soil compaction, road
building, increase in impervious covers that favor runoff and arson [65-67]. Table 4 reports
the C factors calculated, where possible, for the land-use classes occurring in the study
area, ranked in terms of increasing protective effect against soil erosion. We qualitatively
labelled each land-use class in a relative scale of expected intensity of soil erosion processes,
according to the literature.

Table 4. C factor of the detected land-use classes calculated according to Panagos et al. [30] and relative
degree of protection of soil and expected intensity of soil erosion. (*) refer to urbanization process.

Protection against Relative Intensity

Land-Use Class C Factor Soil Erosion of Soil Erosion
Artificial surfaces From literature Null or very low (*) Severe (*)
Olive groves and fruit trees 0.2231 Low Very high
Agricultural areas 0.1869 Moderate High
Grasslands and pastures 0.0982 High Moderate

Forests and chestnuts 0.0012 Very high Low
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According to Table 4, we interpreted each land-use change in terms of increase or
decrease (or stability) in expected soil erosion intensity, producing the matrix of Figure 6.
Figure 7 shows the spatial distribution in the Sele River basins of the classes of expected
variations in soil erosion intensity induced by land-use changes and their amount, ex-
pressed as percent of the total surface of the study area. The results showed that the
expected intensity remained unchanged (with different degrees of expected erosion) in
53% of the total surface of the basin. In contrast, expected soil erosion decreased on 36% of
the total surface of the basin and increased on 10%. The decrease in expected soil erosion
was mainly low (21% of the basin area) and induced by the afforestation of grasslands
(Figure 6) and, secondly, high due to both afforestation of agricultural areas and grassland
extensification of olive groves and fruit trees (Figure 4). In contrast, increase in soil erosion
was mainly moderate (6% of the basin area) and mainly induced by agricultural tillage of
grasslands, conversion of agricultural areas into olive groves/fruit trees plantations and, to
a lesser extent, urbanization of olive groves (Figure 6).

°
e c
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w © o "] g :2
i &5 28 5, 3¢ =3 ]
= 8 E eSS s ’?, o <8
F] o =
] g'g 2% EE 5% 1._.“:“ §%
55 b a 2 e 2 <3 35
= g 2 =3
o

1960

Forests Unchanged Low ery high
and chestnuts (low erosion) increase increase

Grasslands and / Unchanged Moderate
pastures | (moderate erosion) increase

Agricultural Unchanged Moderate
areas (high erosion) increase

Olive groves
and fruit trees

Artificial
surfaces

Wetlands
and water bodies

Figure 6. Matrix aimed at reclassifying the detected land-use transitions in terms of expected
variations in soil erosion intensity.

Figure 7. Cont.
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Low decrease [21.2%] Unchanged (very high erosion) [2.8%]

High decrease [10.8%] Moderate increase [6.0%]

Moderate decrease [2.6%] [:I Low increase [0.3%]
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Figure 7. Map of the spatial distribution of the expected variations in soil erosion intensity induced
by the land-use changes and pie chart expressing the percent of the total surface of the basin occupied
by the different classes. Same colors as Figure 6.

4. Discussion
4.1. Selection of the Land-Use Classes

As correctly highlighted in several papers ([69,70], and references therein), any anal-
ysis of land-use changes based on datasets from different sources is subject to technical
problems. To solve these problems, Falcucci et al. [23] suggest reducing the number of
classes and choosing classes that represent markedly distinct land-use types. Thus, our
choice to select, in this study, a reduced number of classes that are representative of distinct
land uses follows such suggestions, with the aim to reduce uncertainties in the land-use
changes assessment.

The selection of the classification criterion is also of utmost importance. Such criterion
should be coherent for all the classes and strongly supported by literature data. The
different degree of protection of soil against erosion, which we used as classification
criterion in this study, unquestionably meets such requirements. More in detail, a large
number of previous studies ([71-73], and references therein) proved, for example, the
protective effects of forests against soil erosion. In this study, we grouped forests and
chestnuts in the same land-use class (i.e., “forests and chestnuts”). Corine Land Cover
nomenclature [74] supports our choice, as it suggests classifying forests as all those areas
occupied by trees higher than 5 m with a canopy closure of at least 30%. Chestnuts occurring
in the study area meet such requirement. The increase in soil erosion due to the removal
of natural vegetation (i.e., forests and grasslands) for agriculture is also widely proved
in scientific literature [75]. In particular, olive groves offer less protection to soil against
erosion than other agricultural uses due to the low density of trees, generally cultivated on
steep slopes [9]. The higher C factor estimated for olive groves by Panagos et al. [30] at
European scale, based on the best available dataset in combination with a literature review,
also proved the scarce protection offered by olive groves against soil erosion induced by
water runoff. Our choice to include both olive groves and fruit trees plantations into a
single class was because low density of trees and cultivation on steep slopes are common
to both these land-use classes. According to what is stated above, we created the class
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“olive groves and fruit trees”, which we separated from the “agricultural areas” class that
includes other agricultural uses. Finally, the class “artificial surfaces” includes both urban
and industrial settlements and sediment extraction sites (i.e., no-soil areas). Similarly;,
wetlands and water bodies are also no-soil areas, but we obviously separated them from
artificial surfaces due to both their physical diversity and for highlighting the land-use
transitions associated to these land-use classes (i.e., urbanization and overflooding), even if
spatially negligible in the study area (Figure 7).

4.2. Assessment, Classification and Interpretation of the Land-Use Changes

In the ~50 year period considered in this study (1960-2012), the land use remained
unchanged in slightly more than half of the study area (i.e., 54%). In this framework, we
also noted that more than 79% of the flat land surfaces located in the main alluvial plains
experienced agricultural persistence. This was probably because of the high fertility of the
soils developed on alluvial deposits and the greater possibility to use easily agricultural
machinery on flat land surfaces. In contrast, the remaining 46% of the basin area experi-
enced land-use changes (Figure 5). Such a result is consistent with the values obtained at
the national scale, as in a slightly shorter period (i.e., 1960-1990), ~51.63% of the Italian
peninsula changed from one land-use class to another [23].

The most evident land-use change in the studied area was the afforestation of about
one third of the total surface (i.e., 34%; Figure 5). Afforested areas were mainly located
along the steep slopes of the mountainous relieves of the Alburni, Cervati and Maddalena
mountains (Figures 1 and 5). This result is coherent with the pre-existing literature. In
fact, for the inner areas of Italy located along the Apennine mountain chain (in which the
Sele River basin is comprised), Falcucci et al. [23] observed that, in the period 1960-2000,
afforestation affected more than 20% of the total surface. At the regional scale (Campa-
nia region; Figure 1), afforestation affected a lower percent of the entire regional surface
(i.e., 12.3%), and the forested areas mainly consisted of former grasslands and agricultural
areas [68]. However, the percentages of surface that underwent afforestation in the consid-
ered period are different if we consider only the mountainous inner areas of the Campania
region, in which the study area, which consists of mountainous relieves for 54% of its total
surface, is located. In fact, Di Gennaro et al. [68] report that, on the mountainous relieves
of the Campania region, forests increased by 38.5%. The latter value is consistent with
that obtained for the study area (31.2%; Figure 3), even if slightly higher. However, if we
compare the area that was forested between 1960 and 2012 with the forested area in 1960,
we obtain a much higher value (i.e., +146%; Table 2) that reflects the importance of the
afforestation process in the study area in a more consistent way.

Forestry persistence between the considered years affected a relatively low percent
of the study area if compared with the afforested area (Figure 5). This means that mature
forest formations are less widespread than recolonization pioneer formations [67], mainly
consisting of coniferous forests.

The forested land surfaces in the study area were mainly former grasslands and
pastures and, to a much lesser extent, agricultural areas (Figure 5; Table 3). In particular,
grasslands and pastures dramatically decreased in the study area, while the extension
of the areas used for agricultural purposes remained almost unchanged. This trend was
also noted at the national scale [23]. At the regional scale, Di Gennaro et al. [68] found a
decrease in grasslands and pastures of the Campania region, ranging from 40% of the total
surface on the mountainous relieves to 60% on hilly areas. In the study area, the decrease
in the percent of surface used as grasslands and pastures is apparently lower (i.e., 26%).
However, if we consider such reduction compared with the area covered by grasslands and
pastures in 1960, we observe a reduction in such area by 91.3% that better reflects the scale
of this process in the study area (Table 2). Such a reduction has many complex causes at the
continental, national and regional scale. In particular, the fodder farms system underwent
a structural and organizational evolution in the framework of an increasing depopulation
of the inner areas towards the coastal areas, abandonment of the marginal agricultural
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lands, changes of the European Commission funding policy for agriculture and, finally,
current market trends [76]. In the study area, the intense afforestation of pastures can
also be explained with the aesthetic, recreational and perceptive value of the afforested
mountainous landscape [77], considering that most parts of the study area are included
in the “Cilento, Vallo di Diano and Alburni” UNESCO Geopark. Finally, afforestation
significantly reduces soil erosion on steep slopes [8,9].

The extension of the artificial surfaces in the study area almost tripled in the consid-
ered period (Table 2), even if they accounted for less than 2% of the total surface of the basin
(Figure 2). Such increase is consistent with the data reported by Falcucci et al. [23] for the
inner areas of Italy. Most of the urban settlements of the study area are located on hilly re-
lieves. The rate of increase in the artificial surfaces on hilly areas of the Campania region [68]
is still higher than that obtained for the Sele River basin (i.e., +436% vs. +219%; Table 2).

4.3. Effects of the Land-Use Changes on Soil Erosion Intensity

Among the factors explaining the intensity of soil erosion, plant cover and land uses
are considered the most important, exceeding the influence of rainfall intensity and slope
gradient [78-80].

The reclassification, according to scientific literature, of the detected land-use changes
in the Sele River basin in terms of induced intensity variations of expected soil erosion and
their spatial distribution is reported in Figure 7. It showed that more than one-third of the
basin (i.e., ~36% of the total surface) experienced land-use changes potentially coherent
with a decrease in soil erosion intensity, while such intensity increased in ~10% of the basin
only. Such a reduction is the consequence of the transition of many land surfaces towards
the most “protective” land use, i.e., forests. The expected decrease in erosion was mostly
low (Figure 7), affecting the former grasslands that ensure a good protection against soil
erosion, which changed into the still more “protective” forested areas. However, such
reduction was high or very high where agricultural areas changed into forests, i.e., in
about 12% of the basin. The results also showed that the expected intensity of soil erosion
remained unchanged in ~53% of the basin. This was the case of both the land surfaces
that experienced forestry, grasslands and agricultural persistence (Figure 4), and flat land
surfaces. In fact, regarding the latter, the absence of topographic gradient did not allow
both runoff-induced and mass erosion, independently of the experienced land-use change.

It should be underlined that the map in Figure 7, notwithstanding that it is unques-
tionably useful and reliable in detecting the areas that very likely experienced variation in
soil erosion intensity induced by land-use changes, makes no claim to provide quantitative
data about soil losses and rates in the considered period. This is because other factors, in
addition to land-use, control soil erosion losses and rates. In particular, rainfall erosivity,
soil erodibility, slope length, slope gradient and soil management interact with land use in
determining the amount of soil loss [64]. The quantifications of these factors are out of the
scope of this paper. However, we can make some considerations based on the literature. As
regards rainfall erosivity, Diodato et al. [55] demonstrated that, in the study area, erosive
rainfall varies spatially according to elevation and distance from the coast. Because none
of these two variables changed in the considered period, we can consider constant the
spatial distribution of the rainfall erosivity in the study area. Vast literature ([10,11], and
references therein) also demonstrated that soil erodibility is, at least partly, controlled by
land-use changes, so where land use changes, soil erodibility also changes accordingly.
Finally, similarly to rainfall erosivity, slope length and slope gradient can also be considered
unchanged in the study area. Thus, even if this study does not provide quantitative results
about soil losses and rates, the map of Figure 7 should be considered a useful starting point
to this aim.

Geomorphological literature also confirms the reliability of the results obtained in
this study. In a recent paper, Magliulo et al. [53] demonstrated that the main river that
flows through the study area, i.e., the Sele River, experienced a channel narrowing by
36% between 1955 and 2011 (i.e., approximately the same period considered in this study),
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coupled with a reduction in transitional channel morphologies. Such kinds of river mor-
phological changes are perfectly coherent with a reduction in sediment supply to the river
from the surrounding slopes, i.e., with a reduction in soil erosion [17,18,52], such as that
hypothesized in this study for the entire Sele River basin. Furthermore, when sediment
supply from the slopes to the rivers decreases, sediment supply from the rivers to the
coast also decreases accordingly, often determining a shoreline retreat ([22], and references
therein). In the case of the Sele River basin, such a retreat in the considered period was
indeed demonstrated by the paper of Alberico et al. [81]. Finally, research on the sus-
pended sediment transport variations in rivers flowing through the studied catchment
would have been of great importance in further confirming the impact of land-use changes
on river transport. Such kinds of studies were carried out for the Sele River in connection
with the assessment of water quality [82-84]. Unfortunately, such studies embraced a too
short period (i.e., 4-5 years, from 2001 to 2006) compared with the time span (1960-2012)
considered in this study. Thus, the results were not useful in further supporting our data.

5. Conclusions

This study allowed assessing the land-use changes in the Sele River basin, which is
one of the larger basins of Southern Italy. The study provided a first contribution to fill
the gap in studies dealing with multidecadal assessment of land-use changes at the basin
scale, where more evident are the interrelationships between land-use changes, soil erosion
intensity, river morphological changes and shoreline geomorphological evolution. GIS
analysis proved, once again, to be a very effective tool in such kinds of studies.

The study confirmed the trend of inner areas of Italy moving towards more pristine
conditions, with an increase in forested areas, mainly at the expense of grasslands, while
agricultural areas remained substantially unchanged. Afforestation of slopes very likely
induced a significant reduction in soil erosion processes, confirmed by geomorphological
literature data. Such kinds of studies allow for assessing the type and the intensity of
human impact on river basins and have a relevant application-oriented importance in
detecting areas potentially most prone to experience soil erosion processes, flood hazard
and coastline modifications.
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