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Abstract The present study presents an assessment of the erosion for two
basins located on the Ionian side of southern Calabria (southern Italy). Two
different approaches are considered to evaluate soil erosion: a qualitative
method, based on aerial photo interpretative analysis, and a quantitative
method, based on the RUSLE model. The percentage of area affected overall
by surface erosion proves to be greater using the quantitative approach
(38.5%) compared to the qualitative (13.3%). The mean erosion estimated
using RUSLE is about 3.5 mm year" and can be compared with the values for
Calabria reported in the literature. The application of the two approaches has
shown that the spatial-temporal distribution of the parameters influencing the
erosive process plays a relevant role.
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INTRODUCTION

Soil erosion is caused by the interaction of several factors, among which surface water
runoff and human activities certainly play a significant role. This phenomenon is a
serious problem since it determines the removal of the most useful portions of soil for
the vegetation, of fine organic substances and materials, as well as diminishing the
capacity of the soil to retain water and nutrients. The serious effects of erosion
constitute a real environmental challenge that should not be underestimated. Also, in
the last few decades, erosive processes have been appearing everywhere with greater
frequency and importance. In Europe the worst situation can be found in the
Mediterranean area, with about 50-70% of cultivated agricultural land affected by soil
erosion phenomena. In the case of Italy it has been estimated that the area of potential
high erosion risk is about 27% (Giordano, 1994). Several areas of the Calabria region
(southern Italy) are subject to widespread and intense erosion phenomena. Reported
erosion rates can not be directly compared since they use differing spatial and temporal
scales. Sorriso-Valvo (1996) estimated that 6 mm year' from the slopes in some
Calabrian areas are lost (considering overall mass movements and surface erosion).
The same author estimated an erosion rate of 12 mm year" in a badland zone of the
southern Ionian coast with a small reservoir based on a temporal scale of 15 years
(Sorriso-Valvo et al., 1992). In addition, Raglione efal. (1980) experimentally
observing the slopes of a strip of the Calabrian lonian coast for about a year, estimated
erosion at a rate of 10 mm year™'.

The methodologies proposed in the literature for the study of erosion processes can
be divided into the following categories: quantitative, semi-quantitative and
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qualitative. The quantitative approach includes those models (empirical or
concentrated) for which the evaluation of the erosion is based on the application of a
single empirically obtained equation owing to the superimposition of effects. Among
the said procedures, one of the most used is the Universal Soil Loss Equation (USLE),
(Wischmeier & Smith, 1978). The semi-quantitative models are simple models
applicable in particularly complex climatic cases and when the basic information about
the factors that determine an erosion phenomenon is insufficient (PSIAC, 1968). The
qualitative approach includes all those methodologies based on direct observation of
soil degradation phenomena using such techniques as remote sensing and photo
interpretation, and on the creation of geomorphological maps, enabling the analysis of
erosion patterns and of the deposition produced by specific morphogenetic processes.
This paper reports an erosion assessment for a Calabrian Southern Ionian area to which
both a qualitative type methodology, based on the observation of aerial photographs,
and a quantitative methodology, based on the Revised version of the USLE (RUSLE)
proposed by Moore & Burch (1986), have been applied.

STUDY AREA

Most of Calabria consists of a sector of the Alpine chain formed of nappes derived
from oceanic and continental crust (Fig. 1). The whole region is undergoing tectonic
uplift which is the main cause of its high relief. Geological trends in association with
the Mediterranean climate (e.g. heavy seasonal rainfall) and the intense seismic and
human activity play an important role in producing highly unstable slopes. In
particular, mass movement and badland erosion are very common throughout the
region, except on alluvial plains and flat areas at the top of mountain ranges.

The study area is located on the eastern slopes of the Serre Massif and corresponds
to the basins of the Assi and Guardavalle fiumare. These two basins are representative
of the geomorphology and hydrology of the Ionian side of the Serre Massif. The
geological basement of the study area is represented by crystalline and metamorphic
rocks that outcrop in the medium-high part of the basins. Continental and marine
sedimentary terrains outcropping in the medium-low part of the basins lie transgres-
sively on crystalline-metamorphic unit. The Assi and Guardavalle fiumare basins have
an overall surface area of 95 km” (Assi 66.4 km?® and Guardavalle 28.6 km?). The main
water courses are 28.8 km and 18.2 km long, respectively, on a west—east axis
debouching to the lonian Sea with a mean slope around 5%. The hydrographic
networks of the two basins are similar in appearance, but different in drainage density
(7.7 km™ for the Assi and 5.5 km™ for the Guardavalle) and channel frequency (46.3
km™ and 20.3 km?, respectively). The altimetric characteristics are described in Fig. 2.
Calabria presents a rather heterogeneous rainfall distribution both on a spatial and a
time scale. In the western slopes (Tyrrhenian coastal zone) rainfall often exceeds 2000
mm year” while on the Ionian coastal zone annual rainfall varies between 600 and
1000 mm year™ . Eight pluviometric stations located in the surroundings of the basins
were used in the analysis: Badolato, Ferdinandea, Pietracupa, Mammone, Stilo, Punta
Stilo, Riace and Serra San Bruno (see Fig. 3). Average annual rainfall, weighted by the
number of years of observation, is 1265 mm with 122 days of rainfall on average. The
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Fig. 1 Geological sketch of Calabria. Units are grouped according to their mechanical
behaviour. Legend: (1) Miocene to Holocene marine and continental sedimentary
units; (2) Mesozoic and Tertiary flysh-type sequence; (3) Neogene hard sedimentary
units; (4) Paleozoic, medium to high-grade metamorphic and intrusive rocks of the
Alpine units; (5) Paleozoic and Mesozoic very low to low grade metamorphic rocks;
(6) carbonate units of the Appennine range and limestone cover of Alpine units. From

Sorriso-Valvo (1993), modified.
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Fig. 3 Map of estimated average soil loss for the Assi-Guardavalle basins.

most intense were those that occurred during October 1951, October 1953 and
September 2000. In particular, during the event of 14 October 1951, around 1046 mm
of rain fell in 5 days in Badolato, with a maximum intensity of 371 mm day.
Considerable rain (357 mm in the previous 10 days) preceded the event. During the
event of 1953, 675 mm were recorded at the Ferdinandea station (19 and 28 October).
Finally, 634 mm were recorded in Ferdinandea between 8 and 11 September 2000,
with maximum intensity of 271 mm day”', and 463 mm were recorded in Punta Stilo
between 8 and 10 September with maximum intensity of 301 mm day™.

METHODOLOGY

In order to estimate the erosion processes by a qualitative method, an aerial
photography investigation was carried out. Black and white aerial photographs of the
years 1954-1955 and 2000, respectively, at 1:33 000 and 1:25 000 scale, were used.
Aerial photographs of 1954—1955 were taken after the events occurred in central-
southern Calabria in October 1951 and October 1953. Therefore the use of these aerial
photographs provided an indication as to the sum of the effects produced in terms of
landslides and erosion by the intense rainfall events of 1951 and 1953. Aerial
photographs of 2000 were taken after the intense rainfall event that affected a sector
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Table 1 Results of the application of qualitative method (aerial photo interpretation).

Degree of erosion % of erosion relative to the total % of erosion relative to the total
basin areas (1954 aerial photos) basin areas (2000 aerial photos)

Weak 3.32 2.97

Moderate 3.06 1.05

Moderate with landsliding 5.86 1.77

Severe 0.40 0.00

Severe with landsliding 0.66 0.30

along the southern Ionian side of Calabria on 8-10 September 2000. Through the
interpretation of aerial photographs, two inventory maps at 1:25 000 scale related to
the two periods were prepared. These maps charted erosion processes and landslides.
Regarding erosion, three main classes have been identified: (a) areas with a high
degree of erosion; (b) areas with a moderate degree of erosion; (c) areas with a low
degree of erosion. Two other classes were added, representing those areas where
simultaneous landslide and erosion process have been described: areas with a moderate
degree of erosion plus landslides and areas with a high degree of erosion plus
landslides (Table 1).

For the quantitative approach, a specific software (Ero.Cal) was developed.
Ero.Cal allows the management of a geo-database, furnishes digital terrain maps in
GIS format and evaluates hydric erosion using mathematical modelling. The RUSLE
model, applied in this paper, is expressed as follows:

A=RKLSCP (1)

where 4 (t ha” year) is the estimated average soil loss, R (MJ mm ha™ h™' year™) is
the rainfall-runoff erosivity factor, K (t h MJ"' mm™) is the soil erodibility factor, L
(nondimensional) is the slope length factor, S (nondimensional) is the slope steepness
factor, C (nondimensional) is the cover-management factor, P (nondimensional) is the
support practise factor. Regarding the evaluation of the rainfall aggression factor (R),
the “isoerodents” have been calculated using the following relations proposed by Ferro
et al. (1991) for Sicily on the basis of the empirical relation elaborated by Renard et al.
(1997), and considered valid for the present study context:

R/100 =10.80 + 0.082 (1,2 Is.2 Jr42) (MJ mm ha™ year™) )

R/100 =-36.46 + 1.84 [F — 0.158 P (MJ mm ha™' year™) (3)

Equation (2) is valid for the pluviographic stations, (3) for the pluviometric stations.
112, Is» and b4, represent the values regarding a return period of 2 years of the annual
maximums of rainfall intensity of the respective durations of 1, 6 and 24 h; IF is the
modified Fournier index, referring to the mean annual values (Arnoldus, 1980). The
areal distribution of the factor K has been evaluated on the basis of the grain-size
characteristics of the surface material, taken from the soil map drafted by the Regional
Agency for Development and for Agricultural Services (ARSSA, 2003). In this way 19
types of soil and the corresponding K values have been identified. The values varied
from null erodibility R of the bottom of the valley, to a maximum of 1.27 t ha™ year™
in the slopes surrounding the high part of the basins where altered and degraded
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Table 2 Cover-management factor values and land use (from ARSSA, 2003).

Description C values
Annual agricultural crops (irrigated or not, tree-cover or not) 0.4
Permanent grasslands; vines; orchards; orange (lemon) grove; olives 0.3
Mixed forest 0.00015
Degraded forest 0.006
Shrubs; natural pasture 0.05
Mediterranean Macchia; riparian vegetation 0.003
Bare lands 1

Rare vegetation 0.3

crystalline ground outcrops. The S and L factors have been calculated, using a 40-m
grid DTM with the help of SURFER (1999) software. The C factor has been estimated
on the basis of the soil use map resulting from photointerpretation, on-site tests and
historical surveys (Table 2). Finally, regarding factor P, a unitary value has been
adopted, as usually it is the case for natural slopes with no conservation practices.

RESULTS AND DISCUSSION

The results of the erosion evaluation carried out using photointerpretation are shown in
Table 1. The reduction in the areas affected by observable erosion in 2000 compared to
1954-1955 is to be put in relation to the different pluviometrical characteristics of the
rainfall events. In general it has been observed that all the lithologic types outcropping
in the area are affected, even though to differing degrees, by the various erosion
classes. Figure 3 shows the average soil loss estimated by RUSLE model for the Assi-
Guardavalle basins. The results are analysed with regard to three homogeneous zones.
In the mountain zone, with protection by vegetation cover, a few limited areas present
surface erosion and the average erosion rate is about 0.9 mm year'. In the middle
zone, the erosion is more widespread (about 28% of the area falls in a class with an
erosion rate of 5.0-20.0 mm year') and the average erosion rate is about
7.0 mm year'. Finally, in the valley zone, the average estimated erosion value
(5.0 mm year™) is inferior to the middle zone average value even if the erosion is very
widespread (38% of the area has an erosion rate of 5.0-20.0 mm year'). The mean
erosion estimated using RUSLE is about 3.5 mm year' and it is comparable with
values given in the literature for Calabria.

The comparisons among the estimates obtained using the two different approaches
permit important observations to be carried out. The percentage of area affected overall
by surface erosion proves to be greater using the quantitative approach (38.5%)
compared to the qualitative (13.3 %). Photointerpretation allows the areas affected by
erosion to be recognized objectively, in a qualitative way, due to a particular sequence
of rainfall events, land uses, etc. On the contrary, the quantitative approach permits soil
erosion risk to be evaluated on the basis of various factors like soil use, agriculture
practices, soil management, etc. For instance, badlands prove the most subjected to
erosion on the basis of photointerpretation (1954 and 2000 years) but, being unaffected
by agriculture, RUSLE simulations furnish middle values. On the contrary, the RUSLE
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model is not able to simulate a snapshot. For this reason aerial photography constitutes
an indispensable tool to integrate knowledge about the physical factors affecting the
erosive process.

CONCLUSIONS

An estimate of erosion in a Calabrian Southern Ionian area has been carried out in this
paper. The application of the quantitative and qualitative approaches has shown the
need to pay special attention to the spatial-temporal distribution of the parameters
influencing the erosive process. In fact, only the evaluations carried out with aerial
photographs of 2000 (qualitative method) prove to be in correspondence with the
quantitative approach values which, even if referring to mean rainfall data, take the soil
use and vegetation conditions into account, approximately relative to the same
temporal period. Continuation of the study will enable the evaluations to be extended
over the whole of Calabria and an improvement in understanding regarding the
estimate of the parameters based on the application of different approaches.

Acknowledgements The authors are grateful to J. Carles Balasch for the relevant
remarks and comments which led to improve the initial version of this paper.

REFERENCES

Arnoldus, H. M. (1980) An approximation of the rainfall factor in the Universal Soil Loss Equation. In: Assessment of
Erosion (ed. by M. De Boodt & D. Gabriels). Wiley, Chichester, UK.

ARSSA (2003) I suoli della Calabria. Carta dei suoli della Calabria 1:250.000 della Regione Calabria. Servizio
Agropedologia, Monografia divulgativa.

Ferro, V., Giordano, G. & Iovino, M. (1991) La carta delle isoerodenti e del rischio erosivo del territorio siciliano come
strumento per la pianificazione degli interventi di conservazione del suolo. In: / Piani di bacino per la difesa del suolo,
la gestione delle acque e la tutela dell’ ambiente (Atti Convegno Nazionale Taormina, 23—24 Novembre 1990).

Giordano, A. (1994) Valutazione del rischio di erosione del suolo nell’ambiente mediterraneo. Programma CORINE della
CEE. In: Difesa e Valorizzazione del Suolo e degli Acquiferi (Atti del IV Convegno Internazionale di Geoingegneria,
Torino), 151-160.

Moore, I. D. & Burch, G. J. (1986) Modelling erosion and deposition: topographic effects. Trans. ASAE 29, 1624-1630.

PSIAC (Pacific Southwest Inter Agency Committee) (1968) Report of the water management subcommittee on factors
affecting sediment yield in the pacific southwest area and selection and evaluation of measures for reduction of
erosion and sediment yield. Pacific Southwest Inter Agency Committee.

Renard, K. G., Foster, G. R., Weesies, G. A., McCool, D. K. & Yoder, D. C. (1997) Predicting soil erosion by water: a
guide to conservation planning with the Revised Universal Soil Loss Equation. USDA Agric. Handbook 703,
Washington, USA.

Raglione, M., Sfalanga, M. & Torri, D. (1980) Misura dell'erosione in un ambiente argilloso della Calabria. Annali Ist.
Sper. Studio e Difesa Suolo XI, 159-181.

Sorriso-Valvo, M. (1993) The geomorphology of Calabria—a sketch. Geogr. Fis. Dinam. Quat. 16, 75-80.

Sorriso-Valvo, M. (1996) Relationship between mass-movement, bedload budget and beach dynamics with special regards
to streams with coarse-grained riverbeds. In: The Coast: Geological/Geomorphological Processes and Resources
Management (Perth Seminar., 4 June, Perth, Australia).

Sorriso-Valvo, M., Antronico, L. & Borelli, A. (1992) Recent evolution of badland-type erosion in Southern Calabria
(Italy). Geooko plus 3, 69—-82.

SURFER (1999) User’s guide. Contouring and 3D. Surface mapping for scientist and engineers. Golden software, Inc.,
Golden, Colorado, USA.

Wischmeier, W. H. & Smith, D. D. (1978) Predicting rainfall erosion losses. USDA Agriculture Handbook 537,
Washington, USA.



