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SCIENCE

The influence of geological–morphological and land use settings on shallow
landslides in the Pogliaschina T. basin (northern Apennines, Italy)
C. Bartelletti a, R. Giannecchini a, G. D’Amato Avanzi a, Y. Galanti a and A. Mazzalib

aDepartment of Earth Sciences, University of Pisa, Pisa, Italy; bMagra River Basin Authority, Sarzana, Italy

ABSTRACT
On 25 October 2011, the eastern Liguria (Vara Valley and Cinque Terre area) and northwestern
Tuscany (Magra Valley) were affected by an extreme rainstorm (almost 600 mm/24 h) that
caused floods, thousands of shallow landslides, 13 casualties and damage to villages and
infrastructure. This study aims at analysing the main features of the 25 October 2011 shallow
landslides occurred in the Pogliaschina Torrent basin (25 km2 wide, Vara Valley), in order to
investigate the influence of specific predisposing factors (land use, geological and structural
setting, plan and profile curvature, slope angle and aspect) on landslide occurrence. For this
purpose, both a landslide inventory map and a geology map (scale 1:10,000) were prepared.
In addition, a database including the main geological, geomorphological, structural and land
use features of the landslide source areas was implemented. The relationship between
landslide source areas and the main predisposing factors was evaluated through spatial and
statistical analysis.
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1. Introduction

On 25 October 2011 an extreme rainstorm struck east-
ern Liguria (Vara Valley and Cinque Terre area; Figure
1) and northwestern Tuscany (Magra Valley). The
rainstorm triggered hundreds of shallow landslides
and floods, causing 13 fatalities and severe damage to
villages, infrastructure and roads (Bartelletti, D’Amato
Avanzi, Galanti, Giannecchini, & Mazzali, 2015;
Bordoni et al., 2015; D’Amato Avanzi, Galanti, Gian-
necchini, & Bartelletti, 2015; Galanti, Giannecchini,
D’Amato Avanzi, Barsanti, & Benvenuto, 2016;
Galve, Cevasco, Brandolini, & Soldati, 2015). The
rain gauges located at Brugnato, Calice al Cornoviglio
(Vara Valley) and Monterosso (Cinque Terre)
recorded 424.2, 340.4 and 259.2 mm in 6 h (from
10:00 to 16:00 UTC), and 538.2, 452.8 and 381.8 mm
in 24 h, respectively (Figure 2).

During recent decades, a high number of rainfall-
induced landslides occurred in eastern Liguria (e.g.
Lavagna and Vara Valleys) and in nearby northwestern
Tuscany (Apuan Alps, Garfagnana, Versilia and
Serchio River Valley) – as happened on 19 June 1996
(Versilia and Garfagnana, 14 causalities; D’Amato
Avanzi, Giannecchini, & Puccinelli, 2004), 6 November
2000 (Versilia and Serchio Valley; D’Amato Avanzi,
Giannecchini, & Puccinelli, 2002), 20 November 2000
(Serchio River Valley, 5 causalities; D’Amato Avanzi
et al., 2002), 23 September 2003 (Apuan Alps), 31
October 2010 (Massa-Carrara province, northwestern

Tuscany, 3 casualties; D’Amato Avanzi, Galanti,
Giannecchini, & Puccinelli, 2013), 22–25 December
2009 (Serchio, Magra and Vara Valleys; D’Amato
Avanzi et al., 2013) and 22–23 December 2010
(Magra Valley; Sacchi, 2012). A recent rainstorm also
occurred on 10 November 2014 in Lavagna Valley
(Cevasco, Pepe, D’Amato Avanzi, & Giannecchini, 2015).

In the Pogliaschina Torrent basin (Vara Valley;
Figure 1), the 25 October 2011 rainstorm showed
very high rainfall intensity (143.4 mm from 13:00 to
14:00 UTC at Brugnato, nearby the Pogliaschina
T. basin; D’Amato Avanzi, Galanti, Giannecchini,
Mazzali, & Saulle, 2013; Persichillo et al., 2016), indu-
cing hundreds of shallow landslides. Most of them were
first-time movements, mainly complex, translational
debris slide-flows (Cruden & Varnes, 1996). The failure
surface was commonly located at the soil-bedrock con-
tact, sometimes involving portions of weathered bed-
rock. Despite the small volume of material mobilized,
this type of landslide is very dangerous due to the fol-
lowing factors: extremely rapid triggering and evol-
ution, difficulty of temporal and spatial prediction,
lack of knowledge about triggering mechanisms, high
areal frequency and high run-out distance (D’Amato
Avanzi et al., 2004; D’Amato Avanzi, Galanti et al.,
2013; Giannecchini, Galanti, D’Amato Avanzi, &
Barsanti, 2016).

Slope stability is generally controlled by a series of
interrelated environmental parameters, namely
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lithology, structure and texture of rock and soil, mor-
phology and the topographic surface (described by
attributes such as slope angle, curvature, etc.), hydrolo-
gical conditions, vegetation, land use and land use
practise (Van Westen, 2000; Van Westen, Castellanos,
& Kuriakose, 2008). During intense rainfall, some par-
ameters can influence slope stability more than others
and can contribute to generate shallow landslides
(Cevasco, Pepe, & Brandolini, 2014). For this reason,
the analysis of the relationship between landslide distri-
bution and environmental parameters not only leads to
a better investigation of the landslide mechanisms, but
can also offer a basic tool for predicting future land-
slides (Zhou, Lee, Li, & Xu, 2002).

This paper focuses on the spatial distribution of the
shallow landslides that occurred in the Pogliaschina
T. basin on 25 October 2011 and on linkages with
environmental parameters, in order to detect the
main combination of parameters that contribute to
shallow landslide initiation. With this purpose, both a
detailed landslide inventory map related to the 25
October 2011 event and a digital geological map of
the Pogliaschina T. basin (1:10,000 scale) were pre-
pared. The landslide inventory and geological maps
were stored in a database implemented using a geo-
graphical information system (GIS). GIS is an excellent
tool in the analysis of landslide distribution in relation
to spatial variability of terrain variables (Van Westen,

Figure 1. Location map of the study area.

Figure 2. Isohyet map of the 25 October 2011 rainstorm (cumulative rainfall in 24 h). The violet line borders the Pogliaschina
T. basin.
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2000). In this study, the role of each environmental
parameter on landslide occurrence was investigated
through landslide database queries.

For the proposed methodology, this work represents
an important first step in evaluating shallow landslide
susceptibility in the Pogliaschina T. basin.

2. Study area

The Pogliaschina T. basin is situated in the Vara Valley
(northern Apennines, Italy; Figure 1). It is 25 km wide
and has a maximum elevation of about 720 m a.s.l.,
while the valley bottom is at about 95–100 m a.s.l.
(Figure 3). The climate is typically Mediterranean,
with dry and hot summers and mild winters. At this
latitude rainstorms mostly occur in autumn (October–
November; Giannecchini & D’Amato Avanzi, 2012),
and the mean annual precipitation is about 1500 mm
(Mondini et al., 2014). Vegetation is mainly represented
by hardwood (mostly chestnut) and coniferous (mari-
time pine) forests. Agricultural areas include cultivated
and abandoned terraces for olive groves and vineyards,
particularly common around the villages of Borghetto
di Vara, Cassana and L’Ago.

The Vara Valley occupies a morpho-structural
depression enclosed between the La Spezia ridge to
the west and the M. Picchiara-M. Cornoviglio ridge
to the east, produced from two main tectonic phases
which formed the northern Apennines (Raggi, 1985).
From the Cretaceous to the Eocene, a compression

phase was responsible for the development of synclinal
and anticlinal folds; from the Upper Miocene an exten-
sion phase produced sets of normal faults, intersecting
the previous structure (Bernini & Lasagna, 1988). The
basin is underlain by tectonic units coming from the
following paleogeographic domains (Puccinelli,
D’Amato Avanzi, & Perilli, 2015b): Internal Ligurian
Domain, Sub-Ligurian Domain, Tuscan Domain
(Figure 4).

In the study area, the bedrock is mainly formed of
medium and coarse quartz-feldspathic sandstone
(Macigno Fm., MAC; Tuscan Nappe Unit) and
quartz-feldspathic greywacke sandstone-siltstone (Are-
narie di Monte Gottero Fm., GOT; Gottero Unit).
These formations underlie 46.9% (west-southwest por-
tion) and 34.1% (northeast-eastern portion) of the
whole basin (Figure 4), respectively.

The geological units cropping out in the basin are
listed from the upper to the lower one in Figure 4
and are described on the Main Map.

3. Methods

The cartographic basemap is a geological map
(1:10,000 scale; Figure 4), derived from geological
maps produced by Abbate (1969), Abbate et al.
(2005), Bortolotti et al. (2011), Puccinelli, D’Amato
Avanzi, and Perilli (2015a). The 25 October 2011 land-
slide inventory map was overlain on the geological
map. The landslide inventory map (Figure 3) was

Figure 3. Comparison between the landslide inventory map and 24 h isohyets of the 25 October 2011 rainfall in a 5×5 m DEM. The
box shows a zoom of the landslide inventory.
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obtained by the analysis of post-event aerial photo-
graphs, orthophotos, Google Earth images and field
survey. The aerial photos were acquired on 28 October
2011, provided by the Liguria Regional Administration,
while the orthophotos were acquired on 28 November
2011, taken by the Friuli Venezia Giulia Regional
Administration and provided by the Liguria Regional
Administration. The aerial survey covers the eastern
portion of the basin where many landslides occurred.
However, the field survey involved the whole basin
and allowed compilation of data for the entire study
area. Google Earth images were used to identify mor-
phological changes and to detect landslide scars older
than the 25 October event using older imagery.

The landslide database was implemented according
to the guidelines of the IFFI project (Italian Landslide
Inventory; Amanti et al., 2004, 2005) and those of the
landslide inventory model proposed by the LaMMA
Consortium – Environmental Modelling and Monitor-
ing Laboratory for Sustainable Development (Consor-
zio LaMMA, 2012). Each landslide source area is
represented as a georeferenced point, called a PIFF
(Landslide Identification Point), placed at the highest
point of the landslide crown. Different to the IFFI pro-
ject, in this study the landslide identification point was
placed inside the perimeter of each landslide rather
than on its boundary, so that it coincides with the
point label feature containing the attribute table that
is transferred to the landslide polygon during its con-
struction using Esri ArcGIS.

The attribute table for the landslide source areas
includes both general information (number, position,

type of movement) and the main environmental par-
ameters (geology, structural setting, land use, slope
angle, aspect, plan and profile curvature). The type of
movement uses the Cruden and Varnes (1996) classifi-
cation. Geology and land use features were obtained
from the geology map of the Pogliaschina T. basin
and land use map of the Liguria Region at 1:10,000
scale (Regione Liguria, 2013), respectively.

The morphometric parameters (slope angle, aspect,
plan and profile curvature) were derived from the Digi-
tal Elevation Model (DEM 5 × 5 m) using Esri ArcGIS.
Slope angle (S; change of the maximum slope), aspect
(A; direction of steepest slope with respect to North),
plan curvature (PLC; intersection between the topo-
graphic surface and the XY plane) and profile curva-
ture (PRC; intersection between the topographic
surface and the YZ plane parallel to the direction of
the maximum slope) maps were obtained for each
cell. Plan curvature allows verification of the concavity
(PLC < 0) or convexity (PLC > 0) of slopes and conse-
quently indicates the convergence or divergence of
superficial and sub-surface flow. Profile curvature
describes the change of slope angle affecting flow accel-
eration and deceleration, which influences erosion and
deposition. Positive values indicate that the surface is
convex and that flow accelerates, while negative values
indicate that the surface is concave and that flow
decelerates.

By overlaying geology, land use, slope angle, aspect,
plan and profile curvature maps with the landslide
inventory map, the response to the variation of such
environmental parameters was analysed for each

Figure 4. Geological sketch map of the Pogliaschina T. basin.
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landslide source area. Landslide distribution for each
class of the considered parameters was defined, the
related landslide index (LI; landslide area in a given fea-
ture class/area of that class) was computed, and the
results compared. The subdivision of environmental
parameters into classes having a LI higher or lower
than that of the whole basin (LIB, ratio between the
total landslide area and the whole basin area), allows
us to verify whether they are correlated with landslide
occurrence. Moreover, the LI analysis allows identifi-
cation of parameters which are more or less susceptible
to landsliding. If a parameter includes classes showing
a great difference in LI, it is a significant parameter in
shallow landslide assessment; otherwise, if a parameter
has similar values of LI, it is not well related with the
landslide inventory and consequently does not play
an important role in landslide susceptibility.

4. Results

The 2011 heavy rainstorm triggered hundreds of
shallow landslides. Their main features are now sum-
marized and related to the most significant environ-
mental parameters.

4.1. Landslide features

658 shallow landslides were triggered during the 25
October 2011 rainstorm in the Pogliaschina T. basin
(Figure 3). 569 of them were classified as complex,
translational debris slide-flows (Cruden & Varnes,
1996; Figure 5(a and b)). Most of these were first-
time superficial (0.3–2 m thick) and linear (width/

length ratio 0.03–0.5) landslides, mainly involving
coarse-grained soil and sometimes portions of bedrock.

The other 89 landslides fall into the rotational debris
slide class (Cruden & Varnes, 1996; Figure 5(c)), with a
small size and a width/length ratio > 1. They were prin-
cipally located upstream of road cuts, where the
anthropogenic modification of the slopes may have
influenced the failure (D’Amato Avanzi et al., 2013;
Giannecchini, Galanti, & D’Amato Avanzi, 2012).

In the study area, the 2011 landslide density is 26
landslides per km2, with LIB of 3.0% (dashed line in
Figures 6–9). 70.5% of complex, translational debris
slide-flows intersected the hydrological network and
increased the debris and wood transport of the
Pogliaschina Torrent. Considering a mean soil thick-
ness of 1.5 m involved in landsliding, and a total
landslide area of about 783,000 m2, the total volume
of material mobilized by the landslides was estimated
at 1,174,500 m3.

4.2. Landslides and bedrock type

Shallow landslides mainly involved soils covering the
GOT and MAC formations. These very similar for-
mations respectively underlie 46.9% (west-southwes-
tern portion) and 34.1% (northeastern portion) of the
whole basin (Figure 4), where 76.6% and 14.2% of
the 25 October 2011 landslides respectively occurred.
The landslide index in relation to the basin geology
(LIG, ratio between the landslide area in each formation
and the total area underlain by the same formation) of
the GOT and MAC Fms. area resulted 6.9% and 1.3%,
respectively (Figure 6). Despite the similarity of such
formations, the smaller value of LIG obtained for

Figure 5. Examples of complex, translational debris slide-flows (a), source area of debris slide-flow (b) and roto-translational slide (c).
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MAC Fm. (Figure 6, Table 1) could be attributable to
the relatively less intense rainfall that hit the area
where this formation crops out (340–380 mm in
24 h, SW area; Figure 3). In contrast, the higher LIG
value for GOT Fm. is probably linked to the high rain-
fall intensity (340–500 mm in 24 h, NE area) recorded
in the GOT area (Figure 4). Except for the GOT Fm., all
geological formations showed an LIG lower than the
LIB (Figure 6).

The correlation between landslide distribution and
bedrock attitude highlights that 40.1%, 32.2% and
27.2% of landslides occurred where the rock layers
dip obliquely, upslope and downslope, respectively.
This result is consistent with the prevalent oblique
orientation of slopes in accordance with the main
trending tectonic structures (NW–SE direction).
Finally, it should be remarked that the largest land-
slides activated where the rock layers are dipping
downward, as also observed by D’Amato Avanzi
et al. (2004) in the southern Apuan Alps.

4.3. Landslides and land use

In order to compare shallow landslide distribution and
land use, the Pogliaschina T. basin was subdivided into

three main land use categories: woodland (92.8% of the
basin), agricultural (5.6%) and urban (1.6%) areas.
83.3%, 14.9% and 1.8% of the 2011 shallow landslides
fall into these three categories, respectively. The wood-
land area was further subdivided into four classes:
chestnuts (45.6% of the whole area), pine woodlands
(21.5%), mixed hardwoods and conifers (mainly chest-
nuts and pines, 16.8%) and other types (9.1%). 30.2%,
20.4% and 16.4% of the shallow landslides fall into the
first three classes, respectively (Figure 7). Chestnut
(Castanea sativa) and pine (mainly Pinus pinaster)
woodlands are in a poor condition, due to low main-
tenance and heavy parasite infestation: chestnuts and
pines are attacked by the chestnut gall wasp (Dryocos-
mus kuriphilus) and by the cochineal (Matsucoccus
feytaudi), respectively. Landslide density is greater in
areas of heavy infested pine woodlands than in less
infested areas. Thus, the M. feytaudi infestation prob-
ably induces a negative influence on slope stability,
weakening the trees and reducing root reinforcement
of the soil. Further studies on this topic are however
necessary and of great importance in order to confirm
this hypothesis and to plan countermeasures.

Agricultural areas, made of dry stone wall terraces
or grassy embankments, include vineyards (0.6% of
the basin area), olive groves (0.9%), abandoned olive
groves (0.1%), mixed vineyards and olive groves
(0.4%) and meadows (3.6%). Although agricultural
areas cover only 5.6% of the Pogliaschina T. basin,
14.9% of the shallow landslides occurred in this land
use class (Table 1). In general, the landslide index for
land use (LILU, ratio between the landslide area in
each land use class and the total land use class area)
of the agricultural areas is higher than that of other
land use classes (Table 1). The LILU of mixed vineyards
and olive groves, abandoned olive groves, vineyards
and olive groves are 16.2%, 14.1%, 13.7% and 6.6%
(Figure 7), respectively. Otherwise, chestnuts, mixed
hardwoods and conifers, and pine woodlands are
characterized by low LILU values: respectively of
2.1%, 3.4% and 3.8% (Figure 7).

The great variability of the LILU values for each class
indicates that land use as significant landslide predis-
posing factor. In particular, terraced agricultural areas
are more prone to landsliding than woodlands. This
could be explained by considering that sub-horizontal
surfaces of terraces generally hinder runoff in favour
of water infiltration. Therefore, during intense rainfall
and in the absence of maintenance, the soil of a ter-
raced area can become saturated more easily than
on a natural slope, so causing instability (Cevasco,
Brandolini, Scopesi, & Rellini, 2013; Crosta, Dal
Negro, & Frattini, 2003; Tarolli, Preti, & Romano,
2014).

Significant differences in terms of LILU were found
between cultivated and abandoned terraced areas: the
abandoned olive groves showed a double LILU than

Figure 6. Percentage of landslide and LIG for the different geo-
logical classes. (ACC = Argille e calcari di Canetolo Fm., APA =
Argille a palombini Fm., GOT = Monte Gottero Fm.; LVG = Val
Lavagna Fm., MAC = Macigno Fm., MAI = Maiolica Fm., SRN
= Serpentiniti Fm., STO = Scaglia toscana Fm.). The dashed
black line shows the LIB.

Figure 7. Landslides and LILU (in %) compared to land use. The
dashed black line shows the LIB.
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the cultivated ones (Figure 7, Table 1), probably
attributable to a lack of or poor maintenance of the ter-
raced areas. Landslide susceptibility of the abandoned
terraced areas higher than that of the cultivated ones
is consistent with the observations of Cevasco et al.
(2014) in the Vernazza Basin (Cinque Terre area)
during the same meteorological event.

4.4. Landslides and morphometric parameters

The shallow landslide distribution was also compared
with four fundamental morphometric parameters:
aspect, slope angle, plan curvature and profile curva-
ture, obtaining the LI for each morphometric par-
ameter. With regards to aspect, most landslides
occurred on the southeast (21.9%) and south (19.0%)
facing slopes (Figures 8(a) and 9(a)). Few landslides
involved north (11.9%) and northeast (7.1%) facing
slopes (Figure 9(a)). This distribution is not directly
attributable to aspect, but is probably indirectly influ-
enced by other parameters, such as slope angle and
land use. Indeed, the highest landslide susceptibility
of the south facing slopes may be related to their steep-
ness and the diffusion of terraced areas (Figure 8(a)).

Only landslide indexes (LIA) for the SE (4.4%), SW
(4.3%), W (3.7%) and S (3.4%) classes are higher than
the LIB. The difference between these LIA and the LIA
for the remaining aspect classes is not high, likely high-
lighting a poor correlation between aspect and land-
slide distribution. Therefore, as already observed for
the Sicily Region (Italy) by Manzo, Tofani, Segoni,
Battistini, and Catani (2013), the influence of aspect
may be negligible in a landslide susceptibility
assessment.

In order to investigate the influence of slope angle
on landslide occurrence, the study basin was subdi-
vided into nine slope angle classes (≤15°, 16–20°,
21–25°, 26–30°, 31–35°, 36–40°, 41–45°, 46–50°, ≥51°).
The slope angle distribution in these classes is largely
homogeneous, although the class 31–35° is notably
different (Figure 8(b)). This homogeneity is reflected
in the shallow landslide distribution, with the 31–35°
class including the highest percentage of source areas
(24.3%; Figure 9(b)). Only 6.3% of source areas fall
into the slope angle classes ≤15° and ≥51°, demonstrat-
ing that landslides rarely occur on gentle slopes (smaller
shear stress) and on very steep slopes (soil and debris are
thin or rocky outcrops prevail).

Figure 8. Aspect map (a), slope angle map (b), plan curvature map (c) and profile curvature map (d) of the Pogliaschina T. basin
(derived from 5×5 m DEM) showing the 25 October 2011 shallow landslide distribution.

148 C. BARTELLETTI ET AL.



The landslide index for slope angle (LIS) classes of
16–20°, 21–25°, 26–30°, 31–35° and 36–40° are 4.2%,
3.4%, 3.3%, 3.9% and 3.0% (Figure 9(b)), respectively.
The other classes, which have LIS<3.0% (Figure 9(b)),
show a poor correlation with the landslide distribution.

The relationship between shallow landslides and
plan and profile curvature was also analysed. Concave
slopes (PLC < 0) include 39.2% of landslides and their
landslide index (LIPLC<0) is 5.1% (Figure 9(c)). The
LIPLC=0 (2.1%) and LIPLC>0 (2.2%) values are lower
than the LIB. Consequently, the slopes with PLC = 0
and PLC > 0 are less susceptible to landsliding than
those with PLC < 0.

The landslide distribution in the three profile curva-
ture classes (PRC < 0, PRC = 0, PRC > 0) is hom-
ogenous (Figure 9(d); Table 1), although the class
PRC > 0 (convex slopes; 34.6%) is slightly higher. The
PRC < 0, PRC = 0 and PRC > 0 classes have similar
LIPRC values: 3.4%, 2.7% and 3.0% (Figure 9(d);
Table 1), respectively, highlighting a poor correlation
of this parameter with landsliding.

Ultimately, the areas most prone to shallow land-
slide initiation are located in the upper part of the
slopes and are characterized by a concave morphology.
Comparable results were obtained by several authors
(Campbell, 1975; D’Amato Avanzi et al., 2004;
Dietrich, Reneau, & Wilson, 1987; Reneau & Dietrich,
1987; Smith, 1988), which asserted that concave slopes

are more susceptible to shallow landsliding, because of
running water concentration and the build-up of pore
pressure. In this study, the analysis and comparison of
landslide source areas and types of movement with the
plan curvature parameter highlighted that about 41%
of debris slide-flows originated on concave slopes,
while only 29% of debris slides were generated in the
same category.

5. Conclusions

On 25 October 2011 a heavy rainstorm (almost
600 mm in 24 h) hit eastern Liguria and northwestern
Tuscany, triggering hundreds of shallow landslides in
the Pogliaschina T. basin. 658 landslides were sub-
sequently detected, mapped and analysed during this
work and are presented on the Main Map.

A landslide database including the geological–geo-
morphological and land use features of landslide source
areas was also implemented, with the aim of analysing
the influence of some terrain factors (geology, struc-
tural setting, land use, aspect, slope angle and plan
and profile curvature) on landslide occurrence.

The bedrock lithology appears to be an important
factor in the localization of shallow landslide source
areas. In fact, 90.7% of shallow landslides were trig-
gered on soil covering arenaceous formations (GOT
and MAC Fms.). In particular, GOT Fm. showed the

Figure 9. Landslides and LI (in %) compared to aspect (a), slope angle (b), plan curvature (c) and profile curvature (d). The dashed
black line shows the LIB.
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highest LIG (6.9%). This value may be affected by the
high values of rainfall (340–500 mm in 24 h) recorded
on the areas underlain by GOT Fm. The structural set-
ting of bedrock seems to influence both the landslide
distribution and size. The largest landslides occurred
where bedrock layering dips downslope.

The comparison between landslide inventory and
land use indicates that terraced agricultural areas are
more prone to landsliding than woodland. In fact,
although the majority of landslides (83.3%) involved
the latter, the highest LILU values were found for vine-
yards and mixed vineyards and olive groves (13.7–
16.2%). The degree of maintenance of terraced agricul-
tural areas seems to play an important role on landslide
susceptibility: the LILU of the abandoned olive groves
(14.1%) is about double than that of cultivated olive
groves (6.6%).

The correlation between shallow landslides and
slope morphology of the source areas indicates that
the failures mainly initiated on concave slopes (39.2%
of landslides; LIPLC<0 = 5.1%).

Moreover, the landslide source areas were mainly
located on southeast (21.9%) and south (19.0%) facing
slopes. This is not attributable directly to aspect, but is
probably related to the indirect influence of slope angle
and land use, since south and southeast facing slopes
are very steep and covered by terraced areas.

Although it was possible to appreciate some differ-
ences in landslide distribution, slope angle, aspect
and profile curvature are not strongly associated with
landslide occurrence, as no significant variation of LI
was observed. Otherwise, geology, land use and plan
curvature showed an important correlation with shal-
low landslides, as they have a great difference of LI
among the classes.

In conclusion, this paper (and Main Map) provides
basic information on the main predisposing factors
controlling shallow landslide occurrence. This work
can represent a useful tool for landslide susceptibility
and hazard assessment in the study area. Statistical
methods for landslide susceptibility mapping of the
study area are currently being performed.

Table 1. Statistical analysis of the relationship between environmental parameters subdivided into classes and the 25 October 2011
shallow landslides.
Parameter Class Area (m2) Landslide area (m2) LI (%) Landslide (%)

Geology ACC 1,897,465 2630 0.1 0.9
APA 183,405 5318 2.9 0.9
GOT 8,580,391 594,688 6.9 76.4
LVG 91,416 2340 2.6 0.6
MAC 11,702,587 146,672 1.3 14.3
MAI 132,981 1049 0.8 0.3
SRN 540,649 11,820 2.2 1.2
STO 874,117 18,498 2.1 5.3

Land use Urban area 404,352 5545 1.4 1.8
Vineyards 138,449 18,962 13.7 4.3
Mixed vineyards and olive groves 105,151 17,008 16.2 2.3
Olives groves 235,364 15,444 6.6 3.2
Abandoned olive groves 34,235 4822 14.1 0.8
Meadows 893,574 21,212 2.4 4.4
Mixed thermophile and mesophile woodlands 465,812 25,528 5.5 3.2
Chestnuts 11,393,504 242,288 2.1 30.2
Hygrophile woodlands 807,967 2175 0.3 0.9
Pines woodlands 5,386,655 202,070 3.8 20.4
Mixed hardwoods and conifers 4,189,809 142,861 3.4 16.4
Scrub lands 950,860 86,098 9.1 12.2

Aspect N 3,749,150 96,600 2.6 11.9
NE 3,531,000 80,250 2.3 7.1
E 2,931,125 72,250 2.5 8.2
SE 3,658,675 160,325 4.4 21.9
S 3,188,925 109,825 3.4 19.0
SW 2,042,375 88,125 4.3 12.5
W 1,927,675 72,050 3.7 8.8
NW 3,118,850 69,250 2.2 9.6
FLAT 877,850 6100 0.7 1.1

Slope ≤15° 3,900,625 43,200 1.1 4.9
16–20° 2,548,000 106,550 4.2 9.7
21–25° 3,325,425 113,625 3.4 16.0
26–30° 4,021,750 133,200 3.3 21.0
31–35° 4,414,800 172,100 3.9 24.3
36–40° 3,855,875 115,325 3.0 12.9
41–45° 2,039,000 44,525 2.2 7.2
46–50° 693,050 21,200 3.1 2.5
≥51° 227,075 5050 2.2 1.4

Plan curvature PLC < 0 7,306,000 374,675 5.1 39.2
PLC = 0 8,306,200 175,175 2.1 29.3
PLC > 0 9,414,100 204,925 2.2 31.5

Profile curvature PRC < 0 7,950,200 267,250 3.4 32.9
PRC = 0 8,770,100 236,450 2.7 32.7
PRC > 0 8,306,000 251,075 3.0 34.6

Note: Landslide index values higher than LIB (3.0%) are highlighted in bold.
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Further investigations will be performed in order to
quantify the geotechnical and hydrogeological par-
ameters (cohesion, friction angle, hydraulic conduc-
tivity) of soils involved in landsliding, which play a
key role in slope stability (D’Amato Avanzi, Galanti,
Giannecchini, Lo Presti, & Puccinelli, 2013) and will
be used in physically based models to produce land-
slide susceptibility maps of the study area. The com-
parison between susceptibility maps obtained using
statistical and physically based methods will contribute
to an understanding of the features of shallow landslide
source areas. Moreover, rainfall thresholds for shallow
landslide initiation are under study and will help to
improve forecasting and warning systems. Finally, all
these studies will help to identify risk scenarios for
shallow landslide occurrence in the study area

Software

Georeferencing and digitization, landslide database,
statistical analysis, geomorphological and geological
maps were entirely developed using Esri ArcGIS® 10.
Map Layout and final editing were performed using
CorelDraw®X6.
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