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SCIENCE
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ABSTRACT  
We present the geomorphological map of the upper sector of the Roncovetro active landslide 
(Enza Valley, Emilia-Romagna, Italy). The 1:1500 scale map provides an accurate picture of the 
landslide in October 2014. The map is mainly based on the data collected during an airborne 
LiDAR survey. The capability of LiDAR to ‘penetrate’ the vegetation cover makes these data the 
most complete and accurate topographic dataset of this landslide. The map shows that the 
upper sector of the Roncovetro landslide consists of gravity- and water runoff-related forms. 
Gravitational features are linked to sliding and flowing movements that characterize the 
short- and long-term behaviour of the landslide. By comparing the 2014 LiDAR-Digital 
Elevation Model (DEM) with the 1973 DEM provided by the Emilia-Romagna Region, we 
calculated that 6.2 ± 0.8 × 105 m3 of material has moved from the top of the Roncovetro 
landslide in about 40 years.
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1. Introduction

The Roncovetro landslide, also known as Lavina di 
Roncovetro (Bertolini & Gorgoni, 2001) or Vedriano 
landslide (Cervi & Tazioli, 2021), is a 2.5 km long 
complex earth flow (Cruden & Varnes, 1996) located 
in the Enza Valley (Municipality of Canossa, Emilia- 
Romagna Region, Italy) on the southern slope of 
Mount Staffola and extends from its top, down to 
the Tassobbio Stream (Figure 1). The Roncovetro 
landslide seriously menaced an edifice located next 
to its crown, as well as electric and water supply pipe-
lines. To protect the road that once linked Vedriano 
and Roncovetro villages passing through the top of 
Monte Staffola, in the 1990s, the Emilia-Romagna 
Region (RER) installed imposing retaining structures 
on the crown. These structures are now largely 
damaged by the landslide movement and the road is 
impassable because the crown retratment. Moreover, 
the white road linking the villages of Roncovetro 
and Vedriano (Figure 1) is periodically flooded by 
earth flow. From 2014 till the time of writing, this 
road was swept away four times: in March 2015, 

May 2019 (Gracchi, 2019), December 2020 and 
March 2023.

The Roncovetro landslide is accessible in its upper 
part and it is easy to reach by car. It alternates phases 
of small movements, mainly superficial, that involve a 
small volume of material, with events during which a 
significant volume of detached materials move from 
the upper sector of the landslide to the channelized 
downslope sectors (Bertolini & Gorgoni, 2001). For 
these reasons, the Roncovetro landslide was chosen 
as a test site for assessing new monitoring technologies 
in the frame of the LIFE + European project (LIFE12-
ENV/IT/001033) ‘Wireless sensor network for 
Ground Instability Monitoring’ (Wi-GIM; Intrieri 
et al., 2018; Mucchi et al., 2018), and as test site for 
the Project ‘Integrated and multi-scale approach for 
the definition of earthquake-induced landslide hazard 
in the Italian territory’ financed by the Italian Ministry 
of Environment, Land and Sea. At the time of writing, 
it was also chosen as an area of interest for the ‘Land-
slide Enhanced Monitoring Network’ project funded 
by Istituto Nazionale di Geofisica e Vulcanologia.
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During these projects, field mapping and remote 
laser scanning surveys were carried out. In particular, 
during the Wi-GIM project, an airborne Light Detec-
tion And Ranging (LiDAR) survey of the landslide 
was realized in October 2014 (Figure 1). The LiDAR- 
derived Digital Elevation Model (DEM) and its deri-
vated variables were used to analyse and map the geo-
morphological features of the landslide. In this work, 
we present the 1:1500 scale geomorphological map of 
the upper sector of the Roncovetro landslide (Main 
Map). The map shows: (i) the landslide upper limit 
(i.e. crown); (ii) the morphological linear elements 
within the landslide area (i.e. morphological scarp 
lines, crests, counter-slopes,transverse and crown 
cracks); (iii) the landforms and deposits related to 
gravity (i.e. main scarp, landslide body); (iv) fluvial 
and runoff erosional and depositional elements (i.e. 
rills, gullies, erosion scarps, crests, alluvial fans, 
ponds); (v) anthropic structures (i.e. crib walls, roads 
and buildings). In addition, by comparing the 2014 
LiDAR DEM and 1973 RER DEMs, we calculate the 
volume of material mobilized on the upper sector of 
the landslide in about 40 years.

2. Study area

2.1. Geological and seismotectonic setting

The Roncovetro landslide falls within the NE-verging 
Northern Apennines (NA) fold-and-thrust belt, and it 
is located about 15 km at the rear of its thrust delim-
ited mountain front. The NA evolved during the 
Africa-Europe plate convergence and were character-
ized by migrating outer compressional and inner 
extensional domains, following the northeastward 
retreat of the subducting Adriatic slab (e.g. Frepoli & 
Amato, 1997). Nowadays, the outermost active NA 
blind thrust fronts are found buried below the Plio- 
Quaternary sedimentary sequence filling the Po Plain 
foredeep/foreland basin system and along the moun-
tain front (Livani et al., 2018; Maesano et al., 2015;  
Maestrelli et al., 2018), whereas active extension runs 
along the crest of the NA mountain chain and is 
expressed by the regional, NE-dipping, low-angle 
Etrurian Fault System and related antithetic faults 
(Boncio et al., 2000). In this region, the causative faults 
of the larger earthquakes exhibit largely variable kin-
ematics, ranging from extensional to compressional, 

Figure 1. Location of the study area in WGS84 UTM32 coordinate reference system. (a) The Roncovetro landslide imaged by the 
hillshading of the 2014 Airborne LiDAR DEM. The main menaced assets were reported on the map The dotted line indicates the 
area of study. (b) The regional location of the Roncovetro landslide over the hillshading of the TINITALY DEM (Tarquini et al., 2012). 
(c) The upper sector of the Roncovetro landslide. 10 m spaced elevation lines are reported. The yellow markers indicate the snap-
shot positions of the photos in Figure 7(a) (the uppermost marker) and Figure 7(b) (the lowermost marker).
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and have variable hypocentral depths from very shal-
low to deep (i.e. from 2 km of depth, up to over 
30 km, see Table 2 in Sbarra et al., 2019; see also  
DISS Working Group, 2021; Vannoli et al., 2015). 
The macroseismic intensities felt in the localities sur-
rounding the Roncovetro landslide, which can be 
taken as a proxy of the seismic shaking, peaks with 
the Modified Mercalli intensity scale (MCS) VII 
induced by the Mw 6.5, 1920 Garfagnana earthquake 
(CFTI5Med catalogue, Guidoboni et al., 2018, 2019). 
Conversely, the more numerous compressional 
earthquakes generated by the NA active thrusts, 
induced lower macroseismic intensities with maxi-
mum values of V-VI and VI MCS during the Mw 
5.0, 1983 and Mw 5.4, 2008 Parmense earthquakes 
(CPTI15 catalogue, Rovida et al., 2020, 2021). The 
Mw 6.1, 2012 Emilia seismic sequence was only felt 
with an intensity of IV-V MCS (De Rubeis et al.,  
2019) (Figure 2).

The stratigraphic sequence outcropping in the 
landslide area belongs to the Ligurian and Sub-ligur-
ian domains (Conti et al., 2020). The first unit con-
sists of Mesozoic and early Cenozoic sedimentary 
successions and Jurassic ophiolites representing the 
remains of the Ligurian-Piedmont ocean, that from 
Late Cretaceous to middle Eocene was deformed 
and incorporated into the Alpine accretionary 
wedge. The second unit was deposited since the 

middle Eocene in wedge-top basins unconformably 
covering the first one (Marroni et al., 2010). Both 
units are intensely deformed and tectonised and are 
composed mainly of shaly-clayey calcareous-arenac-
eous flysch. In particular, in the landslide area the fol-
lowing geological formations outcrop: Val Samoggia 
Variegated Shales (highly tectonized shales), Palom-
bini Shales (highly tectonized shales), Casanova 
Complex (matrix-supported monogenic breccia), 
Ponte Bratica Sandstones (thinly-bedded, arenitic 
turbidites), Canetolo Shales and Limestones 
(deformed shales with limestones and silty sandstone 
turbidites) (Figure 3).

2.2. The Roncovetro landslide

The Roncovetro landslide affects the southern flank of 
Monte Staffola from the crest, where its crown is 
located, down to the Tassobbio river where the land-
slide toe ends (Figure 1). It is 2.5 km long and has a 
total volume of ∼ 3 × 106 m3 (Bertolini & Gorgoni,  
2001). Since the clay fraction is largely dominant, 
the landslide mainly behaves like a fluid-viscous 
earth flow able to reach maximum velocities up to 
10 m/day, while the landslide’s head acts as a transla-
tional earth-slide (Bertolini & Gorgoni, 2001). It was 
first described by Almagià (1907), who reported that 
the detachment could have started between the middle 

Figure 2. Seismotectonic setting of the study area showing in the background the seismic hazard map of Italy (MPS04; Stucchi 
et al., 2004), where the different colours show the ground acceleration with a 10% probability of exceedance in 50 years, and in 
the foreground the composite seismogenic sources of the DISS database (DISS Working Group, 2021) differentiated according to 
their kinematics. A thick black line highlights their upper tip. Historical earthquakes from the CPTI15 Catalogue with Mw > 5 are 
shown with red circles of area proportional to their magnitude (Rovida et al., 2020, 2021). Cities (white squares): MO: Modena, PR: 
Parma, RE: Reggio Emilia. Coordinates are in metres in the WGS84 UTM32N system.
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and the end of the XIX century. The landslide was 
reactivated in the early ‘90s and since then it had a 
rapid and continuous evolution, mainly characterized 
by the rapid retrogression of its crown to the extent 
that it has now reached the top of Mount Staffola (Ber-
tolini & Fioroni, 2013; Bertolini & Gorgoni, 2001).

Bertolini and Gorgoni (2001) asserted that the con-
tinuous activity of the Roncovetro landslide is caused 
by high pore-water pressures maintained by the inflow 
of highly mineralized groundwater mixed with 
methane coming from the subsurface. Cervi and 
Tazioli (2021) add that an important recharge quota 
is supplied by infiltrative water from the fractures 
located on the top of the landslide. Although the seis-
mic activity has never been identified as a triggering 
cause, like for other Emilia Apennine landslides, also 

for the Roncovetro landslide triggering due to earth-
quakes can not be excluded (Bertolini et al., 2005).

The perennial activity of the Roncovetro landslide 
is characterized by phases during which the detach-
ment is limited to deep creep, sliding and flowing 
and major events (the last one occurred on March 
2023), which cause the interruption of the white 
road between Roncovetro and Vedriano villages 
(Figure 1). Archive documents cite 10 main events 
between 1889 and 2002 (Bertolini, 2010). From 2014 
to August 2023, we report four interruptions of the 
road between Roncovetro and Vedriano villages: in 
March 2015, May 2019 (Gracchi, 2019), December 
2020 and the last one occurred on March 2023.

Based on morphological features, the landslide can 
be divided into three main sectors (Figure 1b): (i) the 

Figure 3. Geological setting of the landslide area in WGS84 UTM32 coordinate reference system. Detail of Emilia-Romagna geo-
logical map 1:10.000 (Regione Emilia Romagna Geoportale, 2020) mapped on the 2014 LiDAR DEM. The black dotted lines indi-
cates the study area.
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Upper Sector (depletion zone); (ii) the Middle channel 
and; (iii) the Lower Sector (accumulation zone) (Ber-
tolini & Gorgoni, 2001).

The Upper Sector (depletion zone) is the ∼715 m 
long uppermost part of the landslide that includes 
the crown, the main scarp and the upper part of the 
landslide body (Figure 1b). It is fed by surficial mud 
and earth flows, coming from the main scarp, which 
is continuously replenished by clay and highly mineral 
water coming out from several springs located in the 
main scarp. The upper landslide body moves down-
slope through rotational surfaces of rupture visible 
also on the mountain top and beyond it (Bertolini & 
Gorgoni, 2001). The Middle Channel is a long 
(∼1.26 km) and narrow channel (∼30–40 m wide), 
deeply carved into the bedrock, that allows the earth 
to flow from the depletion area to the deposition 
area, maintaining in confined conditions its fluidity 
(Bertolini & Gorgoni, 2001). The Lower Sector 
(accumulation zone) is ∼700 m long and it starts at 
the exit of the natural channel and ends at the Tassob-
bio river. Here the landslide becomes more plastic and 
acquire a convex shape. In this sector, the main mech-
anism of movement is sliding (Bertolini & Gorgoni,  
2001).

In this work, we only analyse the Upper Sector of 
the Roncovetro landslide.

3. Material and methods

3.1. Geomorphological mapping

The geomorphological map of the Roncovetro land-
slide was realized by interpreting the 2014s airborne 
LiDAR-derived DEM, and its derivative maps (Figures 
1 and 4). At the time of writing, the 2014s LiDAR 
DEM is still the most complete and detailed topo-
graphic data of this landslide. One of the advantages 
of the use of LiDAR is its capability of penetrating 
through the high vegetation, allowing to acquire the 
topographic information also where the landslide 
has been stable for a while and has been revegetated. 
In addition to LiDAR data, an orthophoto of the 
same period was used. All data were visualized and 
edited on QGIS (QGIS, 2020) for the following geo-
morphological mapping. Several geomorphological 
field surveys were also carried out for validating and 
integrating the analysis from remote data.

The airborne LIDAR survey was carried out on 31st 
October 2014. The acquired area was about 1.5 km ×  
3.5 km wide (Figure 1a). The total number of the 
acquired points was 64.8 × 106 for a point density of 
14.3 points/m2. This allowed us to produce a DEM 
of 20 × 20 cm of pixel size (Figure 1a). Using the 20- 
cm LiDAR-derived DEM, we derived variables useful 
for the geomorphological mapping using C++ code 
developed ad-hoc (Favalli & Fornaciai, 2017). We 

calculated and used the shaded relief, the slope, the 
sky view factor (SVF) (Steyn, 1980; Zakšek et al.,  
2011), and the openness down (Yokoyama et al.,  
2002) maps (Figure 4). The SVF variable is defined 
in terms of the solid angle (Ω) open to the sky and it 
is expressed as the sky percentage visible from any 
given point of the surface, i.e. SVF = Ω/2π (Favalli & 
Fornaciai, 2017). Since ridges lines and crests will be 
incident to nearly all of the incoming light, as conse-
quence these features will have SVF values close to 
one. The opposite will be for depressed areas. Open-
ness down (ΨR) are the measure of the belowground 
openness (Yokoyama et al., 2002). It has high values 
inside valleys, gullies, thalwegs, fractures and so on 
(Figure 4c; Favalli & Fornaciai, 2017).

The orthophoto was generated starting from a set of 
photos taken during an aerial survey, performed using 
a two seats aircraft Tecnam P92, carried out on 13 
March 2014 by one of the authors (G. Bertolini). A 
total of 181 photos were taken over the landslide by 
a consumer-grade camera. Structure from Motion 
(SfM) methods, implemented in the Agisoft Photo-
Scan software version 1.2, was then used for generat-
ing the final orthophoto.

3.2. Lidar DEMs co-registration and change 
detection

Active landslide evolution in a given time interval is 
obtained by differencing the two DEMs derived from 
data acquired at different times. This calculation can 
be affected by errors due to the presence of a mismatch 
between two DEMs, which leads to artefact Δh (Favalli 
et al., 2010). This error can be detected and reduced by 
measuring and minimizing the DEM differences in 
areas where the two DEMs are supposed to be equal, 
i.e. those areas, external to the landslide, that were 
not affected by relevant natural changes.

In this work, we compare the 20 cm resolution 2014 
LiDAR, described above, with the 5 m resolution 
DEM of the Emilia-Romagna Region (Regione Emilia 
Romagna Geoportale, 2020). The latter was created by 
using the elevation data derived from the Regional 
Technical Map (RTM) at the 1:5000 scale (Regione 
Emilia Romagna Geoportale, 2020). For the investi-
gated area, the 5 m DEM is based on data acquired 
on 1973 (personal communication from RER). It fol-
lows, that the difference between the 2014 DEM and 
the 1973 DEM measure the mass wasting of the Ron-
covetro landslide due to events in 1973, 1978, 1982, 
1986 and 1988 (Bertolini & Gorgoni, 2001), as well 
as all the displacement that occurred after the 1994 
reactivations until the 2014 LiDAR survey.

DEM-to-DEM co-registration was based on the 
minimization of the root mean square (RMS) error 
between one DEM and the other (e.g. Favalli et al.,  
2018). We followed the same workflow described in  
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Di Traglia et al. (2020). After the two DEMs are co- 
registered, the RMS displacement error (σΔZ) between 
the 2014 LiDAR-DEM (used as reference) and the 
DEM of the Emilia-Romagna Region was 1.15 m. 
The topographic changes are shown in Figure 5. The 
profiles of Figure 6 show the good matching between 
the two DEMs.

The differences between the two co-registered 
DEMs were used to detect the areas that were affected 
by topographic changes and to calculate the volume 
and thickness variation inside them (Figures 5 and 
6). The volume (V ) added or lost between two acqui-
sitions was calculated from the DEM difference 
according to V = ΣiΔx2Δzi (Favalli et al., 2010), 
where Δx is the grid step and Δzi is the height variation 
within the grid cell i. These values were then summed 
for all the cells in the selected areas in which the 
volume changes were calculated. An upper bound on 
the error for the volume estimate was given by assign-
ing to each pixel the maximum possible error, i.e. ErrV, 

high = AσΔZ, where A is the investigated area (Favalli 
et al., 2010).

4. Results and discussion

The upper sector of the Lavina di Roncovetro land-
slide is about 715 m long, elongated in the NW-SE 

direction. Landslide morphology is strongly 
influenced by its fluid-like behaviour, mainly due to 
the involvement of tectonised clay-dominant for-
mations with the contribution of the water recharge 
from within the slope (Bertolini & Gorgoni, 2001;  
Cervi & Tazioli, 2021). The main geomorphological 
features were identified according to 2014s morpho-
genetic environmental setting. They were mapped 
within the landslide and were defined as follows.

The gravity-induced landforms and deposits 
included: (i) the crown: high-angle slope break bound-
ing the highest parts of the main scarp; (ii) the crown 
crack: the shear fissure affecting the ground beyond 
the crown; (iii) the scarp line: the slope break delimit-
ing minor gravitational processes; (iv) the crest: top of 
a ridge, a flank ridge or a pressure ridge; (v) the trans-
verse crack; (vi) the counter-slope: the surface dipping 
in the counter direction in relation to the landslide 
main movement direction; (vii) the rock slide: down-
slope movement of a mass of rock along a distinctive 
rupture or slip surface; (viii) the main scarp: the 
steep surface at the upper edge of the landslide created 
when the movement of the displaced material exposes 
a part of the surface of rupture, it represents the zone 
of depletion; (ix) the earth flow: a viscous flow of fine- 
grained materials that have been saturated with water 
and moves under the pull of gravity; and (x) the 

Figure 4. Extraction of the main features from a detail of the NE side of the mass movement upper part. (a) Hillshaded map with 
lines defining gravity- and water-related forms extracted from DEM-derived maps; (b) Sky View Factor (SVF) map, which allows 
identification of crest and slope breaks belonging to scarp lines and gullies erosion scarps; (c) Openness Down (Op. Down) map, 
which allows identification of gully thalwegs.
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landslide flank: the undisplaced material adjacent to 
the sides of the rupture surface.

The fluvial and runoff landforms and deposits 
included: (i) the rill: the shallow and narrow channel 
created by surface runoff; (ii) the gully: the deeper 
and larger channel created by concentrated surface 
runoff; (iii) the erosional scarp: the slope break bound-
ing the upper edge of the channel bank; (iv) the crest: 
the top of a fluvial ridge; (v) the alluvial fan: the out-
spread sloping mass of loose material deposited by a 
stream that issues from a narrow canyon onto a 
plain or valley floor; and (vi) the pond.

The anthropogenic structures included: (i) the crib 
wall: the retaining structures to improve the slope 
stability, (ii) the building; and (iii) the road.

The study area shows a complex system of different 
movement mechanisms.

The region that includes the rock slide, the main 
scarp, the crown and the zone of crown cracks, 
extending from the top of the slope (∼ 693 m a.s.l.) 
down to ∼ 630 m a.s.l., is affected by a roto-transla-
tional movement. The zone of crown cracks marks 
the upslope boundary of the area affected by the 
mass movement. The tension cracks are visible in 

both field and remote surveys. They indicate the 
regressive behaviour of the sliding movement that 
on the NE side expands beyond the upper road up 
to the building. This area is characterized by the pres-
ence of rotational surfaces of rupture that affect the 
Sub-Ligurian formations. Over the years, the move-
ment of this deformation area has been demonstrated 
by two inclinometers, installed by the RER, that 
detected the slip surface at about 10–12 m of depth. 
Gravity-related landforms and shallow secondary 
flows, which are continuously fed by highly minera-
lized water emerging from the springs located in this 
area (Bertolini & Gorgoni, 2001), are also present. 
The presence of mineralized water (Bertolini & Gor-
goni, 2001; Cervi & Tazioli, 2021) is highlighted by 
thick whitish crusts deposited over the main scarp 
area (Figure 7a). Surface runoff processes, mainly 
related to shallow and narrow channels, also model 
this area and affect the secondary landslides contribut-
ing to material erosion (Figure 7a). An abrupt break in 
slope at 630 m a.s.l. marks the beginning of an gently 
sloped area with a mean slope of 16.5°. Rills and gullies 
cut through the body resulting in ponds and alluvial 
fan deposits. Moreover, gully, crests and escarpments 
are identifiable. This area is also characterized by an 
elongated hummocky shape resulting from an exten-
sional-compressional regime of the sliding movement. 
The hummock area is bordered by several water ponds 
and gully tracks (Figure 7a).

At ∼ 630 m a.s.l. the body develops in counter- 
slopes and steep scarps showing the body’s internal 
deformation produced by shear surfaces (Bertolini & 
Fioroni, 2013). This marks the beginning of the land-
slide channel, soon after the two landslide flanks are 
visible. The eastern flank is interrupted at ∼ 570 m 
a.s.l. by a secondary branch of the landslide that 
flows in the main slide just above the white road 
(Figure 7b). A gully creek tracked from water erosion 
longitudinally engraves the material and forms an 
alluvial fan. A main deep gully flanks this area and 
crosses the whole upper part of the main body con-
necting with several ponds. Slightly above the white 
road, the main gully results in an alluvial fan (between 
∼ 562 and ∼564 m a.s.l.) that has a maximum width of 
around 37 m and a length of around 40 m (Figure 7b). 
Downslope from the area marked by counter-slopes 
previously mentioned, younger and older flow depos-
its twist and turn forming lobes and ridges modelled 
by water-erosion processes.

The mass movement boundary is associated with 
two lateral ridges, on the right and left flanks. The 
other two crests internally bound the landslide. 
These flow-characteristic landforms are indicators of 
the movement rate (Bertolini & Fioroni, 2013; Guer-
riero et al., 2014; Parise, 2003); in this case, the exter-
nal ridges are older than the internal ones showing a 

Figure 5. Topographic change detection showing the volume 
lost and accumulated in about 40 years before the 2014 LiDAR 
survey. The location of the profiles of Figure 6 are shown. 
Coordinates are in the WGS84 UTM32 system.
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decrease in the landslide’s width and therefore a 
reduction of the flowing material.

Comparison between RER and 2014 LiDAR DEMs 
(Figures 5 and 6) shows that in about 40 years, the S 
flank of Monte Staffola has been massively carved 
out by the landslide. The volume moved from the 
top, only partially accumulating before the white 
road. About 6.2 ± 0.8 × 105 m3 of material moved 
from the top towards the lower sector of the landslide. 
The average thickness of volume loss was 9.4 ± 1.2 m, 
with the maximum value reaching –29 m (Figure 6, 
profile 1). The mean discharged rate is therefore ∼ 
0.16 × 105 m3/yr. The volume accumulated before 
the white road is about 0.4 × 105 m3, which means 
that most of the discharged material moved towards 
the middle channel and the toe. The average thickness 
of the volume accumulated was 2.2 ± 1.2 m. Also, the 
eastern branch of the slide has been affected by mass 
wasting in the considered period.

5. Conclusions

The Main Map created in this work describes the geo-
morphological status of the upper sector of the Ron-
covetro Landslide in October 2014. Despite the 
continuous activity of the landslide, the capability of 
LiDAR to pass through the vegetation makes the 
2014 data still the most complete and accurate topo-
graphic dataset of this landslide, which allows us to 
detect also the quiescent areas covered by the 
vegetation.

The main geomorphological map of the upper por-
tion of the Roncovetro landslide was realized in 1:1500 
scale by the interpretation of airborne LiDAR-derived 
DEM and its derivative maps, by the orthophoto built 
using the 2014 aerial photos and the SfM method, and 
by periodical field surveys. The map can be useful for 
future projects that could find this area as a suitable 
site for testing experimental technologies for landslide 
monitoring.

Figure 6. Selected profiles that show two sections of the volume-loss area (a and b) and one section where the volume accumu-
lated (c).
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The general morphology of the Roncovetro land-
slide is influenced by the kinematic mechanisms 
involved, i.e. sliding and flowing, and by the water con-
tent of the material and, consequently, by its state of 
fluidity. Sliding failure on rotational surfaces affects 
the upper limit of the mass movement, where its regres-
sive behaviour is evident by remote and field surveys. It 
is the initiating mechanism of earth flow major events. 
The identified features linked to gravity, such as cracks, 
scarps, crests, and counter-slopes, are the result of these 
main processes and secondary short-term landslides. 
Furthermore, the gravity-induced surfaces and 

deposits are remodelled by water runoff resulting in 
erosional (i.e. rills, gullies, erosional scarps and crests) 
and depositional (alluvial fans) forms.

The Roncovetro landslide was reactivated entirely 
in the early ‘90s and since then it has been in a peren-
nial state of activity. The main cause of its movement 
is supposed to be the inflow of highly mineralized 
waters from the subsoil (Bertolini & Gorgoni, 2001). 
By comparing the RER’s DEM and the 2014 LiDAR 
DEM we calculated that a volume of 6.2 ± 0.8 ×  
105 m3 has been carved out from the south flank of 
Monte Staffola in about 40 years.

Figure 7. (a) Photo of a part of the main scarp area taken on 06 April 2016 from the bottom upward. Relevant features are high-
lighted; (b) photo of the upper sector of Roncovetro landslide taken on 28 May 2014 from the white road with the alluvial fan at 
the end of one of the main gully in foreground. The approximate position from which the photos were taken is indicated in Figure 
1(c).
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Software

The final map was edited using the software QGIS 
(QGIS, 2020, v. 2.18.17, Las Palmas) and refined 
with Adobe Illustrator® CS6 16.0.0. The map legend 
was inspired by the guidelines of the Geomorphologi-
cal Map of Italy (Servizio Geologico Nazionale, 1994) 
and adapted for this work as dictated by landforms 
present on the Roncovetro landslide.
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