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Abstract. This paper deals with the use of time-series of
High-Resolution Digital Elevation Models (HR DEMs) ob-
tained from photogrammetry and airborne LiDAR coupled
with aerial photos, to analyse the magnitude of recently re-
activated large scale earth slides – earth flows located in the
northern Apennines of Italy. The landslides underwent com-
plete reactivation between 2001 and 2006, causing civil pro-
tection emergencies. With the final aim to support hazard
assessment and the planning of mitigation measures, high-
resolution DEMs are used to identify, quantify and visualize
depletion and accumulation in the slope resulting from the re-
activation of the mass movements. This information allows
to quantify mass wasting, i.e. the amount of landslide mate-
rial that is wasted during reactivation events due to stream
erosion along the slope and at its bottom, resulting in sed-
iment discharge into the local fluvial system, and to assess
the total volumetric magnitude of the events. By quantifying
and visualising elevation changes at the slope scale, results
are also a valuable support for the comprehension of geo-
morphological processes acting behind the evolution of the
analysed landslides.

Correspondence to:A. Corsini
(alessandro.corsini@unimore.it)

1 Introduction

High-Resolution Digital Elevation Models (HR DEMs) have
proved to be useful in the analysis of landslide processes
from different perspectives and at different spatial scales, in-
cluding improvement of landslide inventories, susceptibility
assessment and appraisal of landslide surface features (Van
Westen and Lulie Getahun, 2003; McKean and Roering,
2004; Casson et al., 2005; Metternicht et al., 2005; Glenn
et al., 2006; Jaboyedoff et al., 2007).

In this work, the analysis of recent reactivation events of
large scale earth slides – earth flows in the northern Apen-
nines of Italy was carried out by means of HR DEMs, ob-
tained with photogrammetry and airborne LiDAR.

The final objective was to gain new pieces of knowledge
to be used for hazard assessment and planning of mitigation
measures in these case studies. Specific aims were: interpret-
ing and quantifying processes of depletion and accumulation
at the slope scale, quantifying mass wasting at the slope scale
(i.e. the amount of landslide material that is wasted during re-
activation events due to stream erosion along the slope and at
its bottom and that results in sediment discharge into the local
fluvial system) and assessing the total volumetric magnitude
of the events.

2 Test sites

The Valoria and the Ca’ Lita landslides are located in the
northern Apennines (Fig.1). They are large scale roto-
traslational earth slides – earth flows affecting weak rock
masses, i.e. flysch and clayeymélanges. Both landslides have
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magnitude of that of 2001, occurred in the years 1950 and 1984. In these cases, only a limited 

portion of the landslide was remobilised (Manzi et al., 2004).  

During 2001 reactivation, part of the earth flow invaded the riverbed and the ancient landslide 

toe was remobilised in bulk. A second total reactivation event occurred in winter 2005-06. In 

this case, the earth flow lobe didn’t reach the valley floor (Ronchetti et al., 2007). During this 

reactivation, maximum velocities were in the order of 10-20 m/day. Today the landslide is 

still active, with movements affecting the source area and the transit zone without, however, 

significantly affecting the toe.  

The Ca’ Lita landslide (Fig. 1B) was reactivated in 2002 and again in 2004 (Borgatti et al., 

2006). The 2002 and 2004 reactivations affected about 60% of the slope recognised, on the 

basis of geomorphologic interpretation, as being part of a pre-historic landslide complex. 

Unlike Valoria, no radiocarbon date is available to frame in time the origin of the mass 

movement. However, several reactivations of a much smaller magnitude of that of 2002 and 

2004 have occurred in period 1950 to 1985 (Regione Emilia-Romagna, 2008). During the 

2004 reactivation, the landslide toe advanced for about 400 m into a previously unaffected 

valley floor, and buried it completely (Borgatti et al., 2006). During reactivation, maximum 

velocities were in the order of 10 m/day. Today the landslide is inactive (suspended to 

dormant), thanks also to the heavy countermeasure works carried out in the slope (Corsini et 

al., 2006; Borgatti et al., 2008). 

 

Fig. 1. Panoramic view of the test sites.(A) Valoria landslide;(B)
Ca’ Lita landslide.

a length of about 3 km, involve areas of about 1 km2, and
move at depths ranging from 10 m to 30–40 m. Total land-
slide volume of each phenomenon exceeds 25 million m3

(Borgatti et al., 2007; Ronchetti et al., 2007).
The Valoria landslide was reactivated in 2001 (Fig. 1a).

The 2001 reactivation affected about 70% of the slope recog-
nised, on the basis of geomorphologic interpretation, as be-
ing part of a pre-historic landslide, radiocarbon dated to
7800–7580 cal. yr BP (Bertolini, 2007). Historic records
collected by Regione Emilia-Romagna (2008) indicate that
events of a much smaller magnitude of that of 2001, oc-
curred in the years 1950 and 1984. In these cases, only a
limited portion of the landslide was remobilised (Manzi et
al., 2004). During 2001 reactivation, part of the earth flow
invaded the riverbed and the ancient landslide toe was remo-
bilised in bulk.

A second total reactivation event occurred in winter 2005–
2006. In this case, the earth flow lobe didn’t reach the valley
floor (Ronchetti et al., 2007). During this reactivation, maxi-
mum velocities were in the order of 10–20 m/day. Today the
landslide is still active, with movements affecting the source
area, the transit zone, the toe.

The Ca’ Lita landslide (Fig. 1b) was reactivated in 2002
and again in 2004 (Borgatti et al., 2006). The 2002 and 2004
reactivations affected about 60% of the slope recognised, on
the basis of geomorphologic interpretation, as being part of a
pre-historic landslide complex. Unlike Valoria, no radiocar-
bon date is available to frame in time the origin of the mass
movement. However, several reactivations of a much smaller
magnitude of that of 2002 and 2004 have occurred in period
1950 to 1985 (Regione Emilia-Romagna, 2008). During the
2004 reactivation, the landslide toe advanced for about 400 m
into a previously unaffected valley floor, and buried it com-
pletely (Borgatti et al., 2006). During reactivation, maximum
velocities were in the order of 10 m/day. Today the landslide
is inactive (suspended to dormant), thanks also to the heavy
countermeasure works carried out in the slope (Corsini et al.,
2006; Borgatti et al., 2008).
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it is important to stress that since the morphological changes induced by the reactivation 

events were in the order of meters, biases between DEMs had a limited negative effect on the 

interpretation of landslide processes. Moreover, by calculating depleted and accumulated 

volumes in a supervised manner, and only in mostly non vegetated landslide areas, the 

negative effect of bias is to be considered reasonably low also on the quantitative assessment 

of mass transfer along the slope. 

 

Figure 2. Time series of DEMs put in relation to subsequent reactivation events of the Valoria 

and Ca’ Lita landslides. 

 

4 Differential DEMs 

4.1 Valoria landslide 

A first differential DEM product was created by subtraction of the 1973 and 2003 DEMs. 

This time interval brackets the 2001 reactivation event (Fig. 3A). It must be specified that the 

subdivision of the landslide in source, track and toe zones, as indicated in Fig. 3, is based on 

geomorphologic observation and mapping during field surveys and photo interpretation and, 

therefore, does not result from any algorithm related to DEMs. The differential DEM product 

evidenced significant distributed depletion in the source zone and in the transit zone of the 

landslide (down to – 20 m). Significant accumulation (up to + 15 to 20 m) occurred in the 

lower part of the slope, at the border between transit zone and the left side of the ancient toe 

zone. Part of this earth flow, derived by the depletion of the transit zone, reached the riverbed, 

where it was progressively eroded (Fig. 4). A depletion area was also evidenced in the ancient 

landslide toe (down to about – 5 to – 8 m). This is related to the formation of a pseudo-graben 

feature, consequence of river undercutting that started when the whole landslide toe 

underwent the “in-bulk” advancement into the riverbed. 

Fig. 2. Time series of DEMs put in relation to subsequent reactiva-
tion events of the Valoria and Ca’ Lita landslides.

3 DEMs time series

The time series of DEMs available for Valoria and Ca’ Lita
landslides are summarised in Fig. 2.

The 1973 DEMs for both sites were generated by digiti-
sation of official 1:5000 topographic maps (created by su-
pervised photogrammetry). The 2003 and 2004 DEMs were
also created by supervised photogrammetry at 1:2000 refer-
ence scale. They’re based on ad hoc aero-photographic sur-
veys carried out by public authorities soon after the reactiva-
tion events. In all these cases, DEMs were calculated using
a 2 m grid cell size by interpolating contours with the Borge-
fors distance transform function available in software ILWIS
(Gorte and Koolhoven, 1990).

The 2005, 2006 and 2007 HR-DEMs were obtained with
airborne LiDAR. Surveys were performed with a helicopter-
mounted Optech ALTM 3100 laser scanner system that is
able to record up to 4 returns. Range measurement frequency
was set to 50 kHz to balance between density of survey points
and noise. The laser beam divergence of 0.2 mrad results in
a footprint of 0.17 m. At an average flight altitude of 800 m,
the acquisition parameters allowed to obtain an average data
density of about 3 to 4 points/m2. Processing of on-board
GPS and IMU data yielded a position accuracy of ca. 0.5 m
in easting ad northing and an absolute accuracy of 0.15 m
in elevation. Every single geocoded laser point was classi-
fied using Terrascan software (Terrasolid, 2005) in order to
retrieve only those points that were associated with a “bare
ground” reflector. DEMs of ground elevation were gener-
ated by as grids of 0.5 m cell size (Corsini et al., 2007) us-
ing the triangulation with linear interpolation method, with
anisotropy parameters ratio=1 and angle=0. Such method is
based on the algorithm presented in Guibas and Stolfi (1985).

It must be anticipated that the systematic analysis of the
bias between the DEMs and the confidence interval in sta-
ble areas and in vegetated areas was out of the scope of this
work. On a semi-quantitative basis, it can be stated that the
bias in non vegetated stable areas between photogrammetric
DEMs was in the range of+/−1 m, increasing to+/−2 m
in vegetated stable areas. Between LiDAR DEMs the bias
was generally in the range of +/−0.25 m in stable non veg-
etated areas and of about+/−0.5÷1 m in stable vegetated
areas. However, it is important to stress that since the mor-
phological changes induced by the reactivation events were
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Figure 3. Differential DEMs for the Valoria landslide. A: differential DEM 2003-1973; B: 

differential DEM 2006-2003. 

 

Fig. 3. Differential DEMs for the Valoria landslide.(A) differential DEM 2003–1973;(B) differential DEM 2006–2003.

in the order of meters, biases between DEMs had a limited
negative effect on the interpretation of landslide processes.
Moreover, by calculating depleted and accumulated volumes
in a supervised manner, and only in mostly non vegetated
landslide areas, the negative effect of bias is to be considered
reasonably low also on the quantitative assessment of mass
transfer along the slope.

4 Differential DEMs

4.1 Valoria landslide

A first differential DEM product was created by subtraction
of the 1973 and 2003 DEMs. This time interval brackets
the 2001 reactivation event (Fig. 3a). It must be specified
that the subdivision of the landslide in source, track and toe
zones, as indicated in Fig. 3, is based on geomorphologic ob-
servation and mapping during field surveys and photo inter-
pretation and, therefore, does not result from any algorithm
related to DEMs. The differential DEM product evidenced
significant distributed depletion in the source zone and in the
transit zone of the landslide (down to−20 m). Significant ac-
cumulation (up to +15 to +20 m) occurred in the lower part of
the slope, at the border between transit zone and the left side
of the ancient toe zone. Part of this earth flow, derived by the
depletion of the transit zone, reached the riverbed, where it
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Figure 4. Aerial views of the Valoria landslide toe. A) view from top to down; B) detail of the 

earth flow that reached the river bed in 2001 causing mass wasting. 

 

A second differential DEM product was created by subtraction of the 2003 and 2006 DEMs, 

so to bracket the 2005-06 reactivation event (Fig. 3B). To do so, the 2006 LiDAR DEM, 

originally at 0.5 m cell size, was resampled at 2 m cell size in order to average values in 

adjacent pixels, and to smooth the bias that could have eventually affected the differential 

DEMs using different cell size. Further depletion was evidenced in the upper portion of the 

source zone (down to – 10 m), that was coupled with accumulation at some locations in the 

intermediate and lower part of the source zone itself (up to + 10 m). Quite interesting is the 

significant accumulation in the transit zone (up to + 15 m), that completely compensated the 

depletion created by the previous 2001 event. Some accumulation – or better uplift – in the 

order of + 3 m is visible in part of the toe zone. This is interpreted as a bulging of the toe 

caused by the compressive stress caused by the earth flow front filling the transit zone and 

loading the toe zone that, actually, was reactivated “in bulk”. On the basis of GPS 

Fig. 4. Aerial views of the Valoria landslide toe.(A) view from top
to down; (B) detail of the earth flow that reached the river bed in
2001 causing mass wasting.

was progressively eroded (Fig. 4). A depletion area was also
evidenced in the ancient landslide toe (down to about−5 to
−8 m). This is related to the formation of a pseudo-graben
feature, consequence of river undercutting that started when
the whole landslide toe underwent an “in-bulk” advancement
into the riverbed.
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Figure 5. Differential DEM 2004-1973 for Ca’ Lita landslide (modified after Borgatti et al., 

2006).  

 

A second differential DEM product was created by subtraction of the 2005 DEM to the 2004 

photogrammetric DEM (Fig. 6A). To do so, the 2005 LiDAR DEM, originally at 0.5 m cell 

size, was resampled at 2 m cell size. This product evidenced the continuation, during winter 

2004-05, of the deep-seated roto-traslational movements affecting the upper landslide 

(corresponding to depletion area 1 in Fig. 5). Actually, by visualizing the shaded reliefs of 

2004 and 2005 (Fig. 6C and Fig. 6D), it is clear that this depletion is more specifically a sort 

of subsidence, resulting from the distension of the landslide mass during its pivoting around a 

stable rock ridge located to the south. Consequently, the accumulation in the front of this area 

is actually to be ascribed to the advancement of this front over a previous topographic “low”. 

The 2004 and 2005 edge lines indicated in Fig. 6C and Fig. 6D were obtained by visual 

interpretation of the shaded reliefs and on the basis of field survey and mapping. 

A third differential DEMs product was created by subtraction of the 2006 and 2005 LiDAR 

DEMs (Fig. 6B). This evidenced the collapses that affected the main scarp during winter 

2005-06. A depletion of more than 10 m, and a deposition of material at the foot of the scarp 

is clearly visible. At the same time, this differential DEM product shows that deep-seated 

roto-traslational movements, active until summer 2005, were suspended during winter 2005-

Fig. 5. Differential DEM 2004–1973 for Ca’ Lita landslide (modified after Borgatti et al., 2006).

A second differential DEM product was created by sub-
traction of the 2003 and 2006 DEMs, so to bracket the 2005–
2006 reactivation event (Fig. 3b). To do so, the 2006 Li-
DAR DEM, originally at 0.5 m cell size, was resampled at
2 m cell size in order to average values in adjacent pixels,
and to smooth the bias that could have eventually affected
the differential DEMs using different cell size. Further de-
pletion was evidenced in the upper portion of the source
zone (down to−10 m), that was coupled with accumulation
at some locations in the intermediate and lower part of the
source zone itself (up to +10 m). Quite interesting is the sig-
nificant accumulation in the transit zone (up to +15 m), that
completely compensated the depletion created by the previ-
ous 2001 event. Some accumulation – or better uplift – in
the order of +3 m is visible in part of the toe zone. This is
interpreted as a bulging of the toe caused by the compressive
stress caused by the earth flow front filling the transit zone
and loading the toe zone that, actually, was reactivated “in
bulk”. On the basis of GPS benchmarks measurements this
process caused a displacement estimated in the order of 2 m
(Ronchetti et al., 2007). During this event, limited erosion
was operated by the river on the landslide toe, so sediment
flux was basically null.

4.2 Ca’ Lita landslide

The Ca’ Lita landslide can be more precisely classified as a
rotational rock and earth slide – earth flow (Borgatti et al.,
2006). This is due to the fact that, whereas down slope the
landslide evolves as an earth slide – earth flow, in the up-
per slope the landslide evolves as a roto-traslational slide af-
fecting weak rocks down to the depth of−42 m, as it was
possible to determine by analysis of borehole cores and by
inclinometer monitoring (Corsini et al., 2006).

A first differential DEM product was created by subtrac-
tion of the 1973 and 2004 DEMs so to bracket the 2002 and
2004 reactivation events (Fig. 5). It evidenced a significant
depletion of about 15 to 20 m in the upper landslide part, that
is interpreted as the result of deep-seated roto-traslational
sliding (depletion area 1 in Fig. 5). This was partly compen-
sated by an apparent accumulation to its front (accumulation
area 1), that is actually the result of the local rotation and
advancement of the front of the roto-traslational rock slide.
This dynamic did also result in the displacement of loose
clayey material toward the lower part of the slope (transit
area 1), without significant elevation changes before and af-
ter. A second depletion area is clearly visible in the upper
part of the earth flow lobe (depletion area 2). This is compen-
sated by the huge accumulation area that formed at the land-
slide toe (accumulation area 2). Basically, during the 2004
event, the landslide advanced about 400 m into a previously
unaffected valley, that was consequently filled by landslide
deposits.

A second differential DEM product was created by sub-
traction of the LiDAR 2005 DEM to the 2004 photogram-
metric DEM (Fig. 6a). To do so, the 2005 DEM, originally
at 0.5 m cell size, was resampled at 2 m cell size. This prod-
uct evidenced the continuation, during winter 2004–2005, of
the deep-seated roto-traslational movements affecting the up-
per landslide (corresponding to depletion area 1 in Fig. 5).
Actually, by visualizing the shaded reliefs of 2004 and 2005
(Fig. 6c and d), it is clear that this depletion is more specifi-
cally a sort of subsidence, resulting from the distension of the
landslide mass during its pivoting around a stable rock ridge
located to the south. Consequently, the accumulation in the
front of this area is actually to be ascribed to the advance-
ment of this front over a previous topographic “low”. The
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06. This is to be ascribed to the positive effect of the deep drainage systems built in the slope 

during summer 2005. 

 

Figure 6. Differential DEMs of the upper part of Ca’ Lita landslide. A: differential DEM 

2005-2004; B: differential DEM 2006-2005; C: shaded relief of DEM 2004; D: shaded relief 

of DEM 2005. 

4.3 Analysis of mass wasting 

The differential DEMs of Fig. 3 and Fig. 5 are bracketing main reactivation events (i.e., 

Valoria 2001 and 2005-06 and Ca’ Lita 2002-04). These products were further analysed in 

order to calculate cumulated depletion (D) and accumulation (A) and, ultimately, to assess 

mass wasting (defined as X = -D + A).  

Since the existing bias between DEMs could have affected the results derived from an 

automated sum of positive and negative elevation differences over the entire dataset, total 

accumulated and depleted volumes were computed only inside the landslide outline (defined 

on the basis geomorphic survey) and by considering only subareas in which the differential 

DEMs showed clearly that depletion or accumulation had occurred.  

Fig. 6. Differential DEMs of the upper part of Ca’ Lita landslide.(A) differential DEM 2005–2004;(B) differential DEM 2006–2005;(C)
shaded relief of DEM 2004;(D) shaded relief of DEM 2005.

2004 and 2005 edge lines indicated in Fig. 6c and d were
obtained by visual interpretation of the shaded reliefs and on
the basis of field survey and mapping.

A third differential DEMs product was created by subtrac-
tion of the 2006 and 2005 LiDAR DEMs (Fig. 6b). This evi-
denced local collapses of the main scarp during winter 2005–
2006. A depletion of more than 10 m, and a deposition of ma-
terial at the foot of the scarp is clearly visible. At the same
time, this differential DEM product shows that deep-seated
roto-traslational movements, active until summer 2005, were
suspended during winter 2005–2006. This is to be ascribed
to the positive effect of the deep drainage systems built in the
slope during summer 2005.

4.3 Analysis of mass wasting

The differential DEMs of Figs. 3 and 5 are bracketing main
reactivation events (i.e., Valoria 2001 and 2005–2006 and
Ca’ Lita 2002–2004). These products were further analysed
in order to calculate cumulated depletion (D) and accumula-
tion (A) and, ultimately, to assess mass wasting (defined as
X=−D+A).

Since the existing bias between DEMs could have affected
the results derived from an automated sum of positive and
negative elevation differences over the entire dataset, total
accumulated and depleted volumes were computed only in-
side the landslide outline (defined on the basis geomorphic

survey) and by considering only subareas in which the differ-
ential DEMs showed clearly that depletion or accumulation
had occurred.

Furthermore, the total volume of material involved in each
reactivation event was estimated by coupling the depletion,
accumulation and mass waste data, with information about
mass displacement, that is the part of the landslide that moves
without causing evidence of elevation changes. This volume
was assessed on the basis of underground exploration and
monitoring data, and of field surveyed maps of the affected
areas. The approach adopted is represented in Fig. 7.

The results of calculation are summarised in Table 1. In
practice, only the Valoria 2001 reactivation event produced
significant mass wasting (about 3 million m3). In all other
cases, the mass balance between depletion and accumula-
tion, i.e. mass wasting, is close to “zero”. These figures,
coupled with mass displacement information, allow assess-
ing the total volumetric magnitude of the events. They were
of about 15 million m3 and about 9 million m3 for the Valoria
2001 and 2006 events respectively, and of about 9 million m3

for the Ca’ Lita events occurred between 2002 and 2004.

5 Conclusions

LiDAR has been successfully applied in different geomor-
phological settings and at different spatial scales on the one
hand to improve landslide inventories (Van Den Eeckhaut et

www.nat-hazards-earth-syst-sci.net/9/433/2009/ Nat. Hazards Earth Syst. Sci., 9, 433–439, 2009



438 A. Corsini et al.: Estimating mass-wasting in earth slides with HR-DEMs

Table 1. Quantification of the different components of the volumetric magnitude of main reactivation events considered in Valoria and Ca’
Lita.

Main Reactivation
Event

Mass displacement
(B’)

Mass Transfer
(T)=max of|−D| or
|+A|

Mass wasting
(X )=(−D+A)

Total volume
(B)=B’+(|−D|+|+A|)−X

Valoria 2001 ≈9.0×106 m3 3.5×106 m3
−3.0×106 m3

≈15÷16×106 m3

Valoria 2005–2006 ≈7.0×106 m3 1.5×106 m3 +0.14×106 m3
≈8÷9×106 m3

Calita 2002–2004 ≈10×106 m3 2.0×106 m3
−0.2×106 m3

≈12÷13×106 m3
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Furthermore, the total volume of material involved in each reactivation event was estimated 

by coupling the depletion, accumulation and mass waste data, with information about mass 

displacement, that is the part of the landslide that moves without causing evidence of 

elevation changes. This volume was assessed on the basis of underground exploration and 

monitoring data, and of field surveyed maps of the affected areas. The approach adopted is 

represented in Fig. 7. 

 

Figure 7. Schematic drawing explaining the approach adopted for the quantification of the 

different components of the volumetric magnitude of reactivation events. 

 

The results of calculation are summarised in Table 1. In practice, only the Valoria 2001 

reactivation event produced significant mass wasting (about 3 million m3). In all other cases, 

the mass balance between depletion and accumulation, i.e. mass wasting, is close to “zero”. 

These figures, coupled with mass displacement information, allow assessing the total 

volumetric magnitude of the events. They were of about 15 million m3 and about 9 million m3 

for the Valoria 2001 and 2006 events respectively, and of about 9 million m3  for the Ca’ Lita 

events occurred between 2002 and 2004. 

 

Fig. 7. Schematic drawing explaining the approach adopted for the
quantification of the different components of the volumetric magni-
tude of reactivation events.

al., 2005) and on the other hand to perform geomorphometric
studies on distinctive landslide features (McKean and Roer-
ing, 2004; Glenn et al., 2006; Wills, 2006).

The possibility of using time series of DEMs for evaluat-
ing volumetric magnitude of reactivation events has been ex-
ploited in this study. The usage of photogrammetric DEMs
derived by existing topographic maps created some problems
related to the elevation bias between the DEMs in stable ar-
eas (up to more than 1 m). On the other hand, the bias be-
tween LiDAR DEMs was limited (maximum about 25 cm),
so that the quantification was more precise. Nevertheless, by
using supervised procedures, it was still possible to evaluate,
quantify and map depletion and accumulation zones at the
landslide scale with DEMs of different source.

It must also be considered that the assessment of the total
volume involved in a reactivation event was considered also
mass displacement, that is not reflected in elevation changes
(see Fig. 7). In landslides that are more than 3 km long and
hundreds of metres wide, the assessment of mass displace-
ment relies on data regarding the extent of the overall af-
fected area (obtainable by field survey) and the extent and
shape of the basal sliding surface (obtainable by interpola-
tion of data from boreholes and geophysics). Therefore the

assessment of the total volume of the event is only possible
with an uncertainty of one or more million m3, that is much
larger than that of the assessment of depletion and accumu-
lation in the slope.

Nevertheless, the comparison of HR-DEMs provided an
interesting insight on landslide mechanisms. Remarkable
changes in topography caused by reactivation events were
delimited and quantified in all the case study analysed. Dis-
regard possible uncertainties, this piece of information is of
great help in depicting possible future event scenarios. More-
over, considering that earth slides – earth flows moving at a
rate up to 10 m/day are difficult to be monitored with field in-
strumentation, the results suggest that LiDAR systems could
also be used, under certain organizational conditions (tempo-
ral resolution of the survey, cost, post-processing effort etc.),
as a near-real time monitoring system during reactivation
events as they provide a quick collection of topographical
data and allow the representation of large surfaces with dense
spatial sampling from which deformations of the ground sur-
face of the landslide can be computed. In this way, the ten-
sional state can be evaluated, together with a series of param-
eters useful for stability analyses.
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