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ABSTRACT: 
 
A wide area of Assisi town, in Umbria (central Italy), is interested since its first edification (period 1950-1960) by a large 
landslide. The rate of motion is very slow (around one cm/year) but the deformations accumulated during 50 years have produced 
important damage to many private and public buildings insisting on that area, including the civic hospital and an important 
Franciscan monastery. 
The University of Perugia established in 1995 a geodetic monitoring network over the landslide, connecting a number of control 
points inside the moving area to an external fiducial network whose markers have been placed on stable geological formations. The 
monitoring technique has been based since the beginning on GNSS static observations, aiming to reach a three-dimensional 
accuracy of a centimetric level. More control points have been added in 2006, for a better description of  the field of movements. 
Since 1999, a high precision levelling network has also been set up over the landslide area, in order to improve the accuracy of the 
height component, increasing the monitoring sensitivity to a few millimeter level. 
During the years, observation campaigns have been repeated many times on both networks, accumulating a consistent and 
increasing quantity of data. Such database permits now to carry out a series of analyses (coordinate time series, annual and 
accumulated displacement vectors, deformation velocity, spatial analysis) yielding to a better comprehension of the landslide 
dynamics and its evolution, helpful for the design of technical interventions. 
 
 

1. INTRODUCTION: THE ASSISI LANDSLIDE 

The landslide under research interests a urban area of Assisi 
town, whose edification started in the years 1950-1960, as a 
planned expansion towards East of the historical town center. 
The area is located on a slope (average gradient 21 %) where 
no signs of motion where noticed at the time of first 
edifications. The urbanization of the area caused relevant 
changes to the flow regimen of the surface waters, deviating 
and in some cases closing existing ditches and streams. Around 
1970 the first phenomena connected with an active landslide 
started to show, with damages to buildings, walls and street 
paving. 
The area was investigated for years by geologists and 
engineers, reaching the conclusion that the active zone has an 
extension of about 50 hectares, and individuating an estimated 
perimeter of it (fig. 1). The landslide is of a gravitational type 
(creep), with a sliding surface located at an average depth of 
some tens of meters, with a maximum of about 60 meters. 
Even if the rate of movement is slow, the Assisi landslide has 
caused relevant damages to buildings, streets and 
infrastructures for the effect of accumulation in time (more 
than 50 years) of relative displacements. The damaged 
buildings include important complexes such as the civic 
Hospital and the Franciscan Cappuccini monastery. 
 
The area has been monitored since the years 1970-1980 using 
geotechnical techniques (drillings, inclinometers, piezometers, 
etc.), and by means of a conventional topographic survey 
(performed with total stations) of the surface movements for a 
number of control points. About the end of the '80s, such 
measurement activity was interrupted for the excessive cost 
and the difficulty of the terrestrial survey in a urban area.  

 
 

Figure 1.  Location and estimated border of the landslide 
 

Since about 1980, some interventions have been undertaken on 
the landslide area by the Assisi municipality and other public 
subjects. Most works realized in the past act on the surface 



 

waters regimen, and do not interest the deep sliding surface. A 
more effective intervention campaign, finalized to a draining of 
deep waters, has been recently started by the Provveditorato 
Interregionale alle Opere Pubbliche per la Toscana e 
l’Umbria, with funds of the Italian Government, but the work 
is still in progress. 

 

2. MONITORING ACTIVITY CARRIED OUT               
BY PERUGIA UNIVERSITY 

2.1 GPS/GNSS network 

2.1.1. Network set up and measurement campaigns: In 
1995, a GPS network over the Assisi landslide area was set up 
by the Perugia University with collaboration and financial 
support of the CNR (Italian National Research Council).  
At the time, the GPS technique was still not currently used for 
deformation monitoring purposes, so the research was oriented 
to the following finalities: 
 setting up a new and less expensive system for monitoring 

the ground surface movements in the landslide area;  
 testing the effective accuracy achievable in a three-

dimensional positioning with a local GPS network.  
The 1995 network (fig.2) consisted of 6 references or "fiducial" 
points located in geologically stable sites (named from S01 to 
S06), and 14 control points situated in the landslide area (from 
M01 to M14). Because of the representation scale, the vertex 
S01 falls out of the map in fig. 2, about 1.2 km towards East. 
 

 
 

Figure 2.  Assisi GPS network (original configuration, 1995) 
 

The monumentation of the vertices was realized with stainless 
steel centering devices mounted on concrete foundations 
(Gubellini et al., 1996). The GPS antenna is mounted onto the 
fixed marker by means of a removable stainless steel rod with 

a constant vertical offset of 60 or 90 centimeters (fig. 3). 
 

  
 

Figure 3.  Monumentation and centering device 
 
The network was set up and measured for the first time in May 
1995. Further measurement campaigns were carried out with 
the same network configuration in July 1996, May 1997, 
October 1997 (Hospital area only), October 1998 and 
September 2001. From 2002 to 2005 the survey activity was 
temporarily stopped due to lack of funds.  
In 2006, thanks to the interest of the Provveditorato alle Opere 
Pubbliche, which was planning a campaign of draining works, 
the project was refinanced. The network was densified adding 
16 new control points (named M20 to M35), in order to get a 
better description of the field of movements and to replace 
some points whose monumentation had been damaged or lost. 
With this new configuration, including a total of 28 control 
points and 5 fiducial points (S04 was excluded because its 
marker was damaged), the network was observed in May 2006, 
May 2007 and November 2008. 
The observations from 1995 to 1998 were mostly made using 
Trimble 4000 SSE receivers (GPS, double frequency). The 
campaigns from 2001 to 2008 were performed with Topcon 
Legacy GGD receivers (GPS + GLONASS, double frequency). 
All the observations were performed in static mode, with 2 
hours sessions at a sampling rate of 5 seconds. 
  
2.1.2. Measurement and elaboration: The observation 
scheme and the elaboration sequence is the following: 
a) the fiducial network is elaborated measuring and 

computing all the possible independent baselines 
connecting the vertices, and performing a minimal 
constraint network adjustment (fig. 4); 

b) this solution is compared with the “zero” campaign (1995) 
performing a Helmert 6-parameter transformation on the 
initial coordinates and evaluating the residuals in order to 
verify the stability of the fiducial points; 

c) a further control of the fiducial network stability is 
performed by means of a congruency test (Caspary, 1987) 
verifying the H0 hypothesis “the point has not moved”; 

d) a second level network connecting the fiducial points with 
the control points is elaborated measuring and computing 
the connections between two fiducial points (S01 and S03) 
and each control point (fig. 5); 

e) the coordinates of the control points are compared with 
those of the “zero” campaign evaluating the coordinate 
differences (North, East and Height component); 



 

f) to evaluate if the computed coordinate differences 
correspond to effective displacements, two different 
analyses are performed: the first is based on the separation 
of the confidence regions; the second on the congruence 
test described by Caspary, 1987 verifying the H1 hypothesis 
“the point has moved”.  

 

 
 
Figure 4.  GNSS fiducial network (configuration from 2006 on) 
 

 
 

Figure 5.  Connections between fiducial network and control 
points (configuration from 2006 on) 

 
2.1.3. Analysis of the results and field of movements: 
Comparing the results of the subsequent campaigns performed 
on the network, the displacements resulting for some control 
points (confirmed as effective displacements by means of the 
criteria described at paragraph 2.1.2 – f) can be analyzed and 
graphically represented in various modes, in order to describe 
the field of surface movements of the landslide.  
The analyses presented here are limited to the points M01-
M14, for which the time series of coordinates span for the 
longest period (1995 to 2008, for a total of 13 years). 
 
2.1.3.1. Displacement vectors maps: Figs. 6 and 7 show the 
displacements measured (and confirmed by statistical analysis) 
for the control points, referring to the periods 1995-2001 (first 
measurement phase) and 1995-2008 (total time span). The 
planimetric vectors (resulting of northing+easting components) 
are drawn in red, while the height vectors are drawn in blue. 
The planimetric vectors show a field of movements reflecting 
the landslide characteristics described in the introduction: a 

creep, where the upper layers of the soil slide slowly on a 
stable formation at a depth of some tens of meters. The 
maximum displacements show in the central part of the 
landslide body, and their direction follows the maximum slope 
line. 
 

 
 

Figure 6.  Displacement vectors map (1995-2001) 
 

 
 

Figure 7.  Displacement vectors map (1995-2008) 
 
The landslide perimeter defined by the geologists, although 
approximated, seems to be substantially correct: points near the 
landslide edge, like M12, show indeed a movement almost 
parallel to the edge itself. From a comparison between the 
1995-2001 and the 1995-2008 vectors results that the 
movements, in a period of time about twice as much, have 
practically doubled maintaining their direction, thus evidencing 



 

a linear trend, confirmed by the time series analysis (2.1.3.2). 
All the height displacements have negative sign (downwards). 
Their modules are always smaller than the corresponding 
planimetric component. A more accurate analysis of the height 
variations derives from the levelling campaigns (par. 2.2). 
 
2.1.3.2. Coordinate time series: A stacking in time of the 
available solutions leads to coordinate time series, some of 
which (corresponding to the maximum N, E, H displacements 
among the control points in the period 1005-2008) are shown 
in figs. 8-10, as variations from the initial values set at zero. 
 

 
 
 Figure 8.  Time series, point M07, N component (1995-2008) 

 

 
 
Figure 9.  Time series, point M14, E component (1995-2008) 

 
The error bars are drawn in the same scale of the coordinate 
variations and are computed at a confidence level of 1σ. A 
linear regression has been performed and is shown in the 
graphs (red dashed line). The squared correlation coefficient R2 
is very close to the unity, indicating an almost perfectly linear 
motion. Most of the points fall inside the confidence lines at a 
95% level, drawn in black in the graphs. The estimated 

velocities are close to 1 cm/year for the points with the 
maximum displacements. The vertical component, as usual 
with GNSS observations, is characterized by higher uncertainty 
and noise than the horizontal components, so the data are more 
scattered.  
 

 
 
Figure 10.  Time series, point M08, H component (1995-2008) 
 
2.2 High precision levelling network 

2.2.1. Network set up and measurement campaigns: In 1999 
a high precision levelling network has been set up over the 
landslide area, extending beyond the two sides of it as far as to 
reach geologically stable areas. The levelling lines develop for 
a total length of about 12 km and include about 200 markers. 
The network (represented in fig. 15 – lines drawn in blue) has 
been designed by the DICA and is organized in a series of 
closed and connected rings, avoiding open branches as 
possible. 
Figure 11 shows the monumentation of the vertical markers: 
they are realized with stainless steel rods fixed on existing 
structures (walls, buildings or other concrete elements) and 
terminating with a toroidal (a) or spherical (b) stave support.  
 

 
 

Figure 11.  Monumentation for the levelling network 



 

A private company has executed four measurement campaigns 
on the leveling network, in August 1999, January 2000, July 
2000 and January 2001. Later, on assignment by the 
Provveditorato Interregionale alle Opere Pubbliche per la 
Toscana e l’Umbria, the DICA has performed three further 
levelling campaigns, in May 2006, May 2007 and October 
2008. The University has also revised and recomputed the 
1999-2001 observations, for a total of 7 campaigns analyzed. 
The levelling network interacts in an effective way with the 
GNSS network described before: the landslide behaviour can 
be investigated for the horizontal components through the 
satellite observations, and for the vertical part mainly from 
levelling. 
The height component of the GNSS results, characterized by an 
higher uncertainty, is controlled by the more accurate height 
determinations coming from levelling, still can be used for 
comparisons on long time periods. The levelling network, with 
respect to GNSS, permits to achieve at a relatively low cost a 
more dense distribution of the control points on the landslide 
area, even if determining for such points only the vertical 
component of the motion. 
 
2.2.2. Analysis of the results and field of movements: The 
results of the levelling campaigns agree very good with those 
of the satellite techniques, and also with the geological analysis 
of the phenomenon.  
 
2.2.2.1. Height time series: As for the GNSS points, an 
analysis has been performed on the time series of the levelling 
markers, of course only for the vertical component. 
 

 
 

Figure 12.  Time series, levelling marker 48  (1999-2008) 
 

Figures 12-14 show the graphs for the levelling markers 48, 76 
and 168, chosen among the points presenting the highest 
vertical displacements after the total observation period (1999 
– 2008). Most conventions of the graphs are the same as in the 
previous figs. 8-10 referred to GNSS (error bars at 1σ, same 
scale of height; linear regression represented with red dashed 
line; confidence limits at 95% level). The only differences are 
that figs. 12-14 represent absolute heights rather than height 
variations, and the scales are different, but a comparison can 
be still made through the velocities.  

The estimated velocities are about 5-6 mm/year and agree with 
the results found with GNSS for the vertical component. For 
example, the GNSS marker M8 (fig. 10) is very close to the 
levelling marker 168 (fig. 14) and their estimated velocities are 
indeed of the same order (about 0.5 cm/year).  
 

 
 

Figure 13.  Time series, levelling marker 76  (1999-2008) 
 

 
 

Figure 14.  Time series, levelling marker 168  (1999-2008) 
 

The linear regression applied for these time series can appear 
somehow forced, because the data are grouped in two clusters 
separated by a relatively large gap. Waiting for new levelling 
campaigns to be added to our database, this fitting has been 
temporarily estimated basing on the linear trend deriving from 
the GNSS results. Anyway, given the higher sensitivity of 
levelling with respect to GNSS and the shorter interval 
between subsequent campaigns, some oscillations visible in the 
graphs could be attributed to seasonal effect, which we propose 
to investigate in a deeper way in the future, when more data 
will be available. 



 

 
 

Figure 15.  High precision levelling network (in blue) and contour map of the vertical displacements 1999-2008 (in grey tones), 
superimposed to a map of Assisi area. The red line represents the estimated landslide edge (updated version with respect to fig. 1).  

The location of the three points referring to figs. 12-14 is also indicated 
 
2.2.2.2. Spatial distribution of displacements: Figure 15 
shows a contour map of the total vertical displacements in the 
period 1999-2008 (all directed downwards), obtained through a 
Kriging interpolation on the point values. The agreement with 
the landslide border estimated by Geologists is quite good, so 
the one with the GNSS results: the maximum displacements 
(about 55 mm in 9 years) show in the central section of the 
landslide body. 
The discontinuity visible in the lower section of the landslide 
is probably not due to lesser values of the displacements, but to 
an interpolation effect caused by a gap between the 
observations, clustered along the levelling lines. 
 
CONCLUSIONS 
The observations (GNSS and levelling) executed during a 
period of 13-14 years on the Assisi landslide, and their analysis 
performed through coordinate time series and spatial 
distribution of the measured displacements, permit to conclude 
that the Assisi landslide has been characterized in the period of 
study by a motion of the landslide body directed downwards 
along the maximum slope line. The motion is quite slow 
(estimated velocities are at most 1 cm/year horizontal and 0.5 
cm/year vertical) and the rate of motion is practically constant, 
even if some second-order seasonal effects could be put into 
account through most frequent observations. The general 
behaviour, anyway, confirms the hypothesis of a viscous sliding 
(creep) of the landslide body on a solid background located at 
some tens of meters under the soil surface. 
The results of the present research can be usefully utilized for 

the design of technical interventions in the landslide area, both 
at a local or global scale. 
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