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ABSTRACT: Results of two experimental data collections carried out in Italy by means of a 
ground based SAR system operating at C band, devoted to the monitoring of two landslides are 
reported. SAR images and related maps of phase difference variation of the observed scenario 
obtained from time sequences are analyzed to estimate terrain motion. The two described cam-
paigns confirmed the potential of microwave interferometry but also the occurrence of decorrela-
tion on interferometric maps when long time intervals separate the data acquisition.  

1 INTRODUCTION 

SAR images collected within the several international satellite missions of recent years are becom-
ing a widespread tool in many application fields among which the monitoring of ground displace-
ments due to subsidence and to landslides as in Ferretti et al. (2000) and Kimura & Yamaguchi 
(2000). Pairs of SAR images acquired at different dates, make available interferometric maps of 
large areas, which can be converted into a map of surface displacement. This technique, which con-
solidated in data application from spaceborne radar, has been recently enlarged to ground based ob-
servations too. Case studies have been recently issued demonstrating its potential in different fields 
such as the monitoring of large structures, see Pieraccini et al. (2000) or the monitoring of hydro-
logical sites at risk, as in Pieraccini et al. (2003), Leva et al. (2003). Radar sensors aboard satellites 
are potentially able to monitor very large areas. A ground-based installation, when the radar sensor 
position benefits from a good visibility of the scenario, can observe single landslides and give in-
formation on the movement component of the monitored terrain along the line of sight. On the 
other hand satellite observations are sometimes not fully satisfactory because of a too long repeat 
pass time. In these cases a ground based approach seems to be a valid and complementary tool to 
compensate the time gap, or for calibration purposes and as a monitoring and alerting system as it 
is. Satellite and ground based radar interferometry are based on the same physical principle but for 
SAR measurements different kinds of radar sensors are usually employed: step frequency continu-
ous wave radar are preferred in ground based observations while impulse radar are used in satellite 
or airborne applications, when measurement time is constrained by the velocity of the platform. 
Differences of data type (frequency or time domain) are anyway easily overwhelmed through spe-
cific processing. 

In this paper we report the results of two experimental data collections carried out in Italy by 
means of a Ground Based (GB) SAR system operating at C band, devoted to the monitoring of 
landslides, with a the repeat time of approximately five months.  SAR images and related maps of 
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phase difference variation of the observed scenario obtained from time sequences of data were ana-
lyzed to estimate terrain motion. The first campaign was carried out at Civita di Bagnoregio in cen-
tral Italy from April 2002 to November 2003, while the second one was performed in northern It-
aly, in Val Citrin near the Gran San Bernardo pass between Italy and Switzerland in Valle d’Aosta
region, in July 2003,  November 2003 and it is still in progress. 

2 DIFFERENTIAL SAR INTERFEROMETRY 

Synthetic Aperture Radar is a technique capable of producing high resolution images largely dif-
fused in the last decades among the remote sensing community. The availability of a large amount 
of SAR data from different space platforms as ERS1, ERS2, Radarsat, JERS and lastly ENVISAT,  
has made possible the application of microwave imaging to a number of fields.  One of the more 
powerful tools attainable from SAR information has proved to be the differential interferometry as 
introduced since the nineties by Massonnet & Rabaute (1993). This tool allows the generation of 
topographic maps, Zebker & Goldstein (1986), to recover information on vegetation, Alsdorf et al. 
(2001), to study glaciers and ice-sheets, Kenyi & Kaufmann (2003), and to detect earthquakes, 
Cakir et al. (2003), or a subsidence effect on earth surface, Ferretti et al. (2000). 

To realize SAR images radar echoes must be coherent: more exactly they must have a measur-
able phase and amplitude; this allows also an interferometric use of data. Under the hypothesis that 
the majority of scatters remain in the same pixel and they behave according to Rayleigh statistics, if 
the phase of the two images maintains a certain correlation, estimated by the coherence of the im-
ages, the measured value can be associated to the variations that have occurred on the observed 
scenario. Interferometric maps are obtained from pairs of SAR images collected from different ge-
ometry or at different times. The component of the displacement parallel to range direction is 
measurable through differential microwave interferometry. The maps can be associated to dis-
placements that have occurred in the observed scenario if both instrumentation and the propagation 
are not affected by consistent loss of coherence. The understanding of decorrelation sources is 

Figure 1. First measurement site: Civita di Bagnore-
gio with a zoom of radar system.

Figure 2. Second measurement site: Citrin val-
ley (above) and the radar installation (below).
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mandatory and several papers discuss this topic: see for instance that one by Zebker & Villasenor 
(1992).  

3 THE INSTRUMENTAL APPARATUS 

To perform SAR images it is necessary to collect radar data from different positions of the antenna. 
Complex (phase and amplitude information) on the radar signal are then processed by means of a 
SAR algorithm and then applied to differential interferometric analysis. The same radar sensor was 
used for both the campaigns here reported, apart from some modifications on the radio frequency 
section introduced to increase the instrument accuracy in interferometric measurements.  

The measurement equipment is composed of a radar sensor, a mechanical guide, a PC based data 
acquisition and control unit: views of the apparatus and of the scenario are shown in fig.1and fig. 2 
respectively for the two campaigns. The C band transceiver is composed of a continuous wave 
step-frequency transmitter with a coherent receiver, i.e. the transmitting and receiving section of a 
Vector Network Analyzer (HP8653D). The use of VNA to realize a scatterometer has been fre-
quently used by researchers, an example is in Strozzi & Matzler (1998), as it easily realizes a co-
herent radar; the simple schematic of the radiofrequency set-up for radar measurements is shown in 
fig.3. To compensate phase inaccuracy caused by the radar sensor itself, a modification to radio fre-
quency unit was introduced in the second campaign. In fig.4 the new configuration is depicted. 
Thanks to a controlled, two positions, microwave switch, two measurements were carried out. The 
ratio between these two values allows reducing the error on single measurement due to cables. The 
frequency stability was improved thanks to the use of an external high stability source as reference 
for VNA transceiver.  

Table 1. Radar parameters 
RF Bandwidth (MHz) 5650. ÷ 5800. 
Centre wavelength(m) 0.0524 
Frequency step (kHz) 93.75 
Aperture length (m ) 2.6 
Polarization VV 
Antenna Gain(dB) 15. 
Azimuth point number 201 
Transmitted power ( dBm) 37 

Figure 4. Radio frequency set-up: modified con-
figuration including calibration section (second 
campaign).

Figure 3. Radio frequency set-up: former ver-
sion.
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To obtain synthetic aperture the RF section is linearly moved along a metal rail 2.7m long in 
single steps. System parameters like RF bandwidth, spatial sampling along the rail and frequency 
increment determine the attainable spatial resolutions and sampling ambiguity constraints of the 
measurement see Mensa (1998): values used and obtained in our case are resumed in table 1 and 
table 2 respectively. 

Table 2. Spatial resolution of the acquired images 

Data are processed in real time by means of a SAR processor: an algorithm processes the re-
ceived amplitude and phase values stored for each position and frequency values, to return complex 
amplitudes distributed on a regular Cartesian grid: details about the algorithm can be found in Pier-
accini et al. (2001). To reduce the effect of side lobes in range and azimuth synthesis, data are cor-
rected by means of window functions. Data in one single linear co-polar polarization (VV) are ac-
quired.

Observations are carried out without changing the observing geometry of radar, i.e. as zero 
baseline configuration. By using centimetre wavelengths (C band: 5.7 GHz centre frequency) a 
theoretical millimetre accuracy can be attained. The phase is uniquely defined only in the principal 
value range of (–π,π ) and any value outside this interval is “wrapped”. We cannot solve the ambi-
guity due to the impossibility of distinguishing between phases that differ by 2π. As far as the prob-
lem of phase unwrapping is concerned at the moment we have not used any specific method of cor-
rection. In the case of interferometric data obtained through measurements separated by a long time 
interval, they showed an adequate coherence only on sparse and small areas making it difficult to 
apply the most diffused unwrapping algorithms Massonnet et al.(1996). Interferometric phase is 
obtained from pairs of images and is measurable only if coherence remains high. This task is of 

Range resolution (m) 1 

Azimuth resolution (m) 5 @ 500m 

Non-ambigous range (m ) 1600. 

Figure 5. Subsiding measured by three extensometers installed inside the tuffaceous cliff during the 
SAR survey: the monitored area is where large detachments from the cliff occurred in the past.
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major difficulty when the considered time gap is of the order of months. Finally in GB observations 
due to the large amount of images, time averaging allows to increase the signal to noise ratio. 

4 THE TEST SITES AND RESULTS

4.1 Civita di Bagnoregio 

Civita di Bagnoregio, is an ancient town of great historical and cultural importance, located at the 
top of a tuffaceous hill with an elliptical shape; the axes are 300 and 150 metres long and the prin-
cipal azimuth is in the NE-SW direction. In the past the ancient town suffered two strong earth-
quakes (1695 and 1764) with epicentre intensity of IX-X MCS and more recently (1992-1993-
1996-1999) different landslides which caused a detachment of a section of the rock on the northern 
side of the hill on which the urban settlement stands. The site was monitored by means of conven-
tional instrumentation and this large availability of ground truths makes the place favourable to ver-
ify the effectiveness of DinSAR technique to monitor terrain motion. From a geological point of 
view there are two different geological formations: the higher one is formed by a massive 20 me-
tres thick ignimbrite and the other one by stratified tuffs with a thick variable between 20 and 40 
metres. The rocks have been produced by the volcanic apparatus of Vulsini mounts in the mid- 
Pleistocene period and they are located above a lower Pleistocene geological complex with differ-
ent argillaceous and muddy layers with sandy intercalations. 

An automatic monitoring system was installed on the northern side of the Civita cliff which in-
cludes several sensors for measuring the superficial and deep rock displacements (extensometers, 
telescopic strainmeter, crackmeter). During the period of SAR surveys no displacements were 
measured on the tuff cliff: see for example fig.5 where the subsiding measured by three different 
superficial sensors is shown for the entire period of the monitoring campaign. The observed area is 
400m long (range direction) and 100m large (cross-range). For comparing SAR image to an optical 
view the availability of a Digital Elevation Model (DEM) of the observed scene is fundamental: 
fig. 6 shows an example of an intensity SAR image projected on the DEM: all three coordinates of 
the pixel are reconstructed and the high reflectivity region corresponding to the crown of the rock is 

Figure 7. 2D intensity SAR image with letters 
referring to selected points for analysis.

Figure 6. SAR Amplitude 3D image obtained by 
using the DEM of the scenario; data collected 
06/03/02 12.00,; radar is positioned in (0,0). 
Colours  represent intensity in arbitrary units 
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clearly visible. In fig.7 a plane map of the same scenario with some reference points used for 
evaluating local displacement is shown.  

Considering the coherence map, fig. 8, the region with an adequate degree of coherence is con-
fined to the top of the cliff. Loss of coherence can be ascribed to different factors: thermal or in-
strumental noise, geometric decorrelation and temporal decorrelation, in which atmospheric effects 
can be included. In our case geometric aspects can be neglected or corrected by monitoring the me-
chanical frame. Instrumental noise was controlled by using a reference target. The analysis of the 
behaviour of air humidity and temperature, mainly responsible for atmospheric delay variation, 
suggested to make an average of different images and to chose data ensembles corresponding to 
similar sets of meteorological parameters. 

Observing the map of the interferometric phase depicted in fig. 9, obtained between an average 
image of the first campaign and one averaged on some data of the second campaign, a maximum of 
interferometric phase variations of π radiant which corresponds to a displacement of 1.25 cm is 
present. This cannot be ascribed to an actual displacement of the terrain being lower than the over-
all experimental error encountered during the overall campaigns. The difference between this un-
certainty and the expected millimetric accuracy can be ascribed to the several decorrelation sources 
present in real data. The analysis of the coherence showed that between the two campaigns (about 
six months) only few areas of the image, like the upper part of the rock, maintain an adequate co-
herence degree; in particular, vegetated areas suffered a strong loss of correlation due to changes 
during the growth on their geometric and dielectric characteristics and to other occasional factors 
like wind. From the high coherence region (>0.7) on the top of the rock we selected a few points, in 
the proximity of the conventional sensors to compare the displacement of the rock measured by the 
radar system with that measured by punctual conventional measuring system. Another three points 
were chosen in correspondence with small but high coherence areas along the radar path.  

Among the selected points of fig. 7, only a large boulder (B) showed a consistent approaching 
motion of 5.4 mm, greater than the standard deviation for the same scatter (2.0mm) attained in the 

Figure 9. Interferometric map obtained from 
averaged images of the two campaigns; data  
with coherence < 0.4 are excluded  

Figure 8. Map of coherence of the Civita sce-
nario, obtained for the two campaigns.  
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first overall campaign. This large stone, clearly visible in the centre of the photo of  fig. 1, was part 
of the tuff rock from which it detached many years ago; it is collocated on incoherent soil which 
during the second campaign was very wet. Considering the measurement conditions, the low dis-
tance, its high coherence and the averaging done which minimizes the atmospheric effect, this 
value of displacement seems to be realistically a result of a small sliding of the boulder under grav-
ity force towards the valley. 

4.2 Val Citrin 

Citrin valley is located in the Gran San Bernardo mountain group, a few kilometres from the Italian 
side of the road tunnel that connects Italy to Switzerland. The southern face of this valley, in the 
past years, suffered the occurrence of some landslides and in particular as a consequence of some 
heavy precipitation events. In October 2000 new large landslides start up. The Valle d’Aosta Re-
gional Administration in the following years financed some prevention measures against the risk of 
hazardous situations. A campaign for monitoring with a GPS system displacements related to the 
recent landslides was organized by an Italian Company with consolidated Geological and Hydro-
logical survey experience, Enel-Hydro spa. Therefore some microwave interferometric observa-
tions were organized by the Department of Electronics and Telecommunication of the University of 
Florence from summer 2003 to fall 2004 with the exclusion of the period of snow coverage. The 
radar system location assured a good visibility of the main flows of the landslide within a maxi-
mum distance of 2 kilometres: only the lower part of the flows remain partially shadowed by a hill.  

Besides the radar sensor  upgrading described in section 3, the scanning system also was substi-
tuted. The antenna were also changed for others with a higher gain. As for the Civita di B. cam-
paign, air temperature and humidity were measured in different positions along the propagation 
path of the radar signal. The first campaign lasted from 30 July 2003 to 5 August 2003 and was 
mainly dedicated to choose the optimal measurement parameters and to make available some refer-
ence images for comparison with those of the next. The second one was carried out from the 20 to 
26 September 2003. A preliminary comparison between images collected between the two cam-
paigns is shown in fig. 10: colours represent interferometric phase, radiant units, of the pixel ren-
dered on the DEM of the scenario. Some areas show mean measured displacements within 0.4 and 
0.8 cm but also a sparse wrapping fringe, and hence potential displacements larger than 2.5cm. 
These areas with high slope are mainly composed of debris and incoherent matter. This could ex-
plain the occurrence of the measured displacements as due to surface modifications; on the other 
hand for such cases it is difficult to make a comparison with standard and GPS measurements.  

Figure 10. Interferometric phase map of Citrin valley area rendered on 
DEM of the scenario. Colorbar refers to radiant values 
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5 CONCLUSIONS 

The results of two experimental campaigns aimed at testing the use of microwave interferometry 
for landslide monitoring were discussed. In the first campaign the absence of significant terrain 
movement made the test of minor importance; anyway the use of data collected at different dates, 
separated by some months, showed that the main critical aspects of the application of this technique 
are the difficulty of maintain low decorrelation due to instrumental and propagation sources. An 
upgrade of the instrumental system was implemented for the second campaign; the preliminary re-
sults confirmed the sensitivity of the proposed method. 
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