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Abstract

This paper reports the results of a study on the estimation of the deformation of the Italian Campotosto Lake dams and
bridge due to the earthquake series recently occurring in the Central of Italy and still ongoing. The analysis is performed
by processing a stack of 180 synthetic aperture radar (SAR) interferometric images, observed by the Italian satellite
system COSMO-SkyMed (CSK) and 74 interferometric SAR images, collected by the European Space Agency (ESA)
satellite system Sentinel. Results show an ongoing negative subsidence at the location of the main Campotosto lake dam
infrastructure and the main bridge connecting two opposite roads. The work reveals information about the Earth surface
deformation, which might be useful in order to track the subsidence caused by the recent earthquake series occurring in
the center of Italy and, hence, for a correct administration of the dam and an efficient technical maintenance of the local
territory.

1 Introduction

The Campotosto is an artificial lake located in Abruzzo
(central part of Italy). The water reservoir is the second
largest in Europe for capacity and it is located at 1,313
meters above sea level, comprising an area of 14 square
kilometers. In the last decade, central Italy has been victim
of a series of strong earthquakes the first of which began
on the 6th of April 2009 when a 6.1 Richter scale degree
of magnitude earthquake hit the city of L’Aquila. After
that event others have followed. On the 24th of August
2016, the second heavy in magnitude (6.0 Richter scale)
destroyed the cities of Amatrice, Arquata and Pescara del
Tronto, killing 294 people. On the 26th of October 2016,
a 5.9 Richter degrees earthquake hit the city of Ussita and
on 30 October a more powerful earthquake (6.5 degrees on
the Richter scale), hit the city of Norcia. The last strong
earthquake, 5.4 degrees of magnitude in the Richter scale,
was registered on the 18th of January 2017. The epicenter
was estimated around the cities of Pizzoli and Capitignano
Amiterno, very close to Campotosto lake.
This paper focuses on the analysis of the ongoing destabi-
lization of the Campotosto infrastructures correlating them
to the above-mentioned earthquake events. This specific
area is particularly critical, due to the fact that the lake bed
is located over to active tectonic faults. Due to the particu-
lar physical structure of the soil consistency of the Campo-
tosto lake, a constant and real-time subsidence monitoring
is necessary. However, performing vast topographic defor-
mation surveillance is a very difficult and expensive work if
locally based hot points lidars are used. Synthetic Aperture
Radar (SAR) Interferometry (InSAR) is a valid large-scale

investigation method permitting Earth surface deformation
measurements in a relatively fast and cost effective way.
It is important to highlight that InSAR presents a series of
limitations as, for instance, time varying atmospheric sig-
nal delays, satellite orbit errors, and temporal/geometric
decorrelations. These limitations must always be taken
into account. Currently, the most cost effective method of
perform wide-area Earth surface deformation monitoring
is the Persistent Scatters Interferometry (PSI) investigation
technique, which provides high-resolution accuracy. By
this technique, a finite number of persistent scatterers can
be identified over long temporal series of InSAR images.
In [1] a high precision persistent scatterers (PS) measure-
ment campaign of urban areas and has been successfully
completed. The work showed the presence of negative and
positive subsidence effects on the terrain surface. In [2]
a complete procedure to track in time stable SAR scatter-
ers has been developed. This procedure estimates Digital
Elevation Model (DEM) providing high precision motion
of the terrain surface spanned in time. In [3] a valid solu-
tion for estimating the effects of atmospheric distortion is
given by averaging independent interferograms. In [4] the
land deformation of 11 watersheds located in West Java’s
mega-urban region has been estimated, using the PS sig-
nal processing technique. In [5] a very interesting work
has been performed by tracking Shanghai subway tunnels
and highways, using the Italian SAR satellite system CSK.
In [6] monitoring the bridge displacements by using the
space-borne X-band SAR interferometry data is presented.
This paper proposes a detailed study of the damage assess-
ment of the main infrastructures constituting the Campo-
tosto artificial lake due to the earthquake series ongoing in



Figure 1 Acquisition time frame of the CSK and Sentinel
satellite systems. Red: An observation sample has been
performed. White: Time not observed.

Figure 2 Campotosto lake. (a): CSK SAR master image
geolocated on optical image. (b): Sentinel SAR master
image geolocated on optical image.

the Central part of Italy (Abruzzo Region). Results esti-
mate significant destabilization ongoing on the three dams
of the lake. The outline of this paper is the following: Sec-
tion 2 described the methodology used for estimating the
displacement trend using persistent scatterers interferomet-
ric SAR (PSInSAR), while, Section 3 gives the estimated
results and discussion, finally the conclusion are outlined
on Section 4.

2 Methodology

Multi-baseline and multi-temporal interferometric SAR
observation is required to measure temporal variations in
the Earth’s surface deformation. This observation geom-
etry involves the synthesis of an antenna with an aperture
in the cross-slant-range direction [1]. In this case the in-
terferometric phase is measured as the sum of several con-
tributions like geometry, topography, atmospheric propa-

Figure 3 Displacement maps (Scattered).

Figure 4 Displacement maps (Resampled).

gation delay and scatterers deformation. The main task to
obtain structural displacement accurate to the millimeter is
to separate the contribution of the interferometric variation
due to the atmosphere from that due to displacement. An
accurate digital elevation model (DEM) and precise orbit
information has been used to model and remove the phase
contribution due to geometry and topography. The global
interferometric phase observed on each SAR pixel is the
following sum:

φglobal = φ f lat +φelev +φatmo +φdisp +φnoise. (1)

with:

• φ f lat , the flat-Earth phase component due to Earth sur-
face extension;

• φelev, is generated by the topographic contribution;

• φatmo, is the atmospheric contribution due to parame-
ters like humidity, temperature and pressure variation;

• φdisp, is the phase contribution due to displacement.

The aim of the InSAR technique is to isolate the phase
displacement contribution. The flat Earth and topographic
phase components can be easily removed based on geo-
metric considerations, whereas the atmospheric contribu-
tion removal does not represent an easy task.
In order to separate the phase displacement φdisp from the
phase due to the atmosphere φatmo, the approach presented
in [1, 2] requests a long-temporal series of interferograms
in order to estimate a reliable atmospheric phase screen
(APS) [1]. As an alternative solution we proposed an al-
ternative solution to estimate the parameter φatmo by con-
sidering the algorithm proposed in [7]. We select the can-
didate PSs analyzing the time-series amplitude values for
each pixel in the area of interest and looking for stable scat-
terers. According to [1, 2], the magnitude A assumed by
each pixel of a SAR image is supposed to be the following
Rice distribution:

fA(a,ν ,σ) =
a

σ2 exp
(
−(a2 +ν2)

2σ2

)
I0

(aν

σ2

)
. (2)

In (2) ν is the observed energy and σ is the pixel dis-
tribution variance, estimated on each single-look-complex



Figure 5 Campotosto dams: (a): Poggio-Cancelli. (b):
Rio-Fucino. (c): Sella Pedicate. (d): main bridge.

(SLC) image components, whereas, I0 is the first order
modified Bessel function having shape parameter ν2

2σ2 . The
amplitude dispersion index is equal to [1, 2]:

DA =
σ

ν
. (3)

Equation (3) is the measure of the amplitude stability and
for this research we have set this parameter to 0.8, equal for
CSK and Sentinel. For estimating the phase displacement,
the author used the InSAR processing tool, SARPROZ, de-
veloped by Prof. D. Perissin [4].

3 Experimental Results

The experimental results are obtained using COSMO-
SkyMed (CSK) and Sentinel data. The CSK stripmap
product has a spatial resolution of 3m× 3m in the range
and the azimuth direction respectively. The SAR acquisi-
tions are spanned in time over a quasi-regular grid starting
from the 22th of July 2011 to the 9th of February 2020.
The Sentinel scansar-like products have a spatial resolu-
tion of approximately 10m× 10m in the range and the az-
imuth direction respectively. Also, in this case, the SAR
acquisitions are spanned in time over a quasi-regular grid
starting from the the 7th of October 2014 to the the 9th of
September 2017. The complete observed areas are plot-
ted in Fig. 2 (a, b) where Fig. 2 (a) represents the CSK
SAR master image and Fig. 2 (b) is the Sentinel SAR mas-
ter image. Marker 1 is geolocated on latitude 42.589541
and longitude 13.309301. Marker 2 is geolocated on lati-
tude 42.569341 and longitude 13.455356. Marker 3 is ge-
olocated on latitude 42.477690 and longitude 13.425968.
Marker 4 is geolocated on latitude 42.496054 and lon-
gitude 13.288217. The distance between marker 2 and
marker 1 is 12.5 km and the distance between marker 4 and
marker 2 is 12.8 km. The observed area has a surface of
160 square kilometers. Fig. 3 shows the displacement map
of the Italian regions of Abruzzo and Umbria. The seismic
events marked by the blue arrows (A, B, C) represented
in Fig. 1 generated a strong subsidence around the towns
of Amatrice and Campotosto. This tectonic destabilization

is visible within the red circle in Fig. 3. Fig. 4 shows a
panoramic view of the estimated Earth deformation corre-
lated to the information of the main active faults present
in the area containing the towns of Montereale, Amatrice
Campotosto, L’Aquila, and Paganica. The red line labelled
as ”1” is the Montereale fault, the line labelled as ”2” is the
Campotosto fault and the line labelled as ”3” is the main
fault of l’Aquila. The fault number four extends its activ-
ity into the town of Paganica. The main dam of Poggio
Cancelli is located on the north-west of the lake and vis-
ible inside the green boxes labelled ”1” of Fig. 2 (a, b).
The Sella Pedicate dam is located in the south part of the
lake inside the green boxes labelled ”2” of Fig. 2 (a, b) and
the Rio Fucino dam is located on the east side of the lake
inside the green box labelled ”3” of Fig. 2 (a, b). The area
of interest refers also to the Campotosto bridge, located at
the center of the lake and visible inside the green-boxes
labelled ”4” of the same Fig. 2 (a, b). Fig. 5 (a) repre-
sents the panoramic view of the Poggio Cancelli dam. The
infrastructure is constructed of heavy blocks mixed with
concrete and soil. A service road is installed on the top
side of the Poggio Cancelli dam. Fig. 5 (b) represents the
panoramic view of the Rio Fucino dam, the infrastructure
is built of reinforced concrete and is served by a read run-
ning on top of it. The Sella Pedicate dam, visible in 5 (c),
is also made of reinforced concrete. Two public bridges
are depicted in Fig. 5 (d) connecting one side to the other
of the lake. Both of them are made of concrete. The old-
est bridge has been replaced by a second one, newer and
more stable. Fig. 6 (a, b) shows the PS result of the Pog-
gio Cancelli dam estimated with CSK and Sentinel respec-
tively. The estimated persistent scatterers are plotted and
geolocated. The Poggio Cancelli dam is the most impor-
tant infrastructure in terms of water energy reservoir that is
called to confine. This dam is 490 m long and 115 m large.
In both cases a significant subsidence can be measured in
the central part of the dam. The estimated maximum value
of subsidence is -30 mm. Fig. 7 represents the displace-
ment trend as a function of the time of the PS estimated
using the CSK data (from number 1 to number 4) as de-
fined in Fig. 6. (a). The presentation style, common for all
other results of this nature, shows the blue continuous line
assigned to PS number 1, the black dotted line is assigned
to PS number 2, the red dotted line is assigned to PS num-
ber 3, finally, the black dotted line is assigned to PS number
4. The earthquake magnitude is represented by the green
dotted graph with blue squares. The figure shows that the
first earthquake occurred in 2016, indicated by the letters
(A) and (B) (24 August 2016, 6.0 Richter scale and 26 Oc-
tober 2016, 5.9 Richter scale, 18th January 2017) of Fig. 1,
had no effect on the dam, nor on the other structures of the
lake. A significant displacement occurs due to earthquake
(C) (5.4 degrees in the Richter scale) because it generated
a strong deformation that saw the PS numbers 1 and 2 hav-
ing a rapid upset equal to +30 mm while the PS numbers 3
and 4 had a subsidence equal to about -30 mm. The dam
bent with a maximum extension equal to 6 cm. Similar
results can also be obtained using Sentinel data. The Cam-
potosto lake is traversed in the middle by a bridge, recently
renovated, made of reinforced concrete. Fig. 9 represents



the result concerning bridge displacement. Through the ar-
rows tagged with the numbers 1 and 2, we can clearly see
that the bridge is suffering a structural damage. In those
points the infrastructure is characterized by having a sud-
den upset/subsidence inversion. This anomaly is confirmed
by observing Fig. 10. In this case, PS 1 is represented by
the dotted line in red and PS 2 by the continuous line in
blue. Also in this case the earthquake events are reported
on the plot for time reference. Observing the figure we
can see the normal oscillations due to the thermal expan-
sion of the bridge while the seismic event (C) clearly shows
the bridge breakage that is taking anomalous displacement
trends. For this case study there are no Sentinel data, due
to the spatial resolution limitations, it was not possible to
observe the bridge well. Fig. 11 represents the PS results
of the Sella Pedicate dam located on the side of the crater
of the city of Aquila. It is a very important infrastructure
built in reinforced concrete. Fig. 11 (a) is the estimated
result from the CSK data while Fig. 11 (b) are the results
obtained from Sentinel’s data. Fig. 12 represents the trend
in time of the PS displacement indicated by the numbers 1,
2, 3 and 4 visible in Fig. 11 (a) and calculated with CSK.
A maximum subsidence of -40 mm observed on PS 2 and
a maximum upset of 20 mm given by PS 3 is estimated.
The graph confirms that the earthquake that has a negative
influence on the infrastructure is always the (C) of Fig. 1,
occurred in 2017. Sentinel’s results confirm the trend by
Fig. 13. The last dam under analysis, Rio Fucino, showed
in Fig. 14, did not exhibit particular damage and the results
are not reported. In conclusion, this work has investigated
the state of health of the complex infrastructural park of the
Campotosto Lake basin. We found a worrying deforma-
tion on the Paggio Cancelli and Sella Pedicate dams, with
a maximum relative displacement of about 6 cm, in both
cases. Regarding the bridge, a crack was found in the mid-
dle between the central part and the south entrance. The
Rio Fucino dam seems to be in good condition. This work
also used to parallelize results observed from two satel-
lite systems of different nature such as CSK and Sentinel,
being operational both on orbital planes and on different
frequencies.

4 Conclusions

This paper reported a study focused to estimate structural
deformation generated by the earthquake series occurred in
central Italy on the Campotosto dams. The work consisted
in the processing of 180 SAR interferometric images, ob-
served by the Italian satellite system CSK and 74 interfero-
metric SAR images, collected by the ESA satellite system
Sentinel. Results showed a negative subsidence ongoing on
the Poggio Cancelli dam due to the strongest earthquakes
occurred. The study estimated a strong subsidence also on
the main bridge of the lake. The Poggio Cancelli and the
Sella Pedicate dams where affected by subsidence only due
to the last strong earthquake registered.

Figure 6 Geolocated PS results of the Poggio-Cancelli
dam. (a): CSK result. b: Sentinel result.
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Figure 7 Displacement versus time of points 1,2,3 and 4
depicted in Figure 8.

Figure 8 PS time domain variation.

Figure 9 PS time domain variation.

Figure 10 PS time domain variation.

Figure 11 PS of Pedicate dam. (a): CSK. (b): Sentinel.

Figure 12 PS time domain variation.

Figure 13 PS time domain variation.

Figure 14 Georeferenced particulars of the Rio Fucino
dam.


