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ABSTRACT 

This paper focuses on a multidisciplinary study carried out in an urban area affected by subsidence and related 
structural damages. The study area is located about 20 km east of Rome (Italy) and is characterized by a relevant 
groundwater exploitation for various purposes as well as by the presence of compressible soils immediately below the 
ground level. Extensive processing at different scales of SAR satellite images (ERS and ENVISAT provided by ESA in 
the frame of a CAT-1 proposal) by means of PSInSAR technique was performed. The so reconstructed time histories of 
ground displacements were then coupled and compared with a detailed geological model and the variations over time of 
piezometric levels, obtained by means of a 3D numerical model of groundwater circulation. Such a data overlay over 
time and space allowed us to better understand and constrain the relationships among ground displacement, piezometric 
variations, geological setting and geotechnical properties of subsoil. 
 
1. INTRODUCTION 

The Acque Albule basin is a quite flat area located 
about 20 km east of Rome which is affected by a 
relevant subsidence process, as visible in Fig. 1 and 
clearly testified by significant damages to several 
buildings related to differential settlements (Fig. 2). In 
terms of structural damages, the subsidence process 
started to involve buildings in the mid 80’s of last 
century and increased at the beginning of 2000’s, even 
causing the evacuation of some houses and public 
buildings. In the first instance, it is possible to state that 
several potential predisposing/triggering factors for the 
observed subsidence are present in the study area: i) the 
presence of compressible soils in the first meters of the 
local substratum; ii) a continuously growing 
urbanization (with related overloads); iii) a very 
significant groundwater exploitation (and related water 
table lowering) due to the presence of a variety of 
“anthropic stresses”, i.e. quarry activities and several 
agricultural and domestic wells. The here presented 
study aims at defining the recent “time history” of 
ground deformations by means of advanced DInSAR 
techniques, to be compared with the piezometric 
variations (both measured and simulated by means of 
numerical modeling) and the stratigraphic setting 
(obtained by interpolating data from several available 
and on-purpose drilled boreholes), in order to better 
understand and constrain the relationships among 
subsidence (in terms of both magnitude and rate), 
timing of piezometric level variations and thickness of 
compressible soils. It is worth noting that the here 

presented methodologies and results at the basin scale 
are framed within a research project (PRIN 2010) 
funded by Italian Ministry of Education, University and 
Research (MIUR): within this project an experimental 
site has been equipped with multi-base electric 
piezometers and an assestimeter for a very detailed 
analysis of the cause-effect relationships among 
subsidence rate, pore water pressure variations and 
stratigraphical/geotechnical setting of subsoil. 
 
2. GOLOGICAL AND HYDROGEOLOGICAL 

BACKGROUND 

The Acque Albule Basin is a morphotectonic 
depression, whose formation and development is related 
to the Plio-Quaternary activity of strike-slip tectonic 
elements (Fig. 3). The so formed depression, whose 
bedrock is featured by meso-cenozoic limestone, hosted 
the deposition of Plio-Pleistocene alluvial, lacustrine, 
and epivolcanic deposits. These deposits are in turn 
covered by a thick (up to 80 m) travertine cover, well 
known since the Ancient Roman age with the name of 
Lapis Tiburtinus. Such a travertine cover is mainly 
made up of stiff and cemented calcite, whose 
precipitation and growth occurred in several phases 
between 115- 30 ka [1], [2], [3] and is strictly connected 
with the deep hydrothermal circulation into the Meso-
Cenozoic limestone. Moving upward within the 
stratigraphic sequence, the travertine plateau is overlaid 
by a discontinuous cover of a weakly cemented up to 
loose travertine, composed by clasts interspersed in a 
sandy-silty matrix 
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Figure 1. Maps of the mean annual subsidence rate along Line of Sight, (LOS) obtained by processing satellite images 
from ERS ascending (A), ERS descending (B), ENVISAT ascending (C) and ENVISAT descending (D).  



 

Finally, the development of karst collapses within the 
travertine caused the formation of morphological 
depressions which hosted a lacustrine-palustrine 
environment with the deposition of sandy silts, clay-
loam (with high organic content) and peats. 
The last two geological units (namely, loose travertine 
sandy silts and organic clay-loam and peat), that in a 
first instance can be grouped in a “compressible” 
geological-technical unit, have a quite variable 
thickness below the ground level, ranging between few 
centimeters up to more than 10 meters, as revealed by 
the geological model interpolated on the basis of 
available stratigraphic logs (Fig. 4). 

 

Figure 2. Effects on buildings induced by subsidence: 
examples of structural (left) and non-structural (right) 

damages. 

Strictly related to the quite complex geological setting is 
the multi-level groundwater circulation in the Acque 
Albule Basin (Fig. 3). The Meso-Cenozoic limestone 
hosts a deep aquifer fed laterally by the deepest part of 
the surrounding carbonate ridges, outcropping east and 

north-east of the basin. The waters contained herein is 
thermalized due to the rise of deep fluids at high 
pressure and temperature from the supply system of the 
Colli Albani volcanic complex, which outcrops 
southward. The aquifer is confined at the top by clayey-
sandy deposits that act as aquitard / aquiclude thus 
providing a piezometric level even higher than the 
ground level. The aquitard separates the deep aquifer 
from the most superficial hosted in the travertine plateau 
and fed by contributions directly from rainfall and 
laterally by the above mentioned surrounding carbonate 
ridges. In addition, such an aquifer is partially fed by the 
upwelling of thermalized waters (and gas), coming from 
the deep aquifer and passing through the tectonic 
discontinuities which drove the formation of the basin 
itself [3], [4], [5], [6], [7]. Several springs with 
significant discharge testify for the huge potential of 
such an aquifer. 
Notwithstanding, the “superficial” aquifer is stressed by 
human activities so much that the water balance is 
unstable: a generalized lowering of the water table 
affects a wide portion of the Acque Albule Basin, while 
a more significant dewatering (and related piezometric 
level lowering) involves the areas surrounding the 
travertine quarries where water pumping (on the order 
of 4 m3/s) is necessary to exploit deep travertine banks. 
Such a quarrying activity increased in the last decades, 
thus causing a progressive enlargement and deepening 
of the related cone of depression. Based on the 
collection of hydrogeological monitoring data as well as 
on hydrodynamic parameters, a detailed 
hydrogeological 3D numerical model was performed [8] 
by updating and refining a previous one [9]. Such a 
model allowed us to reconstruct with a good degree of 
confidence the “time history” of the dewatering process 
over time and space (Figs. 5 and 6). 
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Figure 3. Simplified geological and hydrogeological cross-section of the Acque Albule Basin. Key to legend: 1) recent 
alluvial and colluvial deposits; 2) Debris; 3) Travertine and lacustrine/palustrine deposits; 4) Pleistocene deposits; 5) 
Pliocene deposits; 6) Carbonatic bedrock; 7) Fault; 8) Flow direction; 9) Groundwater overspill; 10) Water table 
level; 11) Confined water table level. Modified after [7]. 



 

Legend

Quarries

Thickness soft soil

Value
High : 26

Low : 0.1

0 1
Kkm

Legend

Quarries

High : 26

Low : 0.1

Soft soil thickness (m)

 

Figure 4. Map representing the spatial distribution of soft soil thickness. 
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Figure 5. Reconstruction via numerical modelling of piezometric levels within travertine in undisturbed (1954) and 
disturbed (2008) conditions. 



 

3. INTERFEROMETRIC ANALYSES 

The above depicted geological and hydrogeological 
frame is robust enough to more deeply understand the 
relative weight of different factors in the activation of 
subsidence, once the “time history” of ground 
deformation is reconstructed by means of SAR data. 
In this work, ground subsidence measurements were 

obtained using PSInSAR technique [10], [11], [12], 
[13], [14] and using proprietary procedures 
implemented in SARPROZ software (Copyright (c) 
2009 Daniele Perissin, Italy) [15], [16], [17], which uses 
genetic algorithms to calculate parameters derived from 
processing of interferometric data. 
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Figure 6. Charts showing the relationships between the time histories of modelled dewatering and LOS displacement in 
two different stratigraphic settings. Key to legend: a) ENVISAT descending; b) ENVISAT ascending; c) ERS ascending; 
d) ERS descending; e) Simulated piezometric level in travertine; f) Simulated piezometric level in loose travertine; g) 
Simulated piezometric level in organic clays and peats. 



 

The analysis was carried out through two main 
approaches: full-site processing and local scale 
processing. Full-site processing allowed us to 
reconstruct the deformational trend of the entire basin, 
with the aim of characterizing a large portion of 
territory in terms of mean annual Line of Sight (LOS) 
velocity. Additional analyses were performed on a local 
scale and focused on areas of greatest interest, in order 
to identify possible non-linear trends correlated with 
piezometric level variations caused by human activity. 
ERS and ENVISAT data stacks, provided by ESA in the 
frame of the CAT-1 project “Geological reconstruction 
and monitoring in recently urbanized areas affected by 
subsidence” (ID: 13097), both in ascending and 
descending acquisition geometry, were processed 
independently and combined only as final geocoded 
products in a GIS system: use was made of 192 
Synthetic Aperture Radar (SAR) scenes, covering the 
period June 1993–August 2010. For each path and 

frame we selected a single master and co-registered all 
slave images to that master. 
With regard to full-site analyses, PS candidates (PSC) 
were selected based on a combination of several quality 
parameters related to the amplitude of the radar signal 
(reflectivity and Amplitude Stability Index – ASI). A 
network of PSC was created to estimate preliminary 
height and velocity parameters, in order to retrieve and 
remove the Atmospheric Phase Screen (APS). After 
APS removal, a second parameters estimation was 
performed on a wider set of points, selected on a spatial 
coherence and ASI combination criterion. For the 
displacement parameter, a linear deformation trend 
model was adopted. At the end of the PS analyses, all 
PSs with coherence above 0.65 were selected. For each 
PS, LOS velocity, displacement time series and height 
were computed (related to a reference point identified in 
a stable area outside the Acque Albule Basin). 
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Figure 7. Chart showing the relationships between the time histories of modelled dewatering and LOS displacement of 
selected PSs along a transect at the NW border of the basin. The stratigraphy associated to the selected PSs as well as 
their location are reported in the lower left and lower right corners, respectively. Key to legend: a) Organic clays and 
peats; b) Loose travertine; c) Travertine; d) Volcanic deposits. 
  
The analysis at locale scale, carried out to highlight non-
linear and/or cyclical deformation, was performed on 

the portion of the basin that was progressively involved 
in the dewatering. Eight sectors (with an area smaller 



 

than 2 km2) of the basin were analyzed separately. This 
approach does not require the estimation and removal of 
APS because atmospheric perturbations have a 
correlation distance less than 1 km [18]. In contrast, 
non-linear movements are expected to show smaller 
correlation in space; thus, we assumed to be able to 
detect such movements via a low pass filter in time 
domain. The choice of the reference point for each area 
was performed selecting it in stable areas outside of the 
basin. PSC were then chosen by applying a threshold 
value on ASI. For the selected points, height and 
displacement were estimated and deformation time 
series were reconstructed. 
 
4. RESULTS AND CONCLUDING REMARKS 

In first instance, by overlaying a classified post map of 
the full-site PS analysis and the map representing the 
distribution of compressible soil thickness, it is possible 
to observein general terms the relationship among 
subsidence average rate and geological setting. 
Furthermore, if the “time history” of some selected PS 
is compared to the modeled piezometric level variations 
over time, an acceleration of the subsidence process can 
be pointed out in correspondence of the main 
dewatering phases (fig. 6), thus confirming the relevant 
role of water pumping. When water is pumped from the 
travertine aquifer, whose piezometric level roughly 
coincided with the ground level in undisturbed 
conditions, a gradient is created thus implying a water 
flow from the topmost compressive soils down to the 
travertine aquifer. As a result, pore pressure decreases 
and the soil experiences a consolidation process. At the 
same time, figure 6 shows the different behaviour of the 
PSs as a function of the local stratigraphy, being 
comparable the dewatering magnitude. 
More detailed hints derive from the local scale analysis: 
in this paper we show the results from an area located at 
the NW border of the basin, which is particularly 
significant as: i) it encompasses a variety of 
stratigraphic settings; ii) it has been involved in the cone 
of depression recently, so that significant piezometric 
variations can be noted in the investigated time interval 
(2001-2010). Figure 7 clearly shows that the activation 
time of subsidence is strictly related to the involvement 
in the cone of depression, while the magnitude of the 
process is governed by the local stratigraphy. This 
evidence is testified by the behaviour of some PSs 
farther away from the pumping “epicenter” that 
experience greater vertical movements than other points 
located closer: the associated stratigraphy reveals a 
thicker layer of compressible soils in the former points 
with respect to the latter ones. Finally, as expected, PSs 
located on the outcropping volcanic units are not 
affected by significant vertical deformations. 
The here presented results are encouraging for the final 
goal of the research project in whose frame these 
activities were carried out: the project focuses on the 

back-analysis of factors which control onset and 
development of subsidence, with the final aim of 
attempting to forecast subsidence activation and 
magnitude on the basis of piezometric monitoring 
coupled with a detailed knowledge of the geological-
technical model of the subsoil. In this sense, a 
contribution could derive from the aforementioned 
hydrogeological/geotechnical experimental test site 
aimed at better quantifying the relationships among 
water level/pressure variations, geological setting and 
geotechnical properties. 
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