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Abstract. Multi-temporal interferometry or INSAR allows monitoring of a deformation phenomenon
at millimetre level, via the generation of mean deformation velocity maps and displacement time
series from a data set of acquired SAR satellite images.

The advantages of satellite radar interferometry for displacement monitoring are demonstrated in
cases of monitoring man-made structures (e.g. buildings, bridges, dams, subway lines, mines
exploitation). This paper presents works in which subsidence phenomena were analyzed by INSAR

technique.
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1. INTRODUCTION

Deformation of the ground in urban settings can
occur through naturally induced factors, such as
landslides or subsidence-uplift phenomena, and
anthropogenic causes, as for the case of tunnelling
excavations for urban subway lines or bridge and
highways constructions. Ultimately, all these can
result in serious damage to buildings. In the last
years, INSAR (Interferometric synthetic aperture
radar) technique has been developed for monitoring
the ground movements; this technique represents an
efficient instrument for remote sensing and
measurements of surface displacements from urban
settings with one centimetre to one millimetre
accuracy (Bonano et al., 2014). The most known
multi-temporal interferometry techniques are PS
(Permanent Scatterer) and SBAS (Small BAseline
Subset).

The use of PS technique in risk management
analyzes depends very much on: (1) the number of
data available and their temporal distribution; (2)
PS density in points; (3) the motion of the targets
with respect to the satellite LOS (Line of Sight);
and (4) the presence of snow coverage (Ferretti et
al., 2000).

For subsidence analysis, both temporal and
spatial resolutions of the SAR satellite data are well
suited for monitoring terrain settlement in urban
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areas. PS density in urban areas is usually greater
than 100 PS/sq.m and thousands of square
kilometres can be monitored monthly (Ferretti et al.,
2000).

INSAR advanced technigues are a valuable tool
in the landslide assessment because they allow
remote investigation of the ground movement
behaviour over long periods of time, benefiting of
large sets of SAR images taken at different times
that cover the same area in space. Among these
techniques, the SBAS approach for surface
deformation analysis can be applied to two spatial
scales, i.e. regional and local scales.

2. InNSAR IDENTIFIED SUBSIDENCE AT
INTERNATIONAL LEVEL IN THE
SPECIALIZED LITERATURE

The results obtained in the framework of the ESA
Terrafirma project (www.terrafirma.eu.com) have
confirmed the theoretical analysis on risk
assessment. The subsidence in Rome, Italy was
monitored within this project. Suburbs and even
individual buildings affected by subsidence can be
detected (Ferretti et al., 2000), as well as possible
seasonal movements induced by the water table
variations (Colesanti et al., 2003).
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Many examples of PS INSAR techniques applied
to subsidence studies are available at TRE web site
(www.treuropa.com). Companies from the oil and
gas sectors are currently the major users of PS data.
Precise surface deformation fields can be very
valuable for reservoir exploitation (Vasco et al.,
2008) and for identification of areas in the
neighbourhood of the oil or gas wells, which can
suffer damages.

Subsidence induced by mining activities can be
also detected by means of PS INSAR (Colesanti et
al., 2005).

In the city of Paris, 2 subsidence areas can be
seen by interferometric techniques. Underground
works were performed in both areas during 1995-
1997 (Fruneau and Sarti, 2000).

The work of Bonano et al., (2014) presents an
application of SBAS-InSAR technigue to the urban
area of Rome (ltaly), aimed at investigating the
displacements that, during the last two decades,
have affected buildings within the downtown area.
The analysis of the SBAS results is valuable to
understand the spatial pattern and the magnitude of
the settlements in comparison with a geological map.

In the work developed within the framework of
the DORIS FP7-EU project, there are investigated
the mass movements occurred in the Umbria region
(central Italy) during the last 20 years, by exploiting
ERS-1/2 and ENVISAT SAR images spanning the
1992-2010 time interval. This SBAS analysis
allowed the detection of active landslides over all
the study area, and further giving more insights on
the spatial and temporal pattern of localized
phenomena (Bonano et al., 2013)

Another applied example is the one from the city
of Shanghai, located in the easternmost part of
Yangtze Delta in China that is one of the most
developed Chinese regions. The city experiences
land subsidence. Excessive groundwater withdrawal
is thought to be the primary cause of the land
subsidence, but rapid urbanization and economic
development, mass construction of skyscrapers,
metro lines and highways are also contributing
factors. The paper of Shaochun Dong et al. (2014)
presents a spatial-temporal analysis of the land
subsidence in Shanghai. The analysis was done on
twenty L-band ALOS PALSAR images acquired
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during 2007-2010. They were performed with the
help of the SBAS Interferometric technique. These
images were used to produce a deformation rate
map and to derive time series of ground
deformation. The results show homogenous
subsidence  within the research area and
exceptionally rapid subsidence around skyscrapers,
along metro lines and highways. The authors
consider that the subsidence monitoring is
warranted because groundwater exploitation and
rapid urbanization are responsible for much of the
subsidence in the Shanghai region (Shaochun Dong
et al., 2014).

Ground deformation affecting the Umbria region
(central Italy) during 1992-2000 was investigated
through InSAR Interferometry. For this purpose, the
SBAS technique was adopted, which allows the
studying of the temporal evolution of the detected
deformation at two spatial scales: a low-resolution
(regional) scale, and a full-resolution (local) scale.
For this analysis, SAR data were acquired by the
European Remote Sensing (ERS-1/2) satellites. The
analysis of the spatial and the temporal
characteristics of the ground displacement allowed
the formulation of a hypothesis on the landslide
geometry and deformation pattern (Fausto Guzzetti
et al., 2009).

PS approach was used to investigate the iron
mining site of Lorena (France). In this article, a
special attention was given to the Roncourt case,
where precursor signs of collapse affecting an area
of ~300 x 300 m? were identified (Colesanti et al.,
2005).

The purpose of Biescas et al., (2007) paper is to
describe two complementary approaches through
INSAR technique. The first approach can measure
slow land deformation (from a few millimeters up
to some centimeters per year), and the second
approach can measure fast land deformations (up to
few meters per year). Emphasis is given to the
description of the former approach, which requires
multiple SAR images of the same phenomenon and
an advanced analysis procedure. The effectiveness
of both approaches is illustrated through two
applications on mining areas of small spatial extent
located in Spain. The white pixels indicate that no
deformation estimates are available in those areas.
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In Herrera et al. (2007) paper, INSAR technique
has been used to study the subsidence phenomena
from the town of La Union (SE, Spain) for two time
intervals, from January 1998 to December 2000,
and from March 2003 to December 2004. The town
of La Union (SE, Spain) is located within a metal
mining area that has been exploited since Roman
period. This historic exploitation has left behind a
high concentration of abandoned underground
mining galleries. INSAR technique has enabled the
detection and monitoring of different deformation
processes that affect several locations within the
study area. By comparing these results with the
underground mining galleries map, a clear
relationship between their presence and the
subsidence has been proved. Deformation values
retrieved with InSAR between April 2003 and
December 2004 have been compared with the
topographical leveling measurements performed in
the same period, providing an absolute average
difference of 0.7 cm with a standard deviation of
0.5cm.

In Wegmuller et al., (2010) paper, it is shown
how PS module permits the monitoring relatively
fast (including rates up to > 50 cm / year) and non-
uniform movements using deep-level mining. For
this monitoring, TerraSAR X satellite observations
have been wused. In this paper, the used
methodology, the obtained results and the validation
of the results are described.

Raucoules et al. (2009) article presents the
results within PSIC4 project. The project was based
on the validation of the PS data with respect to
leveling data on a subsiding mining area near
Gardanne, in the South of France. The subsidence
velocity intercomparison results obtained from PS
data showed a standard deviation between 0.6 and
1.9 mm/year between the 8 teams. The velocity
validation against rates measured on the ground
showed a standard deviation between 5 and 7
mm/year. A comparison of the PS time series and
leveling time series shows that if the displacement
is larger than about 2 cm between two consecutive
SAR-images, PS-InSAR starts to deviate seriously
from the leveling time series. This point illustrates
the importance of having ground information and a
strong interaction with the end-user of the data, in
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order to understand properly the type and speed of
the deformation that will be measured, and thus
determine the applicability of the technique.

Herrera et al. (2008) analyze the subsidence in
Murcia, Spain, by means of PS time series. Two PS
methods (PS and SBAS) are compared in their
study, and measurements are validated with the
extensometers.

Ferretti (2007) paper analyzes the subsidence in
the mining exploitation area from the East of France
with INSAR data.

The Satellite Radar Interferometry reveals
subsidence occurring in an area of about 2 km by 2
km inside the city of Naples, in the South of Italy.
The observations show a maximum (vertical)
displacement of about 5-6 cm between 1992 and
1996, while the deformation signal decreases
between 1996 and 1998. The study demonstrates the
high correlation between the observed deformation
and the construction of a new underground railway
line carried out between 1992 and 1995. The
analysis from this study suggests a direct
connection between the subsidence detected and the
underground works evolution. This article
demonstrates the measurement capacity by
interferometric radar techniques of subsidence in
urban and densely populated areas (Berardino et al.,
2002).

Wegmidiller et al. (2008), Wegmuller et al.
(2010) and Colesanti et al. (2007) have described
the subsidence determined by the existence of
mining areas in their works.

The landslide activity in the area of Bolshoy
Sochi (Big Sochi), situated at the Black Sea coast of
the Great Caucasus has been studied using PS-
INSAR method. Comparative investigation of
surface displacements obtained from three has been
performed from January 2007 to September 2012.
Analysis of the time series allowed to determine
periods of activity and relative stability of
landslides (Kiseleva et al., 2014).

The InSAR time series analysis coming from the
ERS1 (1992-2000) and RADARSAT-1 (2003-2007)
satellites  highlighted a significant ground
displacement in Naro region (ltaly), due to the
instability caused by the phenomenon occurred in
February 2005. Through the InNSAR analysis, it was
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established that the displacement rates were up to 6
mm/yrt in 2003-2007, followed by a post-event
stabilization. Through the integration of INSAR data
and conventional field surveys (geological,
geomorphologic), the causes of instability were
attributed to tectonics (Cigna et al., 2011).

Three complementary GPS, LIDAR and InNSAR
methods have been used to study the surface
deformation from Houston Metropolitan area. This
study found a strong correlation between fluid
withdrawals and subsidence because of a 4 m/year
water level decline in the area of highest subsidence
(Shuhab et al., 2014).

Yu and Wang (2015) paper studied the
subsidence in the Gulf of Mexico region, formed
in the Gulf of Mexico Coast and 20 US states of the
Gulf appeared during 2005-2014 by using long term
remarks from almost 450 GPS (CGPS) continuous
stations. This region has been the heart of the US
energy industry because of substantial oil and gas
deposits along the coast. Furthermore, it is heavily
populated and wvulnerable to local ground
deformation and relative sea-level rise.

Fuhrmann et al. (2012) present in their paper the
measurement of 3D displacement by analyzing the
GNSS measurements, leveling and InSAR data. In
2008, GNSS network was made from 80 permanent
stations in Germany, France and Switzerland. The
leveling measurements in the URG (Upper Rhine
Graben) area were carried out by the ordinance
survey of Germany, France and Switzerland, along
leveling lines. These leveling lines were measured
up to 5 times in the last 100 years. Therefore, at
discrete benchmarks, a detailed assessment of
surface displacements could be carried out. As
leveling and GNSS are point-wise measurement
techniques, the spatial resolution of estimated
surface displacements is poor. Therefore, INSAR
data is used to fill the gap in the future. A short
outlook will point out the possibilities and
limitations on the combination of GNSS, leveling
and InSAR data for an accurate solution aiming for
horizontal and vertical surface displacements in the
URG.

Because the preparation of reliable landslide
hazard and risk maps is crucial for hazard
mitigation and risk management, Ping Lu et al.,
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(2013) have introduced in their study a novel
approach for updating landslide hazard and risk
maps based on PS InNSAR. The study was performed
in the Arno River basin (central Italy), where most
mass movements are slow-moving landslides,
which are properly within the detection precision of
PS point targets. In this study, the previous hazard
and risk maps were updated using PS point targets
processed for 4 years (2003-2006) of RADARSAT
images.

INSAR time series are important to support civil
protection activities in the framework of geological
risk management and mitigation. The study areas
are as follows: Agrigento and Naro (Italy). These
areas are affected by ground instability respectively
due to land sliding and tectonic forces. The study of
past ground deformations provided valuable
insights into the spatial and temporal patterns and
behaviors of these phenomena, helping local civil
protection authorities to focus the resources on the
areas of maximum needs and to identify the most
appropriate mitigation measures to reduce the
impacts on elements at risk (Cigna et al., 2010).

In addition, InNSAR data can provide effective
information related to seismic risk management.
INSAR data have demonstrated to be very valuable
in the assessment and prevention phase, concerning
scientific activities as hazard assessment, mitigation
and preparedness. The main fields in which the
INSAR-derived ground deformation is important are
as follows: the parameterization of the seismic
sources, the definition of the deformation rates
related to the seismic cycle, the partitioning of strain
among different faults, the improvement of tectonic
models etc. In the warning and crisis phase,
concerning all activities needed to promptly and
effectively respond to the effect of an earthquake,
INSAR data have also a good potential in activities
such as earthquake source identification, urban
damage  assessment, and  assessment  of
environmental effects of earthquakes. Salvi et al.
(2012) have demonstrated the importance of INSAR
data in the seismic risk management by using the
Sentinel 1 satellite data.

The subsidence movements over the Shangyu
District, on the south coast of the Hangzhou Bay,
Zhejiang Province, China, have been monitored
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using PS InSAR data. Twenty-four scenes of
COSMO-SkyMed images acquired between 2013
and 2015 have been used. The spatial pattern of the
land subsidence obtained by the PS-InSAR and DS
INSAR (Distributed Scatterers Interferometric SAR
or interferometric distributed SAR) coincides with
each other, but the density of the DSs is five times
higher compared to the permanent scatterers (PSs).
These data have been validated by precise leveling
data, performed in the same period. The land
subsidence in the Shangyu District is mainly
distributed in the urban areas and industrial towns,
with a maximum subsidence rate of 30.2 mm/year.
The analysis of geological data, field investigation
and historical reclamation data indicates that human
activities are major causes of the detected land
subsidence (Peng Han et al., 2017).

Poenaru et al. (2015) paper assesses lands by
means of Synthetic Aperture Radar techniques. The
subsidence from Ocnele Mari salt extraction area
have been determined with RADARSAT2 dual
polarized data acquired in the SOAR-16605
scientific proposal framework covering the July to
December 2014 period.

Numerous studies on the subsidence monitoring
and seismic activities have been performed in the
salt extraction area (Zamfirescu et al., 2010; Trifu
and Shumila, 2010; Poenaru et al., 2011).

As a result of the implementation of the strategic
plan regarding safe exploitation and rehabilitation
of the salt mining area adopted in 2007, degradation
phenomena decreased in intensity, so that the study
area became relatively stable in time (-2, -4
mm/year subsidence) (Poenaru et al., 2013).

The results of this study confirm that subsidence
levelling measurement trends can be influenced by
atmospheric conditions and soil moisture content
(Poenaru et al., 2015).

Ground level subsidence analysis determined by
INSAR data analysis have been also presented in the
papers of Hsieh et al. (2011), Massonnet et al.
(1993), Helleno et al. (2011), Hung et al. (2011),
Vilhardo et al. (2009), Stramondo et al. (2007),
Chatterjee et al. (2006), and Minxue et al. (2014).
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Table 1. Classification of international-level subsidence
displacements identified by InSAR applications, with
references from the international literature

Main classes

Data source and references

Mining

Colesanti et al., 2005
Biescas et al., 2007
Herrera et al., 2007
Wegmuller et al., 2010
Raucoules et al., 2009
Ferretti, 2007
Wegmiller et al,
Wegmiller et al,
Colesanti et al., 2007
Poenaru et al. 2015
Zamfirescu et al., 2010
Trifu si Shumila, 2010
Poenaru et al., 2011
Poenaru et al., 2013

2008
2010

Groundwater
abstraction/recharge

Colesanti et al., 2003
Shaochun Dong et al., 2014
Shuhab et al., 2014

Petrol and gas
abstraction

Yu si Wang, 2015

Reservoir

Vasco et al., 2008

Flood risk

Bonano et al., 2013

Fausto Guzzetti et al., 2009
Cigna et al., 2010)
Kiseleva et al., 2014

Ping Lu etal., (2013)

Urbanization

Ferretti et al., 2000

Bonano et al., 2014
Shaochun Dong et al., 2014
Berardino et al., 2002

Peng Han et al., 2017

Subway
construction

Fruneau si Sarti, 2000

Herrera et al., 2008
Fuhrmann et al., 2012
Poenaru et al., 2015
Hsieh et al., 2011
Massonnet et al., 1993
Helleno et al., 2011
Hung et al., 2011
Vilhardo et al., 2009
Stramondo et al., 2007
Chatterjee et al., 2006
Minxue et al., 2014

Earthquake

Salvi et al., 2012
Zamfirescu et al., 2010
Trifu si Shumila, 2010
Poenaru et al., 2011
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3. INSAR IDENTIFIED SUBSIDENCE IN
BUCHAREST CITY

There are also several studies about the subsidence
in Bucharest. In Danisor, Fornaro and Datcu (2016)
paper, three tomographic algorithms are compared
and applied to a dataset of 32 SAR images to
generate the elevation map of dominant altitude
from Bucharest. The results of those three spectral
estimation methods (Beam-Forming, Least-Squares
optimization and Capon filtering) have been
evaluated by representing the elevation maps of the
dominant scatterers, the immediate conclusion
being that the main difference between these
techniques is connected to the noise filtering
capacity.

Patrascu, Popescu and Datcu (2016) paper
presents a comparative assessment of Synthetic
Aperture Radar interferometric techniques (INSAR)
that allow the detection of deformation models
along the line-of-sight of the radar. Given the
susceptibility of these methods to several limitations
that act as noise effects in the interferograms,
known as decorrelation phenomena, multi-temporal
INSAR techniques have been issued for the
exploiting of phase information acquired over long
time intervals.

This article aims to perform a complete analysis
of the deformations, which affect the area of
Bucharest, using both PS InSAR and SBAS
techniques. A comparison of the results has been
performed. The proposed methodology has been
applied on a set of 32 TerraSAR-X images,
acquired over the South-Eastern area of Romania.
The image stack covers a period of 16 months, from
July 2011 to December 2012. A descending orbit
characterizes all acquisitions (Patrascu, Popescu and
Ditcu, 2016).

The quality of multi-temporal InSAR techniques
is very difficult to assess without the existence of an
a priori knowledge about the deformation in the
area. This result shows a significant narrowing for
equally sized sample sets. The estimated
displacement rates for both methods are highly
correlated, proving the similarity of displacement
trends and values. Following the data analysis, a
small deformation trend in the W-E direction was
detected. A preliminary analysis of the average
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displacement rates [meters/year] for the TerraSAR-X
image stack has allowed the identification of four
regions of interest (Patrascu, Popescu and Datcu,
2016).

Armas et al. (2015) paper presents the use of
three sets of single polarized synthetic aperture
radar (SAR) satellite data and INSAR methodology
to determine the spatial evolution and ground
displacement trends of several industrial parks
located in the metropolitan area of Bucharest.
Consequently, 20 large industrial parks were
selected for analysis and interpretation. INSAR
analysis used SAR data acquired between 1992 and
2014 by ERS-1 /-2, ENVISAT and TerraSAR-X
satellites. Ground movement patterns identified
before and after 2000 were linked to groundwater
table investigations based on 25 water wells located
on or in the proximity of these areas. Estimated
displacement rates over the last 24 years indicated
that the surface of Bucharest is relatively stable.
Although the estimated mean velocities are very
small, the estimated patterns over the industrial
areas were slightly distinct from their surroundings.
Overall, the analysis shows that immediately
following the communist era, an era characterized
by intense exploitation of the groundwater
resources, slow uplifting occurred over these
industrial parks. This may be the result of closing
the main industrial consumers, which decreased the
water needs, followed by a come back to the zonal
dynamic pattern. An exception was the continuous
subsidence trend noted over the Berceni industrial
area, one of the few industrial parks that not only
continued to exist over time but also became more
active in the last decade.

In Gheorghe and Armas (2016) paper, two
algorithms for InSAR data processing were
compared. The obtained results emphasize the
differences between the two algorithms. With an
average velocity of -2 mm/year up to 2 mm/year for
PS and -1.6 to 1.6 for SBAS analysis, these values
do not indicate an extreme case of subsidence in
Bucharest.

During 2002-2009, lifting movements (a slight
increase) were observed, while in 1992-2000 the
movement was mainly subsidence. This could be
caused by variations in groundwater level, but no
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testing measurements were available to verify this
hypothesis (Vijdea et al., 2013).

Using InNSAR PS data: 43 ERS-1/2 images
acquired between 1992-1999, 34 Envisat ASAR
scenarios between 2003 -2009 and 32 TRS-X
Scripmap images between 2011 — 2012, a historical
assessment of the city of Bucharest land was
achieved and the subsidence areas were determined.
Subsidence observed during 1992-1999 and 2003-
2009 is explained by the accentuated compaction of
the anthropogenic deposits on which the
constructions were built. An analysis was also
started on the area where a new metro line is
currently located (Figure 1.10). Metro line
monitoring activities began in March 2014:
hydrological level (underground water table),
geometric leveling, and inclinometric measurements
(Poncos et al.,, 2014). A subsidence of over 10
mm/year was identified on a small surface (of
almost 600 m) in the Eastern side of Bucharest
(Figure 1.11.), where a supermarket is built (Poncos
et al., 2013).

The objective of Necsoiu, Armas and Gheorghe
(2013) research was to detect and monitor ground
deformations in Bucharest, using INSAR data from
TerraSAR-X (TSX) satellite.

Specifically, the short-time window of analysis
(2011-2012) revealed ongoing processes along the
rivers and on slopes at the micro relief level.
Because of this short-term analysis, it was obtained
a snapshot of the ground deformation during 2011-
2012, possibly caused by various geomorphic and
hydrologic  processes (Necsoiu, Armas and
Gheorghe, 2013).

Point subsidence motions were also identified at
the world’s largest civilian building (i.e., Palace of
the Parliament). In the case of the building, local
compaction appears, based on a similar process as
noted by Tosi et al., (2010) in areas located in the
Northern Adriatic coast. Some historic fills and
brick clay quarries also seem affected by downward
motions. Subsidence motions have been noticed at
the base of the river beds (Necsoiu, Armas and
Gheorghe, 2013).

Armas et al. (2017) paper aimed to identify
trends in Bucharest’s ground displacement
dynamics by analyzing three sets of synthetic
aperture radar (SAR) over a period of 20 years:
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ERS-1 / -2, ENVISAT and TerraSAR-X (TSX).
INSAR estimates were compared to diachronic
analyses based on detailed historical maps (i.e.,
Borroczyn map,1852; Szatmary map, 1864;
Bucharest City Plan, 1911, 1921, 1940; topographical
map, 1980) and orthophotomaps (2006, 2008 and
2010), ground measurements and traditional
geological and traditional geomorphological
investigations. The results suggest consistent
displacement patterns over the city.

The subsidence areas from M5 metro line
from Drumul Taberei neighborhood, city of
Bucharest (Figure 1), have been determined at the
CRMD (Center for Risk Studies, Space Modeling
and Dynamics of Terrestrial and Coastal Systems).
For this study, INSAR data were processed by PS
technique from 24 TRS-X images, descendent, 27
TRS-X images, descendent, respectively, processed
by SBAS technique for 2011 — 2014 period.

Figure 1. Study area

INSAR points obtained by PS, SBAS
technique, respectively, inside a 200 m buffer were
selected to determine subsidence motions. Almost
22000 points were obtained by PS technique in the
200 m buffer, which follows the M5 metro line on
its both sides in the study area, and almost 16000
points, by SBAS technique. A statistical analysis
was applied on these buffer points regarding the
motion velocity during one year and the maximum
subsidence areas were obtained. It should be noted
that the subsidence areas coincide with the areas
where works were performed during 2011-2014.
Figure 2 shows the presence of 2 areas were
subsidence motions occurs.
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Figure 2. Deformation velocities in the M5 metro line
area from Drumul Taberei

Therefore, the subsidence movement areas are:

Area 1 between Drumul Taberei (North), Targu
Neamt Street (East), Pascani Alley (South) and
Cetatii Street (West).

Area 2 between Ana Davila Street (North),
Gheorghe Marinescu Street (East), D. Bagdasar
Street (South) and N. Paulescu Street (West).

Tabel 2. Classification of the city of Bucharest subsidence
displacements identified by InSAR applications, with
reference from the international literature

Main classes Data source and references
Groundwater Vijdea et al., 2013
abstraction/recharge | Necsoiu, Armas and Gheorghe,
2013
Urbanization Danisor, Fornaro and Ditcu,
2016
Patragcu, Popescu and Datcu,
2016

Armas et al., 2017

Industrial areas Armas et al., 2015

Gheorghe and Armas, 2016
Necsoiu, Armas and Gheorghe,
2013

Subway
construction

Poncos et al., 2013)
Poncos et al., 2014
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4. CONCLUSIONS

This article attempted to synthesize and demonstrate
the utility of InSAR technique in studying the
subsidence analysis. An important advantage of
INSAR techniques is that they can be used for
monitoring individual structures, but also to provide
information at regional level and at larger scales.

All studies show the ability of INSAR to detect
ground displacements that have occurred over
hundreds or thousands of square kilometres and
even at a national scale can be extremely useful in
characterizing and addressing areas prone to
subsidence caused by natural or anthropogenic
causes.

INSAR limitations are related to temporal and
geometric decors and atmospheric inhomogeneity.
Although SAR sensors provide the advantage of
SAR image acquisitions globally and at predefined
time intervals, most of them provide relatively low
resolution images.
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