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Abstract. Multi-sensor advanced DInSAR analyses have been performed and compared with two GPS station
measurements, in order to evaluate the land subsidence evolution in a 20-year period, in the Alto Guadalentin
Basin where the highest rate of man-induced subsidence (> 10 cm yr—1) of Europe had been detected. The control
mechanisms have been examined comparing the advanced DINSAR data with conditioning and triggering factors
(i.e. isobaths of Plio-Quaternary deposits, soft soil thickness and piezometric level).

1 Introduction

Since the 1960s, the Alto Guadalentin Basin (south-eastern
Spain), where the city of Lorca is located, has been affected
by severe changes of the groundwater level.

The objectives of this work are (i) to quantify the cumu-
lated displacements over a 20-year period with multi-sensor
advanced DInSAR data, and (ii) to investigate the control
mechanisms that could explain this land motion.

2 Study area

The Alto Guadalentin Basin is located in south-eastern
Spain, and it includes an aquifer system that covers an area
of about 277 km?, constituted by Plio-Quaternary detrital and
alluvial material including clays, sands and conglomerates;
Miocene detritical with conglomerate and sand deposits; and
locally Triassic carbonate rocks. The Mesozoic metamorphic
rocks represent the lower impermeable limit. Since 1960 the
agriculture development, triggered uncontrolled aquifer sys-
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Figure 1. (a) Cumulated displacements (m) of the Alto Guadalentin Basin from 1992 to 2012. (b) Soft soil thickness calculated for each
geotechnical boreholes and vertical velocity detected by the different sensors in the proximity of the boreholes. R? stand for Pearson corre-

lation coefficient.

tem exploitation that led it to declare temporarily overex-
ploited in 1987 (CHS, 2006).

3 SAR dataset and processing details

A large set of C-band SAR data (ERS-1, ERS-2 and EN-
VISAT), L-band SAR data (ALOS PALSAR) and X-band
SAR data (COSMO-SkyMed) has been employed to recon-
struct the temporal and spatial subsidence evolution from
1992 to 2012 that affected the Alto Guadalentin Basin. ERS
and ENVISAT-ASAR datasets, covering the 1992-2001 and
the 2003-2007 time intervals, respectively, were processed
by adopting the Small Baseline approach (Berardino et al.,
2002). The ALOS PALSAR dataset from 2007 to 2010 and
the COSMO-SkyMed dataset from 2011 to 2012 were pro-
cessed using the DIAPASON interferometric software and
the SPN software (Arnaud et al., 2003) using the Persistent
Scatterer approach.

4 Results

4.1 Spatio-temporal evolution

Note that since the multi-sensors displacement data using dif-
ferent incidence angles (ERS-1/2 and ENVISAT incidence
angle permits to detect 92 % of the vertical displacements,
whereas ALOS and COSMO-SkyMed satellites measure 83
and 75 % of the vertical displacements, respectively) in order
to homogenize the geometrical distortions introduced by the
different acquisition angles of the different sensors, both the
average velocity and the cumulated surface displacements in
the LOS obtained for each dataset have been projected along
the vertical direction. In addition, the DINSAR displacement
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accuracies have been computed at local scale, by comparing
them against Global Position System (GPS) measurements.
Using continuous records of displacement detected by two
GPS stations (LOR1 and LORC) located in a stable and sub-
siding area, respectively (see the location in Fig. 1a). Av-
erage absolute error of 4.6 =4 mm for the ALOS data and
of 4.8 +3.5mm for the COSMO-SkyMed data has been de-
tected, confirming the high reliability of the employed DIn-
SAR data. Considering the vertical cumulated surface dis-
placements of the different datasets, the total subsidence
from 1992 to 2012 reach up to 2.5m with an average sub-
sidence of 1.8m over an area of 14.8km?, located on the
central sector of the Alto Guadalentin Basin (Fig. 1a). Subsi-
dence areal extent exhibits a SW-NE elliptical shape parallel
to the valley direction.

4.2 Control mechanisms

The relationship between the evolution of the groundwa-
ter levels and land subsidence is controlled by several fac-
tors (geological, hydrogeological and geotechnical factors).
These factors can have a direct role in the trigger of subsi-
dence (piezometric level) and others have a conditioning role
(lithology and thickness of deformable soil).

4.2.1 Conditioning factors

The isobaths map produced by Cer6n and Pulido-Bosch
(1996), using information from electrical geophysics sur-
veys, represents the variation of the thickness of the Plio-
Quaternary deposits. A spatial analysis has been performed
in order to determine the subsidence related to each isobaths
unit. The result of this comparison demonstrates that the

proc-iahs.net/372/45/2015/



R. Boni et al.: Application of multi-sensor advanced DINSAR analysis 47
B 300 Elaoo 300
b _ - 0 . ro o
5250 =250 1 H‘\\.\ = 250 \’\
v v & -
© — © b —_ © —_
E 200 05 E £200 - r05E E20 ol 05 'E
@ K @ - P3a
% 150 § g 150 4 é % 150 ) §
© 1 8 © F1 5 o Fa 3
% 3 E 100 £ g K
2 100 3 g 2 %100 2
g 15 g . -15 8 15
£ 50 & 50 1 £ 50 A
i g
0 — —L 5 0 — , 2 0 T 2
wn o wn o wn o wn o wn o [ o wn o wn o wn o %] o [¥a) o [fa} o
§ 888 8¢ 8 &8 $8888¢¢8 3§ 888888
Date
@300 5300
—_— [ 0 Ll [ 0
=250 =250 ) .
p < _ —Piezometic level
£,200 - /P4a ~t-05 E £ 200 05'E
e g ¢ g —ERS & ENVISAT
Q2150 N S 2150 + 18
S
5 3 3 g —ALOS
g 100 Pab -U%’ g 100 3
o 9 L.
g 5o bt 15 2 50 5 COSMO-SkyMed
a 7 [
Piez.s P4a and P4b \
0 T T T T T T 2 0 T T T -2

1975
1980
1985
1990
1995
2000
2005
2010
1975
1980
1985

Da

o
@

1990 -

[}

1995
2000 -
2005
2010

o
©

Figure 2. Comparison of the water level variations from 1975 to 2012 (black and pink line) at the different piezometers located on Fig. 1a,
and the vertical displacements detected by the satellite sensors (blue, red and green lines).

maximum subsidence does not coincide with the higher value
of thickness of Plio-Quaternary filling, so there are other con-
trol mechanisms. The Plio-Quaternary deposits contain dis-
continuous compressible layers and these layers have been
selected to analyse the soft soil distribution. Using geotech-
nical borehole information, soft soils thicker than 100 m has
been detected in the central part of the basin, whereas to-
wards the southwest and bordering areas of the basin thinner
soft soils are found. The relationship of soft soil thickness
with subsidence rates estimated from the different satellites
is straightforward, i.e. maximum subsidence rates are coinci-
dent with the thickest soft soils and contrarily, smaller subsi-
dence rates are coincident with the thinnest soft soils found
in the bordering areas (Fig. 1b).

4.2.2 Triggering factor

A detailed time series analysis of subsidence and ground wa-
ter evolution is presented for the available (seven) piezome-
ters during the 20-year period (Fig. 2). No correlation is ob-
served at piezometer P1, located in the southern zone, where
the highest groundwater drawdown (162m) from 1992 to
2007 corresponds to 13 cm of cumulated subsidence in the
period 1992-2012. This is probably due to the lesser amounts
of soft soils in the southern border of the basin. Certain corre-
lation is observed in the western part of the basin (piezome-
ters P2, P4a and P4b). The piezometer P2 displays a steady
lowering of the piezometric level from 1989 to 2013 (Fig. 2b)
that correlates with the steady subsidence rate. Contrarily
piezometers P4a-b, which are jointly analyzed due to their
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proximity and characteristics (Fig. 1), exhibit a high ground
water level variability that is not in agreement with the esti-
mated subsidence linear rate (Fig. 2d). In the eastern part of
the basin, piezometers P3a-b display a water level evolution
that is in agreement with subsidence accelerations and de-
celerations. In the central part of the basin where the thick-
est soft soils are found (around 190 m), the time series of
piezometer P5 reveals a groundwater level recovery from
2007 to 2013 that does not correspond with measured sub-
sidence steady rates (Fig. 2e). This fact reveals an inelastic,
unrecoverable and permanent deformation of this aquifer as
previously reported by Gonzalez and Fernandez (2011) and
Rigo et al. (2013), which has been triggered by the ground-
water exploitation started in the early 60s. Overall, a clear
correlation between groundwater level drawdown and subsi-
dence accelerations or decelerations is not observed.

5 Conclusions

This research shows that Advanced DInSAR multi-sensor
data obtained from a large set of SAR images are effective
in analysing the subsidence spatio-temporal evolution in a
20-year period over a wide area (277 km?). Moreover, the
analysis of the subsidence trend improves the understanding
of the apparent response time between the increase of wa-
ter withdrawals starting from 1960 and the measured sub-
sidence rates. From the analyses we can conclude that the
areas where soft soils is thickest, magnitudes of subsidence
are greatest, and that the thickness of soft soils plays an im-
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portant role in the time delay between water-level depletion
and ground-surface displacement.
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