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Aquifer overexploitation
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Worldwide >50 % 43%
~30% 24%

Spain Share increases during droughts via “drought wells” In semi-arid regions (Murcia, Almeria, Castilla-La
Mancha) main or only source

* (Siebert et al., 2010; UNESCO, 2012; INE 2011)
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Aquifer overexploitation and land subsidence
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Extraction rate > Recharge rate
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Compressible soil

Land subsidence

Land subsidence hazards:
* Permanent decrease in the storage capacity of aquifers
* Damage to buildings and infrastructure

* Increased probability of flooding

Relationship between land subsidence and groundwater

withdrawal:

* Insights of the aquifer quantitative state
* Hydrological Flow

* Geotechnical behavior

* Loss of aquifer storage capacity due to reduced porosity



Aquifer overexploitation in Spain: insights with INSAR and GRACE
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Legend across all datasets. Limits are in mm/year.
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QOADAfinder* Identify Active Deformation Areas &&3

Lo o) >7mm/y

980 ADAs intersecting GWB

x Located in mines, ports, landfills (>70% area)
x In contact with reservoirs

X On slopes >5° inclination

614 ADA:s likely caused by land
subsidence

&% ADAtools

Magnitude= velocity and extent
ADAs Acc./ Decc. TS
Potential Impact Exposed elements and population

*Barra et al. 2017, https://doi.org/10.3390/rs9101002



https://doi.org/10.3390/rs9101002

Filtered ADAs in Groundwater Bodies (GWB)

Map of all of the Groundwater Bodies (GWB) in Spain classified by their state and

™y ADAs
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Results:

614 ADAs identified after filtering
310 ADAs in bad state GWB

459 GWB good state no ADAs

73 GWB bad state > 1 ADAs

123 GWB good state >1 ADAs




Filtered ADAs in overexploited GWB

310 ADAs

Velocity Area of the 10 biggest ADAs
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Potential Impact of ADAs in overexploited GWB

Magnitude: Exposure: Potential Impact
Velocity Population
Area size Buildings

Temporal trend Critical infraestructures
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RAST® @L

Tools developed in the RASTOOL
Project
https://rastool.cttc.es/index.php

ADActools

for 64-bit Wind % Linux

& @

Humanitarian Aid
and Civil Protection



https://rastool.cttc.es/index.php

Medium 49
Low 161

Potential Impact of ADAs in overexploited GWB
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GRACE data

Gravity field — GRACE measures mass variations on Earth by detecting
changes in gravity using two twin satellites

Terrestial Water Storage (TWS)- changes in equivalent total terrestial
water thickness relative to a time-mean baseline

GRACE A Accelerometer

Groundwater storage variation (GWS) computed by the Global Land Data
Assimilation System (GLDAS) using TWS, ground-based observations, and
advanced land surface modeling and data assimilation techniques

peak excess range between the two spa CN,;'“

Excess water mass
(compared to average)

Resolving groundwater storage variations:
Subtraction approach

000 &w=

TWS - IGlai:iers - Snow - Soil Moisture - Storage in Surface Water Bodies = Groundwater
y )

Graphs taken from https://doi.org/10.1007/s10712-022-09754-9 and https://www.g3p.eu/what-we-have-for-you



https://doi.org/10.1007/s10712-022-09754-9
https://www.g3p.eu/what-we-have-for-you

GLDAS data: GWS variations
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GWS 2010-2024 time series slope
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There are 804 GWB and 614 ADAs;
196 GWB (24%) contain at least one
ADA.

In 162 of these GWB, the GWS-
GLDAS trend could be calculated
(island and coastal zones excluded
due to GLDAS limitations).

GWS trend is negative in 78

GWB that are in good status; in the
remaining GWBs trend is consistent
with their current status.

The order of magnitude of the
GWS-GLDAS trend in the pixels
containing ADAs is similar for GWBs
in both good and poor status.



Conclusions and next steps

Current Phase

e \We observe a spatio-temporal correlation between InSAR and GRACE data.

Next Steps / Future Work

e We will carry out a more detailed analysis of the temporal correlation between the time series, focusing on both
linear trends and seasonal components.

e We aim to relate these patterns to aquifer type, considering geological materials and internal structure—
information that could potentially be extracted from water authority reports.

e We will also examine the relationship between observed deformation and actual groundwater extractions in
areas where reliable pumping data are available.

e Collaboration with authorities is planned to ensure that the generated data and analyses are effectively
integrated into groundwater management strategies and decision-making processes.



Thanks for your attention!

g.bru@igme.es
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