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Groundwater drought presents significant economic and societal challenges,

highlighting the need for effective monitoring and early warning systems at local
and regional scales. Despite its vital role in water supply and irrigation,
groundwater drought is often not adequately monitored in national operational

systems. While the propagation of meteorological drought through hydrological
systems has been extensively studied in various parts of the world, there is a
lack of groundwater drought monitoring at an integrated basin-scale based on
groundwater data. Long-term hydrological drought is often assessed using
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Figure 2 Statistical distribution of the storativity estimates for
aquifers M2 to M17. Boxes represent median, quartile and

extreme values. Outliers are a function of the inter-quartile range.

meteorological drought indices like SPI or SPEI with long periods of
accumulation (12, 24 or 48 months time scales). However, most studies

recognize that the accumulation periods necessary to achieve maximum Table 1 Studied aauifers in the Alzarve
correlation with groundwater observations exhibit high spatial variability due to -
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We first evaluate the performance of several GRACE products using a water [ === s s

budget analysis based on precipitation, evapotranspiration and runoff obtained
from public databases and re-analysis datasets. The aim is to determine which
GRACE solution provides the best closure of the water budget first in Iberia and
then in the Algarve. Then, we examine the match between GRACE-derived
groundwater storage and in-situ groundwater level measurements obtained

Figure 1 Location of the study area. Map of southwest Iberia showing the groundwater bodies in Portugal and Spain, the 3° x 3° cell
grid of the GRACE Mascon JPL product and its extent over land coinciding with the Algarve region. The zoomed region shows the
studied aquifers systems (M2 to M17) in the Algarve and the location of the in-situ monitoring wells (black dots). The bottom map
shows the surface geology of the studied aquifers.

from a set of 51 piezometers, distributed across 12 aquifers. Among the 5
GRACE products tested in this study, the one that produces the best fit to the
closure of the water budget in Iberia is the CSR Mascon. It is concluded that
GRACE provides a consistent representation of the hydrological cycle and thus,
can be used as an aid in monitoring climate-related water mass transports in the
Algarve region. W=

— ows.race Tena In semi-arid regions the water storage
measured by GRACE can be partitioned into
changes in groundwater storage (AGWS) and
changes in soil moisture (ASM)

o @ ] AGWS=ATWS-ASM

2000 2000 2008 20 22 2014

In order to compare AGWS derived from GRACE
with in-situ observations, it is necessary to
convert groundwater levels measurements into
groundwater storage changes

AGWSabserves= S Ah

Where Sis the storativity (dimensionless) and Ah
are the changes in hydraulic head observed in-situ.
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Figure 6. (a) Trend, (b) Seasonal and (c) D
(annual cycle removed) of AGWS derived from GRACE and the spatially
averaged Groundwater Storage changes computed from the 51
piezometers in the Algarve region. GRACE error in in light shading and
Rp indicates the Pearson’s correlation coefficient between time-series.
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Table 2 showing the Pearson’s correlation coefficients
computed between GRACE and in-situ total, seasonal
and residual components at individual aquifers, in the
form of a heat map. It provides a direct overview of
which aquifers are the ones where GRACE has the
greatest potential for being used as a complementary
tool of storage monitoring. Aquifer M4
stands out as the aquifer whose fluctuations are best
captured by the satellite in the time span of this study.

Figure 3 Example of a snapshot (January 2006) of the five different GRACE products over Iberia showing differences in spatial
resolution and range of Total Terrestrial Water Storage (ATWS). The solutions represent total water storage anomalies expressed - -
in units of equivalent water height (in cm).
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Figure 7. Drougth indices in the Algarve region computed from spatially averaged datasets (GRACE, SPEI-6, -12 and -18 based on
ERAS preci and iration, and in-situ levels at the 51 pi in the Algarve)

a Ciéncia e a Tecnolk
A
L

£.085, GLEAW, GRUN

Figure 4 (a) Components of the water budget over Iberia:
precipitation P, Evapotranspiration E and runoff Q. (b) Two
estimates of the water budget: P-E-Q from E-OBS,GRUN, GLEAM
and the same from ERAS. (c) Time changes in TWS from GRACE
(CSR-M) compared to the water budget.

Figure 5 Taylor diagrams showing the correlation
coefficients, standard deviations and root mean square
errors (RMSE) between TWS from GRACE products and the
two independent estimates of the water balance, for Iberia
and for the Algarve region.
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