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Droughts are a long-term weather-driven extreme event which occurs worldwide with great socio-economic
impacts, namely in the Mediterranean and the Iberian regions. In a changing climate with rising tempera-
tures, extreme events, such as droughts, are expected to increase in frequency and intensity, particularly in
Mediterranean climates. In this context, the assessment of the evolution of drought in terms of its duration and
intensity in the Iberian Peninsula (IP) is paramount, as it affects several socio-economic activities. The use of new

Precipitation
Temperature high-resolution gridded datasets allows for the identification of patterns with finer temporal and spatial scales. In
Evapotranspiration the current study, drought assessment in the IP was accomplished with both the Standardized Precipitation

Evaporation Index (SPEI) and the Standardized Precipitation Index (SPI) for short-, medium- and long-timescales.
A recently developed high-resolution dataset, Iberia01, was used, for the period 1971-2015, with 0.1° horizontal
resolution. The lower-resolution CRU dataset was also used. A clear drying trend in most of the IP is identified
with both indices and both datasets. The trends of drought duration are also positive in most of the territory,
whereas the mean drought intensity decreases slightly. The drivers of this drying trend are both the decreased
precipitation and the increased reference evapotranspiration. The Iberia01 dataset allowed to identify more
complex patterns of drought trends, mainly due to the improved representation of precipitation.

1. Introduction

During the last decades, a substantial emphasis has been devoted
worldwide to extreme weather events, namely to droughts (e.g. Dai,
2011; Vicente-Serrano et al., 2014; Schubert et al., 2016). Still, drought
assessment continues to be challenging as there is no unique definition
of drought, and drought occurrence has impacts on a diversity of tem-
poral and spatial scales (Wilhite et al., 2007). The phenomenon consti-
tutes a balance between water supply, demand, and management
(Lloyd-Hughes, 2014; Vicente-Serrano et al., 2019). This challenge is
even more emphasized by the reported uncertainties on how the
different feedback mechanisms involved in drought occurrence interlace
(Dai, 2011; Schubert et al., 2016). As a result, the most recent reports of
the Intergovernmental Panel on Climate Change (IPCC) suggested only
low-to-medium confidence in recent drought trends worldwide (IPCC,

2014). Additionally, drought does not affect different regions of the
world in the same way. Some areas of the world are considered to have
higher probability of drought occurrence (Spinoni et al., 2014), partic-
ularly under climate change conditions (Dai, 2011; Vicente-Serrano
et al., 2019).

Nonetheless, drought assessment and monitoring has improved
significantly in recent decades, mainly due to growing computational
modelling capacity, new proxy indices (e.g. Standardized Precipitation
Index (SPI, McKee et al., 1993), Standardized Precipitation Evapo-
transpiration Index (SPEIL, Vicente-Serrano et al., 2010) and new data
availability (e.g. high-resolution gridded or modelled data and satellite
information). The contribution of proxy indices, like SPI and SPEI, allow
for an indirect assessment of drought, which is a great advantage in the
case of sparsity of available historical records (Russo et al., 2019). These
two indices can be calculated at different time scales to monitor
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droughts with respect to different useable water resources as shown by
several authors (e.g. McKee et al., 1993; Vicente-Serrano et al., 2010).
This multi-scalar character is not accounted for by another widely used
index, the Palmer Drought Severity Index (PDSI, (Palmer, 1965)), which
also has the disadvantage of needing to be calibrated for different re-
gions. Additionally, SPEI has been reported to be more suitable under
increasing temperatures (Vicente-Serrano et al., 2010, 2014, 2019), and
to better reproduce hydrological drought in the Iberian Peninsula (IP),
when compared to SPI or PDSI (Vicente-Serrano et al., 2014, 2019).

During the last decades, the IP has experienced multiple severe
droughts (Vicente-Serrano et al., 2014; Coll et al., 2016; Garcia-Herrera
et al., 2007; Pascoa et al., 2017), which had significant impacts on the
environment and on diverse economic sectors (Vicente-Serrano et al.,
2011; Gouveia et al., 2012; Bifulco et al., 2014; Blauhut et al., 2015;
Kurz-Besson et al., 2016; Ribeiro et al., 2019). In the same period, the
IP’s climatic conditions followed a clear trend toward dryer and warmer
conditions on a great part of its territory (Martins et al., 2012; Moreira
et al., 2012; Pascoa et al., 2017; Sousa et al., 2011; Vicente-Serrano
et al., 2014). The spring and winter precipitation in both countries,
Portugal and Spain, has been decreasing (De Luis et al., 2010; Santo
et al., 2014a) which has been accompanied by a significant and wide-
spread warming, from 1976 onward (Gonzalez-Hidalgo et al., 2015;
Santo et al., 2014b). The coupled decrease of precipitation and increase
of temperature, which in the last decades enhanced evapotranspiration,
has been associated to the increase in drought severity in the IP (Vice-
nte-Serrano et al., 2014).

The studies of the occurrence of drought in the IP have been based on
the analysis of results from gridded datasets covering long periods (e.g.
Spinoni et al., 2015; Pascoa et al., 2017; Russo et al., 2019), outputs of
Regional Climate Models (RCM) (e.g. Russo et al., 2017) or data from
monitoring stations (e.g. Coll et al., 2016; Vicente-Serrano et al., 2014).
While gridded coarse-resolution datasets have the problem of relying on
data from a small number of stations, which is later interpolated for a
regular grid (e.g. CRU and E-OBS datasets), data from sparse monitoring
stations have to be homogenized and missing values have to be esti-
mated. Therefore, the use of high-resolution datasets (e.g. Jerez et al.,
2013; Cardoso et al., 2013), based on several times more data than most
gridded datasets, has the advantage of having enough information to
look into finer details of precipitation and temperature features down to
the daily scale (Belo-Pereira et al., 2011; Cardoso et al., 2013; Zolina
et al., 2014; Berg et al., 2016). Moreover, it can contribute highly for
drought management at the local scale, as precipitation is much better
represented than when using coarse resolution datasets like CRU (as in
Pascoa et al., 2017). Prior studies using high resolution precipitation for
Portugal (Ribeiro and Pires, 2015) emphasized that high resolution
precipitation data is essential to further improve climate simulations and
e.g. hydrological applications, given the strong dependency of precipi-
tation on orography and a variety of precipitation regimes in the IP
(Belo-Pereira et al., 2011). Nevertheless, they used high resolution data
to estimates hybrid (statistical-dynamical) long-range forecasts of the
regional drought index SPI (3-months) over homogeneous regions from
mainland Portugal determined by principal component analysis, which
has the caveat of not considering the importance of temperature and
produces an output based on the principal PC (losing the strength of
using complete high resolution data). The unavoidable limitations of
using gridded data, like limitations regarding complex terrain charac-
terization or subscale heterogeneities, are still present in high-resolution
datasets. Nevertheless, they are considerably lower compared to
coarse-resolution datasets (Herrera et al., 2019b, 2020).

Recent works covering the entire IP have used gridded datasets with
different spatial resolutions: Pascoa et al. (2017) used the CRU dataset
with a 0.5° resolution; Merino et al. (2015) used precipitation data from
GPCC, with a 0.25° resolution; and Andrade and Belo-Pereira (2015)
used the datasets PT02 (Belo-Pereira et al., 2011) and Spain02 (Herrera
etal., 2012), with a 0.2° spatial resolution. Vicente-Serrano et al. (2017)
developed a gridded dataset with a 1.1 km (approximately 0.01°)

Weather and Climate Extremes 32 (2021) 100320

resolution and covering Spain, which was used to study drought con-
ditions in Spain (Gonzalez-Hidalgo et al., 2018). Recently, a new dataset
for precipitation and temperature, Iberia0l, was built for the entire IP
using station data from both countries, with a spatial resolution of 0.1°
(Herrera et al., 2019a). This new dataset encompasses all the available
station data for the period 1971 to 2015 (with 3 486 and 275 stations
with precipitation and temperature records, respectively). In complex
topography domains, such as the IP, the station density underlying any
gridded product is the main source of observational uncertainty (Kot-
larski et al., 2017; Herrera et al., 2019a). Furthermore, Hofstra et al.
(2009), found that the density and quality of the underlying station data
had more impact on the quality of the gridded datasets than the used
interpolation technique. In this dataset, all the stations were interpo-
lated together and the previous border problems in PT02 and Spain 02
were eliminated. Thus, this new dataset represents the best available
gridded product to date.

It is crucial to assess the spatial and temporal variability of drought
using the most up-to-date methodologies and detailed datasets. There-
fore, this work aims i) to characterize the recent evolution of drought in
the IP by means of two multi-scalar drought indices, SPI and SPEI, as
obtained from a very high-resolution dataset; ii) to identify the long-
term trends of drought duration and mean drought intensity at grid
point scale for a very high-resolution dataset and iii) to assess the added-
value of the Iberia01 dataset for drought monitoring in the IP, when
compared to lower-resolution datasets. The following section describes
the data and methods, followed by the results and discussion with the
main conclusions presented in the last section.

2. Data and methods

Drought is quantified for the 1971-2015 period using two recog-
nized multi-scalar drought indices, SPI and SPEI (e.g. McKee et al., 1993;
Vicente-Serrano et al., 2010; Begueria et al., 2014; Coll et al., 2016;
Spinoni et al., 2017). Both SPI and SPEI allow for the quantification of
several drought properties (e.g. intensity, magnitude, duration and
affected area) based on the objective identification of the beginning and
end of drought episodes (McKee et al., 1993; Vicente-Serrano et al.,
2010, 2014). The main difference between these two indices is related to
the fact that SPEI encompasses both precipitation and evaporative de-
mand (Begueria et al., 2014; Vicente-Serrano et al., 2010), whereas SPI
is computed using only precipitation (McKee et al., 1993).

SPI and SPEI were computed based on the new and high-resolution
regular gridded dataset proposed by Herrera et al. (2019a). This daily
dataset, Iberia01l, includes maximum and minimum temperatures, and
precipitation values at 0.1° spatial resolution. It covers uniformly the IP,
and includes the largest amount of station observations comparatively to
other studies: 276 for temperature and 3 481 for precipitation. The daily
time series were converted to monthly values of precipitation and
temperature. In addition, the same meteorological variables were
retrieved from the CRU TS4.03 database (Harris et al., 2020) and used to
compute SPI and SPEI in the same period. This dataset has a spatial
resolution of 0.5° and covers the period 1901-2018. The use of this
lower-resolution dataset allowed to assess the added-value of the Ibe-
ria01 dataset.

The first step to the computation of SPEI is the estimation of the
reference evapotranspiration (ET). There is a panoply of available
methods to estimate ET,, namely the Hargreaves (Hargreaves and
Samani, 1985), the Thornthwaite (1948) or the Penman-Monteith (Allen
et al., 1998) methods. The advantage of using the Hargreaves or the
Thornthwaite methods, comparatively to the Penman-Monteith
approach, is that those have limited data requirements, as only tem-
perature and latitude data are necessary. Nonetheless, the Hargreaves
and Penman-Monteith methods are known to similarly estimate ETy on a
monthly and annual scale in the IP (Droogers and Allen, 2002), and SPEI
computed with these two methods present a high correlation (Begueria
et al., 2014). Therefore, the ETy used in the present work for the
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calculation of SPEI was computed with the Hargreaves method.

The distributions functions to be used on the computation of SPI and
SPEI were previously tested by several authors (Vicente-Serrano et al.,
2010; Angelidis et al., 2012; Vicente-Serrano and Begueria, 2015).
Following their suggestions, SPI was computed using a Gamma distri-
bution to model precipitation, whereas SPEI was computed using a
Log-logistic distribution to model the water deficit (Vicente-Serrano
et al., 2010; Begueria et al., 2014; Pascoa et al., 2017; Russo et al.,
2019). SPI and SPEI were calculated for several timescales (1-, 3-, 6-, and
12- months).

The existence of significant trends in both SPI and SPEI was assessed
based on the application of the modified Mann-Kendall test (Hamed and
Ramachandra Rao, 1998), which takes into account the presence of
outliers and/or autocorrelation in the analysed time series. The level of
significance considered was 5%, and the slope of the trend was

SPI1

SPI3
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computed using the Theil-Sen method (Theil, 1950; Sen, 1968).

Time series of drought duration and mean intensity of the drought
events were computed for each grid point of the IP based on SPI and
SPEI, excluding drought events that lasted only one month (Spinoni
et al., 2015; Pascoa et al., 2017). These parameters are defined as pro-
posed by McKee et al. (1993). The trends of these time series were also
assessed, using the Spearman-Rho test, provided that the time series had
aminimum of 20 points (Lanzante, 1996; Pascoa et al., 2017). Following
Agnew (2000), drought conditions were identified when SPI or SPEI was
lower than —0.84, which corresponds to a probability of occurrence of
20%. Finally, the area affected by drought (%) was also determined for
each month, regardless of the intensity, and the results obtained with
each index were compared.

SPEI 3

SPI1 6

SPEI 6

SPI 12

SPEI12

5 4 3 9 1

%1073

Fig. 1. Spatial patterns of trends in the period 1971-2015 for SPljpo; (left) and SPEIpy; (right) for the 1-, 3-, 6-, and 12-months timescales. The slope of the trend
shown was computed for the entire period. Statistically significant trends (at the 5% level) are indicated with a dot.
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3. Results and discussion

The trends of the drought indices computed with the Iberia01 dataset
(SPIjpo; and SPElgo;) in the period 1971-2015 are shown on Fig. 1, and
the results for the indices computed with the CRU TS4.03 dataset (SPI-
cru and SPEIcgy) are shown on Fig. 2 for time scales of 1-12 months.

Both SPIjpp; and SPEljgg; (Fig. 1) present significant trends on all
time scales, and the trends are mostly negative, indicative of increased
drying conditions in the period 1975-2015. The area of SPEI trends is
generally larger due to the regional warming effect. Nonetheless, large
areas of positive trends are present in the South of Spain, and some
smaller areas are scattered across the territory. The spatial patterns show
that significant trends are more frequent on the case of SPEIgo; (Fig. 1,
right panel), but the spatial occurrence of positive/negative trends ob-
tained with both indices is similar, especially for longer time scales. Two
areas showing opposite signs are present: in the South of Spain, where
SPIjgo1 shows negative trends, and in the Southeast of Portugal, where

SPI1
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SPIig1 presents a positive trend (Fig. 1, left panel). The area of signifi-
cant trends also increases with the time scale, probably due to the lower
variability at longer time scales, which reflects the time needed for water
deficits to accumulate, but the patterns of negative and positive trends
are not affected.

The trends obtained for SPIcry and SPEIcgy (Fig. 2) also point to
increased drying conditions, particularly SPEIcry, which does not pre-
sent positive trends. On the other hand, SPIcgry points to wetting con-
ditions in the West, with trends significant at the longest time scale.
Although negative, the trends obtained by SPEIcgy in this region are
actually not significant, reflecting the increase in precipitation observed
with SPICRu.

The drying conditions here identified are in agreement with previous
works made for the IP (Ruiz-Sinoga et al., 2011; Vicente-Serrano et al.,
2014; Pascoa et al., 2017). In this territory, both precipitation and
temperature are known to be drivers of drought (Vicente-Serrano et al.,
2014, 2015; Spinoni et al., 2019), and for this reason, SPEIg(; presents a

SPEI1

SPI3

SPEI 3

SPI1 6

SPEI 6

SPI12

SPEI 12

L s . .
1 2 3 4 5
%107

Fig. 2. Spatial patterns of trends in the period 1971-2015 for SPIcry (left) and SPEIcry (right) for the 1-, 3-, 6-, and 12-months timescales. The slope of the trend
shown was computed for the entire period. Statistically significant trends (at the 5% level) are indicated with a dot.
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larger area of significant negative trends. The drought conditions
assessed with SPI in the IP generally present both negative and positive
trends (Vicente-Serrano et al., 2014; Pascoa et al., 2017), reflecting the
complex patterns of precipitation trends (Becker et al., 2013; Coll et al.,
2016; Pascoa et al., 2017; Lausier and Jain, 2018). This is shown by
SPIjgo1, due to the high number of stations used to obtain the Iberia01
dataset (Herrera et al., 2019a). Nonetheless, the results obtained here
with SPIjgg; and SPIcry point to a larger area of negative trends than in
previous works, likely due to the dry conditions observed in the years
2011, 2012, and 2015 (Trigo et al., 2013a; Blunden and Arndt, 2016),
which were not all included in the shorter periods analysed by these
authors.

Both SPIjp; and SPEIjpg; present a large area of significant positive
trends in the South of the IP. Positive annual and seasonal precipitation
trends have already been identified in this area (Coll et al., 2016; Pascoa
etal., 2017), but when including the temperature effect, the results have
so far suggested a drying trend (Vicente-Serrano et al., 2014; Coll et al.,
2016; Pascoa et al., 2017). Considering that positive trends are identi-
fied with SPEIpo; even in areas where SPIjg(; points to negative trends,
the drivers of these wetting trends are undoubtedly negative tempera-
ture trends. In fact, the trends in annual precipitation and ETy, as ob-
tained from the Iberia01 dataset (Fig. S1), show very similar patterns to
those obtained by SPIjgo; and SPEIjgo1, respectively. The wetting trends
are in disagreement not only with the trends obtained with SPEIcgy, but
also with previous works that show that monthly temperature is either
increasing or does not show a significant trend (Del Rio et al., 2011;
Gonzalez-Hidalgo et al., 2015). Atmospheric evaporative demand has
also been shown to be increasing (Vicente-Serrano et al., 2014; Pascoa
et al., 2017), driven by the increase in temperature trends (Vice-
nte-Serrano et al., 2014). The wetting trends obtained are driven by a
decrease in maximum temperature, observed on some months (Fig. S4).
The stations used to compute the temperature dataset used in the present

Intensity

Duration

SPI 12
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work had a much lower density when compared to the precipitation
dataset, and in this region (south of Spain), the number of stations with
temperature data is very low. It is likely that some stations are showing
decreased temperature trends, but the area actually showing the same
behaviour is probably smaller than the area obtained here. On the other
hand, the positive trends identified in North Spain and Northeast
Portugal may be driven by both an increase in precipitation, as shown by
increase in SPI, as well as a decrease in temperature (Fig. S4). Unlike the
South of Spain, these areas have a high number of temperature stations,
which are located at different elevations. Moreover, Moratiel et al.
(2017) found negative trends in annual and seasonal temperature ob-
tained from weather stations near these areas, for the period 1981-2010.
Although most of the negative trends are not significant, they are sta-
tistically significant in Autumn (Moratiel et al., 2017). The results ob-
tained here may be reflecting the influence of elevation on the climate
variables, which is possible to achieve with due to its high spatial
resolution.

Figs. 3 and 4 present the trends obtained for the time series of
drought duration, and the mean intensity of the drought events, as ob-
tained with SPIjgo; and SPElpg; (Fig. 3), and with SPIcry and SPEIcry
(Fig. 4). The area of positive and negative significant trends obtained for
each time series and drought index is presented on Table 1.

The trends of drought duration are clearly positive in most of the
territory, as obtained with both indices and the two datasets. The trends
in drought duration are not significant in the areas where positive
drought trends were identified with the IberiaOl dataset (Fig. 1).
Nonetheless, when computed with the CRU dataset, the area is larger for
SPEI and smaller for SPI, compared to the Iberia01 dataset, as shown on
Table 1. As with the trends in the drought indices (Figs. 1 and 2), the
higher number of stations used in the Iberia01 dataset may explain these
differences. Despite already showing similar results, on previous works
these positive trends occurred on much smaller areas (Spinoni et al.,

Duration

Intensity

SPEI 3 SPEI 1

SPEI 6

SPEI 12

Fig. 3. Significant trends in duration and mean intensity of droughts based on SPIjpg; (left) and SPEIpo; (right). Positive (negative) trends are shown in red (blue)
and non-significant trends are shown in white. Grid points where the time series has less than 20 points are shown in grey. (For interpretation of the references to
colour in this figure legend, the reader is referred to the Web version of this article.)
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Duration Intensity

o~
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—
Fig. 4. As Fig. 3 but for SPIcry and SPEIcry.
Table 1
Area (%) of positive and negative significant trends, and not-accounted (NA) points obtained for drought duration and drought intensity.
Duration Intensity
Time Scale Positive Negative NA Positive Negative NA
SPIigo1 1 36.4 - 5.2 0.4 7.4 5.2
3 43.9 - 0.3 0.3 7.8 0.3
6 37.9 - 0.2 0.4 6.1 0.2
12 16.9 - 54.2 0.7 0.6 54.2
SPEIipo; 1 45.0 0.0 0.3 0.8 2.7 0.3
3 50.3 0.0 0.2 1.2 2.0 0.2
6 36.4 0.1 0.7 1.2 3.0 0.8
12 23.9 0.1 42.6 1.4 0.8 42.6
SPIcry 1 29.5 0.3 0.3 - 16.1 0.3
3 25.3 - 0.3 - 20.2 0.3
6 28.4 - - - 19.5 -
12 21.9 - 53.4 - 2.1 53.4
SPEIcry 1 52.7 - - - 1.4 -
3 57.9 - - - 1.7 -
6 47.6 - - - 2.4 -
12 43.2 - 21.58 - 1.0 21.6

2014; Pascoa et al., 2017), although different periods and thresholds
were used to identify drought. On the other hand, the sign of the trends
of the mean intensity of the drought events is almost always negative.
The area is smaller when SPEI is used, reflecting the effect of the
increased ETj.

Taking into account that Iberia0l better represents the spatial
pattern of drought in the IP than low resolution datasets, the area under
drought conditions was calculated with SPIjgg; and SPEIjpg; (Fig. 5).
According to these results, drought events affecting more than half of the
territory are frequent. Considering the mean area of the entire period,
SPEI identifies a slightly larger area under drought conditions (Fig. 5).
Nonetheless, the mean areas presented by SPEI and SPI (22% and 19%,
respectively), are very close to the theoretical probability of occurrence
(20%, Agnew, 2000). The extreme drought event of 2004/05 stands out
for its extent and duration, but other large events are also apparent, such

as the drought of 2012. This hydrological year presented the second
lowest accumulated precipitation in the period 1950-2012, only
outdone by the extreme drought of 2004/5 (Trigo et al., 2013b). There
are also long periods of low values of area under drought conditions
obtained for the late 1970’s and the mid 1990’s pointing to the absence
of drought conditions. The results obtained for the area affected by
drought are in agreement with previous works made for the IP (Vice-
nte-Serrano et al., 2014; Coll et al., 2016; Pascoa et al., 2017), although
time scales shorter than 12 months were not used in these previous
studies. The correct identification of the extent of the drought events is a
strong indicator of the quality of the dataset, suggesting that the issue
already identified was constrained to some regions only.

Previous works identified the fragility of the development of high-
resolution grids with few or none stations per grid point (Herrera
et al., 2019b). This was accounted for when developing the Iberia01l
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Fig. 5. Percentage of area under drought conditions (SPEI or SPI < —0.84), as obtained with the Iberia01 dataset.

dataset through the limitation of the horizontal resolution, and the au-
thors did not provide higher-resolution intermediate products (Herrera
et al., 2019a). Nevertheless, for an illustrative example of a convective
high-resolution extreme precipitation event that occurred on 4-5
November 1997, characterized by heavy precipitation over most of the
IP, Iberia01 was able to correctly represent the spatial patterns, with the
main differences appearing in the Guadalquivir and Guadiana basins
and the Pyrenean range (Herrera et al., 2019a).

Iberia01 has also much improved precipitation rendering compared
to other datasets (Herrera et al., 2019a), which propagates to the
calculation of SPEI and SPI. Nevertheless, it should be accounted that in
the case of temperature, the number of used stations is not substantially
different from other datasets. Therefore, the major differences between
SPEI and SPI identified in the south region might be associated to the
fact that the number of stations which monitor temperature are low. On
the northern region, like in the Pyrenean range, deficient representation
of orographic precipitation might be the cause.

4. Conclusions

In this work, recent drought trends in the IP were analysed, using two
known drought indices, SPI and SPEI. A recently developed high-
resolution dataset, IberiaOl, and a lower-resolution dataset, CRU,
were used to compute these indices, and the results obtained were
compared, in order to assess the added value of the new dataset,
Iberia01.

A drying trend was observed when using both datasets. This trend
was driven by both precipitation and temperature, as evident by the
negative trends of both indices, as well as the positive trends of drought
duration. The Iberia01 dataset made evident complex spatial patterns of
drought trends, which were mostly related to precipitation trends. In
some areas, positive trends were identified due to a decrease in tem-
perature, although the number of stations used in these areas is rather
small.

Although in agreement with previous studies performed for the IP,
the results presented here also constitute the first evaluation of a high-
resolution gridded dataset, showing a regional focus over the IP,
which is a climate change hot spot in the Mediterranean region. Iberia0l
has the advantage of having been built based on several times more data
than most gridded datasets and also of having a much better orographic
representation, which allows for a more detailed analysis of precipita-
tion and temperature and resultant products (e.g. SPEI and SPI). This is
of high importance in the case of the analysis of regional phenomena
such as droughts. The introduction of these type of high-resolution
datasets contributes deeply to a more detailed understanding of
drought and its impacts.

The results concerning the identification of regions over the IP that
showed a clear pattern of increased dryness will surely be useful, sup-
plying managers with robust tools aiming for the development of miti-
gation plans that will be crucial in the case of the occurrence of more
frequent drought events over the IP within a context of climate change.
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