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Hydrological drought monitoring in the Ebro basin: 
Standardized Soil Moisture Index

5. SSI for Hydrological Drought
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1. Introduction

In Fig. 5, the SSI12 for the Ebro basin region is shown for all the historical data 
acquired through remote sensing. The index shows the hydrological droughts 
registered in 2011-2012 and 2017-2018. Furthermore, it demonstrates that 
another hydrological drought took place during 2022-2023, which started to 
recover during 2024.

Another potential aspect of the remote sensed-derived SSI is its spatial 
coverage and high resolution compared with the typical maps of SPI (Fig. 6). 
The SSI map from Fig. 6 displays more detailed information about the drought 
status than the gridded maps. Hence, using SM data derived from remote 
sensing not only is suited to monitor droughts, but also provides a better 
coverage and resolution than other variables.

3. Methodology
Soil moisture (SM) data derived from remote sensing provides knowledge about 
meteorological droughts [1]. The scope of this work is to prove that remote sensing-
derived SM data is also suited for studying hydrological droughts. The frequency and 
severity of hydrological droughts are increasing due to climate change; thus, tools to 
monitor them are of utmost importance. Since this type of drought is displayed through 
deficiencies in the hydrologic system, studies of the SM anomalies (such as in [1]) cannot 
grasp the status of the hydrological drought. For this reason, we propose the Standardized 
Soil Moisture Index (SSI) as a candidate to monitor hydrological droughts. For more 
information, read [2].

6. Conclusions

ABSTRACT
The occurrence and duration of droughts have increased in recent years, making droughts 
a major climate risk. This study has analyzed the pertinence of a remote sensing soil 
moisture-based drought index, the Standardized Soil Moisture Index (SSI), to monitor 
different drought types from meteorological, agricultural to hydrological. The satellite-
derived SSI was compared with the Standardized Precipitation Index (SPI) calculated using 
precipitation data from meteorological stations across the Ebro Basin. Our results indicate 
that, independently of the time scale, the SSI relates better to the SPI with the latter using 
an extra month for its integration time, which is not surprising given the expected soil 
moisture’s inertia. The correlation of SSI with the corresponding SPI at different integration 

times showed good results (R between 0.618 and 0.667). Our SSI was also compared with a 
2-dimensional gridded SPI product to assess its spatial variability. Such analysis revealed 
generally positive correlations throughout most of the basin, demonstrating that the SSI 
captures additional hydrological dynamics, such as snowmelt and irrigation effects. In 
conclusion, this study underscores the versatility and efficacy of remote sensing-derived 
SSI as a drought monitoring tool that offers high spatial coverage and resolution and 
demonstrates that the SSI is a robust climate index capable of monitoring diverse types of 
drought. Hence, this methodology paves the way for accurate drought monitoring in areas 
with scarce in situ measurements.

The SSI is based on the Standardized 
Precipitation Index (SPI), which 
monitors drought independently of 
the region’s climate. Depending on 
the time scale chosen, the SSI 
provides information on different 
types of drought. Namely, SSI6 and 
bellow can assess meteorological and 
agricultural droughts, while SSI9 and 
above are more suited to study 
hydrological droughts.
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2. Area of Study
The Ebro basin, located in the northeast of the Iberian Peninsula, is the most extensive 
basin in Spain, with the Ebro River being its main drainage system. The population density 
of the area is considerably lower than the Spanish average and presents intensive 
agriculture at the Ebro Valley. In the upper part of its course, the associated vegetation 
consists of pastures, oak groves, and plants that require plenty of moisture. In the central 
depression, the climate is drier and more extreme in temperature. Once crossed the 
Catalan Mediterranean System, the climate is Mediterranean.

4. SSI vs SPI
Fig. 2 shows the time series of SSI and 
SPI for the integration times of 6, 12 
and 24 months. Despite the simila-
rities between the indices, the inertia 
intrinsic to  SM makes the SSI less 
prone to drastic changes and it evol-
ves smoothly with time.

Fig. 2: Time series of SSI and SPI for Caparroso (Navarre), 
with integration times: 6, 12 and 24 months. 

Fig. 5: Historical SSI12 for the Ebro basin region.

• The SSI from remote sensing techniques is a powerful tool for drought monitoring, able to display information on different types of drought with high 

spatial resolution.

• By using 13 years of SMOS SM data, the SSI is already a reliable index for the study area. Furthermore, such methodology will only be more consistent 

and robust with time. Thus, indices like the SSI or similar will play a key role in the upcoming years.

• For the Ebro basin region, both SSI12 and SSI24 have demonstrated to be indices suited for hydrological drought monitoring.

Fig. 4: Time evolution of SSI and gridded-SPI spatially averaged across the Ebro basin at different timescales.

The SSI has been computed using a 
SM dataset that spans from 2010/06

By spatial averaging the indices’ values across the Ebro basin, we represent regional-scale 
drought conditions rather than localized anomalies. Although smoothing out spatial 
variability, it highlights the complementary nature of SPI and SSI for basin-wide drought 
monitoring. 

Fig. 4 shows the time series of the spatially averaged SSI and gridded-SPI at different 
integration times. The results demonstrate high correlations between the spatially 
averaged indices, slightly increasing with the timescale. These findings underscore the 
suitability of the SSI for drought monitoring and water resource planning at the basin 
scale, particularly at hydrological scales.

SSI and SPI at 12 and 24 months show that 3 hydrological droughts have affected the Ebro 
basin since 2010. 

Fig. 3: Correlation between SSI and gridded-SPI 
at 6 and12 months of integration time.

Fig. 6: SSI24 and gridded-SPI24 of the Ebro basin for November 2017.

Fig. 1: Map of the Ebro basin region [3].

up to 2023/05. Such dataset has been derived combining SMOS with MODIS satellite data. 
By applying the DISPATCh methodology [4], we obtain daily SM data with a spatial 
resolution of 1 km. To validate the SSI, precipitation data from the meteorological stations 
of SAIH (Sistema Automático de Información Hidrológica) have been used to compute the 
SPI for the same period, as well as 2-dimensional gridded SPI from [5].

SSI12 – SPI12

Correlation

Fig. 3 displays generally positive correlations 
throughout most of the basin, indicating that SSI 
is aligned in their seasonal and long-term 
variations with SPI. The low-correlated areas 
correspond to the Ebro Delta (southeast), where 
rice fields are often flooded, and the Pyrenees 
(northeast), a mountainous terrain usually 
covered in snow during winter. The SPI is blind 
to such events, creating these discrepancies. 
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