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Editorial on the Research Topic
 Challenges of Hydrological Drought Monitoring and Prediction



Hydrological droughts are complex recurring hazards that can cause water shortages in streams or storages such as reservoirs, lakes, groundwater, and snowpacks, resulting in negative impacts to natural and socio-economic systems (Mishra and Singh, 2010; Van Loon, 2015). While significant advances in hydrological drought research were documented in the recent years (Hasan et al., 2019), challenges remain in terms of quantifying the drought signal in all the components of the hydrological cycle (Van Loon, 2015, Stahl et al., 2020), modeling and predicting droughts (Sutanto et al., 2020; Brunner et al., 2021), and in the operational aspects of hydrological drought monitoring (Cammalleri et al., 2020). The manuscripts included in this Research Topic aim to provide new perspectives on hydrological drought monitoring and prediction, highlighting existing challenges and opportunities for the generation of usable information to assist decision water management policy decision making.

Using observations of precipitation, groundwater levels, and surface water, together with remotely sensed data of soil moisture and vegetation greenness, Buitink et al. showed the existence of a drought frequency paradox: when viewed across a complex hydrological system, droughts are common rather than rare. This is due to the different responses across the hydrological system, and to the spatial variability present within each component of the hydrological system. The authors highlighted that improved drought monitoring can be achieved if all relevant variables are considered in a compound drought index specific to the area of interest. However, how to combine and aggregate different drought indices for better decision-making in water resources management is still a subject of debate (Yihdego et al., 2019). Following a drought propagation approach, Yeh used long-term records of precipitation and groundwater from three river basins in Central Taiwan to investigate the changes in drought parameters as frequency, duration and severity, between meteorological and groundwater droughts. The pooling of drought events, one of the commonly observed characteristics of drought propagation (Van Loon and Van Lanen, 2012), was observed particularly during severe drought events, when meteorological droughts occurred at a higher frequency than those identified through groundwater levels.

Gutierrez-Cori et al. explored the relationship between vegetation changes in the southern Amazon basin and hydroclimatic factors. The predominant land cover types exhibited different responses to the hydroclimate variability, particularly during extreme drought years. Moreover, the marked rainfall seasonality generates a dependency of vegetation to water availability during the months outside the peak of the wet season. In comparison to runoff or rainfall, the total water storage resulted in a better indicator of the variability of evergreen forests, a factor that highlights the use of remote sensing products to characterize the vegetation-hydrology dynamics, which are also affected by the land cover changes due to deforestation over the last 20 years. A better characterization of the land-atmosphere interactions that modulate the regional hydrological cycle could be achieved through the use of land surface models. In this sense, there have been many efforts to produce accurate precipitation estimates for use in land surface process studies (Shrestha et al., 2020), particularly in areas of complex terrain due to limitations of observing systems and large spatial variability (Hughes et al., 2020). Sarmiento et al. compared the Integrated Multi-satellite Retrievals for GPM (IMERG) and the Climate Hazards Group InfraRed Precipitation with Stations version 2 (CHIRPS2) rainfall products over the continental United States to quantify the impacts of the daily distribution of precipitation on biases and errors in simulated hydrological variables. A combination of IMERG and CHIRPS2 resulted in a reduction of the number of dry days and an increase in the frequency of low rainfall days, which led to a better simulation of surface soil moisture, surface runoff, and evapotranspiration. This is particularly relevant for a better characterization of hydrological droughts through the use of land surface models, with the potential to provide relevant information for water managers (Quintana-Seguí et al., 2020; Peters-Lidard et al., 2021).

Two recent case studies focusing on the evaluation of extreme hydrological drought events in South America were also part of this Research Topic. In the first study, Marengo et al. analyzed the extreme drought that is affecting since 2019 the Pantanal region, one of the largest wetlands of the world and an important biodiversity hotspot. The authors used a variety of observations and remote sensing products to quantify the hydrological drought conditions and its impacts on human activities and natural systems. The reduced hydrometric levels throughout the Paraguay river affected the navigability of the waterway, impacting in the exports of crops and minerals from Bolivia, Brazil and Paraguay. The decrease in precipitation, caused by reduced transport of warm and humid air from Amazonia, generated also a water mass decrease over the floodplain, affecting the vegetation health over the region. In a second study, Rivera et al. focused on the evaluation of the record-breaking hydrological drought over central-western Argentina, an arid to semi-arid region where snowmelt in the Andes ranges is key to sustain the irrigation of the agricultural oases and the drinking water supply. Using streamflow observations from the main basins of the region, the authors applied the variable threshold-level method and the standardized streamflow index, which are used increasingly for real-time monitoring of hydrological drought conditions (Stahl et al., 2020), to quantify the spatio-temporal characteristics of the drought event. Recommendations were provided for an improved drought monitoring over the region, considering the paucity of snow and groundwater records, the low density rainfall and runoff observations, and the current limitations of the snowmelt forecasts.

Overall, two main aspects can be highlighted in these six studies covered within the Research Topic: (1) the role of remote sensing to quantify the available regional water resources and the propagation of the drought signal into the hydrological cycle; and (2) the recommendations for improved hydrological drought monitoring and prediction, which can be used either in the drafting or in the revision of existing drought contingency plans. These aspects are of critical importance for setting up strategies for reducing the vulnerability to drought and improving drought response at regional and local level.
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