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Global water resources are under threat as a result of climate change and the growing demands for freshwater.
In particular, droughts with durations of months or years have been frequently reported to affect large areas and
result in serious environmental, social, and economic devastations. The wealth of data from satellites, coupled with
recent advances in large-scale hydrological modelling and seasonal climate model predictions have the potential
to improve monitoring and prediction systems and to better assess potential impacts of such extreme events. In
this study, we investigate the feasibility of various data assimilation approaches to use the Gravity Recovery And
Climate Experiment (GRACE) derived Total Water Storage (TWS) data to tune or improve the World-Wide Water
Resources Assessment (W3RA) model predictions. The integrated GRACE-W3RA is then applied for monitoring
hydrological droughts in various regions such as South Asia, the Middle East, West and East Africa, and Australia.
For these regions, particularly, we generate traditional precipitation-and soil moisture-derived drought indices, as
well as a new multivariate hydro-meteorological drought index. To compute the latter, a probabilistic approach
is implemented to combine monthly TWS, groundwater, and soil moisture water storage from GRACE-W3RA
outputs with (net) precipitation records. Different drought characteristics of these regions including trends, occur-
rences, areal-extent, and frequencies corresponding to 3-, 6-, 12-, and 24-month timescales are extracted from the
generated drought indices and their comparison results are discussed.
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