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The predicted increase in drought occurrence and intensity will pose serious threats to global
future water and food security. This was hinted by several historically unprecedented droughts
over the last two decades, taking place in Europe, Australia, Amazonia or the USA. It has been
hypothesised that the strength of these events responded to self-reinforcement processes related
to land–atmospheric feedbacks: as rainfall deficits dry out soil and vegetation, the evaporation of
land water is reduced, then the local air becomes too dry to yield rainfall, which further enhances
drought conditions. Despite the 'local' nature of these feedbacks, their consequences can be
remote, as downwind regions may rely on evaporated water transported by winds from droughtaffected locations. Following this rationale, droughts may not only self-reinforce locally, due to
land atmospheric feedbacks, but self-propagate in the downwind direction, always conditioned
on atmospheric circulation. This propagation is not only meteorological but relies on soil moisture
drought, and may lead to a downwind cascading of impacts on water resources. However, a global
capacity to observe these processes is lacking, and thus our knowledge of how droughts start and
evolve, and how this may change as climate changes, remains limited. Furthermore, climate and
forecast models are still immature when it comes to representing the influences of land on
rainfall.
Here, the largest global drought events are studied to unravel the role of land–atmosphere
feedbacks during the spatiotemporal propagation of these events. We based our study on satellite
and reanalysis records of soil moisture, evaporation, air humidity, winds and precipitation, in
combination with a Lagrangian framework that can map water vapor trajectories and explore
multi-dimensional feedbacks. We estimate the reduction in precipitation in the direction of
drought propagation that is caused by the upwind soil moisture drought, and isolate this effect
from the influence of potential evaporation and circulation changes. By doing so, the downwind
lack of precipitation caused by upwind soil drought via water vapor deficits, and hence the impact
of drought self-propagation, is determined. We show that droughts occurring in dryland regions
are particularly prone to self-propagate, as evaporation there tends to respond strongly to
enhanced soil stress and precipitation is frequently convective. This kind of knowledge may be
used to improve climate and forecast models and can be exploited to develop geo-engineering
mitigation strategies to help prevent drought events from aggravating during their early stages.
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