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Desert dust plays a major role in the Earth system. The life cycle of desert dust and its numerous environmental impacts are closely related to its three-dimensional
(3D) spatial distribution. Once uplifted from the surface over source regions, dust is transported to remote regions by the atmospheric circulation. Depending on the
altitudes at which it is transported, dust impacts the Earth radiative budget, atmospheric stability, cloud properties as well as chemical and biogeochemical processes.
When transported near the surface, dust causes poor air quality, low visibility and deposits on the ground. Accurate knowledge of the 3D pathways of desert dust
transport and the associated dynamical processes is fundamental for assessing its major impacts on the environment.

In the current study, we present a new characterization of the three-dimensional (3D) distribution of dust over the Sahara during summertime, for June 2011.

2. 3D distribution of dust from AEROIASI 3. AEROIASI vs CALIOP

AEROIASI observations clearly agree with other widely used measurements
AEROIASI 3D (from lidar and radiometers)

Our approach called AEROIASI is based on the innovative retrieval of vertical
profiles of dust extinction coefficient from daily cloud-free hyperspectral satellite

observations of |ASI.
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4. Dynamical drivers of the 3D

5. Genesis of major dust storms in Central Sahara during summer seen in 3D

distribution of dust during June 2011

The three dustiest events are characterised by elongated When northerlies blow over the study region

The 3D characterisation is focused on the dust dust fronts moving northwards, with a leading edge
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1. AEROIASI depicts a major hotspot of dust emission at 17-23°’N 1-7°E, showing unprecedented details in 3D about the genesis of these dust storms

2. Over the hotspot, intense convection activity forms a succession of four haboobs every 3 or 4 days and and also generates wave-like perturbations that propagate
westwards along the AEJ. These waves have periods of 3—5 days, as do those of typical AEWSs, but they differ with respect to other properties. Both phenomena —
haboobs and waves — contribute to the occurrence of concomitant northward bulges of the ITD over the hotspot, which then propagate westwards in concomitance
with the southerlies behind the trough of the wave-like perturbations in the following 2 or 3 days.

3. The cyclonic circulation associated with the SHL is added as a third factor favoring the northward surge of the WAM over the hotspot.
4. Meanwhile, elevated dust layers between 2 and 5 km are visibly transported westwards by the AEJ.

5. These results show new observational evidence of the importance of the WAM, cold pools, extratropical disturbances and the SHL as drivers of the 3D distribution
of dust over the central Sahara during summer.
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