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The friction velocity U* is the actual surface wind 

and is physically relevant to compute dust uplift 

but often the 10-m wind U is available only. 

 

Here we compare U and U* in the 4-km run: 

 

• Both U and U* reveal high winds (in green-red) 

related to convective dust storms in the Sahara 

but only U* shows such structures in the Sahel 

where the surface roughness length z0 is higher 

 

• U and U* create dust uplift in the Sahara mostly: 

the threshold for dust uplift U*t increases with z0  

(Marticorena and Bergametti 1995) 

and prevents dust uplift in the Sahel; 

the threshold in U is taken as uniform Ut=7m/s 

(Marsham et al. 2011) 
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West  African desert areas: Sahara and Sahel 

 

• First source of mineral dust 

(half of worldwide emissions) 

with possible long-range transport 

and remote impact on weather 

as well as on human health  

 

• Several uncertainties in these areas 

due to lacking direct observations 

and difficult satellite observations 

and complex modelling of wind gusts 

responsible for dust emission 

 

 

Unified Model simulations for West Africa 

 

• Summer 2006 (June-October) 

at different resolutions: 

dx=4/12km with explicit convection 

dx=12/40km with parameterized convection 

 

• Contribution of convective dust storms 

to total dust emission 

reaching 40% in the 4-km explicit run 

but lacking in the parameterized runs 

(Marsham et al. 2011, Heinold et al. 2013) 

 

4-km run with explicit convection 

 

• Explicit vertical motions are solved 

with the model primitive equations 

and show strong up- and downdrafts 

in organized convective systems 

 

• The strong convective downdrafts 

create cold pools at low levels 

which quickly propagate radially 

with a front of wind gusts ahead 

 

 

 

 

 

 

 

 

 

12-km run with parameterized convection 

 

• Vertical mass fluxes are estimated 

with the subgrid convection scheme 

in each horizontal grid cell 

independent of the neighboring cells 

 

• The subgrid convection scheme 

lacks the formation and propagation 

of cold pools and related wind gusts 

 

Classical „sand storms“, also called haboobs 

 

• Created by convective downdrafts 

driven by evaporation of precipitation 

with a cold pool propagating quickly 

and a gust front lifting dust ahead 

 

• Absent from global models 

which do not resolve convection 

and from statistical parameterizations 

of subgrid-scale winds 

Cold 

pool 
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Dust outbreak over the Sahara (pink) 

that reached Europe in early April 2014 

Domain of the 4-km Cascade run 

 

Parameterization based on Cakmur et al. (2004) 

 

• The downdraft mass flux disperses radially 

in a cylindrical cold pool with constant size 

 

• Surface winds are parameterized as 

𝑤𝑖𝑛𝑑 ∝  
𝑑𝑜𝑤𝑛𝑑𝑟𝑎𝑓𝑡 𝑚𝑎𝑠𝑠 𝑓𝑙𝑢𝑥

ℎ𝑒𝑖𝑔ℎ𝑡 × 𝑟𝑎𝑑𝑖𝑢𝑠 𝑐𝑜𝑙𝑑 𝑝𝑜𝑜𝑙
 

 

Statistics for June-July in the Sahara 

 

• The parameterization of wind gusts 

is applied offline to the 12-km run 

with parameterized convection 

and calibrated with the tail of distribution 

of surface winds in the 4-km run 

 

• The wind factor for the uplift of dust 

is evaluated with the Dust Uplift Potential 

𝐷𝑈𝑃 = 𝑈3  1 +
𝑈𝑡

𝑈
1 +

𝑈𝑡

𝑈
1 −

𝑈𝑡

𝑈
 

with U the surface wind 

and Ut the threshold for dust uplift 

(Marsham et al. 2011) 
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Meteosat-10 Dust RGB 1600 UTC 29 March 2014 

Formation of a convective dust storm 
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