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Atmospheric Mineral Dust Emission 

Image credit: modified from Gherboudj et al., 2016 
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Image credit: 

NASA 

Particle Size 
Distribution (PSD) 

• Atmospheric mineral dust is the 
most important aerosol by mass 
and a key player in the Earth 
system. 
 

•  Dust PSD at emission is a key 
parameter for modelling its 
atmospheric cycle and estimate its 
climate forcing. 
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FRontiers in dust minerAloGical coMposition and its Effects 
upoN climaTe 
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Measurement field campaign in Morocco (2019) 
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𝐹𝑑 𝐷𝑖 → Gradient method 𝑢∗, 𝑧0, 𝐿 → Law of the wall method 

(Sow et al., 2009; Ishizuka et al., 2014; Khalfallah et al., 
2020; Dupont et al., 2021)   

𝑢∗: Friction velocity    𝑧0: Roughness length 
𝐿: Obukhov length      𝜅: Von Karman constant 
𝜓𝑚: Correction for atmospheric stability 
𝐹𝑑(𝐷𝑖): Size segregated diffusive flux 
𝑐𝑢: Upper fidas concentrations 
𝑐𝑙: Lower fidas concentrations 

 
 
 

Size range 
(0.2-19.1)µm 

≈3.5 m 

≈2 m 
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Overview of the campaign in Morocco (September 2019) 
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Periods in which u* > 0.15 ms-1 

* 
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Dust emission 
assessment 

• Saltation was quite frequent but 
sandblasting efficiency was not so 
high compared to the literature 
due to the soil type (paved 
sediment). 
 

• Highest F and Q values 
correspond to more unstable and 
close to neutrality conditions. 
 

• F and Q increase with 𝑢∗ . 
F ∝ 𝑢∗

3.66  and Q ∝ 𝑢∗
3.40. 

 

• F/Q seems rather independent of 
𝑢∗. 
 

• F/Q appears rather independent 
of Q for  Q > 10−4 kgm−1s−1 . 
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Wind directions 

Image credit: M.Klose 

Wind at 2 m  

There were two prevailing wind directions, one centered around 80º (more 
aligned with M'hamid location) and another one centered around 240º 

(Saharan desert direction). As a result, PSDs were classified in two wind 
direction groups, 330º-150º and 150º-300º. 
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Lowest diameter for which fidas 
is considered efficient 

End of the anthropogenic mode Lowest diameter for which fidas 
is considered efficient 

End of the anthropogenic mode 

Averaged PSDs in number for different u* intervals based on 15 min samples 
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Averaged PSDs in number for different u* intervals based on 15 min samples 

In both wind directions: 
• General increase in the number concentrations with u* in all the size bins. 
• Larger number of finer particles (0.4-3 µm) than coarser particles (3-19 µm). 
• Very slightly reduction of particles around 6-8 µm in diffusive flux that could be related to the 

dependence of the deposition velocity on the particle size and u*. 
 

Differences between wind directions: 
• Lower concentrations for 330º-150º than for 150º-300º. 
• Flatter slope from 0.4 to 2 µm for 330º-150º curves show a than for 150º-300º. 

 

Data 
PSDs were classified in two wind direction groups, 330º-150º and 150º-300º. 
 

2 m height concentrations 

Samples from the whole campaign  
Diffusive flux 

Samples in which u* > 0.2 ms-1 and F is positive in all the bins above 0.42 μm 

Results 
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Lowest diameter for which fidas 
is considered efficient 

End of the anthropogenic mode Lowest diameter for which fidas 
is considered efficient 

End of the anthropogenic mode 

Averaged PSDs in mass for different u* intervals based on 15 min samples 
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Averaged PSDs in mass for different u* intervals based on 15 min samples 

In both wind directions: 
• Mass is dominated by coarser particles. 
• As u* increases, higher increase of coarser particles compared to finer particles for 2 m height 

concentrations. 
• For diffusive flux the increase is almost proportional in all size ranges. 

 
 

Differences between wind directions: 
• Lower concentrations for 330º-150º than for 150º-300º. 

 

Data 
PSDs were classified in two wind direction groups, 330º-150º and 150º-300º. 
 

2 m height concentrations 

Samples from the whole campaign  
Diffusive flux 

Samples in which u* > 0.2 ms-1 and F is positive in all the bins above 0.42 μm 

Results 
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• The first field campaign within FRAGMENT project was conducted in Morocco, in September 2019. 
 

• During the campaign dust emission occurred quite frequently under different dynamical conditions. 
 

• Two prevailing wind directions were identified, one centered around 80º (more aligned with 
M'hamid El Ghizlane, the closest town) and the other around 240º (Saharan desert direction). 
 

• Our sandblasting efficiency was not so high compared to the literature even if saltation was very 
frequent. 
 

• Our analyses show some variability in the size distribution of dust at emission due to wind 
direction. 
 

• Two main differences between PSDs from 2 m height concentrations and diffusive flux: 
 

  1) Slightly reduction of particles around 6-8 µm in diffusive flux that could be related to the 
dependence of the deposition velocity on the particle size and u* 

 

2) As u* increases, for 2 m height concentrations there is a higher increase of coarser 
particles compared to finer particles whereas for diffusive flux the increase is almost 
proportional in all size ranges. 
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