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Why	  do	  we	  care?	  
•  Rover	  mobility	  and	  power	  generaGon	  
•  Future	  habitability	  +	  mission	  safety	  
•  Landform	  formaGon,	  MarGan	  paleoclimate,	  
and	  burial	  of	  (possible)	  evidence	  of	  past	  life	  
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Fig. 5.2 Mechanisms for
dust emission. (a) Dust
emission by aerodynamic lift,
(b) by saltation bombardment
and (c) through
disaggregation (Adapted from
Shao et al. 2011)

have highlighted the importance of saltation as a prerequisite for dust emission (Sow
et al. 2009; Shao et al. 2011). Once produced, particles smaller than !70 !m can
be entrained by suspension because their terminal fall velocity is lower than the
vertical wind velocity; the smallest fraction (D< 20 !m) can easily be uplifted and
transported long-range.

In the following sections, the physical processes involved in the main stages
of dust emission and the soil and surface properties or environmental factors that
influence them are described.

5.3 Erosion Threshold

The threshold for particle motion results from the balance between the wind shear
stress, " , and the forces acting on the soil particles to hold them on the surface. These
forces include the particle weight P, interparticle cohesion forces Ip and cohesion
forces induced by soil moisture Fc. U*

t is thus a function of the parameters that
control these forces, mainly the particle size and density and the soil moisture.

The generic expression “wind erosion threshold” encompasses several different
concepts. First, it corresponds either to a wind velocity at a given height U(z) or
to a wind friction velocity U*, both defined and measured at the erosion threshold.
Second, the definition of the threshold can depend on the way it is experimentally
determined. Theoretically, it should be the threshold of movement of the first
particles set in motion by the action of the fluid (also called the “fluid threshold”).

Book	  Fig.	  5.2	  



What	  does	  this	  actually	  look	  like?	  

Video	  from	  Allison	  
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Fig. 5.3 Threshold wind friction velocity (U*
t ) as a function of particle diameter based on Iversen

and White (1982) (IW82) and Shao and Lu (2000) (SL00) for different values of ! (3, 1.62 or
5 ! 10!4 kg s!2). White dots are experimental data from Fletcher (1976a, b) and grey dots from
Greeley and Iversen (1985)

Shao and Lu (2000) increases with the value of ! . It is slightly higher than that
predicted by Iversen and White (1982) for the value of ! recommended by the
authors, but ! can be adjusted to reach a similar minimum value. Differences in
the minimum threshold may have significant implications, especially on the dust
emissions frequency. Indeed, for a smooth and flat surface such as that encountered
in active dust source areas, a minimum U*

t of 20 cm s"1 corresponds to a wind
velocity of 7 m s"1 at 10 m height above the ground (in neutral conditions, assuming
a Z0 of 10"3 cm, typical of a smooth surface), while a U*

t of 24 cm s"1 corresponds
to a wind velocity of more than 8 m s"1 at 10 m height.

These theoretical curves have several implications for our understanding of dust
emission processes. Firstly, both theoretical and experimental results show very
high U*

t (>100 cm s"1) for particles in the single-micron range, that is, for typical
dust-sized particles. This corresponds to a wind velocity at 10 m height on the
order of 35 m s"1 for a smooth surface (Z0 D 10"3 cm) in neutral conditions.
Such a wind velocity is hardly ever reached during dust storms. This explains
why direct suspension or “uplifting” of dust-sized particles from the surface is not
commonly observed. Secondly, the existence of an optimum threshold for sizes
on the order of 60–100 "m makes soils containing particles in this range (fine
sand in sedimentology) the most easily erodible. Thirdly, U*

t increases with Dp

for particles with diameters larger than 100 "m and decreases for particles with
diameters smaller than 60 "m. This implies that mobilisation of soil particles by
wind is a size-segregating process, in which the size distribution of the mobilised

Fig	  5.3	  

Important:	  
Concept	  of	  wind	  
erosion	  threshold	  
Ut*	  -‐	  the	  
minimum	  wind	  
velocity	  to	  set	  
parGcles	  in	  
moGon	  (or	  for	  
saltaGon	  
threshold,	  to	  
sustain	  moGon).	  	  



Factors	  influencing	  Ut*	  

•  ParGcle	  Size	  
•  Soil	  Moisture	  
•  Surface	  Roughness	  	  
– Two	  more	  visualizaGons	  sent	  by	  Allison	  (from	  
Duran	  et	  al.,	  2014	  PNAS)	  

	  





Earth-‐Like	  Sand	  Fluxes	  on	  Mars	  

•  Major	  finding:	  GCMs	  of	  Mars	  don’t	  generate	  
wind	  speeds	  surpassing	  the	  erosion	  threshold	  
Ut*	  -‐	  but	  there	  is	  substanGal	  dune	  migraGon	  
and	  sand	  transport	  observed	  –	  How?	  
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