
MODELING AEOLIAN SEDIMENT TRANSPORT THRESHOLDS ON MARS: A SHEAR STRESS PARTITIONING 
APPROACH.  J.A. Gillies1, W.G. Nickling2, J. King1, and N. Lancaster3, 1Division of Atmospheric Sciences, Desert 
Research Institute, 2215 Raggio Parkway, Reno NV USA 89512, jackg@dri.edu, 2Department of Geography, Uni-
versity of Guelph, Guelph ON Canada N1G 2W1, 3Division of Earth and Ecosystems Sciences, Desert Research 
Institute, 2215 Raggio Parkway, Reno NV USA 89512. 

 
Aeolian sediment entrainment and transport processes 

play a crucial role in the evolution of the Martian landscape.  
The most dramatic demonstration of aeolian activity on Mars 
is the planet-wide dust storm [1] [2], but dust storms on the 
scale of >102 km2 to >106 km2 are frequent.  Data presented 
by Martin [2] and more recently by Cantor [3] indicate dust 
storms are a common occurrence on Mars.  Other features 
observed on Mars, as evidenced by the presence of bedforms 
such as sand dunes, sand sheets, ripples, and megaripples 
provide further evidence of aeolian activity.  In addition to 
smaller scale aeolian bedforms, which are observed in plains 
areas [4] there is evidence of sand entrainment and transport 
in areas among roughness elements in the size range from 
pebbles to cobbles, to boulder size [5].  This surface type has 
been imaged by the Mars Exploration Rover Mission 
(http://marsrovers.jpl.nasa.gov/home/) and covers extensive 
regions of the planet’s surface.  These rough surfaces are 
areas where it can be expected that the presence of the 
roughness create conditions whereby entrainment of sedi-
ments by wind requires increased wind speeds compared to 
the aerodynamically smoother plains areas. 

This paper explores the effect that larger roughness ele-
ments may have on entrainment of sediment by Martian 
winds using a shear stress partitioning approach based on a 
model developed by Raupach et al. [6].  The Raupach et al. 
[6] model predicts the shear stress partitioning ratio, i.e., the 
percent reduction in shear stress on the intervening surface 
between the roughness elements as compared to the surface 
in the absence of those elements [7], based on knowledge of 
the geometric properties of the roughness elements, the char-
acteristic drag coefficients of the elements and the surface, 
and the assumed effect these elements have on the spatial 
distribution of the mean and maximum shear stresses. 

Recent work by King et al. [8] and field testing by Gillies 
et al. [9] [10] have demonstrated that this model [6] can ef-
fectively predict roughness effects on entrainment threshold 
and be used to assess, in part, roughness effects on aeolian 
sediment flux rates for terrestrial atmospheric conditions.  As 
the model can be used for different fluid properties it makes 
it applicable to evaluating how the atmospheric conditions 
and winds of Mars interact with the roughness to predict the 
effect that roughness will have on sediment entrainment 
there.  On Mars, unlike on Earth, the shear stress partitioning 
caused by roughness is non-linear as drag coefficients for the 
surface as well as for the roughness itself show Reynolds 
number dependencies for the reported range of Martian wind 
speeds.  Based on the results of Gillies et al. [10], which 
provide data on the effect large solid roughness elements of 
varying roughness density have on shear stress partitioning 
and particle threshold and aerodynamic parameters, the shear 
stress partitioning model of Raupach et al. [6] was used to 
evaluate how Martian atmospheric conditions will affect the 
threshold shear stress ratio on Martian surfaces with the 

same range of roughness evaluated by Gillies et al. [9] [10].  
Using, as an example, a 125 µm diameter particle with an 
estimated threshold shear stress on Mars of ~0.06 N m-2 
(shear velocity, u* = ~2 m s-2 on a smooth surface), Figure 1 
shows the effect roughness density has on the threshold shear 
stress ratio for this diameter particle.  For comparison, Figure 
1 also shows the same relationship for terrestrial conditions.  
Based on available estimates of roughness density for Mars 
drawn from the literature, estimates of threshold wind speeds 
for rough surfaces can be estimated for a range of particle 
sizes using this approach. 
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Figure 1.  Rt for 125 µm particle on Mars and Earth as a 
function of λ, when roughness is that described by Gillies et 
al. [10]. 
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