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Introduction:  Dust storms have been reported in 

all seasons on Mars from groundbased and spacecraft 
observations, across much of the planet and ranging 
from small local storms covering a few tens of km2 to 
planet encircling [1]. Mars Global Circulation Model 
(MGCM) simulations indicate that the large quantities 
of dust lifted into the atmosphere during these storms 
can have a strong impact on the atmospheric thermal 
structure, the global circulation patterns and thus the 
climate in general. Further understanding of the origin 
of these local and global dust storms strongly implies 
the description of the processes involved in dust rising 
and transportation from the Martian surface. There 
have not been enough data available to implement a 
variable wind stress threshold map for Mars in modern 
MGCM [2]. However, looking at observations, it is 
almost certain that aeolian erosion threshold varies 
from one region to another depending on the ease of 
dust lifting from the surface, which in turn depends on 
surface roughness, local circulations, interparticle co-
hesion and other such factors.  
 

Physical modelling of wind erosion threshold: A 
recent physical model, applicable on large scales, has 
been developed at LISA to account for the influence of 
the surface characteristics on the spatial and temporal 
variability of dust emission in arid terrestrial environ-
ments, by including explicit parameterizations of the 
aeolian erosion threshold as a function of the surface 
roughness [3, 4] (Fig. 1). This model has been adapted 
to Martian conditions. 

 

 
Fig. 1. Logarithm of the ratio of the aerodynamic 
roughness height Z0 to the mean roughness elements 
height h as a function of the lateral cover Lc. 
 

Its application to simulate the Martian dust emissions 
requires input data concerning the surface features on 
Mars, in particular surface roughness data. The spatial 
variation of the surface roughness has not been fully 
investigated yet on Mars, and latest MGCM simula-
tions have assumed a spatially uniform value within 
the 0.001-0.01m range [5, 6, 7] estimated for the Vi-
king lander and Pathfinder sites [8, 9]. 
 
Data description: We have tested the possibility of 
using rock abundance maps derived from thermal iner-
tia to estimate the surface roughness on Mars [10, 11, 
12]. These rock abundance maps have been further 
validated using rock-size frequency distributions in-
ferred from different martian landing sites and Earth 
analogs. Previous works on this topic have been 
mainly dedicated to better assess the quality of the 
landing sites [13, 14, 15, 16]. 
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Fig. 2. Histograms reporting the number of rocks for 
each size bin diameter at Viking landers 1 and 2 sites 
and the fitted log-normal distributions. 
 
As a consequence, the attention has been mainly fo-
cused on the bigger rocks distribution, a critical point 
for characterizing a landing site, that is well repro-
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duced by their chosen exponential fits to the observa-
tional data. However, surface roughness can be princi-
pally driven by the smallest rocks, and log-normal 
distributions seem to be better adapted to reproduce 
with a comparable quality the various-sized compo-
nents (Fig. 2). We will discuss the implications of our 
surface roughness calculations for different landing 
sites. 
 

Results and discussion: Rock abundances have 
been converted to surface roughness to allow computa-
tion of the aeolian erosion thresholds (Fig. 3). A map 
of these aeolian erosion thresholds has been estab-
lished and associated with climatological surface wind 
velocities to identify the Martian regions exhibiting the 
highest potential for dust emissions (Fig. 4). 

 

 
Fig. 3. Logarithm of the aerodynamic roughness height 
Z0 (in cm). 
 

 
-1Fig. 4. Minimal threshold wind friction velocity (m.s
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