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Introduction:  A significant goal of Mars science 

is to understand the present-day interaction between 
the atmospheric environment and the planet’s surface 
that ultimately results in climatically- and geologi-
cally-important aeolian phenomena (e.g., dust storms, 
dust devils, albedo changes, dune migration, surface 
erosion). Although the potential impact of larger at-
mospheric flows on surface-atmosphere interactions 
has been studied at length with mesoscale atmospheric 
models and global circulation models [e.g., 1-3], stud-
ies of simulations resolving the complex, highly three-
dimensional dry convective circulations that produce 
dust-lifting events are still uncommon [e.g., 4, 5].  

We present preliminary results of large eddy simu-
lations (LES) of two areas on Mars, corresponding to 
the Viking Lander 1 (VL1) and the Phoenix (PHX) 
landing sites. We demonstrate that: 1.) although 
mesoscale model output indicates that no particle en-
trainment should occur, convective activity in the LES 
does produce winds above an estimated saltation 
threshold friction velocity, and 2.) although the simu-
lations at the two locations were run at similar seasons 
and local times, the degree of particle entrainment at 
the two sites differs, in part because of varying degrees 
of local convective activity (“gustiness”).  

MRAMS Large Eddy Simulations: The Mars 
Regional Atmospheric Modeling System (MRAMS) is 
a non-hydrostatic, finite-difference, limited domain 
mesoscale model [6, 7]. MRAMS acts as an LES when 
the subgrid scale turbulence is modified to explicitly 
model eddies down to the domain resolution, based on 
the method of [8].  

The LES domains use periodic boundary condi-
tions and consist of 200 x 200 horizontal grid cells 
with a spacing of 100 m x 100 m and 80 vertical cells 
stretching in thickness from 4 m at the surface to 
150 m at the domain ceiling (z ~ 9.5 km). Initial con-
ditions (wind velocity, temperature, and interpolated 
pressure) are taken from the nearest available grid cell 
from a mesoscale simulation (with a horizontal resolu-
tion of 5 km x 5 km). Each LES was run for one half 
hour of Mars time (following an hour of spinup). 

The VL1 LES (22.3ºN, 312.1ºE) was timed to co-
incide with high frequency VL1 MET data, overlap-
ping with mesoscale model output at mean local solar 
time (MLST) = 13.32 h and Ls = 102.7º. The PHX 
LES (68.25ºN, 234.5ºE) was timed to coincide with 
the Phoenix Lander EDL, at a similar time of day as 

the VL1 LES run, overlapping with mesoscale model 
output at MLST = 12.96 h and Ls = 76º. 

Particle Entrainment:  The distribution of fric-
tion velocity u* across each LES domain is assumed to 
represent “gusts” caused by regional winds and con-
vective turbulence in the planetary boundary layer at 
that instant in time. In some locations the gusts (either 
wind gusts or vortices) may be strong enough that 
friction velocities exceed the saltation threshold fric-
tion velocity u*t, causing any available sand grains to 
saltate, which in turn impact the surface and kick any 
available dust grains into suspension. The distribution 
of LES-derived friction velocities may be superim-
posed onto mesoscale model friction velocities, which 
are assumed to represent the mean friction velocity in 
each mesoscale grid cell. Mesoscale threshold friction 
velocities were calculated using [9], assuming 100 µm 
diameter basalt sand grains ( = 3200 kg m-3) and 
ambient pressure and air temperatures from the corre-
sponding mesoscale model output. 

Results: The left side of Figure 1 shows output 
from the VL1 LES; the right side shows output from 
the PHX LES. At the top are vertical winds (w) in red 
() and blue (), and horizontal winds (u, v) at z = 
1.9 m (every 4th arrow is plotted). In the middle are 
histograms of LES-derived perturbation friction veloc-
ity components u*u and u*v such that 

u*u(i,j) = u*u(i,j) - ū*u   and  u*v(i,j) = u*v(i,j) - ū*v    

where u*u and u*v are friction velocity components (ū*u 
and ū*v are horizontal domain averages of these). Note 
how the PHX LES friction velocities are less variable 
(“gusty”) than the VL1 LES values, indicating that 
local convective activity differs from one location to 
another. The bottom panels of Figure 1 show LES-
derived perturbation friction velocity magnitudes u* 
superimposed on mesoscale model friction veloci-
ties, U*. Although the VL1 mesoscale model friction 
velocity falls well below the saltation threshold, gusti-
ness in the VL1 LES produces local winds that occa-
sionally blow above this threshold, potentially entrain-
ing dust. Dust entrainment never occurs in the PHX 
LES, suggesting that local variations in convective 
activity can create spatial patterns in dust lifting. 
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Figure 1. VL1 LES run: a.) Near surface vertical wind, w, (red is upwelling, blue is downwelling) overlain by horizontal wind vectors u and v, b.) Friction veloc-
ity perturbation components u′*u (orange) and u′*v (green) showing the distribution of friction velocity values in the LES, c.) U* + u′* , the resulting spread in 
friction velocity values in the mesoscale model. d.), e.), and f.) are the same but for the Phoenix LES run. Note the narrower distribution of relatively weak 
winds in the Phoenix simulation, with no occurrences of winds above the saltation threshold u*t.  
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