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Introduction:  Over the past decade, high-

resolution imaging of Mars and Titan has revealed 
unprecedented detail of dune features on their surfaces. 
A Mars Global Digital Dunes Database (MGD3) is 
now available and covers much of the martian surface 
[1], and Cassini Radar continues to improve our cover-
age of dunes on Titan [2].  

At the same time, General Circulation Models 
(GCMs) of Mars and Titan’s atmospheres have contin-
ued to improve, as increased datasets and increased 
understanding leads to improved representations of 
physical processes in these models and hence increased 
realism. These GCMs simulate the near-surface wind 
field that is so critical to the distribution of sediment 
on the surface and the formation of dunes, and hence to 
dune locations and morphologies.  

Predicting dune features using GCM winds: 
Dunes represent the time-integrated result of a non-
linear, threshold-dependent, wind-driven process (par-
ticle saltation). For this reason, while dune orientations 
can be used to guess the dominant wind direction(s), a 
far better approach is to predict the wind regime and 
use this to predict dune orientations, with a good match 
to observations thus providing confidence in the pre-
dicted winds. The Gross Bedform-Normal Transport 
(GBNT) approach [3] provides a way of predicting 
dune orientations given the long-term wind field as 
either measured or as predicted by numerical models. 
Using GCM winds to predict dune orientations in this 
way is relatively new, but is starting to be applied to 
Mars [4] and Titan [5]. The GBNT approach uses the 
idea that dunes grow via particle transport perpendicu-
lar to their crests in either direction, thus looks for the 
crest orientation with the greatest gross particle trans-
port perpendicular to it over a long time period. Other 
dune characteristics that may be compared to GCM 
predictions include the dune-centroid azimuth, which 
should be related to the predicted resultant (i.e., the net 
rather than gross) sediment transport direction.  

Dune observations may thus be used to test or 
‘validate’ the GCM-simulated winds, which is particu-
larly useful for planetary bodies in the almost total 
absence of in situ observations of the near-surface en-
vironment. Disagreement between predictions and ob-
servations may be due to a variety of causes. For ex-
ample: the GCM is missing (or incorrectly represent-
ing) some key physical process (e.g. dust storms) that 
strongly affects peak near-surface winds and hence 

saltation rates; the resolution of the GCM is insuffi-
cient to capture high-resolution features (especially 
topography) critical to the near-surface wind regime; 
the dunes formed in a past orbital epoch when the cir-
culation was quite different; the dunes formed in cohe-
sive rather than loose sediment; et cetera. 

The GCMs used in this work:  MarsWRF and Ti-
tanWRF are respectively the Mars and Titan versions 
of the planetWRF GCM, and both are described in 
detail in [6]. The impact of resolution on MarsWRF’s 
predictions of the martian atmosphere is discussed in 
[7], with special emphasis on the impact on saltation 
processes. Recent results from TitanWRF, which in-
clude the maintenance of realistic superrotation in the 
stratosphere due to large but rather infrequent equa-
torward eddy transports of angular momentum, are 
described in [8].  

Nesting in planetWRF:  Crucial to this work is 
planetWRF’s ability to embed or ‘nest’ high-resolution 
regions within the global domain. The simulation thus 
captures highly localized, small-scale flows (e.g. asso-
ciated with topography) yet also feels the effects of the 
larger-scale circulation (e.g. mean meridional winds; 
thermal tides) in a wholly consistent manner. This 
nesting capability is thus far superior to running a lim-
ited area (or ‘mesoscale’) model which is not forced by 
a GCM, and is also superior to running a separate 
model that is forced by a GCM, as in planetWRF feed-
backs are possible between the nested region and 
global domain (‘two-way nesting’). 

Global, low-resolution predictions of dunes: We 
will present GCM global predictions of dune resultant 
transport directions and bedform orientations at 5° and 
2° horizontal resolution for Titan and Mars respec-
tively, and compare our results with available observa-
tions, discussing the limitations and usefulness of this 
relatively low-resolution approach. For Mars, we will 
also present results for (i) varying dust storm condi-
tions and also (ii) at higher orbital obliquities, to ex-
plore whether areas of strong disagreement with obser-
vations show significant improvement in each case.  

Mesoscale predictions of dunes: We will also pre-
sent high-resolution predictions of dune resultant trans-
port directions and bedform orientations at ~10s of km 
horizontal resolution for locations on Mars. Figure 1 
shows preliminary results for a present day Gale Crater 
simulation. Surface winds were output every Mars 
minute over an entire martian year from the innermost 
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nermost of three nests centered on Gale Crater (each 
nest having increasingly high resolution). The black 
arrows show the resultant transport direction predicted 
using the modeled winds to predict the net sand flux 
over the year, and assuming a saltation threshold of 
zero (i.e., with no threshold requirement for sand 
transport). The white lines show the predicted bedform 
orientation using the GBNT approach (i.e., the white 
lines are aligned with the predicted dune crest).  

 
Figure 1: The black arrows show resultant transport 
directions, and the white lines predicted bedform ori-
entations, predicted using near-surface winds simu-
lated in a MarsWRF nest over Gale Crater. Topogra-
phy (in m above the geoid) is shown as background 
shading. See text for more details. 
 

In most regions, the dune crests are oriented almost 
perpendicular to the resultant transport direction, indi-
cating that transverse dunes are expected to dominate. 
In our presentation we will discuss the agreement with 
observations, how it is impacted by changing the as-
sumed saltation threshold, and how it is affected by 
varying the planet’s obliquity or the dust loading of the 
atmosphere, focusing on whether such changes remove 
any areas of strong disagreement with observations. 
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