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Many barchan dune corridors appear to contain dunes of
stable size and spacing [1], and dune fields often exhibit
regular patterns [2, 3] with apparent characteristic size
and spacing (figure 1). It is still an open question as
to what sets this characteristic scaling – local conditions
such as topography or sand supply, or common dynamic
processes such as those relating to saltation. Additionally, it is unknown whether the characteristic scaling is
dependent on the initial dune size and spacing or on environmental conditions and dune interactions that vary in
time and/or space.
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Figure 1: This image (HiRISE PSP 010038 2785;
81.2o N, 180.2oE) shows a Martian polar dune field,
where most dunes appear to be the same size.

Hersen et al. [4] showed analytically that individual
dunes which evolve only through sand flux will eventually coalesce into a small number of large dunes without
a characteristic scaling. Hersen and Douady [1] showed
analytically that collisions between dunes could be a viable sand redistribution process, and Diniega et al. [5]
used a multiscale model to show that in fact dune collisions will stabilize a modeled dune field as long as a sufficient number of dune collisions redistribute sand from
the larger to the smaller dune (figure 2). Elbelrhiti et al.
[6] observed that additional stochastic processes, such
as variations in wind strength and direction, destabilize
large dunes and thus can play a role in size selection in

Figure 2: Plot from Diniega et al. [5], which shows
the 2D dune field model end state as a function of two
model parameters: the minimum size ratio between the
colliding dunes where sand is redistributed from the
larger dune to the smaller dune for all higher size ratios
(crossover value), and the standard deviation/mean ratio
of the sizes of the influx dunes. The two possible end
states are: patterned (squares) fields with a characteristic
dune size, or fields with a few dunes which grew much
larger than their neighbors and thus did not exhibit any
characteristic scaling (circles). The boundary between
the regions corresponding to each end state is independent of other model parameters, including mean influx
dune size (40m2 = small point markers vs. 100m2 = large
point markers).

dune fields.
In current investigations, we aim to consider the effect of topography on dune size and spacing, both during
dune initialization and subsequent evolution.
Topographical controls
Most contemporary dune models have considered dune
initiation and evolution over flat surfaces. These studies
have shown that there is a minimal dune size at which
dunes will form [7, 8], but have not yielded a characteristic final size for dunes. In this study, we will investigate
the effect of isolated and periodic topology on dune formation and evolution. If an effect is found, we aim to
quantify how the characteristic scaling of dunes is influenced by the shape of the topography.
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Recently, interest has risen in studying dune evolution
in polar regions, as many Martian dunes are found near
the poles and their apparent slow migration rates are perhaps due to interactions between nivean and aeolian processes. Bourke et al. [9] investigated the influence of
niveo-aeolian deposits, and Zeng et al. [10] considered
the effect surface fractures have on dune initiation and
distribution. We hypothesize that the intrusion of subsurface ice into dunes may also influence dune formation
and evolution. Feldman et al. [11] has shown, by matching neutron current measurements with two-layer models
of the surface, that there may exist an ice-rich (and immobile) subsurface layer with an ∼ 6cm relatively desiccated (and mobile via saltation) sublimation lag in the
polar regions of Mars, which includes areas where dune
fields are observed.
Using a basic linearized dune evolution model (similar to that outlined in Andreotti et al. [12]), we add in an
evolution equation for the topography. This equation assumes that the subsurface ice layer is continuously evolving towards an equilibrium depth, via equations and rates
such as those given in Hudson et al. [13]. Although estimates of subsurface ice migration rates are much lower
than saltation rates, it is estimated that Martian winds are
rarely high enough to initiate and sustain saltation [8]. If
this is the case, then the very long timescales estimated
for Martian dune evolution and migration are comparable
to estimates for significant subsurface ice layer evolution
[13].
First, we will try to estimate, through computational
and analytical methods, the magnitude of ice layer migration rates (relative to saltation rates) that would be
necessary for interaction between these two processes, as
well as the timescales over which observable surface differences would occur. We will then numerically model
2D dune evolution (figure 3), and compare dune shapes,
sizes, and spacings with HiRISE images of Martian polar
dune fields.
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Figure 3: Sample figure from dune and ice layer evolution model; the solid line is the dune topography (initialized as a triangular heap), and the dashed line is the subsurface ice layer (initialized as a flat plane at 0 m, with an
equilibrium depth of 10 cm). In this model run, the subsurface ice migration rate was chosen to be comparable
to the saltation rate, resulting in the ice table intruding
into the dune and slowing saltation near the dune foot.
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