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ios of transport/deposition of material through regional
winds over the polar cap [2]. In addition to this aeolian influence, katabatic winds can have a strong thermal impact, especially above steep slopes, where they
induce a significant downward sensible heat flux which
acts to warm the surface [3]. This downward sensible
heat flux would act to increase sublimation rate and impact ice stability in ice-covered sloping terrains (Fig 2
right). Both aeolian and thermal impacts of katabatic
flow might explain the peculiar behaviour of ice signatures recently observed [4]. Diagnostics from the model
also enables to address questions related to the evolution
of polar troughs [5]. High-resolution idealized simulations on a slope are also being carried out to assess nonlinear behavior (e.g. Loewe jump phenomena).

Figure 1: A typical mesoscale domain for polar applications. We use
here 2402 horizontal points and 61 vertical levels (up to 40 km).

Through mesoscale modeling, we study winds and
clouds in Martian polar regions and address in particular the coupling between surface and atmosphere.
Methodology Mesoscale models are well-suited to get
insights into atmospheric and surface processes in polar regions. Contrary to global circulations models
[GCMs], mesoscale models integrate the atmospheric
dynamics at high resolution in a specific region of interest on the planet with an adapted map projection (Fig 1).
Polar mesoscale domains are defined through stereographic projections, hence devoid of the “pole singularity” present in most GCMs. In addition, high-resolution
surface thermophysical properties (albedo, thermal inertia) are used in mesoscale modeling. Here simulations
are performed with the LMD Mesoscale Model [1].
Katabatic winds Nighttime near-surface radiative
cooling causes powerful katabatic winds to form over
martian sloping terrains in various seasons. This happens
the whole day in polar regions covered with CO2 ice in
winter, and even in early spring over H2 O deposits. The
LMD mesoscale model allows us to quantify the characteristics and variability of katabatic winds in the northern polar region (Fig 2 left). This helps to refine scenar-

Water cycle Polar regions are crucial for the Martian
water cycle because those host sources for atmospheric
water vapor. In the mesoscale model, the water cycle is
simulated by coupling the transport of water vapor and
ice through winds with parameterizations for turbulent
mixing, surface ice sublimation, sedimentation, atmospheric particle growth. The recent inclusion of the radiative effects of water ice clouds allows for more realistic simulations of the Martian water cycle – although important issues are still yet to be solved to reach satisfying
predictions [6]. Results from the mesoscale model yield
detailed diagnostics for the transport of water vapor, the
formation of water ice clouds and the stability of water
ice surface reservoirs (Fig 3). In particular, we include
the permanent water ice deposits outside the polar cap
(e.g. Korolev crater) in the high-resolution mesoscale
simulations. In our simulations those deposits are significantly hollowed in summer, thereby playing an important
role in the water cycle.
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Figure 2: Results of a dx = 10 km mesoscale simulation at Ls = 61◦ (northern spring) in the northern polar region (cf. Fig 1). Wind vectors
in m s−1 are shown each 5 grid points on the left plot (smoothing window of 6 points) and each 2 grid points on the right plot. Downward sensible
heat flux values are contoured in the right plot: positive values are found in red areas (maximum values is 15 W m−2 ).

Figure 3: Results of a dx = 10 km mesoscale simulation at Ls = 120◦ (northern summer) in the northern polar region (cf. Fig 1). Water vapor
column in precipitable microns (dark blue is 30 prµm and yellow is 60 prµm) is shown at two distinct universal times (local time at longitude 0◦ ).
Ice deposits outside the main polar cap are found to be a significant source for water vapor which is then quickly advected in the polar vortex.

