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Titan’s climate includes dynamic processes at multiple scales, ranging from local turbulence to global
super-rotation. Several mesoscale models are currently being developed which will permit
simulations of surface winds at kilometric resolutions. However, mesoscale modeling requires high-
resolution topography as an input, as it can be one of the primary controls on surface wind
directions and amplitudes. The Cassini-Huygens mission, which spent 13 years in orbit around
Saturn, mapped Titan’s surface at resolutions up to about 300 m/pixels with its RADAR instrument,
which operated at a wavelength of 2.17 cm (13.78 GHz frequency, Ku-band). Titan’s best
topography maps (Corlies et al., 2017) consist in a combination of radar altimetry, the SARTopo
dataset (Stiles et al., 2009), and SAR stereoradargrammetry, interpolated where data is unavailable.
The available topographic information thus has low spatial resolution, unequal coverage, and very
variable accuracy (e.g., Fig. 1), rendering it unusable as an input for mesoscale modeling. In the
absence of better topography data for the foreseeable future, we create fully parametrized synthetic
topography, based on the surface geomorphology and the available topography. A similar method is
used to create synthetic maps of the surface albedo, aerodynamic roughness length, and thermal
inertia, whose influence on surface winds can thus be tested.

In order to study (1) the surface atmospheric and sedimentary environment at the Dragonfly landing
site and (2) the role of surface liquids in mesoscale atmospheric circulation, we focus on two
regions: a 1000-km-wide region centered on the Dragonfly landing site near Selk crater, and a
250-km-wide area in the northern small lakes region. We first create a geomorphological map based
on Cassini Synthetic Aperture Radar (SAR) images (Fig. 1), simpler than previous geomorphological
maps of these regions (Malaska et al., 2016; Birch et al., 2017) in order to minimize the number of
parameters. Each geomorphological unit (dune fields, mountains, plains, craters, lakes, valleys…) is
given a fully parametrized shape, and a random surface topographic roughness is added everywhere
(except on the smooth lakes). Reasonable values of the parameters are chosen from existing
topography data, resulting in maps such as the one in Fig. 2. The same method is applied to create
synthetic maps of the thermal inertia, surface albedo, and aerodynamic roughness z0: each unit is
assigned a value chosen from the literature.

The resulting topography, albedo, thermal inertia, and roughness maps are simplified and assume
that all features of a unit are identical: these maps therefore look reasonable, but are non-unique



and cannot match well with the observations. However, they have the great advantage of being
parametrized, which allows us to vary each parameter and test its influence on mesoscale model
outputs such as surface winds. Some key questions that we are seeking to answer include: At what
height do crater rims and mountains on Titan start to significantly influence surface winds? How do
the winds in a realistic lakes region compare to those over an idealized circular lake? Can
topography cause wind patterns responsible for the dune morphologies observed on Titan, including
cross-hatched dunes at the Dragonfly landing site?

In the equatorial region, which is a dry, desert environment, we use the mesoscale model developed
by Lefèvre et al. (abstract in this session), which couples the Weather-Research Forecast (WRF)
nonhydrostatic dynamical core (Skamarock et al., 2008) with the LMD Titan PCM physics package
(Lebonnois et al., 2012). Meanwhile, in the North polar small lakes region, we use the mesoscale
Titan WRF, which reproduces the methane cycle, and can therefore model the evaporation and
transport of methane (Chatain et al., abstract in this session).

While other presentations at EPSC (Chatain et al., Lefèvre et al.) will focus on the mesoscale
modeling efforts, including the effect of topography on the model, we will detail the synthetic
topography model and present preliminary results on the relationship between surface winds and
dune morphology for a “best guess” topography. In particular, we use the surface winds output by
the mesoscale model in the equatorial regions as inputs to the IPGP dune morphodynamics model
(Narteau et al., 2009) to attempt to reproduce the reticulated dunes observed around Selk crater
(Malaska et al., 2016).

 

Figure 1: Mapping the Selk crater region from Cassini SAR and topography



Figure 2: A synthetic topography map of the Selk crater region. Altitude is given in meters.
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