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Background
Transport, mixing and radiative tendencies within the planetary boundary layer are subgrid-scale processes in General
Circulation Models (GCM) and have to be parametrized.
Most common parameterizations rely on classical diffusive
approaches combined with convective adjustment. However,
the major part of turbulent flux within the boundary layer is
carried out by mesoscale structures, commonly called thermals. In the last decade, a large effort has been put to develop
mass-flux schemes of those boundary-layer thermals for use
in earth models.
On Mars, Large-Eddy Simulations (LES) and observations have revealed fine and powerful mesoscale structures
[9] [4] which are currently not parameterized in any martian GCM, the latter relying on overaggressive convective
adjustment [5]. These structures, shown in figure 1, are very
dynamic and can extend up to 8km [9]. This work focuses
on the general principles and choices behind Earth boundary
layer parameterization of thermals in order to assess their
applicability to Mars. A new thermal plume model is then
proposed and implemented based on a modified version of
the Earth LMDZ GCM thermals [3], yielding significant improvements.

The thermals formulation
LES of the Martian boundary layer have been performed for
a large variety of sites where observations are available [9],
characterized by different thermal inertia, albedo and altitudes. Extremes cases with low thermal inertia/albedo at
low opacities have also been studied. Updraft selection techniques [1] are used to separate updrafts from environment
data. Analysis of the turbulent heat flux reveals that updrafts
do not represent the large majority of vertical heat transport,
as shown in figure 2. Further analysis of the data based on
a decomposition on updrafts, downdrafts and environment
[7], reveals the important role of downdrafts, which can represent as much as half of the total turbulent heat flux.

Updrafts and broad downdrafts
If slow compensatory subsidences are assumed in Earth
models, LES results and observations [4] have convincingly
shown that broad downdraft structures must be taken into

account in Martian mass-flux representations of thermals.
We adapted the LMDZ-GCM thermals to Martian updrafts,
tuning entrainment and detrainment rates with LES data [6].
The vertical velocity equation is reassessed, compared with
several approaches [8] [2] [6], and adapted to suit Martian
physics. Broad downdrafts are then implemented based on
similarities observed with updrafts in LES, resulting in a
very satisfying representation of the turbulent heat flux and
of the super-adiabatic gradient near the surface. 1D results
comparing potential temperatures and turbulent heat flux
profiles are shown in figure 3.

Perspectives
Early 3D simulations show that using the thermals’ model
improves the representation of the polar warming. The thermals model can also be adapted to the LMD mesoscale
model to study other phenomena, like the coupling of thermals with dust lifting and transport.

Acknowledgements and References
Support from CNES, ESA.
[1] F. Couvreux, F. Hourdin, and C. Rio. Resolved versus parametrized
boundary-layer plumes. Part I: A parametrization-oriented conditional
sampling in large-eddy simulations. Boundary-Layer Meteorology,
134:441–458, 2010.
[2] D Gregory. Estimation of Entrainment Rate in Simple Models of Convective Clouds. Quarterly Journal of the Royal Meteorological Society,
127:53–72, 2001.
[3] F. Hourdin, F. Couvreux, and L. Menut. Parameterization of the Dry Convective Boundary Layer Based on a Mass Flux Representation of Thermals. Journal of Atmospheric Sciences, 59:1105–1123, 2002.
[4] T. I. Michaels and S. C. R. Rafkin. Large eddy simulation of atmospheric
convection on Mars. Q. J. R. Meteorol. Soc., 128, 2004.
[5] S. C. R. Rafkin. The Effect of Convective Adjustment on the Global
Circulation of Mars as Simulated by a General Circulation Model. In
A. Albee, editor, Sixth International Conference on Mars, pages 3059–+,
2003.
[6] C. Rio and F. Hourdin. A thermal plume model for the convective boundary layer: Representation of cumulus clouds. Journal of Atmospheric
Sciences, 65:407–425, 2008.
[7] A. P. Siebesma and J. W. M. Cuijpers. Evaluation of Parametric Assumptions for Shallow Cumulus Convection. Journal of Atmospheric Sciences,
52:650–666, 1995.
[8] J. Simpson and V. Wiggert. Models of Precipitating Cumulus Towers.
Monthly Weather Review, 97:471–489, 1969.
[9] A. Spiga, F. Forget, S. R. Lewis, and D. P. Hinson. Structure and dynamics of the convective boundary layer on mars as inferred from large-eddy
simulations and remote-sensing measurements. Quarterly Journal of the
Royal Meteorological Society, 136:414–428, 2010.

Figure 1: Data from the LES case A [9], at local time 12:30. (Left) Concentration of a decaying tracer emitted at the surface with a half time
of 10 minutes. (Right) Vertical velocity field corresponding to the left figure. LES resolution is 257x257x301 with dx=dy=dz=50m.

Figure 2: Decomposition of the turbulent heat flux over two domains : an updraft and an environment. The organized term represents
turbulence associated with large-scale structure, i.e. updrafts and compensatory subsidence.

Figure 3: Potential temperature profiles from the 1D GCM model, featuring thermals (colored lines). The line-dashed curves correspond to

1D simulations without thermals, using the convective adjustment. Diamonds corresponds to LES data. Local times are indicated on the legend
and corresponds to both 1D GCM and LES data. 1D simulations are conducted with similar resolution and timestep as in the baseline GCM
configuration : 32 vertical levels to 150 km, 48 timesteps per day.

