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Abstract

We use a ground-to-exosphere Mars Global Climate
Model to characterize the variability of the temper-
atures in the upper atmosphere of Mars at different
temporal and geographical scales. A strong solar cy-
cle variability is found in the upper thermosphere, but
dependent on the latitude and season. Non-migrating
tides induce a significant longitudinal variability.

1 Introduction

The Martian thermosphere-ionosphere is a very vari-
able region strongly coupled to the lower atmosphere
and to the solar activity [1]. It is also a transition re-
gion between the gravitationally bound lower atmo-
sphere and the escaping exosphere, and the thermo-
spheric variability has a significant effect over the at-
mospheric escape rate [2]. From a practical perspec-
tive, the upper atmosphere of Mars is the region where
aerobraking maneuvers take place upon spacecrafts’
orbit insertion. These operations are critically affected
by variations in the atmospheric density. A good char-
acterization of the temperature and density structure
and of the variability of the upper atmosphere is thus
mandatory both for better understanding the past evo-
lution of Mars and for planning future space missions.

Despite the significant improvement in our knowl-
edge of the Martian thermosphere in the last 20 years,
and in particular since the arrival of MAVEN, we are
still far from having a measured temperature climatol-
ogy with a complete seasonal and latitudinal coverage,
similar to those existing for the lower and middle at-
mosphere. Global Climate Models (GCMs) contribute
to provide a more complete understanding on the pic-
ture, by helping in the interpretation of the existing
measurements and by completing their coverage. Here
we use a ground-to-exosphere GCM to study the vari-
ability of the thermosphere.

2 Model

We use in this work the ground-to-exosphere LMD-
Mars GCM (LMD-MGCM) [4]. This model can simu-
late the temperature, dynamics and composition of the
neutral and ionized Martian upper atmosphere, taking
into account the observed day-to-day variability of the
UV solar flux and of the dust load in the lower atmo-
sphere. The version of the model used here does not
include the effects of non-orographic gravity waves,
which are known to affect the dynamical and thermal
state of the mesosphere-thermosphere [5]. The simula-
tions discussed here cover 10 complete Martian Years
and almost 2 complete solar cycles. Selected model
outputs are included in the latest version of the Mars
Climate Database (MCD).

3 Selected results

The model predicts a linear dependence of the exobase
temperatures with the solar activity (Fig. 1), but
with important variations at different latitudes and sea-
sons. The mesopause temperatures, on the other hand,
present a small response to solar variability.

Regarding the LT variability, while minimum tem-
peratures at the exobase are usually obtained before
dawn, the LT of maximum temperature is not fixed but
depends on season and latitude.

A significant longitudinal variability is predicted by
the model, produced by non-migrating tides.

We will also show comparisons with observational
datasets, as the SPICAM stellar occultation temper-
ature profiles [3] and with new results from a recent
reanalysis of Mars Express datasets in the UV and in
the IR.
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Figure 1: Solar cycle variability of the exobase (top
lines) and mesopause (bottom lines) for the Ls=0-30
season and the equator. We show temperatures at
LT=12 (circles) and LT=0 (stars). Different colors
indicate temperatures obtained at different simulated
Mars Years
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