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Introduction

We present the latest temperature profiles and wave/tides
structures from stellar occultations observed by the Imag-
ing Ultraviolet Spectrograph (IUVS) on the Mars At-
mospheric and Volatile Evolution (MAVEN) Mission
(Jakosky et al., 2015).

Stellar occultation campaigns are executed over 5
successively orbits, targeting the same sequence of stars
in each orbit. This results in a sequence of occultations
at similar latitudes and local times but different longi-
tudes. The IUVS instrument observes in the FUV and
MUV channels covering the spectral range from 110 to
350 nm (McClintock et al., 2014). Using both channels,
complete temperature profiles from 30 to 150 km (101 to
10−6 Pa) are measured. The temperature profile for each
occultation is calculated from the local density profile
by applying the constraint of hydrostatic equilibrium to
the CO2 densities and using the algorithm described in
Snowden et al. (2013). A detailed description of the re-
trieval process is given in Gröller et al. (2015) and Sandel
et al. (2015).

Temperature Profiles and Wave Structures

Temperature profiles, targeting ηUMa over 5 succes-
sively orbits during campaign 3 and κSco during cam-
paign 5 are shown in Figure 1, in the top and the bottom
row, respectively. The left panel shows the retrieved
temperature profiles including their uncertainties (solid
colored lines) and the mean value (orange solid line)
with the root sum square of the errors for the individual
temperature profiles (orange shaded area). The colored
dash-dotted lines represent the Mars Climate Database
(MCD) predicted profiles for the same geometries (lati-
tude, longitude, local time and LS) as the occultations.
The MCD is a collection of model predictions using the
LMD-GCM (González-Galindo et al., 2009). An overview
of the Mars Climate Database can be found in Millour
et al. (2014). In the top left panel, the measured tempera-
ture profiles are in agreement with the MCD profiles for
pressure lower than 1 Pa (around 30 km), however, more
wave and/or tides structures are present in the measured
profiles. The black dash-dotted line indicates the CO2

saturation temperature.

At a pressure level of 10−2 Pa (around 90 km alti-
tude) the retrieved temperatures reaches the saturation
temperature which is an indication for cloud formation.
The bottom left panel shows the comparison for κSco.
The MCD temperature profiles are in agreement up to a
pressure of 10−3 Pa (around 110 km altitude). Both sets
of temperature profiles show similar wave structures but
with different phases. At lower pressures (higher al-
titudes) the IUVS temperature profiles are up to 40 K
colder than MCD temperatures.

Different possibilities are mentioned in the literature
to explain the decrease in temperature at lower pressures
(10−3 − 10−4 Pa) as seen in most of the temperature
profiles of Figure 1. McDunn et al. (2010) suggest that
the radiative cooling rates in the atmosphere may be
larger than that contained in the models causing the lower
atmosphere to cool faster. An enhanced CO2 15µm
cooling due to elevated O densities together with gravity
wave-induced cooling leads to temperature decreases of
∼ 5 to ∼ 20 K (equatorial to high altitudes) is mentioned
in Medvedev et al. (2015).

The three panels in the middle of the figure show
three different ways of illustrating the presence of waves
and/or tides. The left panel of those three shows the dif-
ference between the mean temperature profile and a 3rd

degree polynomial fit of the mean profile. The middle
panel shows the difference for each single occultation
and the mean temperature profile.

The fourth panel illustrates the wave structure for
each occultation by taking the difference between the
3rd degree polynomial fit of the mean temperature profile
and each occultation. The right most panel shows the
difference between the environmental lapse rate and the
dry adiabatic,

∆Γ(T, r) = Γenv(T, r) − Γdry adiab(T, r). (1)

The environmental lapse rate Γenv is the negative tem-
perature gradient,

Γenv(T, r) = −dT
dr

(2)

and the dry adiabatic lapse rate Γdry adiab is calculated
by

Γdry adiab(T, r) =
g(r)

cp(T,r)

(3)
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Figure 1: Longitude variability of the temperature profiles for three different cases.

with the altitude r dependent gravity g and the temper-
ature T and altitude r dependent specific heat capacity
cp(T, r). In case of Mars where the CO2 abundance is
more than two orders of magnitudes higher than the O
abundance for altitudes lower than 150 km one can use
the specific heat capacity for CO2,

cp,CO2(T, r) = 7.4131×106+1.0182×104 (T − 200) (4)

instead of

cp =
nCO2cp,CO2 + nO ∗ cp,O

nCO2 + nO
(5)

if the density of O is comparable to CO2. The environ-
mental lapse rate in the top row exceeds the dry adiabatic
which is an indication for a wave braking at a pressure

level around 6 × 10−2 Pa, which equals an altitude of
around 90 km.
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Feofilov, F. Forget, and P. Hartogh (2015), Cooling
of the Martian thermosphere by CO2 radiation and
gravity waves: An intercomparison study with two
general circulation models, Journal of Geophysical Re-
search: Planets, 120(5), 913–927.

Millour, E., F. Forget, A. Spiga, T. Navarro, J. B.
Madeleine, A. Pottier, L. Montabone, L. Kerber,
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