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Abstract
We report on the retrieval of vertical temperature dis-
tributions in the atmosphere of Mars and Venus by an-
alyzing ultra highly resolved CO2 absorption features,
acquired by ground-based observations at 10 µm. Pre-
liminary results from the retrievals will be presented
and compared to model predictions from the Mars Cli-
mate Database (MCD). In addition results from coor-
dinated measuring campaigns with the Venus Express
Radio Science Experiment (VeRa).

1. Introduction
In recent years heterodyne technique has proven to be
a unique tool to study the atmosphere of terrestrial
planets in terms of dynamics and high altitude tem-
perature contribution [1, 2]. Its field of application is
wide spread and the analysis of pressure broadened ab-
sorption features allows to target the atmospheric pres-
sure layers between ≈ 0.05 mbar and ≈ 75-80 mbar.
On Venus this corresponds to an altitude region be-
tween ≈ 95 km and ≈ 63 km, where the atmosphere
gets opaque. On Mars, an altitude between ≈ 70 km
and ground level can be addressed. The atmosphere
was probed on the Venusian night side (comp. Fig. 1),
since, in many regions, the almost isothermal pressure-
temperature gradient on the day side suppresses an ab-
sorption profile. Furthermore, a solar induced narrow
non-LTE emission feature, originating from the 1 µbar
pressure layer, is superimposed to the absorption, pre-
venting a sophisticated analysis of the absorption line
core. Orbital constellation makes it difficult to inves-
tigate the night side of Mars (comp. Fig. 1), thus the
second case is true for almost all of the Mars spectra
(comp. Fig. 2).

2. Observations
Observations of two CO2 transition features were car-
ried out during three observing campaigns in March

2012 (campaign A, Venus and Mars) at the McMath-
Pierce Solar Telescope on Kitt Peak, AZ, USA using
the Cologne based spectrometer THIS and in Octo-
ber 2007 (campaign B, Mars) and May 2012 (cam-
paign C, Venus) at the NASA Infrared Telescope Facil-
ity at Mauna Kea Observatory, HI, USA, with NASA
GSFC’s HIPWAC. An overview on the observing ge-
ometry can be found in Fig. 1.

Figure 1: Observing geometry during for the four observa-
tion campaigns. The dark circle indicates the field of view
(FoV) in terms of the angular diameter of the target during
the observation.

3. Mars
Data from campaign B, where Mars was at solar longi-
tude Ls = 338◦ in Martian year 28, have been analyzed
in terms of high altitude kinetic temperatures, which
were derived from the Doppler width of the CO2 P(14)
(ν̄ = 949.47931 cm-1) non-LTE emission peak (comp.
Fig. 2). The deduced kinetic temperatures (see Fig. 3)
are commonly believed to be to high. One reason for
that can be found in the inaccurate fit of the absorption
line. In order to analyze the non-LTE emission, the
spectra need to be reduced by fitting and removing the
absorption feature, which infects the line from lower
altitudes. This is achieved by using a radiative transfer
model (CODAT) [3], where the thermal profile of the
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Figure 2: A CO2 P(14) spectrum from Mars, containing
the broad absorption, superimposed by the emission and an
isotopic feature. Plotted over the data is a fit to the observed
line using CODAT [3] and the residuals.

atmosphere underneath is needed as an input param-
eter. These temperature profiles were taken from the
Mars Climate Database (MCD), which then predict a
colder upper layer (comp. Fig. 3).
In early 2007, on Mars a global dust storm took place.
This may have affected the global thermal structure
on a long term scale. The model prediction from the
MCD may not have been accurate enough to simulate
the absorption feature. Thus, vertical temperature pro-
files shall be derived from measurements and will be
compared to the MCD.

Figure 3: Retrieved temperatures and comparison to pre-
dicted values from the MCD for different scenarios.

4. Venus
For the observation of the CO2 P(12)
(ν̄ = 951.19226 cm-1) feature on campaign C, Venus
was shortly before inferior conjunction. During this
observing run a coordinated campaign with VeRa
took place, where simultaneous measurements on
Venus dark limb at 35S were performed. The retrieved

temperature profiles will be presented. Preliminary
results have been deduced and are displayed in Fig. 4.
Further data were acquired towards the North pole at
67N CML (comp. Fig. 1 upper right quadrant).

Figure 4: Left: Spectrum of the CO2 (P12) transition (red)
taken at observing campaign C. Plotted over the data is a
fit (and the residuals) to the observed line using CODAT [3].
Right: Temperature profile (solid red) deduced from the ob-
servations. Dim solid lines represent the contribution of
the atmospheric layers to different segments of the retrieved
spectrum.

5. Summary and Conclusions
Heterodyne technique proofs to be capable for ground
based investigation of the thermal properties of the
Martian and Venusian atmospheric layers. First tem-
perature profiles could be retrieved. Coordinated cam-
paigns were carried out with Venus Express and com-
parison to model predictions from MCD will be per-
formed.
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