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Introduction

One of the unique features of the Martian climate is the
existence of CO2 ice clouds formed from the main at-
mospheric constituent. The CO2 cycle is one of the
main climatic cycles of Mars, and it controls the sur-
face pressure cycle via the formation of the seasonal
CO2 frost caps on the winter pole. CO2 ice clouds were
known to form at least in the very cold atmosphere of
the winter pole, and were also observed indirectly [1, 2]
by the MOLA (Mars Orbiting Laser Altimeter) instru-
ment on Mars Global Surveyor. Recently, several Mars
Express instruments (OMEGA, SPICAM, HRSC, PFS)
have directly observed CO2 and spectroscopically iden-
tified [3, 4] ice clouds in the Martian atmosphere, but at
high altitudes in the equatorial atmosphere. In this study
we have used observations by OMEGA and HRSC to
analyse the cloud occurrences as well as some proper-
ties of the clouds (altitude, particle size, opacity). We
will present the results acquired so far using the datasets
of the two instruments.

OMEGA observations and results

The OMEGA observations consist of visible and near-
infrared imaging spectrometry in the wavelength range
from about 0.4µm to 5.1µm. The CO2 clouds have been
identified by a diagnostic spectral feature at 4.26µm re-
siding in the middle of a strong, saturated CO2 gas ab-
sorption band. The reflectance peak is produced by reso-
nant scattering of photons by the high- altitude CO2 ice
crystals.

The clouds exhibit interannual variations: during the
first year of observations the clouds were concentrated
on specific spatial and seasonal bins, mainly around the
equator and around Ls=45◦ and Ls=135◦, before and af-
ter the northern summer solstice. The second year was
deprived of cloud observations, and in fact only 3 occur-
rences were detected, two before the summer solstice and
one at Ls=250◦, which is the only case so far observed so
late in the year. The third year started with clouds seen
at nearly every orbit after the spring equinox, but did not
continue as long as during the first year. Shortly after
OMEGA entered a phase of practically no observations
because of energy saving reasons, and thus continuous
observations have not been possible throughout the third

year. However, one cloud observation has been acquired
very recently.

Radiative transfer modelling has shown that the spec-
tral signature of the clouds is sensitive to the cloud alti-
tude, opacity and particle size. The clouds are not seen
unless they are above 30 km, and the spectra show that
a secondary peak at 4.32µm develops if the cloud opac-
ity is higher thanτcloud = 2 (which is unlikely) or if the
cloud particle size exceeds 1µm. These two spectral fea-
tures (the main and secondary peaks) have been mapped
using a 3-sigma detection limit calculated independently
for each observation. Using this technique not only the
cloud extent, but also the variation of the secondary peak
(relatedd to particle size) variations can be mapped in-
side the cloud. Figures 1 and 2 show one example of
such mapping.

During the first year of observations the cloud
shadow was also observed on two orbits. The analysis of
these observations have revealed that the clouds are thick
with near-infrared opacities between 0.2–0.7, they are at
80 km altitude in the atmosphere and the mean radius ex-
ceeds 1µm. The preliminary analysis of average cloud
properties published in [4] has been refined recently by
pixel-by-pixel analysis of the shadows, yielding maps of
cloud property variations inside the cloud. These re-
sults concerning the particle size can be also compared
with the 3-sigma mapping of the secondary peak of cloud
spectral signature.

HRSC observations and results

The High Resolution Stereo Camera [5] is imaging the
Martian surface in 3D and in color. Recently, HRSC
images have been analysed and the presence of these
high-altitude clouds in them has been confirmed. The
HRSC observes through a set of colour filters, which al-
lows for the determination of the cloud altitude through
photogrammetry analysis and westward wind speeds at
cloud altitude through relative cloud movement between
two filters. HRSC observations provide also a higher
spatial resolution, as well as a wider image, provid-
ing more context for mapping the cloud morphology.
Preliminary analysis of the HRSC orbits 5049–5390
revealed 17 occurrences of CO2 clouds ranging from
66 km to 83 km, each with an altitude accuracy of +/- 1–
2 km and cloud (wind) speeds of 45-100 m/s (+/-20m/s).
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Figure 1: Mapping of cloud observed on orbit 4358: the
main spectral peak, cloud extent.

The HRSC image data analysis will continue in aim to
cover all the orbits where OMEGA has observed CO2

clouds.
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Figure 2: Mapping of the secondary spectral peak varia-
tion inside a cloud observed on orbit 4358: particle size.
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