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I ntroduction Our topic was to study two orbits only 3 sols apart,
1201 and 1212, which fly over the same geographical
One of the major climatic cycles of Mars is the dust cy- area, but in which the atmospheric state is very different.
cle. A variable amount of dust is present in the MartianThe orbit 1201 is clear and calm, and the dust optical
atmosphere. The dust is lifted by the winds from the dry,depth is small. This orbit can be used to retrieve the sur-
desert, solid surface of the planet, and transported, botfice albedo and the surface pressure, which are important
horizontally and vertically, by the atmospheric circula- components of the following retrieval of dust properties.
tion. In a thin atmosphere like the one of Mars, the dustThe orhit 1212 instead shows a very dusty region around
optical depth strongly affects the radiative budget and thehe equator, and we use the data from the two orbits to
atmospheric heating rates. For example, when a globaktrieve the dust properties from the orbit 1212.
dust storm occurs, the atmospheric temperature can rise  We used the ability of OMEGA to observe the at-
by as much as 40 K [1]. On the other hand, the boundarynospheric dust loading and its variations. Normally in
layer of Mars turns more neutrally stratified, because thenadir viewing it is difficult to separate the signal of the
dust also shadows the surface, which does not heat up sirface from that of the atmosphere, but some methods
dramatically as with a dust-free atmosphere. The radiagre available. At some wavelengths the G@mosphere
tive effects of dust need to be taken carefully into accountibsorbs all the photons on their way through the atmo-
when modelling the Martian atmosphere, and thus inforsphere to the surface, so no reflection from the surface
mation of the optical properties of dust is needed. is seen. In this case any reflection seen must come from
Our project aims at providing new constraints on theatmospheric scatterers, like dust. However, this method
optical properties of Martian dust. Our study uses ob-sees only above a certain altitude (15-20 km), and as-
servations of a local dust storm observed by the spectrosumptions must be made considering the dust distribu-
imaging system OMEGA (Observatoire pour la miner-tion below this altitude. We retrieved the surface albedo
alogie, I'eau, la glace et I'activite) and PFS (Planetaryfrom orbit 1201, and the surface pressure retrieved from
Fourier Spectrometer) aboard the Mars Express spac@®MEGA observations was provided by A. Spiga and

craft. F. Forget in Laboratoire de météorologie dynamique in
Paris [4, 5]. For the retrieval we used, however, the sur-

M ethods face pressure from the Mars Climate Database [6], since
the retrieved values and the database were in good agree-
ment.

OMEGA [2] is a spectro-imaging system aboard the . . .
Mars Express satellite, which has been on orbit of Mars The retrieval is based on the very large dust optical

since December 2003. Mars Express is a European Spagz?e]pth observed in the dust storm region in orbit 1212.
Agency mission, and OMEGA has been built as collab- e optical thickness is so high that the reflectance of

oration of several laboratories, including LESIA in Ob- the dust is decoupled from the surface albedo: the op-

rvatoire de Paris. Fran nd Institut d'astrophvsi tical thickness can be assumed quasi-infinite. We fit
servalolre ce Farls, France, a Sttut drastrophysiqug, single-scattering properties of dust (single-scattering
spatiale in Orsay, France (P.l. Jean- Pierre Bibring). Thealbedo) using the spectrum of the highest observed re-
instrument is observing in the spectral range of 0.35- . . . .
5.1um. The spectral resolution is 0.01- 0.0éh and the flectance on this orbit, after which we retrieve the dust

spatial resolution can go down to 300m/pixel. The Plan-()ptlcall depth from all of the observed dust storm spec-

) . tra. The fits are made for nearly the whole OMEGA
etary Fourier Spectrometer(PFm)rowdes spectra of thﬁ/avelegth range (0.5-4.0 micron). We have also per-
planet between 250 and 8000 tmat a spectral resolu- o ’ .
tion of 1.3 cnT! and at a spatial resolution down to 12 formed an Independet Component Analysis (ICA) to

Km at periapsis [3]. It allows Us to brobe the atmos her.Ccompare the orbits. The method is able to find those
periapsis [3]. ws u P pher independent sources whose linear mixing produces the
temperature from the surface up to 20 Pa.

observed signal. The analysis was done to point out that
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VP @ 107 pm sidered quasi-infinite, it has a finite maximum value that

can be retrieved from the brightest spectrum observed.
This retrieved dust optical depth maximum is very high:
7(1m)=10.0. Such high values of dust optical thickness
can be perhaps related to the local nature of the storm, its
temporal scale (developed in less than 3 sols) and the fact
that this storm seems to be very strong and convective in
nature. The storm area is about 180 km in latitudinal di-
rection and 60 km in the longitudinal direction, although
our view in this direction is limited by the width of the

0.70

Asymmetry parameter g
o
@
a

o
@
S

Single scattering albedo ,

€

00 77’777 OMEGA observation. The smallest details (tops of the
1 2 E 4 094 096 098 1.00 dust plumes) seen in the dust optical thickness maps are

Wavelength (um) W,

of the order of few kilometers.

The effect of the dust storm is also seen in the temper-
Figure 1: Left: The single-scattering albedo retrieved inature cross-section retrieved from PFS for the dusty orbit
this study (solid black line) and comparison with pre- 1212 (see Fig. 2): The thick, suspended dust cloud shad-
vious studies. Fedorova et al. (2002): solid red line.ows the surface and the lower atmosphere, thus cooling
Ockert-Bell et al. (1997), green dots. Tomasko et al.the near-surface temperatures, but it warms the middle
(1999), blue dots. Right: I/F contours as a function of atmosphere.
single-scattering albedo and asymmetry parameter for an
infinite optical depth. The black dot shows the single-
scattering albedo at 1.Qim retrieved in this study. The i
error bar shows the uncertainty due to the 15% calibra-
tion uncertainty of OMEGA.
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the dust cloud is, indeed, decoupled from the surface re- r
flectance. The ICA confirmed that this assumption, cru- ok
cial for our study, is valid.
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The results show that the dust storm observed on orbit
1212 is very localized, possibly due to topography. The
storm is located over a slope and close to a very steepigure 2: The latitude-pressure cross-section of temper-
boundary in albedo. Possibly the two effects of topogra-ature inverted from PFS observations on the dust storm
phy and albedo have had an influence on the formatiomrbit 1212. The dust storm is centered at arouf8.3
of the storm via surface-induced circulations related toThe dust heats the upper atmosphere and cools the lower
slopes and differential heating. atmosphere.
The optical properties retrieved (See Fig. 1) differ
from the commonly used Ockert-Bell et al. (1997) [7]
values. We also do not see the absorption feature at We performed one-dimensional atmospheric mod-
2.8 um seen by Fedorova et al. (2002) [8]. We believeelling on the effect of the dust storm on atmospheric
this is due to [8] Fedorova et al. (2002) observing the fulltemperatures with the 1-D models of the University of
disk of Mars (planet-average observations) and at a quiHelsinki [9, 10] and Laboratoire de Météorologie Dy-
escent dust season, when the optical thickness was lonamigque. We noticed that with well-mixed dust through-
and the dust was more confined to the surface, makingut the atmosphere the middle atmosphere temperatures
it more difficult to determine the single-scattering albedoare too warm, and we were forced to change the dust ver-
in the CQ, absorption band. tical distribution to be able to produce temperature pro-
Even though the optical thickness of the storm is con+iles similar to the one retrieved from the PFS data. The
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modelling results point to the dust storm being confined S. Fonti, M. Giuranna, D. Grassi, V. Gnedykh, A. Grig-

in the lowest scale height instead of being well-mixed. oriev, G. Hansen, H. Hirsh, I. Khatuntsev, A. Kise-
However, in that case the OMEGA reflectance in the,CO lev, N. Ignatiev, A. Jurewicz, E. Lellouch, J. Lopez
absorption bands would be difficult to fit with = 10, Moreno, A. Marten, A. Mattana, A. Maturilli, E. Men-

carelli, M. Michalska, V. Moroz, B. Moshkin, F. Ne-
spoli, Y. Nikolsky, R. Orfei, P. Orleanski, V. Orofino,
E. Palomba, D. Patsaev, G. Piccioni, M. Rataj, R. Ro-
drigo, J. Rodriguez, M. Rossi, B. Saggin, D. Titov, and
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