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Introduction:  Water ice clouds in the Martian
atmosphere play vital  roles in chemical cycles
and radiative  transfer.  Accurate  knowledge of
the properties of water ice clouds is needed to
improve  our  understanding  of,  and  ability  to
model,  the  processes  affected  by  them.  The
OMEGA  (Observatoire  pour  la  Min´eralogie,
l’Eau,  les  Glaces  et  l’Activit´e)  imaging  spec-
trometer on Mars Express is a valuable tool for
studying  cloud  properties.  Its  spectral  range
covers  several  strong water  absorption bands
and  its  measurement  technique  provides  the
coverage necessary to observe clouds over a
wide spatial extent.

Spectral images of Mars recorded by OMEGA
can be used to deduce the mean effective ra-
dius (reff) and optical depth (τi) of water ice parti-
cles in clouds. The inversion method used here,
as described in [1], fits a computed spectrum at
wavelengths which cover the 1.5 μm, 2 μm, and
3.1 μm  water  absorption  bands.  Reflectances
are  computed  using  the  DISORT  radiative
transfer code [2] and minimization is done using
a Levendberg-Marqhardt least squares routine.
An example of an OMEGA spectrum and fitting
results is shown in Figure 1. In order to accu-
rately retrieve information about the clouds,we
require accurate a priori  information about the
temperatures  of  the  surface  and  atmosphere,
the quantity  of  dust  suspended in  the atmos-
phere,  and  the  surface  reflectance  at  the  re-
trieval location.

The primary extensions to the work of [1] that
we have developed are: an automatic algorithm
for selecting good pixels to analyze, that many
pixels  covering  the  same cloud  formation  are
analyzed  to  enable  the  mapping  of  retrieved
properties and a statistical approach to their in-
terpretation, and the use of a priori  information
that was not available at the time of the publica-
tion of [1]. These a priori include a collection of
precomputed  ICI  maps  for  OMEGA  observa-
tions and a database of  cloud coverage frac-
tions and minimum thicknesses [3],  a climato-
logical  database  of  dust  optical  depths  [4],  a
newer version of the LMD/LATMOS Mars gen-

eral circulation model [5], through the Mars Cli-
mate Database V5.2, and a new set of maps of
the multispectral albedo of the Martian surface
retrieved  from  cloud-free  OMEGA  observa-
tions [6].

Here we present the spatial distribution of water
ice cloud aerosol properties on Mars for a selec-
tion of cloud formations over the Tharsis region
and  in  the  aphelion  cloud  belt.  These  maps
were  generated  as  part  of  the  UPWARDS
project  and  the  data  will  be  made  available
through the EGU UPWARDS web portal. 

Figure 1: An example of an OMEGA spectrum.
Blue  circles  are  values  of  the  a  priorisurface
albedo from [2].  The black x  markers are the
best fit locations of the retrieval. 

References: [1]  J.B.  Madeleine,  F.  Forget,  A.
Spiga, M. J. Wolff, F.Montmessin, M. Vincendon, D.
Jouglet, B. Gondet, J.P. Bibring, Y. Langevin, and B.
Schmitt, J. Geophys. Res., 117, E00J07,  2012. 
[2]  K.  Stamnes, S.C. Tsay, K.  Jayaweera, and W.
Wiscombe, Appl. Opt. , 27, 2502–2509, 1988. 
[3]  A.  Szantai,  J.  Audouard,  F.  Forget,  J.-B.
Madeleine,  A.  Pottier,  E.  Millour,  B.  Gondet,  Y.
Langevin, J.-P. Bibring, EPSC, 11, 879, 2017.
[4] L. Montabone, F. Forget, E. Millour, R. J. Wilson,
S. R. Lewis, B. Cantor, D. Kass, A. Kleinböhl, M. T.
Lemmon, M. D. Smith, and M. J. Wolff, Icarus , 251,
65–95, 2015. 
[5] F. Forget, F. Hourdin, R. Fournier, C. Hourdin, O.
Talagrand, M. Collins, S. R. Lewis, P. L. Read, and
J.P.  Huot.  J.  Geophys.  Res.,  104,  24155–24176,
1999.

Workshop organized by ESA-ESAC & IAA-CSIC, with the support of the ESAC Faculty and the EU H2020 project UPWARDS

1.0 1.5 2.0 2.5 3.0 3.5 4.0

Wavelength (µm)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

R
ef

le
ct

an
ce



Scientific Workshop: “From Mars Express to ExoMars” 27–28 February 2018, ESAC Madrid, Spain

[6] A. Geminale, D. Grassi, F. Altieri, G. Serventi, C.
Carli,  F.  G.  Carrozzo,  M.  Sgavetti,  R.  Orosei,  E.
D’Aversa,  G.  Bellucci,  and A.  Frigeri.  Icarus,  253,
51–65, 2015. 

Acknowledgements: Funding  for  this  research
was provided by UPWARDS. We would like to thank
the  OMEGA science team for  providing access  to
the spectral image cube data and for their support.
 

Workshop organized by ESA-ESAC & IAA-CSIC, with the support of the ESAC Faculty and the EU H2020 project UPWARDS


