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a b s t r a c t
The vertical distribution of water vapor is a very important diagnostic to determine the physical and
chemical processes that drive the martian water cycle. Yet, very few direct measurements have been performed so far, and our knowledge of the H2O vertical distribution on Mars relies on General Circulation
Models (GCMs). The study presented here follows for the ﬁrst time the evolution of water vapor proﬁle
during a martian year. 120 proﬁles, obtained by the SPICAM spectrometer onboard Mars Express with the
solar occultations technique, are retrieved. They cover the northern spring-summer season and the
southern spring of Mars Year (MY) 29. The seasonal evolution of H2O mixing ratio vertical distribution
reveals its strong dynamism, especially during southern spring. There are signiﬁcant discrepancies with
the predictions of the General Circulation Model developed at the Laboratoire de Météorologie Dynamique (LMD-GCM). The LMD-GCM underestimates the water vapor content in the middle atmosphere. The
measured proﬁles also exhibit often abrupt temporal variations and a greater variety of shapes, with the
frequent presence of detached layers. We believe that the model underestimates the strength of the
coupling between water vapor and aerosols, whose slant optical depth proﬁle is obtained by SPICAM
simultaneously with H2O. The SPICAM measurements can be grouped according to the mutual behavior
of the two proﬁles. Individual features are often related too. The presence of water supersaturation and of
correlated aerosol–water detached layers highlights the role of water ice clouds as a favorable location for
the dust–water coupling. The water vapor vertical distribution is more reactive than expected to regional
perturbations, which can propagate rapidly through the atmosphere, create abrupt water vapor and
aerosol upsurges and inﬂuence the large-scale vertical evolution of these two constituents. This phenomenon has been observed thrice during MY29. The martian annual water cycle revealed by the SPICAM
proﬁles exhibits a different behavior with respect to nadir observations. This result suggests a generally
weak connection between the upper atmosphere and the lower atmospheric layers, to whom the nadir
measurements are most sensitive and that are not resolved by SPICAM occultations, and hints at a significant inﬂuence of surface-atmosphere interactions on the water cycle.
Ó 2013 Elsevier Inc. All rights reserved.

1. Introduction
Measurements of the vertical distribution of water vapor in the
atmosphere of Mars are rare. By analyzing of observations akin to
an Emission Phase Function (EPF) obtained by the Viking Mars
Atmospheric Water Detector (MAWD), Davies (1979) concluded
that water vapor is uniformly mixed at least in the lowest 10 km
of the atmosphere and perhaps up to the altitude where it
saturates. This result is in contrast with the model presented by
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Krasnopolsky (1979), where half of the water column is concentrated in the lower troposphere. However, neither Davies (1979)
nor Krasnopolsky (1979) employed direct observations of H2O vertical distribution. Such observations were obtained for the ﬁrst
time by solar occultation measurements from the Auguste instrument onboard the Phobos-2 spacecraft (Krasnopolsky et al.,
1991; Rodin et al., 1997). Rodin et al. (1997) analyzed a set of 23
proﬁles between 10 and 50 km. The average proﬁle exhibits a
step-like shape, suggesting an uniform distribution of water vapor
from 10 km up to the saturation level and decreasing rapidly above
it. However, they found signiﬁcant variations between the individual proﬁles. Because Phobos-2 was active only for one Terrestrial
month, the observational coverage was limited to a period of
20 Ls just after the northern spring equinox and to an equatorial

