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Introduction:  Clouds are one of the most eloquent 

and most fascinating expressions of atmospheric ac-
tivity (Figure 1). They are a ubiquitous feature of all 
terrestrial planets of the solar system and thus appear 
as a baseline component of terrestrial climates. Their 
presence tells about their forcing conditions, giving 
meaningful information about dynamics, radiative 
budget and chemistry of their hosting planet. In turn, 
they often perturb climate equilibrium through a varie-
ty of processes, such that they participate to defining 
the planet habitability conditions. In this presentation, I 
will point towards the commonalities and the peculiari-
ties of the various forms of clouds encountered on the 
Earth, Mars, Venus and also Titan. I will synthesize 
the most outstanding questions associated with their 
formation and cycle, but also with their role in climates 
equilibrium and evolution. 

Cloud zoology: Clouds on Mars and Venus have 
been discovered as early as telescopic observations. On 
Mars, the dominant type is thin, irregularly spread, 
cirriform structures resulting from water vapor con-
densing directly as ice on the suspended mineral parti-
cles stripped from the regolith surface by the winds 
[1,2] (Figure 2). Thicker, though less frequent convec-
tive clouds made of CO2 are also observed [3,4] (see 
Figure 3). To some extent, Mars provides a magnifying 
example of the aerosol and cloud processes at work in 
the arid deserts of the Earth. On Venus, the situation is 
much different with thick, sometimes convective, 
clouds covering 100 % of the planet surface (Figure 4) 
and distributed vertically into three distinct portions of 
the atmosphere [5]. Their composition, a mixture of 
water and sulphuric acid, implies low-level kinship 
with their terrestrial counterpart: the Polar Stratospher-
ic Clouds (PSCs). More recently, the Cassini orbiter 
has provided the most convincing evidences of hydro-
carbon clouds at various latitudes of Titan [6,7]. The 
concomitant discovery of lakes and rainfall-related 
landforms at the surface suggests a methane cycle as 
active as the water cycle on Earth. 

Cloud(y) questions: Saying the above, one realizes 
that the Earth harbors the whole variety of clouds ob-
served on other terrestrial planets. Comparing one with 
each other is thus relevant and may reveal basic and 
universal mechanisms that may remain hidden when 
studied separately.  

The study of Earth clouds has become a top-
priority question in the context of global climate 
change, since they account for the largest uncertainties 
in the predictions of Global Climate Models. There are 

a number of issues and unknowns related to the de-
scription of cloud initial stages of formation, the repre-
sentation of their impact on radiative transfer, their 
interactions with other agents like aerosols or ions, 
their affect on circulation through latent heat ex-
change… Also, clouds make multiple spatial and time-
scales interact with each other, severely complicating 
their representation on a global sense.  

Perfecting models is thus intrinsically related to a 
better understanding of clouds. Studying their occur-
rences on all terrestrial planets using a single, compre-
hensive approach may be of a unique help in that re-
spect.  
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Fig.1: Shuttle view of a cloudburst in a Brazilian thun-
derstorm. Courtesy of  LPI. 
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Fig.2: Cirriform water-ice clouds seen from the Mars 
surface by the Mars Pathfinder lander. Courtesy of 
Mark Lemmon.  
 

 
 

Fig.3: Images of a mesospheric CO2 ice cloud in the 
equatorial mesosphere of Mars at several wavelengths 
by the OMEGA instrument on Mars Expres [7]. 
 

 
Fig.4: Venus Express view of Venus's southern hemi-
sphere in the infrared (bottom: VIRTIS, 5 µm) and 
ultraviolet (up: VMC, 0.365 µm). Brightness in the 
VIRTIS data tracks the cloud top temperature. The 
VMC UV data reveals the distribution of the unknown 
UV absorber at the cloud tops. Courtesy of ESA. 
 

 
. 

8042.pdfComparative Climatology of Terrestrial Planets (2012)


