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Introduction:  The present-day Mars climate is a 

complex system in which the atmospheric dynamic is 
coupled with the dust cycle, the CO2 cycle and the 
water cycle. This system is influenced by the varia-
tions of Mars orbital and rotation parameters (in par-
ticular its obliquity) which control the distribution of 
insolation. Calculations have shown that Mars’ obliq-
uity can vary widely between 0° and more than 60° [1] 
with a ~105 year cycle (consequence of the differential 
spin axis and orbital plane precession rates) modulated 
on a more eratic ~106 year cycle (resulting from slow 
oscillations in the inclination of the Martian orbital 
plane). What kind of climate changes have been and 
will be induced by such variations ?   

Clues are provided by the geological record. While 
water ice is currently unstable at the surface of Mars 
outside the polar regions, Mars is partly covered by 
landforms resulting from the local accumulation of ice, 
such as debris-covered glaciers and ice mantles. It is 
likely that they were created when Mars was experi-
encing an obliquity different than today. The kilome-
ters-thick polar ice caps themselves exhibit thousands 
of layers that are most likely related to periodic climate 
changes, as discussed by Holt et al. (this issue) and 
several other abstracts presented at the conference. 

At obliquity lower than today, we can expect the 
seasonal variations to be small and the poles to become 
relatively colder all year long since the Sun is always 
lower in the sky. It is expected that the fraction of the 
atmosphere constantly held as CO2 ice, and which is 
presently near the southern pole will increase. The 
atmospheric pressure may collapse, as discussed by 
Wood et al. (this issue). 

In our presentation at the conference, we will pri-
marily focus on the consequence of obliquity excur-
sions toward values higher than today’s.  
Mars climate changes as simulated by “traditional” 
Global Climate Models. The variations of the Martian 
climate in the past thousands and millions of years 
have been explored for several years using “tradition-
al” Mars Global Climate Models (GCMs), i.e. de-
signed to simulate the present-day environment, but 
assuming a different obliquity or orbit. Doing so, one 
may have neglected key processes which have a small 
impact today, but which may have played a major role 
in the past, such as the radiative effect of clouds (dis-
cussed below) or the potential change in surface pres-
sure at high obliquity due to the release of frozen  CO2 
at the south pole and the desorption of high latitude 

subsurface CO2 (to first order, we can expect a dou-
bling of the atmosphere/seasonal cap inventory). 
Such models have been used to describe the significant 
changes in the surface temperature distribution and the 
atmospheric circulation induced by obliquity variations 
[2-4]. Predicting the changes in the dust cycle remains 
challenging because we do not yet understand the pro-
cesses which currently control the interranual variabil-
ity of the dust events and what would be the availabil-
ity of dust on the surface, the effect of water ice 
clouds, etc. 
A key finding of traditional GCMs is the fact that at 
obliquity larger than about 40°, ice can accumulate 
outside the polar regions [5-9], until the polar reservoir 
is depleted [10] to form glaciers in the tropics and at 
mid-latitudes  often in remarkable agreement with geo-
logical observations of glaciers-related landforms. To 
explain some of the deposits observed in the high and 
mid latitudes, and in particular the relatively recent ice 
mantle covering the mid and high latitudes in both 
hemisphere, it has been necessary to simulate the fate 
of the water released by the tropical ice reservoirs 
when they become unstable as the obliquity returns to 
value to lower values [8,11].  
Taking into account the radiative effect of water ice 
clouds. A new challenge for Mars Climate modelers is 
to take into account the radiative effect of water ice 
clouds. This effect has long been neglected, but it is 
now found to be significant on present-day Mars. 
However, with most GCMs, modeling the climate and 
the water cycle with radiatively active clouds have 
been problematic because of the highly coupled nature 
of the water vapor cycle, the cloud formation and the 
atmospheric temperatures and the resulting positive 
feedbacks (see Pottier et al., this issue).  
On Mars at higher obliquity, the water cycle is ex-
pected to be much more intense, and the role of clouds 
primordial. We will discuss results obtained with a 
GCM taking into accounts radiatively active clouds 
and an improved microphysics. Optically thick clouds 
may permit the formation of mid-latitude ice deposits 
at moderate obliquity. In some extreme case, they may 
even have a significant impact on the surface tempera-
ture. Such simulations suggest that Mars a few hun-
dred of thousand years ago may have been a planet 
very different than today.  
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