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Introduction 
The polar caps are Mag' great storehouse of volatiles. Over the course of a Martian 

year, exchange of carbon dioxide and water between the caps and the atmosphere plays a 
major role in shaping the dimate. Over longer time scales, variations in orbital obliquity ~ 

and eccentricity alter the solar energy budget at the poles so that the Martian climate 
at other epochs is most likely very different from now. At lower obliquities, the poles 
receive less solar energy so that the amount of C02 condensing onto the polar caps during 
the winter season increases. It has been suggested that as obliquity decreases, permanent 
COz caps would form in response to a feedback mechanism existing between the polar cap 
albedo, the C02 pressure, and the dust storm frequency (Toon et al., 1980). However, 
we feel that it is appropriate to review the situation taking into account the north/south' 
asymmetries inherent to the system. Analysis of results &om our model leads us to believe 
that there will always be an exposed cap during a Martian year, even during periods of low 
obliquity, and that significant amounts of water will sublime from the exposed cap during 
summer. 

Model Description and Resulb 
The model we use is essentially identical to that of Jakosky and Haberle (1990), 

modified slightly to account for varying obliquity. It assknes a polar cap system in equi- 
librium with a C02 atmosphere and balances incoming solar radiation, outgoing thermal 
emission, conducted thermal energy, and latent heat released/absorbed from C02 conden- 
sation/sublimation at the surface: 

where So is the solar constant at 1 A.U., R is the distance of Mars from the sun in 
A.U., A is the albedo of the surface material at the pole, i is the solar incidence angle, 
E is the emissivity of the surface, a is the Stefan-Boltzmann constant, T is the surface 
temperature, K is the thermal conductivity of the surface and subsurface materials, L is 
the latent heat of sublimation of the C02 frost, % is the time derivative of the C02 
surface frost mass, and the temperature gradient is evaluated at the surface. Heat is 

a: transferred to the subsurface according to the one-bensional heat conduction equation, 
numerically integrated at the south pole through a Martian orbit. The surface boundary 
condition is satisfied to within 0.2 K each time step of one Martian day- The model was g m  
in two different modes, first with the subsurface layers initialized "cold" (corresponding to 
a mid-winter start) then "hot" (corresponding to a mid-summer start with a large initial 
conducted heat pulse). Both modes were allowed to equilibrate for a twenty year period. 
Results show that with suitable surface properties, the system can be stable in one of two 
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condigpations: covered with C02 frost all year, or uncovered during summer to reveal the 
underlying residud water ice cap. This result holds at all obliquities between f 5" and 25". 

Dt'scwst'on 
Leighton and Murray (1966) showed that for a permanent C02 polar cap in equilib- 

kum with a COa atmosphere, a balance must exist between incoming solar insolation and 
outgoing thermal emission: 

eoT4 = &,(I - A) 

where I,, is the yearly averaged insolation at the pole. In effect, T is a function of albedo 
done. For a given albedo, the C02 condeaation temperature and atmospheric pressure 
are going to adjust until equilibrium is achieved. Sublimation of C02 from the polar cap 
increases the atmospheric pressure which in turn increases the condensation temperature. 
Similarly, condensation of COz onto the cap decreases the atmospheric pressure which 
decreases the condensation temperature of the C02. However, both caps are trying to 
equilibrate with ' the same atmosphere. Knowing the northlsouth asymmetries inherent 
to the system (and poorly understood at that), it is unlikely that an equilibrium. can 
be reached between sublimation and condensation for the north and south halves of the 
system; one cap will eventually win out. There will be a net migration of C02 to one pole, 
leaving the other cap exposed during summer in its hemisphere, Results from our model 
show that once achieved, this codguration can exist as a stable state. 

Assuming values of thermal inertia and albedo for the underlying water ice, we cd- 
culated amounts of water that would sublime from the residual cap over the course of 
a summer. Our calculations show that at 15' obliquity, as much as 0.023 mm of water 
ice will sublime from the cap. At the current obliquity ( 2 5 O ) ,  up to 0.3 mm will sublime 
annually. 

Conclwt'om and Implications 
Our results are important in that they show there will always be an exposed cap during 

summer at one pole or the other. The implication is that regardless of the obliquity, there 
will always be sublimation and atmospheric transport of water vapor. 
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