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Introduction:  The total mass and spatial distribu-

tion of CO2 ice that comprises the seasonal polar caps 
are important parameters for understanding the Martian 
climate. The distribution of seasonal CO2 ice provides 
information about the interaction between the atmos-
phere, topography, and surface physical properties.     

The amount, rate, and distribution of CO2 conden-
sation and sublimation are determined by the balance 
of several mass (e.g., exchange between CO2 reser-
voirs) and energy sources and sinks, including insola-
tion (exposure to sunlight), net radiative loss to space, 
the latent heat of fusion (predominantly CO2 ice), 
summertime heat storage in the regolith and atmospher-
ic storage and transport of energy and mass. 

Several approaches have been used to estimate the 
amount of CO2 that condenses onto the seasonal cap 
(see [1] for earlier estimates). The most robust of these 
estimates have been from General Circulation Models 
(GCMs) that were tuned to match the atmospheric 
pressure curves from the Viking landers [2]. While 
these models often use unrealistic albedo and emissivi-
ty values to approximate the seasonal caps, they do 
match the global pressure curves, and therefore must 
match the net global accumulation; however, they do 
not necessarily match local distributions.  

Another method is to analyze seasonal variations in 
the gravity field.  Smith & Zuber [3] assumed the sea-
sonal CO2 ice formed a conical distribution and were 
able to estimate the total mass of each seasonal cap as a 
function of season. 

Other methods use energy-balance considerations. 
For example, Kieffer et al. [4] computed the peak an-
nual southern map mass at several locations from ther-
mal and albedo observations throughout the sublima-
tion season, yielding 800 to 1200 kg m-2 (polar cap 
sublimation and accumulation budgets are often ex-
pressed in mass per unit area; for an assumed density 
of 1000 kg m-3, a budget of 1200 kg m-2 would corre-
spond to a thickness of 1.2 m). Kieffer and Titus [5] 
used energy balance during both condensation and sub-
limation seasons in the northern hemisphere to estimate 
the zonal distribution of cap mass, finding not only 
peak budgets of 1100 kg m-2 near the pole, but also 
finding the condensation budget to be several hundred 
kg m-2 larger than the sublimation budget near 70⁰ N, 
indicating that substantial zonal heat transport is likely 
to occur during the spring. This analysis, however, 
neglected the effects of heat storage in the regolith. 

This study revisits the spatial and temporal distribu-
tion of the seasonal CO2 ice column density. 

Data:  Data from Mars Global Surveyor (MGS) 
Thermal Emission Spectrometer (TES) was used for 
this study.  TES  had three subsystems: a solar bolome-
ter, a thermal bolometer, and a thermal spectrometer.  
All three subsystems provided important constraints on 
the seasonal cap energy balance.  The solar bolometer 
provided both an estimate of the Bond Albedo and the 
location of the cap edge for the south polar seasonal 
cap.  The thermal bolometer constrained the thermal 
loss to space, and the thermal spectrometer constrained 
the cap edge for the north polar seasonal cap. 

Energy Balance: The simplest form of the polar 
energy balance was used by Paige et al.[6]: 

 

 
 

where Frad is the net radiation at the top of the atmos-
phere, Fhoriz is net horizontal heat flux, Fcond is the net 
vertical conduction of heat from the surface, Satm is the 
rate of change of total potential energy storage of the 
atmospheric column and SCO2 is the latent heat of fu-
sion for CO2.  The net radiation at the top of the at-
mosphere is simply the solar insolation incident upon 
the atmosphere minus the radiative losses to space: 

 
where Atop is the effective albedo at the top of the at-
mosphere, S0 is the solar insolation at 1 A.U., U is the 
distance of Mars from the sun in A.U., and μ0 is the 
cosine of the solar incidence angle. The change of the 
latent heat stored in CO2 ice is simply: 

 
If one assumes that Fhoriz and Fcond are negligible, then 
the change in seasonal CO2 column density reduces to: 
 

 
 
which can then be integrated over time to determine the 
CO2 ice column density.  There are two logical times to 
start the integral: either the frost date (when CO2 ice 
first appears) or the CROCUS date (when CO2 ice 
completely sublimes).  At either point in time, the 
amount of seasonal CO2 ice is zero. 

Seasonal Polar Cap Edge: The determination of 
the seasonal polar cap edge, or equivalently, determin-
ing when seasonal CO2 ice begins to condense and 
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when CO2 ice completely sublimes are key constraints 
in determining the column density. 

IR Cap Detection Technique. For this study, we ap-
plied the cap edge detection techniques used by Kieffer 
et al. [4] and Kieffer and Titus [5]. They made use of 
the rapid rise in surface temperature that occurs when 
CO2 ice is removed. We defined the advancing cap 
edge, or frost date, to be when the 30 μm brightness 
temperature drops below 155 K. We defined the re-
treating cap edge, or crocus date, as the date when the 
30 μm brightness temperature rises above 165 K. The 
springtime threshold temperature is set slightly higher 
due to effects from atmospheric dust which is common 
during the cap retreat.  

VIS cap-edge detection technique. MGS TES also 
has a solar bolometer that can be used to detect the cap 
edge. We fit an arctangent curve to the albedo as a 
function of season, and define the cap edge as the in-
flection point.  Because of a lack of albedo contrast 
between the soil and CO2 in the early spring, and a lack 
of contrast between the water-ice northern residual cap 
and the seasonal CO2 cap, this analysis is restricted to 
the latitude range of ±60° to ±80°. 

Results:  The mass of the cap as a function of sea-
son can be estimated by integrating the energy balance 
equation from the frost date forward (referred to as the 
condensation budget) or from the  CROCUS date 
backwards (referred to as the sublimation budget).   
The sublimation and condensation budget estimates are 
different.  Kieffer and Titus [5] and others [e.g., 7, 8] 
have suggested that the net accumulation of CO2 ice 
could be reduced by basal sublimation of CO2 ice from 
summertime heat stored in the near-surface regolith.  
The amount of heat stored is proportional to the ther-
mal inertia and the presence of a near-surface H2O ice 
table would increase the effective thermal inertia. If 
this hypothesis is correct, then the sublimation-budget 
mass estimates should match the total cap mass from 
Smith & Zuber [3] during the sublimation phase.  The 
difference between the sublimation-budget and the 
condensation budget estimates should be the amount of 
heat stored in the regolith. 

North Polar Seasonal Cap.  Fig. 1 shows the com-
parison of the energy-budget column density estimates 
as a profile across the seasonal cap.  The sublimation-
budget estimate shows that the Smith & Zuber [3] as-
sumption of a conical CO2 ice distribution is a reason-
able first-order approximation.   

South Polar Seasonal Cap. While not shown, the 
column densities and total mass of the southern season-
al cap compare similarly to the Smith & Zuber esti-
mates, just as in the north.  The spatial distribution of 
the seasonal CO2 is roughly conical, and the sublima-

tion budget corresponds well with the Smith & Zuber 
mass estimates during the sublimation phase. 

Summary: The analysis of the energy-balance 
models, a detailed column-density distribution, and  a 
spatially resolved determination of the summer heat 
stored in the regolith will be presented.  This map will 
be compared with maps of the H2O ice table. Interan-
nual variations in the cap edge, the column densities, 
and the total cap masses will also be compared. 
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Figure 1: North polar seasonal maximum column 
density.  The blue line is the column density esti-
mated from the condensation-budget; the red line is 
the column density estimated from the sublimation-
budget; the green line is the difference. 

 
Figure 2: North polar seasonal cap mass.  The blue 
line is the cap mass estimated by Smith & Zuber [5].  
The red line is the cap mass estimated from the sub-
limation budget, which closely tracks the Smith & 
Zuber estimate during the spring.  The green line is 
the mass estimate based on the condensation budg-
et. 
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