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Introduction:  The CO2 condensation and 

sublimation cycle is one of the major processes 

governing the climate of Mars. The existence of the 

polar caps was first theorized in 1966 [1], and 

subsequently observed by multiple telescopes and 

spacecrafts [2], [3], [4] [5]. In any given year, up to 30% 

of the atmosphere can condense to form a seasonal cap 

at the north or south poles, making the understanding of 

this cycle a key element in any study of the Martian 

climate. 

The amount of CO2 condensation that occurs 

depends on the surface energy budget, and various 

optical and thermal properties of the surface material, 

which will be solid CO2 if condensation has already 

happened, or bare ground. In the case of Mars, the 

contributing elements to the surface energy budget 

include the incoming radiation flux, sensible heat flux, 

soil heat flux, emission from the surface, and the latent 

heat from CO2 condensation and sublimation. 

Model Description:  In this study we use the latest 

version of the NASA Ames Mars general circulation 

model (GCM), which is supported by the Agency’s 

Mars Climate Modeling Center. This version of the 

model represents an overhaul and evolution of the 

modeling capabilities at NASA Ames. Based on the 

NOAA/GFDL Finite Volume Cubed Sphere dynamical 

core, the new model has many advantages over the 

legacy model. The cubed sphere grid is designed to 

avoid the converging meridians issue that is present in a 

traditional latitude-longitude rectangular grids. It was 

also constructed with modern computing capabilities in 

mind, being highly parallelizable, allowing for high 

resolution simulations to be done in practical lengths of 

time. The model is typically run at a horizontal 

resolution of 24x24 grid points per cube face, which 

corresponds to approximately 4x4 at the equator. The 

vertical grid uses a hybrid pressure coordinate, and 

typically has 28 layers. The model is highly scalable 

both in horizontal and vertical resolution. 

The surface temperatures are predicted from a fully 

implicit soil heat diffusion scheme, with soil thermal 

properties assumed to be a mixture of dry soil and water 

ice, with the latitudinal distribution of water ice 

prescribed by observations from the Neutron 

Spectrometer on Mars Odyssey [6]. A dust climatology 

map from Mars Year 24 assuming a Conrath-nu vertical 

distribution is used for the radiative contributions from 

dust, and the radiative contributions from water-ice 

clouds have been neglected, due to the complications to 

the climate that the clouds introduce. For this study, 

condensed CO2 at the surface is assumed to be in exact 

balance with the incoming and outgoing energy fluxes, 

performing any necessary phase changes to maintain 

this balance. 

Expected Results: We will present results from the 

last year of a multi-year Mars year simulation. The 

primary metrics we will use for tracking CO2 in the 

model are the condensed mass and surface area 

coverage of the north and south seasonal caps as a 

function of time (Ls). 

Smith et al. [7] estimated the seasonal cap masses 

from gravity field changes measured by the Mars Global 

Surveyor (MGS) spacecraft. The estimated maximum 

masses of 4x1015 kg and 5x1015 kg for the north and 

south polar caps respectively. The MGS observations of 

the cap edges [4] showed a maximum extent of the 

northern polar cap to be approximately 1.8x107 km2, and 

approximately 1.95x107 km2 for the southern cap. 

Both sets of data in addition to other measurements 

such as the annual pressure cycle from the Viking 

Landers or the Mars Science Laboratory characterize 

annual the polar cap formation. The CO2 cycle in the 

model is mainly regulated by the prescribed thermal and 

optical properties of the CO2 ice and the subsurface soil. 

The real values are not well constrained and could differ 

from the prescribed values for physical reasons. For 

example, the albedo could be less than the prescribed 

value if the dust content of the ice is more. Emissivity 

may also vary depending on the grain size of the CO2 

ice, introducing an additional complication to the issue. 

Conclusions:  Current model simulations form 

seasonal CO2 caps more massive than the data suggests. 

The issues may be resolved by better approximations of 

the thermal and optical properties of CO2 ice in the two 

hemispheres, and the soil depth to ice table. 
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