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The solution of the heat diffusion equation to find near-surface 
temperatures in soil, ice, snow, or rock, requires some form of the surface 
energy balance equation (1,2) as do estimates of sublimation and melting rates 
of surface water ice. In cold climates, melting rates are controlled by the 
the excess energy available at midday; the bulk of ice sublimation typically 
occurs during short periods of strong dry winds (3) and/or at midday due to 
the exponential dependence of the saturation vapor pressure on temperature. 
Thus, realistic values for melting and sublimation rates should be based on 
peak wind speeds and temperatures, or better yet, time dependent wind speeds 
and temperatures, rather than on diurnal averages. 

Although the atmospheric components of the surface energy balance 
(downward travelling infrared flux [IR 1,  turbulent heat flux [Ho], and latent 
heat exchange [EO]) are presently smalf for Mars, this may not have always 
been true., Mars may have had a denser atmosphere in the past (4) as has been 
.suggested in attempts to explain the origin of the valley networks (5,6,7). A 
model conceptu~lly the same as that devel~ped by Carlson et al. (8) is being 
constructed to wedict the wind, temperature, and specific humidity gradients 
in the lower atmosphere of Mars in order to determine time dependent values 
for IRd, Ho, and EOband their effect on diurnal temperature fluctuations, 
sublimation rates, and the melting rates of ice. The past atmosphere is 
'assumed to have been codposed predominantly of C02 with traces of H20. The 
range in surface pressure c6nsidered is 7 mbLto 1 bar. 

t 

The model includes the folrowing layers in order of their height: a 
substrate layer at least 1 meter thjick, a thin transition layer directly above 
the ground, a 50 meter thick atmosphe-kiz surface layer, a mixing layer, and a 
capping.inversio0. Enqrgy is transported through the transition layer by a 
combination of radiation, molecular conduction, and turbulence. The Businger 
parameterization (9) is used to constrain the gradients in the surface 
layer. Monin-Obukhov scaling then establishes the intensity of the turbulent 
heat flux due to free or forced convection. Potential temperatures in the 
mixing layer are assumed to be constant during the day and are determined by 
:heat diffusion at night using a critical Richardson number formulation. 
Inversion height and strength are predicted using the method of Tennekes 
(10). The downward travelling IR flux is found using an improved version of 
the method of Clow (11). 17 vibration-rotation bands associated with the v2 
'fundamental are us d to represent the longwave emi sion by CO m lecules in 
the 500 to 800 cm-' spectral region and at 961 em-' and 1064 fm-'. Water 
vapor emission is calculated using the pure rotation bands from 0 to 500 cm-l, 
the continuum fr m 800 to 1200 em-', and the vibration-rotation bands from -P 1200 to 2100 cm . Due to phe wide range of band strengths, temperatures, and 
pressures used in this study, expressions for the integrated band absorptances 
are used that are valid in the limit of weak independent, strong independent, 
and strong overlapping lines. 

Preliminary results for a soil substrate with a 300 mb atmosphere 
indicate that: (a) the bulk of the net radiation (Solar - IR emission from 
ground + IR emission from atmosphere) during the day is used to support 
atmospheric turbulence rather than to warm the ground and that (b) maximum 
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daily soil temperatures are more sensitive to wind speed, early morning 
inversion strength, and inversion h ght than they are to thermal inertia over 
the range 0.002 to 0.011 cal ~ r n - ~  s " 2 ~ - ~ .  IRd is found to be roughly 
proportional to T7 for air temperatures less than 260 O K  and to T4 for 
T > 280°K. For a simple adiabatic lapse rate, 50% of IRd typically originates 
within 10 meters of the surface and 90% within the lowest kilometer. Although 
as yet undetermined, the effect of atmospheric structure within the lowest 
kilometer on the downward travelling IR flux is expected to be significant 
because of the extreme temperature dependence of IRd for Mars. 
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