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We have developed a coupled subsurface-atmosphere boundary layer model of H 2 0  exchange 
on Mars. Our objectives in constructing this model are: a) to identify the physical processes that  
control exchange of water between the atmosphere and regolith over a diurnal timescale on Mars, 
and to define physical parameters that can be used predictively; b) to understand the intensity as 
well as temporal and spatial variability of the H 2 0  flux through the martian surface; c) to develop 
a description of how exchange patterns vary throughout reasonable parametric space; and d )  to  
advance our understanding of the martian annual H 2 0  cycle. The model was described previously 
[I] and the results for the baseline case of the model were also described. The baseline results will be 
reiterated below. The model is initialized with no H 2 0  in the atmosphere and 2.1 kg m-3 throughout 
the regolith. We carry out the calculation until the day to day variation of H 2 0  in the atmosphere 
column is less than 0.01%. Accordingly, the atmospheric H 2 0  column is stable over a timescale 
longer than the diurnal radiation pattern remains constant. We note that equilibration typically 
requires 12 to 18 sols, providing an estimate of the timescale for the atmosphere and regolith to 
equilibrate. 

Basel ine  Case: As our baseline case, we take the latitude and season that  the Viking One 
lander touched down; albedo and thermal inertia are consistent with the Viking data.  The scenario 
predicted by the model is presented below. 

Beginning at  midnight, the atmosphere is stable, the only turbulence due to wind shear. The 
regolith cools throughout the night, increasing its adsorptive capacity . The water vapor mixing ratio 
in the lowest lOOm of the atmosphere decreases because the cooling regolith is scavenging H 2 0  ; the 
stability of the atmosphere prevents H 2 0  a t  higher elevations from reaching the regolith overnight. 
Saturation is reached near the surface at  about 2300, and throughout the night the ground fog 
deepens. I t  reaches about 150 m just before sunrise. It is estimated however that  the consequent 
increase in optical depth is only about 0.075. 

Sunrise occurs just before 0600 hours, and the soil begins to warm. Although physical adsorp- 
tion is inhibited at  higher temperatures, we predict continued adsorption after sunrise because the 
regolith is not in equilibrium with the atmosphere as a whole, but only with the strongly depleted 
lowest tens of meters. Even after the atmosphere becomes fully convective there is still a short period 
where the atmosphere is supplying water to the regolith because the regolith is so undersaturated 
with respect to the bulk atmospheric water vapor mixing ratio. Around 1000 hours the increasing 
temperature and adsorbed water content raise the pore pressure of water to  atmospheric levels and 
the flu reverses. 

During the day the atmosphere is fully convective, and there is virtually no vertical gradient 
in atmospheric water. The regolith communicates during the day with the entire boundary layer, 
and approximate equilibrium exists. Again in the late afternoon, there is a strong pulse of H 2 0  
info the regolith, as the atmosphere is still convecting, but the regolith is cooling rapidly. Once 
the surface cools below atmospheric temperature, (1650 hours), convection stops, the atmosphere 
stabilizes, and the slow scavenging of H 2 0  from the lowest tens of meters of the atmosphere begins 
again. 

We have examined the effects of albedo, thermal inertia, latitude, atmospheric optical depth, 
and pore size on our baseline model; and report variations through some of the parametric space 
below. 

Albedo: The albedo was varied from 0.11 to  0.41. A dark regolith is warmer and supports 
about twice as much H 2 0  a t  A=0.11 as at  A = 0.42. The boundary layer rises to greater altitudes 
above a dark surface (5 km vs. 3 km), so water vapor mixing ratios do not vary as strongly as column 
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abundance. The friction velocity, which fixes surface stresses is also higher at a dark surface. Yo more 
than 5% of the atmospheric H 2 0  column exchanges daily with the regolith. High relative humidity 
and ground fogs are much more common above high albedo surfaces because the atmosphere is 
much cooler above a bright surface. The radiative transfer effects of atmospheric condensation will 
accordingly be greater above a bright surface. Regolith and atmosphere establish equilibrium in 
around 1.5 sols, regardless of albedo. 

Thermal Inertia: We varied the thermal inertia from 65 to 515 J m-2 s-'I2. The thermal 
inertia is closely related to the conductivity of the regolith. The column abundance of H 2 0  is higher 
above a high I surface than a low Isurface, because energy is conducted to depth, forcing more H20 
into the atmosphere. However, the drier atmosphere above the low I surface sees higher surface 
temperatures, and receives more radiative heating, so the surface friction velocity and the PBL are 
larger. Since the atmosphere cools so rapidly above a low I surface at night, the relative humidity 
above a low I surface is far higher than over a high I area [Fig.l]. 

Latitude: The atmospheric H20  column abundance correlates much better with the total 
insolation than with the peak surface temperatures. Both peak somewhat poleward ofthe sub-solar 
point in the summer hemisphere because of the planet's inclination. In the winter hemisphere, 
where column abundances get down to 5 1 pr pm,  a significant fraction of the total column (10%) 
can exchange diurnally. In virtually all other instances, no more than 5% of the total column 
will exchange. The friction velocity at  the surface depends upon the vertical wind profiles in the 
atmosphere and the time of day at  which the growing PBL intersects different '2ets"; since Coriolis 
force is a strong function of latitude, so is the diurnal pattern of friction velocity seen a t  the surface. 
The relative humidity of the atmosphere increases rapidly as one moves into the winter hemisphere, 
suggesting that there will be a strong increase in nighttime ground fogs in winter. 

Optical Depth: We tested optical depths (7) of 0, 0.4. 1, and 5. High r reduces the amount 
of sunlight reaching the surface and causes the atmosphere to absorb more insolation. The H20 
column abundance is therefore greater in a zero opacity atmosphere since the surface is hotter. The 
PBL height is much, much greater when the atmosphere is perfectly clear, and the friction velocities 
(responsible for initiating dust movement) also increases in a non-linear manner as r approaches 
zero [Fig.2] This may explain why the atmosphere doesn't get much clearer than about r = 0.1. 
Vapor concentrations peak a t  intermediate optical depths because at  very low r the PBL is so deep 
that the atmosphere is mixed to  lower concentraitons of H 2 0  . The relative humidity and ground 
fog frequency are both predicted to peak when r = 0, because atmospheric nighttime temperatures 
are far lower in the absence of good absorbers and radiators such as dust. 
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Figure 1. The peak nighttime relative humidity as a 
function of the thermal inertia of the surface. 

Figure 2. The PBL height as a function of the optical 
depth of the atmosphere. 
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