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Introduction: While numerous authors [e.g., 1, 2] 

have modeled the sublimation rate of exposed H2O ice 

at the surface of Mars, these models have not been 

directly validated with in-situ data. Furthermore, 

although analog studies of martian ice have been 

performed [3, 4], these studies fail to accurately 

replicate martian ice conditions in terms of dust 

content, physical scale and boundary layer atmospheric 

conditions. 

Here we present results from a one-dimensional 

atmospheric surface layer model that calculates 

turbulent fluxes over planetary surfaces to predict the 

sublimation rates of ices (CO2, H2O, CH4 etc.). We 

have validated our model against terrestrial and 

martian in-situ data. 

Methods: We have developed a model of the 

atmospheric surface layer that is based on previous 

terrestrial/martian atmospheric surface layer work [5, 

6]. The model requires the following input data: (1) 

surface pressure, (2) surface roughness, (3) 

temperature (at two heights), (4) relative humidity (at 

two heights) and (5) wind speed. To validate the 

model, we used the only martian in-situ measurements 

of martian H2O ice available at present, from the 

Phoenix mission, which landed in Utopia Planitia 

(68.2°N, 125.8°W) in 2008. The lander’s robotic arm 

dug trenches around the lander to excavate buried H2O 

ice present a few centimeters below the surface [7]. 

This trenching revealed light-toned, friable H2O ice on 

sol 20 of the mission (Fig. 1), with an albedo matched 

by 350 𝜇m H2O snow with 0.015% dust in it [8].  

This ice was left undisturbed for the remainder of 

the mission. Within the first four days (between sols 20 

and 24), a few 1.5 - 2 cm sized, light-toned clods 

sublimated away (yellow ellipse in Figure 1). The 

light-toned patches sublimated far more slowly, with 

shadow measurements indicating losses of ~3 mm over 

42 sols [7]. However, no measurements of temperature 

were made of the ice itself, and the lower atmospheric 

temperature measurements were impacted by the 

lander itself (but not at the 2 m height; [9]). Thus, to 

validate our model, we simulated temperatures at the 

surface of the ice by using the Mars Climate Database 

(MCD; [10, 11]).  

To do so, we ran the MCD for the Phoenix mission 

landing site (with properties similar to [12]) to obtain 2 

m air temperatures (black curves in Figure 2) and also 

soil surface temperatures (blue curves). We then added 

the mean temperature difference between the MCD 

surface and MCD 2 m temperatures to the 2 m air 

temperatures measured by the lander (red curves) to 

obtain simulated soil surface temperatures (green 

curves). 

 
Figure 1. Evolution of ice exposed at the Phoenix 

landing site over 42 sols (adapted from [7]).   

 

We assumed that these simulated soil surface 

temperatures are representative of the ice clods’ 

surface/skin temperatures, despite the differences in 
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albedo and thermal inertia, due to their small size and 

the radiating nearby trench walls resulting in enhanced 

warming. Relative humidity at the surface of the ice 

was assumed to be equal to 100% and interpolated 

values of relative humidity measured by the lander 

were used at ~2 m. The wind speed was assumed to be 

4 m/s throughout [13]. The sensitivity of the modeled 

net sublimation was also analyzed. 

 
Figure 2. Temperatures between sols 20 and 62 at 0 m 

(simulated; green, and modeled by MCD; blue) and 2 

m (measured; red, and modeled by MCD; black). 

 

Results and Discussion:  The modeling results for 

the base case (~0.7 cm; black triangles in Figure 3) are 

within a factor of two of the observed sublimation of 

the 1.5 - 2 cm clods over four sols. Our sensitivity 

analysis indicates that higher values of surface 

roughness and surface temperatures (due to the ~13 cm 

deep trench walls near the clods) would increase the 

net sublimation during this period, whereas lower wind 

speeds due caused by the trench walls obstructing the 

local airflow would reduce sublimation.  

To model the light-toned patches (shallow portion 

of the trenches, Fig. 1), we ran KRC, a planetary 

thermal model [14] using the ice’s measured albedo 

and calculated thermophysical properties. Due to their 

small areal extent, we assumed that the atmospheric 

properties above the interfacial sublayer immediately 

adjacent to the ground are the same above the patches 

as for the surrounding terrain. The resultant net 

modeled sublimation was significantly lower than for 

the clods, which is consistent with the observed ~3 mm 

sublimation over 42 sols. The lower rate of sublimation 

for the patches relative to the clods is likely due to 

colder surface temperatures, lower surface roughness 

and less exposed surface area.  

We are in the process of applying this model to 

other exposures of ice on Mars, such as within the mid-

latitude mantle (e.g., [15]). 

 
Figure 3. Sensitivity of the net sublimation over the 

four sols during which the 1.5-2 cm clods disappeared 

to: a) surface roughness, b) the simulated surface 

temperature relative to the base value and c) the wind 

speed at 2 m.  
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