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Introduction:  Orbital and lander missions demon-

strated that the high latitude regions of Mars have shal-
low subsurface ice [1–6].  Recent studies using thermo-
physical modeling have shown that shallow ice is wide-
spread in both the mid and high latitudes [e.g., 7].  This 
ice is critical for both understanding the history of vol-
atile transport and for future mission planning and in-
situ resource utilization.   

The thermal inertia of massive or pore-filling water 
ice is particularly high, significantly altering surface 
temperature patterns.  Using repeat observations taken 
by the Thermal Emission Imaging System (THEMIS) 
and Mars Climate Sounder (MCS) at different seasons 
enables high resolution calculations of the thermophys-
ical properties of the surface, in particular the thermal 
inertia, and the presence of subsurface ice [e.g., 8].  Fur-
thermore, it is now possible to estimate the depth to any 
ice-rich layer found.  Modification of previous ice depth 
calculation techniques [8–10] for use with THEMIS and 
MCS have enabled global mapping and mapping at high 
resolution [7].   

Methods: We use the KRC numerical thermal 
model in conjunction with a DaVinci Interface 
(krc.mars.asu.edu) for thermophysical calculations [11]. 
A particular season, here called Ls*, exists where the 
surface temperature is primarily influenced by the top-
layer thermal inertia (Figure 1).  We use MCS and 
THEMIS observations during this season to calculate 
the thermal inertia of the surface (for details on this 
model see section S1 in Piqueux et al., 2019 [7]).   

 
Figure 1 
Modification of Figure 1 from Bandfield [8] indicating 
crossover point, Ls*, where surface temperature is pri-
marily affected by top layer thermal inertia and only 
weakly by buried ice depth.   

We assume a two-layered geometry of dry soil on 
top of a water rich layer [e.g., 7,9].  We then find regions 
where two overlapping THEMIS nighttime images ex-
ist, one which was acquired during Ls* and the other 
which was acquired at DLs > 100°. We use an ISIS mo-
saicking pipeline [12] to crop the images to the overlap-
ping region and to create common image and pixel foot-
prints.   

We use the band 9 (12.57µm) brightness tempera-
ture of the THEMIS image acquired during Ls*, latitude, 
local time of observation, Ls, slope, albedo, dust opac-
ity, elevation, and azimuth as inputs into the KRC ther-
mal model to calculate the thermal inertia of the surface.  
We then generate a look-up table for surface tempera-
tures at the second Ls using varying ice depths between 
0.06 and 1.2 seasonal skin depths (Figure 2). A thermal 
inertia of 2261 is used for the second layer, following 
Bandfield [9]. We extrapolate using this table to esti-
mate the ice depth.   

 
Figure 2 
Effect of depth-to-ice rich layer on surface temperature.   
 

Preliminary Results:  We have focused our calcu-
lations on mid latitude regions previously found to var-
iable subsurface ice depths [7].  Within these regions we 
have identified 550 overlapping THEMIS image pairs 
which meet our Ls requirements.  We have computed 
the surface level thermal inertia and look-up tables for 
~100 of these image pairs.  For approximately 10% of 
these image pairs our methodology works without mod-
ification (Figure 3). For the other regions, however, our 
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non-Ls* THEMIS image band 9 surface temperature has 
been up to 3 K above or below our look-up table values.    

 

Figure 3: Figure from Piqueux et al. (2019). Ice depth 
varies with both albedo and thermal inertia of the sur-
face.  
 

Discussion: We find that thermal inertia and albedo 
are strong influences on ice depth and that ice depth var-
ies significantly locally.  These results will be necessary 
for future mission planning and in-situ resource utiliza-
tion.   

Future Work:  MCS derived absolute surface tem-
peratures are likely more accurate than the THEMIS 
band 9 surface temperatures due to differences in in-
strument calibration procedures and performances and 
instrument drift within THEMIS that have been well 
documented (~3K).  Therefore, we will tie our calcula-
tions to MCS derived surface temperatures by model-
ing the thermal inertia using MCS, calculating the sur-
face temperature using this thermal inertia at both Ls* 
and non-Ls*, and then subtracting the difference be-
tween this modeled surface temperature and the over-
lapping THEMIS derived surface temperature. Depth 
to ice will then be calculated at higher THEMIS reso-
lutions with equivalent accuracy as the relative temper-
ature uncertainties are much smaller (~<0.5K)  Results 
will be presented.  
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