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Introduction:  Thermal inertia (TI) is a property 
used to describe heat transfer and retention on planetary 
surfaces, defined as Örkc, where r is the density of the 
material, k is the thermal conductivity and c is the spe-
cific heat. Temperature measurements can be modeled 
to obtain thermal inertia, measured in J m-2 K-1 s-½, or 
tiu, which can then be correlated to surface properties 
such as grain size. Thermal inertia modeling is com-
monly applied to thermal infrared datasets for Mars 
such as TES [1] and THEMIS [2]. These instruments 
have excellent response in the thermal infrared portion 
of the spectrum but have lower spatial resolution than 
visible and near-infrared (VNIR) spectroscopic datasets 
(~3km /pixel for TES and 100 m/pixel for THEMIS).  

In contrast, CRISM, a VNIR spectrometer, has ~18-
36 m/pixel spatial resolution, but a maximum wave-
length of ~4 microns [3]. This portion of the spectrum 
contains mixed reflectance and emission from both the 
Martian surface and atmosphere, making temperature 
retrievals a fundamentally underdetermined problem. In 
previous work, [4,5] we used a neural network method 
to predict long wavelength reflectance values from 
shorter wavelength values not significantly affected by 
emission and retrieve single scattering albedo for the 
full CRISM wavelength range. This process also al-
lowed retrieval of temperatures for each pixel in a 
CRISM scene. In this work, we use these temperature 
results to model thermal inertia at the highest spatial res-
olution ever for Mars, 18 m/pixel. 

The KRC model:  The KRC thermal model [6] 
solves the heat equation for planetary surfaces and at-
mospheres, and has been widely used with THEMIS and 
TES temperature data for Mars. KRC produces diurnal 
temperature curves using as input 3D spatial location, 
Ls,  thermal inertia, and various other physical parame-
ters as desired. KRC can also be run in “one-point” 
mode, inputting an observed temperature and outputting 
the best fit thermal inertia. This method has been used 
on THEMIS nighttime data to produce TI maps for Mars 
[e.g., 7]. 

Challenges of using CRISM data:  Using CRISM 
with the KRC model has several unique challenges. A 
relatively warm scene is required due to the method of 
temperature retrieval; at lower temperatures the thermal 
contribution is small and our ability to distinguish tem-
peratures is correspondingly decreased. CRISM images 
by nature must be acquired during the day and the cor-
responding temperature retrieved is therefore much 
more dependent on albedo than nighttime images would 
be. However, surface albedo is also known for each 

pixel, allowing us to include these effects in our model 
at much finer resolution that is possible for other instru-
ments, e.g. THEMIS. CRISM images are generally 
taken near 15:30 LST, a challenging time of day due to 
the proximity in time to thermal crossover. 

Method: We ran the KRC model in one point mode 
with the following inputs: latitude and longitude from 
the CRISM DDR, elevation, slope, and slope azimuth 
from the CRISM DDR or generated from georeferenced 
CTX or HiRISE DTMs, CRISM reflectance in the form 
of Lambert albedos (modeled with DISORT to remove 
contributions from atmospheric aerosols), atmospheric 
dust opacities (M. Wolff, personal communication), 
season and time of day from CRISM header records, 
and neural-network derived CRISM temperature maps. 
We also ran KRC using temperatures from THEMIS 
nighttime scenes over the same locations for compari-
son. 

 
Fig 1: FRT0000C968 over Nili Fossae (R=2.52, 
G=1.50, B=1.07µm) centered at (79.0°E, 21.7°N). Oli-
vine-bearing sands appear pink, while carbonate-bear-
ing bedrock appears green. Scene is approximately 10 
km across, and north is up. 
 

Results: We present the results of our modeling for 
three different CRISM scenes covering overlapping ar-
eas in Nili Fossae: FRT0000C968, FRT0000BEEB, and 
FRT000BC1C, which have mean temperatures of 264, 
259, and 260 K respectively. The mineralogy and ther-
mophysical properties of this area were previously stud-
ied using CRISM and THEMIS data by [8], making it 
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optimal for process validation. The region contains oli-
vine-bearing sands overlying carbonate-bearing bed-
rock, as well as olivine-bearing bedrock and a basaltic 
capping unit (Fig. 1).  

The TIs we have modeled from CRISM are well cor-
related with visual features, e.g. sand ripples, in higher-
resolution visible images from CTX and HiRISE (Fig. 
2). The TI values for FRT0000C968 have a mean of 323 
tiu, with heavily sand-covered areas typically 40-280 
tiu, carbonate bedrock 430-500 tiu and olivine-bearing 
bedrock 480-720 tiu. The patterns correlate well 
THEMIS data, however, the absolute values tend to be 
more extreme for high and low TI values. The KRC 
model did not find solutions in the capping unit in the 
northeast portion of the scene, possibly due to a combi-
nation of slope and daytime albedo effects that are not 
completely accounted for in the model. 

Validation: We are continuing to test sensitivity of 
our modeling results to changes in temperature, albedo, 
and dust opacity, the three parameters with the largest 
expected errors. CRISM temperature errors are ex-
pected to be within 3.1 K for 95% of results between 
250-300 K [9], with improved accuracy for higher tem-
peratures. For the temporal and spatial conditions of 
FRT0000C968, temperature errors of 3 K can result in 
perturbations of retrieved TI of up to 100 tiu between 
250-500 tiu. For albedo, a perturbation of +/- 0.05 can 
cause errors of up to 170 ti, although realistic errors in 
Lambert albedo are likely smaller. Increasing the atmos-
pheric dust opacity by 0.1 results in a decrease in mod-
eled tiu of ~30, while increasing it by 0.3 decreases it by 
~110. While the absolute error of the THEMIS instru-
ment is also ~3 K [7], the greater separation between 
diurnal curves at its nighttime acquisition time reduces 
the retrieved TI error relative to CRISM. Many of these 
sources of error are likely to apply relatively equally 
across a scene. The preliminary results of our validation 
work suggest that CRISM temperatures can be reliably 
used to distinguish bedrock and soils, but the results 
may not be a reliable proxy for grain size within ac-
ceptable error limits. 

Additionally, areas with slopes continue to be chal-
lenging to model. It is possible that daytime slopes have 
reflection effects between surfaces that are not repre-
sented in the model, which considers each pixel inde-
pendently. A Lambert albedo may also not be an ade-
quate approximation for surfaces that are very bright or 
steeply sloped. 

Summary and Future Work: We have produced  
thermal inertia maps using the highest resolution tem-
perature data available for Mars at 18m/pixel. In three 
CRISM scenes in Nili Fossae we can identify areas of 
variable sand cover that are consistent with THEMIS TI 
results and visual inspection of higher resolution 

images. We are applying this method to other areas on 
Mars, including those where we have past or future 
ground truth available from rover and landers. 
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Fig 2: Thermal inertia results from FRT0000C968 over-
laid on CTX mosaic. Areas with greater proportions of 
sand cover have lower thermal inertia values. Exposed 
carbonate-bearing bedrock in the center of the scene 
have higher thermal inertia values. Olivine-bearing bed-
rock in the southern portion of the scene has the highest 
thermal inertia values. 
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