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Introduction:  The objective of this work is to im-

prove our understanding of the variability of surface 

properties as a function of both location and season. 

This objective was addressed through the creation of a 

global thermal inertia map from high-resolution Ther-

mal Emission Imaging System 

(THEMIS) infrared images [1-2] 

that allows the identification, as-

sessment, and global correlation of 

surface materials.  The higher spa-

tial resolution of THEMIS data 

(100 m per pixel), relative to Ther-

mal Emission Spectrometer (TES) 

globally binned data (~3 km per 

pixel [3-5]), enables one to quantify 

the physical properties of morpho-

logic features observed in high-

resolution images, such as High 

Resolution Imaging Science Exper-

iment (HiRISE) [6], Context Cam-

era (CTX) [7], and Mars Orbiter 

Camera (MOC) [8], and to better 

understand geologic processes act-

ing on local scales. Thermophysical variations often 

correspond to features identified in high-resolution 

images, and the integration of these data sets allows 

more robust scientific conclusions to be reached. 

Method: To generate this mosaic, thermal inertia 

values are first derived from individual THEMIS 

nighttime infrared images using the technique of Fer-

gason et al. [2]. The absolute accuracy of the THEMIS 

thermal inertia is ~20%.  Uncertainties in the THEMIS 

derived thermal inertia values are primarily due to: 1) 

instrument calibration limitations; 2) uncertainties in 

model input parameters at the resolution of the 

THEMIS instrument; and 3) thermal model limitations 

[2]. The mosaics themselves are generated using a 

method similar to Edwards et al. [9]. The mosaics cov-

er an area ±65˚ in latitude, are separated into 24 indi-

vidual tiles (each are 30˚ in latitude and 60˚ in longi-

tude and match the tiling scheme of the THEMIS day-

time and nighttime IR mosaics [9]), and are processed 

at a resolution of 100 m/pixel (Figure 1). We did not 

complete a mosaic for latitudes higher than 65˚because 

the THEMIS data are sparse and the temperatures are 

too low to enable accurate derivation of thermal inertia 

in most instances. 

In addition to the proposed 8-bit mosaic, we have 

also completed a 32-bit (quantitative) global thermal 

inertia mosaic to better meet the needs of the communi-

ty.  This additional data product results in the distribu-

tion of six times the proposed data volume. The 32-bit 

mosaic is necessary for both accurate scientific anal-

yses and investigating regions for landing site safety, 

and will make quantitative THEMIS-derived thermal 

inertia data easily accessible to the science community.  

We chose to generate two separate mosaic products 

because each deliverable has its own functionality and 

is aimed towards a different type of user.  The 8-bit 

products are normalized to remove any image-to-image 

variations resulting in a seamless final product compa-

rable to the 100 m/pixel nighttime IR THEMIS dataset 

currently available.  In addition, the individual images 

and tiles have been normalized in such a way that mul-

tiple tiles can be downloaded and mosaicked together 

without noticeable seams between tiles.  This product 

is particularly useful in geologic mapping, where a 

seamless product is needed to differentiate unit bound-

aries, textures, and morphologic features.  This product 

will also be appropriate for generating publication-

quality figures to be included in scientific publications 

and presentations at professional meetings (Figure 2). 

Thermal inertia values in quantitative (32-bit) mosaics 

are unmodified during the mosaicking process and are 

therefore useful for scientific investigation. The 32-bit 

product will have image-to-image variations caused by 

a variety of factors including real phenomena, such as 
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local weather and subsurface layering. We have mini-

mized these image-to-image variations by selecting 

images for the mosaic that are from the warmest season 

available.  These warmer images also typically include 

the highest quality data.   

We will make the individual tiles publicly available 

in ISIS 3 cube and GeoTiff data formats (PNG and 

JPEG2000 do not support 32-bit products). These for-

mats are easily utilized by ArcGIS, ENVI, and JMars 

data analysis software tools. Due to the large data vol-

ume of these products (a total of ~84 G of new data 

products will be available to the community), we will 

likely compress the files for greater ease in download-

ing.  These products will be released via both USGS 

and ASU websites, archived with the Planetary Data 

System (PDS), and included in a future JMars release 

once our manuscript is in press and available for refer-

ence. 

Results: We have verified the THEMIS thermal in-

ertia mosaic by comparing this dataset to the TES 

global thermal inertia dataset [3]. The two datasets 

agree within 25-30%, roughly within the accuracy of 

the data sets themselves, and generally the thermophys-

ical features are consistent. THEMIS-derived thermal 

inertia values are typically higher than those derived 

with TES data for an individual location and there is 

more variation in thermal inertia values at all scales in 

the THEMIS data set. The higher spatial resolution of 

THEMIS allows for smaller-scale, high inertia features 

to be detected, and these detections are likely contrib-

uting to the higher THEMIS thermal inertia values. 

These differences are expected, as TES and THEMIS 

thermal inertia values are derived from different in-

struments, using different thermal models, derivation 

techniques, and incorporating different look-up table 

ranges.   

Thermal inertia is independent of season and local 

time, and thus image-to-image differences are typically 

less apparent in thermal inertia than temperature data.  

However, image-to-image differences can still be 

prominent in derived thermal inertia. Understanding 

the cause of these differences is complex due to many 

factors affecting the surface temperature measured at 

any single point in time and the resulting derived ther-

mal inertia value. Examples of some potential factors 

include: 1) uncertainties in the calibration of the 

THEMIS instrument, particularly relating to 

knowledge of the image start time resulting in a ran-

dom error standard deviation between images of ~4 K 

at 180 K [1], which corresponds to errors of 50-120 

Jm
-2

K
-1

s
-1/2

; 2) inadequate treatment of atmospheric 

properties in the thermal models used resulting in deri-

vation errors of up to 300-400 Jm
-2

K
-1

s
-1/2

; 3) transient 

atmospheric phenomena, such as water-ice clouds, that 

are not taken into account; and 4) the presence of ice or 

bedrock in the near subsurface [5;10-11], which are not 

considered using a 1-D model necessary to generate 

global data. Each location should be evaluated individ-

ually to best understand why image-to-image variations 

result, as a single global explanation is not appropriate. 
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