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Introduction:  The Thermal Emission Imaging Sys-

tem (THEMIS) instrument on the Mars Odyssey space-

craft [1] is currently acquiring infrared (IR) multispectral 

images of Mars.  The instrument has a spatial resolution 

of 100 meters/pixel in the IR, and acquires data in 9 

different wavelength bands, 8 of which are sensitive to 

radiance emitted by the surface.   A complication in the 

analysis of such data is the separation of the total radi-

ance reaching the detector into surface, atmospheric, and 

instrument background components, which is necessary 

for an accurate interpretation.

A method for determining the multiplicative compo-

nent of the atmospheric abosrption is presented:  this 

method depends on the accurate determination of the 

additive component via the radiance offset method [2].  

The multiplicative correction is applied to a number of 

THEMIS images in a systematic survey of how envi-

ronmental variables  (e.g. surface temperature, elevation, 

relief) affect the quality of the method.  Emissivities 

derived from the corrected images are compared to 

Thermal Emission Spectrometer (TES) emissivity values 

as an additional constraint on the quality of the correc-

tion.   The final result will be a database of corrected 

image parameters, which can then be used to identify the 

limitations of this particular method.

Background:  The radiance values recorded by 

THEMIS can be considered as a sum of radiances from 

various sources:  surface emission that passes through 

the atmosphere, atmospheric radiation (“upwelling”), 

atmospheric radiation reflected off of the surface 

(“downwelling”), atmospheric scattering, and instrument 

effects.

In order to separate the surface from the atmospheric 

and instrument components, it is necessary to make 

some simplifications.  First,  it is assumed that a majority 

of the instrument effects have been removed from proc-

essed THEMIS cubes.  Second, the atmosphere is as-

sumed to be laterally and vertically homogeneous over 

the image to be corrected:  this assumption is more 

likely to be valid over a small image than a large one, so 

subsets of full THEMIS strips will produce more rea-

sonable corrections than the full strips will.  The validity 

of this assumption is also affected by cloud cover within 

the image.  The last assumption is that the downwelling 

radiance dominates the additive atmospheric component.

These simplifications can be represented in terms of 

blackbody radiation (BB),  surface reflectivity (R), the 

surface emissivity (!), and the atmospheric absorption 
(!atm) as:

Radiance = Surface radiance + downwelling + b

Rad = !atm·!·BBsurf + !atm·R·BBatm+b

where R can be expressed as 1-!, as a result of 
Kirchoff’s Law, and b contains the additive terms not 

accounted for in the second term (upwelling, scattering, 

and instrument effects).   The correction to separate the 

atmosphere from the surface term is twofold:  first, the 

additive portion is removed via a radiance offset correc-

tion (similar to that of [2]).  Second, the multiplicative 

absorption term (!atm) is derived from the radiance offset 

values,  and is removed.  The ‘b’  term is assumed to be 

negligible.

The value of the additive term is also affected by the 

path length the radiation travels to the spacecraft,  which 

is partially controlled by the elevation of the surface 

viewed.  Changes in elevation change the path length, 

which should affect the value of the radiance offset term. 

 An elevation dependence can be added to the radiance 

offset term using the assumption that atmospheric dust is 

well mixed in the atmosphere to approximately two 

atmospheric scale heights [3].  A scaling factor based on 

the relative difference in elevation between the pixel of 

interest and the average elevation in the region of inter-

est (ROI) used for correction is used in the derivation of 

the radiance offset correction, and again when the cor-

rection is applied to the entire image.  The applicability 

of the elevation dependent method is tested by compar-

ing results from the previous method (no elevation) with 

results from the scaling method described above.  The 

removal of temperature-slope effects in both images can 

be compared to determine if the methodology is correct, 

and then to determine the magnitude of relief at which 

the elevation-dependent correction becomes necessary.

Method:  THEMIS radiance images are acquired in 

ISIS cube format via the THMPROC website using the 

rectify, deplaid, and unrectify options [4].  A majority of 

instrument effects should have been removed from these 

images by this step and processing steps taken prior to 

data release.   The image cubes are then processed using 

a series of procedures written for Research System, 

Inc.’s ENVI software.  These routines can be used to 

read in a THEMIS cube [5], perform a temperature/

emissivity separation, and determine a radiance offset 

from a user-defined region of interest [6].

The radiance offset ROI is ideally an area with a 

consistent emissivity spectrum that exhibits a variation 

in surface temperature, such as a small crater.  Radiance 

offsets and the atmospheric absorption term are calcu-

lated and plotted, along with the emissivity before and 

after each correction.  The radiance offset correction 

should reduce the standard deviation of the emissivity in 

the ROI; the standard deviation of ! after correction is 
one of the factors used to determine the quality of the 
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correction.   For each image, radiance offsets and atmos-

pheric absorptions are calculated from several ROIs, and 

the ‘best’ set of correction factors are subjectively identi-

fied and used to correct the image.  These correction 

factors, as well as a number of image parameters (i.e. 

surface temperature, latitude, elevation, relief, local solar 

time, and solar longitude) are archived for comparison 

with results from other images.  The quality of the radi-

ance offset correction is then rated based on the removal 

of temperature-slope effects from the corrected emissiv-

ity image.  The results from this final image can be 

compared with results from other correction methods, or 

with results from TES.

Results:  The method described above has been ap-

plied to a number of THEMIS images and the results 

archived for comparison with changes in different sur-

face and imaging parameters.  Both the elevation-

dependent and elevation-independent radiance offset 

corrections have been applied (using the same region of 

interest for both) to determine both the quality of the 

elevation dependent correction as well as to quantify the 

effects of adding elevation dependence to the correction 

method.  In addition, a small number of images have 

been compared to published results:  these suggest that, 

to first order, this correction method is capable of re-

moving the multiplicative atmospheric absorption term 

(see Figure 1).

Initial results suggest that the quality of the multipli-

cative correction (as well as the radiance offset) is tied to 

the identification of an appropriate region of interest for 

correction.   The derived values depend somewhat on the 

temperature contrast in the region, but the areas with the 

highest temperature contrast do not necessarily produce 

the “best” values of radiance offset.

The value of the radiance offset derived multiplica-

tive correction is dependent on the surface temperature 

recorded in the image.  The strength of the dust absorp-

tion feature is strongly related to the atmospheric tem-

perature.  This is most apparent when examining the 

radiance offset values themselves.   As the surface tem-

perature decreases, the likelihood of negative values of 

the derived radiance offset increases.  These negative 

values indicate areas where radiation from the surface 

dominates the signal returning to the spacecraft.  When 

the atmospheric temperature is high enough, the signal is 

dominated by the atmospheric component, and the de-

rived values for the multiplicative atmospheric correc-

tion resemble a dust transmission spectrum.  The ability 

to derive the atmospheric opacity from images where the 

atmospheric term is very small is important for under-

standing the atmospheric dust opacity at night, which 

can have a significant effect on thermal inertia values 

derived from nighttime images.

Early comparisons of elevation dependent correction 

with the no-elevation method produces radiance offset 

values with similar relative shapes, but different magni-

tudes.  This is due to the scaling factor used in deter-

mining the value of the offset.  The similar shape sug-

gests that the method is applicable, although it has not 

yet been tested in areas of large relief, and temperature-

slope effects on small scale features not visible in the 

MOLA gridded topography used for correction may not 

be removed by either correction method.

Conclusions:  First order examination of the correc-

tion method described above suggests that this method 

may prove useful for deriving reliable surface emissivity 

values from THEMIS IR data.
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Figure 1: Images of a crater in Syrtis Major identified by [7] as a potential quartzofeldspathic deposit; emissivity 
images shown below (Bands 6,5, and 4 in red, green, and blue respectively) are the result of the correction method 
described above.  Average spectra from the central peak unit (red areas in the images, ROIs used to calculate average 
spectra are also shown) are similar in shape to those presented by [7].

I07887027I01924007I01221005

Lunar and Planetary Science XXXVII (2006) 1158.pdf


