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Introduction:  The objective of this work is to

test the hypothesis that the atmospheric influence of

large-scale topography observed in 2001 Mars

Odyssey Thermal Emission Imaging System

(THEMIS) images can be removed by decorrelation

of topography and emissivity.  This correction is

important for features such as the Valles Marineris

and Olympus Mons, which are associated with large

topographic variations that result in emissivity and

radiance offsets.  The resulting data is effectively

normalized to a constant atmospheric thickness, and

can be analyzed using a standard deconvolution

approach [1] in order to identify changes in

mineralogy.

Data: THEMIS is acquiring spectra of the surface

from 6.78-14.88 m, in ten bands, and has a spatial

resolution of 100 m/pixel. Spectral absorptions in

Martian mid-IR data are attributable to atmospheric

CO2 and dust, water-ice clouds, and surface

materials. We tested the approach on three images

I01276002 (shown in the figures herein), I01688006,

and I00864002.  We used Mars Orbiting Laser

Altimeter (MOLA) data for this study derived from

the 128 pixel/° digital elevation model.

Approach: The THEMIS images were cropped

to smaller sizes surrounding features of interest. The

data were then used to calculate and save emissivity

by removing a Planck function fit to the maximum

radiance in bands 3-9. Next we applied a radiance

correction for atmospheric slopes [2]; we note that

this correction will have an amplitude that is too

small to effect slopes in regions with elevation

differences 1 km.  We then recalculate and save a

second set of emissivities with the slope correction.

MOLA data were then co-located with THEMIS

data and linearly interpolated to THEMIS resolution

Figure 1.  THEMIS band 9 daytime image of

Tithonium chasma in the Valles Marineris.  The great

depth of the canyons hinders quantitative emissivity

analysis; the larger atmospheric path length influences

radiance, and prevents simple comparison of surface

materials on the plateau with those at the base of the

canyon walls.

Figure 2. Correlation of emissivity with MOLA

topography. Bands 1 & 2, are influenced by particle

size, and band 10 by atmosphere, and hence are not

changed. Similarly, band 3 is generally used to fix

emissivity to a value of 1.0; as it is thus constant, it is

also not corrected.
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(Fig. 1). Both emissivity data sets were then

correlated with topography (Fig. 2).  The use of

interpolated MOLA data results in a bias; however,

the large number of data points and small change in

radiance as a function of topography limits the

overall error.

The resulting trends are approximately linear; we

calculated a fit using a minimum absolute deviation

method to determine the change of emissivity in each

band as a function of elevation. The resulting slope

and offset are used to predict the emissivity

correction for each pixel in each band as a function of

the topography. The emissivity correction is then

subtracted from the observed emissivity data. In

general, the standard deviation of the emissivity

correction was < 0.01, and the maximum correction

to emissivity was ~0.05-0.10.

The results were evaluated using band 9, 7, and 5

decorrelation stretch (DCS) images of original and

corrected data (Fig. 3). Lastly, spectra from selected

locations were compared (Fig. 4).

Discussion:  The data for bands 3-9 support a

linear relationship between emissivity and

topography, consistent with the observation that

atmospheric radiance is an exponential function of

opacity, which in turn is a logarithmic function of

altitude [3]:

where Iobs( ) is the measured radiation, ( ) is surface

emissivity, B[Tsurf, ] is blackbody radiance, Tsurf i s

surface temperature, ( , p ) is the normal opacity

profile as a function of wavelength and pressure; and

m is the cosine of the emission angle.

Applying the predicted linear correction to the

initial emissivity image results in the plateau (P2) and

base (B2) spectra for the VM to essentially

indistinguishable within the predicted error of ~1%

(Fig. 4, light & dark blue squares), though the DCS

still barely detects the difference as a deeper blue at

B2 (Fig. 3). Because we the topographic effects are

removed, we can also safely compare F2 to B2 & P2,

observing that it is deeper by about 3% and of a

slightly different spectral shape.

Ongoing work will address the slope effects

clearly visible below the rim of the VM (at elevations

below those which the radiance slope correction was

applicable), by decorrelating directional slopes and

emissivity.
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Figure 4.  Spectra from before and after the topographic

correction.  The data are now effectively at a common

elevation (MOLA datum), and can be used for surface

and atmospheric retrieval using deconvolution.

Figure 3. (left) DCS (9,7,5) of the uncorrected

emissivity.  Note the significant effect of the thicker

atmosphere in the canyon at B1 compared with P1.

(right) Following topographic correction for each band,

P2 is similar to B2.  Spectra from the labeled points

(P=Plateau, B=Base, and F=Feature) shown in Fig. 4.
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