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Introduction:  The OMEGA/Mars Express hyper-

spectral imagery of Mars surface provided by the 
European Space Agency (ESA), offers a great oppor-
tunity to study Martian surface materials, and their 
spatial distributions [1]. This projects a promising im-
plementation of U.S. NASA CRISM (Compact Re-
connaissance Imaging Spectrometers for Mars) data 
with its higher spatial resolution (as fine as 18 meters) 
and high spectral resolution  (down to 6.55 nm).    
[http://marsprogram.jpl.nasa.gov/mro/mission/sc_instr
u_crism.html] when it is available soon. Atmospheric 
correction is required for the hyperspectral imagery 
when it is used to identify surface minerals, rocks and 
other materials.   

The existing atmospheric correction method is to 
use empirical transmission functions (ETF) derived 
from the hyperspectra of top (~ 22 km) and base (~       
-2.7 km) of the Olympia Mons [1,2]. The objective of 
this paper is to present a new Martian atmospheric 
correction approach, in addition to the ETF method. 
This new approach directly removes CO2 absorptions 
based on the target image itself. It does not require 
reference spectra at Olympus Mons. Also, this method 
exactly preserves the spectra free of Mars atmospheric 
absorption. 

 
Algorithm development: We started from a sim-

ple radiative transfer function, 
τττ 2r     −−− == eIereII ininout ,  (1) 

where Iin is downward spectral intensity at the top of 
Martian atmosphere, equivalent to incident solar 
irradiance F, Iout upward spectral intensity at the top of 
Martian atmosphere, r the spectral reflectance of the 
surface (without terrain correction), tau is the spectral 
optical depth of the local Martian atmosphere. Iout is 
measured at the remote sensor in a new quantity of I. 
The relationship between Iout and I only depends on the 
sensor zenith angle, and can be considered as a 
constant (c=I/Iout) for a small scene. Thus, (1) turns to  

τ2 r'  /F −= eI ,    (2) 
where r’ (= c*r) is apparent spectral reflectance 
without correction for terrain and sensor zenith angle 
effects. For a specific absorption band, the r’ is 
assumed to be the same as that of the neighboring 
bands, and is obtained from interpolation of 
neighboring bands without suffering atmospheric 
absorption.With an assumption that the Martian 
atmospheric dust effect is negligible, the optical depth 

is resulted from Martian atmospheric gases (mainly 
CO2), and is a fucntion of both atmopsheric column 
and spectral wavelengh. We assume an exponential 
function of tau to separatedly parameterize spectral 
wavelenth effect and the atmospheric column effect.  

kzeA −= *τ     (3) 
where A is a coeffient depending on spectral 
wavelenghth, z the equivalent elevation in the Martian 
atmospheric column (maximum atmospheric effect 
occurs at z=0), and k a factor depending on the vertical 
profile of the Martian atmospehric column, which 
should be a constant for a scene. From (2) and (3), we 
have 
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If our assumpiton for tau is close to realistic 
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 (or LL, here 

after) of various Martian atmospheric absorption bands 
will be parallel between different equivalent atmos-
pheric column elevations. This assumption is sup-
ported by our data analysis of the OMEGA scene (Or-
bit 0501_4) (Figure 1).  

 
Figure 1. Calculated values of ln(-ln(I/F/r’)) for 5 se-
lected absorption bands of average OMEGA (Orbit 
0501_4) hyperspectra over 15 1km-elevation intervals 
between 0~15km, in the Olympus Mons, clearly show-
ing the parallel patterns. From the top line to the bot-
tom one, mean elevation changes from 0.5 km to 14.5 
km. 

On the LL plot, the difference between any two 
elevations is the same for all atmospheric absorption 
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bands, leading to parallel patterns. If we adjust the 
elevation z to a certain threshold high in the Martian 
atmosphere column, the Martian atmospheric effects 
can then be removed. Operationally, let LL0 be the 
ln(2A)-kz for the carbon dioxide absorption band (2.0 
micron) at this threshold height. Find the difference 
between pixel LL and LL0 at 2.0 micron,  
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The delta is then subtracted from LL of all atmospheric 
absorption bands, as shown in  

  ∆−= LLLL'    (6) 
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The corrected LL values after equation (6) can be 
used to generate final atmospherically corrected I/F for 
Martian hyperspectral images, as shown in  

r' ))'exp(exp()'/( LLFI −=  (7) 
The above procedure includes two logarithm and 

two exponential calculations. For simplicity, we refer 
this approach to as the LLEE method. 

 
Algorithm testing: The LLEE method was applied 

for the OMEGA scene (Orb0529_3) of Meridiani 
Planum, in comparison to the ETF method (Figure 2). 
The ETF method was conducted both with and without 
albedo correction. Without albedo correction, the re-
sulted rescaling power of ETF tends to over-correct 
absorption. With albedo correction, the problem is 
solved. The LLEE method corrected hyperspectra are 
in good agreement with the albedo-corrected ETF 
method. The LLEE method removes the CO2 absorp-
tion near 2 microns more completely than the ETF 
method. The deviation between the corrected hyper-
spectra beyond 2.5 microns is due to that no absorption 
bands were prescribed for the LLEE method for this 
exercise.  

 
Discussion and conclusions: The LLEE method 

only corrects prescribed atmospheric bands, and ex-
actly preserves the spectra outside the prescribed 
bands. It removes Martian atmospheric absorption 
comparable to the albedo-corrected ETF method. The 
implementation of LLEE method does not require ref-
erence spectra with a large elevation relief comparable 
to the planetary atmospheric thickness (e.g., Olympus 
Mons on Mars). Thus, the LLEE method is applicable 
for removing atmospheric absorption on a planet with-
out reference spectra of large elevation difference. 
Theoretically, an ETF method can not remove Martian 
atmospheric absorption above the summit of Olympus 

Mons. The LLEE method can remove the CO2 absorp-
tion more completely because it is not limited by the 
reference spectra. 

 

 
Figure 2. Atmospheric absorption-corrected OMEGA 
(Orb 0529_3) hyperspectra of two selected locations 
(P2: upper panel, P1: lower panel) in Meridiani 
Planum, using LLEE (heavy solid line), ETF method 
with (heavy dash line) and without (dot line) albedo 
correction, in comparison to raw hyperspectra (light 
solid line).  
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