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Introduction:  Near-infrared spectra returned by 

the Compact Reconnaissance Imaging Spectrometer 
for Mars (CRISM, [1]) on-board the Mars Reconnais-
sance Orbier (MRO) contain the clear spectral signa-
ture of several atmospheric gases including carbon 
dioxide (CO2), water vapor (H2O), and carbon monox-
ide (CO). Here we describe preliminary work on the 
seasonal and spatial mapping of atmospheric gases 
using CRISM, and the vertical profiling of water vapor 
and carbon monoxide made possible by one CRISM 
observation of the limb. 

CRISM Nadir Observations:  Two main types of 
observations are taken by CRISM. Emission Phase 
Function (EPF) observations are taken at full spectral 
resolution at selected locations of interest. Multispec-
tral observations are taken with a reduced set of wave-
lengths (chosen to maximize information content) to 
provide global mapping coverage. Both types of ob-
servations are useful for the retrieval of atmospheric 
gas abundance. 

As the main constituent of the atmosphere, carbon 
dioxide has numerous strong spectral signatures that 
are readily apparent in CRISM spectra, including 
prominent bands centered near wavelengths of 1.4, 
2.0, and 2.7 microns.  Of these, we choose to use the 
band centered near 2.0 microns for our retrieval of 
CO2 abundance (or surface pressure) because it pro-
vides the best balance between having sufficient 
strength to provide good signal while not being so 
strong that the band is saturated. The major spectral 
signatures caused by water vapor are centered near 
1.35, 1.9, and 2.6 microns. Our experience with the 
CRISM data is that the band at 2.6 microns provides 
the most reliable retrieval of water vapor abundance. 
Carbon monoxide has a weak, but readily apparent 
spectral signature centered near 2.35 microns. 

The column abundance of atmospheric gases can 
be retrieved by radiative transfer modeling of the 
CRISM spectra. We compute synthetic spectra using 
the correlated-k approximation for gas absorption [2] 
and a discrete-ordinates approach [e.g. 3] to model 
aerosol scattering and the solar beam. Gas abundance 
is varied to provide the best fit in a least-squares sense 
between the computed and observed spectrum in the 
spectral region of the gas absorption. Aerosol optical 
depth can be either estimated using climatological val-
ues observed by TES [4], or by direct retrieval from 
CRISM Emission Phase Function (EPF) observations 
[5]. 

 
 
Figure 1. Strength of the water vapor spectral sig-

nature as observed using CRISM multispectral obser-
vations. The data have been binned 2°x2° in Ls and 
latitude (zonal averages). The large gap in Ls coverage 
was caused by solar conjunction. The red colors corre-
spond to a column abundance of roughly 50 pr-µm, 
green corresponds to roughly 20 pr-µm, and purple 
corresponds to less than 5 pr-µm. 

 
Both CRISM full-spectral (EPF) and multispectral 

observations can be used to map the column abun-
dance of atmospheric gases as a function of season 
(Ls), latitude, and longitude. Figure 1 shows an exam-
ple displaying the seasonal and latitudinal dependence 
of water vapor as observed in CRISM multispectral 
observations. The peak in water vapor abundance over 
the northern summer pole, and its subsequent decrease 
and movement to the south are very similar to what 
was observed by TES in previous martian years [6].  
The spatial variation of water vapor (not shown) fol-
lows the expected positive correlations with surface 
pressure and albedo, and negative correlation with 
thermal inertia [7]. The main observed variation of 
carbon monoxide is a direct correlation with surface 
pressure (or CO2 abundance). Further analysis with 
refined retrieval algorithms will be used to look for 
more subtle variations in CO abundance. 

CRISM Limb Observation:  A single observation 
of the limb near the north pole was taken by CRISM 
on 11 December 2006 (Ls=149°) as part of a special 
sequence to characterize off-axis scattered light in the 
CRISM instrument. Full spectral resolution with a pro-
jected pixel size at the limb of less than 1 km was ob-
tained. This observation allows quantitative retrieval of 
the vertical distribution of atmospheric gases above the 
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level where aerosol extinction along the line-of-sight 
becomes too large (~10–15 km). 

 

 
 
Figure 2. The relative strength as a function of 

tangent height above the limb of  CO2, CO, and H2O 
gas spectral features. Carbon monoxide appears to be 
well-mixed with CO2 at this location, while water va-
por abundance appears to decrase more rapidly with 
height. 

 
Figure 2 shows the dependence as a function of 

tangent height above the limb of the strength of spec-
tral features caused by CO2, CO, and water vapor. The 
close correspondence between the vertical dependence 
of CO and CO2 indicates that at this location CO is 
well-mixed with the background CO2 gas. On the other 
hand, the vertical distribution of water vapor appears 
to be noticeably more confined toward the surface than 
CO2 given the more rapid decrease with height of the 
water vapor signal. Quantitative retrievals of the verti-
cal profile of gas abundance using the limb-geometry 
data require radiative transfer codes that model the 
effect of spherical geometry in a scattering atmos-
phere. The development of such codes is currently 
ongoing. 
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