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SCATTERING PROPERTIES AND MINOR CONSTITUENTS IN 
THE ATMOSPHERE OF MARS FROM THE ISMIPHOBOS 
EXPERIMENT; M. Combes, P. Drossart, Th. Encrenaz, E. Lellouch and 
J. Rosenqvist, Dgpartement de Recherches Spatiales, Observatoire 
de Meudon, France; J-P Bibring and Y. Langevin, lnstitut 
d'&trophysique Spatiale, Orsay, France; V.I. Moroz, A.V. Grigoriev, 
N.F. Sanko and D.V. Titov, IKI, Moscow, USSR 

The infrared spectra of Mars obtained with the ISM 
instrument on board the PHOBOS 2 spacecraft in the 0.76-3.14 
microns range (1,2) have been analysed to study the composition of 
the atmosphere as well as the characteristics and the physical 
properties of suspended dust. The region of the martian volcanoes 
of Tharsis has been chosen, because it provides the larger altitude 
variations and does not exhibit strong changes in the mineralogical 
composition. 

An attempt to retrieve the wavelength dependence of the 
optical depth has been done, outside the spectroscopic atmospheric 
absorptions. In the 1.7-2.7 pm spectral range, corresponding to the 
first .order of the ISM spectrometer, with the geometry of the ISM 
obse,vations (small phase angles, incidence close to normal), the 
spectrum of Mars can be modelized by the sum of 2 components: the 
scattering by suspended dust.is superimposed on the spectrum of 

- the surface of Mars. The magnitude of the scattering component 
decreases with wavelength. The optical depth of suspended dust is 
estimated between 0.05-0.12 at 2 pm, with possible spatial and 
temporal variations between different observing sequences. 

To estimate the effect of such a dust opacity on the 
atmospheric bands of CO2 at 2 pm, used in particular for altimetry 
determinations, a complete scattering model has been used. 

This model is a two stream appromixation, within the 2 y m  
band of C02, whose formulae are given by Lacis and Hansen (3) for a 
normal incidence. The reflection and transmission functions are 
adapted from Sobolev (4) The atmosphere of Mars is divided in 20 
layers with thickness 3 km, with pressure and temperature 
profiles taken from Moroz (pers. comm.), the scale height of 
suspended dust being taken as equal to the atmospheric scale 
height. Parameters of the model are the single scattering albedo, 
the surface albedo and the asymmetry parameter for the phase 
function, whose value can be taken from the Viking measurements 
(5). It is found that for a surface albedo of 0.14, a single scattering 
albedo of 0.86 and an atmospheric pressure of 5 mbar, an optical 
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thickness of dust of 0.2 induces a difference in the depth of the 
C 0 2  band which corresponds to a difference of 1 km in the 
altirnetry, when altitudes are inferred directly from the C02 band. 
The difference will be smaller for the altimetry retrieved from 
ratioed spectra at different altitudes. 

The atmospheric abundance of minor constituents has been 
derived in ratioed spectra of different altitudes. CO is measured 
from the 2.35 prn band; H20 from the 1.84 and 2.55 pm bands. The 
ratioed spectra are compared to ratioed synthetic spectra, 
calculated with a band model. 

Another method for synthetic spectra calculation, based on 
line-by-line calculations, for H20, CO and C02 molecular 
absorptions, with several atmospheric layers, is currently 
developped. A comparison of the Hz0 and CO measurements by these 
two independent procedures will be presented. It gives an estimate 
of the accuracy of the band model retrieval. The method of ratioed 
spectra allows the measurement of CO and H20 in the altitude 
range of the highest and lowest available spectra, that is between 
0 and 26 km for the area containing the volcanoes. Assuming a 
constant mixing ratio with height, the abundance of H20 is 
measured as 5 10-5, within a factor, of 2, consistent with the dry 
limit of Viking observations (6) 

Assuming a constant mixing' ratio, the abundance of CO is 
found to be 1. 10-4, value much lower than that obtained from 
previous infrared and millimetric ground-based observations, 
which measured CO/C02 spatially averaged over the entire planet. 
The CO abundance can be higher only if a vertical variation of the 
C O / C 0 2  mixing ratio is present. This result suggests that the 
C O I C  0 2 mixing ratio is spatially, temporally and/or vertically 
variable. Previous models of the photochemistry of CO2 are unable 
to explain such variations; new models, involving heterogeneous 
photochemical reactions, may be a way to explain these 
observations. 

References (1)Bibring et al, Nature, 34 1, 6243, 591 -592, 1989. 
(2) Bibring et al, proceedings of the 20th LPSC, ,1990. (3) Lacis and 
Hansen., J. Atmos. Sci. 31,118, 1974(4) Sobolev, Scattering in 
planetary atmospheres, 1956. (5) Pollack et al., J. Geophys. Res., 

, 84, 2929 , 1979 . (6) Davies, Icarus, 45, 1981. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


