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Remote sensing of surface pressure on Mars by CO2 2 m absorption band ob-
served by Mars Express/fOMEGA
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In the global enhancement of Martian explorations, Japan is developing the Martian Moons eXploration (MMX) mission
toward the launch in 2024. MMX will execute the sample return from Phobos, and also do the continuous and global observa-
tion of the Martian atmosphere in the low-mid latitudes from the equatorial field of views. Mars has a dilute surface pressure
of about 6 hPa, and its solar radiation varies more than 30% per year by a large orbital eccentricity. The large variations of the
Martian atmosphere are caused by the condensation and sublimation of CO2 and H20O and the absorption of sunlight by dust.
One of the goals of MMX for the Martian atmosphere is understanding the global and mesoscale dynamics and the transfer
processes of dust and water vapor. The surface pressure is one of the important key parameters.

In Earth, the distribution of surface pressure can be obtained by many observation points on the ground. In Mars, it is
difficult because there are only a few numbers of landers at specific locations.

The estimation of the mesoscale surface pressure distribution was tried by Forget et al. (2007) and Spiga et al. (2007) from
orbiter data. They derived the surface pressure using near-infrared CO2 absorption at 2 um in the initial observation data
(2004-2005) of OMEGA onboard Mars Express. Since they showed the results only from the ideal data set (e.g. dust-free,
etc.), 0.007% of the total data (29 of "4000 nadir observations) were utilized. In those data sets, the pressure distribution
over 95 x 150 km (2.5 deg in longitude, 4 deg in latitude) could be obtained and succeeded to show the pressure gradients
deviating from the geostrophic balance in some regions.

We have tried to apply this method to the planned MMX observations. In this method, surface pressure is estimated using
the column density of CO2 derived from the spectral absorption in 2 m. The CO2 mixing ratio in the Martian atmosphere
(well known as 0.9532 in early summer obtained by the Viking Lander mass spectrometer) can be regarded as uniform in the
lower atmosphere in altitude and can be assumed that the surface pressure is in proportion to the CO2 gas column density
when the atmosphere is hydrostatic. As in the previous study, now we are developing the code to derive the surface pressure
from the OMEGA SWIR (near-infrared) channel 1.8-2.2 m (25 points, wavelength resolution “20 nm). For the conversion
from absorption spectra to surface pressure, we need to make about 450,000 spectra by our forward model with a group of
physical parameters affecting the absorption spectra (e.g., atmospheric pressure, temperature, surface albedo, dust opacity,
solar zenith angle, solar viewing angle, and phase azimuth angle). Using this table, the surface pressure is estimated by
selecting the model spectrum closest to the observed one. In July 2021, we are in the process to establish the forward model
and to make this spectral table.

In this presentation, we will show the status to apply the method to the entire period (2004-2010) of available OMEGA
near-infrared observation data and report the trial of its application to the Martian mesoscale phenomena. We will also dis-
cuss the issues to be solved for the application to the MMX data which can cover more wide area and have the potential to
investigate the global atmospheric phenomena.
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