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On Mars, dust heats the atmosphere, driving various meteorological phenomena such as thermal tides and global dust
storms, but the mechanisms of these phenomena are not understood. Surface pressure is an important physical parameter to
understand these meteorological phenomena, however, our current understanding of the global distribution of surface pres-
sure on Mars is limited to specific locations sampled by landers and a few remote sensing observations from orbiters. Unlike
single-point lander observations, remote sensing observations can retrieve the spatial distribution of surface pressure and its
variability over a wide area. Forget et al. (2007) and Spiga et al. (2007) retrieved surface pressure distribution from the ini-
tial observations of the Mars Express (MEX) onboard near-infrared imaging spectrometer OMEGA, conducted from January
2004 to November 2005, and detected fluctuations that were thought to originate from atmospheric gravity waves. Since then,
retrievals of surface pressure distribution by remote sensing observations have not been reported, and OMEGA has over three
years of analyzable data. Therefore, we aim to retrieve surface pressure from long-term remote sensing observations over
the planet and to investigate the generation of thermal tidal waves, atmospheric gravity waves, and global dust storms from
surface pressure fluctuations. For that, we first developed a fast and accurate surface pressure retrieval tool from orbiter. We
then used the retrieval tool to analyze orbiter data from multiple Martian years to investigate the seasonal variation of surface
pressure. In this presentation, we summarize the evaluation of the retrieval tool and report on the seasonal variation of surface
pressure distribution during Mars years 27-29.

We used data observed by OMEGA/MEXx from January 2004 to March 2010; short wave infrared (SWIR) channel has a
wavelength range of 0.93-2.65 |1 m and a wavelength resolution of 13 nm, covering three Mars years 27-29 (March 2004 to
October 2009).

There are more than tens of thousands of observation points in one orbit, and retrieval of surface pressure requires both
high speed and high accuracy. This study uses a fast retrieval method by using a look up table (LUT) (Forget et al., 2007).
Two methods were attempted for retrieval: a new method that compares the equivalent width of the CO2 absorption band
between the observed and LUT spectra (equivalent width method), and a fitting method that uses all 25 observed spectra
within 1.8-2.2 | m, including the CO2 absorption band (fitting method).

Absolute and relative values of the retrieved surface pressure were evaluated from these two methods. Absolute values
were evaluated by comparing them with the surface pressure retrieval results of a previous study (Forget et al., 2007) at three
specific sites (Hellas Basin, Cruse Plain, and Terra Meridiani). Absolute differences ranged from -1.2% to +2.7% for the
equivalent width method and from -2.3% to -0.1% for the fitting method, both within the error range ("5%) and in agreement
with observations from previous studies. Relative values were evaluated by comparing surface pressures in the same area
obtained at close intervals (3 days). The relative accuracy (3 o) between locations was “+ 20 Pa (£ 2.5%) for the equivalent
width method and "+ 15 Pa (£ 2.0%) for the fitting method, both of which were sufficient for the analysis of meteorological
phenomena (e.g., fluctuation of thermal tidal wave is expected to be "5% at surface pressure), which was the objective of this
study.

Therefore, we applied the faster equivalent width method (more than 400 times faster than the fitting method) to about
4300 OMEGA orbits data during Mars years 27-29 and retrieved the seasonal variation of the surface pressure. It was con-
firmed that in each year, surface pressure increased in the northern hemisphere spring and fall and decreased in the northern
hemisphere summer and winter. This is caused by seasonal condensation and sublimation of CO2 into the polar cap and is
consistent with observations from multiple landers (Zurek et al., 1992).

Using these data, we are attempting to detect thermal tidal waves by referring to the Mars climate database version 6.1
(Forget et al., 1999; Millour et al., 2018) and separating seasonal and local time variability.

MMX (Martian Moons eXploration), scheduled for launch in FY2024, will be equipped with a near-infrared spectroscopic
imager MIRS (Barucci et al., 2021) , which has the same wavelength range and resolution as OMEGA and can observe a
wide area at once ("20x40 deg, more than 80 times the field of view of OMEGA) with time resolution of less than 1 hour. By



applying our retrieval tools to MIRS, we expect to be the first in the world to visualize global surface pressure distribution
and variation (Ogohara et al., 2022) .
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