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Understanding the dynamics of the Martian atmosphere requires continuous observations of surface pressure. Previous
observations obtained by landers such as Viking, InSight, and Perseverance have significantly contributed to characterizing
seasonal and diurnal variations at specific locations (e.g., Sdnchez-Lavega et al., 2022; Banfield et al., 2020; Zurek et al.,
1992). However, these datasets are inherently limited to point observations, making them insufficient for capturing the spatial
extent and propagation of planetary-scale phenomena such as dust storms and thermal tides. To address this limitation,
global and spatially distributed pressure data are essential.

In this study, we attempt to retrieve Martian surface pressure variations using orbiter data. Specifically, we employed
data from the OMEGA near-infrared imaging spectrometer onboard the Mars Express. Previous studies retrieving surface
pressure from remote sensing data were limited to the early Martian Year (MY) 27 (Forget et al., 2007; Spiga et al., 2007).
The objective of this work is to develop a new retrieval tool capable of retrieving surface pressure rapidly and accurately,
apply it to OMEGA observations since MY27, and thereby advance our understanding of the mechanisms of planetary-scale
atmospheric phenomena such as thermal tides and gravity waves.

Our method combines a lookup table approach with equivalent width analysis of 2 © m CO2 absorption bands to balance
computational efficiency with accuracy. In addition, instead of relying solely on models, we estimated dust opacity directly
from the 2.77 u m CO2 absorption within the OMEGA observations (Kazama et al., under review), which was then
incorporated into the retrieval process. Based on comparisons of repeated observations of the same region under similar
conditions within three days, the relative error of our method is estimated to be = 2.5%. This level of accuracy is sufficient
for analyzing meteorological phenomena such as thermal tides, whose typical amplitude is on the order of 5% (Banfield et
al., 2020).

We applied this method to "4000 orbits of OMEGA data with high-quality spectra (ORB0006 — 5320; late MY26 to
mid-MY29) and derived the global seasonal variability of surface pressure. The retrieved pressures consistently showed
global increases during northern spring and autumn and decreases during summer and winter. This behavior reflects seasonal
condensation and sublimation of atmospheric CO2 at the polar caps and is consistent with observations from multiple landers
(e.g., Tillman et al., 1993).

Ongoing efforts focus on two directions: (1) the observational verification of the spatial structures of thermal tides,
and (2) development of an automated detection algorithm for signatures of atmospheric gravity waves. The former will
enable the first observational confirmation of spatial dependencies of thermal tides that have been predicted by GCM but
remain insufficiently validated (Guzewich et al., 2015). The latter builds upon the fact that previously reported gravity wave
signatures (Spiga et al., 2007) are reproducible in our pressure retrievals, suggesting that quantitative detection and statistical
characterization are feasible.

In this presentation, we will discuss the details of the developed methodology and its limitations, present results on global
seasonal variability, and report current progress and perspectives on the analysis of thermal tides and atmospheric gravity
waves.
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