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Validation of a new atmospheric retrieval technique for the vertical profiles of

Martian atmosphere by limb observations
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In the Martian atmosphere, the vertical distribution of trace gases and aerosols can be observed by orbiters using various ge-
ometries, amongst them solar occultation and limb observations. Their spatial-time variability is one of the basic information
for Martian atmospheric studies. For example, recent studies have suggested that water vapor is transported from the lower
atmosphere to the upper atmosphere, and then can be lost to space through UV photodissociation. Its vertical structure and
spatial-temporal variations may be critical for understanding the dynamics and evolution of Martian atmosphere. Aerosols
are also important because they can affect the trace gas distribution and their vertical transportation through radiative transfer
processes, accumulation, dissipation, and catalytic functions.

The vertical structure has been mainly investigated by solar occultation using the NOMAD instrument on board EMTGO
(e.g., Vandaele et al., 2019; Aoki et al., 2019). NOMAD has an excellent S/N and a fine altitude resolution. However, it is not
suitable for the investigation of Local Time (LT) variation and horizontal distribution, because the observational geometry is
limited on the line-of-slight of the Sun at dusk and dawn. Limb observations, which observe solar scattered light by aerosols,
can provide a wide coverage of LT and horizontal distribution. For the retrievals of vertical structures from limb data, com-
prehensive, accurate, and fast calculations of scattering and absorption features are needed. Because these algorithms imply
huge computation cost, few studies by limb observations are found in the literature (e.g., Smith et al., 2013; Clancy et al.,
2019).

We use the JACOSPAR package, a fast multiple-scattering retrieval tool originally developed for Earth observations
(lwabuchi et al., 2006), to retrieve Martian limb observations observed by OMEGA on board Mars Express. JACOSPAR is a
fast calculation algorithm that (1) computes the multiple scattering components using the backward-propagating Monte Carlo
method and (2) uses the dependent sampling approach to simultaneously simulate a radiance spectrum along wavenumbers.
JACOSPAR considers a spherical-shell atmosphere to compute the atmospheric refraction, while the code can simultaneously
derive the vertical profile of dust and atmospheric components without any specific assumption.

In this work, we compare the results with the conventional retrieval code DISORT, which accounts for multiple scattering
and reflection from the lower boundary.

The JACOSPAR calculated radiances are in good agreement with the DISORT results within typically a 3% range. We are
now evaluating the gas absorptions. As an application, thanks to a non-sun-synchronous orbit of MEXx, we will obtain the LT
variations of the aerosols and the trace gases in order to investigate the vertical transport mechanisms. In this presentation,
we will report on this analysis as well.

This study aims to contribute to the Martian atmospheric limb observations planned by JAXA Martian Moons eXploration
(MMX) mission in the mid 2020s. MMX will acquire a unigue set of atmospheric spectroscopic data at Mars mid-low latitude
regions from nadir and limb geometries with wide field coverages from an equatorial orbit near the Phobos orbit. Our high
accuracy and fast retrieval tool will contribute to the MMX atmospheric observation, for the retrieval of the horizontal and
vertical profiles of dust and water vapor over a wide range at hourly time scale.
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