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Abstract

The composition of atmospheric trace gases and
aerosols is a highly variable and poorly constrained
component of the martian atmosphere, and by affect-
ing martian climate and UV surface dose, represents
a key parameter in the assessment of suitability for
martian habitability. The ExoMars Trace Gas Orbiter
(TGO) carries the Open University (OU) designed Ul-
traviolet and VIsible Spectrometer (UVIS) instrument
as part of the Belgian-led Nadir and Occultation for
MArs Discovery (NOMAD) spectrometer suite. NO-
MAD will begin transmitting science observations of
martian surface and atmosphere back-scattered Ul-
traViolet (UV) and visible radiation in Spring 2018,
which will be processed to derive spatially and tempo-
rally averaged atmospheric trace gas and aerosol con-
centrations, intended to provide a better understanding
of martian atmospheric photo-chemistry and dynam-
ics, and will also improve models of martian atmo-
spheric chemistry, climate and habitability. Work pre-
sented here illustrates initial development and testing
of the OU’s new retrieval algorithm for determining O3
and aerosol concentrations from the UVIS instrument.

1. Introduction
UVIS is part of the NOMAD instrument suite [1, 2] on
board the joint ESA–Roscosmos ExoMars mission or-
biting Mars, and is an UV / visible imaging spectrom-
eter operating in nadir and solar occultation modes be-
tween 200–650 nm, with <2 nm spectral resolution.
The main objectives of UVIS are to improve the O3 cli-
matology and deliver information on the aerosol con-
tent and variability of the martian atmosphere. O3 is
a highly reactive gas in the martian atmosphere, and
through assimilation of O3 measurements made by
UVIS into martian chemical transport models, under-
standing of martian atmospheric chemistry is set to be
greatly improved.

2. Retrieval model
The back-scattered signal sensed by UVIS is com-
posed of solar light scattered by surface and atmo-
spheric constituents of Mars, with absorbing signa-
tures of trace gases imprinted on this signal. The si-
multaneous contribution of these factors in varying
quantities make the separation of each scattering and
absorbing component (e.g. aerosols and trace gases)
a complex procedure. To estimate atmospheric quan-
tities of components contributing to sensed radiation
in this manner, the NEMESIS radiative transfer model
[3] is employed in an iterative least squares fitting
procedure to simulate martian atmospheric radiances
and provide a best-fit against UVIS observed values.
Modelled radiances take into account the instrument’s
viewing geometry, together with apriori profiles of at-
mospheric parameters.

Using this method, the new OU optimal estimation
O3 retrieval is being developed for application to data
from the UVIS instrument. In addition to nadir sound-
ings of the martian atmosphere, the retrieval will be
applied to solar occultations with the instrument look-
ing at the Sun through the atmosphere perpendicular
to the martian surface, presenting an opportunity for
novel insights into atmospheric chemistry, and there-
fore of particular interest to the modelling community.

3. Development results
NEMESIS was originally developed for simulation
of radiances in the near infra-red, and requires fur-
ther work, presented here, to allow operation in the
UV. Initial development and validation of the retrieval
will be illustrated, using several experimental atmo-
spheric scenarios for upper bounds of the retrieval’s
intended operating range, incorporating a variety of
atmospheric chemical and aerosol loads. For proof of
concept whilst awaiting operational UVIS L1B data,
we also apply the retrieval to SPICAM data from the
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Mars Express instrument to derive O3 concentrations
spatially and temporally. These data will then be ap-
plied to an inter-comparison against existing martian
O3 and aerosol retrievals, as well as model fields from
OU colleagues.

4. Future work
The OU retrieval will be extended to simulate UV mul-
tiple scattering in the martian atmosphere, offering the
ability to retrieve limb occultation soundings and bet-
ter characterise the aerosol load to significantly im-
prove estimates of martian O3 and other trace gases.
In further work the retrieval model will be coupled
to data from the Mars Climate Database, providing an
improved apriori for the retrieval.
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