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Abstract

Measuring vertical variations in the deuterium to hydrogen ratio with altitude is essential in
understanding the processes that lead to the escape of water vapour from the Martian atmosphere.
We retrieve vertical profiles of HDO and H,O from the ACS instrument, monitoring seasonal changes
particularly above the water condensation level. We discuss these results in relation to previously
observed seasonal variations in D/H together with the expected variations from theoretical models.

Introduction

The ratio of deuterium to hydrogen (D/H) is a sensitive tracer of the rate of escape of water from
the Martian atmosphere over its history. Hydrogen preferentially escapes from the atmosphere over
its heavier isotope (e.g. [1]), and so the greater the amount of historical escape of water vapour,
the larger the average D/H ratio. On Mars, this value is measured to be around 4-6 times that of
terrestrial distilled ocean water [2,3], showing that the early atmosphere of Mars contained
significantly more water than it does today. In addition, a number of processes in the lower and
middle atmosphere can cause relative changes in the concentrations of semi-heavy water (HDO)
with respect to water vapour, notably due to differences in rates of cloud deposition (e.g. [4,5]) and
photolysis (e.g. [6,7]). We therefore wish to look at spatial and temporal changes in the vertical
profile of D/H, particularly above the level of water condensation, in order to better characterise the
processes that influence the escape of water vapour from the lower atmosphere into space.

Method

The mid-infrared channel of the Atmospheric Chemistry Suite Instrument (ACS MIR, [8]) on board
the ExoMars Trace Gas Orbiter obtains transmission spectra of the Martian atmosphere in solar
occultation geometry, which is sensitive to trace gases at very low abundance and at high vertical
resolution. We make use of observations in grating position 11, which is sensitive to a wavenumber
regime in which a large number of resolvable HDO lines are present that in the best cases provide
sensitivity to HDO abundance up to around 70 km. These are then inverted using the RISOTTO



radiative transfer and retrieval pipeline [9,10] to give vertical profiles of HDO volume mixing ratio.
Concurrent vertical profiles of H,O are obtained using the near-infrared (NIR) channel of the same
instrument [11], and then the D/H ratio computed assuming that H,O and HDO are the main
carriers of the two isotopes of hydrogen. Accurate quality control of the data is performed using
probability-sparse Non-negative Matrix Factorisation (psNMF [12,13]).

Results and Perspective

We report seasonal changes in the fractionation of D/H in the middle atmosphere throughout the
temporal range of the data starting from the autumn equinox in MY34 to the end of MY 35. These
will be discussed in relation to the findings of seasonal changes in the vertical profiles of D/H
reported by the NOMAD instrument [14], and the results interpreted in relation to predictions from
Global Climate Models (GCMs) of HDO ([5,15,16]).
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Fig. 1: Retrieved vertical profiles of (left) water vapour from (right) D/H from the near- and mid-
infrared channels respectively of the ACS instrument.
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