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Abstract

The D/H ratio measured in the Martian atmosphere gives an estimation of the planet’s water escape
rate. We present here a global circulation model including the water isotope HDO and the main
physical processes of fractionation. Modeling the D/H cycle accompanies the recent measurements
from the ACS spectrometer onboard the orbiter TGO. The comparison between the model outputs
and the TGO/ACS observations reveal some discrepancies, in particular during the second half of the
martian year, when the escape is supposed to be the most efficient. The present work aims at
studying these main differences.

Introduction

The high value of the Martian D/H ratio, derived from the HDO/H2O abundance ratio, in comparison
to that of the Earth’s oceans[1],[2],[3],[4], is an indicator of the large escape of water from Mars
over time. Apart from the mass difference between both isotopes, the differential escape of H and D
comes from the preferential photolysis of H2O over HDO[5] and the preferential condensation of
HDO over H2O [6],[7],[8]. The NOMAD and ACS instruments onboard ExoMars Trace Gas Orbiter
(TGO) have recently provided unprecedented observations of vertical variations in HDO abundance
and D/H ratio in the martian atmosphere [9],[10],[11],[12], motivating model development
[13],[14]. In particular, TGO data cover the second half (“dusty season”) of martian year (MY) 34,
which includes a Global Dust Storm (GDS) (Ls 180°-230°) and a regional dust storm (Ls
315°-330°). These dust events have been proven to be of particular importance in the hydrogen
escape inventory [12],[15],[16],[17],[18].

HDO modeling

The D/H ratio measured in the Martian atmosphere gives an estimation of the planet’s water escape
rate. We present here a global circulation model including the water isotope HDO and the main
physical processes of fractionation. Modeling the D/H cycle accompanies the recent measurements



from the ACS spectrometer onboard the orbiter TGO. The comparison between the model outputs
and the TGO/ACS observations reveal some discrepancies, in particular during the second half of the
martian year, when the escape is supposed to be the most efficient. The present work aims at
studying these main differences. Based on Montmessin et al. 2005[19], Rossi et al. 2021[13] have
introduced the HDO cycle in the Mars Planetary Climate Model (Mars PCM), formely known as the
LMD Mars Global Climate Model[20]. Vals et al. 2022[21] have recently adapted these
implementations to the complete representation of the water ice clouds, including the radiative
effect of clouds[22] and microphysics, the latter allowing the modeling of supersaturation[23]. The
effect of kinetics in the fractionation by condensation has also been included, as has the
photodissociation of HDO and the photochemical reactions of the deuterated species [24],[25],[26].
Rossi et al. 2022[27] have used the improved model to compare with TGO/ACS/MIR retrievals of
D/H profiles[28] and revealed some discrepancies, which account for the challenge of reproducing
the D/H cycle, depending on key components of the Martian atmosphere such as the water and dust
cycles.

Preliminary results

By comparing the simulations and the observations, we particularly notice an overestimation by the
model of water vapor above ∼60 km occuring near the GDS in MY34, and an underestimation near
perihelion in the southern hemisphere (see Figure 1). The difference in water vapor vertical
distribution has a direct impact on the D/H profiles (see Figures 2 and 3). In this work, we want to
analyse these differences to eventually propose some model improvements. Further comparisons
and results for MY34 and 35 will be shown at the conference.

Figure 1: Water vapor volume mixing ratio in ppmv as measured by TGO/ACS/NIR[16] (black) and
as computed by the model (red) at different altitude ranges.



Figure 2: Water vapor volume mixing ratio, temperature and saturation as measured by
TGO/ACS/NIR[16], and D/H profiles as measured by TGO/ACS/MIR[28] (black) and as computed by
the model (red) during MY34 between solar longitudes 235°, 245° and latitudes -25°N, 25°N.

Figure 3: Same layout as Figure 2 between solar longitudes 270°, 300° and latitudes -60°N, 45° N.
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