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The thermal escape of hydrogen from Mars is recognized as one of the major drivers of the longterm climatic evolution of the planet. Recent works have shown that, contrary to what was
previously believed, water is not trapped in the lower atmosphere of Mars. Instead, it can be
transported to the middle/upper atmosphere, producing layers of supersaturated water (Fedorova et
al., 2018, 2021). Upper atmospheric water can then be converted to hydrogen by photolysis or
chemical reactions with ions, boosting the rate of hydrogen escape (Chaffin et al., 2017; Stone et
al., 2020). Strong seasonal variations in the escape rate, and significant increases of both the water
abundance in the mesosphere and the hydrogen escape rate during dust storms, evidence the
strong coupling between the hydrogen escape and the water cycle (Chaffin et al., 2014; Fedorova et
al., 2018, 2020). A global model able to simulate all the processes related to water, from the ice
sublimation to the transport to the upper atmosphere and its atmospheric escape, is needed in order
to help interpreting the observations. This model can also be used to explore also the water cycle
and hydrogen escape on past Mars conditions characterized by different orbital parameters, allowing
for a better estimation of the accumulated escape rate.
Previous simulations with the LMD-Mars Global Climate Model (LMD-MGCM), and their comparison
with observational results by SPICAM/Mars Express showed that the simulated escape rate was
underestimated, in particular during the second half of the Martian year (Chaufray et al., 2021).
However, those simulations did not take into account the microphysical processes producing water
supersaturation, and thus underestimated the role of water transport in the escape rate. In addition,
the model did not include the photochemistry of water-derived ions, which can play an important
role in converting water into hydrogen (Stone et al., 2020).
New simulations with an improved version of the LMD-MGCM have been produced that overcome
those previous limitations. The water cloud microphysics has now been fully considered in the
simulations, using the model by Navarro et al. (2014). The photochemical model has been updated
to include water-derived ions (H2O+, H3O+, OH+). Also, the deuterium fractionation model has
been improved (Rossi et al., 2021), and deuterated species have been included in the photochemical
model. While this last modification is not expected to modify the hydrogen escape rate, the inclusion
of deuterated species can provide important diagnostics on the hydrogen escape and its
accumulation over Mars history.

In this presentation we will show the results of the improved version of the LMD-MGCM, comparing
with available observations. The focus will be on the predicted hydrogen escape rate, and how it is
affected by the inclusion of different physical processes. We find that including the possibility of
water supersaturation increases the Hydrogen escape rate in more than one order of magnitude at
most seasons, taking the simulated rate to better agreement with SPICAM observations during the
second half of the year. This confirms previous observational results indicating the importance of
water supersaturation (Fedorova et al. 2020). We also find that the inclusion of water-derived ions
in the photochemistry also increases the escape rate, in particular during the first part of the year.
We will also compare the predicted water abundance in the mesosphere with Mars Express and
ExoMars TGO observations, and the abundances of water-derived ions with NGIMS/MAVEN
measurements.
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