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On the effect of the orbital parameters of Mars to the H
escape and the fate of water in the last millions of years

Gabriella Gilli et al.
Introduction

The climate of Mars during its first billion years is one of the most intriguing questions in our understanding of the Solar System. Mars
was not always as dry as it is today, as several geologic and mineralogical observations indicate the evidence for past liquid water: valley
networks and lakes are still visible on the surface (Bibring et al. 2004). Loss to space appears to explain why the Mars atmosphere
evolved from an early, warmer climate to the cold, dry climate that we see today. Substantial amounts of water could have escaped into
the interplanetary medium in the form of atomic hydrogen H (Jakoski et al. 2018) Furthermore, recent observations indicate that the
amount of exosphere hydrogen at Mars has important seasonal variations, with significant increases of both the water abundance in the
mesosphere and the H escape rate during dust storms (Chaffin et al. 2004, Clarke e al. 2004).

By analysing observations by SPICAM on board Mars Express and simulations with the LMD Mars General Circulation Model (LMD-MGCM),
(Chaufray et al. 2021) suggested that episodic dust storm and associated enhancement at high altitude near the perihelion, averaged
over one Martian year or longer period, are a major factor in the H escape estimates. Nevertheless, the accumulated water lost for 4
billion years at the estimated rate is much lower than the amount of water needed to form the flow channels observed on Mars. Both the
dust content and the water content of the atmosphere are expected to vary with the obliquity of the planet, thus, the loss rate is
definitely not expected to have been constant with time and may vary significantly during Martian history.

Theoretical studies show that in the past 250 Myrs Mars's axis inclination covered a large range of variations, between 0 and 66°, with a
mean obliquity of about 359 (Laskar et al. 2004). This variation may have induced significant modifications in fundamental aspects of the
Martian climate, mainly due to the differences in the distribution of the insolation, such as the CO; cycle (and thus the surface pressure),
the dust and water cycle, or the global circulation (Forget et al. 2017)

Preliminary results: H escape during higher obliquity periods

In this work we use an improved version of the ground-to-exosphere Mars General Circulation Model (MGCM) developed at the
Laboratoire de Meteorologie Dynamique (LMD) (see Gonzalez-Galindo et al. EPSC 2022, this session) to provide an estimation of the
variation of water escape in past epochs characterized by different orbital parameters. Our simulations with the LMD-MGCM show that,
when the martian obliquity was higher (e.g. 35°) than current values, the escape rate could have increased up to one order of magnitude
(1028 atoms/s), especially during dust storm seasons (see Figure 1). This indicates that a significant H loss could have taken in the past,
producing the evaporation of the large reservoir of liquid water potentially present on the surface of Mars in the past million of years.
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Figure 1: Estimated H loss rate (atoms/s) from observations made from different spacecraft, together with simulated H loss rate
(min/max values over 1 Martian Year) for comparison. (Adapted from Jakoski et al. 2018).
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