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The Martian regolith exchanges water vapor with the atmosphere via adsorption (Fanale & Cannon, 1971; Zent et al.,
1993). Diurnal variations in adsorption and desorption correspond to changes in ground temperature, and water vapor is
thought to be trapped on regolith grains at night and released into the atmosphere during the day (Savijirvi et al., 2020,
2021). According to one-dimensional models that account for water vapor exchange between the regolith and the atmosphere
(the regolith-atmosphere interaction), the diurnal variations in relative humidity near the surface observed by the Curiosity
rover and Phoenix lander are well reproduced when this interaction is considered (Savijarvi et al., 2016, 2019, 2020).
However, the impact of this interaction on the seasonal water cycle has not been well explored. Previous global climate
modeling studies have shown that the regolith-atmosphere interaction is significantly influenced by the initial subsurface
water amount, which in turn affects the atmospheric water vapor amount (Houben et al., 1997; Richardson & Wilson, 2002;
Tokano, 2003; Bottger et al., 2005). In other words, relatively dry regolith at the start of the calculation ultimately dries
out the atmosphere, while wet regolith makes the atmosphere too wet, making it impossible to quantitatively discuss the
role of the regolith-atmosphere interaction on the seasonal water cycle on Mars. In this context, we investigate the effects
of the regolith-atmosphere interaction on the Martian water cycle with a quasi-steady state of adsorbed water mass as an
initial condition, which is obtained by long-term calculations. This makes the calculated water cycle comparable to the
observations and the effects of the regolith-atmosphere interaction can be quantitatively evaluated. In this study, we use a
Mars Global Climate Model (MGCM) coupled with a regolith model. Our MGCM traces the Martian seasonal water cycle,
including seasonal caps, frost formation, turbulent fluxes in the atmospheric boundary layer, and simple cloud microphysics
that have been considered in previous MGCMs (Kuroda et al., 2005, 2013; Montmessin et al., 2004). We have developed a
regolith model that includes the water vapor exchange between the regolith and the atmosphere, water diffusion, adsorption,
and condensation in the regolith. Our regolith model has been developed based on several previous models (Béttger et al.,
2005; Steele et al., 2017; Kamada et al., 2024) and uses an adsorption coefficient as a free parameter. In this study, in order
to obtain the quasi-steady state of the adsorbed water mass in the regolith, we perform “spin-up” calculations for several
decades with the regolith-atmosphere interaction turned off in advance. In this case, the total atmospheric water vapor
amount is conserved, while the total subsurface water amount can be changed. The regolith-atmosphere interaction is then
turned on (active regolith simulation) to compute the Martian water cycle. Conventional water cycle, except for the regolith
model, is also calculated (inactive regolith simulation). Our results show that the active regolith simulation results in 5 pr-p
m wetter mid- and low-latitude atmosphere during the northern fall and winter (Ls=210° - 320° ) compared to the inactive
regolith simulation when the atmospheric water vapor masses over the polar cap in the northern summer are similar (100 pr-
i m) in both cases. The seasonal variations in water vapor flux exchanged between the regolith and the atmosphere show a
water supply from the regolith at mid-latitudes in the northern hemisphere in Ls=180° - 240° . This suggests that the mid-
and low-latitude regolith releases water vapor into the atmosphere during the fall and winter in the northern hemisphere.
Thus, while the regolith-atmosphere interaction does not have drastic effects as previously suggested (Tokano, 2003; Bottger
et al., 2005), it moistens mid- and low-latitudes, indicating that the regolith is a seasonal water source.
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