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Introduction: 

Mars experiences diurnal pressure changes with 

variations of tens of pascals due to atmospheric 

thermal tides [1]. It also has seasonal pressure cycles, 

where the atmosphere expands and compresses by 

20–30% as CO2 sublimates and condensates [2]. 

These drastic pressure cycles are one of the unique 

characteristics of the Martian atmosphere, and they 

could drive the transport of tracers between the 

subsurface and the atmosphere. 

The barometric pumping is a gaseous advective 

transport mechanism driven by barometric pressure 

changes [3]. When the air pressure rises, it pushes air 

into the ground; when the pressure drops, it pulls air 

back out of the ground. Etiope & Oehler (2019) first 

suggested that this could be an effective way to 

transport gases, such as methane and water vapor, in 

the ground [4]. Since then, this phenomenon has been 

discussed in the context of the main driver of the 

methane supply from the deeper ground [5–9]. 

However, the effect of the barometric pumping on the 

water vapor transport in the shallow subsurface is not 

well-explored. The water transport induced by the 

barometric pumping could influence the ice table 

depth at middle latitudes and potentially affect the 

exchange of water between the subsurface and the 

atmosphere at lower latitudes with intense thermal 

tides. This study investigates the effect of the water 

transport driven by the barometric pumping itself, and 

the combined effect with the water diffusion, 

adsorption, and condensation. 

Methods: 

We compute the 1-D vertical advective transport 

of water vapor in the subsurface. The water flux is 

determined by Darcy’s law, which is applicable to low 

velocity flow, which is generally the case in porous 

media flow [10]. The water transport equation is given 

by 
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where 𝑡 is time, 𝑧 is the vertical coordinate, 𝜌 is the 

air density, 𝑞 is the water vapor mass mixing ratio, 𝑢 

is the pore velocity, 𝑘 is permeability, 𝜑 is porosity, 

𝜇 is the viscosity of water vapor, and 𝑃 is pressure. 

The pressure gradient in the equation is derived by 

combining the continuity equation, the ideal gas law, 

and Darcy’s law. The surface pressure, as well as 

surface and ground temperatures required for 

modeling water advective transport, are provided by 

the DRAMATIC MGCM [11,12]. The water 

advective transport is coupled with the water 

adsorption model [13] to examine the combined effect 

of the water advective transport, adsorption, and 

condensation. 

Results and Implications: 

Our preliminary results, considering only the 

water advective transport in the subsurface, show that 

the water flux at the surface ranges −2 × 10−14  to 

2.6 × 10−14  kg m-2 s-1 with the permeability of 

10- 12 m2. The water flux reaches the maximum 

amplitude in southern summer, induced by the intense 

pressure cycle in that season. The water flux driven 

by the barometric pumping is smaller than the water 

diffusion flux determined by Fick’s law [14–16], but 

the water advective transport may play a more 

significant role in deeper layers, such as several 

meters below the surface, than water diffusion. 

 

 
Figure 1. Time series of the advective transport flux 

at the surface at 0°E and 60°N. The subsurface is 

initialized with the water vapor amount of 10-9 kg m- 3. 

 

Considering the combined effect of the water 

advective transport, adsorption, and condensation, 

previously unidentified mechanisms of the vertical 

water transport in the Martian subsurface could be 

revealed. 

References 



 

 

[1] Lewis and Barker (2005). Advances in Space 

Research 36 2162–2168. [2] Leighton and Murray 

(1966). Science, 153[3732]:136–144. [3] Nilson et al. 

(1991). JGR, Vol. 96, No. B13, Pages 21, 933–21, 948. 

[4] Etiope and Oehler (2019). Planetary and Space 

Science 168 52–61. [5] Viúdez‐Moreiras et al. (2020). 

Geophysical Research Letters, 47, e2019GL085694. 

[6] Ortiz et al. (2022). Geophysical Research Letters, 

49, e2022GL098946. [7] Ortiz et al. (2024). Journal 

of Geophysical Research: Planets, 129, 

e2023JE008043. [8] Klusman et al. (2022). Icarus 

383 115079. [9] Klusman et al. (2024). Icarus 408 

115810. [10] Webb (2006). Gas Transport in Porous 

Media, 5–26. [11] Kuroda et al. (2005). Journal of the 

Meteorological Society of Japan. Ser. II, 83(1), 1–19. 

[12] Kuroda et al. (2013). Geophysical Research 

Letters, 40(8), 1484–1488. [13] Kobayashi et al. 

(2025). Journal of Geophysical Research: Planets, 

130, e2024JE008697. [14] Zent et al. (1993). Journal 

of Geophysical Research, 98(E2), 3319–3337. 

[15] Jakosky et al. (1997). Icarus, 130(1), 87–95. 

[16] Böttger et al. (2005). Icarus, 177(1), 174–189. 


