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Introduction:
The water cycle plays a significant role in the
Martian climate, mostly manifested through radiative
effects of water ice clouds. Water vapor can be a
very sensitive marker of transport processes, able to
challenge 3D climate models.
The history of water cycle implementation in
Martian global circulation models (GCMs) starts
from the investigation of Richardson and Wilson
[2002]. Later, the cycle including advection, sublimation and microphysical processes was described
in detail by Montmessin et al. [2004]. Currently,
there are several models of sufficient complexity
developed in the United States, France, Great Britain, Japan, Canada and Germany. They are used to
study a wide range of processes and phenomena in
the atmosphere of Mars as well as for the interpretation of observations. However, the water cycle is
reproduced to the most satisfactory extent by the
Laboratoire de Météorologie Dynamique (LMD)
MGCM [Montmessin et al., 2004; Navarro et al.,
2014] and Oxford University MGCM [Steele et al.,
2014], which share physical parameterizations.
We present a newly developed hydrological
block of the global circulation model developed in
Max Planck Institute for Solar System Research and
Moscow Institute of Physics and Technology (MPIMGCM) also known as MAOAM (Martian Atmosphere: Observation and Modeling). The model has a
spectral core and successfully predicts the circulation
and temperature. It employs physical parameterizations suitable for Martian models, e.g. heating/cooling due to radiative effects of dust, due to IR
radiative transfer in CO2 15 molecules (LTE and
non-LTE), gravity waves, etc. [Hartogh et al., 2005,
2007; Medvedev et al., 2000, 2007, 2011, 2015;
Kutepov et al., 1998]. The hydrological block to be
presented here includes a realistic two-moment microphysics, advection, and sedimentation according
to particle sizes.
The model successfully reproduces seasonal variations of water vapor, in both latitude and longitude.
We employed Mars Express/SPICAM-IR nadir dataset [Trokhimovskiy et al., 2015] collected during
Martian years 27–31 for comparison with the GCM.
More detailed consideration of the water vapor geographical distribution shows discrete peaks in longitude during the aphelion season at Ls=90–150°.

Hydrological block description:
Calculation Grid. The MGCM uses a timeevolving pressure grid in vertical parameterized via
the hybrid
coordinate [Simmons and Burridge,
1981] divided into 50 levels. In horizontal, physics is
calculated on the Gauss-Kruger map projection with
32 and 64 bins in latitude and longitude, respectively. This discretization corresponds to a T21 spectral
truncation.
Advective transport.
The three-dimensional
semi-Lagrangian advection employs an explicit
monotone second-order hybrid scheme developed in
the Polar Geophysical Institute (PGI RAS) and a
splitting method in spatial directions [Mingalev et
al., 2010].
Diffusion. The importance of vertical turbulent
diffusion or eddy mixing for modeling the water
cycle was emphasized by Richardson and Wilson
[2002]. We obtained the best agreement with the
experimental data using a simple Crank-Nicolson
implicit method with the constant coefficient equal
to
for vertical diffusion equation.
Particle bins. The hydrological cycle includes
the transport of water vapor and ice particles, the
sizes of which are subdivided into bins. Each bin has
its own size of dust condensation nuclei. We use 4
bins with radii 0.1, 0.5, 1, 5
. A two-moment
scheme is used for every bin while maintaining separately the ice mass and number of particles [Rodin,
2002].
Sedimentation. The corrections for vertical velocities for every particle bin are calculated according to the equation obtained by Korablev et al.
[1993] with the Cunningham correction. The correction depends on the effective radius of the bin.
Dust Distribution. We are using a predetermined
full dust opacities proposed by Montmessan et al.
[2004]. Having the dust opacity in the column, the
number of dust particles in every bin can be prescribed from log-normal dust distribution obtained
by Fedorova et al. [2014] using
for the effective radius and
for the effective variance.
Saturation. The water vapor saturation in the
atmosphere parcel provides the information about
the water amount that the parcel holds. The water
vapor saturation pressure on Mars as a function of
temperature is expressed through a modification of
the August-Roche-Magnus formula [Curry and Webster, 1998].

Nucleation. Water ice clouds are formed when
water vapor nucleates on dust particles, on so-called
cloud condensation nuclei (CCN). In our earlier
version [Shaposhnikov et al., 2015], the cloud
scheme was rather simple: water vapor is turned
instantaneously into ice (or vice versa) reaching the
saturation pressure, the number of ice particles was
ignored. Now, as was mentioned, it uses a twomoment scheme with 4 bins for different mean nuclei core sizes. For water ice condensing on dust
nuclei, we require a heterogeneous nucleation rate.
For this, we obtain the homogeneous (without aid of
a pre-existing surfaces) homomolecular (nucleation
of high molecular weight) nucleation rate first, and
then relate it to its heterogeneous counterpart [Jacobson, 2005]. The number of active CCN also depends on a parameter
, where
is a
"contact angle" (for the liquid phase, it is the angle
of the interface between the droplet and its nucleus).
We use
that is consistent with the typical
range for Martian dust between 0.97 and 0.93
[Trainer et al., 2008]. There are indications that the
value of this parameter influences significantly affects the distribution of water [Navarro et al., 2014].
Particle Growth. Once the ice has condensed,
the particles are prone to growth based on various
factors. Then the rate of growth is a function of the
current water vapor saturation ratio, the saturation
pressure ratio over a curved surface, the molecular
diffusion resistance and the heat [Montmessin et al.,
2002].
Sublimation. The water cycle is fed from water
sublimating from the surface. The mechanism that
maintains the sublimation is based on the turbulent
flux of water at the bottom of the atmosphere
[Montmessin et al., 2004].
Results:
The multi-year simulations with the previous
version [Shaposhnikov et al., 2015] have been used
as an initial condition. Then, the model was run for a
Martian year, and data from the second year of simulation are analyzed and presented in the figures below.
Figure 1 illustrates the comparison of the simulated annual water cycle on Mars with the SPICAM.
It is seen that the model reproduces both the seasonal
asymmetry of the cycle and the general amount of
water vapor in the atmosphere. The differences do
not exceed 10 p.p.m. and depend on the season.
There is a maximum of clouds near the North Pole
between Ls=90° and 140°, the characteristic tail
directed to the south and the second maximum near
200–230°. Some excess of the vapor amount in the
season 170–180° at 0-45°N can be explained by too
strong turbulent diffusion and the fact that the
SPICAM data were interpolated over 5 Martian
years (MY 27-31) with very different conditions.
The other problem is the insufficient amount of
model vapor at the season Ls 270°. Near the South

Pole, this can be caused by the restriction on the
surface temperature. We assume that, in the nearest
to the South Pole points (south of 85°S), the CO2 ice
is presented permanently on the surface, so that the
surface temperature here cannot exceed the CO2
evaporation temperature. In the middle latitudes, the
water scarcity can be caused by the insufficiently
accurate dust scenario. Despite the mentioned shortcomings, the simulated cycle has been significantly
improved compared to the previous model versions
[Shaposhnikov et al., 2016].
Conclusion:
We described the recent version of the hydrological block of the MPI-MGCM. The new block includes a real two-moment microphysics, transport, 4
different sizes of ice particles, condensation, sublimation and sedimentation according to the average
radius of particles, the surface microphysics. The
simulations have been compared with 10 Earth years
of SPICAM (MY 27-31) observations. The comparison shows a good agreement between the observed
and simulated water vapor distributions. The MGCM
reproduces the distribution and abundances of
precipitable water vapor.
The results of simulations can be seen in more
detail, plotted and/or downloaded from the site
mars.mipt.ru.
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Fig. 1. The comparison of the annual water cycle on Mars according to SPICAM data [Trokhimovskiy et al.,
2015] and the GCM. The first image shows precipitable water vapor from SPICAM averaged over 5 Martian
years 27–31 and longitudes and then interpolated on the regular grid. The next picture displays the same for
GCM data. The last picture illustrates the difference between SPICAM data and our model. Horizontal axis is
one Martian year in Ls. Vertical axis is latitude.

