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High resolution simulations of the Venus and the Mars atmospheres have been performed by using General Circulation Models
(GCMs) based on AFES (Atmospheric GCM for the Earth Simulator). In simulations of the Venus atmosphere, we have adopted
higher resolutions (T319L120, T159L240) than prior experiments in order to make comparison with observations of Venus
Climate Orbiter/AKATSUKI, and succeeded in producing a feature which resembles to planetary-scale streak structures found in
AKATSUKI IR2 images. Investigations have also been made on the thermal tides and the polar vortex. The results indicate that the
vertical distribution of static stability, dynamical effects of the thermal tide, and the model resolution are crucial for reproducing the
realistic features of the Venus atmosphere. In addition, we have succeeded in developing a data assimilation system based on the
local ensemble transform Kalman filter (LETKF) toward making full use of the AKATSUKI observations. In simulations of the Mars
atmosphere, detailed analyses of distributions of velocity and temperature around small scale vortices observed in the model results
are performed. It is implied that the small scale vortices are generated by thermal convection due to vertical transport of momentum

associated with zonal wind with vertical shear.

Keywords: planetary atmospheres, superrotation, dust storm, Earth, Venus, Mars

1. Introduction distribution of the zonal flow agrees very well with the

The structure of the general circulation differs significantly in observations [4] and the planetary scale waves consistent with
each of the atmospheres of terrestrial planets. The superrotation the observations appear at each latitude in the cloud layer [5]. The
of the Venus atmosphere and the global dust storm of the cold collar of the polar vortex is well reproduced for the first
Mas atmosphere, for instance, are still mysterious phenomena time [6]. The highest resolution of the model is extended from
to be clarified. Understanding physical mechanisms causing T159L120 to T639L120 and T319L240, which are equivalent to
such a variety of features in the general circulations of those a horizontal grid size of about 20 km with 120 vertical layers (dz
atmospheres is one of the most interesting and important open ~ 1 km) and about 40 km with 240 vertical layers (dz ~ 500 m),
questions of the atmospheric science and fluid dynamics. The respectively. The main results are as follows.

aim of this study is to understand dynamical processes that (1) Streak structures: The high resolution simulations

characterize the structure of each planetary atmosphere by reproduced planetary-scale streak structures consistent with
performing simulations of those planetary atmospheres by AKATSUKI IR2 night-side observations at the lower cloud
developing GCMs (AFES-Venus and AFES-Mars) with a levels. It is suggested that the baroclinic instability and a
common dynamical core of AFES [1]. Appropriate physical layer with low static stability in the cloud layer contribute in
processes are adopted for each planetary atmosphere [2, 3]. reproducing those structures. The generation mechanism is

summarized in paper [7] which is now submitted.

2. Results (2) Thermal tides: The structure of the thermal tides at the cloud
2.1 Venus simulation level suggests that the remarkable subsolar to antisolar (SS-

Starting from an idealized superrotation, the model AS) circulation coexists with the atmospheric superrotation.
atmosphere reaches a quasi-equilibrium state. The meridional The meridional and vertical winds of the SS-AS circulation
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are about 10 times stronger than those of the zonal-mean

meridional circulation at cloud top levels [8]. It is also

suggested that the Hadley cell is confined in low-latitudes

equatorward of 30°, and a Ferrel-like cell dominates in mid-

and high-latitudes.

(3) Vertical structures of temperature fields: Vertical and
temporal structures of the temperature field at the polar
region reproduced in the model agree very well with
the Venus Express radio occultation measurements. It
is suggested that these structures are formed by Rossby
waves caused by barotropic instability [9]. Furthermore,
at the equatorial region, local time dependence of the
thermal structure observed by Akatsuki radio occultation
measurements is also well reproduced [10].

(4) Development of a data assimilation system for the Venus
atmosphere: We have developed a data assimilation system
based on the local ensemble transform Kalman filter
(LETKF) of the Venus atmosphere for the first time, and
tested it with observations of Venus Monitoring Camera
onboard Venus Express [11]. (Fig. 1)

(5) Development of a cloud model for the GCM: We are
introducing a new cloud model into the GCM. Preliminary
results, which are quite different from previous works on the
Venus cloud process, show that the H,SO, cloud is produced
in the upper polar atmosphere, and the distributions of
H,SO, vapor near the cloud deck are well reproduced in the
GCM. These results will be submitted to a research journal
before long.

These results described above indicate that the Venus
simulations performed in this project are quite helpful to
interpret the Akatsuki and ground-based observations in terms of
dynamics, and elucidate the atmospheric phenomena observed
at the Venus cloud levels and the generation mechanism of the
Venus atmospheric superrotation. The model must be quite
useful to synthesize data from AKATSUKI observations by the

data assimilation technique.
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2.2 Mars simulation

We have been performing high resolution (T639L96)
simulations of Martian atmosphere to reveal the features of
small and medium scale disturbances in the Martian atmosphere
and its effects on dust lifting. The resolution is equivalent to a
horizontal grid size of about 11 km with 96 vertical layers (dz ~
1 km). In this fiscal year, we have investigated distributions of
velocity and temperature around small scale vortices in the low
latitudes, in detail. As a result, it is implied that the small scale
vortices are generated by thermal convection due to vertical
transport of momentum associated with zonal wind with vertical

shear.
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Fig. 1 (a) Horizontal and (b) vertical distributions of temperature deviation obtained from zonally averaged temperature (colour shades; K) associated

with the thermal tide for real observations based on the Venus Monitoring Camera (VMC) onboard Venus Express. In panel (a), a horizontal

distribution of horizontal winds at 70 km is also depicted (black vectors). In panel (b), a vertical distribution of zonal wind deviation at the

equator is depicted (black contours).
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