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High-resolution simulations of the Venus and the Mars atmospheres have been performed using general circulation models
(GCMs) based on AFES (Atmospheric GCM for the Earth Simulator). In this fiscal year, we first compiled the model codes
for the fourth generation Earth Simulator and checked the results of test calculations. Then, in simulations of the Venus
atmosphere, we modified the profiles of the static stability and the solar heating to improve the representations for the Kelvin
waves and the thermal tides which were observed by the Longwave Infrared Camera onboard Akatsuki. We also performed
observation system simulation experiments (OSSEs) with more realistic observational situations and showed that Kelvin waves
can be reproduced by the assimilating cloud-tracked horizontal winds which are to be obtained in such realistic observations.
In simulations of the Mars atmosphere, detailed analyses of velocity distributions around small-scale vortices were continued.

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

1. Introduction

The structure of the general circulation differs significantly in
each of the atmospheres of terrestrial planets. Understanding
physical mechanisms causing such a variety of features in the
general circulations of those atmospheres is one of the most
interesting and important open questions of atmospheric science
and fluid dynamics. This study aims to understand dynamical
processes that characterize the structure of each planetary
atmosphere by performing simulations using general circulation
models (GCMs) with a common dynamical core of AFES
(Atmospheric GCM for the Earth Simulator) [1].

2. Results
2.1. Venus simulation

In the previous years, we have achieved the following results
with the AFES-Venus, the Venus version of AFES. The model
atmosphere reaches a quasi-equilibrium superrotational state by
time-integration from an initial state of a given idealized solid-
body superrotation. The obtained meridional distribution of the
zonal flow agrees fairly well with the observed superrotation [2].
In addition, we succeeded in obtaining a superrotational state
from a motionless initial state after time-integration over 500
Earth years in a long-term experiment with a medium-resolution
(T42L60) [3]. A key for producing superrotation is to set the
vertical eddy viscosity coefficient sufficiently small. Planetary-

scale waves are produced at each latitude in the cloud layer, and
features of these waves are consistent with those observed [4].
The cold collar and vertical structure of the polar vortex are well
reproduced [5, 6]. Three-dimensional structures of thermal tides
produced in GCM are also investigated [7] and compared with
observation data by Akatsuki’s radio occultation measurements
(RO) [8]. The high-resolution simulations with T159L120,
equivalent to a horizontal grid size of about 79 km with 120
vertical layers, reproduced planetary-scale streak structures
consistent with the morphology in the lower clouds observed in
a night-side image of Venus taken by Akatsuki’s 2-um Camera
(IR2) [9]. Last year, we have performed numerical experiments
of T639L.260, which is the world’s highest resolution for Venus
atmospheric simulations, and found spontaneous small-scale
gravity wave radiation from thermal tides [10]. We also
implemented a simplified cloud physical process [11] and
reproduced periodic cloud fluctuations associated with Kelvin
waves in the equatorial region, which are similar to those
observed by IR2 [12].

Based on these results in a good agreement with observations,
we have been constructing the first Venus atmosphere data
assimilation system [13]. It is found that the phase of thermal
tides was improved and the zonal mean zonal wind is
significantly modified globally by assimilating the cloud-tracked
horizontal winds at the cloud top obtained from ultra-violet
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images taken by the Venus Monitoring Camera onboard Venus
Express [14]. We also assimilated horizontal winds derived from
Akatsuki’s Ultraviolet Imager (UVI) observations with the cloud
tracking techniques and produced an objective-analysis data set
of the Venus atmosphere for the first time [15]. Observation
system simulation experiments (OSSEs) have been performed,
for planning a next Venus mission utilizing RO among orbiting
small satellites, with a fixed temperature-observation point in the
polar region [16] and with observations from 2 or 3 satellites in
realistic orbits [17, 18]. By using OSSEs, we also investigated
observational conditions to produce Kelvin waves by
assimilating horizontal winds [19].

In this fiscal year, transition work to the fourth generation
Earth Simulator were conducted: compiling model codes and
checking results of test calculations. Then, we explored the
simulated lower atmospheric thermal structure, which is
consistent with that observed by RO [20]. We also modified the
basic profiles of static stability and solar heating in AFES-Venus
and performed numerical experiments. In addition, further
OSSEs were performed. The main results are as follows.

1) Temperature structure of the lower atmosphere.

Recent RO observations suggested the low-static-stability layer
in the high-latitudes is deeper than that in the low-latitudes [20].
This feature is reproduced in AFES-Venus. We have analyzed the
numerical results and found that, in high-latitudes, equatorward
thermal transport by circulation and waves are important to create
the deeper low-static-stability layer [21].

2) Kelvin waves in the improved AFES-Venus.

The equatorial Kelvin waves which have been observationally
suggested were not reproduced in the simulations by AFES-
Venus so far. We performed numerical experiments with the
improved version of AFES-Venus, in which the profiles of static
stability and solar heating are modified to be consistent with
recent observations, and succeeded in reproducing the Kelvin
waves. Our analysis showed that the Kelvin waves are excited by
the Rossby-Kelvin coupling instability in lower cloud layer [22].

3) Thermal tides in the improved AFES-Venus.

The phase of thermal tides reproduced by AFES-Venus so far
was not consistent with that observed by Akatsuki’s Longwave
Infrared Camera (LIR). We analyzed thermal tides in the
improved version of AFES-Venus and found that the phase of
thermal tides is much better than previous simulations.
Additionally, we found that the superrotation depends strongly
on the profile of the static stability [23].

4) Analyses of the objective-analysis data set and OSSEs.

Using the first objective-analysis data set produced last year, we
analyzed the thermal tides [16], cold collar, and Kelvin waves.
For OSSE:s [19], we proceeded to perform more realistic cases:
24-hourly dayside satellite observations in an equatorial orbit. We
showed that the Kelvin waves can be reproduced by assimilating
horizontal winds with a realistic time-interval and spatial range.
Furthermore, we found that the Kelvin waves shift the peak

altitude of the superrotation higher above the equator [24].

The above results show that the Venus simulations performed
in this project are quite helpful for theoretical interpretation of the
Akatsuki and ground-based observations. The Akatsuki’s
observational data is also assimilated to AFES-Venus to produce
the objective-analysis data set, which is also useful for dynamical
analyses of the Venus atmosphere. In addition, our OSSEs are
contributing to planning the next Venus mission.

2.2. Mars simulation

We performed high-resolution (T639L.96) simulations of the
Martian atmosphere to reveal the features of small- and medium-
scale disturbances in the Martian atmosphere and their effects on
dust lifting. The resolution is equivalent to a horizontal grid size
of about 11 km with 96 vertical layers (dz ~ 1km). The numerical
results suggest that there is a complex relation among local winds
caused by such as the topography and surface albedo, large-scale
winds caused by such as baroclinic instability and thermal tides,
and small-scale convective vortices. In addition, we found that
the model-resolution dependence of the wind stress differs by
situations. We are going to explore the details of those.
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