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Abstract
Short-period waves or disturbances at the cloud levels
in the Venus atmosphere are investigated using a GCM.
Preliminary results show that two kinds of waves with
periods of about 5.5 and 7.5 Earth days are found at
40–80 km levels. At 68 km, vortical motions and dis-
turbances with remarkable zonal winds are predominant
at mid-latitudes at 40◦–70◦ and low-latitudes equator-
wards of 30◦, respectively. The structure of the low-
latitude disturbances are similar to that of the equatorial
Kelvin wave. Because phase speeds of these waves are
the same, it is suggested that they form a planetary-scale
coherent structure symmetric about the equator.

1. Introduction
In previous observations of the Venus atmosphere, it has
been pointed out from the cloud motions that the so-
called Kelvin and Rossby waves exist at the cloud top
levels whose periods are about 4 and 5 Earth days, re-
spectively [2, 4]. However, their structures and/or gen-
eration mechanisms remain unclear at present. New
observational results on the atmospheric superrotation
and various waves are being provided from the Akat-
suki mission which has started observations from De-
cember 2015, by which the three-dimensional structures
and wave activities of the Venus atmosphere at the cloud
levels will be elucidated in the forthcoming future.

In order to interpret the observational results in terms
of dynamics, and elicit as much information from them
as possible, the Venus atmospheric dynamics should be
investigate theoretically and numerically. In the present
study, the short-period waves with periods shorter than
10 Earth days found at the cloud levels are investigated
using a Venus GCM named VAFES [7].

2. Model
VAFES is a full nonlinear GCM with simplified physical
processes for the Venus atmosphere based on the primi-
tive equations on the sphere, which enables us reproduce

realistic structures of the Venus upper atmosphere at the
cloud levels such as the baroclinic instability waves, the
cold collar, the thermal tides, and so on [8, 1]. The model
atmosphere extends from the ground to about 120 km,
and 120 levels are taken at a regular spacing of 2 km.
The horizontal resolution is T63 (192×96 grid points in
longitude and latitude). The vertical eddy viscosity with
a constant coefficient of 0.15 m2 s−1 is used. The hori-
zontal eddy viscosity is represented by the second-order
hyper-viscosity, whose damping time for the maximum
wavenumber is approximately 0.1 Earth days. The value
of physical parameters are set adequately for the Venus
atmosphere. The solar heating is based on the previ-
ous observation [9]; but it is neglected above 80 km in
the present study. The temperature field is relaxed to
a prescribed horizontally uniform field, T0(z), which is
taken from the Venus international reference atmosphere
(VIRA) [6]. See our previous work [8] for more details
of the model.

The initial condition is an idealized superrotating
state. The zonal wind is assumed to be in the solid body
rotation; its velocity increases linearly with altitude from
the ground to 70 km, which is 100 m s−1 at the equator at
70 km, and constant above this level. It is assumed that
the planet rotates from west to east, as the Earth, and
eastward is positive. The initial temperature distribution
is cyclostrophically balanced with the initial zonal wind.

Using this initial state, we perform a nonlinear numer-
ical integration for more than 5 Earth years. The model
atmosphere reaches a quasi-equilibrium state within
about 1 Earth year, in which the wind and temperature
fields are stably maintained for more 4 Earth years, as
shown in the previous studies [8]. In the present study,
we analyze the data obtained for the last 1 Earth year in
the quasi-equilibrium state. The sampling rate is every 6
hours.

3. Preliminary results
It has been shown from the Fourier analysis that two
kinds of waves are found with periods of about 5.5 and
7.5 Earth days at broad vertical levels of 40–80 km. The
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5.5-day and 7.5-day waves have significant amplitudes
in the zonal winds at low-latitudes and latitudes from
mid-latitudes to the polar region, respectively. On the
other hand, in the meridional winds, they have at mid-
latitudes and the polar region, respectively. It is thought
that the 5.5-day wave is related to the baroclinic insta-
bility waves [8].

Figure 1 shows a horizontal structure of the short-
period wave observed at 68 km. The short-period com-
ponents are extracted by a high-pass filter with a cut-
off period of 10 Earth days. It is found that vortex mo-
tions dominate at mid-latitudes, whose horizontal wind
velocity is about 40 m s−1. In low-latitudes equator-
wards of 30◦, zonal winds with a zonal wavenumber of
1 are predominant, whose velocity is about 20 m s−1.
Phase velocities of these waves observed at mid- and
low-latitudes are the same. The present result suggests
that a planetary-scale coherent structure which is sym-
metric about the equator and extends from the equator
to mid-latitudes exists at the cloud top levels asociated
with these waves. The symmetry about the equator has
also been observed in UV cloud images and brightness
temperatures at the cloud top levels [5]. Its generation
mechanism remains unclear, but it may be related to the
shear instability found in a shallow water system [3].

In the lower cloud levels (50–60 km), it is found that
vortical motions with a zonal wavenumber of about 5
dominate at low-latitudes. It is also pointed out that
streak structures extending to down-stream regions are
found in the vertical winds at mid- and high-latitudes.
These streak structures are associated with remarkable
divergence and convergence of the horizontal winds. It
is suggested that these structures are similar to recent
nightside cloud images obtained by the IR2 camera on-
board Akatsuki.
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