Characterization of Atmospheric Waves at
the upper clouds in the Polar Region of Venus
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Abstract

Non solar-fixed waves at the cloud tops of the southern polar region of
Venus are apparent in the winds measured with 3.9 and 5.0 pm images
taken by the instrument VIRTIS-M onboard Venus Express. These
global-scale waves have approximately wavenumber 1 and amplitudes
of about 5.6 and 7.7 m/s for zonal and meridional disturbances respecti-
vely. In order to identify the nature of these disturbances and other
mesoscale waves detected in previous works, the dispersion relation
for up to seven types of atmospheric waves has been derived under
reasonable assumptions. When combined with a new reference atmos-
phere, these equations allowed to create dispersion graphs in terms of
the horizontal wavelength and phase velocity. Mesoscale waves are
confirmed as gravity waves, while the global-scale ones turn out to be
waves whose restoration force is the centrifugal force.

Reference atmosphere for Venus

The main aim of this work is the proper identification of the atmosphe-
ric waves of Venus prior to a deeper characterization. The success for
this task requires not only a deduction of suitable dispersion relations
but also a good knowledge of the environmental conditions where the
waves are found. Combining recent radio-occultation data from the ins-
trument VeRa onboard Venus Express [1] and other from previous mis-
sions [2], we created a Reference Atmosphere with those parameters
involved in the dispersion relations of the waves: background zonal
wind, vertical and meridional shear of the wind, static stability and its
vertical variation, density scale-height, etc... In the case of the zonal
wind, meridional profiles obtained at different altitudes with cloud trac-
king [3] were combined with the vertical profiles from Pioneer Venus
probes [2] and gaps were filled by interpolation of the data.
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Theoretical dispersion relations

The atmosphere of Venus can be regarded to be in cyclostrophic ba-
lance [1]. Applying a proper scale-analysis, we can derive a set of
equations in terms of the wave amplitudes for disturbances of the form
u’=ii(z) eit*ve) whenever we assume that the motions are adiabatic
and frictionless, and that the atmosphere is at rest except for a zonal
background wind that depends on latitude and height, i.e. u =u (y,2).
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where we introduced the following definitions:
- For adiabatic processes we have s=C 'In0, and we define ©=In0.
- The centrifugal frequency as ‘F'=(u /a)-tan®.
- The static stability as B(z)=00/0z.
- The density scale-height as 1/H = - dlnp/dz.
- The intrinsic frequency as ©-=o-ku,.

Resolving the previous set of equations for the wave amplitude, it is
possible to obtain the dispersion relation for different types of atmos-
pheric waves in Venus. In this case, the centrifugal terms act as a res-
toration force and give birth to a “centrifugal” global-scale wave. We
combined our previous reference atmosphere with these dispersion
equations to obtain the following dispersion graphs at several altitu-
des and latitudes. The waves obtained with VIRTIS-M cloud features
[6] and wind measurements can be, thus, classified in terms of their
wavelength and phase velocity.
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