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Abstract

The effect of the solar tides on the winds at the top of
the clouds in Venus has been studied using cloud
tracking  technique applied to the Venus
Express/VIRTIS-M images taken at wavelengths of
3.8 and 5.0 pm. Both these wavelengths probe about
the same altitude on the clouds top, allowing for the
first time to retrieve winds in the dayside and
nightside simultaneously. The dataset included
observations from 17 orbits, covering a time span of
290 days and a latitude range between 70°S and 85°S,
a region where resides the so called cold collar. Both
the diurnal (wavenumber 1) and the semidiurnal
(wavenumber 2) tides are present, with the diurnal
tide being the dominant harmonic for both the zonal
and meridional components of the wind. The diurnal
tide induces wind oscillations with amplitudes of
about 4.5 m/s and 8.0 m/s for the zonal and
meridional winds respectively. These amplitudes are
in good accordance with the Rayleigh friction
expected for this level of the Venus atmosphere, and
support the important role of the diurnal tide in the
maintenance of the mean zonal flow and in
determining the sense of the meridional flow. While
the tidal amplitude seems not to undergo important
changes, the phase displays a temporal variability of
about 1.4 hours in the local time coordinate. The rate
of change of the phase seems different for the diurnal
and semidiurnal component, indicative of a
dispersive character of the solar tides, and is
consistent with the expected change due to the tidal
vertical propagation. Finally, a persistent lag is
apparent in most cases between the tidal phases of
zonal and meridional disturbances, implying that the
diurnal tides tend to force equatorward winds when

in the sense of the mean flow, and poleward winds
when in the opposite sense.

1. Introduction

The superrotation of the Venus atmosphere is one of
the most intriguing phenomena in the planetary
atmospheric dynamics, and after several decades its
mechanism still remains unclear, regardless of the
more than 25 spatial missions that have explored the
planet up to date. The solar tides are a plausible
candidate for maintaining this superrotation, carrying
momentum away from the excitation region at the
subsolar point and, consequently, accelerating the
excitation region in the opposite direction of the
transmitted wave [3]. This special case of global-
scale gravity waves are present in all types of
atmospheric variables and have been observed in
Venus from infrared remote sensing temperatures [6],
aerosol  concentrations [8], cloud brightness
distribution [1] and wind measurements [4]. In the
present work we characterized the solar tides in the
wind field at the top of the clouds in Venus’ southern
polar region, which has been poorly covered by
previous studies in terms of winds. To this purpose,
we analyze the wind field obtained with automated
cloud tracking in pairs of images taken by the
instrument VIRTIS-M [2] onboard Venus Express.

2. Procedure

The winds for the detection and characterization of
solar tides at the cloud tops of Venus were inferred
using an improved version of the automated cloud-
tracking technique by [5]. Wavelengths of 3.8 and
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5.0 um were selected for this study as they allow
sensing the cloud tops both in the day and nightside
[7]. The dataset of VIRTIS-M nadir images included
observations from 17 orbits, covering a time span of
290 days in the latitude range from 70°S to 85°S.
Zonal and meridional velocity disturbances relative
to the zonally averaged mean flow were obtained and
sorted in solar-fixed coordinates. These samples were
studied with Lomb-Scargle periodograms and sinus
fits in order to detect the expected solar tide
oscillations. An example of solar-fixed meridional
disturbances and its corresponding periodogram is
displayed in Figures 1 and 2 respectively.

3. Figures
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Figure 1: Solar-fixed meridional velocity
disturbances and corresponding sinus fit. K=1 is
apparent in this case with a wave amplitude of 9.65
m/s and highest poleward acceleration occurring
close to 10pm.
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Figure 2: Lomb-Scargle Periodogram for the solar-
fixed meridional velocity disturbances shown before.
K=1 is apparent with power above 99% of
confidence.



4. Summary and Conclusions

For the first time, the solar tides have studied in the
windfield of Venus at the day and nightside
simultaneously, using wavelengths sensing the cloud
tops. Both the diurnal (wavenumber 1) and the
semidiurnal (wavenumber 2) solar tides are apparent
in a set of zonal and meridional velocities covering
17 Venus Express orbits, a time span of 290 days and
a latitude range between 70°S and 85°S. This region
is of great interest as it has been poorly covered in
previous works and is related with the interesting
feature called “cold-collar”. The diurnal tide seems to
be the dominant solar tide harmonic for both
components of the wind, with the semidiurnal only
present in some orbits. The diurnal tide induces wind
oscillations with amplitudes of about 4.5 m/s and 8.0
m/s for the zonal and meridional winds respectively,
amplitudes are in good accordance with the Rayleigh
friction expected for this level of the Venus
atmosphere. These zonal amplitudes implies
modifications up to 20% of the zonal flow,
supporting the important role of the diurnal tide in
the maintenance of the mean zonal flow. On the other
hand, the tidal amplitudes also seem to drastically
determine the sense of the meridional flow. While the
amplitude seems not to undergo important changes,
the tidal phase displays a temporal variability of
about 1.4 hours in the local time coordinate, rate
consistent with the expected change due to the tidal
vertical propagation. Finally, a persistent lag is
apparent in most cases between the tidal phases of
zonal and meridional disturbances, implying that the
diurnal tides tend to force equatorward winds when
in the sense of the mean flow, and poleward winds
when in the opposite sense.

This work is expected to provide new insights on the
solar tides and constrictions for the development of
Venus atmospheric numerical models. Moreover, we
expect that wind measurements from the VMC
camera onboard Venus Express will help extending
the spatial coverage of the solar tides, in addition to
infer their horizontal structure. And the higher
accuracy of Doppler-shift winds from ground-based
observations will allow the detection of secondary
harmonics and confirm the validity of our results.
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