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Background Methods and Results

The Venusian mesosphere (55 — 100 km) is in a state of
superrotation, with a slowly rotating planet and a rapidly rotating
atmosphere. Although the overall behavior of the winds is known,
directed measurements of wind velocities are limited. Zonal winds
are calculated using:

« Temperature fields of the Venusian atmosphere
* Cloud-tracked wind velocities
 Thermal wind relation and cyclostrophic approximation

Venus’ slow rotation means that the Coriolis force is small enough
to be neglected in comparison with the pressure gradient and
centrifugal forces. The pressure gradient force is balanced by the
centrifugal force in the cyclostrophic approximation.

satellites provide

The Venus Express (VEx) and Akatsuki
measurements of atmospheric temperature and information on
cloud-tracked winds. The VEx Solar Occultation in the Infrared (SOIR)
instrument uses solar occultations, and the Akatsuki RS instrument
uses radio occultations to provide atmospheric temperature as a

function of altitude.

Satellite

Satellite

A schematic of radio occultation (left), used to collect the Akatsuki data, and solar occultation
(right), used to collect the VEx data. Radio occultation operates by measuring the propagation of a
radio wave through the Venusian atmosphere. Solar occultation operates by using the propagation
of sunlight through the Venusian atmosphere to determine the spectra of the atmosphere.

We use the following steps to calculate zonal wind velocities:
* Interpolate temperature onto pressure grid
« Bin temperature measurements into 1° latitude bins; include all

longitudes and local times
« Fit a polynomial to temperature as a function of latitude
« Determine temperature gradient with respect to latitude

Then the cyclostrophic thermal wind equation (below) is applied.

ow?) R (aT

ac _tan((p) a(p)plz — _ln(p/pO)

Zonal Wind Velocity in the Venusian Atmosphere from the Akatsuki and Venus Express

Temperature Fields

Emilia Sloan’, Erdal Yigit'

'Department of Physics and Astronomy College of Science, George Mason University

Upward and downward integrations of the cyclostrophic thermal

wind equation with multiple boundary conditions help characterize
zonal winds in the Venusian atmosphere.
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b) Zonal Wind Velocity from 283 nm Bound
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c) Zonal Wind Velocity from 2.26 um Bound
Figure 1: White spaces represent
data gaps and regions where the
boundary condition or cyclostrophic
approximation make integration
inappropriate. The boundaries are
from Akatsuki cloud-tracked winds at
70 km (a, b) or 50 km (c).
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Due to a lack of data on cloud-tracked wind speeds from VEX, the
known behavior of zonal winds at 70 km in combination with the
equation below provides a lower boundary condition.
¢©-b
c )+ d) Xcos(@p)+e

Hemispherical symmetry is assumed for the lower boundary, but
differences in data coverage between the northern and southern
hemispheres force zonal wind velocities to be calculated separately for
each hemisphere when using the VEXx data.

u = (a X sech(
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Figure 2: White spaces represent data gaps and regions where the cyclostrophic
approximation made integration inappropriate. Three boundary conditions are used with the

expected mid-latitudinal jet shifts between 40—50° in each hemisphere.
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velocities produced by the 45° and
50° jets are subtracted from those
produced by the 40° jet.
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Conclusions and Future Work

The main purpose of the study is to calculate zonal wind
velocities in the Venusian atmosphere for future studies, which
have not been previously derived using data from the Akatsuki
mission or the VEx SOIR instrument.

Main findings:
« Significant impact of boundary condition; differences reach a
maximum of 60 m/s.
* Wind speeds do not decrease with altitude at all latitudes, as
previous studies suggest.
* There is no strong indication of a jet between 40—50°
latitude in either hemisphere.
 There are increases in wind speed at certain altitudes
* Could be a result of the altitudes included in the study; the
jet appears between 60—70 km, which is excluded from
the VEx data and used as a boundary condition for VEX.
* Wind speed increases at latitudes around 30 ° N at altitudes
between ~85—90 km
 Based on VEXx data

Future Work:
« Use calculated zonal winds to study wave-induced effects in

the Venusian atmosphere
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