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Abstract
The objective of the present work is to measure the
global properties of Venus’ atmospheric dynamics,
through the obtention of a complete radial-velocity
map of Venus at the altitude of the uppermost cloud
layer. Our results are based on high-resolution spec-
troscopic observations of Venus performed in the vis-
ible domain with the long slit spectrometer of the so-
lar telescope THEMIS (Spain). We present the first
instantaneous “radial-velocity snapshot” of any planet
of the solar system in the visible domain, i.e., a com-
plete RV map of the planet obtained by stacking data
on less than 10 % of its rotation period. From this,
we measure the properties of the zonal and meridional
winds, which we unambiguously detect. We identify a
wind circulation pattern that significantly differs from
what we know about Venus. The zonal wind displays
a “hot spot” structure, featuring about 200 m s−1 at
sunrise and 70 m s−1 at noon in the equatorial region.
Regarding meridional winds, we detect an equator-to-
pole meridional flow peaking at 45 m s−1 at mid lat-
itudes, i.e., which is about twice as large as what was
reported so far.

1. Context
Venus’ atmosphere is well known for rotating in a ret-
rograde direction (from east to west), contrarily to all
other bodies in the solar system, with the notable ex-
ception of Saturn’s moon Titan. First evidenced from
the ground, the atmospheric super-rotation has been
extensively studied both from space and ground-based
telescopes (e.g., Gierasch et al. 1997). The cloud top
region is important as it constrains the global meso-

spheric circulation in which zonal winds generally de-
crease with height while thermospheric sub-solar to
anti-solar winds increase (e.g., Lellouch et al. 1997).
It also shows important spatial and temporal variabil-
ity (e.g., Sánchez-Lavega et al. 2008; Khatuntsev et al.
2013).

In 2007, a significant international effort was or-
ganized to support the atmospheric observations of
Venus by ESA mission VEx (Lellouch & Witasse
2008). The objective was to measure the atmospheric
circulation using different spectral ranges, to probe
different altitudes in the Venus mesosphere. Signifi-
cant results on the upper mesospheric dynamics were
obtained using mid-infrared heterodyne spectroscopy
(e.g., Sornig et al. 2012), millimeter and submillime-
ter wave spectroscopy (e.g., Moullet et al. 2012), and
visible spectroscopy (e.g., Machado et al. 2017, and
refs. therein).

Back in 2007, we proposed to use the THEMIS so-
lar telescope to get Doppler maps of Venus by scan-
ning the planet in the visible with the 100-arcsec long
slit spectrometer MulTiRaies (MTR) at a resolution of
100,000. We present the extensive analysis of the ob-
servation campaign we led in September 2009.

2. Results
In this presentation, we present the first complete
Doppler snapshot of a planet in the visible domain: the
map obtained on September 14th, 2009 is the result of
integrating eight hours of data, which represents about
10 % of the rotation period at the cloud-top altitude
(Fig. 1). Despite poor atmospheric seeing conditions
(≈ 3 arcsec), we unambiguously detect a clear retro-
grade rotation and meridional component.
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From a technical point of view, this paper makes
use of an innovative and sophisticated method to mea-
sure and analyze the radial velocities of planetary at-
mosphere (Gaulme et al. 2018), which is has also been
applied to Jupiter (see abstract by Gonçalves et al.).
It involves the consideration of biases caused by at-
mospheric seeing on radial velocities, as well as the
development of a dedicated MCMC routine to model
the data.

The first main result confirms what was expected
from both cloud-tracking and recent spectroscopic ob-
servations: solid body rotation alone is not sufficient
to model observations, and equator-to-pole meridional
circulation is needed. However, we find amplitudes of
zonal and meridional winds to be larger that previously
measured. It is hard to compare the zonal wind values
because we identify a strong longitudinal and latitudi-
nal variation, however, no observations have indicated
winds as large as 200 m s−1 at the morning termina-
tor, so far. As regards meridional winds, we find an
amplitude about twice larger than expected (about 45
instead of 20 m s−1 at mid latitudes).

The second main result is a “hot-spot” structure
of the atmospheric circulation (see Fig. 2) of the
zonal component, which had never been suggested
that clearly so far. Cloud tracking measurements and
Doppler spectroscopic measurements indicated possi-
ble longitudinal variations of the wind as function of
local time, with faster circulation towards the termina-
tor (e.g., Khatuntsev et al. 2013). However, no such
hot-spot pattern had been identified. We conclude the
presentation on observational prospects with the new
instrument project JOVIAL/JIVE, specially designed
for measuring atmospheric dynamics of planets with
radial velocities in the visible (Gonçalves et al. 2016).

References
Gaulme, P., Schmider, F.-X., & Goncalves, I. 2018, ArXiv

e-prints [[arXiv]1804.09445]

Gierasch, P. J., Goody, R. M., Young, R. E., et al. 1997, in
Venus II: Geology, Geophysics, Atmosphere, and Solar
Wind Environment, ed. S. W. Bougher, D. M. Hunten, &
R. J. Phillips, 459

Gonçalves, I., Schmider, F.-X., Bresson, Y., et al. 2016, in
Proc. of the SPIE, Vol. 9908, Ground-based and Airborne
Instrumentation for Astronomy VI, 99083M

Khatuntsev, I. V., Patsaeva, M. V., Titov, D. V., et al. 2013,
Icarus, 226, 140

-8 -6 -4 -2 0 2 4 6 8

-8

-6

-4

-2

0

2

4

6

8

-250

-200

-150

-100

-50

0

50

100

150

200

250

Figure 1: Radial velocity map obtained with the
MTR/THEMIS long-slit spectrometer.
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Figure 2: Map of zonal winds corresponding to the
best-fit model of the data displayed in Fig. 1.
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