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Abstract

We will present meridional wind flow results in both
Venus hemispheres. We will present, and compare,
meridional wind measurements obtained from Akat-
suki’s space probe (JAXA) observations, namely ob-
servations taken with the UVI instrument, and si-
multaneous coordinated observations obtained with
HARPS-N at Telescopio Nazionale Galileo (TNG) in
January 2017. We will also compare this new results
with meridional wind flow results from previous runs
using space-based observations from Venus Express
(ESA) with the instrument VIRTIS-M, and ground-
based observations at Canada-France-Hawaii Tele-
scope (CFHT) with the high-resolution spectrograph
ESPaDOnS (Machado et al. 2014; 2017). Our previ-
ous sets of coordinated observations at Venus cloud-
tops were based in two complementary techniques:
Ground-based Doppler velocimetry and cloud-tracked
winds using VEx/VIRTIS-M imaging at 0.38 µm.
Cloud-tracked winds trace the true atmospheric mo-
tion also responsible for the Doppler-Fizeau shift of
the solar radiation on the dayside by super-rotating
moving cloud-tops with respect to both the Sun and
the observer (Machado et al., 2014; 2017). Based
on this complementarity, we performed a new coor-
dinated campaign in January 2017, where HARPS-
N (TNG) was used for the first time in order to per-
form atmospheric studies in a Solar System’s planet,
these observations where combined with simultaneous
Akatsuki/UVI space-based observations. The ground-
based observations undertaken at HARPS-N/TNG (La
Palma) allowed us to obtain very high-resolution spec-
tra (R∼ 115 000) and retrieve Doppler wind measure-
ments on the dayside of Venus’ cloud tops. The ob-
servational results will be compared with the ground-

to-thermosphere 3D model developed at the Labora-
toire de Meteorologie Dynamique in Paris (Gilli et al.
2017).

1. Meridional wind at cloud tops

Figure 1: Mean meridional wind latitudinal profile
from Akatsuki/UVI results. Weighted average of all
the latitudinal profiles of all days, with a binning of 5
degrees latitude

From space, clouds features were tracked on image
pairs obtained by the Akatsuki UVI operating in the
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ultraviolet range (365 nm filter) and with a temporal
interval of 2 hours. Ultraviolet images show the high-
est contrast features and the UV tracers are roughly
located at about 65-70 km above the surface [1] Venus
Express cloud top wind measurements based on track-
ing using images taken with the VIRTIS instrument
[3, 9] followed the same method as the one described
for retrieving cloud-tracked winds based on Akatsuki’s
observations. Along the observations with the high-
resolution spectrograph HARPS-N the angular diam-
eter of Venus was 14,98" (FOV of HARPS-N is 1"),
the complete optical spectrum, from 383 to 690 nm, is
collected over 40 spectral orders in a single exposure
at a resolution of about 115,000, and with ESPaDOnS
at CFHT, the complete optical spectrum, from 370 to
1050 nm, was collected also over 40 spectral orders
in a single exposure at a resolution of about 80,000.
In the single scattering approximation, the Doppler
shift measured in solar light scattered on Venus day-
side is the result of two instantaneous motions: (1) a
motion between the Sun and Venus upper clouds parti-
cles, which scatter incoming radiation in all directions
including the observer’s [4, 5, 6]; this Doppler veloc-
ity is minimal near Venus sub-solar point; (2) a motion
between the observer and Venus clouds, resulting from
the topocentric velocity of Venus cloud particles in the
observer’s frame; this effect is minimal near Venus
sub-terrestrial point. The Doppler shift related to hor-
izontal motions parallel to equator vanishes at the half
phase angle meridian (HPA), where both terms cancel
each other [5, 6] and we took advantage of the fact
that it is not possible to measure the zonal wind along
the HPA in order to measure the meridional wind flow
along this meridian [5, 6].

Figure 2: Comparison of meridional wind results re-
trieved from different observations and telescopes/ in-
struments, using the Doppler velocimetry technique.
The legend of the figure refers the instrument used,
date of observations and respective scientific article.

The analysis and results show (1) additional confir-
mation of the the coherence, and complementarity, in

the results provided by these techniques, on both spa-
tial and temporal time scales of the two methods; (2)
first-time estimation of the meridional component of
the wind in other planet using the Doppler velocimetry
technique, with evidence of a symmetrical, poleward
meridional Hadley flow in both hemispheres.
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