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Zonal Circulation of Venus Atmosphere

Venus is dominated by strong westward winds, which at the clouds’ top reach velocities
60 times faster than the solid planet.
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Unsolved issues of Venus atmospheric circulation

ZONAL WINDS

Vertical profiles only for several entry 1539 17:39

coordinates.

A few vertical levels allow cloud tracking.

Cloud levels sense variable altitude.

Above clouds:
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« Doppler measurements are sparse.

 Radiation times ¢
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How can we measure the winds on Venus?

Atmospheric winds in the clouds of Venus

Tracking the features seen in —>
remote-sensing images.

Lower cloud Night-side

winds
_—
South
Pole

Weak polor winds

Indirectly from atmospheric
temperature maps: using the
Thermal Wind Equation. ou’ R T

Z  Thermal Wind 5§ tan¢ 8¢ P=const
with ¢=—(p/P,)

Day-side
" Upper cloud

-~ winds stronger at
2006-04-19T01:33 Equatorial latitudes

Measuring the Doppler-shift of
solar scattered/ absorption lines
in atmospheric spectra.




Different wavelengths: 3D view of Venus’ winds

Mean winds at different levels Zonal Wind Profile measured for

images taken with a filter of 3300nm

Venus Orbit Insertion 380 nm

MNear simultanecus observations at 3 levels 980 nm
1.74 um
-10 : Lower clouds seen at night-side at 1.7 um
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Why Is ground-based data so important?

FOR SAME FILTERS AS AKATSUKI:

 Observers may provide images of Venus
covering GAPS like:

* Regions out of Akatsuki’'s FoV =
360° views?

« All periods when Akatsuki doesn’t
acquire images.

« Simultaneous observations may be useful
for CALIBRATION and confirm special
events.

1 Mar 2009 2 Mar 2009 3 Mar 2009

FOR DIFFERENT INSTRUMENTS:

* Images at different wavelengths:

« Feature tracking above the clouds
(nLTE emissions, nightglow,...)

« Atmospheric Spectra: A

« Temperature (for Thermal Wind Eq.)

« Atmospheric compounds (DEEPY).



Example of special event: the White Spot of 2009

NORTH VIAC UV images before the bright spot event on July 19, 2009
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The Power of Coordinated Observations:
the Messenger flyby in 2007

ONGOING PAPER

J. Peralta, Y. J. Lee, R. Hueso, R. T. Clancy, B. J. Sandor, A. Sanchez-Lavega, T. Imamura, M. Omino,
P. Machado, E. Lellouch, M. Rengel, S. Murakami, H. Ando, and D. Peach.



The Messenger’s 2" flyby in June 2007

Venus Flyby 2

spacecraft time Venus northern hemisphere
enter eclipse

shown 2
I exit
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" June 5, 2007
23:08:19 UTC
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terminator

Sun
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day/night
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A perfect chance to get 3D “photo” of Venus winds!
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The Messenger’s 2" flyby in 5 June 2007




Venus’ levels for nadir images (VEx & Messenger)

VIRTIS-M DOPPLER:

» 300-1100 nm spectra, for z~70
vMC vmc | fvmc km (Machado, 2012)
gV VIS NIR1 &NIR2

O Dayglow » 230 GHz CO(2-1), z~90-110 km

(Bougher

2006) | (Lellouch, 2008)
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Venus’ levels for nadir images (VEx & Messenger)

VIRTIS-M CLOUD TRACKING:

vMC VMC SVMC ° i ~
WV VIS iRt BRIk 360 & 433 nm images, z~70 km

O Dayglow (Messenger/MDIS & VEx/VMC)

(Bougher
2006)
CO, and CO
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Images taken during the Messenger flyby

" Images of Venus by Messenger, Venus Express
and Amateur observers during 5 June 2007
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Amateur and Messenger observations: coherent

view from Earth to Venus

day/night 2007-06-05
line A4 21:18:55

15-minute
time ticks

June 5, 2007
spacecraft signal 23:14:25 UTC
reaches Earth at time shown (closest point)

Longitudes in System 1, planetocentric latitudes
Equirectangular projection

240°

2007-06-05
22:21:00

240°

Longitudes tem 1, planetocentric latitudes
rectangular projection




Latitude

Temperatures: VEX/VIRTIS (night) and JCMT (day)
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Fig. 11 The ligure description s simalar to that for Fig. 9, bul pertams to
June 6 temperature profile retnievals. However, only three disk positions
for "“CO spectral line measurements support temperature retrievals on this
date; for afternoon (W, red, 33 p.m.), evening (E, blue, 8:30p.m.), and

terminator (C, green, 6 p.m.) local times of observation




Preliminar winds’ results during flyby

VERTICAL PROFILE FOR THE ZONAL WIND. Measurements Eq-30S 12h-16h

1. We can constrain the vertical variation of the winds at
locations of Lat/Ltime, as well as compare with past “in
situ” measurements.

Variability + Errors = difficult characterization for altitudes
above the clouds.

Finishing the calculation of winds at vertical gaps using
atmospheric temperatures from VIRTIS-M infrared cubes

(Thermal Wind Equation

Wind measurements used in this work
compared with "in situ” wind profiles
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How to coordinate ground-based
observations with Akatsuki mission?



A website to coordinate with ground-based observers

AKATSUKI Project, coordination with ground-based
observations

TO ARRIVE SOON!!

Documentation:

* List of useful filters

* Free software for
Acquisition & Stacking

* Instructions for
Unexperienced Users

* Contact Scientists of
Akatsuki Team

Arrange for a List of
COORDINATED OBSERVERS

AKATSUKI papers
requiring ground-based

Akatsuki’s collaborators

P
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Network (for now) of Observers to support Akatsuki

ROBOTIC TELESCOPE WITH
PLANETCAM IN'CALAR ALT@
(ALMERIA, SRAIN)

OBSERVATORIO ASTRONOMICO . <
DE SANTANA ACORES

(ACORES ISLANDS, PORTUGAL)

-

SMALL OBSERVATORIES AND | e
AMATEUR OBSERVERS T
(CANARY ISLANDS, SPAIN)

“OISTER”AND
OBSERVATORY AT THE : T R g’tﬁé;ﬁ;ﬂq OBSEVERS
UNIVERSITY OF NARINO '
(TENERIFE, COLOMBIA) ENTOTO OBSERVATORIES (ETHIOPIA)

MANAGED BY UNIVERSITY OF RWANDA



Ground-based observations: cloud tracking results

UV Image by

Jason P. Hatton

COMPARISON:
| » 2.30 ym images
_f (Limaye 2006)
, j J r ‘ « 1.74 ym images
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The role to be played by PlanetCam (UPV/EHU)
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The role to be played by PlanetCam (UPV/EHU)
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filter transmittance (%)
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JUPITER

planet espectrum
---- QE Neo
— 980BP10
—— 935BP5
—— 890BP5
- 750BP5
7278BPS
— 635 BP5
619 BP5

410 SP 1435(V3): height of

— Bessell |

— BesselR the cloud tops (DAY).
Bessel V

- Bessell B

-~ Bessell U

JUPITER

planet spectrum
Earth atm. trans.

---- QE (OWL)

~— 1050 (YV)
1090 (YC)
1160 (YM)
1190 (V1)

— 1220 (V2)

m— 1210 (C)

—— 1375 (M)

— 1435 (V3)

— 1570 (HC)
1650 (HM)

— RG1000

— Jfilter

— H filter




First ground-based observations during Akatsuki

U+Vio 890 nm

Size 2560x2180
Pixel size: 6.5 x 6.5 um

600 700 900 : ;
Wavelength (nm) 2015-12-30T06:35 2015-12-30T06:56

Johnson | 1435BP20

| OWL 640
(Raptor)

Size: InGaAs 640x512
Pixel size: 15 x 15 gm
120 fps (T = -15°C)
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How do we expect collaboration to be?
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OBSERVER UPLOADS DATA [l AEATSEELIASES.

TO TEMPORAL SERVER: Quality check

Navigation (SPICE)
Transform into FITS:

* RAW, CAL and GEO
Upload to Akatsuki server
Update Calendar/Log file

Raw images (CROPPED)
Calibrated images/spectra
Bright STAR (“seeing”)
Tables of data
Observation Time (UTC)
Observer coordinates

Observers co-author papers
if their images/data are
used by Akatsuki team.

Filter used
Time for sequence of
images in stacking
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Cloud morphology at 70 km and 60 km
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Techniques for Tracking Atmospheric features (lI)

B Coud Trecker Esm
Acttzre P ey Vo

1. Manual Tracking.

1. Trustable when experience adquired.
2. Avoid outliers as tracers.

3. Very slow. Demands learning stage.

2. Automatic Tracking.

1. Blind: includes outliers and bad
measurements.

f

Zonal speed [m/s]

2. Hundreds times more measurements.
3. Fastest method.

3. Semi-Automatic Tracking.

1. Human operator accepts/rejects each Oitditcel sroiichion S Sacid SEMAUTOMATIC TOOL FOR CLOUD TRACKING

automatlc measurement ‘,. .’g\“:,."‘“,).;;, Hueso et al, Planatary and Space Science (2015)
I '
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2. High number of measurements in a = 7 A / i SO TN
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Planetary Laboratory for Image Analysis (PLIA)

Emmmaﬁﬁrs(whndaw&elﬂdwmy) _
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Navigation of images.

P) Correction of image defects.

B) Limb darkening correction.

Ultraviolet Visible Near infrarred
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) Geometric projections.
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Ground-based observations: mandatory comparison

obseruational astronomy

2012/09/07 - 20:47.9, UV
(355nm/60nm)

UV 32msec (120sec)

A.Yamazaki : Machida Tokyo Japan




Ground-based observations: Doppler results
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COMPARISON:

« 380 nm images
(Machado 2014)

* UV/VIS spectra
(Machado 2014)
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