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Venus circulation - a continuing enigma
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Venus Express science goal:

Characterization of the atmospheric circulation
at the cloud level from equator to pole



Venus Monitoring Camera

Science Goals
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VMC was designed and manufactured by consortium of
MPS (Katlenburg-Lindau), IPF-DLR (Berlin) and IDA (Braunschweig)
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Zonal speed, m/s

Zonal and meridional winds

Vertical wind shear No wind

2-3 m/s per km shear
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Orbit-to-orbit variability
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Diurnal variations of winds
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Presenter
Presentation Notes
The cloud top winds (UV observations) demonstrate statistically significant of diurnal variability. Zonal component (a) peaks at 16-17h and meridional one (b) in the early afternoon (13-15 h). 
Diurnal variability of the wind speed in the deep cloud (IR observations) does not exceed 3 m/s that is within measurements errors. The zonal wind (c) reaches its maximum at 14-15 h while meridional component (d) weekly depends on local time.  

The very fact that we see diurnal variations at the cloud tops and do not see them 10-15 km below might indicate the depth of thermal wave penetration and/or be related to the thickness of the UV absorbing layer where energy deposition occurs.

The acceleration of the meridional wind in the afternoon is consistent with the global cloud morphology pattern that shows large-scale cloud streaks crossing latitudinal circles (Titov et al., 2011).




Long-term trend of the mean zonal wind ?

Date
2006 2007 2008 2009 2010 2011 2012 2013 2014

-

L Galileo

2
S
5
O
O
Q
0N
[
c
O
N

5 6 7
Venusian year




—
wn
S,
£
S
=)
=
=
©
o
o
]

Correlation of the zonal wind with topography
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Presentation Notes
Figure 6. (top) Partial topographic map of Venus. Altitude is color coded. The latitude coverage of the map is limited
from 5°S to 45°S to match the map of zonal wind. The zonal wind is oriented from right to left, from east to west,
toward decreasing longitudes. Maps are centered on 0° longitude. The scale 0 to 360° longitude is indicated on top axis.
The names of the highlands are written south of the reliefs. (bottom) Map of the zonal wind speed is in m/s (color coded).
There is a region of strong minimum (in absolute value) which is located ~30° downstream of the Aphrodite Terra
highlands of Figure 6 (top); this region extends farther south in latitude. The wind map was obtained from a set of 31,604
manual measurements; a median filter was used in a box of 4 × 4° (longitude-latitude) around each point of the map to
avoid outliers.


Gravity waves decelerate the zonal flow

cloud top

gravity waves
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Presentation Notes
Sketch of gravity waves generated by interaction of the zonal
wind on the mountains, propagating upward, breaking in the altitude
region 50–60 km, and decelerating the zonal wind at this altitude
and higher. The altitude of the relief is exaggerated by a factor of 7 for
better clarity.


General circulation modelling
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Presentation Notes
In the cases of the wave forcing, the SR is reproduced in the lower cloud layer.


Summary and conclusions

v' 12 Venus years of continuous imaging of the planet

v 500,000+ wind vectors at the cloud top and in the
deep cloud

v’ Latitudinal and vertical structure of the mean
circulation

v Characterization of variabilities of the circulation
v Discovery of the return branch of the Hadley cell

v Discovery of orographic effect on the cloud top
circulation
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Presentation Notes
Sketch of gravity waves generated by interaction of the zonal
wind on the mountains, propagating upward, breaking in the altitude
region 50–60 km, and decelerating the zonal wind at this altitude
and higher. The altitude of the relief is exaggerated by a factor of 7 for
better clarity.
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Zonal winds at the cloud tops
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