Assessing the long-term variability of Venus winds
at cloud level from VIRTIS—Venus Express

R. Hueso, J. Peralta, A. Sanchez-Lavega (lcuras, in press)

-Sanchez-Levega et al., 2008.
Variable winds on Venus mapped in three dimensions (GRL)
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Venus Express /
Visible and Infrared Thermal Imaging Spectrometer (VIRTIS)
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Fig. 8. Meridional wind profiles in the lower cloud at specific orbits.
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Fig. 7. Examples of zonal wind profiles in the lower cloud at specific orbits.
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Summary
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B ELE: ~62m/s
AL JELE: < 5 m/s [Sanchez-Levega et al., 2008]
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Table 1

Orbits and distribution of tracked cloud features in the upper clowd.

Orbit Date Time UV (380 nm)
(yrfmmjdd)  septh) | 5000 Local ime N paints
range range
VOLO5  2006-04-19 12 03°5-T1°§  (B8-161 145
34 2006-05-24 15 175408 112-135 25
69 2006-06-28 08 O7°S-60FS  092-161 ag
70 2006-06-29 08 4566 113-153 a0
73 2006-07-02 1 SOFS-BOFS 096-143 &
74 2006-07-03 1 5XE-T4%  (92-128 10
75 2006-07-04 1 5FS-TES  09.0-144 16
76 2006-07-05 1 45°5-T3%  123-161 18
77 2006-07-06 1 SXSEFS  132-163 7
78 2006-07-07 1 45°5-65%  12.1-163 13
79 2006-07-08 1 50°S-65°S  13.5-16.2 g
&0 2006-07-09 1 5°S-T0°S 11.9-146 15
&1 2006-07-10 1 535626 132-156 a
&2 2006-07-11 1 SS-TES  12.1-151 10
&4 2006-07-13 1 SOPS-EIS  (9.5-120 8
&5 2006-07-14 1 S4S-E5%  (7.0-134 2
86 2006-07-15 1 5TS-E2%  (B.5-120 10
a4 2006-07-22 1 65°5-T6%  07.1-125 g
a5 2006-07-24 1 565835 06.6-126 29
96 2006-07-25 1 655827  (7.0-128 7
a7 2006-07-26 1 55°5-§7%  10.8-162 16
ag 2006-07-27 1 GES-TES  125-13.7 4
244 2006-12-20 2 BTS84 (B6-153 15
283 2007-01-28 1 555 78S 106-161 24
451 2007-07-16 1 4S-66%  10.4-118 7
452 2007-07-17 1 54565 09.9-122 10
453 2007-07-18 1 AE°S-6TS  (96-126 16
454 2007-07-19 1 51°5-T1S  (R8-128 1
456 2007-07-21 09 SPSE1  (9.9-143 20
457 2007-07-22 09 5TS-E3%  (9.0-144 73
458 2007-07-23 09 5TS-E3%  103-144 n
459 2007-07-24 09 5FETIS  09.1-140 n
460° 2007-07-25 09 575648 (9.4-116 5
461 2007-07-26 1 5E5-E1%  10.1-149 26
462 2007-07-27 09 575675 (93-161 77
4634 2007-07-28 09 545775 10.0-131 P
465 2007-07-20 1 545-T2%  10.5-140 16
466 2007-07-30 05 55°5-68%  10.0-140 28
467 2007-07-31 05 S4S-BFS  096-157 28
pres 2007-08-01 1 5XEEI%  (92-157 5
469 2007-08-02 1 5T°5-79%  (B6-166 24
470 2007-08-03 09 5E5-E1%  10.4-145 24
4T 2007-08-04 09 57573 112-160 21
472 2007-08-05 09 5ES-TIS  (9.7-152 7
4730 2007-08-06 05 GES-EIS  (B.7-169 77
Total 03°5-E7°S  066-169 1071

Table 2
Orbits and distibution of tracked cloud features in the lower clowd.

Orhit Date Time MIR {1.74 pm)

(yfmmjdd)  sep(h) . hide Local time N paoints

range range

VOIon 2006-04-12 1.6 1F5-8675 19.6-05.5 g6
Voim 2006-04-13 1.6 IF5-B15 192-03.7 14
voloz 2006-04-14 1.6 A475 8475 21.2-03.0 5
Volod 2006-04-17 1.6 A5 5-Bd4"5 XX 1-0d1 B
72 2006-07- oTr 01°5-857% 18.4-04.6 128
73 2006-07-02 1 AFS-E475 19.1-02.9 2 ]
T4 2006-07-03 1 SFS-BETS 2 6-034 10
75 2006-07-04 1 AFS-B475 19.6- 044 3z
77 2006-07-06 1 IS H05 18.9-00.1 65
78 2006-07-07 1 BIFS-B45 HWA-236 5
T4 2006-07-08 1 TUFE-E25 221-238 5
B 2006-07-(8 1 Ad5-B1-5 199-239 20
B4 2006-07-13 1 IEFS-B2S 209-025 ag
BB 2006-07-17 1 05405 21.8-01.2 34
294 2007-02-13 1 14756475 185-21.2 126
300 2007-02-14 1 14756475 184-21.1 B4
Im* 2007-02-15 1,2 1975685 18.1-21.1 i
E{ire 2007-02-16 1.2.5 1554675 18.3-21.4 175
303 2007-02-17 2 675 -47°5 19.3-30.5 52
30 2007-02-18 2 THE-47°5 18.3-20.7 46
i g 2007-02-23 2 07%5-47°5 18.4-21.0 104
EX[ig 2007-02-24 2 GBI 5-ET7% 19 5-0d4 ]
3144 2007-02-08 1 BES-B5S 21.9-0d4 30
3224 2007-03-08 1 5°N-55% 19.6-21.1 g6
324 2007-03-10 1,2 075-53°% 199-21.4 o440
3344 2007-03-20 2 34755075 H5-226 i3
3oz 2007-05-17 1,15 2 41°5-B47% 20030 1
410 2007-06-05 05 0F5-267% 200-230 B
411 2007-06-06 05 0475385 19.2-23.4 B4
4544 2007-07-19 1 BE"5-B575 21.0-032 42
Seo 2007-11-10 23 18°5-57% 22 9-00.7 41
5774 2007-11-18 07,23 TH-38°5 HA4-013 26
LEEY 2007-11-27 3 A47%5- 5475 20.5-037 a7
i 2007-12-18 2 0=-6Fs 01.8-052 113
B11* 2007-12-22 2 355435 022-054 125
B2 2007-12-31 1,2 2475865 19.1-027 154
T 200B-04-08 1 1675805 233-037 103
B2 2008-06-26 2 A58 -B2% 23-036 57
B&1* 200E-09-F9 1 06"N-3275 03 8-055 45

Total 06"N-8775 18.1-055 269z

N
Ha

* Mew data not reported in Sanchez-lavega et al (2008).



Table 3

Zomal and meridional velocities at top of the the upper cloud layer (380 nm].

Latitude ) v rams. (1) r.ams. (V] N
(deg.) (ms™)  (ms™')  (ms7) (ms~")
—-B6 -31 -15 11 63 4
—B4 -17.1 -21 18 73 10
—B2 -3249 —42 12 B85 17
—B0 -353 -25 12 92 36
-78 -34.4 -149 12 92 54
—T6 -374 —4.6 13 94 65
-T4 —42.1 -52 14 i1 T4
-T2 —i46.4 -33 16 10 B0
=70 —472 -549 15 10 an
-G8 -51.7 -G66 14 12 &7
—66 —-55.1 =70 14 12 B4
—64 -50.4 -62 15 13 93
—-62 —64 4 -98 13 12 103
—B0 -70.0 -106 14 12 108
-G8 -735 -11.1 13 12 113
-56 -757 -115 15 12 74
-54 -BOE -125 13 13 53
-52 —B4.1 -17 15 11 30
50 —100.6 -112 12 a5 20
—i4f -110.7 -74 7.0 B4 22
—i4h —-109.7 -65 B4 73 a5
—d —106.8 -98 a5 6.2 23
—i2 -104 49 -113 T4 52 18
—il —1002 -BE 12 71 25
-3B -4987 -B6 13 73 23
-36 —100.5 -649 a5 94 34
-3 —-103 .4 -B1 86 B0 35
-32 -1033 =74 a5 75 30
-30 —104 3 -72 92 70 24
—-28 —1056 -62 BE 68 28
—26 —10549 —4.6 a.0 67 2
—24 —101.1 -31 B4 62 14
-2 —-1018 -32 85 49 149
-0 —-102.5 -35 gE4Q 66 2
—18 -47.0 -32 11 B85 10
—-16 —102.4 -34 11 B4 5
—14 —1012 —54 76 39 5
-12 —06.3 26 6.8 1.8 3
—-10 —106.5 -53 35 3B 3
-B -101.5 L a6 56 3
-6 -922 05 4.0 5.4 3
—i —108.0 —-10u0 103 36 2

Table 4
fonal and meridional velocities in the lower cloud layer( 1.74 pm]
Latitude {up v r.ms. (1) r.ms (v) N
(deg.) fms7")  (ms7"]  [ms7Y) (ms~"]
—87 27 34 10 75 F)
-85 -69 22 12 a3 33
—£3 -158 16 10 a5 T
-8 =212 -09 &5 a0 111
-79 70 -06 11 ] 116
-7 =324 10 10 87 01
-75 —42.1 1.0 12 87 a6
-73 —48 8 4.1 11 a6 66
- —50.7 52 12 77 50
-9 —54.4 47 13 T8 43
-67 =571 EL] 11 T0 41
-85 -5849 21 a7 71 48
—-63 -5913 05 &0 67 87
—-61 —60.4 0.4 a5 72 T4
-89 -615 1.1 a1 T0 108
-57 -GG 1.0 &5 6.7 a8
-55 -62.8 04 a3 6.4 B4
-53 -613 1.1 &6 62 102
-51 —60.4 23 &8 65 ag
e ] -5949 18 B4 71 a5
—47 -G8 2 17 &6 63 111
—d45 -56.7 21 T8 62 126
—43 —58.4 25 [ 52 149
—id1 -585 25 LE 52 180
-39 -5813 20 LT 43 143
-37 -G8 2 EXI} 60 6.1 136
-35 -56.5 31 63 6.0 141
-33 -575 29 a1 62 149
- —574 34 62 T0 131
-2 -571 28 60 T0 122
-7 -58.1 18 LE 63 118
-25 -58.8 21 T4 TE 120
-23 -592 25 [:F:3 13 120
A | —-60.7 15 T4 68 128
-19 —B0.8 1.1 b6 72 111
-17 -61.1 05 &0 75 82
-15 —-60.3 149 17 B0 83
-13 -61.7 20 17 79 77
-11 -6349 15 a6 i3] 67
-9 -653 12 a5 85 41
-7 —-64.0 24 73 &2 40
-5 -625 -13 42 T8 33
-3 -61.8 -3.1 LB 77 19
-1 -6249 -6.7 82 13 13
1 -636 —4.0 57 Q7 10
3 -638 -03 52 i3 )
5 -625 —-10.0 EF:] 15 4
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Fig. 4. Zonal-latitudinal map of zonal and meridional winds
in the upper cloud. (A) Latitude—local time distribution of
zonal wind. (B) Latitude—local time distribution of
meridional wind. (C) Number of wind vectors in each
latitude—local time bin.
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Fig. 6. Zonal-latitudinal map of zonal and meridional

winds

lower cloud. (A) Latitude—local time

distribution of zonal wind. (B) Latitude—local time
distribution of meridional wind. (C) Number of wind

vectors in each latitude—local time bin.
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Abstract

The Venus Express (VEX) mission has been in orbit to Venus for more than 4 years now. The Visible and
Infrared Thermal Imaging Spectrometer (VIRTIS) instrument onboard VEX observes Venus in two channels
(visible and infrared) obtaining spectra and multi-wavelength images of the planet that can be used to
sample the atmosphere at different altitudes. Day-side images in the ultraviolet range (380 nm) are used to
study the dynamics of the upper cloud at 66—72 km while night-side images in the near infrared (1.74 Im)
map the opacity of the lower cloud deck at 44-48 km. Here we present a long-term analysis of the global
atmospheric dynamics at these levels using a large selection of orbits from the VIRTIS-M dataset covering
860 Earth days that extends our previous work (Sanchez-Lavega, A. et al. [2008]. Geophys. Res. Lett. 35,
L13204) and allows studying the variability of the global circulation at the two altitude levels. The
atmospheric superrotation is evident with equatorial to mid-latitudes westward velocities of 100 and 60 m
sl in the upper and lower cloud layers. These zonal velocities are almost constant in latitude from the
equator to 50S. From 50S to 90S the zonal winds at both cloud layers decrease steadily to zero at the pole.
Individual cloud tracked winds have errors of 3—10 m s1 with a mean of 5 m s1 and the standard deviations
for a given latitude of our zonal and meridional winds are 9 m s1. The zonal winds in the upper cloud change
with the local time in a way that can be interpreted in terms of a solar tide. The zonal winds in the lower
cloud are stable at mid-latitudes to the tropics and present variability at subpolar latitudes apparently linked
to the activity of the South polar vortex. While the upper cloud presents a net meridional motion consistent
with the upper branch of a Hadley cell with peak velocity v = 10ms1 at 50S, the lower cloud meridional
motions are less organized with some cloud features moving with intense northwards and southwards
motions up to v = £15 m sl but, on average, with almost null global meridional motions at all latitudes. We
also examine the long-term behavior of the winds at these two vertical layers by comparing our extended
wind tracked data with results from previous missions.



