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Latitudinal cloud characteristics in the Venusian northern high-latitude region evaluated
from VEX/VIRTIS observations
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This paper presents the characteristics of Venusian northern high-latitude clouds, i.e, their opacity, cloud top temperatur
and altitude, evaluated from Venus Express (VEX) observation. We also try to interpret them with the possible atmospheric
circulation around the polar vortex structure.

The high latitude region have mainly been investigated in the southern hemisphere by Venus Monitoring Camera (VMC) and
Visible and Infrared Thermal Imaging Spectrometer - M channel (VIRTIS-M) aboard VEX. There is a bright dipole feature
surrounded by a cold collar [Piccioni et al., 2007]. It is also found that the cloud top altitude decreases poleward [Ignatiev et al.,
2008]. Furthermore, the past flyby observations by Galileo indicated that cloud mean particle size in the Northern hemispher
is more than that in the Southern one [Carson et al., 1993]. We pay attention the differences between both hemispheres in oth
aspects.

Firstly, we investigated the latitudinal variations of cloud opacity, cloud top temperature and altitude in the northern hemisphere
by the data observed by VIRTIS - High spectral resolution channel (VIRTIS-H). This instrument can provide the information
of northern hemisphere which has not been well reported yet in past VEX studies, so using all official data which observed the
northern hemisphere by nadir mode we tried to compare these characteristics in the northern hemisphere to those in the south
hemisphere.

(A) In the night side 2.3um thermal radiation, we could not find enough flux from lower altitude regions in the latitude more
than 70degN. We conclude the cloud optical thickness in high latitude region is constantly about twice of that in lower latitudes.
This tendency is consistent with past southern hemispheric result [Wilson et al. 2008].

(B) We retrieved the cloud top temperature from 5um radiation and the dayside cloud top altitude by 2.2asGM@tion
band. The averaged cloud top temperature increased from 223 K at 65degN (cold collar region) to 234 K at 80degN (brigh
dipole region). On the other hand, the averaged cloud top altitude at 80degN (65.4+-0.9km) was lower than that at 65degh
(68.1+-0.5km). These are consistent with the characteristics in the southern hemisphere [Ignatiev et al., 2008].

(C) We compared the averaged latitudinal distributions of cloud opacity (from A), cloud top temperature and altitude (from
B) from 15 orbits with the resolution of 1 deg. in latitude. Although there was a negative correlation between the cloud top
temperature and its altitude (from B), there were no remarkable characteristics between other two. It suggests the temperature
the Venusian polar structure is affected by cloud top altitude.

Secondly, to interpret the first analysis results with the possible atmospheric circulation around the polar vortex structure we
investigated the carbon monoxide distributions under the cloud layer and its relationship with brightness temperature of the clouc
top range using VIRTIS-M observation data. Since CO can be used as an atmospheric dynamical tracer [Tsang et al., 2008], w
investigated the correlation of the atmospheric circulation with the structure of polar vortex shown as a temperature structure
As a result, the mixing ratio increased from 14+-3ppm at equator regions to 25+-5ppm at 65degN, and it decreased to 21+
5ppm at 85degN. Furthermore, we confirmed that there was a negative correlation between the CO distributions and brightne:
temperature of the cloud-top range, and the peak of CO abundance was located in the cold collar regions and its abundan
decreased toward bright dipole region. Since CO under the cloud is transported from the upper layer, the CO enhancement in tl
cold collar can be interpreted the down-welling region of planetary-scale circulations, i.e., the Hadley-Circulation.

We are now trying to evaluate this suggestion with a GCM modeling result. In the paper, we will also report the results
including their interpretations.

000000000000 VenusExpress(VEXp OOOOODOOOOO00OODODOOOOOOOOODODmMOOOOO
ooooboobooboooboobobooboboooboboobooboob0oboobobobUoobobDOoobOon
gbooobooboobobooaon

000000000 VenusEXpress(VEXPp OO O OOOODODODDOOO0DOODOOODOOOOODDOOOVenus Monitoring
Camera (VMC)YJ Visible and Infrared Thermal Imaging Spectrometer - M channel (VIRTISSNDO O 000000000
O00000D00000000000 Polardipoled 0000000000 OODOOOO0ODODO Coldcollarc00nonn
OO000000000000000 [Piccionietal.,, 200 0000000000000 O0OOOO0O74+1kn 0000
000000 63-69knid [Ignatiev et al., 2008] O O O O Galileod O O O O Near-Infrared Mapping Spectrometer (NIMS)
0000000000000 000000000000000000000000 [Carsonetal.,, 19931000000
do0oooooooobooooooooooooooveEXODoooooooobooooooooboooooooooao
goooobobooooobboooooobooooooobooooao



0000000000000 0000D0000O0VEXODOOOOOOO VIRTIS - High spectral resolution channel
(VIRTIS-H)OOODOOOOOOOOODODO0O0O0OOO0O0O0oo0ooovIRTISSHOOOOOOODODODOOOOOOO Nadirc
0000000000000 0000o0000o0o0oU0oO0oU0DO0D0D00D0D0D0000D0O00O0O0On0 Nadird
gooboboboobooboobodboobobobobooboobo0bo0ob0™WUoboo™@Wobooboo
ooooboobooboobobooon

OHooD 23uwmMO0O0000000D0OOO00O0ODOO0OO0ODOCOO0DO0OOOO0ODOOOO 00O ODOODOOOODOO
goo0oOoooUOU0oOoO0O0DoOO0U0OODO00DODODOODO0U0DOO0OU0DDOO0U0ODOOU0UDOOUODDOOOUODOOOO
gooboooobuooooooooobooobb oo oo b oo b oo b ooobboo
0000000000000 [Wilsonetal. 2008 00000

(200000 00DoOoO0oooooOooooDS5SMMOOO00O0O0O0O0O0O0O0 22umbo CoU0O0D0OO00OO0OOO
00000000 0O0OColdcollard 0000 6500 223KOOOOPolardipoled D000 8000 234KOODOOOO
O000000ooo0ooo0o0o0ooo0on 6500 68.1+05kmI 00000 80000 65.4+-0.9kn 0000000
DO0O0O00O0OOOlgnatievetal. 20080 0000000000000 00ODOOO0OODOOCOOODOOOOODOOOO

RUUOOoODoO0 15000 nadir 0000000 (1)D00O0O0ODO0O0O0O0O0ODOOODODODODO 2000000
goo0o0OdoOoOOd0oOO0boOO00oOOoooboob ogbecDOUdDbOODbOO0DmMUuOobDUOOobODOoOoboOobDoOn
000000000 0000oo0o000o0Doo00000o0o0o0000o0o0ooo0O00O0oDOD Polardipoled O
O CodcolarD 000000000 OOOOOOO0OOOOOOO

oo oo oo ooooo b oooobog
0000000000000 00000000000000000DDOO0 [Tsangetal.,, 2008 COO 00O OO OBand
Ratio Technique [cf. Tsang etal., 20090 0 0000000 COOO0OOODODO 14+3ppnd 00 650000 25+-5ppm
000o000bO0O0bOO0bOO0b00o0obO0o0obOo0oDO0o0obDOoOoDbOOUObbOOobDboOssObOUOnn 21+-5ppmI 0O O
COOODUOUDODODOUOnO Ne6s5-700000 ColdeollarD 000 DOOO0OOODOOO Polardipolel 0 O0O0O00O0O
0o00d0ooodooodooooooooo0goooooooo0oooogoo conoooUoouoooooDoo
00000000000 0OCodeollarD 00000000000 ODOOOOODOODOOOOODO

oo oooobbboooobbuooooooon



