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Abstract:  Five observing runs between 2010 and 
2013 were dedicated to collect day-side temperatures 
and  wind  information  in  the  Venusian  upper  atmo-
sphere at an altitude around 110 km. The primary focus 
of these campaigns was the tracking of the short and 
long term temporal behavior and information about the 
spatial variation of temperatures and winds. Observa-
tions were accomplished with the Tunable Heterodyne 
Infrared Spectrometer THIS at the McMath Pierce Sol-
ar Telescope on Kitt Peak and at the NASA IRTF on 
Mauna Kea.

Introduction: Dynamics  of  the  Venusian  atmo-
spheric  transition  zone  between the  sub-solar  to  an-
ti-solar (SS-AS) flow dominated region above 120km 
and the superrotation dominated region below 90km is 
not yet fully understood [1]. Temperatures in the same 
region are not very well constrained and we lack in a 
comprehensive  understanding of  this atmospheric  re-
gion.  Previous  observations  and  model  calculations 
have shown that waves might have a significant influ-
ence  at  this  altitude  [2,3].  Therefore  long  and  short 
term measurements are essential for the validation of 
global circulation models and a global  understanding 
of the atmosphere. 

So far space based observations can only partially 
provide temperatures [4,5] and do not offer direct wind 
measurements  at  these  altitudes  [e.g.  6,7].  Ground-
based results still lack in time coverage and spatial res-
olution.  Hence  measurements  on  various  time scales 
and on different locations with sufficient spatial resolu-
tion on the planet are important. Such observations are 
carried out with the infrared spectrometer THIS from 
the University of Cologne.

Instrument & Techniques:  The Tunable Infrared 
Heterodyne  Spectrometer  (THIS)  was  developed  at 
the  I.  Physikalisches  Institut,  University  of  Cologne 
[8]. The ground-based receiver is transportable and can 
be used at various telescopes. Beside high spectral res-
olution  (R>107)  this  technique  also  guarantees  high 
spatial  resolution  on  the  planet.  Temperatures  and 
winds in planetary atmospheres can be retrieved from 
detection and full resolution of narrow non-LTE emis-
sion lines of CO2  at 10 μm. These emission  lines are 
induced by solar radiation. Non-LTE emission can only 
occur within a narrow pressure/altitude region around 

110km [9]. Temperatures are retrieved from the Dop-
pler-width of emission lines with a precision down to 
5K [10]. Wind velocities can be determined from Dop-
pler-shifts of  the emission feature providing a preci-
sion down to 10 m/s [2,3].

Observations & Results:  Table 1 gives an over-
view of all accomplished observing runs including re-
marks about  quality of the received data set and condi-
tions the spatial resolution. Observing run #2 provided 
a  fully  illuminated  planet.  Nevertheless  Venus  ap-
peared at its smallest diameter we could easily resolve 
the planet and observe different latitudinal and longit-
udinal positions on the planet. An better spatial resolu-
tion was provided during observing run #4 and the illu-
mination conditions allowed to investigate more than 
half of the planet. 

Table 1: Overview Observations 2010-2012. The resolution gives  
the factor of the apparent diameter of the planet and the diffraction  

limited field-of-view (FOV) of the telescope.

# date telescope quality of 
data

remarks res. 

1 2010-08 McMath-
Pierce Solar 
Telescope

sparse
data set

bad 
weather

13,8

2 2011-06 McMath-
Pierce Solar 
Telescope

excellent 9 days 
of obs.

6,3

3 2011-11 McMath-
Pierce Solar 
Telescope

no data bad 
weather

6,3

4 2012-03 McMath-
Pierce Solar 
Telescope

excellent 
data set

7 days 
of obs.

35,6

5 2012-05 NASA, 
IRTF

excellent 
data set

6 days 
of obs.

56,7

The last observing run so far took place at the IRTF 
on Mauna Kea. This telescope provides compared to 
the McMath a better field of view. Therefore we had an 
extraordinary good spatial resolution important for in-
vestigation  of  spatial  variations  of  temperatures  and 
winds. Results from runs #1 and #3 are limited due to 
bad weather conditions.  
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Data  analysis  is  still  ongoing.  First  investigations 
confirm the dominance of the sub solar  to anti  solar 
flow in the order of 140m/s at an altitude level around 
110km.  Nevertheless  we  do  see  an  additional  wind 
component (global, periodic) and short term temporal 
variations which need further investigations. E.g. meas-
urements  in  the  northern  and  southern  hemisphere 
close to  the equator  revealed  a systematic  difference 
between the southern and the northern hemisphere even 
though the observed positions are very close to each 
other. 

Detailed analysis of all observations and interpreta-
tions will be accomplished until March and results in-
cluding conclusions  will  be  presented  at  the  confer-
ence. 
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