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Measurements made from the VeGa 1 lander dur-

ing its descent to the surface in June 1985 are the last 
measurements made in the lower atmosphere of Venus 
and on the surface of Venus. Since then, much pro-
gress has been made in the numerical modeling of the 
global circulation of Venus, but the different models 
still cannot agree on the mechanisms or the processes 
responsible for the maintenance of the su-perrotation 
of the atmosphere (Lebonnois et al., 2013). Under-
standing the exchange of angular mo-mentum between 
the atmosphere and the solid planet is one key meas-
urement not yet made, and sustained meteorological 
measurements around the level of the peak density of 
kinetic energy (~ 20 km altitude) in equatorial latitudes 
are needed. 

Session:  This topic is intended for the session 
“Within the Atmosphere”. The focus is on explora- 
tion targets in the altitude range surface to 45 km. The 
primary VEXAG Goal addressed is I.B (Processes that 
control climate), and also relevant for II.A (How is 
Venus releasing its heat?) and III.B (surface-
atmosphere interaction).  

Target:  The target region is from the base of the 
cloud layer to the surface, with emphasis on equatorial, 
mid and polar latitude samples. Due to increasing tem-
peratures found in the Venus  atmosphere  below  the  
base  of  the cloud layer, not much attention has been 
paid to sustained measurements in the 0-50 km re-
gion.  At 50 km the ambient temperature is about 
347K at about 1 bar pressure.  At increasing pressures 
to- wards the surface the temperature rises at about 8 K 
per km, stressing electronics, instrumentation and plat-
form operations at those altitudes. It is quite possible, 
and actually desirable that the platform may need to 
make periodic vertical excursions for long term sur-
vival for tackling thermal conditions, but large excur-
sions in pressure may also pose chal- lenges for the 
platform capabilities. Phase change balloons have been 
considered in Japan and by JPL in recent years, and a 
metallic bellows based “balloon” has been considered 
for the Venus Mobile Explorer (VME) studied for the 
recent Planetary Science Decadal Survey [2]. 

Science Goal(s): The main scientific question is 
what atmospheric processes are responsible for the 
peaks of the angular momentum and kinetic energy 
density which occur in a rather narrow layer centered 

at about 20 km in low latitudes. The previous Venera 
and Pioneer Probe measure- ments represent the only 
hard information about the conditions in the atmos-
phere below the clouds.  Presence of  some  aerosols  
has  been  suggested,  but  not much is known about 
their source, nature and physi- cal/chemical properties. 
It is known that the temperature lapse rate is very 
close to being adiabatic, suggesting that the atmos-
phere is well mixed and thus strong vertical motions 
may be encountered.  The north probe vertical profile 
does not show the momentum and kinetic energy 
peak, suggesting latitude dependence. 

 
Figure 1.  Angular momentum (left) and kinetic energy 
(right) per unit volume from the zonal speed of the 
Pioneer probes and ambient atmospheric density 
(Schubert et al., 1980) for the North (60.2° N), Day 
(31.3° S), Sounder (4.0° N), and the Night (27.4° S) 
Probe locations [3]. 
 

Discussion:  The VME study identified several 
technology development needs  and  other  concepts  
for  the lower atmosphere mobile platforms will also 
have comparable needs.  Investments in such develop- 
ment are needed before any sustained measurements 
from a capable floating or flying platform can be made 
below 50 km altitude. 

The question of super-rotation of the atmosphere 
has been a mystery since its discovery more than half a 
century ago.  Exchange of angular momentum between 
the surface and the atmosphere is a key process about 
which little is known, but the recent reports of rotation 
rate of Venus [4] and theoretical and numerical analy-
sis suggests that such exchange can be very significant 
[5].   Measurements of the atmospheric conditions 
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in the lower atmosphere and use of numerical circula-
tion models are needed to understanding the atmos-
pheric superrotation, its origins and the planet’s spin 

evolution when more knowledge of the lower atmos-
phere circulation and nature of turbulence is obtained. 

Figure 2.  Technology development needs identified by the VME concept study team (Table 13, [2]). 
 
Required Measurements:  The primary measure- 

ment needed is of the magnitude and direction of 
the ambient circulation.  Frequent measurements are 
nec- essary (at least over short intervals) to get some 
idea of the strength of small scale turbulence.  The 
measure- ments are needed for a sustained duration (as 
long as practical) to get some idea of the larger scale 
waves in the lower atmosphere of Venus.  Proximity 
to the sur- face will of course present opportunities for 
surface imaging if the data rates can support it.  Fol-
lowing measurements should be considered:  
 1)  Measurement of the magnitude and direction of 

the horizontal drift of the floating platform and  
vertical  motions, preferably  by  an  on- board ca-
pability or with the ground and orbiter Doppler 
methods 

2)  Atmospheric temperature and pressure, and  
3)  Net flux of radiation and solar flux.  
 
The VMC concept studied the bellows based balloon 
in the context of landed operations and identified 
Technology development needs (Figure 2).  For the 
purpose of the atmospheric measurements this is not 
required, and the  exclusion  of  landed  operations  

may enable a somewhat less challenging deployment.  
Data communication can be through an orbiter relay or 
a higher level flying/floating platform. 
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