
International Venus Reference 
Models 

for Research and Mission Design 
Sanjay S. Limaye 

VEXAG Townhall Meeting 
LPSC, The Woodlands, TX 

21 March 2012 



1 March 2012 
Venus Reference Models 

Limaye - 2 

Time for an Update 

•  Venus International Reference 
Atmosphere was published in 1985 based 
on synthesis of results from many 
experiments on Pioneer Venus Orbiter/ 
Probe Mission and Venera entry probes 

•  A solid planet model was not considered 
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New Data on Venus Atmosphere 
and Solid Planet 

•  The original team anticipated updating the VIRA 
after the availability of results from the last phase 
of the Pioneer Venus Orbiter mission and from 
Venera 15 and 16 orbiters 

•  Venera 15, 16 (1985) and Magellan (1990s) 
SAR observations provided more detailed 
observations of surface of Venus and interior 
(gravity field) 

•  Venus Express has been observing Venus since 
15 April 2006 and much useful data has been 
obtained on the Venus atmosphere from Earth 
based telescopes in the last two decades 
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VIRA Update 

•  Some Proposed Updates to the Reference 
Atmosphere Model are being presented at 
EGU and COSPAR this year 

•  Working Group meetings are proposed at 
the next VEXAG Meeting (late Summer/
Fall 2012) 
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Need for a Venus Solid Planet 
Model 

•  There is interest in solving the mobility problem on the 
surface of Venus presented by the high temperature and 
pressure 

•  Given the rapid change with altitude in the atmosphere 
near the surface ( H ~ 3 km), the environmental 
conditions may be less hostile in higher plains of Venus 

•  Some surface properties (slope, roughness, extent) are 
expected to be important for surface mobility 

•  Other surface properties (e.g. emissivity) are important 
for studies of volcanism and mineralogical observations 

•  Detailed gravity field may provide a basis for detecting 
future changes 

•  Spin rate of Venus may be variable 
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Steps towards a Solid Planet 
Reference Model for Venus 

•  Identity the relevant data on: 
– Surface Physical Properties (roughness, 

slope, etc) 
– Surface Radiative Properties (radar, infrared 

and visible wavelengths) 
– Mineralogy 
– Gravity Field 

•  Working Group(s) formed to consider 
proposals for global surface Models 
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Venus Gravity Field 

•  First (and only results) to date were 
obtained from precise tracking of Magellan 
during its periapsis passes over several 
years 

•  Venus Express orbit is being tracked since 
April 2006 – present, but the gravity field 
data have not yet been reduced from the 
tracking data 
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Venus Surface Emissivity 

•  First results from VIRTIS Experiment 
suggest possible recent volcanism from a 
match of high emissivity with “hot-spots” 

•  Global coverage from VIRTIS not yet 
possible 
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Why Now? 

•  It is important to have the original 
experimenters involved in the 
development of the reference models 

•  Some of the Venera 15/16 and Magellan 
teams are still active 

•  Mission concepts will be easier to develop 
for future Venus missions in the coming 
decades 
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Who? 

•  Interested international institutions/
organizations which can provide 
organizational support 

•  Interested active scientists from the 
international Venus community 

•  VEXAG can hold Working Group Meetings 
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Proposed Working Group Schedule 

•  Models proposed at future international 
meetings – IUGG/IAMAS (Davos, 
Switzerland, July 2013), DPS/EPSC/LPSC 
and AGU/EGU 

•  VEXAG Meeting in November 2012 
•  Publish the Model ~ 2014 
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What is it necessary to know to construct the interior structure 
model of Venus? 
Tamara Gudkova 

    Observational data 
 

 The mass of the planet    M=4.8669x1024 kg = 0.815 ME 
 The mean radius                R=6050.9 km         = 0.915 RE 

                                          ρ = 5.2419 g/cm3 = 0.95 ρE 
 Surface temperature    740 K, pressure 93 atm, density 67 kg/

m3   
 The value for the mean moment inertia   
                                       I/MR2 = 0.331-0.341 (Konopliv,  2006) 
 
  The Love number   (obtained by the amplitude of the solar tide raised on 

Venus)  
                                      k2=0.295±0.0.066 (Konoplive, Yoder, 1996) 
                          the core is liquid 
 

         J2=4.4192±0.0016 x10-6  (from Doppler radio tracking data  of two spacecraft orbiters, Magellan 

and  Pioneer Venus Orbiter (gravity field of degree and order 90) W.L.Sjogren et al.., 1997, Konopliv 

A., 2006)  

         J2=4.0±1.5 x10-6  by Russian Venus-9 and -10 spacecrafts (Akim et al., 1978) was a quite accurate 

estimate    
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What is it necessary to know to construct the interior 
structure model of Venus? 

      
   Equation of state ρ=ρ(P), 
        which produces the law by which the material of the planet is compressed 

beneath the weight of the overlyine strata   
                            

 The equation of hydrostatic equilibrium and the equation for the mass 

 

                   The boundary conditions:  on the surface            r =R:   M(R) = M   
                                                                    in  the center              r =0:  M(0) = 0 

 
 
  In the case of the Earth, from seismology we know the quantity 
where Ks is adiabatic modulus and Vp and Vs are velocities of longitudinal and 

transverse seismic waves. With the equation of Adams-Williamson, it is 
possible to calculate a model of the Earth, using only geophysical data               
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      Atmospheric structure:  
         the variation of temperature 
         with altitude for Venus 

The surface temperature 733 K 
The surface pressure      92 bar 

Technical conditions for seismic experiments on the surface of Venus are very specific. 
 Due to very high temperature and pressure on the surface, none of the instruments worked  
there more than two hours For Venus, a remote detection in the atmosphere might provide 
the opportunity to perform seismic measurements. 
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           The physical mechanism producing the atmospheric infrasonic waves  
                         from seismic  surface waves and their propagation. 
 
Such sources as atmospheric explosions or shallow quakes lead to a strong vertical displacements of the 
surface, which generate pressure waves. These pressure waves propagate in the atmosphere with sonic speed 
and their amplitudes are getting several orders higher while they reach the ionosphere.  In particular, the surface 
Rayleigh waves arising after a quake, produce surface displacements, which generate spread up acoustic waves.  

Diagram describing the coupling between the seismic waves, the infrasonic pressure waves and the ionosphere. 
The pressure waves are amplified through their vertical propagation in the atmosphere.  Vs  is the speed of 
sound in the atmosphere, and  Vr is the velocity of seismic surface waves  (Garcia et al., 2005).  


