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The Venus Exploration Analysis Group 

•  The Venus Exploration Analysis Group (VEXAG) was established by NASA in July 
2005.  

Vexag Charter 
•  The Venus Exploration Analysis Group is NASA's community-based forum designed 

to provide scientific input and technology development plans for planning and 
prioritizing the exploration of Venus over the next several decades. VEXAG is 
chartered by NASA's Solar System Exploration Division and reports its findings to 
NASA. Open to all interested scientists and engineers, VEXAG regularly evaluates 
Venus exploration goals, scientific objectives, investigations and critical measurement 
requirements.  It also provides input to the National Reseach Council (US) Decadal 
Survey and the Solar System Exploration Strategic Roadmap (NASA).  



VEXAG Participants 

•  Co-chairs (as of summer. 2009): 
–  Sanjay Limaye (Sanjay.Limaye@ssec.wisc.edu) 
–  Sue Smrekar (ssmrekar@jpl.nasa.gov 

•  Venus Program Executive:  
–  Adriana Ocampo (adriana.c.ocampo@nasa.gov) 

•  Steering Committee: 
–  Mark Allen, Laboratory Measurements 
–  Kevin Baines, Atmospheric Evolution 
–  James Cutts, Exploration Technologies 
–  Lori Glaze, Planetary Formation and Evolution 
–  David Grinspoon, Venus-Earth Climate Connections 

•  Supporting members of the VEXAG Executive Committee: 
–  Tibor Balint, Mark Bullock, Larry Esposito, Jim Garvin, Ronna Hurd, 

Natasha Johnson, David Senske, Tommy Thompson, Allan Treiman,  
•  Past VEXAG Co-Chairs (in chronological order):  

–  Janet Luhmann, Sushil Atreya, Ellen Stofan 
•  And you! 



Activities 

•  2009: 
–  Flagship study completed 
–  Workshop on Venus Geochemistry: Progress, Prospects, and 

New Missions, February 
–  White papers and suggestions to Decadal Survey 
–  Venus Pressure Test Chamber 

•  2010: 
–  Conference & VEXAG meeting in Aug.  

•  Ongoing: 
–  Conference updates: DPS, LPSC, AGU 
–  Annual meetings, conferences 
–  Comparative Climatology Initiative 
–  Goals, Objectives and Investigations 

More info at www.lpi.usra.edu/vexag 
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Flagship Introduction 
•  NASA commissioned a Venus Flagship (VF) study 

in early 2008 that had 4 main deliverables: 
1.  A comprehensive science rationale and 

prioritized investigation list for Venus. 
2.  A detailed VF mission architecture trade 

study. 
3.  A Design Reference Mission (DRM), a pre-

Phase A study of the preferred VF mission 
architecture. 

4.  A technology roadmap for the DRM and other 
high priority mission options. 

•  There was a 22 member international Science and 
Technology Definition Team (STDT) and an 
engineering and mission design team at JPL 
–  Mark Bullock of SwRI and Dave Senske of 

JPL were the co-chairs of the STDT 
–  Jeffery L. Hall of JPL was the study lead 

•  The final report was published in May, 2009 and 
can be found online at http://vfm/library2/ 

•  The Decadal Survey Inner Planets Panel was 
briefed on the study results by Mark Bullock and 
Tibor Balint on August 27, 2009. 

•  Mark, Tibor and Elizabeth Kolawa assisted with 
the preparation of this briefing 
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Design Reference Mission 
•  The DRM requires a dual-launch approach 

using a pair of Atlas 551 rockets: 
–  1 orbiter, arrives first to serve as telecom relay 
–  1 carrier, arrives second, with 2 entry vehicles, each 

with a balloon and a lander (identical copies), delivered 
into the atmosphere 13 hours apart 

–  Launches in 2021, arrivals in 2022 
–  Orbiter serves as a telecom relay for landers (5 hours) 

and balloons (30 days) 
–  2 year radar mapping science mission after 

aerobraking to a 230 km circular orbit 
•  The balloons and landers communicate 

through the orbiter, with the carrier serving as 
a limited emergency backup 

•  The lander sites are Alpha Regio (-27°, 3° E) 
and the lava flows at -47.4°, 6.5° E 

–  The balloons are expected to circumnavigate Venus 
5-7 times and drift poleward 

•  There is a rich instrument suite including 
GCMS on lander and balloons, descent and 
panoramic imagers on the landers and 
synthetic aperture radar on the orbiter. 



Flagship Study Conclusions 

•  The recommended Design Reference Mission included relatively modest 
technology development needs: 
–  Many high priority science investigations can be performed with existing 

technology. 
–  The study team was motivated to minimize use of new technology to comply 

with the direction to be a $3-$4B mission launching in 2020-2025. 
–  While modest, the DRM technology needs for the lander will still require 

significant investment. 
•  Development of radioisotope power, active refrigeration and high temperature 

electronics would constitute a paradigm shift in Venus surface and deep 
atmosphere exploration by enabling persistent, long-lived assets of the kind 
already available at Mars. 
–  This would enable high priority science investigations like seismometry and 

meteorology (when coupled with high temperature electronics development). 
–  These technologies will require very substantial investments to bring to 

fruition. 
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Venus Exploration Goals, Objectives, & 
Investigations 









White Papers for the Decadal Survey 

1.  Venus Exploration Goals, Objectives, Investigations, and Priorities,  S.S. Limaye 
and VEXAG Executive Committee 

2.  Venus Atmosphere: Major Questions and Required Observations, S.S. Limaye 
and 23 co-authors 

3.  Venus: Constraining Crustal Evolution from Orbit via High-Resolution 
Geophysical and Geological Reconnaissance, J.B. Garvin and 10 co-authors 

4.  Comparative Planetary Climate Studies, D. Grinspoon and 13 co-authors 
5.  Venus Geochemistry: Progress, Prospects, and Future, Missions, A. Treiman with 

2 co-authors   
6.  Mission Concept: Venus in situ Explorer (VISE), Larry W. Esposito and the 

SAGE (New Frontiers 3) Proposal Team 
7.  Venus Atmospheric Explorer New Frontiers Mission Concept, K. Baines with 14 

co-authors 
8.  The Venus Science and Technology Definition Team Flagship Mission Study,    

T. Balint with 30 co-authors 
  9. Thermal Protection System Technologies for Enabling Future Venus Exploration, 

       E. Venkatapathy, and 94 co-authors. 
  10. Previously Overlooked/Ignored Electronic Charge Carriers in Rocks, F.    

  Friedeman-Freund 



Additional Input to the Inner Planets Panel 

•  Venus Climate Flagship Mission Concept – Bullock et al. 
–  Goal is to provide an intermediate class option, or ‘Flagship Lite’ 
–  Includes an orbiter, balloon and lander 

•  Concept for an orbiting communications asset at Venus 



VEXAG Proposal:   
Long-term communications capability with an orbiter  

  A long term communications capability in orbit at Venus would enable 
more robust balloon and lander missions which will occur in the future 
by enabling better communication of the data to Earth. 

  The same capability will also enable mutual radio occultations with 
other orbiters to arrive at Venus to provide data on the Venus 
atmosphere. 

  Options exist to create such an asset: 
  Collaborate with other space agencies to create an orbiting 

communications capability by contributing a transceiver 
  Provide credit and/or equipment to Venus Discovery or New 

Frontiers orbiter missions for providing long-term communications 
capability, as well possible funds to increase lifetime and 
robustness 

  Additional cost is not trivial, but worth the investment 
  Decadal Survey endorsement of this concept is desired 



Atmospheric Occultation Opportunity 

•  mutual occultations with other orbiters can be likely handled by the 
same radio science equipment as for relay (same point made in last 
bullet) 
–  (the Doppler shift due to the atmosphere needs to be separated 

from that due to relative motion). This opportunity has been lost 
at Mars with multiple orbiters operating at the same time but 
unable to perform mutual occultations due to orbit and 
incompatible radio frequencies 

–  An opportunity exists to avoid this situation at Venus.  
–  Requires only an omni XMTR/RCVR, the same as  required for 

the balloons/lander communication for data relay.  



•  Venus Climate Orbiter (VCO) to be launched by JAXA  
in May 2010.  Arrival at Venus in December 2010 

•  European Venus Explorer (EVE) being developed for  
proposal to ESA’s Cosmic Vision Program 
–  EVE will be re-proposed in 2010 

•  Venera-D being developed by Russia 
•  Venus Flagship Mission Study Completed for NASA 

(2009) 
•  SAGE selected by New Frontiers for Phase A study 

(2010) 
•  Anticipate several Venus proposals for NASA’s Discovery 

Program (2010) 

VEXAG provides opportunities  for information exchange and 
effort coordination and collaborations 



•  8th VEXAG Meeting:  Sept. 2, 2010; Madison, WI 
Some agenda items:  

      Venus top 10 discoveries 
      Venus mission pathways 

•  International Conference on Venus Our Closest Earth-like Planet: 
From Surface to Thermosphere - How does it work?  

•  Aug 30-Sept. 2.; Madison, WI 
•  Please respond to indication of interest form on the VEXAG website 
•  Support for student travel will be provided. 



Venus Top 10 Discoveries 

1.  Greenhouse effect has created a surface temperature increase of 100s of degrees. 
2.  Magellan data indicate that Venus has one of the youngest surfaces in the solar 

system, and is possibly still active. 
3.  Venus lacks plate tectonics, yet has major extensional and compressional strain zones.  
4.  Superrotation of the upper atmosphere is many times faster than in the lower 

atmosphere. 
5.  Surface features indicate link between volcanic activity and climate, pointing to the 

importance of studying Venus for understanding greenhouse atmospheres. 
6.  The tessera plateaus on Venus are likely some of the older surfaces on the planet, and 

may contain geochemical information that will help to constrain how long Venus 
retained its oceans. 

7.  The randomly distributed impact crater population on Venus make it one of the few 
places in the solar system where impact craters are not useful in age dating surfaces. 

8.  The D/H ratio indicates Venus lost substantial water in the past; the very low 
atmospheric water vapor indicates suggests that the interior is also dry. 

9.  Recent data from VEX_VIRTIS suggest we may be able to map compositional 
variations. 

10.  The surface of Venus is covered by 1000's of volcanoes, a major heat loss mechanism 
for Venus. 



Roadmap Paths 

•  Roadmap branches based on recent and potential results from 
Venus Express, Planet C. 

•   Key science objectives and mission objectives to be developed 
by entire Venus science community. 

•  Lower branch focuses on studying how the Venus atmosphere 
and surface have evolved and what that tells us about terrestrial 
planet evolution.  

•  Upper branch focuses on characterizing potential current 
geologic activity. 

•  Exact paths dependent on science and technology 
developments. 

•  Later missions require survival in extreme environment 
technologies. 



Venus Exploration Roadmap 

Venera 
Pioneer-Venus 
Magellan 

Venus Express 
Planet C (Akatsuki) 

Venus 
In-Situ 
Explorer 

Orbital Surveys  
(Altimetry, SAR Imaging, 
Sounders, Radiometry) 

Balloon 
Platforms 

Mobile Explorer? 
Tessera Lander? 

Seismic 
Network? 

Blue= Decadal Survey missions
Black= past or current missions

Gray= smaller missions
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