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Charge:  
“What are the most scientific compelling, most 

important questions to answer or address?" 
• Easy – The Decadal Surveys have been getting 

it right for strategy.  
• What’s hard is agreement on tactics. 
• Every sector of the community claims their 

favorite (planet/asteroid/satellite/dwarf 
planet/comet/instrument/mission …) is the 
absolute highest priority for addressing the 
Survey’s questions. 

• And don’t forget to send plenty of R&A $$! 
 



Outer Planet Strategy 

• Need to go back and consider the nature 
of Scientific Exploration, not just lists of 
mission types 

• This is not a new idea. 
• Ten years ago … 



Outer Planet Exploration and 
Science 

Subset of T. V. Johnson presentation to AIAA 
Space Exploration Conference 1 Feb 2005 

 
Presented to OPAG, 10 Feb 2005 



Exploration and Science 
in the Outer Solar System 

Torrence V. Johnson 
Jet Propulsion Laboratory, Caltech 

 

1st Space Exploration 
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Walt Disney World, Florida 
 



EXPLORATION 
n 1: to travel for the purpose of 
 discovery 

SCIENCE 
n 1: The observation, identification,  
description, experimental investigation, 
and theoretical explanation of phenomena 



John Wesley Powell and the 
Grand Canyon 

First camp of the second John Wesley Powell 
expedition, in the willows, Green River, Wyoming, 1871.  
There were no photographs taken on the 1869 
expedition. 

Source: Wikipedia 



A Century Later … and still 
exploring 

Jack Schmidt discussing photograph matching; 
 
 L to R: Tad Nichols, Gene Shoemaker, Kathryn 
Jones, Shirley Marston, Lois Jotter Cutter. At 
Badger Rapid.  
 
Source: NAU Archives 

http://archive.library.nau.edu/cdm/search/searchterm/Jack
http://archive.library.nau.edu/cdm/search/searchterm/Schmidt
http://archive.library.nau.edu/cdm/search/searchterm/discussing
http://archive.library.nau.edu/cdm/search/searchterm/photograph
http://archive.library.nau.edu/cdm/search/searchterm/matching
http://archive.library.nau.edu/cdm/search/searchterm/L
http://archive.library.nau.edu/cdm/search/searchterm/R
http://archive.library.nau.edu/cdm/search/searchterm/Tad
http://archive.library.nau.edu/cdm/search/searchterm/Nichols
http://archive.library.nau.edu/cdm/search/searchterm/Gene
http://archive.library.nau.edu/cdm/search/searchterm/Shoemaker
http://archive.library.nau.edu/cdm/search/searchterm/Kathryn
http://archive.library.nau.edu/cdm/search/searchterm/Jones
http://archive.library.nau.edu/cdm/search/searchterm/Shirley
http://archive.library.nau.edu/cdm/search/searchterm/Marston
http://archive.library.nau.edu/cdm/search/searchterm/Lois
http://archive.library.nau.edu/cdm/search/searchterm/Jotter
http://archive.library.nau.edu/cdm/search/searchterm/Cutter
http://archive.library.nau.edu/cdm/search/searchterm/Badger
http://archive.library.nau.edu/cdm/search/searchterm/Rapid


A Century of Erosion 
1871 1968 



Grand Canyon still fuels 
research  

Google Scholar:  Grand Canyon + USGS 
> 500 entries in last year 



Outer Planets  

• Outer Planets offer a fertile (perhaps too 
fertile) area for ‘Powell expedition class’ 
scientific exploration 

• But I’m prejudiced – Voyager was my 
generation’s ‘Powell’ trip through the Solar 
System 

• Have to find ways of framing strategy that 
includes pure scientific exploration as well 
as follow-on in-depth studies 
 



But what about Pluto? 
• A case study in the community sticking to a large scale 

strategic view of Solar System Exploration 
• Pluto mission was debated at same time as new Galileo 

results made Europa a very exciting target. 
• But when required to make a choice, Pluto was our 

choice.  Reasons? 
– Completion of Grand Tour 
– Exploring reservoir of early SS materials 

• Our advice to NASA was ‘get Pluto going’. 
• New Horizons is almost there. 
• AND WE MIGHT YET GET A EUROPA MISSION! 

 
 
 



Future Strategic Issues 
just some of my personal favorites 

• Active satellites 
– It’s been 40 + years since Peale et al. proposed that 

Io might be active due to tidal heating 
– It’s a little embarrassing that we still don’t have 

satisfying answers explaining the history and activity 
of Io, Europa, Enceladus, Titan, et al. 

• Planetary ‘rearrangements’ during and after 
formation (Nice models vers XXX and counting) 

• Which leads to my final item … 



Exoplanets 
Over 20 exoplanets with transit spectra! 

Sources:  Exoplanet app, Hanno Rein and personal communication, Rachel Akeson,  
 IPAC, Caltech 



Consider for strategy discussion 
• Find more planets! 

– Work with astrophysics to promotes ways to 
find more planets for which we can get 
detailed physical and compositional data. 

• Work link to exoplanets into the Outer 
Planet  strategy 
– My opinion is that Michelle Dougherty’s 

presentations linking JUICE, exoplanets and 
planetary formation helped sell mission to 
broader European science community.  



Big Picture Advice: 
Keep ‘Exploration’   
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