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“There is nothing more difficult to take 
in hand, more perilous to conduct, or 
more uncertain in its success, than to 
take the lead in the introduction of a 
new order of things. For the reformer 
has enemies in all those who profit 
 by the old order, and only lukewarm 
defenders in all those who would profit 
by the new order this lukewarmness 
arising partly from fear of their 
adversaries … and partly from the 
incredulity of mankind, who do not truly 
believe in anything new until they have 
had actual experience of it.” 
 
  Niccolo Machiavelli (1469-1527) 
 
 
 



Scott Berkun in Myths of Innovation puts it 
this way 
  
“The dirty little secret - the fact often denied - 
is that unlike the mythical epiphany, real 
creation is sloppy.  Discovery is messy; 
exploration is dangerous. No one knows what 
he’s going to get when he is being creative.  
Creative work cannot fit neatly into plans, 
budgets, and schedules. Magellan, Lewis and 
Clark, and Captain Kirk were all sent on 
missions into the unknown with clear 
understanding that they might not return with 
anything, or even return at all.” 



Risks along the way 

3 
Oranges? 

YES-problem solved 

Problem arises 
Pull lever 

Continue 

ON 

END of 
Program 



Mariner IV 

 Mars 
July 1965 

Planetary  
Radio Occultation 

Radio occultation was first applied to planetary atmospheres by teams at 
Stanford U. and NASA/JPL  



GPS/MET Experiment 
1st RO observations of Earth’s atmosphere 

• UNAVCO joined UCAR in 1991 

• GPS/MET proposal to NSF in 1992 with 
goal to demonstrate RO soundings of 
Earth’s atmosphere.  

• In spite of mixed reviews, NSF funds 
proposal 

• Micro-Lab 1 satellite was launched on 
April 3, 1995, and data were 
successfully collected for two years. 

• Cost $10M 

• Success of GPS/MET led to other RO 
missions, CHAMP (2000-2010) and 
SAC-C (2000-2013), and COSMIC 

 

The GPS/MET Team ca. 1995 



Quotes from Experts and Reviewers of UCAR Proposal 
 
1. “It will never work” 
2. “It might be good for planets, but not Earth.” 
3. “We already have enough sounding data—RO won’t add anything.” 
4. “UCAR can’t do this” 
5. “lacks a real understanding of the need for and use of atmospheric profiles,” 
6.“we can’t spend large sums of money on new technologies that have not been 
 clearly shown to be steps forward as compared with traditional measurement systems” 
 7. “seriously oversells the concept and ignores many of the other systems that 
 are either in operation or soon will be,”  
 8. “this would be unwise at this time without significant evidence that the system 
 will actually yield some of the many returns promised by the proposal,” 
 9. “the present TOVS system has a much better spatial coverage than that 
 predicted for this new system,” 
 10. “fails to recognize the new systems that will soon be deployed,” 
  

1992 GPS/MET Proposal to NSF 

Four out of 12 reviews rated the proposal “Poor” or “Fair” 



April 1, 1993 
NSF responds to the proposal 

“Program managers and the Division 
Director in Atmospheric Sciences at 
NSF met this afternoon and decided 
that, in view of the concerns raised in 
the mail reviews of the GPS/MET 
proposal, they regard it as ‘premature’ 
for them to contribute to the support 
of the launch of a GPS/MET satellite.”   

“ATM has decided that any further 
information from the proposers 
addressing the concerns of the 
reviewers would not change their 
decision.” 



April 7, 1993 
The first miracle 

Jack Fellows (OMB) 
Bob Corell NSF, AD GEO) 
Jay Fein (ATM) 
Mike Mayhew (EAR) 

GPS/MET funded by NSF for $2.2M over 2 
years, and with some contributions from 
FAA, NOAA, NASA and Orbital Sciences 
GPS/MET was on its way 

The Suspected Miracle Makers 

NSF asked for revised proposal by April 13 
responding to concerns of reviewers 



Pegasus Away! 
Launch of GPS-MET April 3, 1995  



OPAC 2010 Rick Anthes 

The first 

RO profile 

from Earth 

GPS/MET Launch 
April 3, 1995 

April 16, 1995 

Mike Exner (UCAR), 
Charley Dunn (JPL), Tom 
Meehan (JPL), ???? 
Micro-Lab-1  

John McLucas 
Secy Air Force 1973-75 
CEO MITRE Corp 
UCAR Trustee 



First RO sounding of Earth’s 
Atmosphere 



Or is it this one? April 5, 1995  



Last GPS/MET Sounding 
Feb 16, 1997 Start of 4-yr gap in RO 



With the success of GPS/MET, a search for funding for a 
constellation of RO receivers to demonstrate impact on 

forecasting begins…………….. 





Finally we reached Taiwan…… 



George Chen, Rick Anthes, Jackson Chang, C.-Y. Tsay 
Central Weather Bureau, Taipei  June 1982 

Why Taiwan? 



1997 NCAR Foothills Lab-NSPO/NSC delegation visits UCAR 



Signing of 1st Agreement at NSC 

August 1997 

Front: Jia-Ming Shyu (Dir NSPO), C.S. Liu (NSC Chairman) Rick Anthes (UCAR) 
Back:David Chu (NSPO Chief Engr.; Steve Chen (Deputy Dir. NSPO, Lou Lee (Chief Scientist 
NSPO, Jing-Fu Chang (Vice Chairman, NSC) Mike Exner (UCAR), Bob Serafin (NCAR), C.Y. Tsay 
Vice Chairman of NSC, Bill Kuo (NCAR) 



Early (1998) COSMIC Plan 



Special issue of TAO  March 2000 

Yunck, Liu and Ware:  A History of GPS Sounding 

 

Rocken, Kuo, Schreiner, Hunt, Sokolovskiy, 

McCormick:  COSMIC System Description 

 

Kursinski, Hajj, Leroy, Herman:  The GPS Radio 

Occultation Technique 

 

Anthes, Rocken and Kuo:  Applications of COSMIC 

to Meteorology and Climate 

 

Kuo, Sokolovskiy, Anthes and Vandenberghe: 

Assimilation of GPS Radio Occultation Data for 

Numerical Weather Prediction 

 

Leroy and North: The application of COSMIC Data to  

Global Change Research 

Wu, Kuo, Hsu and Jou:  Weather and Climate Research in Taiwan:  Potential Applications 

of GPS/MET Data 

Hajj, Lee, Pi, Romans, Schreiner, Straus and Wang:  COSMIC GPS Ionospheric 

Sensing and Space Weather 

 



COSMIC Signing May 2001 
National Science Council Taipei 



May 2001 COSMIC signing ceremony Taipei 



15 years later-March 8, 2016 



3 months before launch at NSPO 



Weather, flags and  
Press conference the 
day before launch….. 

Photos by Rick Anthes 

April 13, 2006 near Vandenberg 



Day of Launch 



Photos by Rick Anthes 





COSMIC launch successful! 
01:40 GMT 15 April 2016 



Photo by Rick Anthes’ camera 



FIRST COSMIC SOUNDING 
21 APRIL 2006 



Total FORMOSAT-3/COSMIC soundings processed as of 29 Feb 2016 

After first sounding, more than 6.3 million! 



Summary 

• COSMIC was not in anybody’s long-range or strategic plan 

• It developed from a number of chance occurrences 

• Many obstacles were thrown up along the way 

• Creativity, perseverance, hard work, trust among leaders, and 

many long days and nights were necessary for success 

• Luck played a role 

• We had to play the slot machine many times 

• Each time we got three oranges! 

 

Thanks to Taiwan for its leadership and support of COSMIC-1 and 2! 


