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Goals	
  

•  (a)	
  Review	
  the	
  current	
  status	
  of	
  atmospheric	
  drag	
  
research	
  and	
  opera(onal	
  concerns	
  for	
  LEO	
  
satellites	
  

•  (b)	
  Iden(fy	
  and	
  understand	
  the	
  major	
  issues	
  in	
  
atmospheric	
  drag	
  es(ma(on	
  

•  (c)	
  Provide	
  recommenda(ons	
  for	
  future	
  
improvement	
  in	
  our	
  ability	
  to	
  provide	
  nowcast	
  of	
  
satellite	
  drag	
  

•  (d)	
  Document	
  the	
  findings	
  of	
  the	
  Ins(tute	
  in	
  	
  a	
  
comprehensive	
  review	
  paper	
  



Team	
  members	
  	
  
from	
  government,	
  industry	
  and	
  university	
  in	
  four	
  countries	
  	
  

•  Yongliang	
  Zhang,	
  JHU/APL	
  	
  
•  James	
  C.	
  Jones,	
  Northrop-­‐Grumman	
  	
  
•  Larry	
  Paxton,	
  JHU/APL	
  	
  
•  Gary	
  Bust,	
  JHU/APL	
  	
  
•  Aaron	
  Ridley,	
  University	
  of	
  Michigan	
  
•  Angelos	
  Vourlidas,	
  JHU/APL	
  	
  
•  Delores	
  Knipp,	
  University	
  of	
  Colorado	
  	
  
•  Marty	
  Mlynczak,	
  NASA	
  	
  
•  Nancy	
  Ericson	
  (replaced	
  by	
  Dan	
  Snow),	
  Air	
  Force	
  Space	
  Command	
  
•  Eric	
  SuMon	
  	
  Air	
  Force	
  Research	
  Laboratory	
  	
  
•  Andrew	
  Stephan,	
  NRL	
  
•  Yihua	
  Zheng,	
  NASA	
  CCMC	
  	
  
•  Huixin	
  Liu,	
  Kyushu	
  University,	
  Japan	
  	
  
•  MaMhew	
  D.	
  Hejduk,	
  Astrorum	
  Consul(ng	
  LLC	
  	
  
•  Woo	
  Kyoung	
  Lee,	
  Korea	
  Astronomy	
  and	
  Space	
  Science	
  Ins(tute	
  
•  Jeff	
  Thayer,	
  University	
  of	
  Colorado	
  
•  Sean	
  Bruinsma,	
  CNES,	
  France	
  



Major	
  issues	
  in	
  drag	
  es(ma(on	
  

•  	
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Future	
  Improvement	
  

•  Measurements	
  with	
  true	
  global	
  coverage	
  of	
  
thermospheric	
  density,	
  composi(on,	
  
temperature,	
  hea(ng	
  and	
  cooling	
  rate.	
  

•  Advances	
  in	
  modeling	
  work	
  to	
  include/update	
  
physical	
  processes	
  and	
  minimize	
  assump(ons.	
  	
  	
  	
  



Neutral	
  density	
  comparison:	
  CHAMP	
  (orbital	
  averaged)	
  and	
  models	
  
Orbital	
  average:	
  ignore	
  the	
  spa(al	
  varia(on	
  	
  

2014	
  GEM	
  mini-­‐workshop	
  report	
  by	
  Emine	
  Ceren	
  Kalafatoglu,	
  Ja	
  Soon	
  Shim,	
  Masha	
  Kuznetsova,	
  Zerefsan	
  Kaymaz	
  



Perspec(ve	
  on	
  CCMC	
  

•  Ionosphere/thermosphere	
  models	
  in	
  CCMC	
  	
  
–  SAMI3,	
  CTIPe,	
  USU-­‐GAIM,	
  TIE-­‐GCM,	
  GITM	
  (physics	
  
based)	
  

– MSIS,	
  IRI,	
  etc.	
  (empirical)	
  
•  Challenges	
  
– Determine	
  the	
  best	
  model	
  for	
  thermosphere	
  nowcast	
  
and	
  forecast?	
  

–  Combine	
  the	
  models?	
  
–  Remove	
  assump(ons	
  and	
  improve	
  boundary	
  
specifica(on?	
  

–  	
  Make	
  use	
  of	
  real-­‐(me	
  data?	
  	
  


