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Accurate	
  knowledge	
  of	
  the	
  ionospheric	
  and	
  thermospheric	
  environment	
  of	
  the	
  Earth’s	
  upper	
  atmosphere	
  
are	
  required	
  in	
  order	
  to	
  understand	
  and	
  predict	
  their	
  impacts	
  on	
  opera;onal	
  systems.	
  The	
  ionosphere	
  
affects	
  vital	
  radio-­‐based	
  systems,	
  including	
  communica;ons,	
  naviga;on,	
  and	
  surveillance	
  systems.	
  The	
  
thermosphere	
  affects	
  satellite	
  orbits	
  and	
  spacecraB	
  maneuvers.	
  Over	
  the	
  past	
  decade,	
  our	
  understanding	
  
of	
  space	
  weather	
  and	
  our	
  ability	
  to	
  produce	
  simula;ons	
  and	
  measurements	
  of	
  space	
  weather	
  phenomena	
  
have	
  both	
  developed	
  to	
  a	
  remarkable	
  degree.	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  
In	
  concert	
  with	
  this	
  growth	
  of	
  knowledge,	
  a	
  community	
  of	
  commercial	
  space	
  weather	
  providers	
  has	
  
sprung	
  up.	
  The	
  commercial	
  providers	
  offer	
  various	
  space	
  weather	
  services	
  that	
  extend	
  from	
  the	
  Sun	
  to	
  the	
  
earth’s	
  atmosphere,	
  including	
  ionospheric	
  and	
  thermospheric	
  effects	
  that	
  are	
  of	
  interest	
  to	
  opera;onal	
  
systems.	
  The	
  commercial	
  providers	
  recently	
  formed	
  the	
  American	
  Commercial	
  Space	
  Weather	
  Associa;on	
  
(ACSWA)	
  -­‐	
  www.acswa.us.	
  
	
  	
  
This	
  presenta;on	
  describes	
  ACSWA,	
  and	
  some	
  of	
  the	
  scien;fic	
  and	
  engineering	
  capabili;es	
  of	
  ACSWA	
  
members.	
  The	
  small	
  companies	
  that	
  comprise	
  ACSWA	
  have	
  world-­‐class	
  capabili;es	
  that	
  can	
  contribute	
  to	
  
the	
  na;onal	
  infrastructure,	
  and	
  our	
  response	
  to	
  extreme	
  events.	
  	
  This	
  presenta;on	
  will	
  cover	
  modeling	
  
and	
  simula;on,	
  instrument	
  development,	
  smart-­‐phone	
  Apps	
  and	
  future	
  direc;ons	
  of	
  the	
  US	
  commercial	
  
space	
  weather	
  community.	
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o  Satellite drag 
o  Satellite SEUs 

o  Power grid GIC 
o  Aviation radiation 

o  GPS position accuracy 
o  Communication outages 
o  Satellite surface charging 
o  Satellite internal charging 

Courtesy	
  of	
  Kent	
  Tobiska	
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The	
  Need:	
  Majority	
  of	
  Users	
  Care	
  about	
  Ionosphere	
  

UV	
  Imagery	
  from	
  the	
  GUVI	
  instrument	
  on	
  TIMED,	
  courtesy	
  of	
  Larry	
  Paxton,	
  APL	
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American	
  Commercial	
  Space	
  Weather	
  Associa#on	
  
	
  
	
  
Ø 	
  Founded	
  in	
  2010	
  
Ø 	
  9	
  commercial	
  organiza#ons	
  

ü 	
  Providers	
  of	
  quality	
  space	
  weather	
  data	
  and	
  services	
  	
  
ü 	
  Developing	
  opera#onal	
  space	
  weather	
  best-­‐prac#ces	
  
ü 	
  Represents	
  interests	
  of	
  commercial	
  SpWx	
  providers	
  
ü 	
  Represents	
  commercial	
  SpWx	
  in	
  nat’l	
  &	
  int’l	
  arenas	
  
ü 	
  Supports	
  advisory	
  services	
  to	
  government	
  agencies	
  

ACSWA	
  is	
  organizing	
  commercial	
  SpWx	
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New Group to Represent the Commercial Sector
 
Louis J. Lanzerotti
 
20 May 2011

The relationships and roles among government and private service providers in the space weather
working environment can often be difficult if clear communications pathways are not in place and if
parties are not earnestly communicating with one another. With the current strong thrust in academia
toward commercially exploiting research advances, the working environment becomes even more
complex. Similar situations continue to exist in the realms of terrestrial weather forecasting and
prediction, even given the maturity of this field compared to the relatively new space weather arena.

To foster collaborative working relationships among private, governmental, and academic sectors, the
annual Space Weather Workshop, hosted by the NOAA Space Weather Prediction Center in Boulder,
Colo., brings stakeholders together with the practical goals of learning advances in the field of space
weather, networking, and discussing and working out knotty “territorial” issues.

The 2011 workshop continued its past successes in fostering communications and dialogue, and
workshop organizers deserve commendation. As in previous years, a roundtable discussion on growing
the space weather enterprise was organized by the Commercial Space Weather Interest Group. The
keynote speaker for the roundtable, former NOAA administrator and now vice president for science at
the CSC Corporation, Retired Vice Admiral Conrad Lautenbacher, outlined global opportunities for
growing the enterprise, both by commercial interests and by governments.

At the workshop, a key announcement was made regarding the commercial sector involved with
providing space weather products and services. Five founding commercial providers have officially
formed the American Commercial Space Weather Association, a formal organization that will represent
private-sector commercial interests (http://sw01.spaceweather.usu.edu/ACSWA/landing.html).
Additional members are being recruited. According to its Web site, the objectives of the association,
currently led by a four-person executive committee, include providing space weather data and services
to aid in mitigating risks to technology “that is vital to the country,” supplying advisory services related
to space weather to government agencies, and representing commercial space weather capabilities
nationally and internationally.

The establishment of a formal association for commercial space weather providers is a major, and very
welcome, development—its existence will substantially increase the importance of space weather to
critical national infrastructure issues. Further, it highlights commercial space weather activities as a
growing industry that is integral to daily life, economic strength, national security, and academic
advancement. The association can also play a key role in identifying important needs in data coverage
that can be filled by private or government means. I'm confident that the new endeavor will be
successful as it moves forward with its objectives and its representations of commercial interests.

Louis J. Lanzerotti is editor of Space Weather and a distinguished research professor of physics at the
New Jersey Institute of Technology, in Newark. E-mail: ljl@adm.njit.edu

Citation:Lanzerotti, L. J. (2011), New Group to Represent the Commercial Sector, Space Weather, 9, S05002,
doi:10.1029/2011SW000692.

Copyright 2011 by the American Geophysical Union.
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Lets	
  take	
  a	
  quick	
  look	
  at	
  some	
  of	
  the	
  capabili#es	
  of	
  
ACSWA	
  members…..	
  
	
  
	
  
Ø Predic#ve	
  Science	
  Inc	
  
Ø Carmel	
  Research	
  Center	
  
Ø Space	
  Environment	
  Technologies	
  
Ø Q-­‐up	
  Now	
  
Ø Atmospheric	
  &	
  Space	
  Technology	
  Research	
  Associates	
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NAIRAS	
  
• 	
  avia;on	
  radia;on	
  
dose	
  rate	
  for	
  air	
  crew	
  
&	
  passengers	
  
• 	
  available	
  on	
  SpaceWx	
  
app	
  &	
  at	
  hPp://
sol.spacenvironment.n
et/~nairas/	
  

ARMAS	
  
• 	
  real-­‐;me	
  dosimeter	
  
downlink	
  
• 	
  data	
  assimila;on	
  
into	
  NAIRAS	
  
radia;on	
  dose	
  rate	
  

Characterizing	
  Radia;on	
  for	
  Avia;on	
  Customers	
  

Courtesy	
  of	
  Kent	
  Tobiska	
  



Q-­‐up:	
  Corporate	
  and	
  Hams	
  HF	
  propaga;on	
  

Courtesy	
  of	
  Kent	
  Tobiska	
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Modeling	
  
	
  	
  	
  	
  	
  

Instrument	
  
Development	
  

Data	
  
Assimila#on	
  

Data	
  	
  
Analysis	
  

	
  	
  	
  

IDA4D	
  
Global	
  

Ionosphere	
  
	
  	
  	
  	
  	
  

	
  	
  	
  

TIMEGCM	
  
	
  	
  	
  	
  	
  

	
  	
  AMIE	
  
High-­‐la#tude	
  

Electrodynamics	
  
	
  	
  	
  	
  	
  

Space	
  	
  	
  Based	
  
Data	
  	
  	
  

Ground	
  
Based	
  Data	
  

HF	
  TID	
  Mapper	
  

Space	
  Weather	
  
and	
  SSA	
  

	
  	
  	
  

Space	
  Systems	
  
	
  	
  	
  	
  	
  	
  

SMC	
  SENSE	
  

Scanning	
  
Photometer	
  System	
  

Plug-­‐N-­‐Play	
  
Avionics	
  

Temperature	
  Sensor	
  
(Balloon)	
  &	
  
Dosimeter	
  

Space-­‐based	
  GPS	
  
receiver	
  

NSF	
  DICE	
  
CubeSat	
  

GPS-­‐based	
  Space	
  
Weather	
  Monitor	
  

Space	
  weather	
  
Phone	
  Apps	
  

Fabry-­‐Perot	
  
Interferometer	
  

ASTRA	
  

www.astraspace.net	
  



Transition of AMIE & TIMEGCM Models 
Assimilative Mapping of Ionospheric Electrodynamics 

Thermosphere-Ionosphere-Mesosphere-Electrodynamics-GCM 
	
  	
  	
  

Modeling	
  
	
  	
  	
  	
  	
  

Data	
  
Assimila#on	
  

Data	
  	
  
Analysis	
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  Data	
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  Data	
  

	
  	
  	
  
	
  
	
  	
  	
  	
  	
  

magnetometers	
  

UV-­‐	
  Spectrograph	
  

ACE	
  solar	
  wind	
  

DMSP	
  

SuperDARN	
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21	
  UT	
  
	
  	
  	
  	
  	
  

	
  	
  	
  

Wave	
  Propaga#on	
  
	
  	
  	
  	
  	
  

	
  	
  	
  

Wave	
  Propaga#on	
  
	
  	
  	
  	
  	
  

Mapping	
  Ionospheric	
  Waves	
  
	
  ASTRA’s	
  TIDDBIT	
  Sounder	
  maps	
  traveling	
  ionospheric	
  disturbances	
  

(TIDs)	
  that	
  can	
  affect	
  comms	
  and	
  surveillance	
  systems	
  	
  



GPS-­‐Based	
  Space	
  Weather	
  Monitor	
  
•  CASES	
  Dual	
  Frequency	
  GPS	
  sofware	
  receivers	
  	
  
•  Provides	
  naviga#on	
  solu#on	
  PLUS	
  Space	
  Weather	
  monitoring	
  
•  Space	
  Weather	
  Parameters:	
  TEC,	
  Scin#lla#on	
  parameters	
  
•  Designed	
  for	
  robust	
  opera#on	
  in	
  scin#lla#on	
  environments	
  
•  Mul#ple	
  communica#on	
  op#ons,	
  including	
  real#me	
  Internet	
  

	
  

•  Mul#ple	
  systems	
  currently	
  deployed	
  
•  Reliable	
  opera#on	
  	
  
•  www.astraspace.net	
  

	
  	
  
	
  	
  

Two	
  CASES	
  form	
  factors 
	
  
Antarctic	
  
Version	
  
	
  
	
  
Standard	
  
version	
  

 

v Science	
  
v 	
  Technology	
  	
  

v 	
  Applica#ons	
  
	
  	
  	
  Bringing	
  It	
  All	
  Together	
  



v Science	
  
v 	
  Technology	
  	
  

v 	
  Applica#ons	
  
	
  	
  	
  Bringing	
  It	
  All	
  Together	
  



The	
  CASES	
  specialized	
  tracking	
  loop	
  (blue	
  trace)	
  allows	
  robust	
  tracking	
  during	
  
scin#lla#ons	
  versus	
  other	
  receivers	
  using	
  fixed	
  bandwidth	
  PLL	
  (red	
  trace)	
  which	
  
lose	
  lock.	
  Data	
  collected	
  from	
  Jicamarca,	
  Peru	
  at	
  magne#c	
  equator.	
  

Commercial 
receiver loss 
of lock

Commercial 
receiver loss 
of lock

ASTRA’s	
  CASES	
  Receiver	
  Tracks	
  Through	
  Weak	
  Signals	
  beEer	
  than	
  Compe#tors	
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  of	
  Brady	
  O’Hanlon	
  



Conceptual	
  Illustra#on	
  of	
  Aircraf	
  Naviga#on	
  System	
  Using	
  Mul#ple	
  CASES	
  Receivers	
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ASTRA	
  Product	
  Op#ons	
   Service	
  Includes	
  

Level	
  1	
   CASES	
  Receiver,	
  ASCII	
  data	
  
extrac#on	
  sofware	
  
	
  

Level	
  2	
   Level	
  1	
  +	
  customer	
  licenses	
  
ASTRA	
  post-­‐processing	
  and	
  data	
  
visualiza#on	
  sofware	
  
	
  

Level	
  3	
   Level	
  1	
  +	
  Access	
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post-­‐processed	
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visualiza#on	
  for	
  customer’s	
  
CASES	
  receivers	
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Government	
  
	
  	
  	
  

	
  	
  	
  

Academia	
  
	
  	
  	
  

	
  	
  	
  

Commercial	
  
Providers	
  

	
  

•  Postulated	
  a	
  modern	
  infrastructure	
  for	
  Space	
  weather	
  (&	
  Extreme	
  Events)	
  
•  Differs	
  from	
  historical	
  model	
  
	
  

	
  

	
  
•  Our	
  na#on	
  can	
  no	
  longer	
  afford	
  to	
  ignore	
  commercial	
  capabili#es	
  
•  Commercial	
  providers	
  are	
  among	
  the	
  best	
  scien#sts	
  in	
  the	
  field	
  
•  Skills	
  and	
  insights	
  to	
  share;	
  	
  sophis#cated	
  tools	
  available	
  
•  Some	
  of	
  these	
  tools	
  equal	
  or	
  exceed	
  capabili#es	
  of	
  Govt	
  and	
  Academia	
  
•  Modern	
  space	
  weather	
  infrastructure	
  should	
  be	
  modeled	
  on	
  the	
  successful	
  
	
  meteorological	
  community:	
  	
  highly	
  collabora#ve	
  Govt-­‐Academia-­‐Commercial	
  rela#onship	
  
e.g.	
  Na#onal	
  Weather	
  Service	
  obtains	
  data/forecast	
  services	
  from	
  commercial	
  providers	
  	
  
•  This	
  new	
  infrastructure	
  needs	
  to	
  be	
  in	
  place	
  before	
  an	
  Extreme	
  Event	
  occurs	
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Geoff	
  Crowley	
  is	
  the	
  CEO	
  and	
  Chief	
  Scien;st	
  for	
  ASTRA	
  LLC.	
  	
  ASTRA	
  performs	
  fundamental	
  research	
  in	
  space	
  
science,	
  and	
  develops	
  new	
  technology	
  and	
  applica;ons	
  for	
  customers	
  based	
  on	
  our	
  scien;fic	
  knowledge.	
  
	
  
Prior	
  to	
  founding	
  ASTRA,	
  Dr.	
  Crowley	
  worked	
  in	
  four	
  large	
  organiza;ons:	
  NCAR,	
  AFRL	
  (as	
  a	
  contractor	
  via	
  
U.Lowell),	
  APL	
  and	
  SwRI,	
  where	
  he	
  performed	
  fundamental	
  research	
  on	
  various	
  areas	
  of	
  space	
  physics	
  and	
  
space	
  weather.	
  He	
  has	
  published	
  over	
  100	
  scien;fic	
  ar;cles	
  on	
  his	
  research.	
  He	
  is	
  best	
  known	
  for	
  his	
  work	
  on	
  
the	
  thermospheric	
  neutral	
  gas	
  at	
  high	
  la;tudes,	
  including	
  his	
  discovery	
  of	
  the	
  cellular	
  structures	
  that	
  occur	
  
there,	
  and	
  his	
  modeling	
  of	
  high	
  density	
  features	
  in	
  the	
  cusp	
  region	
  for	
  the	
  first	
  ;me.	
  	
  
	
  
He	
  is	
  the	
  Principal	
  Inves;gator	
  on	
  the	
  NSF-­‐funded	
  Cubesat	
  mission	
  called	
  “Dynamic	
  Ionosphere	
  Cubesat	
  
Mission	
  (DICE)”,	
  which	
  launched	
  in	
  October	
  2011	
  on	
  a	
  NASA	
  satellite	
  from	
  Vandenberg	
  Air	
  Force	
  Base.	
  	
  He	
  
recently	
  led	
  the	
  development	
  of	
  a	
  commercially	
  available	
  GPS-­‐based	
  soBware-­‐defined	
  space	
  weather	
  monitor	
  
that	
  measures	
  the	
  ionospheric	
  total	
  electron	
  content	
  (TEC)	
  and	
  scin;lla;on	
  parameters	
  that	
  affect	
  
communica;ons,	
  naviga;on	
  and	
  surveillance	
  systems.	
  	
  He	
  also	
  developed	
  an	
  HF	
  radio	
  sounding	
  system	
  for	
  
mapping	
  traveling	
  ionospheric	
  disturbances	
  in	
  the	
  ionosphere.	
  ASTRA	
  has	
  developed	
  several	
  smart-­‐phone	
  Apps	
  
for	
  the	
  delivery	
  of	
  space	
  weather	
  informa;on	
  on	
  Apple	
  and	
  Android	
  pladorms.	
  
	
  
Dr.	
  Crowley	
  was	
  a	
  co-­‐founder	
  of	
  the	
  American	
  Commercial	
  Space	
  Weather	
  Associa;on	
  (ACSWA),	
  and	
  currently	
  
serves	
  on	
  the	
  Execu;ve	
  CommiPee	
  of	
  ACSWA.	
  
	
  	
  
	
  


