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Explora4on	  Leads	  to	  the	  Need	  for	  
New	  Knowledge	  
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1520 Magellan Sails around the 
World 

•  16th century voyages of 
exploration opened the way 
for commerce across the 
oceans 

•  Knowledge of currents, 
tides, seasons, and storms 
was needed 

•  Today we stand at a similar 
point with regard to space 
travel 

•  The development of Space 
Weather as a science is just 
beginning with similar 
motivations 



Why	  do	  we	  care?	  
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Space	  Radiation	  Effects

After	  similar	  chart	  
by	  	  Janet	  Barth,	  
NASA	  GSFC

Source:	  	  Space	  Radiation	  Effects	  on	  Electronics:	  A	  Primer	  for	  Designers	  and	  Managers,	  by	  Ken	  LaBel,	  NASA	  GSFC

Space	  Weather

Electric	  and	  
Magnetic	  fields

Space	  Weather	  affects:	  
Whatever	  	  NASA	  Operates	  

• Human	  
• Robo4c	  
• Launch	  
• Aeronau4cs	  

	  Wherever	  	  NASA	  Operates	  
• In	  the	  Atmosphere	  
• “Geospace” 	  	  

• Low	  Earth	  Orbit	  
• Medium	  Earth	  Orbit	  
• Geosta4onary	  Orbit	  

• Moon	  Surface	  and	  Orbit	  
• Heliosphere	  	  
• Planetary	  Orbits	  and	  
Surface	  

	  Whenever	  	  NASA	  Operates	  
• Solar	  Minimum	  
• Solar	  Maximum	  



Space	  Weather	  affects	  Modern	  	  
Life	  on	  Earth	  
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What do you 
mean!!?? 

 

No Twitter?  



NASA Space Weather Activities 

Space  
Weather  

Desk 

Heliophysics 
Researchers 

SRAG 
Models 

Drag 

Deep Space Nav 

Ins Dev 

NAIRAS 

     CCMC 

     Data 

     iSWA 

     SRP 

      TDRSS 

     Robotic Fleet 

     Air Fleet 

     SRAG 

   
  S

EE
 E

ng
in

ee
rs

 

Research Operations Engineering 

St.Cyr 2012-10-08 

     Launch Vehicles Orbital  Debris Program 



NASA	  Heliophysics	  Division	  Programs/Projects	  
Related	  to	  SWx	  Ac4vi4es	  

	  
•  Data	  –	  The	  NASA	  mission	  data	  available	  via	  VxO	  s	  and	  

mission	  data	  bases	  	  

•  Theory	  –	  Ac2ve	  ROSES	  and	  TRT	  programs	  

•  Models	  –	  available	  on	  line	  from	  CCME	  

•  Educa4on	  –	  UCAR/NASA	  Summer	  School	  for	  LWS	  
Program,	  materials	  on	  line	  

•  NASA	  Heliophysics	  Fellowships	  2010	  
•  Ci4zen	  Science	  –	  Internet	  Access	  to	  Theory/Models/

Data	  -‐	  -‐	  24/7	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



NASA	  Heliophysics	  Research	  Program	  

National 
Academies 
(NAS, NRC) 

Advisory 
Organizations 
(examples) 

Internal NASA 
Advisory and 
Proposal Peer 
Review: 
- TR&T Steering 
Committee (TSC) 
- LWS Management 
and Operations 
Working Groups 
 

Interagency 
Collaboration 

National Space 
Weather Program 

(NASA, NOAA, 
DoD, NSF) 

National Science 
Foundation 

NOAA Space 
Weather 

Prediction Center 

Funded Research* 

Strategic 
Research & 
Technology 

Targeted 
Research 

And Technology  

Validated research findings are incorporated 
into improved understanding and models of 

Space Weather processes 

Heliophysics 
Theory  

Flight Missions 
 
 

Research and 
Analysis 

 

Data and 
Computing 

 

In Development 

Underway  NSSDC 

AISRP 

SDAC 

VxO 

CCMC 

NSSDC: National Space Science Data 
Center 

AISRP:  Applied Information 
Systems Research 

GIP:  Guest Investigator Program   
SDAC:  Solar Data Analysis Center  
VxO:  Virtual Observatory 
CCMC:  Community Coordinated 
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*Heliophysics 
Research is 
managed within 
SMD and 
monitored by the 
Heliophysics 
Division 



NASA	  Space	  Weather	  Missions	  

•  	  ~	  $4B	  S/C	  Heliophysics	  
System	  Observatory	  	  

•  Yearly	  Ops	  	  ~$40M	  
(excluding	  SDO	  and	  RBSP)	  
TRT	  &	  ROSES	  ~	  45M$	  
•  Heliophysics	  Data	  	  
Bases	  available	  via	  internet	  

•  CCMC	  online	  24/7	  
•  iSWA	  Situa4onal	  
Awareness	  system	  now	  
available	  	  via	  internet	  
•  LWS	  Summer	  school	  



NASA	  Heliospheric	  System	  	  Observatory	  
(HSO):	  	  SWx	  Today	  
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HSO	  



The State of Space Weather Science

•  Significant progress over the past decade in 
developing physics-based space weather models. 
Enter large-scale coupled (real-time) space plasma 
simulations.

•  Significant progress in, for example, 3D imaging of 
the solar phenomena.

•  Still data starved in various spatial space weather 
domains. Need guaranteed continuity for critical 
space weather data streams.



Humans	  in	  Space	  	  (Today)	  
•  Opera4onal	  space	  weather	  support	  to	  human	  

space	  flight	  is	  provided	  through	  a	  close	  working	  
rela4onship	  of:	  
•  The	  NOAA	  Space	  Weather	  Predic4on	  Center	  
•  The	  NASA	  Space	  Radia4on	  Analysis	  Group	  

•  The	  NOAA	  Space	  Weather	  Predic4on	  Center	  
(SWPC)	  monitors	  and	  forecasts	  the	  space	  
weather	  environment;	  SWPC	  works	  closely	  with	  
the	  Space	  Radia4on	  Analysis	  Group	  (SRAG)	  and	  
with	  other	  opera4onal	  NASA	  missions	  

SRAG's	  Mul+-‐Purpose	  Support	  Room	  in	  
the	  Mission	  Control	  Center	  at	  the	  

Johnson	  Space	  Center	  	  

•  Opera4onal	  support	  to	  human	  space	  flight	  is	  provided	  by	  a	  well-‐
coordinated	  effort	  centered	  around	  the	  Space	  Radia4on	  Analysis	  Group	  
at	  NASA	  JSC	  

•  Robo4c	  mission	  support	  is	  focused	  on	  designing	  spacecrad	  to	  survive	  the	  
space	  radia4on	  environment;	  	  Opera4onal	  support	  varies	  from	  mission	  to	  
mission	  



Humans	  in	  Space	  -‐-‐	  Explora4on	  
•  Radia4on	  effects	  on	  humans	  remains	  one	  of	  the	  most	  significant	  challenges	  

to	  long	  dura4on	  explora4on	  missions	  
•  There	  is	  a	  con4nuing	  need	  to	  improve	  our	  ability	  to	  forecast	  solar	  storms,	  

and	  to	  use	  physics-‐based	  forecasts	  of	  “all	  clear”	  periods	  to	  keep	  our	  
astronauts	  out	  of	  harm’s	  way	  

•  Current	  limits	  on	  radia4on	  exposure	  	  from	  the	  deeply	  penetra4ng	  Galac4c	  
Cosmic	  Rays	  constrains	  crews	  to	  no	  more	  than	  about	  150	  days	  in	  deep	  space	  
(detailed	  limita4ons	  are	  age	  and	  sex	  dependent)	  

•  There	  is	  growing	  recogni4on	  that	  space	  radia4on	  impacts	  are	  more	  
extensive	  that	  the	  well	  known	  acute	  risk	  and	  risk	  of	  cancer,	  but	  also	  may	  
have	  a	  significant	  impact	  on	  the	  central	  nervous	  system,	  the	  immune	  
system,	  and	  the	  cardiovascular	  system	  

•  NASA	  is	  inves4ga4ng	  these	  effects	  through	  a	  comprehensive	  ground-‐based	  
program	  at	  	  the	  NASA	  Space	  Radia4on	  Laboratory	  at	  Brookhaven	  Na4onal	  
Lab	  
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Community	  Coordinated	  Modeling	  Center	   

• http://ccmc.gsfc.nasa.gov 

• Facilitate Community Research 
• Execute simulations on request 
• Tailored analysis and visualization 
• Education support 

• Support Space Weather Operations 
• Transition of research models to operations   
• Test and evaluate models 
•  Real-time execution of SWx models 

 



Integrated Space Weather Analysis (iSWA) 
System

•  One-stop shop for 200+ real-time space weather products 
(iswa.gsfc.nasa.gov).



• hgp://nswp.gov	  

• U.S.	  Inter-‐agency	  
coordina4on	  

• NASA	  Co-‐Chair	  



hgp://ilws.gsfc.nasa.gov/	  

International Living With a Star 
NASA Chair 



International Heliophysical Year 
hgp://ihy2007.org/	  



Interna4onal	  Space	  Weather	  
Ini4a4ve	  
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ISWI	  Par4cipa4on	  (Jan	  2012)	  

–  14	  Distributed	  instrument	  teams	  observatory	  program	  
–  ~1000	  par2cipa2ng	  loca2ons	  
–  More	  than	  100	  Countries	  par2cipa2ng	  



Summary	  
•  The	  challenges	  associated	  with	  space	  weather	  affect	  
all	  developed	  and	  developing	  countries	  

•  Work	  on	  space	  weather	  specifica2on,	  modeling,	  and	  
forecas2ng	  has	  great	  societal	  benefit:	  It	  is	  basic	  
research	  with	  a	  high	  public	  purpose	  

•  Future	  space	  explora2on	  and	  most	  human	  
endeavors	  will	  require	  major	  advances	  in	  physical	  
understanding	  and	  improved	  transi2on	  of	  space	  
research	  to	  opera2ons	  

•  Targeted	  Research	  &	  Analysis	  offer	  real	  hope	  of	  Sun-‐
to-‐Earth	  space	  weather	  models	  and	  forecasts	  


