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July 23, 2012 -- Happenings 

•  2012 Elections in the U. S. 
were looming. 

•  London Olympics opening 
soon. 

• Mariah Carey joins American 
Idol. 

• Cubs not yet mathematically 
eliminated. 

• And…the Sun explodes! 







Near Miss! 



Legendary Carrington Event 

•  Thought to be the most 
energetic solar eruption in 
the last 150+ years 

•  An event of this size very 
worrisome for FEMA, EU, 
et al 

•  Could have destructive 
impact to critical 
infrastructure 



Carrington Event Impacts 

•  Church,	  1865,	  
pain@ng	  of	  
aurora	  from	  
South	  Seas.	  

	  
•  Electrical	  current	  

induced	  in	  
telegraph	  wires,	  
so	  strong	  that	  it	  
burned	  down	  a	  
few	  telegraph	  
offices.	  



•  Coronal	  Mass	  Ejec@ons	  
– Bulldoze	  the	  Earth’s	  magne@c	  field	  
–  Spark	  turbulence	  in	  the	  ionosphere	  

• GNSS	  errors	  drama@cally	  
increase	  

• GNSS	  loss-‐of-‐lock	  occurs	  
•  Solar	  Flares	  

– Occasionally	  generate	  extraordinary	  
RHCP	  radio	  noise	  at	  GNSS	  
frequencies	  	  
•  Complete	  blackout	  of	  GNSS	  
signal	  	  

July 23, 2012 -- Happenings 
Adverse Impacts to GNSS 



GPS	  Signals	  in	  the	  lower	  	  
(neutral)	  atmosphere	  
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CME	  Scenario	  



Sun to Earth 



Energy	  into	  the	  Aurora	  



GNSS in a Turbulent Ionosphere 

Courtesy	  P.	  Kintner,	  Cornell	  



Recent	  Impact	  to	  WAAS	  

“An Ionospheric Storm began on 2/27/14.  The Satellite Operations Specialists were 
alerted at the WAAS O&M by a Significant Event 757 at 2120 Zulu.  So far, LPV 
and LPV200 service has not been available in Eastern Alaska and Northeastern 
CONUS.  At times, North Central CONUS and all of Alaska have lost LPV and 
LPV200 Service.” FAA 

Moderate	  Kp	  =	  6	  Storm	  
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Real	  Time	  Alaska	  Scin@lla@on	  Data	  



Solar	  Flare	  Radio	  Burst	  



Record Radio Burst  
During Solar Minimum 

repeat of  
previous  

cycle 

Photo by Gary Palmer 

Radio noise level 
on GPS frequency 

Owens Valley 
Solar Array 



Powerful Radio Burst on GPS 



Sunspot	  Cycle	  	  



Big solar 
storm hitting 
Earth 
CNN-Sep 11, 2014 
Thanks to a relatively 
strong solar storm, 
those living in 
northern parts of the 
United States had a 
chance to take in the 
vivid colors that 
normally ... 

Sun 
Fires Solar Flare 
Triggering 
Blackouts on Earth 
Guardian Liberty Voice-
Dec 24, 2014 
On Friday, following 
days of intense solar 
storms, the Sun fired a 
massive solar flare, 
triggering radio 
blackouts across Earth 
in Australia and the ... 

Solar storm heading for Earth 
USA Today 
Sep 11, 2014 - A "strong" solar flare that 
launched off the sun Wednesday afternoon 
could cause some fluctuations in Earth's power 
grid and slight .. 
 

Society’s	  Awareness	  of	  Space	  	  
Weather	  is	  Growing	  

Courtesy	  G.	  Fisher,	  NOAA	  



March	  17	  Geomagne6c	  Storm	  

•  Spawned	  by	  2	  
CMEs	  on	  March	  
15	  

•  Reached	  G4	  –	  
much	  higher	  than	  
the	  predicted	  G1	  

•  Lingered	  thru	  
March	  20	  



GPS	  Error	  Footprint	  Increase	  



•  Space	  weather	  is	  real	  and	  of	  concern	  for	  
GNSS	  Operators	  and	  Users	  

•  The	  Sun	  erupts	  as	  it	  chooses	  
•  Even	  in	  the	  midst	  of	  a	  rela@vely	  quiet	  
maximum	  phase,	  events	  affec@ng	  GNSS	  
occur	  

•  For	  Safety-‐of-‐Life	  applica@ons,	  real	  @me	  
knowledge	  of	  Space	  Weather	  is	  vital	  

Conclusion	  


