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The Case for action 

• Societal and economic impacts – 

reliance on advanced technology  

• Space weather types and 

associated impacts 

• Extreme space weather events 
 
 

Overview  



Societal and economic impacts 

Growing interdependencies across critical infrastructure 

systems have increased the potential vulnerabilities to 

space weather  



Customer Subscriptions  
(through September 2017)   

What are we seeing: 

• All major airlines 

• Drilling and oil exploration 

• Most satellite companies 

• Transportation sector 

• Emergency Responders 

52,677 

1554 new registrations in September 2017 



March 2012 

7 March 2012: INCERFA was issued for Air Canada 003 (Vancouver 
to Tokyo) until communications were established with the flight. 

Skyterra 1 satellite 



November 2015 
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“Flights disappeared from radar screens in Swedish air traffic control towers 

during the blackout, which lasted about an hour” 
 

 



Transformer  

damage 

Failures of GPS 

based positioning  

Numerous 

Polar flights 

rerouted 

NOTAM 

Flight route restrictions 

due to geomagnetic storm 

impact on communications 
Loss of Japan’s 

ADEOS II satellite 

Numerous anomalies 

on FedSat  and other 

Australian satellites 

Solar cell damage on 

ESA’s Smart-1 satellite 

Oilfield services company reported 

several cases of survey Instrument  

Interference around world 

C.R. Luigs drill 

ship, loses GPS, 

resorts to backup 

systems  

SatComm and HF 

outages 

Nuclear power 

plants reduced 

power due to 

geomagnetic 

storm   

Widespread HF outage 

over African continent 

SatComm and HF 

outages 

Over 130 hours of HF communication blackout in Antarctic  

Space Weather – Global Impacts   
 October 2003 



• Space weather types and 

associated impacts 



Magnetosphere 

Energetic  

Charged Particles 

Electromagnetic 

Radiation 

Drivers of space weather? 

Space weather refers to the variable conditions on 

the Sun and in space that can influence performance 

and reliability of space and ground-based 

technological systems, and endanger life or health 

Ionosphere 

Magnetic Field 

(Magnetized Plasma)  



Image from NASA SOHO Satellite 

- A violent explosion in the Sun's 

atmosphere with an energy equivalent 

of a hundred million hydrogen bombs. 

Solar Flares Radio Blackouts (EM Radiation) 

GPS Network 
Communications 

Ground and Space-based 
Radar 

Impacts 

Duration: Minutes to ~3 hours 



Solar Flare (Radio Burst) Impact on GPS – 6 Dec 2006 

~10 mins GPSOC at Schriever AFB  

- “At approximately 6 Dec/1930Z there was a widespread loss of GPS in the Mountain States 

region, specifically around the 4 corners region of NM/CO. Several aircraft reported losing lock 

on GPS…were tracking 7-9 satellites, and abruptly lost lock and were tracking 0-1.”  



Solar Radiation Storms (Charged particles) 

Impacts… 

•  Satellite Operations (range from loss of data to loss of    

   satellite) 

•  Aviation (communications and exposure concerns) 

•  High latitude HF communication outage 

Duration: hours to days 



Geomagnetic Storms (magnetic field)  
Coronal Mass Ejections (CMEs) create geomagnetic 

storms 



Geomagnetic Storm Impacts  
 

Manned Spaceflight 

Power Grid Operations 

Impacts from geomagnetic 

storms are wide-ranging 

with potentially significant 

consequences.  

GPS 

Satellite Operations 

Aircraft Operations 

http://www.shuttlepresskit.com/images/iss/1d3.mp2
http://spidr.ngdc.noaa.gov/spidr/help/images/goessat.jpg
http://affiliates.art.com/get.art?T=15033627&A=204670&L=8&P=10119858&S=4&Y=6584


October 31 - Sun storm causes problems for Swedish power 

system. The solar storm has caused technical glitches in 

Sweden's power system in the past few days and may be to 

blame for a blackout that affected 50,000 people on 

Thursday, October 30. 

Significant grid problems 

have occurred… 

 

 Information Notice No. 90-42:   

FAILURE OF ELECTRICAL POWER EQUIPMENT    

DUE TO SOLAR MAGNETIC DISTURBANCES 

 

  Specific events occurred at the Three Mile Island     

  Unit 1, Hope Creek Unit 1, and Salem Unit 1   

  nuclear power plants. …inspection of the generator   

  step-up transformer… severe overheating, melted low 

  -voltage service connections in phases A and C,  

  and insulation discoloration in phase B. On  

  September 19, at Salem Unit 2 nuclear power 

  plant, a second solar storm damaged the generator 

  step-up transformer.      Sep 1990 

 

Transformer exit-

lead overheating 

Transformer winding 

failure 



An Ionospheric Storm began on 2/27/14. The WAAS LPV and LPV200 service was 

not available in Eastern Alaska and Northeastern US.  At times, North Central US 

and all of Alaska lost LPV and LPV200 Service.   

Ionospheric 

Storm Feb 2014 

(A localizer performance with vertical guidance (LPV) approach is a modern aviation instrument 

approach procedure using WAAS.) 
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Extreme Space Weather  

Carrington Event – Sep 1-2, 1859 

Visible Aurora, Sep 2  



May 1921 Geomagnetic Storm  



The coronal mass ejection speed: ~2900 km/s or 10.5 

million km/h – Carrington like! 

NASA SOHO 

Extreme Space Weather  

23 July 2012 – Close call! 

Powerful solar flare 

on 23 July, 2012… 
 



 

• “Using a well-proven geomagnetic storm 

forecast model, we find the 23-24 July event 

would have produced a geomagnetic storm that 

was comparable to the largest events of the 20th 

Century.” 

 
 

A Major Solar Eruptive Event in July 2012: Defining Extreme Space 

Weather Scenarios; D.N. Baker et al. 

23 July 2012 



Riley and Love now estimate there is a 10% 

chance of a Carrington-level event over the 

next decade. 

“estimate that there is a 10% chance of a 

Carrington-level event over the next decade” 



• Severe space weather is a hazard that poses 

significant risks to the economy and security of 

nations around the world 

 

• We must understand the space environment in the 

context of its impact on system operations 

 

• Nations should consider including space weather in 

the identification, assessment, and prioritization of 

risks 

 

• Nations must work together to enhance the 

resilience of critical infrastructure to the adverse 

effects of space weather 

 

 

Concluding Remarks 



September 2017  



September 2017 

 

Help! “Yesterday during all the chaos of Hurricane Irma 

hitting South Florida and Hurricane Jose impacting the 

Eastern area of the Miami Airspace, a Major Solar Flare 

occurred which disrupted the communications with 

airplanes over the Atlantic Ocean.  A lot of 

misinformation was being stated to the FAA from 

different people about what was causing this problem.” 

       Miami CWSU 

“The solar flare yesterday, and the one that just happened, 

has caused a total HF blackout on all HF bands. 

The frequencies the Hurricane Watch Net use are 14.325 

MHz and 7.268 MHz.  The flare yesterday made it to where 

could not hear anyone on either frequency for a few hours. 

I’m not sure how long this blackout will last, but, these 

flares could not happen at a worse time.  We are looking at 

3 hurricane threatening land and we cannot make contact 

with anyone on the 20 meter or 40 meter amateur bands. 

Mother Nature is not playing well.“ 

        Hurricane Watch Net, Net Manager 

Sep 10th:  “Solar flare activity with major impact on HF 

Comms.  Between approximately 1610z and 1710z 

communicated with flights primarily by VHF and SAT 

Phones due to degraded HF frequencies.  Contacted ATC 

facilities to advise flights if unable on HF, contact NY on SAT 

phones or air-to-air on VHF guard.  Three ATC Clearance 

message deliveries were delayed during this event.”  

Aviation Voice Services 
 

NOTE: The aircraft emergency frequency (also known as GUARD) is a 

frequency used on the aircraft band reserved for emergency 

communications for aircraft in distress 


