
Space Weather Types and 
Impacts

Bill Murtagh

Space Weather Enterprise Forum

20 October 2015

Hart Senate Office building



Sunspots

Concentrations 
of magnetic 
fields – source 
of most major 
space weather 
storms
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Solar Cycle 24



1859 Storm 1921 Storm

• Large geomagnetic storms can occur with  
smaller cycles

• The largest geomagnetic storms on record 
occurred during smaller than average cycles 



Number of occurrences of G3-level 

geomagnetic storms over solar cycle

Geomagnetic storms occur at any time 
during the solar cycle and are not 
centered around solar maximum.
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Three Types of Space Weather

Electromagnetic Emission 

Radio Blackout (R) Scale

Charged Particle Radiation 

Solar Radiation Storm (S) Scale

Magnetized Plasma 

Geomagnetic Storm (G) Scale

93 Million Miles from Sun to Earth



NOAA Space Weather Scales
http://www.swpc.noaa.gov/NOAAscales/

Radio Blackouts

Radiation Storms

Geomagnetic Storms
Geomagnetic Storms



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 (R Scale)

• Duration: minutes to 
~ 3hours 

• Impacts Earth 
immediately

HF Communications

GPS Network Communications
Ground and Space-based

Radar

Impacts



6-7 March 2012:  “Severe impact at 2249Z 
initially affecting CWP [Central West 
Pacific] but by 2400Z, impact peaked and 
was affecting all communications. 25 ATC 
messages were delayed.”  

- Air Traffic Communications

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

(INCERFA is issued when there is 
uncertainty as to the safety of an 
aircraft and its occupants.) 

March 2012 Impacts on Aviation



Solar Radiation Storms (S Scale)

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

satellite)
• Aviation (communications and exposure concerns)
• High latitude HF communication outage



JanJ

January 2014



Geomagnetic Storms (G Scale) 
Coronal Mass Ejections (CMEs) create geomagnetic 
storms



Magnet Magnet

Not to scale (not even close!)

93 million miles

CME: A billion tons of plasma gas and magnetized field moving 1-6 mil mph

CME

Geomagnetic Storms 

Duration: hours to a day
Impacts Earth: 15-100 hours after eruption on Sun



Geomagnetic Storm Impacts 

Manned Spaceflight

Power Grid Operations

Impacts from geomagnetic 
storms are wide-ranging 

with potentially significant 
consequences. 

GPS

Satellite Operations

Aircraft Operations
Rail

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


March 2012

-- IMPORTANT OUTAGE NOTIFICATION --
Status: Unscheduled 
Details of services impacted: All existing Voice, Push-to-Talk (PTT), Mobile Data 
Services, and PNC customers 
START DATE: March 7, 2012 
START TIME (UTC*): 1330 
Service Summary: 
UPDATE 1 03/07/2012 @ 0943 EST - LightSquared is currently experiencing a 
satellite network outage over our SkyTerra 1 satellite. Preliminary investigation 
reveals that a solar event has created an automatic system safeguard as a 
measure to protect the satellite. The recovery procedures are underway which could 
take from 4 to 24 hours.



Impacts on Electric Power Grid 

• CME impacts Earth’s magnetic field

• Fluctuations generate electric fields  
on Earth. These geomagnetically
induced currents (GIC) can flow into
power lines and transformers

• Leads to transformer saturation and
over-heating, voltage drops,
transformer damage, grid collapse

Vulnerability of US grid

• Northern latitude (location of aurora during geomagnetic storms)
• Areas of relatively high resistive igneous rock
• Very high voltage interconnected transmission network
• Proximity to oceans (conductivity of ocean salt water)  

Transformer winding failure



Extreme space weather events 



“All our exchanges, from the northern coast of the 
Island of Cuba gave glowing descriptions of the Aurora 
Borealis - as bright in the tropics as in the northern 
zones” [New Orleans Daily Picayune,September 7, 1859]

Carrington Event, September 1859 

Discharges shocked telegraph operators and set the 
telegraph paper on fire.

Visible Aurora, Sep 2 



May 1921 Geomagnetic Storm 



A coronal mass ejection speed: ~2900 km/s or 6.5 
million mph occur only once every ~5 to 10 years. 

NASA SOHO

23 July 2012 – dodging the bullet!
Powerful solar flare 
on 23 July, 2012…
…not Earth-directed



Increased vulnerability of critical infrastructure to 

space weather

• Technology evolution 

• Interconnection/Interdependency

• Reliance on space-based systems
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