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Space Weather Forecasting 



SWPC (Boulder, CO) 

https://www.facebook.com/NWSSWPC 



Carrington Event - 1859 



Carrington Event 1859 







How Space Weather Impacts Earth 

• Geomagnetic Storms 
– Coronal Mass Ejections (CME) 
– Coronal Holes 

• Solar Radiation Storm 
– Solar Energetic Particles  

• Radio Blackouts (Solar Flares) 
 
Relativistic Electrons 
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Presentation Notes
Bulldoze the Earth’s magnetic field (magnetosphere) and sparks turbulence in the ionosphere. GNSS errors dramatically increase and GNSS loss-of-lock occurs




Coronal Mass Ejection (CME) 



Coronal Mass Ejection (CME) 



Aurora 
(viewed from ISS) 

Formed by a complicated process involving collisions between energetic particles 
carrying the field-aligned currents. 
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Presentation Notes
energetic particles from the sun are deflected by the earth's magnetic field. These particles follow the magnetic lines to the poles where they are diverted toward the earth. Here they interact with the uppermost levels of the atmosphere, exciting the molecules there and causing them to glo... This is the mechanism behind the northern and southern lights. 
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Presentation Notes
Occasionally generates extraordinary RHCP radio noise at GNSS frequencies (i.e. complete blackout of GNSS signal)




Proton Event 





Solar Flare Categories 

Classified according to their x-ray brightness in the wavelength range 1 to 8 Angstroms 
• X-Class: major events that trigger planet-wide radio blackouts, long lasting radiation storms 
• M-Class: medium size, brief radio blackouts affecting polar regions, minor radiation storms 
• C-Class: small with few noticeable consequences on Earth. 



Solar Flares 

Radio Blackout! 
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Presentation Notes
Ionospheric scintillation is the rapid modification of radio waves caused by small scale structures in the ionosphere. Severe scintillation conditions can prevent a GPS receiver from locking on to the signal and can make it impossible to calculate a position. Less severe scintillation conditions can reduce the accuracy and the confidence of positioning results.
Scintillation of radio waves impacts the power and phase of the radio signal. Scintillation is caused by small-scale (tens of meters to tens of km) structure in the ionospheric electron density along the signal path and is the result of interference of refracted and/or diffracted (scattered) waves. Scintillation is usually quantified by two indexes: S4 for amplitude scintillation and σφ (sigma-phi) for phase scintillation. The indexes reflect the variability of the signal over a period of time, usually one minute. Scintillation is more prevalent at low and high latitudes, but mid-latitudes, such as the United States, experience scintillation much less frequently. Scintillation is a strong function of local time, season, geomagnetic activity, and solar cycle but it also influenced by waves propagating from the lower atmosphere.









GPS/GNSS System Impacts 
• There are several ways in which space weather impacts GPS function. GPS radio signals travel from 

the satellite to the receiver on the ground, passing through the Earth’s ionosphere. The charged 
plasma of the ionosphere bends the path of the GPS radio signal similar to the way a lens bends the 
path of light. In the absence of space weather, GPS systems compensate for the “average” or 
“quiet”  ionosphere, using a model to calculate its effect on the accuracy of the positioning 
information. But when the ionosphere is disturbed by a space weather event, the models are no 
longer accurate and the receivers are unable to calculate an accurate position based on the 
satellites overhead. 

• In calm conditions, single frequency GPS systems can provide position information with an accuracy 
of a meter or less. During a severe space weather storm, these errors can increase to tens of meters 
or more. Dual frequency GPS systems can provide position information accurate to a few 
centimeters. In this case the two different GPS signals are used to better characterize the 
ionosphere and remove its impact on the position calculation. But when the ionosphere becomes 
highly disturbed, the GPS receiver cannot lock on the satellite signal and position information 
becomes inaccurate. 

• Geomagnetic storms create large disturbances in the ionosphere. The currents and energy 
introduced by a geomagnetic storm enhance the ionosphere and increase the total height-
integrated number of ionospheric electrons, or the Total Electron Count (TEC). GPS systems cannot 
correctly model this dynamic enhancement and errors are introduced into the position calculations. 
This usually occurs at high latitudes, though major storms can produce large TEC enhancements at 
mid-latitudes as well. 

 





Aviation 
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Presentation Notes
Very severe magnetic storms can also introduce ionospheric scintillation activity in the mid-latitude CONUS region.  Scintillation is a rapid variation in the intensity of the satellite signal that can cause a GPS receiver to lose lock on the signal.  If many satellite signals are affected by scintillation, it can cause GPS to lose the capability to provide positioning information.









Precision Agriculture / Grading 



Geomagnetically Induced Currents (GICs) 

• Rapid geomagnetic field variation lead to induction  
      of electric currents in Earth’s Crust 
• Ex. March 1989 – Hydro-Quebec power grid 
• Loss of power to 6 million people 
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An extreme example of this type of occurrence was the great magnetic storm of March 1989, which was one of the largest geomagnetic disturbances of the twentieth century. Rapid geomagnetic field variation during this storm led to the induction of electric currents in the Earth's crust. These currents caused wide-spread blackouts across the Canadian Hydro-Quebec power grid, resulting in the loss of electric power to more than 6 million people







Questions? 


