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Solar flares
Extremely powerful explosions on the Sun,

driven by release of magnetic tension
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Credit: SDO/HMI

3 November 2011
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The CME was not directed towards Earth

CME
(modeled)

At around 20:27 UT, the sunspot AR1339 releases
an X2-flare and launches a CME.
             |
(=== an R3 radio blackout)

3 November 2011 – X-class Solar Flare



  

Effects of solar flares
● High-energy electromagnetic radiation

 (X-rays and gamma rays)

● Energetic particles (Protons at > 100 MeV)

● Coronal Mass Ejections



  

Coronal Mass 
Ejections (CMEs)

Giant clouds of plasma
escaping from the Sun
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Auroral oval
Pretty lights in the sky



  
Credit: 
   Globe:        Google Earth
   Auroral oval:   NOAA

Auroral oval on a normal (quiet) day

Dayside

Nightside



  

The auroral oval at 23 local time on a disturbed day
(10 March 2011)
(Credit: JHU/APL and the OVATION project)

Southern Norway

Northern Norway

During geomagnetic storms, Norway is in a 
«perfect» position (If you want to see aurora)



  

CPOS
The positioning service of the NMA

Centimeter accuracy in real-time



  

CPOS is based on a nationwide 
network of GNSS receivers

Credit:
Google Earth
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Geomagnetic storm
24 October 2011

Overview of the event and its effects on CPOS

– FOR THE BENEFIT OF SOCIETYPOSITIONING DATA
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Amount of plasma in the ionosphereAmount of plasma in the ionosphere
(TEC)(TEC)

Effect of disturbances at ground levelEffect of disturbances at ground level
(ROTI)(ROTI)

Ionospheric disturbance levelIonospheric disturbance level
(ROTI)(ROTI)

CPOS Processing StatusCPOS Processing Status

2011-10-25   01:20 UT2011-10-25   01:20 UT
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Period of serious disturbances
~ 11 hours

~ 8 hours

The ionospheric disturbances lasted for hours
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GNSS monitor measures user experience

Ionospheric disturbance level

Disruption of CPOS processing near Hønefoss

Very large position errors

Small to moderate position errors
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Position errors increased by more than 20 000 %

X-Axis: Ionosphere disturbance level
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EGNOS performance was also affected

EGNOS (APV-1 Availability) in Scandinavia

EGNOS (APV-1 Availability) in Europe

Geomagnetic storm
23 October 24 October 25 October 26 October

The time period shown in the previous plots
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http://www.kartverket.no/seSolstorm

Real-time ionosphere monitoring 
service

An expanded ionosphere 
monitoring service will be available 
at ESAs space weather portal at a 
later date
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Questions?


