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• Conversion of magnetic 
energy into kinetic 
energy and radiation

• Where
– Solar flares

–CME release from 
the Sun

–Geomagnetic storms 
at Earth

Magnetic Reconnection
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Solar Flares - WHAT? 

• Sudden burst of radiation 

• First observation in 1859 (white 
light) by Carrington and Hodgson 

• Large quantity of energy is released  
>10ˆ20 Joule 

• Required: 
A very rapid means of converting 
stored magnetic energy into particle 
energy and radiation – magnetic 
reconnection



Solar Flares - Observations
SDO/AIA



Solar Flares - Observations

SDO/AIA GOES

https://www.swpc.noaa.gov/products/goes-x-ray-flux


Solar Flares - Observations

SDO/AIA GOES

https://www.swpc.noaa.gov/products/goes-x-ray-flux


Solar Flares - Observations

SDO/AIA GOES

https://www.swpc.noaa.gov/products/goes-x-ray-flux


Solar Flares - Solar cycle

GOES

Solar minimum Solar maximum



Solar Flares - Solar cycle

GOES

Solar minimum Solar maximum



Solar Flares - Automated detection

https://www.sidc.be/solardemon/
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Solar Flares - Standard Model



SDO/AIAMagnetic restructuring 
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Magnetic flux emergence
SDO/HMI
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Interaction with other features

Instability elsewhere
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Impulsive flare
• M- and X-class only 
• Duration 

– Total duration < 10 
minutes 

• Usually NOT associated 
with CMEs 
• Compact

Long Duration Event
• All flare classes 
• Duration 

– Total duration > 1 hour 
–Decay time > 30 minutes 

(SWPC) 

• Association with CMEs 
increases with increased 
duration

Solar flares - Duration



Impulsive flare Long Duration Event

X1 - NOAA 1890 - 10 Nov 2013 (duration: 10 minutes) X1 - NOAA 1520 - 12 July 2012 (duration: 113 minutes)
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• From entire Sun 
1-4 per day 

• In practice 
1 event in 24 hours 

• Average waiting time 
- 6.5 hours (> C1) 
- SCmax:  3 hours 
- SCmin:  3 days

Solar flares - Frequency

GOES



Solar Flares - Solar cycle
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Flare Prediction - Sunspots



Magnetogram

SDO/HMI



Sunspot size



Magnetic field



Sunspot drawings



Sunspot drawings

USET



Sunspot number and solar cycle

R = K (10g + s)



Long term solar activity 
Solar seasons



Solar Flares - Classification

McIntosh classification 
• Zpc (3-letter code) 

• Z - Modified Zürich classification 
• p - Penumbra largest spot 
• c - Interior sunspot distribution 

• 60 possible combinations 
• Linked to flare intensity 
• Rather large uncertainties 

• Used worldwide 



Mount Wilson (Hale) 
classification 
- Based on the magnetic 

properties of a sunspot group 
- 7 options: α, β, βγ, γ, βδ, 
βγδ, γδ

SDO/HMI
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• Magnetic shear
• Magnetic helicity
• Flaring history
• Evolution of group
• Size of the spots
• …

Solar Flares - Prediction


