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Major Solar Storms

Satellite Operations & Major Storms
What Changed?

• Rapid expansion in low LEO (400-1000 km).
• Satellite operations have changed a lot.

o Starlink: 50,000 collision avoidance maneuvers in the first half of 2024.

Courtesy of 
William Parker (MIT)
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AR3664: A Record Breaker

• AR3364 is similar to the active region that led to the Carrington event.
• As new flux emerged, an active region nest formed.
• In terms of free magnetic energy, helicity, net electric currents, etc., 

AR3364 has the potential to set new records.
• Question: why it did not produce very strong flares and fast CMEs?
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AR3664: Prolific Activity

• AR3364 displayed extremely intense flaring activity.
• It also exhibited significant eruptive behavior – 16 CME events recorded.
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• Flare sizes were relatively 
moderate, peaking at X5.8 
between May 1 and May 14, 
followed by an X8.7 flare later on 
May 14.

• CME maximum speed of ~1700 
km/s.

A Moderate Solar Storm

Liu et al. (2024)
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Strong Geospace Response
Courtesy of Brian Anderson (JHUAPL)

• Although solar activity was as strong as expected from AR3664, the combined effect of the two slower 
CMEs with other two faster ones led to the G5 storm.

• What would be the impact if the solar events were much stronger?
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Charting the Path Ahead: What’s Next?

• Why some storms are more important than others?

• What is common and what is different between storms?

• What active regions signatures that produce strong geoeffective activity?

• Solitary CMEs: Do They Matter? When and why?

• Which interactions are most critical for decision-making?

• How can we improve monitoring of multiple eruptions beyond the Sun-Earth line?

• What  are the key measurements across the different regions that are needed for effective 
space weather monitoring?

• …

• How can we sell our science and discipline to the large community, the funding agencies, 
politicians, …?

Courtesy of Angelos Vourlidas (JHUAPL)


