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• Largest geomagnetic storm in 20 years (Since Halloween 2003 event)
• 1 in 12.5 years – intensity*
• 1 in 41 years – duration* 
• Weak/moderate Solar Energetic Proton (SEP) event
• Benign compared with reasonable worst-case scenario

* Source: Elvidge & Themens, 2025; https://doi.org/10.1029/2024SW004113

https://doi.org/10.1029/2024SW004113


Sources: ROB/SIDC, NICT
Most of the X-class flares were while Canada was on the nightside, so minimal shortwave fadeout reported
Shortwave band (HF) disrupted in Japan due to short-wave fadeout



• Did you notice HF COM impacts (shortwave fadeouts) during the 
short-lived daytime X-class flares? 
• Were you aware of the potential for CMEs, solar protons, and 

geomagnetic storms that could impact HF COM and GNSS?
• Would you take any pre-emptive actions based on a forecasted CME 

arrival? 
• If so, how much information would you want?



CMEs arrival Kp >= 9 



Airline reports
GNSS degradation
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(HF) COMMS issues
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Flares associated with 
potentially geoeffective CMEs

Solar Proton Enhancements

Note: Missing AE data after May 15



HF COM advisories issued due to: 

• Post Storm Depression (DEP)
• MUF depression

• Auroral Absorption (AA)
• Kp > 8, 9 – Mostly nighttime 

• Polar Cap Absorption (PCA)
• Proton flux increase in polar regions – 

Mostly daytime
• Short Wave Fadeout (SWF)

• X class flares – Daylight) 

GNSS advisories issued due to:

• Total Electron Content (TEC) 

• Scintillation (Phase or Amplitude)

May 10-12: Generally disturbed Ionosphere and Geomagnetic field conditions. 

Impacts to aviation reported 

Polar Cap and Auroral Absorption (PAA) includes AA and PCA

Notes 
• Japan: reports temporary disruptions in shortwave comms, but no flight 

suspensions (source: NICT). 
• Australia: flights re-routed where HF expected to be impacted. Flights had to seek 

other comms means. Trans-Tasman HF COMs interrupted but operations continued 
safely (source: BOM).

• Iceland HF radio circuits impacted May 10-15 (source: SIDC).
• Also intermittent HF impacts reported in New Zealand, Antarctica, China, Canada
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GNSS

HF

ICAO Space Weather Advisory browser, produced by SIDC via the ESA SWE Portal 

May 10-12 – HF COM and GNSS Advisories
GNSS: 22 advisories 

HF-COM: 32 advisories
issued between 10 May 18:30 and 13 May 00:00
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• Did you notice HF COM MUF depressions during or after the 
geomagnetic storm? 
• If so, what operational mitigations did you or would you take?



HF COM advisories issued for AA 
and PCA

Credit: Australia BOM

Date Time 
(UTC)

Comments Kind

20240510 1515 MOD, start of event PCA

20240510 1755 SEV PCA

20240510 2115 MOD PCA

20240510 2330 SEV AA

20240511 0430 SEV (update) AA

20240511 1000 SEV (update) AA

20240511 1530 SEV (update) AA

20240511 1830 MOD AA

20240512 0015 MOD (update) AA

20240512 0500 SEV AA

20240512 0700 End of event



HF COM:
Polar Cap Absorption (PCA)
due to Solar Protons

Dayside X-class flare signatures 

HF COM:
Auroral Absorption (AA) due to
geomagnetic storm
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• Was the number of HF COM advisories issued adequate? Frequency 
of updates?
• Would a duration forecast be useful vs end of event advisory? 
• How do airline operators react to loss of HF comms?
• Polar and oceanic regions are most susceptible due to the need for 

long-range communications (SATCOM-based/ Controller-Pilot Data 
Link Communications (CPDLC) or Automatic Dependent Surveillance 
Broadcast (ADS-B) systems) or HF communications. 
• Is SATCOM or HF primary during trans-oceanic operations?
• Are there any backup communications (other than HF) for polar 

flights above 82 degrees latitude?
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WAAS was degraded in 
Canada, Alaska, and 
CONUS for > 16 hours 
(LPV, LPV200)

WAAS LPV coverage

Fiori et al., 2025





CADORS # 2024C3097

20240512 23:28 Thompson, Manitoba

A Keewatin Air Beech B200 (C-FSAO/KEW214) from The Pas, MB (CYQD) to 
Thompson, MB (CYTH) reported a GNSS downgrade of localizer 
performance with vertical guidance (LPV) to lateral navigation (LNAV) after 
commencing the area navigation (RNAV) Runway 06 approach. Two 
subsequent aircraft reported similar experiences from 2328Z to 2343Z, 
including a Missinippi Air-Care Beech 200 (C-FICU/MA04) from Gods River, 
MB (CZGI) to Thompson, MB (CYTH) and a North Star Air Ltd. ATR-GIE ATR 
72-212A (C-FNSN/BF502) from Rankin Inlet, NU (CYRT) to Thompson, MB 
(CYTH). All aircraft completed their approaches without incident. 



• Was the number of GNSS advisories issued adequate? Frequency of 
updates?
• Are GNSS Scintillation (or TEC) advisories useful pre-flight, in-flight, 

before landing?
• GNSS scintillation with severe intensity seems to be a good proxy of 

degradation of SBAS services, or sustained GNSS scintillation with 
moderate intensity during major storms with Kp ≥ 8-9. 
• Would separate advisories on the status of GNSS space-based 

augmentation system (SBAS) services be useful? NOTAMS? 



• How do the mitigation or operational responses differ between 
ANSPs, air traffic control centers, and airline operators?
• Any reported impacts to INMARSAT (GEO) or IRIDIUM (LEO) SATCOM 

Voice?
• Did you experienced SATCOM degradation (from GEO or LEO) that 

could have been caused by scintillation? 
• Any reported impacts to space-based ADS-B (~800 km altitude)?
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Thank you







• Majority of activity due to Active 
Region (AR) 3664 – a complex 
region near the center disk. 
• Crossed central solar disk on 7 May
• Multiple CMEs were predicted to 

have an Earth directed component 
on May 8-9. 
• Produced numerous M and X class 

flares with associated Coronal 
Mass Ejections (CMEs) on May 8-9. 


