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Solar Cycle 25

Lessons Learned for Amateur Radio
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Nature 635, 365–369 (2024). https://doi.org/10.1038/s41586-024-08072-x



Space Weather Stakeholders – The list is growing



Space Weather Impacts on You– the list is growing
Not really much at all, just these little things…

• Amateur Radio Communication 

• Satellite Radio and Television

• Satellite Internet and Mobile Technologies & “The Internet of Things”

• Airline Communication and Transportation

• National Electric Utilities and Power Grids

• Emergency or Disaster Search, Rescue, and Relief Services

• GPS/GNSS navigation and Location-Based Services (LBS)

• Unmanned Aerial Vehicles (drones)

• Precision Agriculture

• Financial Markets & Precise Timing Applications

• Aurora Tourism

• Space Tourism

• Cloud based services, storage and operation, now including AI
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The public knows of space weather, but it is through 
a different kind of lens than we might expect

The Mobile Phone Camera Revolution

Cell phone camera CCDs sensitive enough to capture low-light events including Aurora

The public knows of space weather, but thanks to pop-culture,            
Super Storm events have taken on a new meaning



A Super Storm Event portrayed in Modern Space Weather

Pet names for a Super Storm 
Event Today:

• Mega-Flare

• Kill-Shot

• Micro-Nova

• Power Grid Destroyer

• Armageddon from the Sun

• God’s Wrath

• Black Swan

Basically, it is any space weather 
event that spells doomsday for 
Earth’s weakening magnetic 
field, all our technology, and 
ultimately all life on Earth 

11



Four Basic Types of Solar Phenomena that Affect Earth
Solar Flares Solar Storms (a.k.a. CMEs)

Solar Radiation Storms (a.k.a. SEPs)
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Coronal Holes (Fast Solar Wind)

Coronal Holes (Fast Solar Wind)

../../Millersville/SWEN572/ionosphere_videos/DRAP_20230901.mp4
../../Millersville/SWEN671_D2L/coronal_hole_SIRs/JHV_2023-09-09_13.49.57.mp4
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Solar Cycle 25: Where are We Now?

MAX

now

• Recent F10.7cm flux drop signals we have entered the declining phase
• Lynker-Space predictions show it dropping below 100 mid-to-late 2027



In the Declining Phase Coronal Holes Take Center Stage

SDO/AIA 211Å imagery NOAA/SWPC Synoptic Chart

• The declining phase is when solar dynamics are the most complex
• A new dipole field competes with the remnants of the old



What Are Coronal Holes?

• Coronal holes appear as dark 

areas on the solar surface in 

specific frequencies of EUV 

and X-ray

• They have a lower density 

and temperature compared 

with the surrounding corona

• They correspond to regions of 

open magnetic field and fast 

solar wind

• In the declining phase they 

become “trans-equatorial”



• Geomagnetic storm activity always 

peaks during the declining phase

• This is when the incidence of fast wind 

streams at Earth from coronal holes 

increases dramatically

• This cycle will have faster high-speed 

streams than Cycle 24

Richardson and Cane, 2012

Coronal Holes Drive Recurrent Storms



• In the declining phase space weather 

becomes more predictable

• Every 27 days old patterns return due 

to ”persistent” coronal holes

• For radio propagation, knowing what kind of 

fast wind is crucial for propagation

• This depends upon the season & sector 

polarity (from CTU: Storm times S.N.A.P)

Richardson and Cane, 2012

Coronal Holes Drive Recurrent Storms



Super Storm Producer Region 3664 in May 2024

Evolution of Region 3644 

• Merging of THREE regions

• Fired 10 X-class flares     
(including the largest of this cycle)

• Caused G5-level “super storm” 
(largest since 2005)

• By contrast no G5-level storms 
occurred in Solar Cycle 24
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The G5 “Gannon Storm” Caused by at least 7 CMEs
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Aurora during “Gannon Storm” was Visually Disruptive

pillars

SAR arc

Edge of auroral oval
streamers



CONUS Auroral Propagation as far South as Florida

Credit: G7IZU/G7RAU (Live MUF V7)

• Live MUF V7 conics show 
locations of anecdotal 
reports of auroral 
propagation during     
May 10 – 11, 2024

• The horizontal wings of 
the conics indicate the 
latitudes at which auroral 
scatter in the HF range 
becomes possible

• But what “kind” of 
aurora is responsible?



https://landmarkimp.com/news/news/blog/geomagnetic-storm-affecting-gps-signals--may-2024/

Gannon Storm Disrupted Precision Farming
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Impacts of the “Gannon” G5 Storm were Widespread



https://www.engadget.com/the-geomagnetic-storm-is-a-nightmare-for-farmers-relying-on-precision-agriculture-tech-180252016.html

Gannon Storm Disrupted Precision Farming



https://science.nasa.gov/science-research/heliophysics/what-nasa-is-learning-from-the-biggest-geomagnetic-storm-in-20-years/

Gannon Storm Disrupted Precision Farming



https://spaceweather.com/archive.php?view=1&day=09&month=12&year=2024

Multiple Storms in 2024 Disrupted Precision Farming



Multiple Storms in 2024 Disrupted Precision Farming

https://www.agmanager.info/management-finance/precision-agriculture/impact-gannon-storm-corn-production-across-midwestern-usa
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New Insights Due to the Super Community Mindset

Global data aggregation is getting 
easier thanks to a growing number of 
citizen-driven partnerships in the 
public and in industry
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Radio Impacts of the “Gannon Storm” were Widespread

IRIDIUM/AMPERE

B-field residuals Spherical Harmonic fit Field Aligned Currents

GEOCHRON
• HF/UHF radio 

contacts          
(PSK reporter)

• Ovation Prime 
(SWPC auroral 
forecast)

• Hp60 Index



10 May 2024 Pre-Storm
4:00a – 7:00p EDT Time

11 May 2024 Mid-Storm
4:00a – 7:00p EDT Time

Radio Impacts of the “Gannon Storm” were Widespread



Ionospheric Dynamics in the CONUS During Storm Onset
B-field residuals Spherical Harmonic fit Field Aligned Currents

IRIDIUM/AMPERE



“ROTI in the Red” in the CONUS During Storm Onset

Ionosphere Monitoring and 
Prediction Center (IMPC)

• ROTI: Rate of Change of TEC Index 
(real-time data)

• Indicates high-risk zones for GPS 
scintillation (often due to TIDs)

• Note strong auroral oval dynamics in 
AMPERE followed by intensifications 
in ROTI

• Overlay of amateur radio 
Maidenhead grid squares facilitates 
amateur collaboration

B-field residuals Spherical Harmonic fit Field Aligned Currents

IRIDIUM/AMPERE
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Reciprocity in the Super Community

Amateur Radio Operators are the ‘Over the Horizon’ & Early Detection Arm of this Super Community
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Summary
• The May 2025 “Gannon” Storm was the largest in 

20 years and it opened eyes to new susceptibilities

• We are now entering the declining phase when 
activity increases but F10.7 flux drops

• Cycle 25 will continue to outperform predictions

• Space weather impacted communities are a 
“Super Community” of expertise & experience

• Amateur Radio operators are the over-the-horizon 
and early detection arm of the Super Community 

• Precision AG community is only one fast-growing        
field that will need guidance in the coming years

• You are the Elmers to the Precision AG community 
among others



Space Weather is 21st Century Weather
Space weather is like the weather in your own 

backyard just a little further up.

https://www.millersville.edu/swen
POC: tamitha.skov@millersville.edu

Help us shape the future:
Millersville University Space Weather and 
Environment Science (SWEN) program

• SpaceWeatherWoman.com 

• Join My Patreon Community:

• Patreon.com/SpaceWeatherWoman

• @TamithaSkov on Twitter and YT 

• Space Weather Woman on Facebook

• SpaceWeatherWoman@gmail.com
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