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The Big 3 – R, S & G

• R = Radio Blackout
• S = Space Radiation Storm
• G = Geomagnetic Storm
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Artist’s conception of solar storm, courtesy NASA



Geomagnetic Storm Occurrences for Cycles 24 & 25 (G3 and above)



Sequence of Events
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http://www.swpc.noaa.gov/NOAAscales/

Radio Blackouts

Radiation Storms

 Geomagnetic Storms

NOAA Space Weather Scales
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Modeling 
the Space 
Environment



Phenomena Reference/Impacts
Solar Flare Radio Blackout (R Scale):
• No advance warning
• Effects last for 10’s of minutes to several hours
• High Frequency (HF) communication on the sunlit side of the Earth
• VHF/UHF communication if significant radio burst on frequency (e.g. GPS)
• First indication significant S and G scale activity may be possible

Solar Radiation Storm (S Scale):
• Warnings possible on the minutes to hours time scale
• Effects can persist for several days
• Health and operation of satellites and International Space Station
• HF comm in the polar regions, affecting commercial airline ops

Geomagnetic Storm (G Scale):
• Advance notice possible from just under a day to several days
• Effects last for one or more days
• Power grid operations and stability
• Post-Storm Maximum Usable Frequency (MUF) depression possible.
• Global Navigation Satellite System (GNSS) accuracy and availability
• Aurora
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Information Dissemination
• Phone Contact for Critical 

Stakeholders: NASA, Commercial 
Airlines, Power Generation and 
Distribution, FEMA, etc.

• Product Subscription Service: Email-
based, no cost subscription service 
open to all

• Website: Data, products, and models 
all available there.  Top News 
heading that will provide updates 
for elevated space weather

• Social Media (Twitter, Facebook)
• Traditional Media Support during 

significant events
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September 2017 Events



Summer of 2017 
was generally 
uneventful until...

Relatively uneventful... Relatively exciting!
X-rays (@ Geo)

Sunspots

Particles (@ Geo)

Cosmic Rays

Magnetometer (@ Geo)



Region 12673 



Cycle vs Watches, Warnings and Alerts Timeline 01 Sep - 16 Sep 2017

04 Sep 1200 UTC - 11 Sept 1200 UTC
123 Alert, Watch Warning and 
Summary Products issued.  This was 5 
more than issued the entire month 
before.



September 6, 
2017 & other 
flares

The X9.3 flare son Sep 6 at 1202 UTC 
was the largest of the solar cycle, 
and the largest since Sep 7, 2005 (an 
X17) + S3

An X2.2 preceded the X9.3 flare on  
Sep 06 at 0910 UTC

An X1.3 event followed on Sep 07 at 
1436 UTC

An X8.2 event followed on Sep 10 at 
1606 UTC + S3

Intense Solar Activity Viewed From Space (NASA)

https://www.nasa.gov/feature/goddard/2017/september-2017s-intense-solar-activity-viewed-from-space


D-Region Absorption 06 Sep 2017



Impact on WSPR Network

Note 14 Mhz Trend



Hurricane + Solar Flare = ?

“...I’m not sure how long this blackout will last, but, 
these flares could not happen at a worse time.  
We are looking at 3 hurricane threatening land 
and we cannot make contact with anyone on 
the 20 meter or 40 meter amateur bands…”

Mother Nature is not playing well.



Solar Radio Burst 
Activity 06 Sep 2017

Solar Radio Burst reported by USAF 
optical/radio observatory at San 
Vito, Italy.



Summary of Radio Burst Impact to GPS - 06 September from ROB

IMPACT OF THE EVENT:  
● On L1, two fades above 1dB/Hz were 

detected at 12h01 and 12h05. 
● On L2, a first fade above 3dB/Hz which 

could potentially affect the GNSS 
application, occurred for 3 min with a 
maximum of -6.25±1.6dB/Hz at 12h02. 

● It was followed by a second lower fade 
above 1dB/Hz at 13h03. 

Royal Observatory of B
elgium 
GNSS Research Grou
p

http://www.astro.oma.be/
http://www.astro.oma.be/
http://www.astro.oma.be/
http://www.astro.oma.be/


Analysis and 
Prediction

L1 
(DSCOVR/ACE)

Observation

Event Onset/
Ground-Based 
Observation

Geomagnetic Storm Forecasting
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06 September CME

SOHO LASCO Halo CME Recor
d

Sept 7, 2017 0030 UTC Forecast

https://umbra.nascom.nasa.gov/lasco/observations/halo/2017/170906/
https://umbra.nascom.nasa.gov/lasco/observations/halo/2017/170906/


Solar Wind Environment 05-11 September, 2017
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What? - MUF Defined

“The Maximum Usable Frequency (MUF) is then the product of critical frequency and 
an appropriate transmission factor M for a given distance d, MUF (d) = M (d) × fp. 

For example, the instantaneous MUF for a 3000 km circuit is simply given by 
MUF(3000)F2 = M(3000)F2 × foF2” Ionospheric Space Weather, Cander, 2019

TX RX

3000k
m
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Case Study: September 2017 Storm
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March 2015 St Patrick’s Day Storm



Localizer Performance with Vertical Guidance coverage 08 September 2017



 European Geostationary Navigation Overlay Service (EGNOS) performance



July 23, 2012 Close Call
The Sun on July 11th

Region 1520

NASA STEREO Positions

The Sun on July 23rd

STEREO AHEAD
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July 23, 2012 STEREO vs July 2000 Earth

The Sun on July 11th

Region 1520
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"If it had hit, we would still be picking up the 
pieces,"

Daniel Baker, University of Colorado. 

https://science.nasa.gov/science-news/science-at-nasa/2014/23jul_superstorm/
https://science.nasa.gov/science-news/science-at-nasa/2014/23jul_superstorm/
https://science.nasa.gov/science-news/science-at-nasa/2014/23jul_superstorm/


Tips for Radio Amateurs



So What?  Hints from NA5N and QRPARCI

https://www.qrparci.org/resource/FDIM81.pdf


So What?  Tips for the Radio Amateur from 
NA5N, Paul Harden



Flux!

Kp



WAM-IPE Model



ADAPT F10.7 
cm Flux 
Forecast

https://gong.nso.edu/adapt/sift/adapt_f10_forecast.txt

https://gong.nso.edu/adapt/sift/adapt_f10_forecast.txt


Questions?



Radio Evolution – KA8JBY to AD0IU
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Radio Evolution – AD0IU
20222022
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