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Outline 

• Ionospheric Ionization Estimations 
– Solar Flux 
– Sun Spot Number 

• Geomagnetic Measurements 
– Kp 
– Dst 

• Solar X-Ray Intensity Measurements 
• Solar Wind Measurements 

– Coronal Holes 
– CME 
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• Solar Flux (SF) 
– Measure of solar radio noise at 2800 MHz (10.7 cm) 
– Varies from 50 to 300 
– Increased SF leads to higher MUF  
– 11-year cycle 
– Does not exactly track propagation conditions 

• Sun Spot Number (SSN) (Wolf or Zurich) 
– Special count of # of visible sun spots 
– Varies from 0 to 200+ 
– 11-year cycle 
– 12 month running average produces best “fit” with propagation conditions. 
– Increased SSN leads to higher MUF 
– Solar Flux and SSN are mathematically related 

 
 

Solar Ionization Indicators  
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SOLAR FLUX MEASUREMENTS 

• The various manifestations of solar activity are driven by the total amount of magnetic flux 

emerging through the photosphere into the chromosphere and corona, and its temporal and spatial 

distribution. For reasons not clearly understood, solar activity ebbs and flows over a cycle of about 

11 years. The 10.7cm Solar Flux is a measurement of the integrated emission at 10.7cm 

wavelength from all sources present on the disc. It is almost completely thermal in origin, and 

directly related to the total amount of plasma trapped in the magnetic fields overlying active 

regions. This in turn is related to the amount of magnetic flux. A comparison made over more than a 

solar activity cycle show that there is indeed a linear correlation between the 10.7cm Solar Flux and 

the total photospheric magnetic flux in active regions. 

 

• The 10.7cm Solar Flux, i.e., the solar flux density at 10.7cm wavelength is measured using two fully 

automated radio telescopes (called Flux Monitors), located at the Dominion Radio Astrophysical 

Observatory. 

 

• The two instruments record the strength of the solar radio emission at 10.7cm wavelength each day 

for as long as the Sun is above the horizon. In addition, the instruments interrupt the continuous 

monitoring each day to make three precise measurements of the solar flux density. These 

measurements constitute the 10.7cm Solar Flux index.  
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Solar Flux Monitor at 
Dominion Radio Astrophysical Observatory 

Kaleden, British Columbia, Canada 
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Sunspot Number 
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Visual count of Sunspots by observers: 
 
R = (10*G + S)*K 
Where: 
R = the sunspot number 
G = the number of sunspot groups observed 
S = the count of all sunspots in all groups 
K = a scaling number to compensate for 
variables 

Until 1980, traditionally, the sunspot number 
was essentially the Wolf number provided by 
the Zürich observatory, with some cross-
validation relative to a network of supporting 
stations. 
Since 1981, in Brussels, it was decided to 
derive the daily sunspot number from an 
average of all observations from a large 
worldwide network.  



SSN & Solar Flux 

8 



Outline 

• Ionospheric Ionization Estimations 
– Solar Flux 
– Sun Spot Number 

• Geomagnetic Measurements 
– Kp & Ap 
– Dst 

• Solar X-Ray Intensity Measurements 
• Solar Wind Measurements 

– Coronal Holes 
– CME 
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EARTH’S MAGNETIC  
FIELD 

Without Solar Wind 

Actual Magnetic Field 

With Solar Wind 
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Planetary K index – 8 - 10 JUL 2020 



Kp and Dst Observatories 
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Kp Observatories 

13 



Equatorial Ring Current 
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Dst Definition 
• The Dst (disturbance storm time) index provides a measure of the Earth's 

geomagnetic activity. It can be used to quantify the severity of magnetic 

storms.  

• Dst, expressed in nanoteslas, is based on the average value of the 

horizontal component of the Earth's magnetic field measured hourly at four 

near-equatorial geomagnetic observatories.  

• During a magnetic storm, the Dst shows a sudden rise, corresponding to 

the storm sudden commencement, and then decreases sharply as the ring 

current intensifies.  

• Once the IMF turns northward again and the ring current begins to recover, 

the Dst begins a slow rise back to its quiet time level.  

Impact 
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Kp and Dst Observatories 
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Outline 

• Ionospheric Ionization Estimations 
– Solar Flux 
– Sun Spot Number 

• Geomagnetic Measurements 
– Kp 
– Dst 

• Solar X-Ray Intensity Measurements 
• Solar Wind Measurements 

– Coronal Holes 
– CME 
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 Solar X-Rays 
 

• Radio Blackouts (8 minute arrival) 

– M or X class solar flare releasing high intensity X-
rays 

– Produces SID (Sudden Ionospheric Disturbance) 

– Caused by Extreme D-layer absorption 

– Day time effect 
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GOES 16 Satellite 
(Geostationary Weather satellite) 
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Solar X-Ray Flux:  27 – 29 JUL 2020 
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D-Layer Absorption 

 

•  Day-time effect  

•  Absorption is a function of 1/f2 

•   Can sometimes be compensated by power or     

bandwidth reduction 
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GOES X-Ray Flux 
(5-7 DEC 2006) 

X7.0 
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Outline 

• Ionospheric Ionization Estimations 
– Solar Flux 
– Sun Spot Number 

• Geomagnetic Measurements 
– Kp 
– Dst 

• Soar X-Ray Intensity Measurements 
• Solar Wind Measurements 

– Coronal Holes 
– CME 
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Solar Wind 
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 Geomagnetic Storms 
• Caused by CME (Corona Mass Ejection) or Coronal Hole 

– Depressed MUF and increased D absorption 

– Indicated by increased K and A indices 

– Severity of effects function of polarity of Bz 
• Bz South – more severe effects 
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CME Coronal Hole 



Forecasting – SDO Satellite 
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Location:  Geosynchronous orbit 
                   22,238 mi, 102° W LONG 
 
Instruments: 
1. The Helioseismic and Magnetic Imager 

(HMI), studies solar variability and 
characterizes the Sun's interior and the 
various components of magnetic activity.  

2. The Extreme Ultraviolet Variability 
Experiment (EVE) measures the Sun’s  
extreme ultraviolet irradiance. 

3. The Atmospheric Imaging Assembly (AIA), 
provides continuous full-disk observations 
of the solar chromosphere and corona in 
seven extreme ultraviolet (EUV) channels 

 

https://en.wikipedia.org/wiki/Extreme_ultraviolet


Forecasting – Stereo Ahead Satellite 
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Location:  In Earth’s orbit 
 
Forecast: CME detection, view of backside 
                  of Sun (see what is coming)  



Warning – DSCOVR Satellite 

29 

Location: L1 Lagrange orbit 
Launch Date: 2015 
Note: Replaces ACE 
 
Solar Wind: Plasma-Magnetometer (PlasMag) 
Warning time – 60 minutes  

Earth 



Warning – ACE Satellite 
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Location: L1 Lagrange orbit 
Launch Date: 1997 
Note: DSCOVR is replacement  
 
Real-Time Solar Wind System: 
RTSW system is continuously monitoring the solar wind and 
producing warnings of impending major geomagnetic 
activity, up to one hour in advance. Warnings and alerts 
issued by NOAA allow those with systems sensitive to such 
activity to take preventative action. The RTSW system 
gathers solar wind and energetic particle data at high time 
resolution from four ACE instruments (MAG, SWEPAM, 
EPAM, and SIS), packs the data into a low-rate bit stream, 
and broadcasts the data continuously. 



Warning – SOHO Satellite 
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Location: L1 Lagrange orbit 
Launch Date: 1995 
 
Instrument of Interest: 
LASCO - Large Angle and Spectrometric 
Coronograph.  LASCO observes the outer 
solar atmosphere (corona) from near the 
solar limb to a distance of 21 million 
kilometres.  LASCO blocks direct light from 
the surface of the Sun with an occulter, 
creating an artificial eclipse 

earth 



Warning – Stereo Ahead Satellite 
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Location:  In Earth’s orbit 
 
Forecast: CME detection, view of backside 
                  of Sun (see what is coming)  

Earth 
Stereo 



Warning – ACE & DSCOVR  

33 



Solar & Geomagnetic Indicator Sources 

• WWV – 2, 5, 10, 15, 20 MHz at 18’ pass each hour. 

• Web site: http://www.swpc.noaa.gov/ 
• https://www.region6armymars.org/resources/solarweather.php 
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http://www.swpc.noaa.gov/
https://www.region6armymars.org/resources/solarweather.php


Ionosonde Data 

Austin Ionosonde 

All Ionosondes 
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ftp://ftp.txdps.state.tx.us/dem/sitrep/FEMA%20Region%20VI%20Weather%20Threat%20Brief%20050614.pdf 36 



http://www.spaceweather.com/ 
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Conclusions 

• A number of US and European agencies 
provide a vast array of measurement tools 
that can provide to the Amateur Radio 
community HF propagation prediction.  This 
includes: 
– Ionospheric ionization 

– Geomagnetic anomalies 

– Solar flare prediction and intensity measurement 

– Solar wind (CME and Coronal Hole) warnings 
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QUESTIONS? 

 

Lewis Thompson 

W5IFQ 

  

W5IFQ@att.net  

  

Cell (512) 587-9944 
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