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• Giant fusion reactor that drives Space Weather
• Dynamics are like a lava lamp with energy output as:

• Electromagnetic radiation (from X-rays through 
radio waves)

• Solar Wind (plasma & magnetic field)
• Solar Flares (radio blackouts)
• Solar Energetic Particles (SEPs) 

(a.k.a. solar radiation storms) 
• Coronal Mass Ejections (CMEs)

(a.k.a. solar storms)

Our Complex Star is Always Changing

5700 °C 6.3 Million °C
What do Space Telescopes See?
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What are Sunspots & Why Do They Form?

L. Győri et al, 2016 3
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Its All Part of the Solar Dynamo
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sunspots

magnetic loops

Putting the Picture Together
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Butterfly Diagram
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This 14 GHz image of the Sun by 

the Very Large Array (VLA) radio 

telescope shows the highest 

intensity radio waves come from a 

similar location as sun spots

TRACE showing a  8 

GHz radio source 

directly above this 

sunspot on the limb

A sunspot group in 2003, observed by 

the Total Irradiance Monitor (TIM) 

radiometer on the SORCE satellite 

caused irradiance to drop by 0.34%.

Sunspots are Visibly Dark but Radio Loud
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The Hidden Source of Solar Flux:
Plages, Faculae, & Bright Points

Individual faculae are bright spots on the 
walls of solar granules, the cells of hot 
plasma that bubble up to the Sun's surface 
from the convection zone.
Goran Scharmer / Royal Swedish Academy of Sciences 7
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A Different Kind of Butterfly Diagram
• Many but not all faculae are small 

bright patches seen around 
sunspots 

• They exhibit a similar latitude 
distribution over time as sunspots 
(e.g. “The Butterfly Diagram”)

• These faculae can also be used to 
determine solar cycle variability 

• Note that another kind of faculae 
appear in the polar regions of the 
Butterfly diagram

• These 'polar faculae’ are most 
numerous at the minimum of 
sunspot activity

https://solarwww.mtk.nao.ac.jp/en/db_faculae.html
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Solar Cycle 24: Where Are We Now?
• Recent solar cycles (since cycle 22) are showing dramatic changes, making 

predictions more complicated

• Consensus is we are not dipping into another Maunder Minimum
– Cycle is slower, lower luminosity, lower activity at maximum, consistent with the 

“downward trend” exhibited since the activity “peak” in Cycle 22
– Current weaker magnetic field strength also means higher cosmic ray flux through this 

minimum phase (which enhances radio propagation slightly)
– Minimum in 2019-2020 difficult to predict due to hemispheric asymmetry
– Evidence there is a higher probability of extreme events during these weaker cycles
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1859 super storm
(Carrington Event)

1921 super
storm

• Most of the largest geomagnetic storms on record occurred during smaller than 
average or average cycles like the one we are in now

• We saw several Carrington-class events in Cycle 24 (none directly hit Earth)

2001 & 2003
super storms

Sunspot number average

Dispelling Myths: Big Activity Can Occur During Small Solar Cycles!
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NOAA/SWPC Official Cycle 25 Prediction Remains Blurry

• Timing of minimum: 2019.5 - 2020.75
• Timing of maximum: 2023 - 2026
• Strength similar to Cycle 24
• Range of Predicted Sunspot Maximum: 95-130
• Hemispheric magnetic asymmetry is main reason why this 

prediction remains so blurry
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12 McIntosh et al., 2014, 2019

• Returning to bright regions 
for predictions

• Solar Cycle 25 sunspots
could begin as soon as late 
2019

• Terminator comes in 2020
• Once terminator hits, solar 

flux increases abruptly
• Could see near 100% 

increase in solar flux within 
a few months of reaching 
terminator 

Terminator
cycle 22/23

Terminator
cycle 23/24

Terminator
cycle 24/25?

Solar Cycle 24: Really, Where Are We Now?
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Radiative change 
once termintor is 

reached is abrupt!

85% increase

How Quickly Will the Solar Flux Change?
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How is the Ionosphere Affected?
• Ionosphere is a charged plasma layer above the 

atmosphere comprised of ions and electrons
• It would be neutral but it gets charged from 

exposure mainly to the Sun’s UV radiation (e.g. 
F10.7 flux)

• This charged nature facilitates radio propagation
• During active space weather, extra energy caught 

in the Earth’s magnetic shield gets dumped into 
the ionosphere 

• This energy (flow of charged particles) lights-up 
the plasma in the Earth’s ionosphere similar to a 
fluorescent lamp or neon sign

• Result is the aurora borealis (northern lights) and 
aurora australis (southern lights) along with 
changes in radio propagation

• Space weather effects enhance an already 
complex system
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Three Temporal Regions of Signal Propagation
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Why Do the Layers Change Gradually?
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The Complex Ionospheric Weather Ballet
• All sorts of dynamic processes in the 

ionosphere
• Coupling to the neutral atmosphere 

beneath drives many micro-processes 
such as gravity waves, scintillation, 
plasma bubbles, winds and turbulence
• Many of these are not well understood 

or characterized
• terrestrial weather effects often 

complicate interactions
• Coupling to the magnetosphere above 

through processes such as particle 
precipitations along with variations in 
sunlight can generate waves, 
conductivity changes, density changes, 
and currents
• Space weather effects often enhance 

these processes

Until models improve, WSPR & Reverse Beacon network activity remain among the most reliable ways to probe 
real-time ionospheric radio propagation conditions

Thank you Jerry K8VGL !
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Conclusions
• NOAA Official Prediction for Cycle 25

• Timing of minimum: 2019.5 - 2020.75
• Timing of maximum: 2023 - 2026
• Strength: similar to Cycle 24
• Range of Predicted Sunspot Maximum: 95-130

• Cycle 25 will be another low activity cycle, but that doesn’t mean activity stays low!

• Hemispheric magnetic asymmetry is main reason why prediction remains blurry

• Including dynamics of the Sun’s magnetic dynamo (NCAR/UCAR predictions) 
• Solar activity picks up end of 2019
• Terminator (e.g. solar minimum) reached by early 2020
• Once terminator reached, solar flux will rise quickly 

• However, Earth’s ionosphere has a very complicated weather system
• Dynamics includes much more than just solar activity
• Coupling to Earth’s magnetic shield above and to the neutral atmosphere below make 

it extremely difficult to predict radio propagation on a given day
• Until models improve, WSPR & Reverse Beacon network activity remain among the 

most reliable ways to probe real-time ionospheric radio propagation conditions 18
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Supplemental
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What Does Solar Variability Mean for Cycle 25?
• Sun’s activity cycle has a quasi 

11-year periodicity

• Solar magnetic field constantly 
reversing orientation

• Activity increases for few years 
surrounding field reversal 
(solar maximum) and 
decreases when field becomes 
ordered again (solar minimum)

• Other competing cycles cause 
deviations from 11-years and 
modulate the strength of the 
cycle over the long-term

• Sunspot numbers are used as 
a proxy for solar activity

20
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What are Ionospheric Layers?
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Space Weather Effects on Radio Communications

22

waves in 
neutral & 

charged 
regions

atmospheric 
heating 

instabilities

signal refraction

signal scintillation

signal amplitude & 
phase modulation

(signal fading)

D Region

E Region

F Region

TX RX RX

signal reflection

currents in charged regions
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Four Basic Types of Solar Phenomena Affecting Earth
Solar Flares Solar Storms (a.k.a. CMEs)

Solar Radiation Storms (a.k.a. SEPs)

Coronal Holes (Fast Solar Wind)

23
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Magnetic Loops Make Sunspots Dark
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Hot Off the Presses!
• Solar Cycle panel at Space 

Weather Workshop at NOAA in 
April 2019

• Colleagues snapped shots of 
the latest solar cycle predictions 
during presentation

25
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Perfect Storm: Hurricane Harvey, Irma, & Region 2673
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Region 2673 launched
in a single week (Sep 3 – Sep 10): 
• 4 X-class flares 

(R3 - R4 level radio blackout)
• 25 M-class flares 

(R1 - R2 level radio blackout)
• 2 Solar Radiation storms (S2 - S3 level)
• 2 Geomagnetic storms (G4 level)

Reprinted courtesy of NOAA

Perfect Storm: Hurricane Harvey, Irma, & Region 2673

S2 level

R3 level
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What About a Super-Super Storm?

Carrington Event September 2, 1859
• First ever recorded solar flare resulted in a 

massive solar storm

• Largest in last 500 years

• Three times larger than March 1989

• North American Telegraph system failed

• Telegraph systems functioned despite being 

un-plugged

• Worst hit operating stations sparked and 

burst into flame from electrical discharges, 

burning their operators

• Aurora so bright animals thought it was 

sunrise

• Auroral displays seen as far south as the 

Caribbean, Hawaii, and Singapore

• If occurred today, cause $2B worth of 

damage (National Academy of Sciences)

Sunspot flare ribbons

Earth magnetic field off-scale! 28
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Heliosphere: The Shield of Our Solar System

Sun-Earth:   93 million miles– sunlight takes 8 minutes to travel to Earth
Sun-Pluto: 3.67 billion miles– sunlight takes 5.3 hours to travel to Pluto  

NASA/courtesy of nasaimages.org
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Cosmic Ray Sources Beyond the Heliosphere
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Essentially Space Weather is: 
• A planet’s interaction with its host star and the 

surrounding space environment

• More generally, it occurs at planets, moons, 
comets, asteroids, and other celestial bodies in 
the universe 

• We see aurora at planets 

− Jupiter, Saturn, Uranus, and Mars

• We see effects at Moons

− Io, Europa, Ganymede, and Titan

• Main effects are Sun-driven 

• Other sources of space weather
− Cosmic rays
− Micrometeroids & interstellar dust
− Space junk

What is Space Weather?

35
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Solar Phenomena
Quiet Sun
• Solar wind

– high speed streams (HSS)
– Interplanetary shockwaves

Active Sun
• Solar flares 

– Release X-rays, radio bursts
– Solar energetic particle storms 

(mainly protons and electrons)
– Near speed of light travel 

(~8 minutes to reach Earth)
• Coronal Mass Ejections (CMEs)

– Massive amount of solar plasma and 
enhanced magnetic fields

– Drives strong shockwaves in space
– Slow <1500 km/s
– Travel to Earth in 2-5 days
– Cause “geomagnetic storms” at Earth 36
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Way Far Out: 
Coronagraphs

• White light coronagraphs view beyond the 
corona into the solar wind

• LASCO on SOHO goes up to 30 solar radii 
(15 solar lengths)

• Typically use an occulting disk to block the 
Sun’s direct light

• Critical for viewing CMEs and forecasting 
geomagnetic storms using views from Earth 
(halo CMEs) & in quadrature (limb CMEs)

• The Heliospheric Imager (HI) on the 
STEREO spacecraft can image CMEs all the 
way to the Earth (1AU) 

37
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How Bad Can
Space Weather Be?

3 Categories
• Geomagnetic Storms 

(CMEs)

• Solar Radiation Storms 
(Particle Events)

• Radio Blackouts   
(Solar Flares)

http://www.swpc.noaa.gov/noaa-scales-explanation
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Perfect Storm: Hurricane Harvey, Irma, & Region 2673
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Space Weather Forecasting: A Return to the Sixties

Harry Volkman: Broadcast Meteorologist Tamitha Skov: Broadcast Space Meteorologist
~1960 Today

Space Weather Prediction Centers
• Developed mainly as a response to super storms
• Models that predict solar fields, CME transit, 

magnetospheric responsesà solar storm alerts
• Radio blackouts, solar radiation stormsà FAA alerts
• Space & ground telescopes for 24/7 monitoring of Sun
• “Spaceship Earth” networks

40
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Our Future Relies on Space

All trademarks, trade names, and service marks are the property of their respective owners.

Reliance on Space is advancing:
• Satellite launch rate unprecedented
• wireless technologies

– GPS use ubiquitous, ADS-B
– Satellite internet, TV, radio, social 

media connections
– Google “O3B” satellites

• Self-driving cars on the ground
– CA law passed in 2012 Google car 

can share public roads
• Unmanned Aerial Vehicles (UAVs)

– FAA allowed drones to share 
commercial airspace in 2015

• Space tourism
• The list goes on and on…

41
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Our Future Relies on Space
Reliance on Space is advancing:
• Are we prepared? 
• Space weather is like the weather in your 

own backyard just a little further up.

Help me create the field of Space 
Weather Broadcasting!   For more info 
visit:
- SpaceWeatherWoman.com
- Join My Patreon Community:
- Patreon.com/SpaceWeatherWoman
- @TamithaSkov on Twitter and YT 
- Space Weather Woman on Facebook
- SpaceWeatherWoman@gmail.com

All trademarks, trade names, and service marks are the property of their respective owners.
42
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Effects of Ionospheric Scintillation

• Ionospheric scintillation is generated by 
irregularly structured ionospheric regions that 
cause refraction and scattering of trans-
ionospheric radio signals 

– When received at an antenna, these signals 
present random temporal fluctuations in both 
amplitude and phase 

• Effects on navigation systems
– Ionospheric scintillation causes signal power 

fading, phase cycle slips, receiver loss of lock, 
geo-location errors, etc. that degrade the 
quality of satellite navigation and 
communications systems

• Shown is GUVI data aboard NASA weather 
satellite
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AURORAL IRREGULARITIES

(6 orbits shown)

Fine structure is associated 
with scintillation regionsBright regions on either side of 

geomagnetic equator are the 
high-density “Appleton 

Anomaly”


