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Hardcore, Passionate, Obsessive, 
Successful Aurora Chaser - 40 Auroras 
Captured Across 10 States, 3 Countries


Outdoor Adventure & Night Sky 
Photographer


Space Weather Scholar in the Millersville 
University SWEN Graduate Program 


Speaker/Teacher/Communicator of Aurora 
& Space Weather to Adults and Kids Alike


Day Job: International Higher Education
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Today’s Topics
• Space Weather - Let’s Define It 


• NOAA’s Space Weather Prediction Center 


• Space Weather Policy and the Federal Government


• How Space Weather Impacts Us


• Notable Space Weather Events in History


• Hype, Fear Mongering & Hollywood 


• The Sun-to-Earth Space Environment 


• Overview of The Solar Cycle and Sunspots


• Phenomena - The Four Pillars of Space Weather


• A Quick Dive into Solar Flares & CMEs


• Measuring Impacts of the Phenomena


• Auroras, Forecasting, Tools & Tips


• Resources for Further Learning

• What is Space Weather?


• What Are the Effects & Phenomena? 


• What Are the Real and Potential Impacts 
to Us - And Why Should We Care? 


• How Does Having at Least a Base 
Understanding Help with Aurora 
Chasing? 

The Key Questions



Let’s Define Space Weather

Refers to the Changing Conditions in 
Space, Originating from the Sun (Our 
Host Star), that can Impact Earth and 

Our Technology. These Conditions 
Include Solar Wind, Solar Flares, and 

Coronal Mass Ejections (CMEs), which 
can Cause Geomagnetic Storms and 

Radiation Storms. The Effects of Space 
Weather Range from Spectacular 

Auroras to Harmful Disruptions of Space 
and Ground-Based Technological 

Systems, and Can Endanger Human 
Health and Life. 



Space Weather Forecasting Today is 
About Where Terrestrial Weather 

Forecasting Was in the 1960s



NOAA’s Space Weather Prediction Center
The Official U.S. Space Weather Forecasting Agency (spaceweather.gov)

SWPC’s Mission is: 
To deliver space weather products and services 
that meet the evolving needs of the nation.  The 
Space Weather Prediction Center gathers, in real 
time, the available data that describes the state of 
the Sun, Heliosphere, Magnetosphere, and 
Ionosphere to form a picture of the environment 
from the Sun to the Earth.  With this information, 
forecasts, watches, warnings and alerts are 
prepared by the Space Weather Prediction Center 
and issued to anyone affected by space weather.

http://spaceweather.gov




Space Weather Has Attention & Support at the White House
U.S. Strategic National Risk Assessment, 

Executed in Support of Presidential Policy
Executive Order March 2025 

from the Trump Administration  



Besides Aurora, How Does 
Space Weather Affect Us?  
(“Just A Few” Ways… 🙀)







Beware: Misinformation and Fear Mongering 



Hollywood Loves Sensationalizing Space Weather



Space Weather Starts with the Sun

Earth

Sun to Earth Distance: 93 million miles

The Solar Wind Blows Towards Earth Constantly







The Sun Compared to Earth



When the Sun Gets Busy



• Average 11-year period where the sun’s magnetic field reverses,  
going between Solar Maximum and Solar Minimum, measured by 
the number of sunspots 


• Current cycle (25) peaked last fall so we are in the early stages of 
the declining phase which will last until approx. 2032 when the next 
cycle begins anew


• SC 25 is an “average” cycle - bigger than the last (SC24) but 
smaller than the previous three

The Solar Cycle

Where We Are Now

Sunspot Clusters 
on the Sun



The Solar Cycle is Declining….BUT

Many of the Largest Solar Storms 
in History Have Happened When 

the Sun is Quiet

Good News for 

Aurora Chasers! 
Buffalo NY

Pittsburgh

Houston

Oklahoma

Indiana

(Images from the Great Halloween Aurora Oct. 2003)



Notable Space Weather Events in History
Carrington Storm - September, 1859 
• Most significant event on record. Telegraph system impacted worldwide. Aurora down to Central America 

Extreme Solar & Geospace Storm - August, 1972 
• Sea mines spontaneously detonated off the coast of Vietnam; Radiation storm could have killed Apollo mission astronauts in space  

Hydro-Quebec Blackout March, 1989 
• 9 hour blackout across Quebec in frigid winter temps; Severely damaged N.J. power transformers; US grid anomalies 

Operation Anaconda - March, 2002 Afghanistan 
• Three US Special Forces soldiers killed; Satellite communications during military operations disrupted


Halloween Solar Storms -  Oct-Nov, 2003 
• Billions in damages to satellites; lost spacecraft; Partial grid collapse in Sweden; Flights disrupted & rerouted; Chaos to polar operations


Hurricanes Harvey & Irma Perfect Storm - Aug-Sept, 2017 
• HF radio comms disrupted; First responders unable to communicate during search & rescue ops


SpaceX Starlink Loss - February, 2022 
• 38/49 satellites lost due to increased “drag” caused by launch during geomagnetic storm 

Half Billion $$$ Farming Loss - May 2024 
• GPS navigation errors affected precision agriculture in the Midwest; Auroras in all 50 states &  many countries that usually would not get Aurora



Sunspots & Their Significance
Sunspots Are a Source of Space Weather







Phenomena: The Four Pillars of Space Weather

Solar Flares Coronal Mass Ejections Solar Radiation Storms Coronal Holes
• Do not cause aurora 

• Sometimes have associated CME 

• Arrive in 8 minutes 

• Cause HF radio blackouts & low 
frequency navigation issues 

• Strength from minor to extreme

• A prime cause of aurora - but need 
to be Earth-directed 

• Also referred to as Solar Storms 

• Arrive in 1-4 days based on speed 

• Strength from minor to extreme 

• Multiple CMEs can happen and 
produce days of Aurora

• Also called SEPs - Solar Energetic 
Particle events  

• Do not cause aurora 

• Cause radio blackouts in the polar 
regions 

• Strength from minor to extreme 

• Hazardous to spacecraft, 
astronauts, airline crew & PAX 

• A cause of aurora, by enhancing 
solar wind speed 

• Affect Earth in 3-5 days once they 
turn onto the center disk  

• Have either a positive or negative 
polarity (“SNAP”) 

• Most common on the declining 
phase of the solar cycle



More on Solar Flares
What: Burst of electromagnetic 
radiation seen in the form of light


When: Arrives at Earth in 8 
minutes; can last for hours


Where: Affects Earth’s dayside


Why: Ionization of Earth’s 
Ionosphere - specifically the D-
Layer


How: Radio coms, primarily HF 
use the ionosphere to travel & 
can become degraded or 
absorbed due to a Radio 
Blackout on a Scale of 1-5

→Can, but not always, result in a CME


→”D-Rap” Model shows areas & 
frequencies affected





More on CMEs

What: Eruption of plasma & charged 
particles 


When: Arrives at Earth in 1-4 days, can last 
for hours to days


Where: Affects Earth’s high & mid-latitude 
regions


Why: Disturbance to Earth’s magnetic field 


How: Degradation to HF radio coms & GPS 
signals; disruptions to satellites & power 
grids due to energy transfer in the 
environment; & cause Auroras


Measurement: Strength based on 
Geomagnetic Storm Scale of 1-5

→CMEs can, but not always, be associated w/ a 
solar flare


→CMEs must be launched in Earth’s direction in 
order to impact our magnetic field, cause Aurora etc


→Strength of geomagnetic storm from CMEs is 
measured by ground-based magnetometers

Tip: CMEs = Solar Storms



Wavelengths of Light - How 
Scientists View the Sun - from 

NASA’s Solar Dynamics 
Observatory (SDO) Spacecraft



ENLIL Model - Visualizing Solar Storms Launched Off the Sun





Auroras & Forecasting

Maine - May 2024 - The “Gannon” Storm



What are Auroras & What Causes Them?
• Beautiful, colored lights that periodically appear in 

the night sky  

• Aurora is caused by chunks of superheated plasma 
and charged particles that explode off the surface 
of the sun that sometimes get carried towards 
Earth by the Solar Wind 

• The Solar Wind is always blowing - usually around 
400km/hour but can get to over 700 km/hour  

• Sometimes those chunks penetrate Earth’s 
Magnetic Shield and interact with gases in our 
Atmosphere - causing the Aurora colors 



Colors and Location of the Aurora



Tips for Aurora Chasers
• Sunspot activity and 

complexity


• CME direction (Need to be 
Towards Earth) and speed 


• Solar flare intensity (M,X 
Class) & is there an 
associated CME? 


• Coronal hole effects


• Speed of the solar wind 


• Bz direction (Want SOUTH)


• Magnetometer Data (Don’t 
Use KP - Use HP!)


• Monitor Real-Time Sightings 
on Webcams, Social Media & 
Aurorasauras



Substorms: The Secret Sauce of Aurora Chasing

Alaska September 2025 Maine June 2025Wisconsin November 2021



Tools I Use for Planning and Chasing

Washington State September 2022



• Reality:  most Aurora apps aren’t reliable

• But, several I recommend:

• Space Weather Live - best app for space 

weather data - also a great website with tons 
of info & historical data (Free & $)


• Glendale - best app for substorms - go to 
website to download & install on phone


• Norlys - Like Glendale, website to download & 
install on phone. Good graphical interface. 


• My Aurora Forecast - ONLY for their live 
cameras around the globe 

Aurora Apps



• These are on my phone & used often:

• Windy - best app for weather data & maps; highly 

accurate clouds forecasts (Free & $)

• Astrospheric - another good cloud (& smoke) app, 

includes aurora forecast too

• Light Pollution Map - very helpful for finding dark-

sky (and light-polluted) areas

• Moon Phases & Lunar Calendar - know what phase 

the moon is for a given date & plan around it 

• PhotoPills - (best photo planning app) - not 

specifically for Aurora, but has helpful tools 
including sun, moon & twilight phases & night 
augmented reality ($)

Weather/Cloud/Light Pollution Apps



Aurorasauras
Citizen Science Aurora Reporting Initiative - Great Tool for Aurora Reporting & Sightings

aurorasauras.org



Resources for Further Learning



Annual Space Weather 
Workshop Week - Open to 
All - Every Spring, in 
Boulder, Colorado & Can 
Attend Online

https://cpaess.ucar.edu/meetings/space-weather-workshop-2025



Thank You! 

Stay in Touch
Email: outdoorphotog98@gmail.com


Web: spaceweatherphotoguy.carrd.co


Facebook: stevelutherphoto


Instagram: spaceweatherphotoguy


