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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







The Key Questions Today’s Topics

- What is Space Weather?

« Space Weather - Let’s Define It
« What Are the Effects & Phenomena? « NOAA’s Space Weather Prediction Center

_ - Space Weather Policy and the Federal Government
- What Are the Real and Potential Impacts

to Us - And Why Should We Care? * How Space Weather Impacts Us
Notable Space Weather Events in History

- How Does Having at Least a Base P Sy e ;
Understanding Help with Aurora Hype, rear Mongéring & Hollywoo

Chasing? - The Sun-to-Earth Space Environment

- QOverview 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



Let’s Define Space Weather i

Refers to the Changing Conditions in
Space, Originating from the Sun (Our |
Host Star), that can Impact Earthand | &
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.
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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
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lonosphere to form a picture of the environment
from the Sun to the Earth. With this information, -
forecasts, watches, warnings and alerts are 7 W\ : o e
prepared by the Space Weather Prediction Center Ph s |

and issued to anyone affected by space weather.
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Safequarding Society with Actionable Space Weather Information

EVENT

and magnetic £ 5. Fowr notable CME s have erupted from
Region 4274 since Nov 3, the Latest of which cccurred on Nov ‘~._r BOES MRAY ALK GIES PRIION FLAX

2025-11 | Z Eslirate wretary Kindex G g
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Storm Media Briefing
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http://spaceweather.gov

% SEVERE Geomagnetic Storm ALERT - 24 March UTC-Day

-~y

WHAT: Geomagnetic responses increased and G4 levels first reached 24 March at 12:04 am EDT

IMH 3 muu PIEWUNE

Tonight s Aurora Forccast

Forecastiod Kp & (Range 0 te %)
forecatod G Scae J (R 2

A severe disturbance in Earth’s magnetic field

o 7
Keep updated about storm status and
progression. Those under or near the 30-minute
predicted auroral extent may look for the aurora
if at night and should weather conditions permit

ssible Technols

widespread voltage ¢

Spacecraft Operations )
yossibility of surface charging: atmospheric drag \
risk on Low Earth Orbiting (LEO) satellites

Lhehhood of Aurore

Other B e Creation Time 20200524 04:31°2)
More frequent and longer periods of GNSS (i.e. GPS N

degradation possible

117 Aug | 19 Aug

MINOR-STRONG Geomagnetic Storm G1 G2
Watches for 17-19 Aug

Minor [Moderate

2022-08-18 05:00:00 CMEs arrival

Geomagnetic storm watches are in effect for 17-19 Aug due to coronal high speed stream (CH HSS) and
coronal mass ejection (CME) influences. A lengthy CH is anticipated to effect Earth first, on 17 Aug, with
likely G1 conditicns. An escalation to G3 storm levels is now probable on 18 August due to several
CMEs combining and beginning to arrive. Conditions are anticipated to remain
v favorable for G2 levels on 19 Aug.

1900 EST

#.% Strongest Solar Flare of this Solar Cycle 2z

WHAT: Multiple Aviation Communication Impacts Associated with this Event

Amazing Event - likely one of the
largest solar radio events ever recorded - ﬁ"t‘" » &

Radio communication impacts between
approximately 1200 - 1400 EST Thu

CWSUs report degraded

communications across Nation
ZKC, ZMP, ZAU, ZNY, ZOB
- "“.. Never seen anything like this...”" - ZOB

Possible Earth-directed Coronal Mass
Ejection (CME) being analyzed

2023 DEC 14 1202 EST

v ~

Radiation Storm Warning remains in Effect
10/1630 —14/2359 UTC

Current Condition

POSSIBLE EFFECTS

Communication: Minor impacts
to polar HF propagation




pace Weather Has Attention & Support at the White House

U.S. Strategic National Risk Assessment, Executive Order March 2025
Executed in Support of Presidential Policy from the Trump Administration

Threat/ Threat/Hazard National-level Event Description

Hazard Type &:&
Group -

Animal Disease An unintertional introduction of the foot-and-mouth disease i
QOutbreak virus into the domestic livestock population in a U.S. state
Earthquake An earthquake occurs within the U.S. resulting in direct
economic losses greater than S100 Million
A flood occurs within the U.S. resulting in direct economic
losses greater than $100 Million

~ PRESIDENTIAL ACTIONS

Achieving Efficiency Through
State and Local Preparedness

Executive Orders March 18, 2025

~

Human Pandemic A severe ouatbreak of pandemic influenza with a 25% gross
Outbreak clinical attack rate spreads across the U.S. ulace

A tropical storm or hurricane impacts the U.S. resulting in
hl A Natural direct economic losses of greater than $100 Million
TIONAL SPACE WEATHER The sun emits bursts ofclm'lronmgr;elic radiation and energetic
STRATEGY AND ACTION PLAN articles causing utility outages and damage to infrastructure

Tsunami A tsunami with a wave of approximately 50 feet impacts the
Pacific Coast of the U.S.

Volcanic Eruption A volcano in the Pacific Northwest erupts impacting the
surrounding areas with lava flows and ash and areas east with

By the authority vested in me as President by the Constitution and the laws of the United

States of America, it is hereby ordered:

Section 1. Purpose. Commonsense approaches and investments by State and loca

Product ofthe governments across American infrastructure will enhance national security and create a more
. resilient Nation. Federal policy must rightly recognize that preparedness is most effectively
SPACE WEATHER op%w&%%sﬁc}t and MITIGATION USA F Space Weath er Opel'a thnS Cen tel’ owned and managed at the State, local, and even individual levels, supported by a competent,
SPACE WEATH.ER, SECURITY, and HAZARDS SUBCOMMITTEE accessible, and efficient Federal Government. Citizens are the immediate beneficiaries of
) ) ) _ sound local decisions and investments designed to address risks, including cyber attacks,
COMMITTEE ON HOMELAND and NATIONAL SECURITY USAF SpWOC: DOD 5 Only Space enwrcnment ODSGNIng' analysns, wildfires, hurricanes, and space weather. \When States are empowered to make smart
of the and forecaslt capability at all three security enclaves infrastructure choices, taxpayers benefit.

Dissemination Methods: AF Weather Web Services, e-mail, phone
Volume: ~35,000 products per day (~34,500 automated)
Manning: 24/7 Operations (1 shift lead, 1 forecaster, 1 analyst)

NATIONAL SCIENCE & TECHNOLOGY COUNCIL

Space Weather Advisory Group (SWAG) National Woather Service

March 2019

Since s ostablaterant a3 & Fodees Adviscry Commities
Weathar 10 improve the Forecastng of Tomorrow (PROS
Waather Advacry Groug G sctwely Sifls 23 rran

socurty YoM e
COMIMEnCIOns, NavIGH g At ruks  both government and coTwmeeciyl

P ON PORCHES aNd SUrNeges 10 aNfance Me
nation s abity 1 pr e 0 ) 0, and wcover om s weather owmnts. Composed of non-Qovermment
represantatves from academia, He commerncal space woather socior, and the end-wsar community, e SWAG provides a beoad
range of perspectives ard eoperine 0 enture hal national tpace wealher paicies and servicots mool Te neods of al siakehodern

USAF Space Weather Analysis and Forecasting supports
warfighter mission planning, execution, and anomaly attribution




Besides Aurora, How Does
Space Weather Affect Us?

(“Just A Few” Ways... &%)
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Coronal mass ejections

- Cosmic rays

Astronaut radiation

\ 3 Solar flare radiation
/
: S e %
Radiation damage i | GHBGSHC IACKEIRN Feb
e T belt particles 7 g
Enhanced ionaspheric
currents and disturbances
: N
8
\\ ¥ T - :‘t‘ s \
Navigation errors | Lo g -y - N e W
. o . \ . S High freguency radio
N W ' - = 2 wave disturbance
/I
/s
\ 4
Crew and passengers i
- radiation s 7
. Geomagnetically
Signal scintillation ; .
Auroras e.md other : g . r induced currents in
almospheric effects / power systems
g " ' s
Disturbed reception 3 ety s r@
g : ,"':; X -_\\ﬁ} L, NS



Beware: Misinformation and Fear Mongering

TECHNOLOGICAL
COLLAPSE

THE COUNTDOWN
HAS BEGUN _

GléANTIc
__ SUNSPOTS |

A MYOIERIOUS IVU-YEAK OVULAK CYCULE
NEWSMAX @& - Follow
HAS STARTED @. about an hourago & o X

A coronal mass ejection (CME) erupting from the Sun is expected to hit Earth on
Sunday, igniting concern among scientists.

i

The Great Reset Could Soon Be Upon Us i MASSIVE Solar Explosions are Now

Happening DAILY

MICHIO KAKU
ASTRO-PHYSICIST

- ~DEVELOPING —

" SOLAR FLARES COULD MEAN —
THE END OF LIFE AS WE KNOW IT (27

SOLAR
SIESHOT o

Start your enrollment today, gain access to invaluable
18, and join @ genercus community willing to help you
r*owgote the -:hcllengas ahead.

TOGETHER, WE'LL SURVIVE THE
MICRONOVA AND HELP EACH
OTHER REBUILD.

REWRITING THE POST-APOCALYPSE STORY.

.
ea—
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o
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MAGNETIC . e,

POLES ARE
FI.IPPING >

The Sun is heating up, and
Earth's satellites are slowing
down a silent cosmic chain

reaction has begun. AND SCIENISTS ARE RACING TO UNDERSTAND WHY

AT THE END OF IT

THE SKY IS FALLING—AGAIN: EARTH'S MAGNETIC
FIELD'S FIELD IS SHIFTING FASTER THAN WETHOUGHT,




Hollywood Loves Sensationalizing Space Weather
-G

LUKE PERAY  TIA CARKERE PETER FONDA EMMA SAMME  LANCE MENRIXSAN
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| R The Countdown To Extinction Begins. = ==

f AARON HILARY DELROY
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THE STORM T D AL STORMS

AN EPIC MISSION BECOMES A DEADLY CRISIS



Space Weather Starts with the Sun

k’" .‘0 . -

" The Solar Wind Blows Towdrds Earth Constantly

S

«Solar Flares

. nH
Coronal Holes

Sunspots/SoIar Cycle | - -

'\6 " l“& -

-‘;‘:'-.‘;‘.'*«c\w. k| y F . B > % B> D Farth

F10 7.Ccm Radlo.Emlssmns

© Saidic

\i SolariEUV. Irradlance

| ‘ » - " . b
”"""-?'%I'&s iy Cc - . . . 3 -
sird.” M . - m
S | 4 i * Ground Induced|[Currents§

Sun to Earth Distance: 93 million milés









The Sun Compared to Earth

tarth

Jupiter’
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- 05:48 UTC - Solar flare 12:48 AM
= Moderate M1.09 flare from sunspot A
region 4248

ad N
T
R
e
S

05:30 UTC - Radio Blackout
| Minor R1 radio blackout in progress n
(=M1 - current: M1.08) =

5%
1720 AN X
12:30AM &4

e

20:36 UTC - Solar fl... Yesterday, 3:36PM

a7’ Moderate M1.81 flare from sunspo‘t

region 4246

02:15 UTC - Solar flare |

1 Moderate M1.01 flare from sunspot
region 4246

O ~+ O186 A A
Sat 9'15 PM

®

02:00 UTC - Radio Blackout Sat 9:00PM
1 Minor R1 radio blackout in progress t
(=M1 - current: M1.01)

02:00 UTC - Geomagnetic... Sat 9:00PM
1 Minor G1 geomagnetic storm (Kp5) g
Threshold Reached: 00:43 UTC

21:15 UTC - Geomagnetic... Sat 4:15PM
. Moderate G2 geomagnetic storm &

(Kp6) ]
Threshold Reached: 20:12 UTC

LI'VVU ViIw T UTUILIIQYiITLUIV.. SAL “$-UVTrivi

Cj Minor G1 geomagnetic storm (Kp5) =i

Threshold Reached: 19:47 UTC b

WSS Threshold Reached: 17:46 UTC

Ty
_\.. "’v‘ > - :
e

3 “d

-

4 9
i

Strong R3 radio blackout in progress ' !

(=X1 - current: X1.16)

21:57 UTC - Radio Blackout 3h ago
~ Minor R1 radio blackout in progress

(=M1 - current: M1.28) -

17:54 UTC - Solar flare 9:54 AM
~ Major X1.8 flare from sunspot £)

region 4274 S

17:36 UTC - Radio Blackout 9:36AM |

Strong R3 radio blackout in progress
(=X1 - current: X1.78) L

17:33 UTC - Radio Blackout 9:33 AM

Strong R3 radio blackout in progress h o~

(=X1 - current: X1.44)

17:30 UTC - Radio Blackout 9:30 AM

Moderate R2 radio blackout in y
progress (=M5 - current: M7.25)
LD

17:27 UTC - Radio Blackout 9:27 AM
Minor R1 radio blackout in progress )
(=M1 - current: M3.1)
16:07 UTC - Coronal hole 8:07 AM
A transequatorial coronal hole is @
facing Earth. Enhanced solar wind

could arrive in ~3 days

When the Sun Gets Busy

22:06 UTC - Radio Blackout 3h ago

Primary

SWPC Product SubscriptionS... 3 12:14AM

ALERT: Geomagnetic K-index of 6 (G2)
Space Weather Message Code: ALTKO6 Ser... ¢

SWPC Product Subscription Ser... 5 Nov5

ALERT: Geomagnetic K-index of 5 (G1)
Space Weather Message Code: ALTKOS5 Ser... {3{

SWPC Product Subscription Service Nov5

ALERT: Geomagnetic K-index of 7 (G3)
Space Weather Message Code: ALTKO7 Ser... {3

SWPC Product Subscription Ser... 2 Nov5

WARNING: Geomagnetic K-index of 6 (G2)
Space Weather Message Code: WARKOG S... {‘.{

SWPC Product Subscription Service Nov5

WARNING: Geomagnetic K-index of 7 or...
Space Weather Message Code: WARKO7 Se... ¢

SWPC Product Subscription Ser... 2 Nov5

WARNING: Geomagnetic K-index of 5 (G1)
Space Weather Message Code: WARKO5 S... Yy



The Solar Cycle

» 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

Solar Cycle Sunspot Number Progression Where We Are Now

NN
N ko

Sunspot Number

, .MMWIIRIMM
JELVATYAYIANENY

1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020




The Solar Cycle is Declining....BUT

».
Oklahoma S Uffalo NY
Indiana
r Many of the Largest Solar Storms
' in History Have Happened When
i p—— the Sun is Quiet
| 'Pittsburgf.wu =

(Images from the Great Halloween Aurora Oct. 2003)



Notable Space Weather Events in History

Carrington Storm - September, 1859 /A

e Most significant event on record. Telegraph system impacted worldwide. Aurora down to Central America

Extreme Solar & Geospace Storm - August, 1972 -

Hydro-Quebec Blackout March, 1989

e 9 hour blackout across Quebec in frigid winter temps; Severely damaged N.dJ. 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

e 38/49 satellites lost due to increased “drag” caused by launch during geomagnetic storm

Half Billion $$$ Farming Loss - May 2024

e 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

HMI Intensitygram

Sunspots Are a Source of Space Weather

Region 14274 n

Number of
sunspots Size © Class Magn. © Class Spot © Location
20 T2 420 1T 120 EKC N25E39

42

Solar flares on this day

SDO/HME Duick=look Continuum: 2025110501 3000 NASA SDO @ SpaceWeatherLive'com - - - - - - - M7¢‘5 Ma-s






Whole Disk Forecast
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Time: . IS . GT ; / 0| 2720

24 Hour Forecast

From 0000 U.T. to 0000 U.T.
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Data:
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Next CHNo. 2%

SWPC SOLAR SYNOPTIC ANALYSIS




Phenomena: The Four Pillars of Space Weather

500 /AlA

131 2023-Q2-25 20:45:56 UT

i

2023/02/25 20:00

SDO/AIA 211 20250424 00:29:47 Ul

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

— —Can, but not always, result in a CME

—"D-Rap” Model shows areas &
frequencies affected

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

Where: Affects Earth’s dayside -
Why: lonization of Earth’s \\\\ il
lonosphere - specifically the D-
Layer
Scale Measurement

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

R3 - Strong
R2 - Moderate

R1 - Minor
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NOAA Space Weather Scales 3

Category Effect Physical Average Frequency
measure (1 cvcle = 11 vears)

Scale Descriptor Duration of event will influence severity of effects

o GOES X-ray Number of events when
Ra le B la C kO U ts peak brightness | flux level was met;
by class and by (number of storm days)
flux*
HF Radio: Complete HF (high frequency™*) radio blackout on the entire sunlit side of the Earth lasting for a X20 Fewer than 1 per cycle
number of hours. This results 1n no HF radio contact with manners and en route aviators 1n this sector. (2x107)
RS Nawigation: Low-frequency navigation signals used by mantime and general aviation systems expenence outages
on the sunlit side of the Earth for many hours. causing loss 1 positioning. Increased satellite navigation errors 1in
positioning for several hours on the sunlit side of Earth. which may spread into the night side.
HF Radio: HF radio communication blackout on most of the sunlit side of Earth for one to two hours. HF radio 8 per cycle
R 4 contact lost during this time. (8 days per cycle)

Nawvigation: Outages of low-frequency navigation signals cause increased error 1n positioning for one to two

hours. Minor disruptions of satellite navigation possible on the sunlit side of Earth.
HF Radio: Wide area blackout of HF radio communication. loss of radio contact for about an hour on sunlit side 175 per cycle
R 3 | Strong of Earth. (140 days per cycle)
Navigation: Low-frequency navigation signals degraded for about an hour.
HF Radio: Limited blackout of HF radio communication on sunlit side of the Earth. loss of radio contact for tens 350 per cycle
R 2 | Moderate | of minutes. (300 days per cycle)

Nawigation: Degradation of low-frequency navigation signals for tens of minutes.

HF Radio: Weak or mmor degradation of HF radio communication on sunlit side of the Earth. occasional loss of 2000 per cycle

R 1 | Minor radio contact. (950 days per cycle)
Nawigation: Low-frequency navigation signals degraded for brief intervals.

2 Flux. measured in the 0.1-0.8 nm range. in W-m™~. Based on this measure. but other physical measures are also considered.
**  Other frequencies may also be affected by these conditions.

URL: www.swpc.noaa.gov/INOAAscales Apnil 7. 2011




—+CMESs can, but not always, be associated w/ a
More on CMEs Bk y

Tip: CMEs = Solar Storms —CMEs must be launched in Earth’s direction in

What: Eruption of plasma & charged order to impact our magnetic field, cause Aurora etc

particles . .
—Strength of geomagnetic storm from CMEs is

When: Arrives at Earth in 1-4 days, can last measured by ground-based magnetometers

for hours to days |

Where: Affects Earth’s high & mid-latitude TR IS R

regions

Why: Disturbance to Earth’s magnetic field ’ |

How: Degradation to HF radio coms & GPS e %

signals; disruptions to satellites & power E— |

grids due to energy transfer in the -

environment; & cause Auroras

Measurement: Strength based on
Geomagnetic Storm Scale of 1-5
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ENLIL Model - Visualizing Solar Storms Launched Off the Sun

2025-11-04 10:00Z

Plasma Density (fem”)
E 60 30 EARTH ]
o 10 J\A d
H P = 1 : . it -
é . 30 | STEREO A d
A, : -
O[S' 016 “’017 018 69 1'0 l;

i Radial Velocity (km/s)

1600 e EARTH -
S~ Bw -
§ wo m ' A ' s ) l 'S
] STEREO A .
= P 550 ™ =

500 S —
H
E 200 300 —
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Space Weather Prediction Center Run Time: 2025-11-06 10:00Z Mode: CME Image Created. 2025-11-06 12:12Z



NOAA Space Weather Scales

Category

Effect

Physical
measure

Average Frequency
(1 cvcle =11 vears)

Scale

Descriptor

Duration of event will influence severity of effects

Geomagnetic Storms

Power systems: widespread voltage control problems and protective system problems can occur. some grid
systems may experience complete collapse or blackouts. Transformers may expenience damage.

Spacecraft operations: may expenence extensive surface charging. problems with onentation, uplink/downlink
and tracking satellites.

Other systems: pipeline currents can reach hundreds of amps. HF (high frequency) radio propagation may be
impossible 1n many areas for one to two days, satellite navigation may be degraded for days. low-frequency radio
navigation can be out for hours. and aurora has been seen as low as Florida and southern Texas (typically 40°
geomagnetic lat.). **

Kp values™®
determined
every 3 hours

Kp=9

Number of storm events
when Kp level was met:
(number of storm days)
4 per cycle

(4 days per cycle)

Moderate

Power systems: possible widespread voltage control problems and some protective systems will mistakenly trip
out key assets from the gnd.

Spacecraft operations: may expenence surface charging and tracking problems. corrections may be needed for
onentation problems.

Other systems: mduced pipeline currents affect preventive measures. HF radio propagation sporadic. satellite
navigation degraded for hours. low-frequency radio navigation disrupted. and aurora has been seen as low as
Alabama and northem California (typically 45° geomagnetic lat.). **

Power systems: voltage corrections may be required. false alarms triggered on some protection devices.
Spacecraft operations: surface charging may occur on satellite components, drag may increase on low-Earth-orbit
satellites. and corrections may be needed for onientation problems.

Other systems: mtermuttent satellite navigation and low-frequency radio navigation problems may occur. HF
radio may be intermuttent. and aurora has been seen as low as Illinois and Oregon (typically 50° geomagnetic
lat.). **

Power systems: high-latitude power systems may expenence voltage alarms. long-duration storms may cause
transformer damage.

Spacecraft operations: corrective actions to orientation may be required by ground control: possible changes in
drag affect orbit predictions.

Other systems: HF radio propagation can fade at higher latitudes. and aurora has been seen as low as New York
and Idaho (typically 35° geomagnetic lat.) **

100 per cycle
(60 days per cycle)

200 per cycle
(130 days per cycle)

600 per cycle
(360 days per cycle)

G1

Minor

Power systems: weak power gnid fluctuations can occur.

Spacecraft operations: minor impact on satellite operations possible.

Other systems: migratory animals are affected at this and higher levels: aurora 1s commonly visible at high
latitudes (northern Michigan and Maine) **

1700 per cycle
(900 days per cycle)

Based on this measure, but other physical measures are also considered.
For specific locations around the globe. use geomagnetic latitude to determune likely sightings (see www_swpc.noaa.gov/Aurora)




Maine - May 2024 - The “Gannon” Storm



What are Auroras &- What Causes The m?

Yup, it’s all
because of me.

o Beautiful, colored lights that periodically appear in
the night sky

e 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

e The Solar Wind is always blowing - usuvally around
400kwm/hour but can get to over 700 km/hour

o Sometimes those chunks penetrate Earths
Magnetic Shield and interact with gases in our
Atwmosphere - causing the Aurora colors



Colors and Location of the Aurora

Auroral Colors Vary with Altitude

UPPER EDGE OF
THE AURORA - : l |

An oxygen atom Above
glows red. 120 Miles

Electrons shoot into the upper atmosphere. : |
A nifrogen atom

LOWER EDGE OF | glows blue, and a
' ; secondary electron
THE AURORA -

hits an oxygen atom,
which glows green.

OZONE LAYER
< JET AIRPLANES

- 9 - - | | Below
CLOUD COVER ™= e | | Cb 60 Miles

Nitrogen molecules glow pink.




Tips for Aurora Chasers

Sunspot activity and kp.gizde
complexity

Solar wind
Nowcast va30 mdex Speed: 700'3kml SEC

GFZ Helmhollz Centre for Geosciences (CC BY 4.0)

CME direction (Need to be
Towards Earth) and speed

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

Coronal hole effects

16:30 17:00 17:30

Speed of the solar wind Bz: -20.49 nT South

BZ direCtiOn (Want SOUTH) ; 10 3924/05111 AE(1)(Real-ime) W e Gaamisguaton, lpsls

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

Monitor Real-Time Sightings - S 7w 17
on Webcams, Social Media & I, |

Aurorasauras



Substorms: The Secret Sauce of Aurora Chasing

, Alaska September 2025 Wisconsin November 2021 Maine June 2025
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Tools | Use for Planning and Chasing
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SpaceWeatherLive

Aurora and solar activity app

.:7;. \
'_" s
«

Install app

Glendale App - Aurora Alerts UK
aurora-alerts.uk

norlys
Aurora chasing made simple

r 8.6 6 & &

Utilities | Weather [&] Hugo Lageneste

% My Aurora Forecast & Alerts

“W Northern Lights & Borealis
% d Kk kk 52K

Aurora Apps

» Reality: most Aurora apps aren’t reliable

« But, several | 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




Weather, Radar, Hurricanes

v

#16 in Weather | Sports [a] Windyty, SE

*hkkxxx /1K

Windy.com - Weather & Ra...

Astrospheric
Astronomy Weather Forecast

¥

Y

| P\ Light Pollution Map - Dark S...

#~ .. ™ Astronomy tools & more

TR kkkkk 47

Moon Phases and Lunar Cal...

Full Moon Phase

¢

& Weather Utilities [&] Kinetic Stars

xR KKKk 32K

PhotoPills
Shoot legendary photos
% e A Ak 1.4K

#1in Photo & Video Education [&] PhotoPills S.L.

Weather/Cloud/Light Pollution 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

» PhotoPIills - (best photo planning app) - not
specifically for Aurora, but has helpful tools
including sun, moon & twilight phases & night
augmented reality ($)




Aurorasauras

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

4 el ), N
AURORASAURUS

Reporting Auroras From the Ground Up

-~
A Did you see the aurora? [JZE NN [F\Verfy wests [Biog ! [Tieam [ Particiate’
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Resources for Further Learning

% Space weatver asics Course Curtouum Walktrough o @A W._?EM ' 5 . a8
r “*1 Space Weather Basics: Courses on “The First Chef” Tg GRADUATE SPACE WEATH E R BERTl FICATE
- ~¥L =13 CREDIT PROGRAM = ROLLING ADMISSIONS
| | ’ ’i “imseoiend wELLY ONLINE DISTANGE LEARNING FORMAT
Join My Patreon Community s
ekt e ks Coronal Moss Ejecticns  Selar Flares & Radi At L& . R A ) TR P ,
Mot Tamitha o C:Cauras saris PN The |ﬂnmahonal scope of this program will help individuals gain the preparation
S o c . they need to take advantage of the workforce demand across the govenment,
R NE— = commercial, private, military, and academic sectors.
Wegkly Audio Podcasts e < 480 o - A
Media Gallery . TI.WHJRSTUR DAYM 9 ; 5
Merchandise Q‘ s u G )

= OurSpace Weather and }
* Environmental curriculum
 integrates science, policy,
2 and communication to
’ better inform
decision-makers,

s 4 ‘ B \‘ >
W T ‘ > bW "‘:: . S 2
N "‘\ T; stakeholders, and the P o
B b ) publn:. TPy

Watch on [ YouTube
Recent Newsletters

VIP Video Room Advanced Topics

Coronal Mass Ejections C- Solar Flares & Radio Bursts F- Radiation Storms aka Solar Coranal Holes & Solar Wind W-
Course Series Course Series Energetic Particles P-Course Course Series
This is the first series in a set of courses This is the second series in 8 set of Series This is the fourth series in a set of
on Spate Weather Basics. Learn about courses on Space Weather Basics. This This is tha third serias in 3 set of coursps courses on Space Weather Basics. This

er 2
/ /smcz WEATHER



| Annual Space Weather
https://cpaess.ucar.edu/meetings/space-weather-workshop-2025 Workshop Week - Open to
All - Every Spring, in
Boulder, Colorado & Can
Attend Online

SOUTHWEST RESEARCH INSTITUTE

R LS BAE SYSTEMS

March 17-21, 2025 UCAR (A CPAESS

Boulder, CO PROCRAMS e e S e



SPACE
WEATHER IN
YOUR FUTURE

Thawnlk You!

Stay in Touch

Email: outdoorphotog98@gmail.com
Web: spaceweatherphotoguy.carrd.co
Facebook: stevelutherphoto

Instagram: spaceweatherphotoguy



