
Essential Space Weather Information
for Emergency Management

Northwest Public 
Broadcasting

SWPC: “Safeguarding Society with
Actionable Space Weather Information”



Magnetosphere

Space weather refers to the variable conditions on the Sun and in 
space that can influence performance and reliability of space and 
ground-based technological systems, and endanger life or health.

Ionosphere

93 Million Miles from Sun to Earth

What is Space Weather?

Various emissions from the Sun affect 
Earth 

Coronal
Mass
Ejection

2



Space Weather Impacts are wide ranging
Infrastructure and Activities Vital to National Security and the Economy

Space weather-induced electricity blackout: Daily domestic economic loss in the U.S. = $41.5 billion 
plus an additional $7 billion loss through the international supply chain.

"Quantifying the daily economic impact of extreme space weather due to failure in electricity transmission 
infrastructure,” Centre for Risk Studies, University of Cambridge, Jan 2017 3

Satellite Malfunctions; SATCOM Interference/Disruption; Satellite Drag; Pipeline Corrosion
Radiation Exposure; Power Outages; HF Comm Dropouts; GNSS Degradations



Space Weather Importance Recognized by 
the Federal Government

Whitehouse.gov



Space Weather Plans for by EM at City, 
County, and State Levels is Increasing

Whitehouse.gov



On average, every 11 
years the Sun goes 

from quiet to active 
and back to more 

quiet. This is called 
the 

“Solar Cycle”.

Sunspots & Solar Cycle
Previous

Solar Cycle 24
Current Solar Cycle 25

In/around maximum









Solar Radiation Storms (S-scale) : related to Solar Proton Events

HF Radio Blackouts (R-scale): as related to Solar Flares

Geomagnetic Storms (G-scale): as related to origin source
Coronal Mass Ejection (CME), Coronal Hole (CH)

Forecast Focus Areas
(3 main activity types SWPC forecasts for your needs/awareness)

Impacts & Phenomena Based Forecasts

R 1
G 1

R 2
G 2

R 3
G 3

R 4
G 4

R 5
G 5

Geomagnetic Storm Watches, Warnings, and Alerts *Concern for power grid, satellites, GPS, comms*

Solar Radiation Storm Warnings and Alerts  *Concern for satellite integrity and collision avoidance*

Solar Flare Alerts *Concern for HF/Ham radio – indicator of other possible impactful events*









Their X-ray energy strength 
correlates to the likelihood of 

certain types of HF radio 
interference or signal 

absorption on the sunlit side 
of Earth; and relates to 

geographic area of impact. 
Impact on Earth’s sunlit 

ionosphere is immediate.

Solar Flares  R-scale
R3 Dec 31st (2024): X5 flare from the east 

limb of the Sun - largest flare of SC25 to 
that point

A concern for Ham radio users and other 
types of HF communications (usually voice 

modulation and skywave); mainly 3 – 30 Mhz

Location of a 
flare on the 
Earth-facing 

disk does not 
matter.

Oct 3rd: X9 (R3) flare from the 
southern hemisphere of the Sun. 
Largest flare of 2024 in Solar Cycle 25









When Extreme Space Weather and Catastrophic 
Terrestrial Weather come together

Radio Blackout

IRMA HF Radio Comm from the Caribbean Islands (Ham Radio in particular) was 
nearly impossible during the hurricane disasters & crisis response for several 

hours. Hurricane Watch Net & Aviation Communication notably impacted.






R3 SOLAR FLARES 21-22 February

X3

M3
M9

All these flares took place when most of
North America was not on the

direct daylight side of our planet. So, any impacts 
were felt elsewhere 

All three flares 
were quite 

impulsive (quick 
to rise and 
decrease).

So, this would 
have lessened 
their impact in 

duration as well.



Frequency (Radio) Bursts

Dec 14th

Can make radio communication difficult or unclear on frequencies other than HF bands. 
Additional Air Traffic Control (ATC) bands impacted dramatically on higher communication 

bands over U.S. - problem on 14 Dec! Could also be issue for urban environment 
communication repeater systems. Also, concern for military assets and interests.

If longer, this
likely would

have led
to shutdown of

Airspace.

For HF

VHF/UHF

Cyberattack?!
System Malfunctions?!

Presenter
Presentation Notes
Police, EMS personnel, fire response - operate frequently in VHF and UHF bands 60 mile and 50 mile ranges respectively with line of sight. Larger disasters may require use of HAM radio to communicate with out of state agencies or across large distances.

Coast Guard operates in HF realm as needed.







Solar Radiation Storms   S-scale

June 8th - 10th
Sep 2025

Can adversely affect aviation – increased radiation exposure risk to astronauts and perhaps aircrews 
at high altitudes near polar regions; relates to long HF communication outages extending from polar 

regions; can delay space launch and cause increased risk of anomalies or damage to satellites

We talk with NASA every day
about threat of these events

Presenter
Presentation Notes
Solar energetic protons are the driving force behind a solar radiation storm. They penetrate into Earth’s protective magnetic field in the polar cusp regions and can reach further down into the ionosphere. These storms often last for hours to days and can wipe out HF communication across the polar regions – making for major airline flight plan issues and deviations when polar routes are being utilized. Additionally, the threat of radiation exposure for polar route flights at high altitudes is increased.






Coronal Mass Ejections (CME)

Filament 
Prominence 
Eruptions:

Sort of like the 
space weather 

version of a 
tremendous 

“tornado” 
carrying solar 
debris and a 

strong 
magnetic field 
along with it!

While these events 
can be impressive 

in nature, they 
usually are not as 
strong as space 

weather 
storms/events 

associated with 
energetic solar 

flares.

Presenter
Presentation Notes
Police, EMS personnel, fire response - operate frequently in VHF and UHF bands 60 mile and 50 mile ranges respectively with line of sight. Larger disasters may require use of HAM radio to communicate with out of state agencies or across large distances.

Coast Guard operates in HF realm as needed.







Coronal Mass Ejections (CME)

Sun

Sun

Presenter
Presentation Notes
Police, EMS personnel, fire response - operate frequently in VHF and UHF bands 60 mile and 50 mile ranges respectively with line of sight. Larger disasters may require use of HAM radio to communicate with out of state agencies or across large distances.

Coast Guard operates in HF realm as needed.










Geomagnetic Storms  G-scale

Image Credit: NASA/Goddard/Aaron Kaasse  https://www.nasa.gov/mission_pages/sunearth/science/magnetosphere2.html

When a CME strikes and 
envelopes Earth’s  

magnetic field, storms 
may begin. In particular, 

if the CME mag field 
connects with Earth’s. 

Can produce problematic induced 
currents on power grid and can lead to 
upper atmospheric conditions that can 

cause variety of communication 
(SATCOM included) & navigation 

accuracy problems 

G3 and greater

Protection of 
the Power Grid

All these RC’s 
are on 

NERC hotline 
call when we 
initiate the 

NERC hotline.

May 10-11th



Alerts issued at
each Kp level 
beginning with 

Kp 4

Geomagnetic Storms:
Forecast probabilities and intensities out 3 days

Based on Estimated Planetary K-index (8 magnetometer stations).
Kp5 = G1;   Kp6 = G2;   Kp7 = G3;   Kp8-K9m = G4;   Kp9z = G5

*each Kp level divided into three levels: m (-); z (0); and p (+)

Warnings issued 
for

Kp 4 up to
Kp 7 and greater

Estimated in real-time; with a 
final value attributed at the 
end of each 3-hour period. 
This can cause confusion, 
because we may not reach 

expected levels every 3 
hours. Think of it like a rain 

gauge being emptied every 3 
hours – but the heavy rain 

event continues, with varying 
amounts of precipitation rates

One geomagnetic 
storm event – but with 
varying levels of 
intensity throughout. 
There could be periods 
of very intense 
reaction at any point 
during the storm; 
regardless of the final 
3-hr value estimate

*Kp Index (0-9) is a common index 
used to determine strength of overall 
global geomagnetic disturbances. 
SWPC estimates the value of the Kp
Index in real-time based on 8 
magnetometer stations around the 
globe. When levels reach Kp 5, that 
warrants NOAA Space Weather 
Scale levels

0-2 = Quiet
3 = Unsettled

4 = Active

Presenter
Presentation Notes
Surface-based magnetometers are used to determine field deviations from normal seasonal/diurnal patterns, and from these, an overall, estimated planetary magnetic disturbance level. This value is called the Kp Index and is an estimated, running value every 3-hour synoptic period (beginning with 00-03 UTC). Each new synoptic period begins a new calculation level – so even though activity may still be running at higher levels, it may be some time before the increasing levels of Kp are reached again. This is the agreed upon standard for the international community. The actual observed Kp values are determined and verified later by the German Research Center for Geosciences (GFZ) at Potsdam.
�



Typical Actions related to just the 
Power Grid regarding
Geomagnetic Storms

Phone call to Wisconsin Electric Control Area and
the New York ISO

Phone call to Wisconsin Electric Control and 
the New York ISO (NY only for G2 Watch)

NERC Hotline Call and Wisconsin Electric Control
Area (G3 Watch – call NY only) 

NERC Hotline Call and Wisconsin Electric Control;
FEMA notified; possibly the NSC/WHSR

NERC Hotline Call and Wisconsin Electric Control;
FEMA notified; 
NSC/WHSR informed

G1

G2

G3

G4

G5

Presenter
Presentation Notes
The SWPC Service Coordinator is a WCM-type and equivalent position. It’s intended to be the point of contact for space weather concerns.

Questions emergency managers might have:�what do the warnings mean? How is this relevant to me?
which dashboard should we look at and how to understand?
how are we affected? what actions should EMA take, the public take?




“nowcast” model projection with calculated voltage per kilometer
approaching 1V/km are noteworthy; 12V/km could be impactful

Geoelectric Field Model

Measure of the 
induction hazard to 
artificial conductors, 
such as power lines.

Used to estimate 
induced geomagnetic 

current (GIC) 
integration along 

conducting pathways.

Geoelectric fields are 
the electric potential on 
the earth’s surface and 

is directly related to 
rate of change in 

magnetic fields. They 
have amplitude and 

direction, and act as a 
voltage source that can 

cause GICs to flow 
along conductors – like 

transmission lines

HQ system knocked offline 
in just 90 seconds – for 9 

hours. NE U.S. –
transformer damage. Most 
power issues concentrated 

in areas of high surface 
impedance and geoelectric
field amplitudes; especially 

near large cities.

Usually measured in 
millvolts or 1/1000th

of a Volt (mV)



Image Credit: nasa

Probabilities predicted in 3-day forecast; 
a flare occurs (speed of light), effect 

already taking place in outer atmosphere 

Normal Sequence of Events

Geomagnetic Storms can be 
predicted out to 3 days; so 

watches and warnings possible. 
Science limits threshold 

capabilities however

R2
ALERT

Sent at R2 or greater

S1

WARNING
Sent for S1 or greater

ALERT
Sent for each S1-S5 level

Probabilities predicted in 3-day 
forecast;

Can be nearly speed of light, but 
warnings possible 

G3

WATCHES
Sent for G1-G4 or greater

WARNING
Sent for Kp4-7+ (G1-G3+)

ALERT
Sent for each level through 

Kp 9z (G1-G5)

G1



Typical SWPC Actions for
Space Weather Storms

USAF: continual – for consistency in DoD concerns

Space Launch: ad hoc – concern for impacts to launch success

NASA SRAG: R2/S1/G2 – concern for Astronaut safety

Transmission Operation Centers: G1+ situational awareness 
and possible preparatory actions/procedures

Air Traffic Control: R2/S1/G3 – for aviation safety 

North American Power Grid: G3 levels and above – for 
electrical reliability actions, procedures, planning, etc.

FEMA/State Emergency Watch Centers: S4/5 & G4/5 levels
for situational awareness and potential preparations

NSC/WHSR: S5 & G5 levels – for situational awareness and any 
required actions

Presenter
Presentation Notes
The SWPC Service Coordinator is a WCM-type and equivalent position. It’s intended to be the point of contact for space weather concerns.

Questions emergency managers might have:�what do the warnings mean? How is this relevant to me?
which dashboard should we look at and how to understand?
how are we affected? what actions should EMA take, the public take?




Notable Space Weather Events
Carrington Event, 1-2 September 1859: Aurora may have been seen from Hawaii and Cuba
Most significant event on record. Telegraph system world-wide impacted. Aurora visible in Central America.

Hydro-Quebec Storm, 14 March 1989: 
Power blackout in Montreal and entire province of Quebec. 
Severely  damaged New Jersey transformers. Numerous U.S. grid anomalies.

Operation Anaconda, Afghanistan, 4 March 2002:
Three U.S. soldiers killed - space weather disrupted satellite communications.

Halloween Storms, October 2003:
Power grid outage in Malmo, Sweden; damage to South Africa grid; Japan loses satellite.

Near Miss, 23 July 2012: 
“Century class” event, but the eruption site was 90 deg ahead of Earth.

SpaceX Starlink Loss, 3 February 2022:
Loss of 38 of 49 satellites due to a minor geomagnetic storm.

Presenter
Presentation Notes
Three American soldiers* may have died in Afghanistan’s battle of Takur Ghar because of disruptions caused by plasma bubbles – a form of space weather – according to a new study.
Space weather is normally associated with violent solar eruptions and geomagnetic storms. But the natural variability in the Earth’s ionosphere outside of these active events can still hinder a broad range of technologies.
Equatorial Plasma Bubbles (EPBs) in the ionosphere are one such example, which cause daily disruptions on satellite communications and global satellite navigation systems, such as GPS, in the low-latitude regions across the globe.
The new study, published in Space Weather, has found that plasma bubbles could have been the cause for radio communications disruptions during Operation ANACONDA in Afghanistan in 2002.





What would a Carrington Level Event
mean Today?

CME +4hrs: Massive and Fast CME detected headed directly 
towards Earth

CME +8hrs: Analysis likely reveal an arrival < 24 hours

CME +10hrs: Collaboration with other space weather 
centers for consensus of arrival date/timing

CME +10hrs: G3/G4 Watch issued

CME +10-12hrs: IDSS & Messaging accomplished

CME +12hrs: Briefings, Interviews, etc. and additional 
personnel in place

CME +15-24hrs: CME arrives at L1 (1M miles from Earth); 
Warnings Issued & IDSS contacts made 






What would a Carrington Level Event
mean Today?

CME: CME arrives at Earth; Immediate geomagnetic
storm levels may begin (G1-G4/G5) to extreme 
conditions.

CME: Alerts issued with each G1-G5 level reached; 
repeats every 3 hours (00-03 UTC through 21-00 UTC);
IDSS and collaboration, briefings, interviews, reports
continue to all partners and required government
Levels. 

CME: Emergency alert system (NAWAS/WAWAS)
notifications taking place for G5 levels. Broadcast
Media and the press will be making massive inquiries, 
especially if there are power grid disruptions.

CME: Induced current on the power grid reaches 
unmanageable levels and bulk transmission power 
failures occur (effecting up to millions of customers)

Map from the report showing likely induced voltages on the 
National Electric Power Grid for this level of storm.

CME Arrival +15-36hrs:
Conditions improve and CME passage 

weakens. All clear notifications 
probably required. Recovery begins. 

15+ V/km

These levels 
of sustained 
GICs could 

be quite 
impactful and 
lead to bulk 
transmission 

failure 
effecting 
250,000+ 

people

Presenter
Presentation Notes
https://www.usgs.gov/media/images/map-report-showing-100-year-storm-induced-voltages-nat
https://www.usgs.gov/news/featured-story/space-weather-and-magnetic-storms-invaders-outer-spacesort



Solar Activity: May 6th – 8th

Massive sunspot groups present on the Sun. The northern cluster was responsible for numerous R2-R3 
level events, but no CMEs of note. The southern region, however, became very magnetically complex 
and began to be of major concern for more impactful space weather events as it rotated westward.

Close-up of the southern spot cluster, RGN 3664, from an 
animation over a number of days. Notice the shifting complexity 

and numerous changes that took place. Magnetic maps confirmed 
the very complex and unstable nature of this active region

Size of Earth

Presenter
Presentation Notes
This is what the most of the public and media think of when they hear about space weather. Many thousands of people monitor our SWPC webpage, social media, and products. When the general public hears or sees something about space weather activity, they want to know if they will see the aurora or not – but, this is not something SWPC handles as a specific forecast. Rather, the brunt of our products are in regards to specific solar and space weather events and their impact to our lives and technology. However, many people are unfamiliar with the SWPC webpage, products, and services; so they often contact their servicing WFO or media outlet with questions about space weather. 









Solar Flares: May 8th through May 12th

Frequent solar flares occurred over these days. The northern region produced numerous flares at the R2-R3 
level, but no CMEs were observed of note. The southern region eventually began flaring and provided plenty of 

activity, to include associated CMEs. 

Multiple CMEs 
analyzed and 
at least 5 were 
determined to 
have Earth-

directed 
components. 

G3 Watch 
issued over 36 

hours in 
advance. 






CMEs: to Arrive May 10-11th: G4 Storm Likely

Coronagraph imagery confirmed the explosive CMEs expelling from the Sun. Most of these CMEs were determined 
to have Earth-directed components, with later CMEs moving faster and model results suggested arrivals beginning 
10 May and lasting into 11 May. A G3 (Strong) Watch was issued 36 hours in advance of the CME arrivals. This was 

eventually upgraded to a G4 Watch 24 hours prior to CME arrivals.

Confidence 
increased and 

G3 was 
upgraded to 
the very rare 
G4 or Greater 

Watch 24 
hours in 
advance.






“The Biden 
Administration 
is monitoring 
the situation”

Presenter
Presentation Notes
This is what the most of the public and media think of when they hear about space weather. Many thousands of people monitor our SWPC webpage, social media, and products. When the general public hears or sees something about space weather activity, they want to know if they will see the aurora or not – but, this is not something SWPC handles as a specific forecast. Rather, the brunt of our products are in regards to specific solar and space weather events and their impact to our lives and technology. However, many people are unfamiliar with the SWPC webpage, products, and services; so they often contact their servicing WFO or media outlet with questions about space weather. 



EVENTS of May 8th through May 12th

Numerous amounts of information flow, briefings, decision-support, products, 
messaging, and updates to a number of sectors and the general public throughout the 

event. From the real-world updates at the TTX in D.C. and FEMA Region VIII HQ in 
Denver for an Extreme space weather storm scenario being in progress at the time of 

the G4 Watch posting - to continuing warnings and situational awareness updates. 



Geomagnetic Storm: 10-12 May 2024 

Satellite Operations
● ~5000 Satellites experienced 

increased drag, necessitating more 
frequent station-keeping burns 
and collision avoidance maneuvers

● Degraded Starlink and Iridium 
service

● Global communications satellite 
lost sync lock

● Some operations ceased due to 
increased radiation risk

Aviation
● Trans-oceanic flights 

rerouted due to High 
Frequency radio loss 

● WAAS used for precision 
landing and performance 
based navigation 
unavailable for ~15 hrs

● NOTAM advising of 
comms/nav disruptions

Energy Sector
● US and Canada grid operators 

took numerous actions to 
mitigate impacts

● High voltage lines tripped in 
northern Europe

● UK transformers 
overheated/alarmed

● New Zealand took actions to 
protect northern islands power

Image: Ken Trombatore

GPS Systems
● Loss of lock on GPS signals
● Range errors 
● Both civilian and defense
● Idled Midwest planting

Image: John Deere

Atomic Clock
● Surprising 0.1% variation in 

NIST Cesium clocks 

G5

NAWAS?

Presenter
Presentation Notes





May 10th-12th: One of the Strongest Solar Storms, but 
not the worst and not significantly impactful 

● By one measure of 
geomagnetic storm 
strength - called the 
disturbance storm time 
index - this event was 
quite similar to historic 
storms in 1958 and 
2003.

● It may compete with 
some of the lowest-
latitude aurora sightings 
on record over the past 
500 years, though 
scientists are still 
assessing this ranking.

G5

Presenter
Presentation Notes
But nothing happened except northern lights, right??????






Spectacular won over Consequential

Presenter
Presentation Notes
This is what the most of the public and media think of when they hear about space weather. Many thousands of people monitor our SWPC webpage, social media, and products. When the general public hears or sees something about space weather activity, they want to know if they will see the aurora or not – but, this is not something SWPC handles as a specific forecast. Rather, the brunt of our products are in regards to specific solar and space weather events and their impact to our lives and technology. However, many people are unfamiliar with the SWPC webpage, products, and services; so they often contact their servicing WFO or media outlet with questions about space weather. 
From Erica: Great tie in to the IDSS mentioned earlier. Those interactions you have with partners before an event happens are critical; they allow partners to TRUST you enough to make PROACTIVE changes like rerouting aircraft and making voltage adjustments. 



Webpage: swpc.noaa.gov

How to STAY and GET Informed

SWPC PSS for direct emails of many various products and WWA
*NWS INWS for direct text messages and/or emails of primary WA

*experimental service intended only for NWS core partners, EMs, and other government agencies

Will eventually become 
NWS Connect

Presenter
Presentation Notes
This is what the most of the public and media think of when they hear about space weather. Many thousands of people monitor our SWPC webpage, social media, and products. When the general public hears or sees something about space weather activity, they want to know if they will see the aurora or not – but, this is not something SWPC handles as a specific forecast. Rather, the brunt of our products are in regards to specific solar and space weather events and their impact to our lives and technology. However, many people are unfamiliar with the SWPC webpage, products, and services; so they often contact their servicing WFO or media outlet with questions about space weather. 



3-Day Forecast
Issued twice daily: 0030 & 1230 UTC
Primarily for NOAA-scale {R, S, G} level events

Presenter
Presentation Notes
SWPC standardized product suite. Recommended products for EM note: 3-Day forecast and Forecast Discussion.



The Future of Decision-Support
Our goal is to 
make our 
support products 
more tailored for 
sector-specificity 
and actionable.

Also, we are 
working towards 
fusing this space 
weather effects 
information with 
terrestrial 
weather 
information – a 
one-stop shop 
effects product.

Presenter
Presentation Notes
SWPC standardized product suite. Recommended products for EM note: 3-Day forecast and Forecast Discussion.



Space Weather Preparedness

NWS Space Weather Safety

Presenter
Presentation Notes
SWPC standardized product suite. Recommended products for EM note: 3-Day forecast and Forecast Discussion.



Thank You!
POC for your questions or concerns

Shawn Dahl – SWPC Service Coordinator
shawn.dahl@noaa.gov

“Safeguarding Society with Actionable Space Weather 
Information”

Additional Training and Resources:

https://emilms.fema.gov/is_0066/

https://www.fema.gov/sites/default/files/2020-
07/fema_incident-annex_space-weather.pdf

https://www.swpc.noaa.gov/content/education-
and-outreach

Presenter
Presentation Notes
The SWPC Service Coordinator is a WCM-type and equivalent position. It’s intended to be the point of contact for space weather concerns.

Questions emergency managers might have:�what do the warnings mean? How is this relevant to me?
which dashboard should we look at and how to understand?
how are we affected? what actions should EMA take, the public take?


mailto:Shawn.dahl@noaa.gov
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