Space Weather
Introduction for EM Preparedness

SWPC: “Safeqguarding Society with
Actionable Space Weather Information”




Space Weather Prediction Center
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“Safeguarding Society with Actionable Space Weather Information”

0 We are the NWS and proud to be part of the mission to protect

lives & property — thus a key relationship with EM community
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4 What is Space Weather? - - -
4 Space weather refers to the variable conditions on the Sun andin| - - '

space that can influence performance and reliability of space and
ground-based technological systems, and endanger life or health. | s

Coronal
Mass
Ejection

~ Various emissions from the Sun affect - M,ag‘ngto.sph_efe

Earth B [ . e
93 Million Miles from Sun to Earth E . . e,




Space Weather Importance recognized
by the Federal Government

One Aundred Dixteenth Congress

of the
Nnited States of America

AT THE SECOND SESSION

4 INFRASTRUCTURE

Begun and held at the City of Washington on Friday,

NATIONAL SPACE WEATHER SR L E—————

STRATEGY AND ACTION PLAN
An Act

ace weather events, and for other

Be it enacted by the Senate and House of Representatives of
Product of the the United States of America in Congress assembled,

SPACE WEATHER OPERATIONS, RESEARCH, and MITIGATION SECTION 1. SHORT T'

WORKING GROUP : t may be cited as the “Promoting Research and Observa-
SPACE WEATHER, SECURITY, and HAZARDS SUBCOMMITTEE tions of Space W “llLu-r to Improve the Forecasting of Tomorrow
Acl = “PROSWI - of

COMMITTEE ON HOMELAND and NATIONAL SECURITY SE . WEATI

1) PoLicy.—It

mena by supportin
and  predictions
servations. identifving researc

(b) AMENDMENT To TitLe 51, UniTep States Cope.—Subtitle VI of
51, United States Code, is amended by adding after chapter 6035 the following:

“CHAPTER 606—SPACE WEATHER

EXECUTIVE ORDERS

Executive Order on Coordinating
National Resilience

to Electromagnetic Pulses

Whitehouse.gov

— INFRASTRUCTURE & TECHNOLOGY March 26,2019



Space Weather Impacts are wide ranging

Infrastructure and Activities Vital to National Security and the Economy

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

&

-

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




SWPC Forecast Operations (SWFO)

>

Operations,

systems &

data Staffed 24

monitoring, hours

forecasting, 7 days

warning, & a week —

Alerts, just like

IDSS, etc. your
supporting

Core : forecast

partnerships office

with USAF,

NASA,

Minor geomagnetic storm watch in effect:
FEMA, N= 3 @ 31 January and 1 February, 2019

Most likely area of Aurora Extent: to the vicinity of the green line (Kp=5)

¥
C5Flare
30 Jan

0611 UTC

| SERVING ESSENTIAL SPACE WEATHER COMMUNTTIES



Solar Cycle and Sunspots

.. Solar Cycle 24 Progression The most sunspots are
correlated with solar
maximum. This is part of the
11-year Solar Cycle (SC). We
are now well on pace to reach
solar maximum peak of Solar
Cycle 25 in (this year);
but will also be active!
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Sunspot Region 3590 (Feb 19-27t")

2024-02-19T14:19:09.700




Focus areas

(3 main activity types SWPC forecasts)

Impacts & Phenomena Based Forecasts
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)

Strong Severe
o : E. .
S1 R2
G1




Location of a
flare on the
Earth-facing
disk does not
matter.

The impact on
our sunlit side
of Earth’s
ionosphere is
immediate.

Solar Flares

E : X5 flare from the east limb of the
Sun - largest flare of SC25 to that point

Their X-ray energy
strength correlates to
the likelihood of

| | " |
Ee C certain types of HF
i ] radio interference or
R ”» . signal absorption on
o ¥ the sunlit side of

g Earth; and relates to
geographic area of
impact.

A concern for Ham radio users and other
types of HF communications (usually voice
modulation and skywave); mainly 3 — 30 Mhz



Trio of R3 Solar Flares
21-22 February

EVENT:

A flare is an eruption of energy
from the Sun that generally lasts
minutes to hours. Flares of this
magnitude are not frequent.

All three flares

The flare peaked at 22/1734 EST

were quite

Users of high frequency (HF) radio
signals may experience temporary

b impulsive (quick
general public need not be concerned.
to rise and
decrease).
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So, this would
have lessened
their impact in
1200 0000 1200 0000 12:00 0000 12:00 0 1200 0000 12:00 0000 12 duration as well.

Feb 22 Feb 23 Feb 24 Feb 25 Feb 26 Feb
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Universal Time

dated

. = Up
Two Major Solar Flares; Effects on Cellular Networks Unlikely mzlznggg ES-16 Short GOES-18 Long — GOES-18 Short
Space Weather Prediction Center

WHAT: R3 Events Occurred late on Feb 21st into early Feb 22nd

EVENT:
v Two notable flares erupted from the Sun beginning the
late afternoon of 21 Feb through the overnight hours

into early 22 Feb. Levels reached were R3 (Strong) as AII these fla res took pla ce when most of

seen in these images from GOES-16.

’ North America was not on the

EFFECTS:
e e o direct daylight side of our planet. So, any impacts
the Global Positioning System,

B based the intensity of th.
'ﬂ:l L'an.ts peaked at 6:07 p.m. ;"T:‘i:”ns a:dl::;‘;?i;:d - We re fe It e I SeW h e re

EST on Feb 21st and the second phenomena, it is unlikely that these
flares contributed to the widely

reported cellular network outage.

peak was at 1:32 a.m. EST on
Feb 22nd.

Space Weather Predict




When Extreme Space Weather and Catastrophic
Terrestrial Weather come together

September 2017

EOS NEWS ~ NEWS FROM AGU JOURNALS~  TOPICS & DISCIPLINES ~ OPINIONS ~ BLOGS  AGU'S CENTENNIAL

[ Scientific Press Releases

Solar Flares Disrupted Radio During
2017 Hurricane Irma

ane Irma hit the

vered in the wir

September 2017

/ A
| 7 i, i Y

“The solar flare yesterday, and the one that just happened,
has caused a total HF blackout on all HF bands.

The frequencies the Hurricane Watch Net use are 14.325
MHz and 7.268 MHz. The flare yesterday made it to where
could not hear anyone on either frequency for a few hours.
I’'m not sure how long this blackout will last, but, these
flares could not happen at a worse time. We are looking at
3 hurricane threatening land and we cannot make contact
with anyone on the 20 meter or 40 meter amateur bands.
Mother Nature is not playing well.”

Hurricane Watch Net, Net Manager

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.




Frequency (Radio) Bursts

We cannot forecast these; but we do monitor for them thanks to the USAF
Solar Electro-Optical Network (SEON)

‘% Strongest Solar Flare of this Solar Cycle 2381

1900 EST

WHAT: Multiple Aviation Communication Impacts Associated with this Event -»2:,‘:."
—
s g
Amazing Event - likely one of the =

largest solar radio events ever recorded »
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

_— . 2023 DEC 14 1202 EST { %
Ejection (CME) being analyzed L it .

10,000 times normal background!

Space Weather Prediction Center;

Boulder, CO

Can make radio communication difficult or unclear on frequencies other than
HF bands. Additional Air Traffic Control (ATC) channels impacted dramatically
on higher communication bands over U.S. in VHF-UHF on Dec 14" (8 minutes)




Solar Radiation Storms

RADIATION Haza g,y

AL, : 5 Updated
o AR d
A {58 Solar Radiation Storm Event Bl o

oyl

WHAT: A Solar Energetic Particle Event is in Progress

EVENT:

A solar radiation storm occurs when charged
particles are accelerated by processes at or
near the Sun and arrive in enough quantity at
Earth. S2 levels are less common, while 51
storms are not uncommon

TIMING:

The S1 event first began at 09/1530 EST
and is expected to last to at least
10/0100 EST. The event reached an initial
peak at S2 levels at 09/1325 EST

EFFECTS:

Degradation to HF communications in the

GOING TO THE MOON polar regions; possible risk to space
\ Sep 2025 launch and satellites; high flying
2 interests along polar routes should
monitor the situation for updates. The
general public need not be concerned.

?\.' 7‘: Space Weather Prediction Center;

b :’: 3 = Boulder, CO

These storms are measured not only by the amount of solar energetic
particles (protons), but also by there energy levels (MeV).

Can adversely affect aviation — increased radiation exposure risk to astronauts and aircrews at high
altitudes near polar regions; relates to HF communication outages extending from polar regions; can
delay space launch and cause increased risk of anomalies to satellites

We communicate with NASA everyday about the threat and risk of these events.



Solar Radiation Storms

And the underlying cause: Solar Energetic Particles (Primarily Protons)

Impact potential increases with higher flux and energy levels: 10 MeV (some space operations)
Different energy levels: 30 MeV (launch); 50 MeV (USAF); 100 MeV (NASA/SRAG)
* Higher energy levels (500 MeV) are of particular concern to aviation *




Coronal Mass Ejections (CME)

Tremendous

expulsions of - | Fastest
solar material Earth-directed CMEs can get

from or here in 15 hours. Usually,
through the they are slower and take 2 to

solar corona, @ 4 days.
carrying
embedded | |
magnetic fields. . '

We analyze and
parametrize any
CME for model

2002/01/04 09:30

Their impact to our submission in order
magnetosphere can | = to determine
cause majqr | . N possibility of any
changes resulting in AR Earth directed
Geomagnetic e component.

Storms.
C2 2000/02/17 17:54:05




Coronal Mass Ejections (CME)

-

CMEs expand
quite rapidly as

they move : é - travel time and thus plenty of
outward from expansion as the CME
the Sun. ' @ o transits interstellar space

2002/01/04 10:34

i |
£
Even those near the \ S
solar limb can still
reach Earth and
| ' L’
s \

93 million miles is lots of

Fastest, historical
CMEs could be

' observed earlier on
the same day of

result in . :
potential arrival

Geomagnetic
Storms.

C2 2000/02/17




December 14" Flare
and associated CME




When a CME strikes and
envelopes Earth’s
magnetic field, storms
may begin. In particular,
if the CME mag field
connects with Earth’s.

March 13-14, 1989 Storm models

. BO\:u.-Shock j

—_— ) -.'N_l'agnetotail

I T 2
e o
. .

Can produce problematic induced currents on the power grid systems and
can lead to upper atmospheric conditions that can cause
variety of communication (SATCOM included) & navigation accuracy problems




G1-G4 Events already in 2023

"Ry Geomagnetic Storm WATCH for 27-28 February (UTC days) m

" WHAT: Two eruptions from the sun

‘ STRONG Geomagnetic Storm ALERT G3

S WHAT: Geomagnetic responses increased and G3 levels first reached 27 Feb at 1:.00 am EST

044 Space Ymath —mlm:m

Eruptions from the sun on 24 and
25 Feb are expected to cause
geomagnetic storms

|Q' e
A stronger disturbance in Earth's magnetic field oan' 25T (Range

0to9)
G-Scale = 3 lﬂlhﬂ. o IOS) s \
. < @he Washinaton Post

The general public need not be concerned. ‘”d/lllll 5 aurora lit up Sunday night sky
Those under or near the 30-minute predicted : ‘(lllll may shine again Monday
Strong storms are expected on auroral extent may look for the aurora if at

pre | the 27th and moderate storms on night and should weather conditions permit
1 the 28th.
Possible “'cr“'m‘.rm, Effects the best aurora
Aurora visible in some northern i R \ 7 sightings acCross
tier states with disturbances on e e e
HF radio bands. See the NOAA Low EarthOritng (LEO) steltes much of the U.S. in
) I WX S s for more Other oromanaty of aurrn .
| — Informatlon t GNSS (i.e. GPS) degradation possible P Some tlme

eomagnetic Storm has re-strengthened from a G3 to G4

e geomagnetic storm?
nce in Earth's magnetic field

A severe disturbance in Earth’s magnetic field
10?

it expect adverse impacts.
'y by the Public

Why does it matter? / (3.
The storm is beginning to show signs of <N

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

As the storm woakons, some impacts will
dminsh 3nd the Juron will begm to retreat

ors have been notified to
te possible impacts

When will it end? Jy Effects
Warnieg contimues until 2,00 AM EDT 3 -
“J\a-.,v i \ roltage control problems Credit: N al Weather Service
How Far South Can e Riverton, WY her Forecast Office
G s the NOAL """’a...m.. ) st
Kplsthe K index (0-9)

f surface charging; atmospheric drag risk on Low Earth Orbiting (LEO) satellites

G4 Conditions occurred at 3:45 PM EDT
G3 Conditions were recently observed

Continuing Chances of NOAA Space Weather Scale Activity in
2024 and on into 2025




Geomagnetic Storms:

Forecast probabilities and intensities out 3 days

More Calls & Queries

FEMA Call
NERC Hotline Call

ATC Pacific / NASA Call
K5/G1 Warning

15t Warning Issued

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

Estimated Planetary K index (3 hour data) Begin: 2017 Sep 07 0000 UTC
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

Sep 8

Tniveraal Ti

| =1 aN

Warnings issued
{e]g
Kp 4 up to
Kp 7 and greater

Alerts issued at
each Kp level

hours  but the heavy rain | Base€d on Estimated Planetary K-index (8 magnetometer stations).

event continues, with varying
amounts of precipitation
rates

Kp5 = (G Kkp6 =& «r7 =[] =

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




North American Energy Reliability
k. Corporation (NERC) Reliability Coordinators
RC) throughout the Interconnections

Mitigating Power Outage
Potential to our
Interconnected Power
Grid:

NERC Hotline Call

All RC’s are on the NERC
hotline call when we
initiate the NERC hotline
call
beginning at G3

Interconnections
'

! \

I \

[ \ )
. I \ -
e \,”{

t
I
I

The three (really four)
Interconnections are electrically tied
together during normal system conditions
i B and operate at a synchronized frequency at

an average of 60 Hz




Geoelectric Field Model

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

March 13-14, 1989 Storm -
EOELECTRIC FIELD MAP UPGRADE TO 3D EMPIRICAL CONDUCTIVITY MODEL

Moximum Efield: 11.3 V/km

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 —such as
transmission lines

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

Can be used to
estimate induced
geomagnetic
current (GIC)
integration along
conducting
pathways.

This model is our interpretation of
the strength of GICs. Just like NWS
radars observe storm echoes, this
model gives estimations of the GIC
potential on high voltage
transmission lines.




Normal Sequence of Events
with regards to Watches, Warnings, and Alerts (WWA)

ALERT Probabilities predicted in 3-day

Sent at R2 or greater forecast; a flare occurs (speed of
light), effect already taking place

in outer atmosphere

Image Credit: nasa

WARNING

Sent for S1 or greater Probabilities predicted in 3-day
: ~ .
= (( z - E ALERT forecast;
/ A

Sent for each S1-S5 level C€an be nearly speed of light, but
warnings possible

"" . WATCHES _
) ey Sent for G1-G4 or greater Geomagnetic Storms can be
WARNING predicted out to 3 days; so
Sent for Kp4-7+ (G1-G3+) watqhes anq warn@ngs
ALERT possible. Science limits

Sent for each level through threshold capabilities
Kp 9z (G1-G5) however




Space Weather Messaging &
Communication

Communicating Space Weather
Information

70k subscribers
Satellite Companies, Airlines, Communications
State and Local Emergency Managers

= & b: PRODUCT SUBSCRIPTION SERVICE
:‘.\"—T‘f‘{' SPACE WEATHER PREI I I CENTER

4 Situation Room
(R,S,G, 4 and )

@ iINWS - Interactive NWS

(S,G, 4 and 9)

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

NASA Mission Control (G3-5)

(multiple criteria)




Significant Space Weather
Event Actions

Space Weather Event Alert & Notification — Emergency Response

PART,
\‘\/_‘-"\’1

e Directly or indirectly cause or exacerbate a major disaster or emergency.

e [nterfere with or seriously degrade FEMA'’s response & recovery capability.

S4-S5 Radiation Storms

G4-G5 Geomagnetic Storms

Emergency notification system (ENS)

FEMA MERS Operations Center (MOC)
National Operations Center (NOC)

National Warning System (NAWAS)
Washington Metropolitan Area Warning System
(WAWAS)

Notification / Action

FEMA Operations Notify
Center (FOC) Leadership

FOC Alternate ENS to MOCs & Watches;
West (FAOC) Send Plain Language Email

National Watch Notify NOC; Broad
Center Distro Plain Language

Email

FAOC- East NAWAS /| WAWAS
(S5, G5 only)




Current Solar Cycle 25 is ramping up;
currently above the original
forecast margin of error

Solar Cycle Progression Updated Prediction
(Experimental)

Experimental Solar Cycle 25 Prediction

200
International Sunspot Number
Predicted Max 136 - 169
Feb 2024 - Feb 202

150

100
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F10.7cm Radio Flux
Predic Max 172 - 198

Solar Flux Units

2026 2030 2032

Years
—— Experimental Prediction
—— Monthly observations 25% quartile
Space Weather Prediction Testbed == Smoothed monthly observations 50% quartile
issued 2 Feb 2024 2019 NOAA/NASA/ISES Panel Prediction (range) 75% quartile




Notable Space Weather Events

Carrington Event, 1-2 September 1859:
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 anomalles

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: ;/ 4
Loss of 38 of 49 satellites due to a minor geomagnetic storm. =/



... and even more recently

Potentially, a Severe event if

aimed at Earth

y : Carrington CME event reached Earth

’ & & i in about 18 hours
“Vw T : This could have reached Earth in a
E : little over 24 hours

. | B 7 - What would have
“ i happened here at Earth is unknown,
| A : but that is why planning

is important

Massive CME ripped from the Sun late on 12 March, 2023
Analysis from NASA Moon to Mars Space Weather Office measured the
CME at 2,127 km/s (a rare event)

CME was fortunately from the far-side of the Sun
Headed completely away from Earth; but still we were impacted by an
S1 Event (Minor Solar Radiation Storm) — quite extraordinary for these
energentic particles (protons) to reach Earth from this event



OFFICE OF EMERGENCY MANAGEMENT | Howard County, Maryland

More and more
requests for
information

on space weather
hazard planning

Space weather
is one of the
26 distinct hazard
types identified by
Howard County WHAT IS THE ONGOING RIS

Emergency B B

zardin How Int / Space We work closely with
Weat ,the Total Impact is considered Limited. In t vorst .« .
Manslgerl:ent as d : jrio, the Total Impact?sconsidered Limited-Significant EM Off|C|a|S as we can
possible t rgat |.nto = , at city, county, state,
Hazard Identification & national, and even
- ’
Risk Assessment (HIRA) international levels.

The requests for
SPACEWEATHERIMPACT support continue to
. grow

Warning Time & Duration

Likely

| WARNING TIME | 5~ ours Short
DURATION | S =

Space Weather ) l I l I l I I




Prepared by the U.S. Dept. of Commerce, NOAA, Space Weather Prediction Center

.S REDICTION ER
T N/ ' OSPHERIC A 0

A. NOAA Geomagnetic Activity Observation and Forecast

HOME  ABOUT SPACE WEATHER  PRODUCTS AND DATA DASHBOARDS  MEDIA AND RESOURCES st observ hr Kp over the past 24 hours was 4 (below NOAA

FEEDBACK t ected 3 hr Kp for Feb 11-Feb 13 2024 is 5.6

SPACE WEATHER CONDITIONS .
Soe 20-03UT

2 mums 1 ed o U 03-86UT
86-85UT

geomagnetic storms are like
What is 2 - E)? v ) < due to the anticipated arrival of

a NOAA Space Weather @

o G1 Watches posted for 3-4 Nov. Several CMEs occurred 1-2 Nov, to include
a full halo CME related to an M1 flare (R1 - Minor Radio Blackout) from RGN
2891 at 02/0301 UTC. Analysis & model results suggest Earth-directed
components possible. for more info

oronal

X1 (R3) STRONG Solar Flare
3 May at 1325 UTC

PRIMARY AREA of IMPACTS

Large portions of sunlit side of Earth

Strong

MINOR Geomagnetic Storm WATCH
Gl 03-04 Nov, 2021 UTC-days
CLOBAL (1BBARS)

[

Webpage: swpc.noaa.gov




SWPC Dashboards for the
EM Community

EMERGENCY MANAGEMENT GLOBAL POSITIONING SYSTEM (GPS) COMMUNITY DASHBOARD

DRECION ABSORPTION PREDICTION SOLAR VISIBLE LIGHT

0N CONTENT WSA-ENLIL SBLAR WIND PREDICTION

2023-01-29 12:00:00

2023-01-24 14:52:00 UTC

SPACE WEATHER DVERVIEW WSAENLIL SOLAR WIND PREDICTION
2023-01-29 12:00:00

9
&4

OVATION AURSRAL FORECAST GOES SOLAR ULTRAVIBLIT IMAGER

—
g Aurors Forecast




D REGION ABSORPTION PREDICTIONS (D-RAP)

US REGION TOTAL ELECTRON CONTENT

WHERE WILL THE NWRHUFIN["U" UTES?
| Approximate L1 Position Error (m) and TECu (10 + m2)

MISPHERE

GLOBAL (108 ABS)

Attenuation
(Mazimurm Absarption)

Approximate position error (m)
Total Electron Content (10'® » m~?)

19-Jan-2022 from 15:30 to 15:45 UT NOAA/SWPC Boulder, CO USA

0 510152026 30 35

Approximate L1 Position Error (m) and TECu (106 + m~?)

Number of Stations
CORS A/B 000
IGS 000

GNSS accuracy mainly single frequency methods - TEC
i.e. cell phone navigation, emergency locaters

HF Comm blackouts/degradations - D-RAP

e i.e. land/marine mobile systems; HAM radio

O1-Dec 2029 1om 05010 0545 UT  NOANSWPC Bouker, CO USA (ap 20 GIC induced current on power grid — Geoelectric Model

Position Error (m)



22 March 2024 — Sunspots/Flares

60 < o BN 60
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-40 -40

60 RN P -60

Massive and magnetically complex active region sunspot group to the south and a
much smaller and moderately complex active region sunspot group to the north. The
northern spot group erupted with an X1 (R3) long duration flare (few hours). The
southern group also flared shortly afterwards. SWPC forecasters made calls to NASA
and Oakland ATC when flare activity reached M5 (R2).



22-23 March 2024 — CME/Radiation Storm

‘%, MODERATE Solar Radiation Storm Event E

WHAT: A Solar Energetic Particle Event is in Progress

EVENT:

The greater than 10 MeV proton flux

became enhanced following an X1.1

flare at 23/0133 UTC. Solar radiation

storms at S1-S2 (Minor-Moderate)
L7} levels have been observed.

TIMING:
51 (Minor) levels were observed
beginning at 23/0815 UTC, and S2

\
-
" ) (Moderate) levels began at 23/1405 UTC.

EFFECTS:

Degradation to HF communications in the
polar regions; possible risk to space
launch and satellites; high flying
interests along polar routes should
monitor the situation for updates. The
general public need not be concerned.

Space Weather Prediction Center;
i

t
Boulder,

Several hours later, energetic particles (protons) arrive at GOES-16/18. SWPC
forecasters call NASA/SRAG among others. About 6 hours later, imagery from the
NASA coronagraph at L1 (1 million miles from Earth) captures the associated CME

departing the Sun. It is a full halo and SWPC forecasters begin analyzing and modelling
the CME for anticipated Earth arrival timing and intensity. Speed over 1000 km/s (fast)



24 Mar - Geomagnetic Storms

L. x = Updated
¥ Geomagnetic Storm Levels Continue E E E 2024 Mar 24
= 4:15pm EDT
-++%  WHAT: CME progression continues and the effects are anticipated to linger into 25 March
EVENT:
T i — == _wedW8ETE A coronal mass ejection (CME) that departed
MF increased Gx narmal ,"__,7.':‘—\’:_ ..'HT:\

the Sun Friday evening, 22 March, reached
Earth this morning and continues it

- I~ progression and geomagnetic storm levels to
| at least G3 are expected through Sunday

evening, 24 March.

e e TIMING:
| | Changes in the strength of the

| = geomagnetic storm levels will occur due

= P TR NS ST L to variations in solar wind as the CME
: . : continues to pass over Earth.

EFFECTS:

G1 through G4 levels have been reached so

far with this CME related activity and should

== ' G4 levels be reached tonight, the aurora may
. : ' : ' become visible over much of the northern

half of the country, and maybe as far south as

Alabama to northern California.

Space Weather Prediction Center;

Boulder, CO

CME shock arrives at L1 as observed by DSCOVR/ACE spacecraft. SWPC forecasters
issue Sudden Impulse warning for benefit of the power grid. Decent Sl observed less
than 30 minutes later. Geomagnetic responses rapidly escalate and SWPC forecasters
begin calling specific transmission operation centers, Oakland ATC, NASA/SRAG, NWS
SOC. At G3 (NERC Hotline Call), at G4 — FEMA WOC and Denver MOC contacted.



How to GET Informed

@ iNWS - Interactive NWS

HOME  ABOUT SPACE WEATHER  PRODUCTS AND DATA ANNUAL MEETING  FEEDBACK

CURRENT SPACE WEATHER CONDITIONS o1 rosa s, R ] i N VV S l\‘,-l D B I L E A L E RTi N G
Bl bbbt Receive customized text
Customer Growth s gyl message and e-mail alerts for
e ot Subeiptonservie " o National Weather Service
products that you care about.

Recent News

Note: If you are receiving alerts, but never signed up for them, they may be coming from a new FEMA public system called the Wireless Emergency Alerts
(WEA). More information can be found at Wireless Emergency Alerts Consumer Guide

iNWS is an experimental service intended for NWS core partners: emergency managers, community leaders, other government agencies and the electronic media.

Terms of Use

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



Feb 229 — X6 flare (R3): Largest of Solar
Cycle 25 thus far
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Region 3590.
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Quite surprisingly, this flare and the other R3 events over two days did not
have any associated CME



Solar Maximum is Coming
Plenty more CMEs to Come

’

We are overdue for a Carrington level geomagnetic storm. Today’s impact
upon the technologies we rely in such a storm could be catastrophic. Space
Weather Situational Awareness is essential in today’s world. Emergency
Preparedness and Readiness is necessary for such and extremely impactful
event. You are all KEY in our shared protection of lives & property mission!



Thank You. And Thank You again for all you do!

POC for your space weather
guestions or needs

Additional Training and Resources:

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

Federal Operating Concept for
Impending Space Weather Events

Homeland
Security

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




