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Monitoring the Sunspot magnetic field

As flares are powered from the stressed field rooted in the photosphere, a study of the photospheric
magnetic complexity can be used to both predict activity and understand the physics of the magnetic field.
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Look for filaments on the disk

When filaments get unstable they can erupt - so by monitoring filaments near the center of the disk can give
some warning about possible eruptions.
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Follow a CME from the Sun to the Earth

STEREO (Solar Terrestrial Relations Observatory) is a solar observation mission. Two
nearly identical spacecraft were launched in 2006 into orbits around the Sun that
cause them to respectively pull farther ahead of and fall gradually behind the Earth.
This enables stereoscopic imaging of the Sun and solar phenomena, such as coronal
mass ejections.
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The Solar Wind also Creates Northern Lights

* A constant stream of particles flows from the Sun’s corona, with a temperature of about a
million degrees and with a velocity of about 1.5 million km/h.

* Gusts in the solar wind will buffet our magnetosphere and lead to a geomagnetic storm.




Predicting Auroras - Coronal Holes

The fastest solar wind originates from the dark
areas on the image, called coronal holes. Such
holes often occur close to the polar regions, but can
sometimes also be observed close to the equator.

By tracking coronal holes one can provide several
days advanced forecasts
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DSCOVR

Deep Space Climate Observatory __cg¢

NASA



DSCOVR

Deep Space Climate Observatory
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The magnetosphere
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Interplanetary Magnetic Field

The mterplanetary magnetlc fleld (1MF) now: more commonly referred to as'the hellospherlc |
‘magnetic field (HMF),"is the component of the solar magnetlc field WhICh IS dragged out from the-

'solar corona by the solar wind flow to f|II the Solar System
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When do strong storms occure?
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How effective will the storm be!?

The solar wind also carries with it the magnetic field of the Sun. This field will have either a North or South
orientation. If the solar wind has energetic bursts, contracting and expanding the magnetosphere, or if the solar wind
takes a southward polarization, geomagnetic storms can be expected. The southward field causes magnetic

reconnection of the dayside magnetopause, rapidly injecting magnetic and particle energy into the Earth's
magnetosphere

Same direction - weak interaction - CME «glides by»
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http://en.wikipedia.org/wiki/Polarization_(waves)
http://en.wikipedia.org/wiki/Magnetic_reconnection
http://en.wikipedia.org/wiki/Magnetic_reconnection

How effective wil the storm be!?

Opposite direction - strong interaction - strong geomagnetic storm




Sequence of events for Geomagnetic Forecast

2012-01-21 06:00:00
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Event Onset/

Analysis and Prediction
(Geomagnetic Storm
Watch Products Issued)

Watches: The
conditions are favorable
for occurrence
(1-4 days)

Observation
(Geomagnetic Storm
Warning Issued)

Warnings: Disturbances that
are imminent, expected in the
near future with high probability
(Minutes to a few hours)

Ground-Based Observation

(Geomagnetic Storm Alert
Issued)

Alerts: Observed
conditions meeting or
exceeding thresholds



Space Weather Forecasts

2012-01-21 06:00:00

Watch the trajectory of CMEs
WWW.SWpc.noaa.gov/wsa-enlil
This gives 2-3 days warning




Space Weather Forecasts

WSA-Enlil CME Model



Space Weather Forecasts

« WSA/EnIlil model indicated 2012-03-08 10:00:00

Mar 8, 10UTC arrival at Earth. v y S G
» A "G3 Watch” was issued pﬂ\ A

Mar 7 at 17:42UTC...17 hours i %\._/5 V4 \\ N |

before the storm onset. i, O

Stronger storming was expected [ ,

on Mar 8, but solar wind not

suitable for stronger storming
until Mar 9.

Geomagnetic Storm Forecast:

WSA-ENLIL SWPC Model Run Time: 2012-03-07 06:00 U1 mage Created: 2012-03-07 13.02 U7

“The arrival time is estimated to be Mar 8 at
06:00-10:00UTC.”

“Periods reaching the G3 (Strong) Level Likely”

Actual: Arrival: Mar 8, 11:05UTC 0

Mar Mar 8 Mar

Intensity: G3 storm Universal Time
UpdatelC NOAL /SWPC Boulder, CO




Space Weather Scales

X/ NOAA Space Weather Scales , Geomagnetic Storms (G scte) IMPACTS:

Camgeny Kitaet Coranal Mass Ejections (CMEs)
creata geomagnetic storms

Pacizal

Geomagnctic Storms

y

—  Power grid operations
—  Satellite operation

—  Aircraft operations

— GPS

wexvm i | —  Pipelines

Arrival: 20 - 90 hours
Duration: hours to a day

Solar Radiation Storms ' | IMPACTS:

Solar Radiation Storms (s scaie)

—  Satellite operation/loss

— Aviation (comm/exposures)

—  HF outage (polar regions)

Arrival: 30 min to several hours —  Manned spaceflight
Duration: hours to days

Solar Flares (raao 8ackouts - R Scak)

IMPACTS:

—  GPS network

—  Communication (ground/Space)
Radar
—  Manned spaceflight

—

Arrival: 8 min 20 s
Duration: minutes to 3 hours




Space weather warnings

http://www.swpc.noaa.gov/

'~ SPACE WEATHER PREDICTION CENTER
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Tuesday, hcvember 08, 2016 07.03.07 UTC
ABOUT SPACE WEATHER FRODUCTS AND DATA DASHEOARDS MEDIA AND RESOURCES SUBSCRIBE ANNUAL MEETING FEEDBACK
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SPACE WEATHER CONDITIONS cr oz Scales &
24Hour Oesaned Nadarurs Latest Ocsaivad Predizwed 2016-11.08 JUTC
1-F2 | 19
o1 or .
o red
nane ncre none nane ncne none R minar
Sclar Wind Speed: 295 kr/sec Solar Wind Magnatic Fields: B1 5rT, Bz 4 nT Noon 10.7¢m Radio Flux: 77 sfu
G171 [Minor) Watch In Effect for the 8 November UTC-day
pubiished: Monday, November 07, 2016 17:58 UTC
THE HATION'S A G1 (Minor) gecmagnetc storm watch is in 27Tect for the 8 November, 2016 UTC-day.

OFFICIAL SOURCE
OF SPACE WLATHER
ALERTS AND WARNINGS

Executive Order to Prepare Nation for Space Weather Events
pubished: Monday. Nevember 07, 2016 16:51 UTC

Ar Executive Order to ccordinate aforts to prepare tha ration for space weather events wae signad
by Presicent Obama cn 13 Oct. MNee&d the full ord

NWS Fall Safety Campaign is On
publiched: Monday, Nevamber 07, 2016 16:60 JTC

As the days qget skarter and temperaiuras fall, & new round of weater hazards arz or 1he rise.

NOAA &
Na“onal Waathsr‘ SBI‘ViCB L New Experimental Regional Geomagnetic Produets Available

o el LA — T AT AR 149D [ IT
punslied: Moy, INoveinbe QF, 2C16 19.22 JTC

SWHC deployad expariTental producis from tha new operatcnal Gecspaca model on Oct 5th.

Space Weather Prediction Center

SERVING ESSENTIAL SPACE WEATHER COMMUNITIES

Aviation Electric Power Emergency Management Global Pesitioning System (GPS)
Radio Communications Satellites Space Weather Enthusiasts



http://full.storm.no/tv2ver/borealis.aspx

Space Weather Forecasts
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Space Weather Forecasts

Go to SWPC web site
WWW.SWPC.N0aa.gov

Focus on NOAA Scale

If G2 or greater, possible
Impact to GNSS
operations

Search SWPC
Go

NCEP Quanrterly
NerwsbeTlet

SWPC Home Page
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ESA SSA Space Weather

http://sidc.oma.be/
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About SWE

Welcome to the SSA Space Weather Service Network

Please note that all SSA-SWE Services are under review/construction

What Is Space Weather

SSA Space Weathe- Actlvities
WC-Belgium forecast of 08 Feb 2017, Flares: Quiet, Geomagnetism: Active,

Current Space Weather
Contact

Service Domains
Spacecraft Design

Latest processed SDO/HMI full-disk magnetogram

Spacecraft Operation o '_ ol
Human Space Flight e s SRR
Launch Operation
Transionospheric Radio Link \
Space Survelllance and Tracking LO0ISHE, LR )
Power Systems Operation ,' 4 - 3
Alrlines ; NOM AR 12634 ' : '
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http://full.storm.no/tv2ver/borealis.aspx

Norwegian Center for Space Weather

http://site.uit.no/spaceweather/

UiT

«ec NOTWegian Center for Space Weather

UNIVERSITY
OF NORWAY

DATA AND PRODUCTS BLOG LINKS CONTACT

GEOMAGNETIC SUMMARY AND NORTHERN LIGHTS IN THE NEXT HOUR

FORECAST b : NOSWE
Solar Wind conditions

event analysis tool
] ]

y 8162700 UTC 2017 - - 41 nT

X-Ray: 6.51e-08 W/m?
[Ref. NOAA Space Weather Prediction Center]

Last 243
]

h Last3-1t
.
pcdated Wed Fel

Avoral zone
Tromso
Sub-Auroral
L0ne
(Dombés)

-Last Updatea: 2017-02-08 1615 UTC



http://full.storm.no/tv2ver/borealis.aspx
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Software
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SIDC - Solar Influences Data Analysis Center
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INFO TROM SIDC - RWC BELGIUM 2012 12:5C:44

The solar flaring activity is increasing during past 24 hours with malority
of activity originatinrg from the Catania sunspot group 36 (NOAA AR 197%).
The strongesl of four reported M-class f{laree wae observed Lhis morning.
The M3.7 flare seaked at 04:25 UT on Februery 12 end was asgcciated with an
ETIT wave, caranal dimming and full halo CME first seen in the SCORD LASCO C2
field of view at 05:4€ UT. From the currently available data we conclude
that the CM® is Barth directed.

The impulsive MIL.7 flare which peeaced at 03:31 UT on Penruary ©1 was

accompanied by an ElT wave, coronal dimmincs and type Ll radic burst

(indicating the shock speed of about B70 km/=). The flare originated from
the Catania sunspot group 36 (NOAA AR 1974) currently situated at the
center of the solar disc. The full halo CME associated with this flare was
firslL seen in Lhe SOED LASCO C2 fie.d of view aL 04:12 UT. The expecled
arrival of this halo CME is late February 1l6¢. We do not axgact strongly
disturbed geomagnetic conditions (X index maximom 4) due to its faint
glructure and slaow speed of 300 ln/s (ae reported by Lhe CACTUS soflware).
A partial halo CME detected in the SCOO/LASCO C2 field of view at 09:24 UT

on Fehruary 11 had angular width of about 200 degrees, and ap around 320

L T T
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Space weather warnings

http://soho.nascom.nasa.gov/spaceweather/
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http://full.storm.no/tv2ver/borealis.aspx

Space weather warnings

www.spaceweather.com
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http://full.storm.no/tv2ver/borealis.aspx

The aurora over North-America tonight

http://www.sgi.alaska.edu/AuroraForecast

| & = UNIVERSITY OF ALASKA FAIRBANKS [Sccrcn sazoin, NN

Geophysical Institute home | about public irformation | resesrch | fadilities | stucents | administration | giving
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r e
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28 Day Forecast
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Aurora forecaster in Norway

http://www.storm.no/nordlys/

I samarbeid med Sto..rm

Hvordan er varet. SOK

Forecast for tonight - updated 11:00

Auroral activity will be quiet. Quiet displays will be visible
directly overhead in northern Iceland and Norway, and
visible low on the horizon as far south as Rovaniemi,
Finland and Mo i Rana, Norway.

What is really forecasted here?

Information about where the aurora will be located in the
near future and from where one could observe it. The
forecast is based on observations of solar and
geophysical disturbances - what has happened on the
Sun and what we expect will happen the next few days.

Read more about aurora borealis: www.northern-lights.no

Samarbeidspartnere: Norsk Romsenter UNIS University of Alaska Basert pa data fra: NASA/NOAAJSEC
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The UNIS Aurora forecaster

Download at: http://kho.unis.no/

Real time aurora oval forecasting - SvalTrackll

T. Sigernes . M. Dyrlaud ', P, Brekke ") C. K. Gjengedal *, §. Chemouss ',

N. A. Torentzen V2 K. Oksavik ™ and €. 8. Deehr &

The 37th Annual European Meeting on Atmospheric by Optical Methods, Valladolid, Spain, 23 - 27 August 2010.

Tromae Setellite Slation

Folar Geophysical Institutle

Zrongstan Station
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http://kho.unis.no

Long term forecasting

Coronal holes appear as dark areas in the solar corona in extreme ultraviolet (EUV) and soft x-ray solar images. They appear dark because

they are cooler, less dense regions than the surrounding plasma and are regions of open, unipolar magnetic fields. This open, magnetic field
line structure allows the solar wind to escape more readily into space, resulting in streams of relatively fast solar wind and is often referred to
as a high speed stream in the context of analysis of structures in interplanetary space.

Persistent coronal holes are long-lasting sources for high speed solar wind streams.

N WPAUTOON OO



http://www.storm.no

When do strong storms occure?
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When do strong storms occure?
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Solar cycle and geomagnetic disturbances

Sunspots and Magnetic Storm Days 1930-99
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Extreme Solar Weather Has Happened Before

* 1847 - "Anomalous current” noted on telegraph line between Derby and
Birmingham. First recorded impact of solar weather on technology.

August 28-29, 1859 - Telegraph service disrupted worldwide by geomagnetic
superstorm.

Morse Telegraph Table September 1-2, 1859 - Carrington-Hodgson event is largest geomagnetic
Photo from www _telegrephlore.com storm in 500 years.

May 16, 1921 - The “Great Storm” disrupted telegraph service, caused fires,
burned out cables. Storms like this may occur roughly every 100 years.

March 13, 1989 - Geomagnetic storm collapsed Quebec power grid.
Northeast U.S. and Midwest power grid came within seconds of collapse.

October 19 - November 7. 2003 - “Halloween Storms™ interrupted GPS,
blacked out High Frequency (HF) radio, forced emergency procedures at

nuclear power plants in Canada and the Northeastern United States, and
destroyed several large electrical power transformers in South Africa.




Super Storms

SEVERE SPACE WEATHER EVENTS—

UNETRSTARDING EDCIETAL AND FCONDMIC INPACTS

http://www.nap.edu/catalog.php?record _id=12507

According to a study by the Metatech Corporation, the occurrence today of an event like the
1921 storm would result in large-scale blackouts affecting more than 130 million people and would
expose more than 350 transformers to the risk of permanent damage

....and an estimate of $1 trillion to $2 trillion during the first year alone was given for the societal
and economic costs of a “severe geomagnetic storm scenario” with recovery times of 4 to 10 years.

40


http://www.nap.edu/catalog.php?record_id=12507

When do strong storms occure?

sunspot Numbers 1/750-1998
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Current Space Weather conditions

. SPACE WEATHER PREDICTION CENTER

NATIONAL OCEANIC AND AITMOSPHERIC ADMINIS THATION

>

Wedrcsoday, February 08, 2017 09:54.20 UTC
ANNUAL MEETING FEEDBACK

HOME ABOUT SPACE WEATHER FPRODUCTS AND DATA DASHBOARDS MEDIA AND RESOURCES SUBSCRIBE

SPACE WEATHER CONDITIONS or noAA 3cakes

24-Hour Ob3erved Maximums Lateat Observed redicted 20°7-0e-0€ UTC
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s ‘;:"“ BUIEVY S W SMESC- Ny MoV ¢ (approximately 22,000 miles away ‘ror Carth] and n

Winter Wegther Preparedness anc Safety Tips from the NWS

puhichad’ Thirsdsy Jacamber (11, 201F 0518 11112

Winter ean bring with it a wide variety of potertially dangerous weather that can impact roadways,
cutdoor ectivities, nfrasiructu-e, end more. BDe

o

Executive Order to Prepare Nation for Space Wegther Evenis

published: Monday, November 67, 201€ 18:5! UTC

Ar Executive Order to coordinate cfforts to prepars the nation for sgace weathe events wac signed
by President Cbama on 13 Oct. Read the iull ord

New Experimenial Regional Gaomagnetic Products Available

published: Monday, Novermber C7, 201€ 14:22 UTC

SWPC deployed sxperimantal 5-oducts ‘rom the rew operational Geospace model on Oct 5th.

http://www.swpc.noaa.gov
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Current Solar conditions




Current Solar conditions - far side
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Current Solar conditions

JIssued: 2014 Feb 11 2305 UTC
:Product: documentation at

I
# FAST WARNING 'PRESTC' MESSAGE from the SIDC (RWC Belgium) #
#

The mpusive M1.7 flare peaked at 03.31 LT on February 11 was accompaniad by an EIT wave, coronal dimmings and & very fain: hélo CME. Tre flare originated from the Catania sunspot
groud 35 (NOAA AR 1374) currcntly situaled at the center of the solar disc. The full halo CME associctec with this flare was first scen in the SOHO LASCO C2 field of view at 04:12 UT. The
expecied armval of this hala CME is lata Fahruary 15. We do not expect strangly distirbed gaomagnetic eonditiors (K irdex maximum 4) due 10 its tzint s'ructura and slow speed of 300 km/s
(as raported by the CACTUS softwarz).

# A

# Solar Influences Data analysis Center - RWO Belgium

# Foyal Observatory of Belgium #

#Fax:32(0)23730 224 ¢

#121:32(0) 23730491 "

fIssued: 2014 Feb 11 2836 UTC

:Procuct: documentation at ww.s\dc be/prod

e e —#

# FAST WARNING 'PRESTO' MESSAGE from the SIDC (RANC Belgium) k4

e —#

A partial hzlo CME was dater’ad in the SOSC/LASCO C2 tield of viaw a2t D324 UT an Faonsary 11. The CMFE had angala® width of abhout 200 degreas, and speed around 3200 km/s (as
repornec by the CACTUS software). |1 was assccieted with an eruption of a fiament situatad between the Calzniz surspdt groap 35 (NOAA AR 1373) and newly emerged, unnumberad aclive
region situatad on the west from the Catania sunspot croup 35. The erupticn was accomrganied by caronél dimmings and a posi-sruption arcade observed by SCO/AIA. The bulk of the CME
mass was directed northward of the Sur-Carth ine, 30 we exgec: the arrivel of only a CMC-driven shock &t the Carth, probekly on Mebruary “€. It may resutir active to minor storm
gcomeagnetic conditicns.,

B e e -

# Solar Influences Data analysis Center - EWC Helgium

# Royal Obsenvatory of 32igum #

# Fax 32 (0)2373 0 224 3

# Tel: 32 (0) 2 373 0 491 #




