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Space Weather

The Sun’s energy impacting earth’s atmosphere and magnetic shield.




THE SUN AS A BALL OF ENERGY

The sun emits continuously energy which is expelled to outer space in
the form of electromagnetic waves and particles.
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THE SUN AS A BALL OF ENERGY




3 SPACE WEATHER PHENOMENA

The sun’s energy reaches the earth in 3 forms: light, moving gas and particle
precipitation. This energy interacts with the magnetosphere and the atmosphere of
the earth. This is space weather.

How and where the interaction occurs depends on the type of energy.




SOLAR SEASONS \C'),
The sun has 2 seasons: an active and a low season with the typical variations 237~
in the three space weather phenomena. This seasonal variation is called the

solar cycle and takes around | | years.




SEASONAL BEHAVIOUR OF LIGHT

The solar irradiance, 1.e. all the solar light, varies over the solar seasons.
The sun radiates stronger in the high season compared to the low season.
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SEASONAL BEHAVIOUR OF THE SOLAR WIND

The solar wind varies over the solar seasons. The variation depends on the solar latitude. In
the low season, the solar wind Is slower near the equator compared to the higher latritudes
and I1s more nicely structured. In the high season, the solar wind varies over all latitudes.
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N\ ' /
SOLAR WEATHER & STORMS -O-
|

At a certain moment, energy can be released on a shorter time scale. A solar feature like a sunspot, an active region, coronal
hole, filament etc. lies at the base of a solar storm in which energy is released. The release of energy might be in an abrupt,
impulsive and brutal way (flare, Coronal Mass Ejection or CME, proton storm) or in a non-eruptive manner (Coronal Hole - CH). x
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AU TRANSIT TIME
The energy released during a solar storm moves through space, each with its

own typical speed: speed of light, order of a few 100 km/s, relativistic speeds.
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SEASONAL BEHAVIOUR OF SOLAR LIGHT & WIND STORMS

The seasonal behaviour is also visible in the variability of the Sun’s eruptive output.You see here a
comparison of the variation in the CME and flare rates over solar cycle 23 with the sunspot number.

a SOHO & STERFO daily GME rate (50-day running average)
8 T , r v
| — i
CACTIE ETZRED EChind/SEGLH|
o g [L——COAW SOHOVLASCO 7
BE 1
! ° i f " r f d
5% 4L TR A ‘*\ " \ q\ -
E"éj L, f'“ ‘ }( V | J ' '(" ‘ /‘ )r ' k?
E - (L " /\ V 'f
z 2 ,JJ" f « “\J ‘J« ? \“ L \
il X o
= \r r j"'J \/s P ){ -
0 ™ ‘:_’ ¥ L | ' ! ! ‘g‘d IN‘M “
b SI0C daily hemispheric sunspot number (50-day running average)
~B : Fl Tofal sunspot number :
g 180 — Karkem hamisphere -
£ : J Sauirem hemiaphare :
B L i -
o B =
& 100 V\M’ -
& I i
a [ r /, l \ gl
g [ , Vi 'tf ,. / "\ ,’“w
o S0 | A ,r f\‘f P
I MW AT
w B 1A
0 %‘1\ :
c GOE:S & HHESSI caily flare rate (50-cay running averaoe'l
30C r—— B e e S e | —
L | ggs?‘ rrarth
2.5 = .r-rlfgsgof:r:h
;;? = — | ® FHESES aouth
T2 20F T
N el ™
g § = v
T 16
QF C
B2 100 '7/\
o L ‘ \
e e F '\ l | J\,“{
0.5 :_' -‘ "\
0.0 rhﬂ_ : m ‘l .b,\

1296 1998 2C 20 2002 2004 2006 2008
Time (years)



SEASONAL BEHAVIOUR OF SOLAR PARTICLE STORMS

The seasonal behaviour is also visible in the variability of the Sun’s eruptive output. You see here
a comparison of the variation of the proton flux over solar cycle 23 with the sunspot number.
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SPACE WEATHER

Our atmosphere and magnetosphere can respond in a dramatic way to solar storms. A solar
storm can initiate space weather processes in our atmosphere and magnetosphere or

directly impact technological systems. Space weather and the strength of a space storm is
measured near or on Earth.




AREA OF IMPACT

Note that the solar wind can change the geomagnetic field by reconnection
processes and by adding pressure. Reconnection is possible because the solar
wind is magnetised. Charged particles follow simply the magnetic highways.







SOLAR FLARES

A flare is a light flash near an active region. A volume of plasma

is suddenly heated and therefore lights up.
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FLARE CATEGORIES & SW SCALES

A flare is identified by its x-ray flux. Flares are put into
logaritmisch categories.

GOES X-Ray Flux (1-minute data)
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FLARE FORECAST
The sidc/STCE flare predictions refer to the full solar disk.

N\ l /7
iIssued: 2823 Jun 91 1231 UTC - -
:Product: documentation at htto://www.sidc.be/productssmeu
- -—— —————— * V4 \
# DAILY BULLETIN CN SOLAR AND GEOMAGNETIC ACTIVITY frum Lhe SIDC X |
# (HwWC Belgzum; »

SIDC URSIGRAM 39561

SIDC SOLAR BULLETIN 91 Jua 2223, 1230UT
SINC_FORFCAST

SOLAR FLARES

i M=C

lass flares expected {probability == 5u3) |
SOLAR PROTCNS : Quiel .
FRECLCTZONS FOR 91 Jun 28023 10CH FLUX: 102 7 APD 013
FRFLTCTTONS FOR 22 Jun 2023 1GCH FLIX: 162 / A%: Q19
FRECICTIONS FOR 23 Jun 2023 18CH FLUV: *£2 J 2D. OQT

Salar Acl iwe Reg ons and Maring: T
<he sclar disk. IThe newly numbered M
cver tae east Limk) is tha one produ
including Lhe Targest flare of Lhe o No forecast
an 31 Nay. NOAA AR 3315 and 3319 are

acrivity. Kare H-clase flares ran be - Quiet conditions (<50% probability of C-class flares)

poss_ble,

Carcnal mass o jechians: No Farth-dirn C-Class flares expected' (pfObab“i'y >:50%)
were detected in the past 24 hours.

Corcnal holes: A posilive polarily o J M‘CIaSS 'lares expeCted (prObabiIity >=50%)
crossed the central merzdian o1 29 Ni

strear ray arrive ta the Farth in 1 Xoglass flares expected (probability >=50%)

Salar wind: The Farth ic inside slow Proton flares expected (proton flares expected, probability >=50%)

has started to increase [curreatly a

magretic field arcund 7 nT. In the % \Warning condition (activity levels expected to increase, but no numeric forecast given)

e arrival af the high soeed s)ream
corcnal hole 1n the southern hemispmw -
17 latitude, so we dond€™t expact a strong effect of the fest solar wird).

Ganmanaetiam: The geanagnatic randitions aver tae past 24 haurs reaches
arlive levels (K_Belglum and Ko up Lo 4). Nore aclive Lo minor =tlerm
parinds can ba expacted for the next 24 hours.

Froton *lux “avels: Over the past 24 hours tThe j-eate- Than 19 MeV GOES
proton “Tux was al noninal Tevels and s expected lo rema o sooin the next
24 hours.

Electron tluxas at GeED: Iae y-2ater than 2 MeV 2lectron flux was below the
1302 pfu threshald aver Tae past 24 hours and 15 expected Ta remain o 1n
e next 24 hours. The 247 electron fluence wa: at normal levels and is
expectad te remailn at no~mal Lavels over the next 24 hours.

TODAY'S ESTIMATED ISN : 147, 3ASED ON 15 STATIONS.



X-RAY FLUX NOW

https://www.swpc.noaa.gov/products/goes-x-ray-flux

GOES
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https://www.swpc.noaa.gov/products/goes-x-ray-flux




Continuous radial outflow of plasma

Shapes a magnetic field.

Transients - disturbances
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Transients

High Speed Streams (HSSs)

And

Co-rotating Interaction
Regions (CIRs)




Transients

Coronal Mass Ejections
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Trigger the strongest geomagnetic storms

<I|/day during solar min, ~ 3 during solar max
V between 400 and 2000 km/s

Travel time typically 2-4 days ._
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Solar wind meets Earth

Geoeffectivity




RECONNECTION

The magnetic field carried by the solar wind can couple with the magnetic
field of Earth. This coupling is stronger when the solar wind magnetic field is

opposite to the magnetic field of Earth.
(@




RECONNECTION

The magnetic field carried by the solar wind can couple with the magnetic
field of Earth. This coupling is stronger when the solar wind magnetic field is

opposite to the magnetic field of Earth.




GEOMAGNETIC STORM

The effect of a geomagnetic storm depends on how strong the geomagnetic field is disturbed. This
is described by an index Kp. This is an index that describes the conditions of the geomagnetic field
at planetary level.

Fstimated Planetary K index (3 hour data)
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GEOMAGNETISM

A K-index can be translated in an equivalent a-index value. The average of the a-indices over a day is
called the A-index. Since K-index values are interpreted locally, the computed A-index is also local.

iIssued: 2823 Jun 91 1231 UTC
:Product: documentation at htto://www.sidc.be/productssmeu

- - ——— ———— —————
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# DAILY BULLETIN CN SOLAR AND GEOMAGNETIC ACTIVITY frum Lhe SIDC A
# (HwWC Belgzum; »

S1DC URSLIGRAM 349bE1
SIDC SOLAR BULLETIN 91 Jun 2223, 123007
STDC FORFCAST
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FLAR
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<he sclar disk., IThe newly numb —
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an 31 Nay. NOAA AR 3315 and 33
artivity. Mora H-class flares

possibile. No forecast

Corcnal mass e jeclians: No Far

ware detected in the past 24 h Quiet (A<20 and K<4)

Corcnal holes: A posilive pola

crossed the central mer:zdian o v ACtive conditions GXDOCtGd (A>=20 or K=4)

strear ray arrive ta the Farth

Minor storm expected (A>=30 or K=5)

Salar wind: Tae Farth i inad

B e artetely Lncredse [t Moderate (ISES: Major) magstorm expected (A>=50 or K=6)

e arrival af the high soeed
corcnal hole 1n the southern h

1n latitude, so we dondewt exp Major (ISES: Severe) magstorm expected (A>=100 or K>=7)

Ganmagnetism: The geonagnetic Warning condition (activity levels expected to increase, but no numeric forecast given)

aclive levels (K_Belglium and K
parinds can be expacted for tho cac 2w wa 5.

Froton *lux “avels: Over the past 24 hours The g-eate-~ Than 19 Me) GOES
proton “Tux was al noninal Tevels and s expected lo rema o sooin the next
24 hours.

Electron fluxas at GtD: Iae g-2ater than 2 MeV a2lectron flux was below the
1302 pfu threshald aver Tae past 224 hours and 15 expected Ta reanin <o 1in
<he next 24 hours. The 241 electron fluence wa: at normal levels and is
expectad te remailn at no~mal Lavels over the next 24 hours.

TODAY'S ESTIMATED ISN : 147, 3ASED ON 15 STATIONS.
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GEOMAGNETIC STORM DESCRIBED BY KP .@. @

Fstimated Planetary K index (3 hour data)
Begin: Wed, 03 May 2023 00:00:00 CMT
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GEOMAGNETIC STORM - KP INDEX NOW

https://www.swpc.noaa.gov/products/planetary-k-index
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http://pecasus.stce.be/dashboards/pecaDashboard_HF.php
https://www.swpc.noaa.gov/products/planetary-k-index




Solar energetic particles tollow magnetic tield lines.
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ENERGETIC PARTICLES IN THE NEAR-EARTH ENVIRONMENT

Galactic Cosmic Rays
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INTERPLANETARY MAGNETIC FIELD

An enormous amount of magnetic energy is stored in the Sun. The magnetic field is not
only contained in the interior of the Sun but is present every where in the heliosphere.







PROTON FLUX BY GOES
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Earth Radii
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SOLAR PROTON FLUX BY GOES

iIssued: 2823 Jun 91 1231 UTC
:Product: documentation at htto://www.sidc.be/productssmeu

w - — ———— —————

»
# DAILY BULLETIN CN SOLAR AND GEOMAGNETIC ACTIVITY frum Lhe SIDC A
# (HwWC Belgzum; »

S1DC URSLILRAM 349Du1
SIDC SOLAR BULLETIN 91 Jun 2923, 1z30UT

STINC FORFCAST

S0LAR FLARES : M=class flares expected {probability == 5u3%)
CEOMACNFTTSM @ Active coaditians expected [A>=20 ar K=4)
SOLAR PROTCNS : Juiel

I FoUh: L0Z 7 AP: 013
FRFLTCTTONS FOR 22 Jun 2023 1GCH FLIX: TR / A2 Q19
FRECICTIONS FOR 23 Jun 2023 13CH FLUX: 1G2 /7 AP: 087

Salar Acl ive Reg ans and Maris
<he sclar disk. IThe newly numbs
cver tae east Limk) is tha one
including Lhe Targest Flare of
o1 31 May. NORA AR 3315 and 33! No forecast

artivity. Mora H-class flares o

poss_ble, V QUiet

Carcnal mass ejeclians: No Farl
were detected 10 tre past 24 b Proton event expected (10 pfu at >10 MeV)

Corcnal holes: A posilive pola

crossed the central merzdian oo Major proton event expected (100 pfu at >100 MeV)

strear ray arrive ta the Farth

Proton event in progress (>10 MeV)

Salar wind: Tae Farth {5 inode

has started to increase [curre 1 it i 1 1 1
maaretic tied sromds or ' Warning condition (activity levels expected to increase, but no numeric forecast given)
the arrival af the high Speed T T T

corcnal hole 1n the southern hemisphere (1t 1s locatec at 29 degrees scuth

17 latitude, so we dond€™t expact a strong effect of the fest solar wird).

Ganmanaetiam: The geanagnatic randitions aver tae past 24 haurs reaches
arlive levels (K_Belglum and Ko up Lo 4). Nore aclive Lo minor =tlerm
parinds can ba expacted for the next 24 hours.

Froton *lux “avels: Over the past 24 hours tThe j-eate- Than 19 MeV GOES
proton “Tux was al noninal Tevels and s expected lo rema o sooin the next
24 rours.

Electron tluxas at GeED: Iae y-2ater than 2 MeV 2lectron flux was below the
1302 pfu threshald aver Tae past 24 hours and 15 expected Ta remain o 1n
<he next 24 hours. The 241 electron fluence wa: at normal levels and is
expectad te remailn at no~mal Lavels over the next 24 hours.

TODAY'S ESTIMATED ISN : 147, 3ASED ON 15 STATIONS.



PROTON FLUX NOW

https://www.swpc.noaa.gov/products/goes-proton-flux
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https://www.swpc.noaa.gov/products/goes-proton-flux
http://pecasus.stce.be/dashboards/pecaDashboard_RADIATION.php

