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Space Weather

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




THE SUN AS A BALL OF ENERGY
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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.




Magnetism drives the sun’s dynamics



PROBA2/SWAP



Royal Observatory of Belgium — SIDC
Observation date : 12/03/2025 Time of the day (UTC): 09:37:38
Instrument : USET_White_Light Exposure time: 0.001669



MAGNETIC RECONNECTION
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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).




z
O
_l
O
LLl
Z
Z
O
&
LL]
o
-2
T
LL]
z
O
<
=

x ity




SOLAR SEASONS \é)/
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.

CORONA SOLAR WIND

"™\, PROBA2/SWAP




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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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 & STEREO daily CME rate (50-day running average)
8 T T 4 T T Y T
SA&T'ﬂZ QE%LA Eheoad/SECCHI i
CACTus STEREO Behind/SECCHI
CDAW SOHO/LASCO .l
O 6 = —
8% A ]
9 [ « { -
..—_l a-; I \t\ t -
S & 44— Wg '1 H q‘l y w‘}
- 0 1 |
m u-' “ \ \ L] T J ¥
€2 [ M 1R v w ( Wy ]
= : 1 /N
S i} YU
E \f | \/\'/\M W :
0 [ " J 1 g s = %, 8 1 " " 1 v N - WL i
b SIDC daily hemispheric sunspot number (50 day' rupnlng gve'rage) o '
L B T d
& 150 — Northom hemisphero :
‘g o Southern hemisphere B
£ K
C = 4
2 100 |- —
@ L J
> — -
» I -
= C
S 50
o 9
9 —
& E
0
GOES & RHESSI dalily flare rate (50-day running average)
c 30mmMm™mMmm™mm™m™m™M8™m ™ 7T T T T T T T T -
" | @ GOES north =
25 ~ | ® GOES south =]
= RHESSI north -1
T ~ | ® RHESSI south N 3
Q
P2 20F —
o S E ; ﬂ .
e F | (WIE
® = | -
S o r =
9 o 1.0 [ ‘ r‘ A | A
KT} = { I ik
™ - ol ’ ‘{ | et l i A !
05— A Y
Enn A ‘ L LA g :
oo M MY L P AT TR A ]
1996 1998 2000 2002 2004 2006 2008 2010 2012

Time (years)




# of Daily Occurrences

l

4
e
g F
3 oy

‘III||IIII‘IIIIIIIII‘IIIlllllI‘I|IIIIIII‘IIII|IIII‘IIII

N
s

|!.

0
1997 1998 1999

2000 2001

" !
i “w “, i
[
! ! R “H
‘ i Loy \‘ !
i ! E |
i i “f"‘"‘\_ |
l it LY,
I T
I‘ ‘ : J1E Y
! "'J‘ ' \! ‘f] H %
| l | f i :i ¥
1L !1 | ; P \“,i; | t hY

i \l]Jf

il 3 Ly

IIIIIIII|IIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII]IIIIIIIIIlllIIIIIIIIIIIlIIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII]IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII|IIIIIIIIIII]IIIIIIIIIII

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

16

e

----- @AG bt

LASC@[C Bs T

M[CME$
N“ b 5"

w‘

i 11

200

150

100

50

0
2023 2024

Sunspot Number Ri



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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SOLAR WEATHER & STORMS -O-







A flare is a light tlash near an active region. A volume of plasma _‘O_
is suddenly heated and therefore lights up. B

www.helioviewer.org (ﬁv)

AlA 131 2014-02-25 00:10:08



AU TRANSIT TIME @}

The energy released during a solar storm moves through space,
each with its own typical speed: speed of light, ....
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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, ...
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STORM SCALE

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

STORM SCALE

GOES X-Ray Flux (1-minute data)
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https://www.swpc.noaa.gov/products/goes-x-ray-flux

DURATION

GOES X-Ray Flux (1-minute data)
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AREA OF IMPACT
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AREA OF IMPACT
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SOLAR WEATHER & STORMS
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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,....
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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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STORM SCALE - GEOMAGNETIC STORM







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.
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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.

» ; @

=4




STORM SCALE

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

Estimated Planetary K index (3 hour data)
Begin: Wed, 03 May 2023 00:00:00 GMT
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DURATION
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AREA OF IMPACT
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SOLAR WEATHER & STORMS -O_
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©

Solar energetic particles tollow magnetic tield lines.
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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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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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STORM SCALE

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

GOES Proton Flux (5-minute data)
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GOES Proton Flux (5-minute data)
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OVERVIEW




