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Introduction
SPACE WEATHER
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Space Weather 
The Sun’s energy impacting earth’s atmosphere and magnetic shield.



3

LIGHT

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.

S U N ’ S  E N E R G Y
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E.M. WAVES

The emitted energy creates a space climate that has 2 seasons: a more active 
and a less active. This seasonal variation is called the solar cycle and takes 
around 11 years. 

S PA C E  C L I M AT E

SOLAR WIND SOLAR PARTICLES

PROBA2/SWAP



SWIC 2019 – collaboration between STCE, Koninklijke luchtmacht and KNMI
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Image: Siberia 20080801 
J.M.P., W. G. Wagner and H. Druckmüllerová

I N T E R P L A N E TA R Y  M A G N E T I C  F I E L D

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.
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continuous radial outflow of plasma 

shapes the interplanetary magnetic field. 

Can carry magnetic structures

SOLAR WIND
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Solar energetic particles are guided by the IMF.

SOLAR PARTICLES
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S O L A R  S T O R M S
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).

FLARE
CORONAL MASS 

EJECTION
CORONAL HOLE

PARTICLE STORM
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FLARE
CORONAL MASS 

EJECTION
CORONAL HOLE

PARTICLE STORM

SDO/AIA SOHO/LASCO SOHO/LASCOSDO/AIA
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A U  T R A N S I T  T I M E

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.

8 MIN DAYS HOUR
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Radio blackout Geomagnetic storm Solar radiation storm

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. 
This impact is measured near or on Earth and results in 3 sorts of space weather storms. 

S PA C E  W E AT H E R
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Illuminated area Latitude
Latitude
Altitude

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.

A R E A  O F  I M PA C T
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Radio blackout Geomagnetic storm Solar radiation storm
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A flare is a light flash near an active region. A volume of plasma 
is suddenly heated and therefore lights up.

S O L A R  F L A R E S
Flare

SDO/AIA
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Flare
F L A R E  C AT E G O R I E S  &  S W  S C A L E S

A flare is identified by its x-ray flux. Flares are put into 
logaritmisch categories. GOES
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FlareN O A A  S PA C E  W E AT H E R  S C A L E S

The impact of a flare depends on the intensity  of the x-ray flux.



18

Flare
F L A R E  C AT E G O R I E S  &  S W  S C A L E S
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R3
R4
R5

M1 = C10

M5
X1 = M10

X10 = Y1
X20 = Y2

GOES
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Flare
X - R AY  F L U X  N O W

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

GOES

https://www.swpc.noaa.gov/products/goes-x-ray-flux
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Radio blackout Geomagnetic storm Solar radiation storm



A solar cloud hurling through space. Solar particles hit the 
coronagraph.

S O L A R  S T O R M S

SOHO/LASCO
SDO/AIA
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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.

R E C O N N E C T I O N
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G E O M A G N E T I C  S T O R M

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.
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N O A A  S PA C E  W E AT H E R  S C A L E S
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G1
G2
G3
G4
G5

G E O M A G N E T I C  S T O R M  D E S C R I B E D  B Y  K P
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G E O M A G N E T I C  S T O R M  -  K P  I N D E X  N O W

https://www.swpc.noaa.gov/products/planetary-k-index

http://pecasus.stce.be/dashboards/pecaDashboard_HF.php
https://www.swpc.noaa.gov/products/planetary-k-index
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Radio blackout Geomagnetic storm Solar radiation storm



PROTON FLUX BY GOES
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GOES
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N O A A  S PA C E  W E AT H E R  S C A L E S

The impact energetic particles depends on the flux of the stream of particles. 



PROTON FLUX BY GOES

31

S1

S2

S3

GOES



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

GOES

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

https://www.stce.be


34

GOES

GOES

SOHO/LASCO

SDO/AIA

SOHO/LASCO

OVERVIEW


