Space Weather

Many Factors, Many Forecasts

Jon Mound, 11th April, 2022

Space Weather A Science View
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Space Weather

A Societal View

Many phenomena
Many systems
Space
Atmosphere

Ground-level & sub-

surface . .

Complex Interactions

geomagnetic storm

“Unfortunately, the satellites deployed
on Thursday were significantly
impacted by a geomagnetic storm on
Friday”

“up to 40 of the satellites will reenter
or already have reentered the Earth’s
atmosphere”
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Space Weather Forecasts for Science & Society
Space Weather Impacts

e Likelihood of events?

e Severity of impact?

Space Weather Forecasts for Space Weather Impacts

 What will the Sun do?
* What will the solar wind do?

* What will the magnetosphere &
ionosphere do?

* How will infrastructure react?

* How will the influence of Earth's
magnetic field change?

* What are the likely events?

* What are the most extreme yet plausible
events?




Space Weather

Studying the Science and Societal Impacts
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mass ejection . prominence

The Sun

A Source of Space Weather

Sunspots
Sunspots

Filaments
Flares
Coronal holes
Prominences

Coronal mass ejections

Coronal hole Solar flare
PTS esa




Coronal - Erupting
mass ejection prominence

The Sun

A Source of Space Weather

* EM radiation
Sunspots
» Visible & UV light
» X-rays
» Radio waves
* Charged particles (v = 100's km/s)
» electrons
» protons

» alpha particles

* Magnetic field

Coronal hole Solar flare
(UtTS esa

The Sun “Today”

Visible Light

The Solar Dynamics Observatory
(SDO) mission

Data from the Helioseismic and
Magnetic Imager (HMI)

617.3 nanometre (red light from Fe
spectral line)

View of “the surface”




The Sun “Today”

Visible Light

The Solar Dynamics Observatory
(SDO) mission

Data from the Helioseismic and
Magnetic Imager (HMI)

Helioseismology => doppler shift
gives velocity

View of waves on “the surface”
and solar convection

The Sun “Today”

Visible Light

The Solar Dynamics
Observatory (SDO) mission

Data from the Helioseismic
and Magnetic Imager (HMI)

Helioseismology => doppler
shift gives velocity

View of waves on “the
surface” and solar convection




The Sun “Today”

Magnetic Field

* The Solar Dynamics Observatory
(SDO) mission

¢ Data from the Helioseismic and
Magnetic Imager (HMI)

Magnetic Imager => spectral
splitting due to presence of
magnetic fields

View of the magnetic field at “the
surface”

The Sun “Today”

UV Light

The Solar Dynamics Observatory
(SDO) mission

Data from the Atmospheric Imaging
Assembly (AIA)

19.3 nanometres '
~1.2 million K

Higher T = higher in the solar

atmosphere
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The Sun “Today”

A Source of Space Weather

The SOlar and Heliospheric
Observatory (SOHO) mission

Data from the Large Angle and
Spectrometric COronagraph
(LASCO) instrument

Disk to block the sun (white circle)
to see what's happening nearby

Close view

NASA 2022,/03/19 00:00

The Sun “Today”

A Source of Space Weather

The SOlar and Heliospheric
Observatory (SOHO) mission

Data from the Large Angle and
Spectrometric COronagraph
(LASCO) instrument

Disk to block the sun (white circle)
to see what’s happening nearby

Steady streams and occasional
bursts

NASA 2022/03/19 00:06




The Sun “Today” The 2003 Halloween Storm

2003 Oct 25 00:00:12

The Sun “Today” The 2003 Halloween Storm
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The Sun “Today” The 2003 Halloween Storm

032708/ 1254

2003 Oct 25 00:00:12

The Sun “Today”

A Source of Space Weather

Different views for different
features

Each one is complex and dynamic

The solar magnetic field plays a key
role

Interactions between different
features




Space Weather Forecasts * What will the sun do?
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Space Weather Forecasts * What will the solar wind do?

EUHFORIA (Earth) - 2022-04-04T14:03:26
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A Societal View
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Many systems
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Space Weather Impacts: Satellites

e Solar wind disrupts satellite
operations

T




Space Weather Impacts: Satellites

» Earth’s magnetic field helps to
shield satellites from the solar wind
(except where it doesn’t)

Space Weather Impacts:

Geomagnetically Induced Currents

* Charge particles of the solar wind distort Earth’s
magnetic field

» Rapid changes in the magnetic field induce electric
currents in the ground

e Can disrupt power grids (e.g. Quebec Blackout
13/03/1989)
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Space Weather Impacts:

Geomagnetically Induced Currents
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* Rapid changes in the magnetic field induce electric |
currents in the ground A . L.-,,\.,.J,'f,W,«Ly\.uﬁ.‘),.‘ s\t

/\ British
BGS, Geological
-~ Survey

160 320 640
eh30 (nT/min)

Nrorth_ po!e
Space Weather: Aurora '

e Earth’s magnetic field influences where
aurora occur




Space Weather

Some Resources

ESA space weather service

S ve.ssa.esa.int/current-
weather
NOAA space weather prediction centre
https://www.swpc.noaa.gov/
BGS geomagnetism group
http://www.geomag.bgs.ac.uk/
Met Office space weather
https://www.metoffice.gov.uk/weather/spec

jalist-forecasts/space-weath




