Causes

Disturbed Space weather

Coronal Mass Ejections

Arrival |Immediately (8 min) 15 min to a few hours 20 to 72+ hours 2 to 4 days
o R1 (minor) => R5 (extreme) |S1 (minor) => S5 (extreme) G1 (minor) => G5 (extreme)
$€@1€S 1R = Radio Blackout S = Solar Radiation Storm G = Geomagnetic Storm
Parameter |M1=>2>X20 Pfu (>10MeV): 10 => 105 Kp=5=>Kp=9
Duration |Minutes to hours Hours to days Days
Protection |Earth’s atmosphere Earth’s magnetic field Earth’s magnetic field
Radio communications Satellites Satellites
7)) (SID, short wave fadeout) |(SEE, solar arrays, ageing, star trackers) (Orientation, drag, charging)
"6' Radar interference Astronauts & Airplanes Aurora
(] (Radiation Dose)
E Navigation & Airplanes Communication/Navigation Communication/Navigation

(GPS, radar)

Ground Level Enhancement

Electrical Currents (GIC)
(Long conductors, power grids,
pipelines)




Storm Type

Geo-magnetic

18-96h - Geomagnetic induced
currents
- increased ionisation in
ionosphere
- heating in the
thermosphere

Charged
particles

- increased radiation levels

- damage to sensitive
electronics increased

- ionisation in ionosphere

8mins - HF radio signal interference
- heating in the
thermosphere

Solar flares

Physical Impact Technological Impact

- Power grid outages, etc

- GNSS, HF comms

- Satellite and other hardware damage (eg surface charging)
- Satellite orbits (drag, collision risk)

- HF comms

- Radiation health hazard (astronauts, aircrew)
- Satellite heating and instrument noise, avionics, digital chips

as above - HF comms out for up to few days in polar regions

- HF comms (~mins-hrs, sunlit side)
- As above

Image from MET Office

https://www.metoffice.gov.uk/weather/learn-about/space-weather/what-is-space-weather




ANNEX D: Solar phenomena and their impacts
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Image taken from a Policy Paper on the Space Weather Preparedness Strategy by the UK Department for Business, Innovation and Skills
https://www.gov.uk/government/publications/space-weather-preparedness-strategy




Potential Impacts of a Solar Storm on Earth
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Telecommunication Cable Disruption

From NASA: https://www.nasa.gov/mission pages/sunearth/news/gallery/aguli-spaceweather.html
And
The Flare Likelihood and Region Eruption Forecasting (FLARECAST) Project: Flare forecasting in the big data & machine learning era, Georgoulis et al., 2021




I__. Coronal mass ejections
These slow-moving “space
hurricanes” occur when the sun
ejects part of its outer
atmosphere.

to space

Satellites and GPS devices
Radiation storms can befuddle
satellites, delaying or garbling
radio waves and mucking up
sensitive electronic controls.

International space
station

No humans are closer —
therefore more vulnerable — to
space radiation than residents
of the space station.

Solar flares

These explosions on the sun'’s surface occur without
warning and can launch huge amounts of X-rays, other
radiation and particles into the ionosphere, the outer
edge of Earth’s atmosphere.

Solar winds
Streams of gas particles
and magnetic clo

pour from the sun’s
surface in all directions.

Oil pipelines
Aboveground pipelines can
conduct stray currents and
become corroded. Alaska’s lines
are vulnerable because they're
so near the North Pole.

Power grid

Power lines can conduct currents
that develop in the ionosphere.
The grid is so interconnected that
afew blown transformers can
cripple a large area.

Earth's magnetic field
Earth’s ialgmspﬁ‘em is least

Aircraft
communications
Transmissions that depend on
low-frequency radio waves
become unreliable, especially
near the North Pole.

Water supply

Because water processing and
distribution depend so heavily
on electricity, a major loss of
power would affect water
delivery within days.

https://www.washingtonpost.com/national/health-science/hows-the-weather-up-there/2012/01/23/gIQAWh7HLQ _graphic.html




