Disturbed Space weather

Causes Coronal Mass Ejections
Arrival  |Immediately (8 min) 15 min to a few hours 20 to 72+ hours 2 to 4 days
NOAA =cal R1 (minor) => R5 (extreme) |S1 (minor) => 55 (extreme) G1 (minor) => G5 (extreme)
>¢4'€* R = Radio Blackout S = Solar Radiation Storm G = Geomagnetic Storm
Parameter |M1 =>> X20 Pfu (>10MeV): 10 => 105 Kp=5=>Kp=9
Duration |Minutes to hours Hours to days Days
Protection |Ea@rth’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)
"G Radar interference Astronauts & Airplanes Aurora
qd_) (Radiation Dose)
Hu] Navigation & Airplanes Communication/Navigation Communication/Navigation

(GPS, radar)

Ground Level Enhancement

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




Storm Type Travel time Physical Impact Technological Impact

Geo-magnetic 18-96h - Geomagnetic induced - Power grid outages, etc
currents - GNSS, HF comms
- increased ionisation in . Satellite and other hardware damage (eqg surface charging)
ionosphere - Satellite orbits (drag, collision risk)
- heating in the - HF comms
thermosphere

Charged - increased radiation levels - Radiation health hazard (astronauts, aircrew)
particles - damage to sensitive - Satellite heating and instrument noise, avionics, digital chips
electronics increased - as above - HF comms out for up to few days in polar regions
- ionisation in ionosphere

Solar flares - HF radio signal interference | - HF comms (~mins-hrs, sunlit side)
- heating in the - As above
thermosphere




ANNEX D: Solar phenomena and their impacts

Solar . n :
: minutes NEWGHETENEEE minutes Solar energetic High-speed
Sun electromagnetic ejection particle event solar wind

bursts
lJ minuies Ll days minutes/hours days
!

Earth Sdafmdo MHQ[‘.Q[]C : FEnhanced
noise X-ray fare storm Ra:oahmm outer rad belt
I i T
Effect Wireless Radio lonospheric i lonosphere Singleevent  Polarradio  Radiation  Solar array Spacecraft
ec interference  absorption storm scintillation effects absorption dose damage charging
System HF Sat ops: HF Sat ops:
: -~ GPS ™~ - - ~ Aircrew = :
Impact Comms control Comms power
~ Avionics - Passengers
~ Mobiles?
- 'g. '
systems
Railway

signals



Galactic

Cosmic
Rays,
Surface and

Interior o Micrometeoroids

Charging

Magnetic
Attitude Control

lonosphere Currents )

S 4
A
/';”
,/ Radio
' Wave
i Disturbance

)
GPS Station

Earth Currents

g
Computer and Memory S
Upsets and Failures ’ s
5 7
‘ / Astronaut
3 Safety
,9' Solar Flare

Protons

Solar Cell
Damage

Atmospheric Drag

Plasma Bubble

,:bgl.lr.’ 3

Y : . Rainfall
’ - ‘ Water Vapor

Airline Passenger Radiation

&

- Signal
[ scintitation

(I
TAVE YA,

Electric Grid
Disruption

Telecommunication Cable Disruption
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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.
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= |_ Coronal mass ejections Solar winds
- These slow-moving “space Streams of gas particles
hurricanes” occur when the sun and magnetic clouds

ejects part of its outer pour from the sun’s
atmosphere. surface in all directions.

Vulnerable to space weather

Satellites and GPS devices Oil pipelines
Aircraft
Radiation storms can befuddle Aboveground pipelines can communications
satellites, delaying or garbling conduct stray currents and Transmissions that depend on
radio waves and mucking up become corroded. Alaska's lines lvehEancncr redib
sensitive electronic controls. are vulnerable because they're oy weaes
R B become unreliable, especially
near the North Pole.
International space Power grid Water supply
station Power lines can conduct currents Because water processing and
No humans are closer — that develop in the ionosphere. distribution depend so heavily
therefore more vulnerable — to The grid is so interconnected that on electricity, a major loss of
space radiation than residents a few blown transformers can power would affect water
of the space station. cripple a large area. delivery within days.

Sun and Earth are shown to approximate scale, but distance is not to scale.



