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A growing risk

Space weather has existed since birth of the Earth:
advanced technologies create our vulnerability
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Space weather risk factors

System & threat
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Engineering matters!

Central to assessment of impact of space
weather environments - and to impact mitigation

LLOYD'S

'The ideal response to space weather risks is to build robust

systems that can operate through bad space weather conditions.
(1]
Its impact on Earth and
Y 4 INSIGHT implications for business
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Fast effects — solar flares

( Lowell Station YYYY DAY DDD HHMM P1 FFS S AXN PPS IGA PS

:u:xsows'ﬂs - chﬂtén iou Aug09 221 0710 MMM 1 015 200 10+ Al X_ ray ﬂaSh
SR B  Creates layer that
5.95 9507 : s .
SO absorbs HF radio
@ 2 o] . Blackout — aviation &
S o military comms
e  Need backup systems
hmF 1 1322 300_; .
B 250 « Patchy knowle_dge n
2300 users, e.g. omitted in
150 contract metrics!
10042 « Also extra ionisation:
60

T | T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 affeCtS GPS
D 100 200 400 600 800 1000 1500 3000 [km]
MUF 5.8 5.9 6.1 6.5 7.1 8.0 10.6 17.1 [MHz]

.
L052_2011221071000. MMM / 280Fx128h 50 kHz 5.0 km / DPS-1 RLO52 052 / 51.6 N 358.7 E Ion2Png v. 1.3.03 [ Speed_Of_I |g ht SO IOOk

X6.9 flare at 08:05 for pre-cursors

© 2011 RAL Space



RAL Space™
Fast effects — particles

« Energetic (> MeV) ions penetrate
spacecraft electronics
— Single event effects: bit flips, latch-up, ..
— Need redundancy & hardening
— Nowecasts valuable to operators

* Travel to Earth in tens of minutes
— So again look for pre-cursors

* Create atmospheric neutrons

« Critical for avionics

« Also ground-based electronics:
« chip vendors keen to warn designers
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The main event — plasma

STEREO-A/SECCHI CMEs, CIRs, etc

2011-06-06 00:00UT « Solar wind carries
energy to Earth

 Magstorms, rad belt
enhancements

* Prompt impacts on
many systems: power,
GPS, spacecraft,
exploration & survey

« Can harden systems

* 1-4 days travel,so can
see them coming

* Procedural measures
iIncrease resilience
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Wear and Tear
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Space weather also causes cumulative damage

> MeV particles : ; T :
. 140 - _p~ methane =

 damage chip structures, also £ | " -
rad risk to humans (dose) . - Ha\ ¥ S s 13

i A :

;
-‘"F / —
- <
.

Magstorms
« gradual loss of insulation in

*,L /I M hydrogen q
power transformers (right) _ ;j,...w ,M.Hethane 3
 pipeline corrosion

. 1 - 0 [ L N I . i A
Spalclecraf.t Orblt Changes. 1 Sep 03 10ct 03 1 Nov 03 1Dec 03 31 Dec 03
collision risk & decay

(=2}
o

dissolved gas concentration (ppm)
S
1

N
o

3
e A

-4

Thomson & Wild, 2010: cumulative
damage to transformer in S Africa

© 2011 RAL Space



_—

11 (137?) year cycle
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200
Space Weather has seasons,
but over 11 years, > staff and
technology timescales
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Long-term — particle
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events:
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Long-term — magstorms:
From ground magnetometers

Pre-1980 telegraph and telephone systems suffered from space
weather electric currents

— Much reduced with switch to optical fibre
Historical proxies for impacts on power grids

Many examples of space weather problems from 1848 on
— Lines How to establish 1-in-200 year risk?
— Carrin  Need to look at history of dB/dt

— Many For NW Europe: 1000-6000 nT/min 921,
N 1938, (Thomson et al, 2011)
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Amplifying the threat

- interconnectivity

—
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+ Space weather affects ks
— Power — THE fundamenta
wate r/SGWG rage, retail fing Global Navigation Space Systems:

reliance and vulnerabilities

e.g. RAoE report
publlshed 38 March

New RAoE SpW
study proposed

— Growing attention to hume
operation of infrastructure
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shut down Brit

The national
grid is being
reinforced
against a
looming solar
storm, writes
Marie Woolf

MINISTERS azg
invoke em

sve surge of energy from
the sun could hit the Earth
within the next 18 months. Ina
worst-case scenario, it could
blow out the national grid and
leave parts of the country
without electricity for months.

The most extreme form of
solar storm could knock out
computers and the bankin,
system, throw satellites off
course and disrupt GPS tech-
nology.

Scientists have warned that

ts of charged particles
ted into space

Huhne said: “The latest scien-

tific research raises the possi-

bility of a severe event with the
potential to hit many parts of
the grid simultaneously.

“That is why the Department
of Energy and Climate Change
is working with the national
grid and experts from the UK
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@5 are caused by massive

ragnetic storms within the sun

o, generating
wrges in power line
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Other effects

them at lower altitudes to
reduce exposure to radiation.

The emission of billions of
charged particles towards the
Earth would also cause red,
green and purple auroras — usu-
ally only seen at the Earth’s
poles — around the globe.

The first recorded solar flare,

Astronauts
at risk from
radiation

Currents can
wreck transformers s
in electricity substations

Earth

» 93m miles )

Auroras
get
brighter

Communication
satellites
disabled

spacecraft into different orbits,
causing ground controllers at
Nasa to lose contact with them.

Experts are issuing warnings
about a class five storm, on a
par with the 1859 event, may
hit the Earth in 2012/13 as the
sun reaches an active stage in
its cycle.
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Long-term particle trends

« Be'%inice cores is
proxy for cosmic ray/
solar activity

« Have 9000 years data

« Can project forward
using statistics
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Business interest
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* Insurance industry
— Major commercial sector
— Now well engaged with SpW effects on spacecraft
— Wants to look at ground & aviation effects
— Strong links to environmental science

« Business continuity/emergency planning
— Strong private-public sector, growing interest in SpW

 End user sectors
— Some good sectors: power, location & timing, exploration
— Others patchy: aviation, satcom,
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