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‘The sun is about 100 earth’s across.
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There are temporal ¢
the sun’s radio and EU

(100 — 1000x)

The sun sheds portions of it
atmosphere

These are due to interactions
between the sun’s magnetic
field and its outer convecting
layer of plasma.
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| THREE VA F SPACE WEATHER

“SPACE TORN
FLARES: photon
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“SPACE WEATHER” _
SOLAR WIND: thermal plasma, energetic eléctrons

We have limited forecasting ability that is dependent
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on the nature of the particular event e




‘When the sun sheds
atmosphere, the magnetic
field goes with it

This canmodify earth’s
magnetic field
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Space Weather Effects Summary

Flares (warning time is zero; 10 min to 2 days)

EUV swells the atmosphere — increased drag, space situational awareness
Ionospheric effects can hamper or deny communications and navigation signals
Radio noise can jam GPS

Radiation can damage or destroy satellite electronics and solar cells

CMESs (warning time is 1.5 to 4 days)

Induced currents can cause blackouts, enhance pipeline corrosion

Radiation can damage or destroy satellite electronics, solar cells

Solar Wind (warning time is an hour to a month)

Radiation can damage or destroy satellite electronics, solar cells

Solar events have not increased in strength or ferocity;
We’ve increased our reliance upon vulnerable systems




Ionosphere 1s Impacted from Space and
from the Atmosphere
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Annual Traffic Per Carrier in Jan - Aug 2007
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Impacts on Communication on the
Dayside Hemisphere and Polar Regions

2011 March 7 20 UTC

X-Ray Flares create HF radio
communication outages over the
daylight region

Energetic Particles create HF Radio
communication outages and
Increased radiation at high latitudes

HF Communication is critical for:
- Commercial Airlines
- Humanitarian Operations
- Numerous other applications

Highest Frequency Affected by 1dB Absorption Estimated Recovery Time
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)’ ‘ Solar Energetlc Particle
Access to Earth

n ® ' Free Access

Free Access




n Geostationary Solar Radiatic
Orbit

Commercial Communications Satellites ) . S A
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Electron Environment and Spacecraft Charging

Magnetospheric Specification Model, Rice University

Radiation belt electrons: > 500 keV  Deep dielectric charging
Ring current electrons: <500 keV  Surface charging

Radiation belt dynamics: diffusion and magnetic drifts
Ring current dynamics: electric and magnetic drifts




Deep-Dielec
ult in Electrical Disch
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Spacecraft Bnd}r; |; Electron

Low-energy electrons “stick™
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High-energy electrons penetra
Space T - satellite and can get embeddec
insulating materials.
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ately 53% of Earth and Space science m
pacted (NASA/GSFC)

S include:

yssey Probe :

isotropy Probe:

Spacecraft entered safe mode; MARIE instrumen

Spacecraft entered safe mode

Three auto shut-downs of engines in lunar transf
Entered idle mode due to excessive star tracke
Star tracker resets

Star tracker unusable — relied on gyroscop

Total loss




Fast Coronal Mass Ejections:
Carry magnetic field to the earth, produce radiation

View from above
plane of Earth’s

b orbit

Coronal Mass Ejection




Moving magnetic field induces electrical currents
(Faraday’s-Law) -

p ut transformers |

5 l.1- o -: & :." _..lfﬁ- ~1 WE

Extremely hrgh Voltage transformers are

partlcularly Vulnerable and dlfflcult to repléce




Prediction and mitigatio.n-requires both space-
- based and global terrestrial instrumentation
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Thls JOb 1S too big for any one e nation: -
Internatlonal Cooperatlon is Requlred




