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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

September 2, 1859, disruption of telegraph serwce
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

The best-known example of space weather events is the
collapse of the Hydro-Québec power network on March 13,
1989 due to geomagnetically induced currents. This was started
by a transformer failure, which led to a general blackout, which

lasted more than 9 hours and affected 6 million people. The
geomagnetic storm causing this event was itself the result of a

Coronal Mass Ejection, ejected from the Sun on March 9, 1989.
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

A geomagnetic storm on January 20, 1994 temporarily knocked
out two Canadian communications satellites, Aniks E1 and E2
and the international communication satellite Intelsat K.

A Coronal Mass Ejection on January 7, 1997 hit the Earth‘s
magnetosphere on January 10 and caused the loss of the AT&T
Telstar 401 communication satellite (a $200 million value).
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

Transpolar routes flown by airplanes are particularly sensitive to
space weather, in part because of Federal Aviation Regulations
requiring reliable communication over the entire flight. It is
estimated to cost about $100,000 each time such a flight is
diverted from a polar route. Nine airlines are currently operating
polar routes. Receiver Autonomous Integrity Monitoring
technology can help planes get accurate GPS signals even when
some satellite signals are experiencing interference.
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

No large Solar Energetic Particles events have happened during
a manned mission. However, such a large event happened on
August 7, 1972, between the Apollo 16 and Apollo 17 lunar

missions. The dose of particles which would have hit an
astronaut outside of earth’s protective magnetic field, had this
event happened during one of these missions, would have been

deadly or at least life-threatening.

#EPAB RIS EARZ AR K IGEUSFRES

=)

S8eNF

matvscix, MBFEL L, PNKE16RM75REH
PRt SN 8, B E B —RREIIKEGSHENL

¥E4, EEBKREREBPMEANKIEZSEN T2

F, EefENEs, EUEKRZASHESLEE

EB B’J/-— 0_01 ;“Eﬁg-::

‘. RR7B&=So0




Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

Nozomi Mars Probe was hit by a large Solar Energetic Particles
event on April 21, 2002, which caused large-scale failure. The
mission, which was already about 3 years behind schedule, was
eventually abandoned in December 2003.
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Eruptions on the Sun can lead to severe
space weather.
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Cause of eruptions on the solar
surface
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Prominence eruption BIEES
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Filaments
magnetic field
and coronal
loop
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Coronal Mass Ejection (CME) can be
triggered by prominence/filament
eruptions.
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The prominence/filament eruption can
also lead to solar flare on the

photosphere.
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Filaments
next to
sunspots
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Two-ribbon flare
White light images  White light images during
before solar flare: solar flare: An example of
A group of sunspots two-ribbon flare

) UT

KZRIE 0] EESREF BIIREIE AN ZE M0 _EBVRF IR AlERES |

25



IS8 P
3 NN
Pk, _JIX

_—'—L\b

%ﬂ? )
_liE_ _L/&'.
HE M;SZ
(QDFRHNHR
X G9#R. 100
HHHR)

)<i||| %‘F

10 T T
e I visioe | '

= X Ray , Ultraviolet _ § Infrared . Radio
L] L T Ll

5785 K
Black Body

Spectral Radiance (Watts m? Micron™)
S
|

10.10—
| N |

1 1
10.9 107 105 103
Wavelength (Meters)



RERH (O6RELSEERLF)
HAFBHGE
NERIEPTESL S EEF EFHRE L

2\ ]
B
EEKE, ZRIEBASHFE LVERSS. 5
2 ES"‘ ==

EXZAN, TELEERHEESFEE.

il

il

ml'll

=S EQ?F”‘EEI/‘J
BHYARZSEA, W

RARINE LS

%@,A%%%ﬂ?%
GPSEIKEMIRFE, H
S |

[ —




1998/01/26

) =




SE2EHEMCME

Coronal Mass Ejections can also be
triggered by comet impacts!
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1535069 B IHERY
1722 aYEE(Magnetic Cloud),
ﬁ&é’f’.—'ﬁuﬁ FEAE—BEHNER (Shock Wave)

Figure 1. Idealized view of a magnetic cloud with a relaxed force-
free field, given by Lundquist [1950]. ’
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KW ERPAE A E R IY+ Estimate shock traveling time:
B A/ \EFRERER, o SR 1AU = 8.3 min x 300,000 km/s
Bk FOER, If Vshock = 800~1000 km/s

then Traveling time =1AU/Vshock
=50~40hrs
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Background Region-| current sysiem

Substorm Region-I
current system
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Space Climate has a cycle of 11 years
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DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT POSITIONS IN EQUAL AREA LATITUDE STRIPS
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Filaments
can be
found in the
high latitude
region.
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Distributions of Solar Corona and

Coronal Hole on the Solar Disk
Skylab (1973) Hard-X ray image
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Ulysses observation of solar wind speed(1991-1998)
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High speed solar wind comes from coronal hole.
Slow solar wind comes from corona region.
Coronal hole extended to the low latitude region,
during the raising phase and declining phase of
solar cycle, can also lead to severe space

weather.
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Fig. 3 Top curve is the cosmic-ray flux from the neutron monitor in Climax, Colorado (1953 - 1996).

Middle curve is annual mean variation in cosmic-ray flux as measured by ionization chambers (1937 -

1994). Bottom curve is the relative sunspot number. Even though there is a clear solar cycle modulation of 58
the cosmic-ray flux, the amplitudes are not well correlated.
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Figure 1. Idealized view of a magnetic cloud with a relaxed fo612'cc-
free field, given by Lundquist [1950].
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The greenish color of the aurora comes from atomic oxygen
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What do plants do?
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Fomalhaut b Planet

Fomalhaut System
Hubble Space Telescope + ACS/HRC

NASA, ESA, and P. Kalas (University of California, Berkeley) STScl-PRC08-33a
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