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The miracle of eclipses

Eclipse Corona Ang. 11,1999
Iran{IAP-CNRS)/ Lasco{SOHO)




Coronal mass ejections (CMEs)

Eclipses let the Sun appear
quiet. Wrong! It is highly
dynamic, with huge explosions:

CMEs and flares.

Unfom‘un
ately +h:
the eclipse 072/ 18@8 Svt:zze
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Flares: gigantic explosions in the Sun's atmosphere

Carringto T man who
happened in a flare and %
also to noti n with the
strong geom hours later. | =
Note wh her of space |

weather” noted at the'end of his report:

&

2000/07/1409:00:10

Flares and CMES are probably symptoms of a more basic
“maﬁic disease” of the sun.
.
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Coronal mass ejections (CMEs)

1996 /01/715 06:10:18 UT

%n 15, 1996, as seen by LASCO-C3 on SOHO

. o T
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Some CMEs are really spectacular!

2000/02/27 00:18

The . lightbul
observed ir‘br’ 0

by LASCO €3 on SOHO Agypten2006 -MPS’




Some CMEs are really spectacular!

Two small comets were evaporating
near the Sun.
A few hours later a huge ejection
occurred. Coincidence?
A unique observation by LASCO-C2.
Note the helical structure of the
prominence filaments!

: s.
1998/05/31 20:04 e
N

—
The ,thunder® of such explosions may literally

shkh-lhe whole heliosphere!
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A result: Geomagnetic storms!

Then on Earth the compass needles will tremble and

spec’raclﬁlarﬂqqml displays flascina’re observers:
Aurora!
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16 JUL 2000, 00:01

PJM Public Service
Step Up Transformer

Severe internal damage caused by Space “storms” may cause
the space storm of 13 March, 1988 not only spectacular

aurorae, but severe damage
to, e.g., power systems on
Earth!

Space Weather!
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Space weather: why should we care?
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The source of space weather: the active Sunl

2000/01/08 02:40:36

T — \
The .dctive" sun, seen in EUV by EIT on SOHO 4 gypten2006 - MPS"




The source of space weather: the active Sunl

-
The ,active" sun, seen in EUV by EIT on SOHO i
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The source of space weather: the active Sunl

&

2000,/05/05 00:42
L. "
The Jactive® sun, seen by LASCO-C3 on SOHqupfenZO%
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Effects from solar storms

Flares

—

ELECTROMAGNETIC

RADIATION
ARRIVAL: IMMEINATEL Y
DURATION: 1-2 HOURS

X-RAYS, EUV,
RADIO BURSTS

SATCOM INTERFERENCE
RADAR INTERFEREMCE
SHORTWAVE RADIO FADES

Le

CMEs/Flares
Y

HIGH ENERGY

PARTICLES
ARRIVAL: 15MIN TO FEW HOURS
DURATION: DAYS

PROTON EVENTS

SATELLITE DISORIENTATION
FALSE SENSOR READINGS
SPACECRAFT DAMAGE

LAUNCH PAYLOAD FAILURE

CMEs/Coronal Holes

""\

LOW-MEDIUM ENERGY
PARTICLES

ARRIVAL: 2-4 DAYS
DURATION: DAYS

GEOMAGNETIC STORMS

SPACECRAFT CHARGIMG & DRAG
SPACETRACK ERRORS

LAUNCH TRAJECTORY ERRORS
RADAR INTERFEREMCE

HIGH ALTITUDE AIRCRAFT RADIATION RADIO PROPAGATION AMOMALIES

SHORTWAVE RADIO FADES

POWER BLACKOUTS

the three branches w.r.t.

basic underst ion reliability, needs for the future.
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Visible light, EUV, X-rays, Gamma-rays
Physics: Unclear, but under intense study...
Arrival: usly

Duration: ours
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2000/07/14 09:00:10 4
Agypten2006 - MPS")




Effects:

Impacts:

Prediction

Needed:

Sudden heating of the Earth's upper atmosphere

1))

.Sigmoids

* Radio communications disturbed,
* Sudden satellite drag

ain

ental research for understanding basic
nism, source and amount of energy to be released,
*High time resolution optical observations of flare onset,
* Search for .. dormant volcanos” by MDI type

measurements and modelling.



Electrons, protons and other ions with energies
of few 100 MeV, at times several GeV
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Electrons, protons and other ions with energies
of few 100 MeV, at times several GeV

Physics: et still unclear, particle acceleration under intense study...

Arrival: inutes to 1 hour

Duration: to days

2000/07/14 03:42 .-




Effects: * Heating and ionization of the Earth's upper atmosphere,
* Electrification of the upper stratosphere.

Impacts: unications disturbed,
tellite surfaces, causing degradations,

tellite electronics,
€CD cameras in Earth orbit,

GPS NAVIGATION INTERFERENCE
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Enhanced radiation doses are a
o substantial risk for astronauts on
. # EVAs at the space station or on
# their way to the moon or to Mars.

Predic’rio:s.‘ Very'tincertain
Needed:

* Fundamental research for understanding basic mechanism,
* High*filme-resolution optical observations of flare onset,
MRadio observations, in continuous frequency ranges.
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Interplanetary shocks, magnetic clouds, plasma turbulence as
products of coronal mass ejections, all contributing to generate

Geomagnetic storms.

Physics: . CMEs unclear, but
under intense study.

* Propagation is being modelled,
empirical approaches under
development.

Arrival: af’reh to 5 days

Duration: ?c')'tlr's o ;a/s

2000/06/05 10:20° -°




Effects: * Sudden compression of the Earth's magnetosphere,
* Distortion and depletion of the radiation belts,
* Injection of plasma from magnetotail into polar
etosphere, thus causing aurorae,
netic storms,
of ionosphere and upper atmosphere.




What happens at Earth when
ejecta arrive?

.
! A B M S
"J'.j\!ﬂ! &'4 I | ML‘. U s o

static pressure -1
---- plus. rel. dyn. pressure—
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Impacts:

This image shows Earth as it would be seen from VIS, with an
image of the northern aurora superimposed on an image of the

Earth from March 25, 1996.

-

* Bright aurorae, even at low latitudes,

* Strong fluctuations of geomagnetic field,

* Radio communications disturbed,

* Sudden satellite drag due to heating of the upper
tmosphere,
Charge-up of satellite surfaces due to high fluxes of
nergetic electrons.
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Impacts: * Satellite damages from penetrating energetic particles,
* Satellite disorientation due to magnetic field distortion,
* GICs endangering power distribution nets, pipelines,
mmunication lines etc,
s on biological systems.

PJM Public Service
Step Up Transformer

Severe internal damage caused by

the space storm of 13 March, 1988

Magnetl-:: Fl.eld frorn ele-::trbjet
mduces vqltage potentlal op surface

GIC enters power svstem_.
through ground connections

VE:Itage Gradient
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Needed:

* On-line computer model of the heliosphere, continously
upda’red that allows to simulate CME ejections and pr‘opaga’rlon
in realistic and near-real-time way.

January 10 Log (M)
23455601

2. 718

== 1.69

II 0.62

Aurora
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Needed: * A dedicated spacecraft in front of Earth, carrying:
an EUV/X-ray imager of the Sun, '
a sensitive coronagraph, for quantifying halo CMEs,
te set of standard particle and field instruments,
e instrument tfo monitor the Sun' s interior.
ther warning center on the ground, equipped
e data links both to the spacecraft in orbit and
lling computers, to produce near-real-time
s Through the Web

esa
ISD VisuLab

SOHO 1




Space storms all through the solar system!

but also on Saturn

and on Jupiter X
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Why are space weather predictions still that
uncertain?

1. We cannot predict eruptions before they occur,
2. We canno ict the topology of the ejecta and their geoeffectiveness.
3. Wecan e propagation speed of halo CMEs towards Earth!

1996/01/15 06:10:18 UT

—— . ® e
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C32001/11/22 181805

Agypten2006 IV éf\;\,




Impact of space weather on Earth's weather
and climate?

NUMBER

F-5 Ten-year smoothed
means (lower curve) of the
annual rainfall “quartile” (the
date by which one quarter of

NORMALIZED
SUNSPOT

the annual rainfall had oc-
curred) for Adelaide,
Australia. After Cornish
(1954). The date fluctuates by
about six weeks in phase with
the double sunspot cycle
plotted in the form shown in
the upper curve. The Cornish
data points are slightly
displaced because he used
smoothed means for an even

DATE OF QUARTILE OF
RAINFALL YEAR ( AFTER

L 1 1 1 1

number of years.

T T 1 L T
CENTRAL ENGLAND, JULY

TEMPERATURE (°C)

. SUNSPOT NUMBER

SUNSPOT MINIMA

tor

1 1 !

YEAR ‘A.D.

F-6 Smoothed means of the July central-England
temperatures (upper curve) published by Manley (1974)
compared with the conventional double sunspot cycie
(lower curve). The period includes 12 sunspot minima.
Since 1880 the influence of the double sunspot cycle on
the temperature in Britain has been less apparent than the
influence of the 11-year cycle.

1854 864

5-YR MEANS OF ANNUAL LIGHTNING INCIDENCE INDEX (AFTER STRINGFELLOW)
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YEAR AD.

<]
<]
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3
3
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8

1953 -
YEAR A.D.

F-7 LIGHTNING AND SUNSPOT CYCLE

Upper Curve: Five-year means of the annual “lightning
incidence index”, that is, the number of thunderstorms
plotted on a scale designed to indicate variations in the
frequency of lightning strikes on the electrical-power
distribution system in Britain. After Stringfellow (1974).
Lower curve: Normalized sunspot numbers (not availabie
after 1968).

! 1
1924 1934 1944

Solar cycle effects in
various weather records




Solar irradiance variations- the Sun as a star
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The Earth's atmosphere ,breathes” with
solar activity!

With increased activity:

* more UV radiation,

- more Ozone production,

* heating of the
stratosphere,

» changes of air motions.
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Impact of space weather on Earth's weather
and climate?

WINTER SEVERITY IN
LONDON AND PARIS

Ac14
® naked eye sunspot sightings SUNSPOT NUMBER
2 ACT4 from tree ring analysis
LITTLE ICE AGE -
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Major climatic fluetuations occurred long before the man-
made green ffect became significant!
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The little ice age" in the late 17th century

Every year: regulq,g markets on the deeply frozen river Thames
L. —
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The Galactic Cosmic Radiation (6CR) during the
solar cycle

Huancayo & Haleakal
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Solar activity, cosmic rays, and tree rings

Sporer minimum | | Maunder minimum

Years Belore 1950
SN
High solar activity'causes: * better shielding of heliosphere against GCRs,
* lower fluxes of GCRs on Earth's atmosphere,
B less production of 4C isotopes in atmosphere,

[ *“less 14C inclusion in tree rings.
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Solar activity, cosmic rays, and cloud cover on Earth

Variations in the solar activity/magnetic field changes the amount of cosmic
particles penetrating into the solar system (and the Earth's atmosphere):

a
Primary cosmic ray

* Strong correlation wi smic ray flux
and low clo

* The global
factor in

Interstellar
Wind

' Heliosphere

LA

Bow Shock

f
Sea level
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Solar cycle length and Earth's surface temperature

Cyele length [v]

A remarkable though strange associationl
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The Sun and global warming of the Earth?

Potential causes:

1. Long term variations in total irradiance (“total energy”) is
assumed to only explain part of the global warming.
2. Long term variation in UV/EUV radiation changes
Istry (ozone!), temperature etc. in the Earth's
here.
erm variation in the Sun's magnetic field modulates
€ cosmic rays and the solar wind.

Reconstructed irradiance

Temperature records

rec [W/mz]
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Note: since ab ffect took over!

its greenhouse
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