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Solar drivers

Space weather effects
Precursors (CMEs/flares, fast solar wind/HSCS)

Appearance of large spots/ARs on solar center

Disappearing filaments/CME
The AR’s magnetic complexity
Activity below solar surface and farside activity
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Emerging of a magnetic flux tube

Photosphere
Convective




1 June 19160 e pholographs
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Prominence

Solar flare

The chromosphere in H-alpha










Halo CMEs are most
geoeffective

Mass: 5-50 billion tons

Frequency: 3.5/day (max),
0.2/day (min)

Speed: 200-2000 km/s
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Typical values

University of Maryland soho/celias/mtof/PM — CarRot 1855

V: 450km/s

N: Sparticles/cm?
T: 100K

B: SnT

The solar wind
consists
of protons,
electrons and
s 5-4%0 alpha
particles
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Daily observations of
the solar photospheric
magnetic field at WSO
are used for
computation of the
coronal magnetic field

according to the
’potential field
model”.
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Fast halo CME Fast continuous solar wind from  Heliospheric current sheet
coronal holes

The solar wind Bz, V, and n determine
the effect of the solar plasma.
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Aurora was observed in Italy
6-7 April and on July 15-16,
2000!
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The aurora observed in
Stockholm




Surface & S olar Cell Solar Flare

Interior Damage ': 5"'3":":2 Protongs™
. . Charging ; »:
Satellit lies:
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Aviation problems: DIStUrbance Scintillation Airline
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Magnetospheric Specification Model
& Spacecraft Charging

During the early phase of

yiellite
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chaos a5 5t

Each black dot represe
a surface charging anamaly
from GOES-4 or GOES-5.

Rice University &
NOAA f NGDC -
17 .5 KeV Electrons

Fignre cortesy of The Mational Geophysical Data Center




Last update: 17-Jul-2000 11:11:04 (UT)

The proton event caused
problems for ACE,
SOHO, Orsted,
Japanese X-ray satellite,
star trackers on board

commercial satellites.

Proton flux (pfu) > 10 MeV,
24000 pfu (July 15, 12.30
UT). Third largest!

Largest 43 000 pfu, (March
24, 1991). Second 40 000 pfu
(October 20, 1989).

Today IRF-Lund has real-time neural networks forecasts of satellite anomalies one day in
advance (ESA project SAAPS). The work has been in collaboration with Swedish satellite

operators (ESRANGE).




. Between Apollo 16 and 17 a proton
event occurred, which should have

starility in fernales

been deadly to the astronautes within
10 hours (1.e. above 4000 mSv).

1,000 millisiavers
radialien sickness

[
— .02 millisieverts
chisl © ray
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The radiation The intensive solar flare of
exposure is April 2, 2001, which caused
doubled every 2.2 major communication problems
= w also made Continental

Solar flares can = Airlines to change

increase the = their route between

radiation by 20- M/ HongKong and New York.
30 times. nagel?

Pilots get cancer Radiation Risks
more often than (. for People Who Fly
average. _

New EU law:

Pregnant (aircrew)

should

not be exposed to more

than 1 (1-6) Dr. Robert J. Barish
millisievert/year
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* Appearance of large spots/AR on solar center
* Dissapearig filaments/CMEs

* AR’s magnetic complexity
e Activity below solar surface and farside activity
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September 1-2, 1859:

Dst =-1760nT
(Superstorm <-300nT !!)

A magnetic storm from August 28 to September 2 produced widespread effects
on the telegraph system in Europe and North America.

Next Gleissberg maximum 2030-2040! - Long-term warning.




A flare was observed
(spectroheliogram) by James Lockyer
10-11 a.m. (UT) September 24 .

The associated CME caused a
geomagnetic storm on September 25.

The observation was made at
Kalocsa,Hungary

24
September 1909

September 25,1909
aa = 658, 12-18

(March 1989 aa =715,
13/3 21 - 3 14/3)




THE MAGNETIC STORM

OF SEPT. 25 1909

DAVID STENQUIST

INAUGURAL DISSERTATION

THE UNIVERSITY OF STOCKHOLM DEC. 1914.

CHAPTER 1L
EARTH-CURRENTS.

Strong earth-currents disturbed the telegraphic communica-
tions over the whole globe on Sept. 25 th. At Stockholms
Telegraph office the currents began between 9* and 10
am.!) on the morning of the 25th inst. The did not exceed
10 milliamperes however before 12" 50™ a.m. when the
currents increased within a couple of minutes to a force
exceeding 250 milliamperes on several wires, for instance
Stockholm-Christiania.  To proove this fact, we know that
safety pieces made of Wood's metal melt at this force of
current. Between 12" 50 pm. and 5" p.m. the force of
current seldom fell under 250 milliamperes. On the wire
named the resistance is 5,4 ohms per km and therefore the
tension exeeded 1,35 volts pr km. Earth-currents were first
observed at the Telephone office on the wires to Lulei.

The operator on duty at these wires received a sudden shock,

half her hand turning white and two of her fingers being
aralvzed. 'Two or three minutes after 12" 50® p.m.
particularly strong disturbances were also observed on most
of the wires going southwards. The strong increase probably
took place at exactly the same fime in all directions. When
takine hold of a microphone, both the instrument and the
hand were surrounded with an intense, diffuse light, casting
out sparks and causing blisters. A measurement on a double
wired copper Line of 472 mm between Stockholm and Luled

%) Tn the following all times given are mid-European, excepting in table XXIII.




GICs were regularly
measured at four places
(1910-1925 at least)

 Observatorio de fisica cosmica
del Ebro in Spain

e Huancayos Observatory in Peru

» Watheroos magnetic observatory

, west Australia

e Alfsjo just outside Stockholm,

Sweden
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Sunspots and the number of days
during every year, telegraph operation
was disturbed at Stockholm’s Central
Telegraph station.




MARCH7 MARCHE MARCHS  MARCH 10 MARCH 13 MARCH 14 MARGH 15 MARCH 16 MARCH 17,1889

A white-light flare was observed on Superstorms: Dst < -300nT : 21 since 1957
March 10 at AR 5935 and the SMM

satellite’s coronograph detected a large  ® October 29, 2003:  Dst = -308nT
halo CME. e October 30, 2003: Dst=-342nT
Late on March 13 the CME reached e November 20, 2003: Dst = - 429nT
Earth.

The geomagnetic storm index Dst e March 14, 1989: Dst = -589nT
reached -589nT.




March 13, 1989 .. “Zletatec
07:45:30 UT ’ Applied Power Solutions

This severe electrojet
caused the failure of
Quebec’s power
system March 13-14,
1989.

March 13, 1989
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One of the generators of OKG’s
(Sydkraft’s) nuclear plants was
heated due to the
geomagnetically induced
current in March 13-14 19809.




Forskarrapport

Solstormar
frater pa roren

Eruptbsmer gl solen e rep——

::n orka restshyddet - —.
waturgasledaingans. o

Del &r ol relative ngtn - Jordnde ledningar

problem | Sverige soem - matiigiird

svenska roatakyeds. eller | bt 1 Nanincrge arh Alavea har
Soastainlk o

mdabe i hansyn gill, visar !

en unilersikning ghord ay -

Koemwsionsinstituted. upptrider sckid Al intamina

T o Chebrs daras
prabinks k«.d-lunﬂll: wirled- S
Eiears resst

Freer - Hstshyddel
o slibs u

=
: de §oruea linga heboret

st lleteslodiognrna | Bre- D% jorhnagiatskn e

= e (1 jore

Rbetnt, Riarrn Sisrdinavien. b

T e
Py o

ANTENMN
TILL KONTROLLRUM

UNDERCENTRAL
MATVARDEN

LIKRIKTARE

| i |

~ POLARISATIONSELEKTROD. ’ _
& - REFERENSELEKTROD




H alpha 15:00 UT
Boulder 5 Mov 91

SOLAR INDUCED POTENTIAL
November 8-9, 1991

Preprocessed




2005,/01,/17 06:04:00 WSL Forecast

Fast solar wind from Heliospheric current sheet
coronal holes




W3L Forecast
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Mount Wilson magnetic classification. Classification of the magnetic charac-
ter of sunspots according to rules set forth by the Mount Wilson Obser-
vatory in California.

alpha (o). A unipolar sunspot group.

beta (B). A sunspot group having both positive and negative magnetic
polarities (bipolar}, with a simple and distinet division between the
polarities.

gamma (y). A complex active region in which the positive and negative

. polarities are so irregularly distributed as to prevent classification as
ks a bipolar group.

beta-gamma (B-y). A sunspot group that is bipolar but which is suffi-
ciently complex that no single, continuous line can be drawn between
spots of opposite polarities.

delta (8). A qualifier to magnetic class (see below) indicating that um-
brae separated by less than 2° within one penumbra have opposite
polarity.

beta-delta (3-5). A sunspot group of general beta magnetic classification
but containing one {(or more) delta spot(s).

beta-gamma-delta (B-y-8). A sunspot group of bera-gamma magnetic clas-
sification but containing one (or more} delig spot(s).

samma-delta (y-8). A sunspot group of gamma magnetic classification
but containing one (or more) delta spot(s).

2003/10/28 06:24




APPENDIX C: MODIFIED ZURICH (McINTOSH)
SUNSPOT CLASSIFICATION

Modified Zurich class

Penumbra:Largest Spot

£ » Sunspot
Distribution




Magnetic field complexity

Carrington Longitude




Active Region Characterisation

Include measures that are physically motivated and that give a measure of
energy storage/release:

o Fractal dimension: relates to the active region complexity.

o Field gradient: indicative of energy build-up in the photosphere.

0 Neutral lines: related to energy release locations.

o Emerging flux regions: can act as energy release triggers.

o Wavelet analysis: diagnostic of small and large scale morphology.
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Horizontal
Gradient
- Example

0 Gradients are
large for large
[fields in close
proximity.

Peter Gallagher (UCD)




Fractal Dimension - Methods

o Box-Counting Dimension (Mandelbrot):
N(g) = g7

o The box-counting dimension can then be then determined from the slope,

5 loaN(e)
"7 Tog(l/e)

{6) — Mpha {FD = 1.03) (] - Heta (FD = 1403

Fractal
Dimension
- Example

o a~10-12
: : o B~12-14
=10 B ] ] i | 0 =200 - 100 =100 =50 <]
o |oreemea ) * fanmaca) 0 ﬁ?"‘"].q“]ﬁ
[c) — Beto-Gomma {F0 = 1.51) ] - Eutu—‘iju—ﬂdlu I'F = 1_63)
S g T o Byd-~15-17

Error~+ 0.1
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www. Solarlfonitor.org Pater Gallagher (UCD)



Earthside _ Farside

Farside images computed from MDI sound travel time analysis.
Earth-side images are magnetic flux observed by SOHO-MDI.
These files are updated daily!!

14-15 Oct, 2003 30 Oct, 2003

Obs_2003.10.15_12h

Earthsid=



Kosovichev,
A.G, IAU

Symp.,
223, 2004
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Carrington Longitude

SOHO/EIT

Carrington Rotation 1923

Carrington Rotation 1975
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SOHO/MDI







