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Wetterbericht & Vorhersagen

Schweilz - Europa

http://www.meteoschweiz.admin.ch/

Von Mittwoch bis Samstag oft stark bewdlkt und zeitweise Schneeschauer, vor
allem am Donnerstag. Dazwischen auch Aufhellungen, besonders am

Mittwoch sowie am Freitag und Samstag. Temperatur von 4 Grad allmahlich
gegen 0 Grad sinkend.



http://www.meteoschweiz.admin.ch/�

Wetterbericht & Vorhersagen

Weltraum

http://www.nict.go.jp/

24-hour Forecast:
Solar Activity: Solar activity is expected to be very low for the next three days

(23-25 November).
Geophysical Activity: The geomagnetic field is expected to be mostly quiet for
the next three days (23-25 November).



http://www.swpc.noaa.gov/SWN/�
http://www.nict.go.jp/�

Nordlichter - Aurorae




Effekte auf technische Systeme
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Effekte: Satellitenelektronik

Bilder des LASCO Coronographs auf SOHO wéahrend
des ,Bastille-Ereignisses* 2000


http://sohowww.nascom.nasa.gov/hotshots/2000_07_14/�

Effekte: Sonnenkollektoren

Brekke et al., 2004



Effekte: Bordcomputer
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Effekte: Verlust von Satelliten




Was ist also Space Weather?

, The conditions on the sun and in the solar wind,
magnetosphere, ionosphere, and thermosphere that can
influence the performance and reliability of space-borne and
ground-based technological systems and endanger human life
or health.”

US National Space Weather Programme

, Space weather is the physical and phenomenological state of

natural space environments. The associated discipline aims,
through observation, monitoring, analysis and modelling, at
understanding and predicting the state of the sun, the
interplanetary and planetary environments, and the solar and
nonsolar driven perturbations that affect them; and also at
forecasting and nowcasting the possible impacts on biological
and technological systems.”

COST Action 724




Die Ursache(n)



http://www.suntrek.org/images/stills/sun earth connection/spaceweather.gif�

Die Ursache: Sonnenaktivitat



http://sohowww.nascom.nasa.gov/gallery/Movies/10th/�

Solar-Terrestrische Kopplung

Credit: NASA/Goddard Space Flight Center Conceptual Image Lab http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=44721


http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=44721�
http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=44721�
http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=44721�

Solar-Terrestrische Kopplung



http://www2.nict.go.jp/y/y223/simulation/realtime/enter.html�

Solare Flares

Eigenschaften: Fluss/Zeit-Profile

Sakurai, 1989



Solare Flares

Eigenschaften: Haufigkeit — Sonnenzyklus

XRBS/SMM (=25 keV)
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Sonnenfleckenaktivitat

1991-2001

(Yohkoh -- A Decade of Discovery)
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http://www.lmsal.com/SXT/homepage.html�
http://neutronm.bartol.udel.edu/�

Detailliertes Beispiel 1.

Stahlenbelastung in Flugzeugen

Siehe auch: http://kspc22.unibe.ch/


http://kspc22.unibe.ch/�

Beitrag der Kosmischen Strahlung zur Strahlendosis




Strahlenbelastung in Flugzeugen

Beck et al., 2006



Das Solar Particle Event vom 13. Dezember 2006
Strahlenbelastung in Flugzeughohe

Apatity NM

Relative Count Rate [%]
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Flickiger et al., ICRC 2007 Workshop




Das Solar Particle Event vom 13. Dezember 2006
Strahlenbelastung in Flugzeughohe

Apatity NM

Flickiger et al., ICRC 2007 Workshop



Detallliertes Belispiel 2:

lonisation in der Atmosphare
lonospharische Effekte
Radiokommunikation
Satellitennavigation



lonen-Produktion in der Erdatmosphare

Electromqgnetlc GCR Magnetgspherlc SCR Geomagnetic
Radiation Particles Storms

UV & X-ray

Radioactive Constituents Lightning

Oberhalb ca 50 km: UV/RdOntgen-Strahlung
~3 to 35 km: Kosmische Strahlung



lonisation durch GCR

Monthly averaged fluxes of ionizing particles in the atmosphere over Murmansk
region as measured by an omnidirectional Geiger counter

Bazilevskaya et al., 2007&2008



lonisation durch GCR & SCR

Bern Model: http://cosray.unibe.ch/~laurent/planetocosmics

lonisation at(Rc=4.480V
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http://cosray.unibe.ch/~laurent/planetocosmics�




Space Weather Effekte
auf Satellitenkommunikation

B. Arbesser-Rastburg; Alpbach 2002 Summer School



Space Weather Effekte
auf Satellitennavigation

B. Arbesser-Rastburg; Alpbach 2002 Summer School
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Transionospheric Radio Wave Propagation

Electron density n, & Total Electron Content (TEC)
are closely related to the solar irradiance
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lonosphere causes
. Regular effects
- signal delay, range errors
- rotation of polarisation plane
. Irregular effects
- Radio scintillations,
- Defocussing of radar images

- Hazardous misleading information
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lonospheric Range Error/ m

All transionospheric radio systems operating at
frequencies < 10 GHz are affected




Space Weather Effekte
auf Kurzwellenkommunikation
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Space Weather Aktivitaten

Forschung / Austausch

~Weltraumwetter-Dienste"”

z.T kommerziell

- Nowcasting / Alerts!
- Forecasting

- Post Event Analysis

Benutzer / Kunden

Konfektionierte LOsungen

z.B. Radiokommunikation:
http://hfradio.org/swp proplab/



http://hfradio.org/swp_proplab/�

Space Weather Aktivitaten

Forschung / Austausch

Messungen
Entwicklung von Modellen
International koordinierte Forschungs-

projekte
Expertengruppen (ESA SWWT, EURADQS)

Konferenzen / Workshops
z.B. regelmassige

, Space Weather Weeks*
iIn USA und Europa




Space Weather Services

Forecast

B Nowcast (Alerts)

B Post Event Analysis




Space Weather Aktivitaten

Weltraumwetter-Dienste

z.B.

ESA European Space Weather Web Server
http://www.esa-spaceweather.net/

Japan NICT Space Weather Information Center
http://swc.nict.go.|p/contents/index e.php

Australian IPS Radio and Space Services

http://lwww.ips.qov.au/

NOAA / NWS Space Weather Prediction Center
http://www.swpc.noaa.gov/

Space Weather Center
http://www.spaceweathercenter.org/stormalert/04/04.html

China Solar Activity Prediction Center, NAOC
http://rwcc.bao.ac.cn:8001/English/Rwcc En.asp



http://www.esa-spaceweather.net/�
http://swc.nict.go.jp/contents/index_e.php�
http://www.ips.gov.au/�
http://www.swpc.noaa.gov/�
http://www.spaceweathercenter.org/stormalert/04/04.html�
http://rwcc.bao.ac.cn:8001/English/Rwcc_En.asp�

Space Weather Aktivitaten

Weltraumwetter-Dienste (Fortsetzung)

TESIS, Russland
http://www.tesis.lebedev.ru/en/

Aktuelle Sonnendaten (von NOAA)
http://www.n3kl.org/sun/noaa.html

http://Iwww.spaceweather.com/

Space Weather Resources
http://space.rice.edu/ISTP/

Beispiele privater Initiativen

http://www.solarcycle24.com/

http://dx.qgsl.net/propagation/

http://prop.hfradio.orq/
http://www.astrowetter.com/events/polarlichter/polarlichtwetter.php

Beispiel eines kommerziellen Anbieters:
http://www.spacew.com/swim/



http://www.tesis.lebedev.ru/en/�
http://www.n3kl.org/sun/noaa.html�
http://www.spaceweather.com/�
http://space.rice.edu/ISTP/�
http://www.spaceweather.com/�
http://www.solarcycle24.com/�
http://www.spaceweather.com/�
http://dx.qsl.net/propagation/�
http://www.spaceweather.com/�
http://prop.hfradio.org/�
http://www.astrowetter.com/events/polarlichter/polarlichtwetter.php�
http://www.spaceweather.com/�
http://www.spacew.com/swim/�
http://www.spaceweather.com/�

Space Weather Aktivitaten

Weltraumwetter-Dienste



http://www3.nict.go.jp/y/y223/simulation/3d/HTML/index.htm�

Space Weather Aktivitaten

Weltraumwetter-Dienste / Alerts

CME Nowcast-Prediction [95 customers]

PLAIN PRESTO CULGOORA 03/0131UT NOV 2003

SOLAR RADIO EVENT 1: DRIFTING: 200 - 30 MHZ
START TIME: 0124 UT

END TIME: 0129 UT

SPECTRAL TYPE: TYPE Il BURST

IMPORTANCE: STRONG

FUNDAMENTAL AND HARMONIC VISIBLE
ESTIMATED SHOCK SPEED 699 KM/S
FLARE OBSERVED IN REGION 10488
SHORTWAVE FADEOUT OBSERVED




Space Weather Aktivitaten

Weltraumwetter-Dienste / Detailiertes Beispiel




lonosonde Juliusruh

http://www.lap-kborn.de/lonogramm.262.0.html



http://www.iap-kborn.de/Ionogramm.262.0.html�

TEC Europe TEC World

Siehe auch: http://www?2.nict.go.]



http://swaciweb.dlr.de/�
http://www2.nict.go.jp/y/y223/simulation/ion/index.html�

Radio-Propagation
http://hfradio.org/sw roplab



http://hfradio.org/swp_proplab�

Weltraumwetter
und
Funkamateure

Beispiel: Projekt SIMONE

Sun & lonosphere MOnNitoring
NEtwork






























Sonnenzyklus

Ruckblick und Prognose

http://sohowww.nascom.nasa.gov/galler

Solar Geophysical Data http://sgd.ngdc.noaa.gov/sgd/[sp/solarindex.jsp

(SOHO_EIT_sm.mpg)

1992 — 1999
Photospheric Magnetograms (NSO)

http://science.nasa.gov/heliophysics/focus-areas/space-environment/ http://en.wikipedia.org/wiki/File:Solar-cycle-data.pn


http://en.wikipedia.org/wiki/File:Solar-cycle-data.png�
http://en.wikipedia.org/wiki/File:Solar-cycle-data.png�
http://en.wikipedia.org/wiki/File:Solar-cycle-data.png�
http://en.wikipedia.org/wiki/File:Solar-cycle-data.png�
http://en.wikipedia.org/wiki/File:Solar-cycle-data.png�
http://sohowww.nascom.nasa.gov/gallery/Movies/10th/�
http://science.nasa.gov/heliophysics/focus-areas/space-environment/�
http://science.nasa.gov/heliophysics/focus-areas/space-environment/�
http://science.nasa.gov/heliophysics/focus-areas/space-environment/�
http://science.nasa.gov/heliophysics/focus-areas/space-environment/�
http://science.nasa.gov/heliophysics/focus-areas/space-environment/�
http://sgd.ngdc.noaa.gov/sgd/jsp/solarindex.jsp�

Sonnenzyklus

Ruckblick und Prognose

Wie speziell ist dieses Sonnenminimum?



Sonnenzyklus

Ruckblick und Prognose

400 Jahre Sonnenflecken-Beobachtung
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http://de.wikipedia.org/wiki/Datei:Sunspot_Numbers_German.png�

Sonnenzyklus

Ruckblick und Prognose

S.K. Solanki et al., Nature, 431 (2004) 1084-7



Sonnenzyklus

Rickblick und Prognose



http://www.swpc.noaa.gov/SolarCycle/�

Zusammenfassung & Ausblick

Weltraumwetter betrifft uns alle

Bedeutender Fortschritt in der Entwicklung von
Modellen

Weltraumwetter-Dienste in Echzeit

Starke Kommerzialisierung

Prognosen aber z.T. immer noch sehr unsicher




Zusatzliche Information & Literatur |

z.B.

Space Weather: Gefahren aus dem Weltraum?
SwissRe 2000
pdf abrufbar auf http://www.swissre.com/publications/

Weltraumwetter

http://www.utd.hs-
rm.de/flare/Flare/Weltraumwetter/Weltraumwetter.htm
http://www.esa.int/esaCP/ESAFM97708D Germany 0.html

lonosphare
http://de.wikipedia.org/wiki/lonosph%C3%A4re

HF Propagation Tutorial
http://www.astrosurf.com/luxorion/gsl-hf-tutorial-nm7m.htm



http://www.swissre.com/publications/�
http://www.utd.hs-rm.de/flare/Flare/Weltraumwetter/Weltraumwetter.htm�
http://www.utd.hs-rm.de/flare/Flare/Weltraumwetter/Weltraumwetter.htm�
http://www.esa.int/esaCP/ESAFM97708D_Germany_0.html�
http://www.swissre.com/publications/�
http://de.wikipedia.org/wiki/Ionosph%C3%A4re�
http://www.swissre.com/publications/�
http://www.astrosurf.com/luxorion/qsl-hf-tutorial-nm7m.htm�
http://www.swissre.com/publications/�

Zusatzliche Information & Literatur Il

Space Weather, Paul Song, Howard J. Singer, and George

L. Siscoe, Editors, Geophysical Monograph 125, American
Geophysical Union, Washington, DC, 2001; ISBN 0-87590-984-1;
ISSN 0065-8448

Space Storms and Space Weather Hazards, loannis A. Daglis,
Editor, NATO Science Series, Il Mathematics, Physics and

Chemistry, Vol. 38, Kluwer 2001; ISBN 1-4020-0031-6

Effects of Space Weather on Technology Infrastructure, loannis A.
Daglis, Editor, NATO Science Series, Il Mathematics, Physics and
Chemistry, Vol. 176, Kluwer 2004; ISBN 1-4020-2747-8

Developing the scientific basis for monitoring, modelling and
predicting Space Weather, J. Lilensten, A. Belehaki, M. Messerotti,
R. Vainio, J. Watermann, and St. Poedts, Editors, Scientific Final
Report, COST Action 724, COST Office, Brussels, 2008; ISBN 978-
02-898-0044-0 (http://bookshop.europa.eu)



http://bookshop.europa.eu/�
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