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IntroductionIntroduction..
This contribution deals with changes in This contribution deals with changes in EarthesEarthes
ionosphere during most extreme events of Solar ionosphere during most extreme events of Solar 
activity (activity (DstDst > 200 > 200 nTnT).).
DuringDuring OctoberOctober -- NovemberNovember 2003,2003, in descendingin descending
phasephase 1111--yearyear SolarSolar sunspotsunspot cyclecycle,, twotwo periodsperiods of  of  
suddenlysuddenly enhancedenhanced solarsolar activityactivity waswas observedobserved. . Two  Two  
geomagneticgeomagnetic storms  storms  (28.10. (28.10. –– 5.11. 2003 5.11. 2003 andand 19.11. 19.11. 
–– 23.11. 2003) 23.11. 2003) withwith KpKp = 9 = 9 waswas accompaniedaccompanied by by 
strongstrong disturbancesdisturbances in Earthin Earth‘s ‘s ionosphereionosphere.The effects .The effects 
of these strong of these strong ionosphericionospheric storms as was observed storms as was observed 
at Prat Průhoniceůhonice observatoryobservatory (49.59 N; 14.33 E) and (49.59 N; 14.33 E) and 
other other EuropianEuropian ionosphericionospheric stations  are described at  stations  are described at  
this paper.  this paper.  



GGeoeomagnetic storm magnetic storm 28.10. 28.10. –– 1.11.1.11. 20032003..



Geomagnetic storm 29.10. Geomagnetic storm 29.10. –– 1.11.2003 1.11.2003 KpKp index index 
reached maximum value 9 duringreached maximum value 9 during
30.10. 30.10. –– 31.10.200331.10.2003 ((DstDst ––383).383).



IonosphericIonospheric storm  October storm  October -- NovemberNovember
20032003, critical frequency of the F2 , critical frequency of the F2 
ionosphericionospheric layer.layer.
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GGeoeomagnetic storm magnetic storm 20.11.20.11.-- 23.11.23.11. 2003 2003 



Geomagnetic storm 20.11. Geomagnetic storm 20.11. –– 23.11.2003 23.11.2003 
KpKp index (index (DstDst ––422).422).



IonosphericIonospheric storm  20.11. storm  20.11. –– 23.11.23.11.20032003

JuliusruhJuliusruh (54.6N, 13.4E)(54.6N, 13.4E)
Chilton (51.5N, Chilton (51.5N, --1.3E)1.3E)
Athens (38.0N, 23.6E)Athens (38.0N, 23.6E)
IRI model dataIRI model data

19.11. 20.11.20.11.19.11. 21.11.21.11. 22.11.22.11.



30.10.2003 30.10.2003 DstDst ––383.383.
20.11.2003 20.11.2003 DstDst --422422



A serie of iononograms observed at Průhonice observatory during second storm 20.11.2003;  
16:00 – 24:00 UT. Quite unusual ionospheric layer, (formed most probably by particle 
ionization) with virtual heights about 150 – 200 km were observed. The layer existed for 
several hours. This types of effects  was observed at midlatitude stations  Průhonice.







Electron density profiles computed from ionograms 20.11.2003 16:30 –
22:30.  The value of maximum of electron concentration changed very 
quickly and reached about 19:30 daily values. The height of extraordinary 
layer is typical for particle layers. Normal night time height of F2 layer is 
about 350 km.



TECTEC maps maps 
over North pole over North pole 
area area 
20.11.2003 20.11.2003 
NeustrelitzNeustrelitz



( M. Hernández-Pajares; COST 271 Final Meeteng; 
Abingdon 2004)



The Strongest Geomagnetic storms of the
20.Century  

 
 
 
 
 
 
Date                                   AA            max Kp           min Dst       aurora 
 
13 - 14.3.1989                    441                9o                  -589               24 N 
18 - 19.9.1941                    429                9-                      -                  29 N  
24 - 25.9.1940                    377                9o                     -                  39 N 
12 - 13.11.1960                  372                9o                  -339               28 N 
15 - 16.6.1959                    357                9o                  -429               48 N 
14 - 15.5.1921                    356                 -                       -                  14 S  
25 - 26.9.1909                    333                 -                       -                  39 N 
28 - 29.3.1946                    329                9o                     -                  27 S 
  7 - 8.6. 1928                     325                 -                       -                  24 N  
31.10. - 1.11.1903              324                 -                       -                  50 N 
8 - 9.6.1958                        314                 9o                  -330              38 N 
31.3 - 1.4.1960                   312                 9o                  -327              36 N 
5 - 6.7.1941                        302                 9o                     -                 42 N 
11 - 12.2.1958                    298                 9o                  -426              25 N 
22 - 23.9.1946                    295                 9o                     -                 30 N 
4 - 5.8.1972                        290                 9o                  -125              48 N 
8 - 9.2.1986                        287                 9o                  -307              48 N 
25 - 26.5.1967                    279                 9o                  -387              50 N 
13 - 14.7.1982                    268                 9o                  -325              50 N 
7 - 8.2.1946                        256                 9-                      -                 55 N  
1 -2.3.1941                         254                 9o                     -                 43 S  
6 - 7.10.1960                      253                 9o                   -257             49 N 
 
 

KpKp sincesince 1932, 1932, DstDst since1957 since1957 (Schlegel; Rad.Sci.Bull.2001).(Schlegel; Rad.Sci.Bull.2001).



Ionospheric observations during 
Storm 8-9.2.1986 Dst –307 (Průhonice)



Solar cycle 24?Solar cycle 24?

RR.. HoweHowe andand FF.. HillHill ofof thethe NationalNational SolarSolar ObservatoryObservatory (NSO) (NSO) TucsonTucson, , (2009),(2009), usedused a a 
techniquetechnique calledcalled helioseismologyhelioseismology (combined data from (combined data from ""GlobalGlobal OscillationOscillation Network Network 
GroupGroup" " GONG and SOHO) GONG and SOHO) to to detectdetect andand tracktrack thethe jet jet streamstream downdown to to depthsdepths ofof 7,000 7,000 
km km belowbelow thethe surfacesurface ofof thethe sunsun. . TheThe sunsun generatesgenerates newnew jet jet streamsstreams nearnear itsits polespoles everyevery
11 11 yearsyears. . TheThe streamsstreams migratemigrate slowlyslowly fromfrom thethe polespoles to to thethe equatorequator andand whenwhen a jet a jet 
streamstream reachesreaches thethe criticalcritical latitudelatitude ofof 22 22 degreesdegrees, , newnew--cyclecycle sunspotssunspots beginbegin to to appearappear. . 
HoweHowe andand HillHill foundfound thatthat thethe streamstream associatedassociated withwith thethe nextnext solarsolar cyclecycle has has movedmoved
sluggishlysluggishly, , takingtaking threethree yearsyears to to covercover a 10 a 10 degreedegree rangerange in latitudein latitude comparedcompared to to onlyonly
twotwo yearsyears for for thethe previousprevious solarsolar cyclecycle.  .  



Conclusion.Conclusion.
Two periods of a suddenly enhanced solar activity in Two periods of a suddenly enhanced solar activity in 
October and November 2003 resulted two strong October and November 2003 resulted two strong 
geomagnetic and geomagnetic and ionosphericionospheric storms. The effects of storms. The effects of 
these events was increasing of the TEC and degraded these events was increasing of the TEC and degraded 
GPS position accuracy. GPS position accuracy. 
The  storm of 20.11.2003 resulted dramatic effects in The  storm of 20.11.2003 resulted dramatic effects in 
Earth’s ionosphereEarth’s ionosphere.. During this storm extraordinary During this storm extraordinary 
particle particle ionosphericionospheric layer at the heights 150 layer at the heights 150 –– 250 km 250 km 
was created.This layer existed several hours around was created.This layer existed several hours around 
sunset. These  type of effect was observed during sunset. These  type of effect was observed during 
another extreme manifestations of the solar and another extreme manifestations of the solar and 
geomagnetic activity also. (Storms 8.2.1986,13.3. and geomagnetic activity also. (Storms 8.2.1986,13.3. and 
17.11.1989).  17.11.1989).  
These strongest manifestation of the Solar and These strongest manifestation of the Solar and 
geomagnetic activity are observed usually during the geomagnetic activity are observed usually during the 
descending phase of the Solar cycle.descending phase of the Solar cycle.
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