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Aim

To calculate the occurrence of extreme space weather (SW)
events, to study their inter-relationship in terms of cause and
effect in order to estimate their forecasting potential.

Data analysis

° 4 types of data, utilized here:
Solar flare (SF): September/1975—present (GOES)

D <
Geomagnetic disturbances
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Related to Social Infrastructure

http://swc.nict.go.jp/en/knowledge/relation.html

Coronal mass ejection (CME): January/1996—present (gaps; SOHO/LASCO) X10

Solar energetic particles (SEP): November/1973—March/2013 (SEPEM) 2 el o o
[January/1997-December/2019, Miteva et al. 2018] S xi ext.reme ‘%OC;)??O

Geomagnetic storm (GS): January/1957—present (Kyoto) % M1 pairs ‘JO

®  Association procedures (time, strength, position) to interlink the solar activity P oo
events (SFs, CMEs, SEPs: ~ 1 day) and the geo-magnetospheric disturbances c1 ‘
(3-day time window). 1000 2000 3000

e  Adopted definition for ‘extreme’: top 50 of all observed events in a category CME speed (kms ™)

Results a
Tables with all inter-relations are completed. X10 Ty ° o 3000 - ®
@ o o £ o o P °
@ SF - CME: 9 X5+ (0.06%) - 2000+ km/s 3 a:%g S O < 2000 Q a
[S) ® o o
@ SEP - SF: 6 110+dpfu (20 %) [10 2+dpfu] - X5, X1 56 B e0° 3 g B
(o]
@ SEP - CME: 4 [15] SEP - 2000+km/s (0.002%) 5 oo °F L & oo ©°
¢] (o} o
@ GS-SF:7-226 nT(11 % from all 100 nT) - X5+ M1 ¢oo0 o 4008 i i
@ GS - CME: 4 -226 nT - 2000+km/s n - - T
@ GS - SEP: 8 -226 nT - 110+dpfu L. 120 e 110 b 120 L 110
% - occurrence rate in the respective database SEP flux (cm”s sr MeV) SEP flux (cm™s srMeV)
o <~ 3000 o T 5
o890 . 00 5 o e ® °
R B0, |2e® 2 2000 Phatlons g 2 10 I
» < 7 °
© %5 @ X 5 b 00 °e
S X1 %L o o 1000 = & 10° Oy B8
x N 3 ° E 0%o0 .
x b % % 102 Qo -
@ M1 ° w 500 2 0% o
o o
c1 © P &
-100 -200  -500 -2000 -100 -200 =500 —2000 -100 -200  -500 ~2000
Dst index Dst index Dst index
Primary Extreme/Associated phenomenon Summary & Discussion
phenomenon  SFs  CMEs SEP flux SEP fluence  GSs @ Minority of extreme pairs (out of top 50 in the respective samples)
SFs . 9/19 6/8 [10/13] 5/8 7/17 @ wide range in the parameter space of the correlated events
CMEs 9;38 /f 4/7 [15/27] 47 4§1 3 @ The fastest CMEs are not better predictors to GSs compared to SF
SEP flux 6/43 4/20 - 46/50 8/23 -
SED fhasice 5/43 421 46/50 i 8/20 (although there is a link betw.een large SF and CMEs)
GSs 7/20 4/12 8/13 8/13 _ @ SEPs are neither good predictors for GS occurrence/strength
@ SF/CME-related AR location is not an ordering parameter for GS: IP
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