On geoeffective active regions
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Active Region (AR): Ny e

“the totality of observable phenomena in a 3D volume —_— I
represented by the extension of magnetic field from the \ (M
photosphere to the corona. . .” [van Driel-Gesztelyi et al. 2015] .,
including EM emissions and strong twisted magnetic field [
emergence i I
Geomagnetic Storm (GS):
major disturbances in the terrestrial atmosphere caused

by the reconnection process between the incoming oPUgust 2010 Dst(Final) _ wocwcemmiem o
plasma ejecta in the solar wind and the planetary 00T et 0l
magnetosphere -

Alm o https://‘\s/vdc.kuqi.kvoto-u.ac.it;(;dst final/;101008/ind2eex.html ;
to investigate the parameters of ARs leading to GSs

(i.e. geoeffective ARs)

Novelty: GOES Xray Flux (5 minute dota) __esqn:_2010 yul 30 0000 UTc STEREO Ahead COR?

to investigate in detail the link between SHARP

parameters (SDO/HMI instrument) and parameters of -

GSs (Dst index), SFs (class), and CMEs (speed & AW) ¢ ...

https://doi.org/10.3390/atmos15080930 o
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Methodology

Space-weather HMI Active Region Patch (SHARP)

products:
http://jsoc.stanford.edu/doc/data/hmi/sharp/sharp.htm

USFLUX: Total unsigned flux [Mx];

MEANGAM: Mean inclination angle, - [degrees];

MEANGBT: Mean value of the total field gradient [G/Mm];
MEANGBZ: Mean value of the vertical field gradient [G/Mm];
MEANGBH: Mean value of the horizontal field gradient [G/Mm];
MEAN]ZD: Mean vertical current density [mA /m?];

TOTUS]JZ: Total unsigned vertical current [A];

MEANALP: Mean twist parameter, « [1/Mm];

MEAN]ZH: Mean current helicity [G?/m];

TOTUSJH: Total unsigned current helicity [G?/m];

ABSN]JZH: Absolute value of the net current helicity [G?/m];
SAVNCPP: Sum of the absolute value of the net currents [A];
MEANPOT: Mean photospheric excess magnetic energy density [Ergs/cm?];
TOTPOT: Total photospheric magnetic energy density [Ergs/ cm?];
MEANSHR: Mean shear angle for By, [degrees];

RVALUE: Unsigned ﬂux, R } [MX]

https://doi.org/10.3390/atmos15080930
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SHARP data:

12 min cadence [Bobra et al. 2014]
Rvalue [Schrijver 2007]

= SHARP values taken prior to
the SF onset

Event list:
64 events (2010-2023)

Correlation analyses:

e Pearson & Spearman
coefficients, standard
error

e Scatter plots
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Results

The parameters for the total flux, current, current

helicity, magnetic energy density, and shear angle show R VTR - fe
. . =13, 57.‘ - o ° .‘.‘ =13 .
moderate-to-strong correlations also with the SF class T ; S —_
and the CME parameters but not with the Dst index. Ewl e 8 * Tl “ =
corr_matrix_0: pearson correlation s 3 Rpoarson= 003 | & R poareon = 063 2 Roareon= 0%

CME_speed --0.20

-so{e -50 n . o
CME_AW --0.29 08 =75 =15 2 JL‘ R
~100 ) -100 . . -
flare_rise --0.15 -0.05 0.07 ‘ =15 = 12 3.i .o
£ = °
flare_duration - -0.20 g -150 g 150 = =
-175 -175
SF_class --0.17 [{02¥) -0.19 -0.22 0.6 00 . 00 . o] e
. _ Respearman = -0.24 . @ _ Respearman = -0.25 ~ L __ Respearman = -0.16
USFLUX-0 --0.02 ROEERNVEN -0.04 -0.09 225 R-pearson = -0.23 225 R-pearson = -0.18 225 . R-pearson = -0.02
40 60 80 100 120 140 160 30 40 50 60 70 80 0 1 2 3 4
MEANGAM-0 --0.09 0.08 0.04 MEANGBZ-0 MEANGBH-0 MEAN)ZD-0
MEANGBT-0 --0.18 0.02 0.00 -0.02 -0.12 0.04 0.4 -s0{ e ° -50 ° ° -50 ° o
. '3.'.\'6 R s ¢ . a#’ I oﬁu.‘~u¢~.. .
MEANGBZ-0 --0.23 0.02 0.01 -0.00 :*%3—77777, — —$eed T "”"34‘-.!7-, "
-1004 ® L -100 -100 ]
MEANGBH-0 --0.18 0.00 -0.05 0.01 FXTIRZE =15 . S -5 e L =15 e Ny & A
i ~150 o e < é ~150 e .® i -150 L o« *
MEAN)ZD-0 --0.02 -0.20 -0.04 0.01 0.05 -0.09 -0.17 -0.07 -0.08 -0.09 0.00 0.2 e ] ® e - ° ° - .
TOTUS)Z-0 --0.08 JeEekERGPAN 0.00 -0.07 JeicERRCImNfcb A 0.04 -200 ° -200 e -200 o
®  Respearman =-0.14 ° ____ R-spearman = 0.06 ____ Respearman = 0.07
MEANALP-0 --0.05 -0.33 -0.23 -0.01 -0.02 -0.32 -0.19 -0.20 -0.19 o o [ FPpeson- 00 o Rpeson— 005 || E Fpearson = 0.09
: ’ ’ . . ’ ’ . . 0.0 0.2 04 06 0.8 1.0 12 14 -0.10 -0.05 000 0.05 010 0.15 0.20 -0.06 -0.04 -0.02 0.00 0.02
MEANJZH-0 _.0.09 -0.43 0.06 0.06 -0.01 -0.08 -0.0 TOTUS)Z-0 lel4 MEANALP-0 MEANJZH-0

-0.52 EUSI2AE0817

TOTUSJH-0 --0.10 -0.12 -0.22 s L, 4 Rk 4

T Wk
-75 :‘%\37::'_&#. L . -75 59‘“ e o -75 ='Q'

‘ol.‘.' N o.
& .' L

ABSNJZH-0 --0.27 -0.11

~1004 ® = -100 . —_ -100

° ° e © = ° . =
SAVNCPP-0 --0.23 I G --02 g od 2| ® : — | £ ‘e " =
7 -150 . L g -1501 ® . g -1501 © .
MEANPOT-0 --0.14 0.01 0.02 s ® s ® s
=200 . =200 . =200 .
TOTPOT-0--0.13 0.03 -0.03 . R-spearman = -0.15 L4 R-spearman = -0.22 L R-spearman = -0.18
p—_— | o4 —225 «  Repearson =-0.10 -225 « Repearson = -027 -225 “" R-pearson = -0.23
MEANSHR-0 --0.09 0.07 0.04 0.89 10.60 ' 0 1000 2000 3000 4000 5000 6000 7000 0 500 1000 1500 2000 2500 3000 3500 0 2 4 6 8
TOTUSJH-0 ABSNJZH-0 SAVNCPP-0 1lel3
R_VALUE-0 --0.01 -0.06 -0.12 0.01 0.51 0.66 0.49
-50 -50

Dst -

| ' ' ' i i i . Py S
® .
= z g 5§ 4 © 9 9 °© ° ° 2 o o 2 ° o o ©° o egeth A .
s < = = ] X = B N T A N a T T T o - = @ -75 . * s 75
o I-l-lI a)l E U| 3 < 8 ('_9, m N @ <J( N o N % 8 g 5 100 H L e 100
a g z D > S = - =
Ww 3 & 2 & F 2 2z 2 2 2 E =z 2 B & £ =2 5 2 . :
= = | ) < g < < wi o now o o Z = < = -125 ° L =125
5] o g ¥ ¥ wv s F £ 5 F < & ¥ s = 9 L LA -
© = = = = % -150 . . % -150 .
= ° .
=175 =175
200 . —200 . ~200 .
@ L] L]

R-spearman = -0.18 R-spearman = -0.14 R-spearman = -0.13
-225 R-pearson = -0.14 R-pearson = -0.13 R-pearson = -0.09

https://doi.org/10.3390/atmos15080930 T P waaT

MEANPOT-0 TOTPOT-0 le24 MEANSHR-0

https://astro.bas.bag/project-sun/



https://astro.bas.bg/project-sun/
https://doi.org/10.3390/atmos15080930

Results
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https://astro.bas.bg/project-sun/EventList.php
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