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Background: ARs and geomagnetic storms
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Science objective: Geoeffective ARs

Research ?: 

Are the magnetic configurations of geo-effective ARs distinct from those 
of non-geo-effective ARs? 

(What is the potential for space weather forecasting of these AR parameters?)



Event selection & data analyses
Data selection: 
SDO/HMI (after 2009-present), 
SHARP data product
http://jsoc.stanford.edu/HMI/HARPS.html 

Event selection: 
List of geomagnetic storms in SC24: 185
https://catalogs.astro.bas.bg/ 
(Miteva & Samwel, 2023)

→ with solar origin (flare): 70 
→ with AR number: 70

→ with SHARP data: 65
Extending to events in SC25 (mid-2023)
Presenting preliminary results for 
50 events.

http://jsoc.stanford.edu/HMI/HARPS.html
https://catalogs.astro.bas.bg/


SHARP parameters
1. USFLUX (Maxwell): Total unsigned flux
2. MEANGAM (Degrees): Mean inclination angle, gamma
3. MEANGBT (Gauss/Mm): Mean value of the total field gradient
4. MEANGBZ (Gauss/Mm): Mean value of the vertical field gradient
5. MEANGBH Gauss/Mm Mean value of the horizontal field gradient
6. MEANJZD (mA/(m^2)): Mean vertical current density
7. TOTUSJZ (Amperes): Total unsigned vertical current
8. MEANALP (1/Mm): Mean twist parameter, alpha
9. MEANJZH (G^2)/m: Mean current helicity

10. TOTUSJH (G^2)/m: Total unsigned current helicity
11. ABSNJZH (G^2)/m: Absolute value of the net current helicity
12. SAVNCPP (Amperes): Sum of the Absolute Value of the Net Currents ...
13. MEANPOT (Ergs/cm^3): Mean photospheric excess magnetic energy density
14. TOTPOT (Ergs/cm^3): Total photospheric magnetic energy density
15. MEANSHR (Degrees): Mean shear angle for B_total
16. R_VALUE (Maxwell): Unsigned Flux R (Schrijver, 2007)



SHARP parameters



Solar & geomagnetic parameters
Solar flare (GOES)
● SXR class
● times: rise, decline and 

total duration

CME (SOHO)
● Speed
● Angular width

Geomagnetic 
Storms (Kyoto)
● Dst

https://wdc.kugi.kyoto-u.ac.jp/dst_final/201008/index.html 
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Preliminary results: Temporal evolution



Preliminary results: Location



Preliminary results: Statistics (pre-flare timing)



Preliminary results: 
Scatter-plots 
(pre-flare timing)
● Poor correlations with: Dst

(due to narrow range of Dst indices)



Summary & discussion

● Poor correlations with: Dst, CME 
parameters, flare rise/duration

● Stronger correlations with: solar flare 
class

● No significant difference in the 
correlations based on the timing of the 
SHARP parameter (e.g., before or 
during the flare)



Outlook
Comparison with control samples in solar cycle 24 (& ongoing SC25):

● Confined & eruptive (& non-geo-effective) ARs: 

49 X-class flares (Miteva 2021) & 

749 M-class flares (Miteva & Samwel 2022)

● 468 confined & 251 eruptive ARs (from Li et al. 2021)

using automatic routines for multi-parameter analyses (work in progress).
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