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Space weather
Definition:
‘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 can endanger human life or health’
US National Space Weather Program, The Strategic Plan of Space Weather 
(1995) 

Agents:
Solar flares (SFs)
Coronal mass ejections (CMEs)
Solar energetic protons and electrons (SEPs, SEEs)
Fast streams of solar wind

Effects:
Geomagnetic storms (GSs), auroras
Satellite, communication, ground-based infrastructure 
disturbances & failures

https://doi.org/10.3390/astronomy2030012

https://www.esa.int/ESA_Multimedia/Images/2018/11/What_is_space_weather 
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Solar & space weather research @ IANAO

Topics of research
● Ground-based observations & data analyses

BNSF/Bg-At project (PI: R. Miteva); 
BNSF/Neutron monitor (PI: N. Petrov)

● Satellite observations & data analyses
BNSF/Bg-At project (PI: K. Kozarev); 
SCOSTEP (PI: R. Miteva); 
BAS/Bg-Rs (PI: M. Dechev)

● Total solar eclipse observations
BNSF project (PI: N. Petrov)
MES-Bg (PI: T. Tsvetkov)

● Modeling of particle acceleration & transport
ESA/Spreadfast (PI: K. Kozarev)

● Machine learning
BNSF/MOSAIICS (PI: K. Kozarev)

https://helio.astro.bas.bg/ 
http://edu-pro.astro.bas.bg/sun/?lang=en 
https://astro.bas.bg/ 
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Collaboration: Space weather catalog @ NRIAG

https://www.nriag.sci.eg/ace_electron_catalog/  

https://www.nriag.sci.eg/ace_electron_catalog/


Space weather catalogs @ IANAO-BAS
https://catalogs.astro.bas.bg/ 
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Space weather catalogs @ IANAO-BAS & NRIAG

Summary of results

● Online catalogs: 6 topics (SEPs, SEEs, SFs (X&M-class), SEE-related radio 
bursts, GSs (extreme, -100 nT, -50  nT); type II radio bursts); 9 lists

● Time coverage: SC23+24, SC24

● Publications: 5 Q1; 3 Q2; 2 Q4; 1 ref./no Q; 3 proceedings
MNRAS; Universe; Adv.Sp.Res.; Atmosphere; Solar Phys.; BgAJ

● Projects:
1 national (BNSF KP-06-H28); 
3 bilateral (BAS BG-Egypt; BAS BG-Serbia; BNSF BG-India); 
2 international (SCOSTEP/VarSITI & SCOSTEP/PRESTO)



Space weather catalogs @ IANAO-BAS

Complementary work 

SEP fluences vs. energy
● Properties: flux distributions, 

correlation with proton flux



Space weather catalogs @ IANAO-BAS

Complementary work 

SEP fluences vs. energy
● Correlations with SFs and 

CMEs (Pearson, partial)
● Occurrence rates (%) with 

SEEs, IP-IIs, ICMEs, GSs
● Longitudinal (E vs. W) and 

SC (23 vs. 24) trends



Space weather effects to satellites: SpaceX storm (2022-02-03)

Summary of effects
EM emission: Satellite signal degradation and loss; 
Radio blackouts; Increased atmospheric drag.
Magnetized plasma: atmospheric and ground-based 
effects from geomagnetic storms
SEPs: Single-event upsets/single-event effects; 
Cumulative radiation effects (total ionizing dose and 
displacement damage dose); Surface discharges; 
Deep dielectric charging; Solar cell degradation, 
material aging/surface damage to materials.

Aim: to focus on solar & near-Earth IP effects during 
Starlink launches in order to evaluate the additional impact 
of the EM and radiation environment. 

Solar and IP phenomena intensity: minor-to-moderate 
importance compared to the largest values on record. 

The observed weak-to-moderate SFs, particle events, 
and IP phenomena (e.g., strength of IMF Bz-component) 
are not expected to be responsible for the poor spacecraft 
performance, even less for its failure. 

To search for additional causes of the failure of Starlink 
satellites launched during an ongoing GS on 2022-02-03;
the cumulative effects of multiple weak SW events carry a 
hidden risk to (V)LEO satellites.

https://doi.org/10.3390/astronomy2030012

https://doi.org/10.3390/astronomy2030012


Starlink satellite: 
effects to radio domain

Paper:
https://www.aanda.org/articles/aa/full_html/
2024/09/aa51856-24/aa51856-24.html 
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Space weather-related projects

In progress:

https://mosaiics.astro.bas.bg/ 

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

Completed:

https://spreadfast.astro.bas.bg/ 

https://stellar-h2020.eu/ 
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“Joint Observations 
and Investigations of 
Solar Chromospheric 
and Coronal Activity” 

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

⇒ Poster “On geoeffective 
active regions”
results published in:
https://doi.org/10.3390/atmos15080930

Solar observations @ IANAO-BAS

Funding: Bulgarian National Science 
Foundation project No. KP-06-Austria/5 
(14-08-2023) and Austria’s Agency for 
Education and Internationalisation 
(OeAD) project No. BG 04/2023.

https://astro.bas.bg/project-sun/
https://doi.org/10.3390/atmos15080930
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Active Region (AR):
“the totality of observable phenomena in a 3D volume 
represented by the extension of magnetic field from the 
photosphere to the corona. . .” [van Driel-Gesztelyi et al. 2015] including 
EM emissions and strong twisted magnetic field emergence

Geomagnetic Storm (GS):
major disturbances in the terrestrial atmosphere caused by the 
reconnection process between the incoming plasma ejecta in the 
solar wind and the planetary magnetosphere 

Aim: 
to investigate the parameters of ARs leading to GSs 
(i.e. geoeffective ARs)

Novelty:
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://wdc.kugi.kyoto-u.ac.jp/dst_final/201008/index.html 

https://cdaw.gsfc.nasa.gov/CME_list
/daily_movies/2010/08/01/ https://solarmonitor.org/ 
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Methodology

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

https://doi.org/10.3390/atmos15080930

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:
● Pearson & Spearman coefficients, 

standard error
● Scatter plots

Results
total flux, current, current helicity, magnetic 
energy density, and shear angle show 
moderate-to-strong correlations also with 
the SF class and the CME parameters but 
not with the Dst index

Next steps
⇒ apply to confined vs. eruptive SFs

Space-weather HMI Active Region Patch (SHARP) products:
http://jsoc.stanford.edu/doc/data/hmi/sharp/sharp.htm 

aa
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New infrastructure

https://astro.bas.bg/PolarAstro 
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