PE3IOMETA HA HAYYHHUTE TIYBJIMKAIIUAN

34 y4acCcTHC B 3a y4aCTHC B KOHKYpPCa 3a 3aCMaH€ Ha aKaICMUYHA JJIBXKXKHOCT JOUEHT II0
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Bojilova R., 2017. lonospheric anomalies over Bulgaria during geomagnetic storms and
their impact on some communications. Journal of Physics and Technology, 1(1), 18-22, ISSN
2535-0536.

This paper considers ionospheric anomalies over the territory of Bulgaria during geomagnetic
storms of solar origin, illustrated by the extreme event in October 2003 (Halloween
geomagnetic storm) and the storm in January 2005. The response of the ionosphere over
Bulgaria is represented by data, collected by the ionospheric station in Sofia at NIGGG- BAS
and values of the Total Electron Content (TEC) provided by the Center for Orbit
Determination of Europe (CODE). The impact of ionospheric anomalies on radio
communication frequencies in shortwave and satellite navigation is also analyzed.

Pymana Boxcunosa, 2017. VioHochepHH aHOMATHH 1O BpeMe Ha TEOMArHUTHH GYpH,
NPEAN3BUKBAIIN CMYIIEHUS B HIKOM BHI0BE KOMYHUKauu. Coopruk ¢ doknaou om LIIECTA
HALIMOHAJIHA KOH®EPEHI[HA C MEXJVHAPO/IHO YYACTHE , Memanosnanue,
Xuopo- u aepoounamuxa, Hayuounaina cueyprocm 2017, 299-303, ISSN 1313-8308.

B Hacrosmara paboTa ca pa3riieJaHd aHOMAJIMHATE B 3eMHOTO MarHUTHO TI0JIe M HOHOC(eparta
10 BpeMe Ha J[BE€ CHJIHA T€OMarHuTHU Oypu 3a mepuoaute 7-9 suyapu 2005T. u 6-7 aBrycr
2011 r. AKIIEHTHPAHO € Ha BIUSHUETO HA Te3W AHOMAIHH BhPXY HSIKOH BU0BE KOMYHUKAIIUN
U HaBuranuu. M TMO-KOHKPETHO Ha PaJHOBPB3KUTE upe3 HOHOCHEpPHO OTpakeHHE Ha
pPaaMoOBBIHM OT KbCOBBIHOBHUS mauana3oH (1.5- 30MHz) u crobTHHKOBAaTa HaBHTAIUs.
BnusiHueTo BBpPXY KHCOBBIHOBHUTE PAJAHOBPB3KM € MPEACTaBEHO OT HaMaJeHHETO Ha
JUarna3oHa Ha MPHJIOKUMHUTE YeCTOTH 3a JIaJIeHO pa3CTOsIHUE Ha Bph3kara. BiomasaneTo Ha
TOYHOCTTA Ha CITBTHUKOBATA HABHTAIUS € TIPEJCTABEHO Ype3 M3MEHEHHITa Ha HOHOC(epHaTa
TIOTIPaBKa, KOSATO Ce OMpeelis OT TOTalTHATa eJICKTPOHHA KOHIICHTpAIMs Ha HoHOCdepaTa.

Bojilova R. and Mukhtarov P., 2018. Influence of solar and geomagnetic activity on the
ionosphere over Bulgaria. Sun and Geosphere, 13(1), 15-19, online ISSN 2367-8852, DOL:
10.31401/SunGe0.2018.01.02.

An analysis of the seasonal dependence of the ionospheric response to the geomagnetic
activity and the shortterm variations of the solar radiation has been made. The research is
based on the critical frequency of the F-region measurements from the ionosonde station -
Sofia for the period from 1995 to 2014. The crosscorrelations and delay times between the
relative values of the critical frequencies of the ionospheric F-region with the planetary
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geomagnetic activity Kp-index and the solar radio flux at 10.7 cm (F10.7) for each calendar
month of the year are investigated. The results can be used to create empirical models of the
ionospheric parameters which depend on the variations of short-term solar and geomagnetic
activity.

Bojilova, R., 2018. IONOSPHERIC ANOMALIES OVER BULGARIA DURING TWO
GEOMAGNETIC STORMS. Bulgarian Geophysical Journal, 41, 14-20, ISSN 1311-753X
(print)/ ISSN 2683-1317 (online).

This paper considers ionospheric anomalies over the territory of Bulgaria during
geomagnetic storms - the storm on 5 April 2010 and the event on 9 March 2012. The
response of the ionosphere over Bulgaria is represented by data, collected by the ionospheric
station in Sofia at NIGGG- BAS. The values of the Total Electron Content (TEC) have been
provided by the Center for Orbit Determination of Europe (CODE). The data for variations
on Earth magnetic field are received from INTERMAGNET. It was used the station
Panagyurishte (PAG) located on the territory of Bulgaria. The impact of ionospheric
anomalies on radio communication on frequencies in shortwave and satellite navigation is
also analyzed.

Bojilova R. and Mukhtarov P., 2019. Response of the electron density profiles to
geomagnetic disturbances in January 2005. Studia Geophysica et Geodaetica, 63(3), 436-454,
https://doi.org/10.1007/s11200-019-0510-6.

The ionospheric response to geomagnetic storms is usually investigated by considering the
variability of the critical frequency of the F2-layer (foF2) or the total electron content (TEC)
because these two parameters are directly measured by the ionosonde stations and the Global
Navigation Satellite Systems (GNSS). In the present paper, however, the reaction is explored
by using the vertical profiles of the electron density, N(h) , reconstructed by manually scaled
ionosonde measurements at the station Sofia (42.4°N, 23.2°E). The mid-latitude ionosheric
response to three geomagnetic storms that occurred in January 2005 is presented as this period
has been selected because no major sudden stratospheric warming occurred during this month,
and the winter 2005 is given in the literature as an example of a “normal” year. Hence the
observed ionospheric response to the considered geomagnetic storms can be attributed mainly
to the external forcing. Besides the traditional parameters foF2 and TEC, a particular attention
is paid to the variability of the peak electron density height (hmF2). This study reveals for the
first time that the main contribution to the response of the midlatitude ionosphere to
moderate/intense winter geomagnetic storms is associated with significant enhancements of
short-period quasi-diurnal oscillations with period of 6-7 hours observed in both foF2 and
hmF2. An explanation of the main mechanisms responsible for the distortion of the diurnal
ionospheric variability during these storms is offered. This result is especially important for
the ground-based HF radio communications.
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Bojilova R., 2019. INFLUENCE OF GEOMAGNETIC ACTIVITY ON THE
IONOSPHERE CRITICAL FREQUENCIES. Bulgarian Geophysical Journal, 42, 3-9, ISSN
1311-753X (print)/ ISSN 2683-1317 (online), DOI: 10.34975/bgj-2019.42.1.

The present work investigates the seasonal dependence of the geomagnetic activity influences
on the diurnal variability of the maximum electron concentration of the ionosphere over
Bulgaria. Data from the ionosonde station Sofia for the period of 1995-2014 are used. The
geomagnetic activity is described by the planetary Kp-index. The ionospheric response to the
geomagnetic storms is studied by considering the relative deviation of the diurnal variability
from its median course for the two ionospheric characteristics foF2 (critical frequency of the
ionospheric F-region) and MUF3000 (maximum usable frequency for a distance of 3000 km).
It is found that the ionospheric reaction in summer is stronger than that in winter and the time
delay of the ionospheric response in winter is longer than that in summer.

Bojilova R., Mukhtarov P., 2019. Global and Regional Response of the Total Electron
Content to Geomagnetic Storms Occurred in January 2005. Proceedings of Eleventh
Workshop “Solar Influences on the Magnetosphere, lonosphere and Atmosphere”, 71-76,
ISSN 2367-7570, DOI:10.31401/WS.2019.proc.

This study presented the global and mid-Ilatitude ionospheric response to three geomagnetic
storms occurred in January 2005: the first one on 7-8 January, the second one on 17-19
January, and the last one on 21-22 January. This period has been selected, because no major
sudden stratospheric warming (SSW) occurred during this month an according to many
scientists this winter is represented as an example of a background reference case
corresponding to a 'normal' year. Therefore, the observed ionospheric response to the
considered geomagnetic storms could be attributed mainly to the external forcing. The
reaction is explored by considering N(h) profiles registered by manually scaled ionosonde
measurements at station Sofia, which are used for calculating the total electron content (TEC)
up to the F2-layer maximum (bottom-TEC). The full-TEC data are provided by the Center for
Orbit Determination of Europe (CODE)-Bern, for the nearest point to Sofia. The basic aim of
this work is to compare in detail the temporal variability of the full-TEC with bought that
below (bottom-TEC) and up (top-TEC) the F2-layer maximum for each of the considered
geomagnetic storms. It is found that for all investigated geomagnetic storms in January 2005
the bottom-TEC is considerably different from bought top-TEC and full-TEC.

Mukhtarov P., Bojilova R., Andonov B., 2021. The second G3 (Strong) geomagnetic storm
in 25th solar cycle on 3-4 November 2021. Bulgarian Geophysical Journal, 44, 43-52, DOI:
10.34975/bqj-2021.44.4.

In this paper is analyzed the reaction of the ionosphere over Bulgaria during the G3 (Strong)
geomagnetic storm on 3-4 November 2021 on the basis of data from constantly acting
monitoring of the state of the ionosphere at the National Institute of Geophysics, Geodesy and
Geography - Bulgarian Academy of Sciences. The global geomagnetic indices (Kp and Dst),
which characterize the time development of the storm and the data for the solar wind, are
presented. The model values (MAK model, working on the NIGGG website) of the global
index of geomagnetic activity, which is calculated in real time from solar wind data show
good agreement with definitive values of this index from global data centers. The values of
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Total Electron Content (TEC) and the forecast values of the critical frequencies of the
ionosphere (foF2 and MUF3000) for Bulgaria during the storm are presented. Due to the lack
of data from the ionospheric station Sofia, the values foF2 and MUF3000 are calculated on
the basis of TEC and are used to prepare daily forecasts for the propagation of radio waves on
the territory of our country. A very good coincidence between the model values and the
measured ones was reported. As a result, the reaction of the ionosphere was monitored, which
in the considered interval 3-5 November and in the conditions of a geomagnetic storm is
positive. An explanation of the observed behavior of the critical frequencies of the ionosphere
is also purposed. All parameters discussed in this work are subject to monitoring activities
under the Project “National Geoinformation Center” (NGIC) financed by the National
Roadmap for Scientific Infrastructure 2017-2023.

Bojilova R. and Mukhtarov P., 2020. LOCAL TIME DEPEDENCE OF THE
IONOSPHERIC RESPONSE TO GEOMAGNETIC DISTURBANCES OVER BULGARIA.
International Multidisciplinary Scientific GeoConference: SGEM, 20(1.2), 615-622,
DOI:10.5593/sgem2020/1.2/s05.078.

The dependence of the relative deviation of the critical frequencies of the ionospheric F2-
layer (foF2) and the total electron content (TEC) on geomagnetic disturbances was
investigated based on data from an ionosonde station at Sofia (National Institute of
Geophysics, Geodesy and Geography - Bulgarian Academy of Sciences) for the period of
1995-2014. The local time dependence is presented by a Fourier decomposition including four
harmonics of the diurnal course. The average daily dependencies for each calendar month
were obtained. The results for the two above mentioned ionospheric characteristics are similar
and show that the negative reactions are localized around 6 and 20-21 hours local time. While
the negative response around 6 LT is present during the entire year that around 20-21 LT is
seen only in summer and equinoxes. In winter during day- and evening-time positive reaction
prevails. The seasonal behavior of the amplitudes and phases of the main Fourier components
(24- and 12-hour) was presented as well; it reveals that the 24-hour component dominates in
the winter months, especially well expressed in the TEC, while the 12-hour one is well seen
in the summer months. The presented local time dependence of the ionospheric response on
the geomagnetic activity indicates the contribution of the dynamical impact from below. This
study presented the seasonal/local time dependence of the geomagnetic response seen in the
basic ionospheric characteristics foF2 and TEC over Bulgaria and provided explanations for
the results obtained.

Mosna Z., Barta V., Berényi K.A., Mielich J., Verhulst T., Kouba D., Urbat J., Chum
J..Knizova P.K., Marew H., Podolska K. and Bojilova R., 2024. March and April 2023
ionospheric storms in the period of the Solar Cycle 25. Frontiers in Astronomy and Space
Sciences, 11, 1462160, https://doi.org/10.3389/fspas.2024.1462160.

This paper presents a deep and comprehensive multi-instrumental analysis of two distinct
ionospheric storms occurring in March and April 2023. We investigate the ionospheric
response in the middle-latitudinal European region utilizing ionospheric vertical sounding at
five European stations: Juliusruh, Dourbes, Pruhonice, Sopron, and a reference station, San
Vito. Additionally, we employ Digisonde Drift Measurement, Continuous Doppler Sounding
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System, local geomagnetic measurements, and optical observations. We concentrate on the
F2 and F1 region parameters and shape of the electron density profile. During the March
event, a pre-storm enhancement was observed, characterized by an increase in electron density
up to approximately 20% at northern stations, with minimal effect observed at San Vito. We
present a novel detailed temporal and spatial description of a so-called G-condition. It was
observed not only in the morning hours in the period of the increased geomagnetic activity
during (and shortly after) the main phase of the storm, but also during low to moderate
geomagnetic activity with Kp between 1 and 3+. Further, an alteration in the shape of the
electron density profile, notably captured by the parameter BO was observed. A substantial
increase in BO, by several hundred percent, was noted during both events on the day of the
geomagnetic disturbance and importantly also on the subsequent day with low-to-moderate
geomagnetic activity. During both storms, the critical frequency foF1 decreased at all stations
including San Vito. Changes in electron density in the F1 region indicate plasma outflow
during morning hours. Distinct and persistent oblique reflections from the auroral oval were
observed on the ionograms for several hours during both events and these observations were
in agreement with optical observations of auroral activity and concurrent rapid geomagnetic
changes at collocated stations. For the first time, we present a unique and convincing excellent
agreement between the Continuous Doppler Sounding System and Digisonde Drift
Measurement. The results reveal vertical movement of plasma up to £80 m/s. Analysis of
observed vertical plasma drifts and horizontal component H of magnetic field in Czechia and
Belgium suggest that vertical motion of the F-region plasma is caused by ExB plasma drift.

Bojilova R., 2024. FIRST RESULTS FOR INFLUENCE OF TWO GEOMAGNETIC
STORMS DURING 10-12 MAY 2024 ON MID-LATITUDE IONOSPHERE. Comptes
rendus de I’Acade'mie bulgare des Sciences, 77(10), 1485-1492,
https://doi.org/10.7546/CRABS.2024.10.08.

The main idea of this study is to analyze the ionospheric anomalies in selected points related
to the extreme geomagnetic storm which occurred during the period 10-12 May 2024. In the
present research, data of the critical frequency of the F2 region (foF2) from the vertical
sounding of ionospheric station Rome (Italy) and foF2 data for the territory of Sofia (Bulgaria)
obtained by empirical modelling were used. The selection of Rome ionospheric station is
related to the fact that this ionosonde is located at the geographic latitude coinciding with the
latitude of Sofia, which suggests similar characteristics of the ionosphere. In order to evaluate
the type of response (positive or negative), the relative deviation of the values was used, taking
into account the influence of the local time for the individual points (1 hour). The results of
the of the ionospheric response analysis show a well expressed negative response, more
significant at Rome station. Another interesting result related to the inertia of the ionosphere
is expressed in the observed response delay depending on the onset of the geomagnetic storm.
From the comparison of the measured data and those obtained through the empirical model it
can be seen that for the purposes of ionospheric forecasting, the model is able to describe the
behaviour of the ionosphere with sufficient accuracy. The ionospheric response is supported
by an additional study of the behaviour of the Total Electron Content (TEC), which response
is similar to that of foF2.
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Bojilova R., Mukhtarov P., Miloshev N., 2022. Dependence of the Index of Biologically
Active Ultraviolet Radiation on the Season and Time of Day. Atmosphere, 13(9), 1455,
https://doi.org/10.3390/atm0s13091455.

In the present work, the data from the monitoring of the biologically active ultraviolet (UV)
radiation of the Sun at the National Institute of Geophysics, Geodesy and Geography,
Bulgarian Academy of Sciences for the period 2007-2021 were used. Based on the data
analysis, a statistical method is proposed for determining the UV radiation index values in
clear weather. As a result, estimated values of the UV-Index for each day of the year and for
each hour are obtained, which can be used for predicting when reporting the cloud forecast.
In the present paper, the applicability of the theoretical dependence of the UV-Index on the
square of the cosine of the zenith angle of the Sun is investigated. The seasonal dependence
of UV-Index values at fixed zenith angles of the Sun is discussed. Through regression
analysis, the influence of the Total Ozone Column (TOC) and the concentration of particulate
matter with d < 10 um (PM10) on the UV-Index in the conditions of the city of Sofia was
investigated. Explanations of the obtained results are offered.

Bojilova R. and Kilifarska N., 2017. System for automated downloading of geomagnetic
data from INTERMAGNET portal. Journal of Physics and Technology, 1(1), 23-28, ISSN
2535-0536.

Continuous monitoring of the Earth's magnetic field is motivated not only by purely scientific
interest, but also by different practical applications, based on information about the
geomagnetic field. Some tasks require permanent update of information about the
geomagnetic field fluctuations. Others need long time series for making statistical analysis.
INTERMAGNET portal provides one of the most reliable geomagnetic information. This
paper describes newly created software for automatic downloading of geomagnetic data from
INTERMAGNET. Besides the brief description of the software interface, some practical
applications for its use are also discussed.

Pymana boxcunosa, 2017. ABToMaTH3MpaHa cUCTEMa 3a CbOMpaHe Ha TeOU3NYHN TaHHU
— [TPMJIOXKEHUE. Céopnux ¢ doxknaou om 45-ma HALJUOHAJIHA KOH®EPEHIL[HA 110
BBIIPOCHUTE HA OBYYEHUETO 110 ®U3UKA , Excnepumenmvm — OCHO8A Ha
obpazosanuemo no guzuxa“, 55-59, ISBN 978-954-580-367-3.

JlaHHHTE OT U3MEPBAHUATA HA 36MHOTO MAarHUTHO IOJIE CE U3IT0JI3BAT KAKTO 3@ YUCTO HAyYHU
IeJTH, TaKa ¥ B HSIKOW MPAKTHYECKH MPUIIOkKeHHus. HanpruMep HagaioTo Ha e/JHa TeOMarHUTHA
Oypsl € UHJIMKalLKA 3a MOceBalla MosiBa Ha CMYIIEHUs B HoHOc(depaTa, KOUTO BIUAAT Ha
KOMYHUKAIIMUTE B KBCOBBJIHOBHS JUana3oH. ToBa o0OyciaaBsd HEOOXOAUMOCTTA OT
HEMpeKbCHAT MOHUTOPUHT HAa MAarHUTHOTO MoJie. BapuanunTe Ha MarHUTHOTO TOJIE Ca C
pas3InYHa IPOJBIDKUTETHOCT BB BPEMETO, U CE IBJDKAT HAa Pa3NUYHU (PaKTOpH, KaTO Hai-
OCHOBHHMAT € CIIBHIIETO U MPOIIECUTE, CBBP3aHU C Hero. ['eoMarHuTHU 00CepBAaTOPHH OT LIS
CBAT IIpeJylaraT CBOWUTE JAHHH CBOOOJHO Ha MOTPeOUTENUTEe dYpe3 MeXAyHapojaHaTa
OpraHu3anus HNuTtepmarner. [TonyyaBaneTo Ha uH(popManus oT canra
http://www.intermagnet.org/ ce ocblecTBsiBa MOCPEACTBOM BBBEXKIaHE Ha HeoOXoaumara
uHpopmanus ot notpedutenss. Marepdeiica Ha INTERMAGNET nHe npeasmkaa TerneHeTo
Ha JBJITH PelloBe OT JAaHHM, KOETO Hajgara MHOTOKPAaTHOTO BBBEXIAaHE Ha CHEHU(PUUYHUTE
JTAaHHU 32 Toa3BaTens. Toa o0yciaBs HEOOXOJUMOCTTA OT Ch3/1aBAaHETO Ha aBTOMATH3UpaHa
cUcTeMa 3a IMOJy4yaBaHETO Ha JIBJITH PEJOBE OT T'€OMArHUTHU JaHHH KaKTO U TIXHOTO
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exxenHeBHOTO 00HOBsBaHe OT caiita Ha INTERMAGNET.

Pa3zpaboTen e mporpameH NMpoOAyKT, ChAbpKall copTyep, NpeIHa3HAYCH 3a aBTOMATHYHO
U3TETJIsIHE Ha T€OMAarHUTHU JaHHU OT 3aJaJIeH CIHCHK C T€OMAarHUTHH 00CepBaTOpHH,
yuactBauii B INTERMAGNET. Hanucanu ca nporpamu Ha e3uka C++, npeHa3HaueHU J1a
U3ITBJIHABAT 33]]a4M KaTO aBTOMATUYHO TETJICHE Ha JAHHU OT TEKYIIHS JCH, a ChIIO TaKa U Ha
JAHHU OT MPEIXOJCH MEepHoA. 3amuc Ha JaHHUTE BbB (aillloBe - B TaOJIMYCH TEKCTOB U
OuHapeH gopmar, yao0eH 3a JECHO ¥ ObP30 BH3yaIH3HPAHE MOCPEACTBOM PA3IPOCTPAHEHH
codryepu (Hampumep Microsoft Excel). [Iporpama 3a n3BbpiiBaHe Ha mbpBUYHA 00pabOTKa
Ha JAaHHUTE - W3YHCISIBAHE HA CPEIHOYACOBUTE CTOWHOCTH Ha EJIEMEHTHTE Ha 3€MHOTO
MarHUTHO IOJI€ U 3alMCHhT UM N0 Mecenu u roguHu. Cp3aaneHo e Windows mpuiiokeHue,
00e/IMHSABAI0 BCHUKU MPOTpaMu C 1IeJ ylIecHsBaHe paboTara Ha MmporpamHus nmaket. Upes
BbBEXKJaHe Ha HeoOxoaumaTa uHpopmarus (JJ/MM//ITTT) u croTBeTHaTa CTaHIMA, CE
MOJTy4aBaT HYXXHHTE JaHHH, KaTO € MPeIBUICHA M BB3MOXKHOCT 32 TAXHOTO TpapuuHOTO
npe/ICTaBsHE.

ABTOMaTH3MpaHaTa CHCTEMa 3a ChOUpaHe Ha reo(U3NYHM JIaHHHU C€ WU3IO0JI3BAa OT HAYYHUTE
pabotHuim B nenaprament "['eopusuka" Ha HanmoHaneH HHCTUTYT 10 reo(U3nKa, reoie3ust
u reorpadus kbM bbiarapckara Akamemus Ha Haykurte 3a mosyyaBaHe Ha JaHHU OT
T€OMarHUTHH CTAHIMH OT IISJI CBST, C PA3IUYHO MECTOMOJOKEHHE, B 3aBHCUMOCT OT
pa3HooOpa3HUTE LENU U 33]]a4i Ha HAYYHUTE M3CIICABAHNS.

Guineva V., Werner R., Bojilova R., Raykova L., Despirak 1.V., 2021. Mid-latitude positive
bays during substorms by quiet and disturbed conditions. Comptes rendus de I’Acad’emie
bulgare des Sciences, 74(8), 1185-1193, DOI:10.7546/CRABS.2021.08.10.

The purpose of this work is to study the midlatitude effects of substorms observed by
different conditions in the solar wind. To identify the substorm activity, data from the
magnetometer networks IMAGE, SuperMAG and INTERMAGNET in a certain range of
latitudes and longitudes were used (31.8° - 75.2° CGMLat; 92° - 104° CGMLon). To
verify the interplanetary and geomagnetic conditions, data from the CDAWeb OMNI,
from the catalog of large-scale solar wind phenomena (http://www.iki.rssi.ru/omni/) and
from the WDC for geomagnetism at Kyoto were taken. Two isolated substorms were
chosen: 1) during quiet solar wind conditions on 6 February 2018, at 21:25 UT, AL ~ -
270 nT; 2) under moderately disturbed conditions on 27 September 2020, at 19:10 UT,
AL ~-1300 nT. Quiet conditions were associated with relatively slow solar wind stream
(Vx~ -400 km/s) and small values of negative Bz component of the IMF (~ -4 nT). The
disturbed conditions were associated with a high-speed stream (HSS) (Vx~ -600 km/s)
inside which a small coronal mass ejection (CME), consisted from two structures:
SHEATH and EJECTA, was registered. It was found out, that the latitude of the bay sign
conversion from negative to positive values in the case of quiet solar wind conditions,
appeared at latitude of 7° higher latitudes than the one in the case of disturbed conditions.
In both cases, the amplitude of the positive bays, initially increased towards the lower
latitudes and after a maximum at about 50° GM latitude decreased gradually, with a
difference between the minimal and maximal amplitude of about 50%. It was ascertained,
that the mean positive bays amplitude in the case of disturbed conditions was about 4
times larger than that during quiet conditions.
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Guineva V., Werner R., Atanassov A., Bojilova R., Raykova L., Valev D., 2021.
Characteristics of the midlatitude effects of different substorms. Proceedings of the Thirteenth
Workshop "Solar Influences on the Magnetosphere, lonosphere and Atmosphere”, 135-140,
ISSN 2367-7570, DOI: 10.31401/WS.2021.proc.

Depending on the interplanetary conditions and the solar wind transients, different substorms
can develop. By one classification they can be divided in “usual®, “expanded* and “’polar*.
The "usual® substorms begin and develop at auroral latitudes (~60°- ~ 71° GMLat). When the
substorm onset is at auroral latitudes, but the substorm propagates to higher latitudes (>~70°
GMLat), the substorm is “expanded”. And in the case, when the substorm originates and
develops at latitudes above ~70° GMLat, without expansion to South, it is ranked among the
”polar ones. The substorm effect at midlatitudes consists of the appearance of peaks in the X
component of the magnetic field at ground, called midlatitude positive bays (MPB). A number
of characteristics as conversion latitude of the magnetic bay sign, amplitude and duration of
the MPB, horizontal power of the magnetic field etc., can be attributed to the midlatitude
effects of substorms.

The characteristics of the midlatitude effects have been determined by data of the Bulgarian
midlatitude station Panagjurishte (PAG) (~37° GMLat, ~97° GMLon) for 3 substorms: a polar
substorm at 18:45 UT on 06.01.2013, a usual substorm at 22:30 UT on 31.01.2013 and an
expanded substorm at 18:42 UT on 02.02.2013. The differences between the MPB
characteristics for these different types of substorms have been analyzed.

Werner R., Guineva V., Atanassov A., Bojilova R., Raykova L., Valev D., Lubchich A.,
Despirak 1., 2021. Calculation of the horizontal power perturbations of the Earth surface
magnetic field.  Proceedings of Thirteenth Workshop “Solar Influences on the
Magnetosphere, Ilonosphere and Atmosphere”, 159-164, ISSN 2367-7570, DOI:
10.31401/WS.2021.proc.

The substorm effect at midlatitudes is expressed by a rise and decay of the X-component of
the surface magnetic field, called midlatitude positive bay (MBP). McPherron has introduced
a new geomagnetic index based on the calculation of the horizontal power perturbations of
the Earth surface magnetic field. In this work, a developed processing tool to determine the
horizontal power of the magnetic field is presented. A main element in these calculations is
the estimation of the main field by smoothed spline fits to the midnight field using 25
consecutive daily observations centred over the day in consideration. The estimated field was
removed from the measurements. We used the Grubs test for detection of days with strong
magnetic disturbances. Excluding the disturbed days from further calculations, the mean solar
quiet day variations (Sq) were determined by averaging the field components and were
subtracted from the magnetic field observations of the central day. The resulting X and Y
horizontal components were high pass filtered to suppress periods longer than 3 hours. Thus,
adopting the McPherron s algorithm we have calculated the horizontal power for the
Panagjurishte station (PAG). In the algorithm we have incorporated procedures for gape and
peak detection and removing. The MPB index is defined as the average of the horizontal
power of a multitude of stations and monitors the intensity in the substorm disturbances.
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Guineva V., Despirak I., Werner R., Bojilova R., Raykova L., 2021. Study of mid-latitude
positive bays during substorms over Scandinavia — a case study. Proceedings of the XLIV
Annual Seminar “Physics of Auroral Phenomena”, 44(1), 28-31, ISSN 2588-0039, DOI:
10.51981/2588-0039.2021.44.006.

The purpose of this work is to study the midlatitude effects during substorms observed in
different interplanetary conditions over Scandinavia. To identify the substorm disturbances,
data from the magnetometer networks IMAGE, SuperMAG and INTERMAGNET in the
range 31.8° - 75.25° CGMLat and 92° - 104° CGMLon were used. To verify the interplanetary
and geomagnetic conditions, data from the CDAWeb OMNI (http://cdaweb.gsfc.nasa.gov/),
the catalog of large-scale solar wind phenomena (ftp://ftp.iki.rssi.ru/omni/) and from the WDC
for geomagnetism at Kyoto (http://wdc.kugi.kyoto-u.ac.jp/index.html) were taken.

Two isolated substorms were chosen, with different intensity: ALmin values ~ -270 nT and ~
-1300 nT, respectively. The first substorm occured on 6 February 2018, at 21:25 UT, under
quiet conditions: during slow solar wind streams. The second substorm, at 19:10 UT on 27
September 2020, originated under moderately disturbed conditions: during a high-speed
stream (HSS) in the solar wind, just after the passage of EJECTA by the Earth.

It was found out, that the latitude of the bay sign conversion from negative to positive values
in the case of quiet solar wind conditions, appeared at latitude, 7° higher than the one in the
case of disturbed conditions. In both cases, the amplitude of the positive bays, after a
maximum near the sign conversion latitude decreased gradually towards the lower latitudes,
with a difference between the minimal and maximal amplitude of about 50%. The magnetic
bays kept their duration throughout the whole latitudinal range, ~115 min. for the first case
and ~ 60 min. for the second one. It was ascertained, that the mean positive bays amplitude in
the case of disturbed conditions was 4 times higher than the amplitude during quiet conditions.

Guineva V., |. Despirak, R. Werner, R. Bojilova, L. Raykova, 2021. Mid-latitude effects
of “expanded” geomagnetic substorms: a case study. EPJ Web of Conferences- XllI
International Conference “Solar-Terrestrial Relations and Physics of Earthquake
Precursors”, 254, 01004, 1-10, elSSN: 2100-014X,
DOl:https://doi.org/10.1051/epjconf/202125401004.

The goal of this work is to examine the effects of the “expanded” or “high-latitude” substorms
at mid-latitudes. These substorms are generated at auroral latitudes and propagate up to
geomagnetic latitudes above ~70° GMLat. They are usually observed during reccurent high-
speed streams (HSS) from coronal holes. To identify the substorm activity, data from the
networks IMAGE, SuperMAG and INTERMAGNET, and data from the all-sky cameras in
Lovozero were used. To verify the interplanetary and geomagnetic conditions, data from the
CDAWeb OMNI and from the WDC for geomagnetism at Kyoto were taken. We analyzed
one substorm event on 20 February 2017 at ~18:40 UT, it developed during HSS, in non-
storm conditions. Some features of mid-latitude positive bays (MPB) at the European and
Asian stations, and in particular at the Scandinavian meridian have been studied: the bay sign
conversion from negative to positive values, the longitudinal and latitudinal extent of the
MPB. The central meridian of the substorm was determined.
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Guineva V., Werner R., Lubchich A., Atanassov A., Bojilova R., Raykova L., Valev D,
Despirak, 1., 2021. Development of a substorms catalog including the MPB observed at
Panagjurishte station, Bulgaria. EPJ Web of Conferences- XlI International Conference
“Solar-Terrestrial Relations and Physics of Earthquake Precursors”, 254, 01002, 1-9,
elSSN: 2100-014X, DOI:https://doi.org/10.1051/epjconf/202125401002.

In this work the first results of the creation of a substorms catalog including the mid-latitude
positive bays (MPB) registered at the Bulgarian station Panagjurishte (~37° GMLat, ~97°
GMLon) are presented. MPB index characterizes the mid-latitude effect of substorm, which
developed at auroral latitudes, and it is associated with the substorm current wedge. The work
went in several lines. First, the catalog design and content were taken. Second, tools of data
processing have been developed. Third, substorms during two months, namely January and
February 2013 were identified. And finally, data processing was implemented and the
characteristics of the positive bays were determined. The obtained data and their visualizations
were put in a convenient folder and file structure, ftp positioned.

Guineva V., Werner R., Atanassov A., Bojilova R., Raykova L., Valev D., Despirak I.,
Kleimenova N., 2021. Construction of a catalog of the magnetic variations by data of the
Bulgarian station Panagjurishte. Proceedings of the Seventeenth International Scientific
conference “Space, Ecology, Safety”, SES2021, 20-22.10.2021, Sofia, Bulgaria, 39-44, ISSN
2603-3313 (print)/ 2603-3321 (online).

Substorms represent one of the very important factors of the space weather. The substorms
are observed at auroral latitudes as negative bay-like magnetic disturbances and displayed as
positive bays (MPB) at midlatitudes. Recently, the special MPB index was introduced, which
could demonstrate the substorm occurrence. This index was evaluated by the applying of the
computed average values of the horizontal magnetic field power for a number of midlatitude
stations. Here we present the creation of the new catalog of the magnetic variations including
the MPB data from the Bulgarian station Panagjurishte (~37° GMLat, ~97° GMLon). This
catalog is being developed for the first time and consists of two main sections. The first section
presents the computed values of the X and Y magnetic components and the full horizontal
power. For this, we have developed special processing tools. The second section comprises
some MPB characteristics, associated with substorms, identified by data of the IMAGE
meridional magnetometer chain, the IL index and the obtained horizontal power at
Panagjurishte with 1-min sampling. Now the first section of the catalog is completed for some
time intervals. The second section is under construction.

The catalog will be on the website of the Space Research and Technology Institute of the
Bulgarian Academy of Sciences.

Werner R., Guineva V., Lubchich A., Despirak I., Bojilova R., Valev D., Atanassov A.,
Raykova L., 2021. Determination of power perturbations of the horizontal magnetic field on
the Earth surface. Proceedings of Seventeenth International Scientific Conference: “Space,
Ecology, Safety”, SES2021, 20-22.10.2021, Sofia, Bulgaria, 34-38, ISSN 2603-3313 (print)/
2603-3321 (online).

In 2015 Chu and later in 2017 McPherron have introduced a new index, the so called
midlatitude positive bay (MPB) index, to characterize the activity of magnetic substorms at
midlatitudes. In the frame of a bilateral project Bulgaria — Russia supported by the National
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Science Fund of Bulgaria (NSFB) (project number KII-06-Pycus/15) and RFBR (project
number 20-55-18003 Boar a) a program was worked out based in general on the algorithm
developed by Chu and McPherron. A key point of the algorithm consists in the estimation and
removal of the main magnetic field and the mean solar quiet day variations. For this propose
25 successive days were used in the computations, centred at the day under consideration. The
so called mean Solar quiet day variations were determined by superposed epoch analysis, and
were subtracted from the observations during the considered day. The power perturbations
were determined by the sum of the obtained by the described processing procedure squared
and high pass filtered X and Y-component variations. In a pre-processing process, new
procedures for data gap and peak detection and removal were included. Highly disturbed
observations were previously removed by the outlier test of Grubbs. The horizontal power
perturbations for the Bulgarian magnetic observatory Panagjurishte (PAG) are determined for
the whole period from 2007 up to now by our developed processing tool, described in this
work.

Guineva V., Werner R., Bojilova R., Atanassov A., Raykova L., Valev D., 2022. Maps of
the Spatial Distribution of the Variations in the X and Y Components of the Magnetic Field
at European Midlatitudes during Substorms: A Case Study. Proceedings of Fourteenth

Workshop “Solar Influences on the Magnetosphere, lonosphere and Atmosphere”, 22-28,
ISSN 2367-7570, DOI: 10.31401/WS.2022.proc.

The goal of this work is to present the utility of maps of the magnetic field components
variations to define the characteristics of the magnetospheric substorms appearance at
midlatitudes. To study the spatial distribution of the magnetic field components variations
during substorms, an isolated substorm in non-storm conditions, the substorm on 22 March
2013 at ~23:07 UT with central meridian over Europe has been chosen. Magnetic field data
from INTERMAGNET, SuperMAG and IMAGE databases have been used. The X and Y
variations due to the substorm were computed for 56 stations based on the developed
programs. Maps of the spatial distribution and latitudinal and longitudinal profiles of the
magnetic variations have been created and some characteristics as the line of sign conversion
latitude, the central meridian, the longitudinal and latitudinal extent of the midlatitude positive
bays (MPB) and the latitudinal and longitudinal dependence of the variations at three times
with maxima during the maximal development of the substorm have been estimated. The
central meridian is near PAG (~37°MLAT, ~97°MLON): it is at ~84°MLON during the first
part of the substorm and at ~106° MLON in the final stage. The sign conversion latitude is in
the range 60°-67°MLAT, the latitudinal extent — from 46° to 53°, and the longitudinal extent
—from 60° to 140° during the stage of the maximal development of the substorm. These results
are typical for expanded substorms.

Guineva V., Werner R., Atanassov A., Bojilova R., Raykova L., Valev D., 2022. Assessment
of some substorm parameters based on the midlatitude positive bays and the MPB index
maxima. Proceedings of the Eighteenth International Scientific conference “Space, Ecology,
Safety”, SES2022, 19-21.10.2022, Sofia, Bulgaria, 33-38, ISSN 2603-3313 (print)/ ISSN
2603-3321 (online).

Magnetospheric substorms effect on the ground magnetic field is expressed as negative bays
at auroral latitudes and positive bays (MPB) at midlatitudes. In most of the cases the magnetic
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disturbances at high latitudes are accompanied by midlatitude positive bays. The MPB index,
recently introduced by McPherron and Chu, is a measure of the field aligned currents,
connected to the electrojet. The magnetic disturbances during two substorms, at 23:10 UT on
22.03.2013 and at 22:49 UT on 11.05.2015 were examined in detail. The MPB index for both
events was computed by data of 16 European stations. The beginning and end of the MPB
index maxima were determined, based on smoothing by moving average and by inspection of
the consecutive minima before and after the MPB index maximum, calculated by the first
derivative of the MPB index variations. Criteria to choose the minima of the beginning and
end of the MPB index maximum have been discussed and set. Some basic substorm
parameters have been determined by the MPB index. The variations in the X magnetic
component series from more than 30 European stations in the range 25°-55° GMlat have been
studied in the same way. Graphs of the midlatitude onset delay in reference to the first onset
as a function of the longitude have been constructed and analysed.

Werner, R., Guineva, V., Despirak, I. V., Lubchich, A. A., Setsko, P. V., Atanassov, A.,
Bojilova R., Raykova L., Valev D., 2023. Statistical Studies of Auroral Activity and
Perturbations of the Geomagnetic Field at Middle Latitudes. Geomagnetism and Aeronomy,
63(4), 473-485, https://doi.org/10.1134/S0016793223600303.

In this paper, we statistically analyzed substorm activity at auroral latitudes for 2007—-2020
and its relationship with magnetic disturbances at middle latitudes using the
INTERMAGNET, SuperMAG, and IMAGE magnetometer data. The appearance and
development of magnetic disturbances at auroral latitudes was monitored by the IL index
(similar to the AL index, but according to IMAGE data). For the 2007-2020 period, events
that were observed near the meridian of the IMAGE network, in the night sector (2103 MLT),
were selected. Two samples of events were used: (1) IL < —200 nT for at least 10 min, with
an additional criterion for the presence or absence of positive bays at the Panagyurishte station
in Bulgaria, and (2) isolated substorms observed on the IMAGE meridian according to the list
of Ohtani and Gjerloev (2020). The distributions of the IL index, as well as the empirical and
theoretical cumulative distribution functions, are obtained, and the of the occurrence of
extreme events are also estimated. It is shown that, in general, the IL distributions are
described well by exponential functions, and out of all events, events accompanied by mid-
latitude positive bays were observed in ~65% of cases while their fraction increased with
increasing disturbance intensity. Events with positive bays at midlatitudes of MPB and
isolated substorms were better described by the Weibull distribution for extreme events. From
both distributions, annual and semi-annual variations were identified: annual variations have
a summer minimum and a winter maximum, and semiannual variations have maxima near the
equinoxes, which is most likely due to the Russell-McPherron effect. The semi-annual
variation is also shown to be more pronounced for events with accompanying mid-Ilatitudinal
positive bays.
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Werner, R., Guineva, V., Despirak, I., Lyubchich, A., Bojilova, R., Raykova, L., Atanassov
A., Valev D., 2023. Statistical study of geomagnetic disturbances at European auroral and
high latitudes. Comptes rendus de [’Acade'mie bulgare des Sciences, 76(4), 571-579,
https://doi.org/10.7546/CRABS.2023.04.09.

Statistical studies allow probability statements about the frequency of certain events. The
occurrence of magnetic substorms and their activity have been described with the help of
extreme value distributions in the last few decades using the auroral electrojet indices AE, AL
and AU. In this work we examined the distribution of the IL index, derived from observations
at stations of the IMAGE magnetometer network. The distributions of magnetic disturbances,
based on IL, were studied separately in the morning (3-9 MLT), day (9-15 MLT), evening
(15-21 MLT), and night (21-3 MLT) sectors. In addition, we used the values of the IL index
calculated from the meridional chains in the auroral zone (PPN-SOR) and from the chain of
stations at high latitudes (BJN-NAL). The histograms, the empirical cumulative distributions
and the occurrence rates were computed. It was shown that the empirical distributions could
be well approximated with exponential distributions. The distribution parameters were
determined from the occurrence rates. It was discovered three classes were discovered, which
differ significantly by the respective distribution parameters. Structural changes in the
distributions were found in the morning sector at both auroral and high latitudes. The
relationship between the occurrence rate of magnetic disturbances with IL< -1000 nT and the
frequency of occurrence of geomagnetic induced currents was highlighted.

Guineva V., Werner R., Bojilova R., Atanassov A., Raykova L., Valev D., 2023. Spatial
distribution of the magnetic disturbances at European midlatitudes during substorms: case
study. Proceedings of Science (PoS), 11th International Conference of the Balkan Physical
Union (BPU11), Vol. 427, 188, DOI: https://doi.org/10.22323/1.427.0188.

This work is aimed to study the spatial distribution of the magnetic field components
variations during substorms, when the central substorm meridian is located near the magnetic
stations. Only in this case the typical for substorm changes in the signs of the magnetic
components could be observed in the spatial structure. In this purpose, an isolated substorm,
the substorm on 22 March 2013 at ~23:10 UT, with central meridian over Europe has been
chosen. Magnetic field data from INTERMAGNET, SuperMAG and IMAGE databases have
been used. The X and Y variations due to the substorm were computed for more than 40
stations based on the developed programs. Maps of the spatial distribution of the magnetic
variations have been created, longitudinal and latitudinal profiles for this event have been
constructed for the time of the midlatitude positive bay (MPB) maximum at Panagjurishte
(PAG) and some other moments of the substorm development. Some characteristics as the
line of sign conversion latitude, the central meridian, the longitudinal and latitudinal extent of
the positive bays and the latitudinal and longitudinal dependence of the variations have been
estimated. A local MPB index was computed for the European region, which provide
information about the substorm appearance at midlatitudes from substorms, developed over
Europe.
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Guineva V.H., Werner R., Atanassov A.M., Bojilova R.Ts., Raykova L.N., Valev D.T.,
2023. Determination of the parameters of midlatitude positive bays caused by magnetospheric
substorms. Proceedings of Fifteenth Workshop “Solar Influences on the Magnetosphere,
lonosphere and Atmosphere”, 56-63, ISSN 2367-7570, DOI: 10.31401/WS.2023.proc.

Magnetospheric substorms are an important feature of the space weather. Apart of the variety
of phenomena that they provoke, they influence the magnetic field at the Earth surface.
Negative X-bays at auroral latitudes and positive bays in the X magnetic component at
midlatitudes known as midlatitude positive bays (MPB) are observed. The study of the MPB
development serves in the investigation of the solar-magnetosphere coupling during the
substorm progress. At the Space Research and Technology Institute of the Bulgarian Academy
of Sciences, the magnetic variations at Panagjurishte were calculated, based on data by the
Bulgarian magnetic station Panagjurishte (PAG) with the main goal to determine the
variations related to the substorm activity (MPB) and estimate the MPB main parameters. In
this work we described the development of a processing tool to determine the beginning and
end of the MPB registered at PAG. The tool is based on smoothing by moving average and
by inspection of the consecutive minima of the X-component before and after the MPB
maximum, calculated by the first derivative of the X variations. The MPB amplitude was
obtained by the difference between the MPB maximum and the X value at the MPB beginning.
Criteria to choose the minima of the beginning and end of the MPB have been specified. A
minima find algorithm has been worked out and applied to specific cases. All results were
made available to the scientific community by a created catalog, described also in this paper.

Guineva V., Werner R., Bojilova R., Raykova L., Atanassov A., Valev D., 2024. A
methodology to estimate the MPB parameters. Proceedings of the XLVII Annual Seminar
“Physics of Auroral Phenomena”, 47, 16-19, ISSN:2588-0039, DOI:10.51981/2588-
0039.2024.47.003.

The midlatitude positive bays (MPB) represent a mark of the development of substorms at
auroral latitudes. To have a knowledge of their parameters could serve as a tool to obtain more
information about the magnetospheric substorms onset and progress. In the purpose to enable
the study of the various phenomena related to the substorm disturbances and their propagation
to mid-latitudes, an original catalog of the variations of the magnetic field at midlatitudes at
the Bulgarian station Panagyurishte (PAG) was created for the period 2007 - 2022. The MPB
parameters are part of this catalog. To estimate the MPB parameters, a special methodology
was worked out. The beginning and end of the MPB’s were determined, based on smoothing
by moving average and by inspection of the consecutive minima before and after the MPB
maximum, calculated by the first derivative of the X component of the magnetic field
variations. Criteria to choose the minima of the beginning and end of the MPB have been
discussed and set. For each specified case, a graphic of the positive bay with some parameters
marked in it, and a file with the determined parameters and some flags, giving information
about the concrete positive bay, have been created. These results can be accessed in the
Catalog of the magnetic variations at the Panagyurishte station, located on the website of the
Space Research and Technology Institute, BAS, Bulgaria
(http://space.bas.bg/Catalog_ MPB/).
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Guineva, V., Werner, R., Bojilova, R., Raykova, L., Atanassov, A., Valev, D., 2024.
STUDY OF THE MIDLATITUDE POSITIVE BAYS AT THE MAGNETIC STATION
PANAGYURISHTE DURING THE DESCENDING PHASE OF SOLAR CYCLE 24.
Proceedings of the Twentieth Anniversary International Scientific conference “Space,
Ecology, Safety”, SES2024, 22-25.10.2024, Sofia, Bulgaria, 48-54, ISSN: p-ISSN 2603 —
3313/ e-ISSN 2603 — 3321.

The effect of substorms at midlatitudes is manifested as specific oscillations in the magnetic
field at the Earth surface: peaks in the North component X, known as midlatitude positive
bays (MPB), and a systematic variation in the East component Y, consisting of a single cycle
of sine wave. It was found out that the rate of substorm occurrence depends on the phase of
the solar cycle and that most substotrms occur during the descending phase of the solar cycle.
The aim of this work is to study the midlatitude positive bays, related to magnetospheric
substorms that were identified at the midlatitude Bulgarian magnetic station Panagyurishte
during the descending phase of solar cycle 24. Therefor 255 MPB’s observed in 2017, have
been examined. The interplanetary and geomagnetic conditions during these substorms have
been investigated. The MPB beginnings have been compared to the onsets of the same
substorms, determined by SML index data. A comparison of the number of registered MPB’s
during different solar cycle phases has been made. It was ascertained that during the 24 SC
actually most substorms occurred during the descending phase, another, smaller maximum of
the number of substorms was observed during the ascending phase, and minima during the
maximum and the minimum of the SC were observed.

Guineva V., Werner R., Bojilova R., Raykova L., Atanassov A., Valev D., 2024. Analysis
of Substorms Related to Strong MPB at Panagjurishte Station in 2022. Proceedings of

Sixteenth Workshop “Solar Influences on the Magnetosphere, lonosphere and Atmosphere”,
ISSN: 2367-7570, 56-62, DOI:10.31401/WS.2024.proc.

Substorms developed over Europe are often accompanied by midlatitude positive bays (MPB)
which represent peaks in the X magnetic component at midlatitudes. The present study aims
at revealing the interplanetary and geomagnetic conditions under which develop
magnetospheric substorms responsible for strong MPB at the Bulgarian magnetic station
Panagjurishte. In this purpose, the 153 MPB’s in 2022 determined as appreciable effect of
auroral substorms, are examined. 14 MPB’s with maximal X values greater than 20 nT are
taken into account. The beginning times of these MPB’s are close to the substorm onsets
determined from the SML index by Newell and Gjerloev (2011), Forsyth et al. (2015) and
Ohtani and Gjerloev (2020). The interplanetary and geomagnetic conditions during the studied
substorms have been verified. It was found out that these substorms occurred against the
background of different structures in the solar wind related to high speed streams from coronal
holes or coronal mass ejections. Under such disturbed interplanetary conditions, in all studied
cases magnetic storms developed, the majority of which are between the top 50 geomagnetic
storms of 2022.
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Guineva, V., Werner, R., Despirak, 1., Klejmenova, N., Lubchich, A., Setsko, P., Atanassov
A., Bojilova R., Raykova L., Valev D., 2023. Results from the bulgarian-russian project on
investigation of the geomagnetic disturbances propagation to mid-latitudes and their
interplanetary drivers identification for the development of mid-latitude space weather
forecast. Proceedings of the Nineteenth International Scientific conference “Space, Ecology,
Safety”, SES2023, 24-26.10.2023, Sofia, Bulgaria, 47-56, ISSN 2603-3313 (print)/ 2603-
3321 (online).

The main goal of the project is to implement a complex analysis of the spatio-temporal
features of magnetospheric substorms and their effects at mid-latitudes depending on space
weather conditions. For this purpose, studies of various phenomena related to the development
of substorm disturbances and their propagation to mid-latitudes were carried out. For the first
time, an original catalog of the variations of the magnetic field at midlatitudes at the Bulgarian
station Panagjurishte (PAG) was created for the period 2007 - 2022. A methodology was
developed and universal programs were created for processing data from European stations,
obtaining maps of the spatial distribution of magnetic variations, and for calculating the
midlatitude positive bay (MPB) index. The relationships between the statistical distributions
of the MPB index and widely used geomagnetic indices and solar wind parameters were
established. Analyses of events during quiet and disturbed geomagnetic conditions, during
slow flows in the solar wind or high speed streams from coronal holes, were performed. Some
cases of supersubstorms have been studied in detail. The hypothesis of the development of an
additional substorm current wedge during supersubstorms was confirmed. The morphological
features of the polar substorms were also studied. Catalogs of supersubstorms and polar
substorms for the past 20 years have been created. Cases of occurrence of intense
geomagnetically induced currents (GIC) during several strong magnetic storms were
identified and analyzed. This study was supported by the National Science Fund of Bulgaria
(NSFB) (project number KII-06-Pycusi/15) and by the RFBR (project number 20-55-
18003bonr_a).

Bojilova R., Mukhtarov P., 2023. Investigation of Dst variations in X component at mid-
latitudes during three geomagnetic storms on February 2022. Proceedings of Science (PoS),
11th International Conference of the Balkan Physical Union (BPU11), Vol. 427, 185,
DOIl:https://doi.org/10.22323/1.427.0185.

Variations in the X component of the Earth’s magnetic field near the equator reflect the
influence of equatorial ring current formed under the action of the charged particles of the
solar wind. The traditional index describing this phenomenon is Dst. This index is obtainedas
anaveragevalue of the variations in different magnetometric stations located at different
geographic longitudes, where the influence of local time is removed. The basic aim of present
work is to investigate the dependence of the responseof the X component on the local time.
Due to the fact that the entry of the charged particles of the solar wind into the Earth's
magnetosphere takes place in the night region of the Earth, a dependence of the response
observed at a given geographic longitude on the local time must be assumed. In order to
analyze Dst variations in X component at mid latitudes during three weak geomagnetic storms
on February 2022, a chain of stations near the magnetic equator was considered. As a result,
a methodology for reconstructing the X component is also proposed, and examples are shown
for evaluating the quality of the developed model. The results thus obtained can be used to
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evaluate the spread of the influence of the equatorial ring current in the conditions of
geomagnetic storms on various geophysical parameters.

Bojilova R. and Mukhtarov P., 2023. Investigation of Dst Variations in X Component at
Midlatitudes during Geomagnetic Storm on February 3, 2022. Comptes rendus de I’Acade'mie
bulgare des Sciences, 76(2), 264-272, DOI:10.7546/CRABS.2023.02.11.

The main idea of this study is to investigate the Dst variations in the X component of the
Earth’s magnetic field and their latitudinal distribution in the conditions of geomagnetic
disturbance on February 3, 2022. For this purpose, data from the world database of
geomagnetic observatories INTERMAGNET were used. Three sectors of geomagnetic
observatories were selected: (i) Eastern Europe, (ii) Western Europe, (iii) Eastern Asia. The
considered stations are located at different latitudes (GLAT) but are close to each other in
longitudes (GLON). For each sector, changes in the X component were considered and Sq
variations were previously removed, based on data for five quiet days determined by the
Helmholtz Centre Potsdam, GFZ German Research Centre for Geosciences. The results allow
proposing a methodology for filtering the variations in the X component for the considered
geomagnetic observatories resulting from the geomagnetic disturbance. In the concluding part
of this work, an analysis of the relationship between variations in the X component and the
equatorial ring current represented by Dst is proposed. The obtained linear regression
coefficients for each of the sectors show the well-known dependency, expressed in the
reduction of the influence of Dst on the changes in the X component as it moves from the
equator to higher northern latitudes.

Bojilova R., Mukhtarov P., Miloshev N., 2020. CLIMATOLOGY OF THE INDEX OF
THE BIOLOGICALLY ACTIVE ULTRAVIOLET RADIATION FOR SOFIA. AN
EMPIRICAL FORECAST MODEL FOR PREDICTING THE UV-INDEX. Comptes rendus
de I’Acade'mie bulgare des Sciences, 73(4), 531-538, DOI:10.7546/CRABS.2020.04.12.

This study presents a detailed statistical analysis of the monitoring data of the Index of
biologically active ultraviolet radiation in Sofia for the period 2011-2019, performed at the
National Institute of Geophysics, Geodesy and Geography (NIGGG) at the Bulgarian
Academy of Sciences. In this paper, the regularities of the daily and seasonal course of the
index are investigated and an empirical model is proposed for forecasting its average hourly
values depending on the local time and day of the year in clear weather. The basic regularity
turns out to be the dependence of the index on the cosine square of the solar zenith angle. As
a result, the opportunity is presented to specify the forecast of the UV-index depending on the
predicted cloudiness.

17


file:///C:/Users/Rumi/Desktop/2020-2023/Atmosphere_awards/Remote_sensing/send_remote_sensing/Bojilova_en.docx
2.%20Справка_изпълнение_мни_РБ.docx

I'7-25 Bojilova R., Mukhtarov P., Miloshev N., 2023. Investigation of the dependence of
ultraviolet radiation on the day. Environmental Protection and Disaster Risks - Proceeding of
the 2nd International Conference on Environmental Protection and Disaster Risks and 10th
Annual CMDR COE Conference on Crisis Management and Disaster Response, Lecture
Notes in Networks and Systems, 638, Springer, Cham, 177-187, https://doi.org/10.1007/978-
3-031-26754-3 16.

By measuring the flux of ultraviolet radiation UVA (315-400 nm) and UVB (280-315 nm) in
urban conditions, its dependence on the zenith angle of the Sun in clear weather was studied.
Simultaneous measurements of the most important components of the atmosphere that affect
the absorption of ultraviolet radiation — ozone and water vapor were performed. The
dependence of the UVB index on the square of the zenith angle of the Sun has been confirmed,
while the dependence of UVA is closer to the first degree of the cosine of the zenith angle,
which is explained by the lower absorption of this component of the solar spectrum by the
atmosphere. Measurements made not only of the radiation flux in a horizontal plane but also
in a plane perpendicular to the direction of the Sun at the appropriate time allow us to assess
the risk of sunburn on the skin in different positions of the human body. This can be used to
improve the existing model for predicting the safe time of stay in direct sunlight.
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