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Abstract: 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.
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Knrouyeebie cnoea: MazHumHas cyb66ypsi, cpeOHewupomHbie MonoXumesbHble Oyxmbl, Kamaroe
Ma2HUMHbIX 8apuayuli Ha bosnizapckol cmaHyuu lNaHazopuwme

A6cmpakm: BaxHbIM acrnekmom rpu U3y4eHUU KOoCMu4eckol mnoeolbl sensomcesi uccredosaHusi
cybbypb. M3gecmHo, 4mo MazHUmMHbIe Cybbypu peaucmpupyromcsi Ha Ha3eMHbIX MasHumomempax Kak
ompuyamernbHble 6yxmbl 8 aspoparbHbIX WUpomax U Kak rnonoxumersnbeHble 6yxmsi (mid-latitude bays- MPB) e
cpedHux wupomax. HedaeHo 6bin pa3pabomaH uHOeKC cpedHewupomHol akmueHocmu — MPB-uHOekc. [ns
pacyema 3moe2o UHOeKca MPUMEHSIIUCh 6blYUCIIeHHbIe CpelHUe 3Ha4yeHusi MOWHOCMU 20pU30HMaTbHOZ0
Ha3eMHO020 Ma2HUMHOoz20 ross 0n1s psda crmaHyul Ha cpedHUX Wwupomax.

B Hawem doknade Mbi npedcmasrnisiem pa3pabomky HO8020 Kamario2a MagHUMHbIX eapuayul Ha
boneapckol cmaHyuu lMaHazopuwme (~ 37 ° GMLat, ~ 97 ° GMLon). ModobHbIl kamaroe paspabamsigaemcs
eriepsble, oH bydem cocmosimb U3 08yX OCHO8HbIX pa3desios. B nepeom pasdene 6ydym npedcmasneHsl
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8bI4UCIIEHHbIe 3Ha4YeHUs1 X- U Y- KOMIMIOHEHM MagHUMHOZ20 Mo/ U MOoJIHas 20pu3oHmarbHas mouHocms MPB,
onpederneHHass o OaHHbIM cmaHuyuu [laHazropuwme. [ns amoao Hamu 6binu co30aHbl cneyuarbHble
npoepammbl 06pabomku MacHUMHbIX OaHHbIX. Bmopol pa3den codepxum Hekomopble XapakmepucmuKu
rnonoxumesibHbIX MacHUmHbiXx b6yxm (MPB), komopsbie Habnodanuce 80 epemsi cybbypb, passusaroujuxcs
00HOBPEMEHHO 8 aspoparsibHbiX wupomax. Cyb6ypu onpedensnucb no OaHHbIM MepulOUOHarnbHOU Uernoyku
HaszeMHbIX MasHumomempos IMAGE, a umeHHo no L uHOekcy u eopusoHmarsnbHol moujHocmu MPB 8
lMaHazropuwme, ucrnonb3osanuck 0aHHble ¢ 1-MuHymHoU 8blbopkol. Ha GaHHoM amane 3anonHsemcsi nepsbil
pa3sden Haweao kamarsnoaa. Bmopol pa3den obcyxdaemcs u pa3pabambigaemcs.

lnaHupyemcsi pasmecmumb Kamasnoz Ha calime WHcmumyma Kocmuyeckux uccriedosaHul u
TexHonoeutli boneapckol Akademuu Hayk.

Introduction

The explosive release of a large amount of energy from the magnetosphere into the upper
polar atmosphere is known as magnetospheric substorm [1]. Magnetospheric substorms are
manifested in a number of various phenomena and are an important element of the space weather.
They are related to the substorm current wedge (SCW), a current system, that originates in the Earth’s
magnetotail and flows along the magnetic field lines to the ionosphere [2,3]. SCW causes the auroral
onset and further expansion [4]. At auroral latitudes, large disturbances in the ground magnetic field
are generated. Negative bays in the X component of the magnetic field are observed. At the same
time, at midlatitudes weaker disturbances occur, expressed as positive bays in the X component,
known as midlatitude positive bays (MPB), and a systematic variation of the Y component. The
locations of X and Y extrema can be used to determine the characteristics of the SCW and to find a
relationship between other phenomena and SCW. Quantitative models of SCW have been developed,
e.g. [5], in which, founded on ground based midlatitude magnetic variations determined parameters, a
model of the field aligned currents is presented. The MPB can serve as a proxy for the substorm
expansion onset. Recently, a new index, MPB index, was introduced [6, 7]. Lists of MPB onsets have
been composed by different authors e.g. [6, 7].

The study the MPB behavior could be one of the important tools of the investigation of the
solar-magnetosphere coupling during the substorm progress. The development of an original catalog
of the midlatitude positive bays (MPB) registered at the Bulgarian station Panagjurishte (~37° GMLat,
~97° GMLon) is one of the basic tasks of the project “Investigation of the geomagnetic disturbances
propagation to midlatitudes and their interplanetary driver identification for the development of
midlatitude space weather forecast” - a bilateral project Bulgaria — Russia 2019 — 2020. In this work,
the process of creation for the first time of a new catalog of the magnetic variations and the magnetic
positive bays, registered at Panagjurishte (PAG), intended to work out of the tasks of the joint project,
is described.

Structure and content of the catalog

The structure and content of the catalog were thought out. The catalog is ftp positioned. A
scheme of the catalog is presented in fig.1. The main part of the catalog consists of two sections. The
first section “Magnetic field data” contains processed every day magnetic data. In the second section,
“MPB data”, information for the registered midlatitude positive bays at the Panagjurishte station is
included.

A complimentary part is also envisaged in the catalog, comprising concomitant data about
every substorm day, as sign conversion latitude of the X negative bays to positive ones, some
geomagnetic indices, the presence or no of a geomagnetic storm and so on.

Section “Magnetic field data” of the catalog

To construct the catalog, first the magnetic field data have to be processed. Section “Magnetic
field data” contains the results of the processed every day one-minute measurements of the X and Y
magnetic components. To carry out the processing, special processing tools following the algorithm of
McPherron [6] including some new elements have been developed. The processing consists of the
following procedures:

e Construction of long arrays of 36000 one-minute sampled X and Y magnetic
components data for an interval of 25 days, centered on the day under consideration;
Preprocessing, including gaps and peaks detection and removal,

Estimation and subtraction of the main field under quiet conditions;
Removing of the very disturbed days (outliers);
Determination and subtraction of the solar quiet day variations (Sq);
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e High-pass filtration of the obtained X and Y component variations;
e Computing of the horizontal power.
This processing has been performed for all one-minute sampled measurements of the
Panagjurishte station, from 2007 to 2020 and some results have been uploaded in the catalog.

‘ Data for the Panagjurishte station MPB catalog |
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Data derived by the Panagjurishte Concomitant data for the
magnetic measurements substorm days

| Magnetic field data |

= Sign conversion latitude of the
| Files data: | | Figures: | X bay (-/+),
* Presence/No presence of
- geomagnetic storm, if Yes: Ap,
- — ' Date, _ SYM/Hmin, onset, storm phase
* UT (minfhours), | |* processed X/(UT/LTY, o AT=UT-LT, during which the substorm
processed X, « processed Y/(UT/LTY, * Sunrise and sunsetin UT; originates;
processed Y, = horizontal power * MLT at the onset; + Average, max Kp for the day.
horizontal power. (MPBY(UT/LT). * MPB onset, UT,
« MPB maximum, UT;
* MPB amplitude, nT;
* Positive bay end, UT.

Fig. 1. Scheme of the structure of the Panagjurishte MPB catalog

The results included in the catalog, are data files and graphics for every day. The every-day
files comprise:
e the time in min and hours;
e one minute data for the processed X and Y magnetic components, main field and
solar quiet day variations removed,;
o the horizontal power of the magnetic field (main field and solar quiet day variations
(Sq) removed).
The appearance of a data file is presented in fig.2. The example is for 3 September 2013.

Magnetic field processed X and Y components and the resulting horizontal power
Calculated at Space Research and Technology Institute, Sofia, Bulgaria
Station: PAG
Date of observation: 03.09.2013
Time in UT delta X-comp. delta Y-comp. Power
min hours nT nT nT
1 0.017 0.47 -3.35 11.46
2 0.033 0.43 -2.99 9.09
3 0.050 0.29 =272 7.47
4 0.067 0.26 =255 6.56
5 0.083 0.12 -2.38 568
6 0.100 -0.01 -2.11 5.80
7 0.117 -0.04 -2.44 5.94
8 0.133 0.03 -2.47 6.08
9 0.150 0.20 -2.69 7.30
10 0.167 0.27 -2.92 8.61
19 0.183 0.35 -2.85 8.23
12 0.200 0.42 =2 87 8.44
13 0.217 0.40 -2.50 6.41
14 0.233 0.57 =2.22 5.28

Fig. 2. Look of a magnetic field data file. The example is for 03.09.2013. The file contains 1 minute
sampled data for the whole day (1440 values).
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Fig. 3. Processed X (left panel) and Y (right panel) components of the magnetic field, measured on 03 September
2013 at the Panagjurishte station
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Fig. 4. Horizontal power of the magnetic field perturbations on 03 September 2013 at Panagjurishte

The graphics present:
e the processed X component;
e the processed Y component;
¢ the horizontal power of the magnetic field.
The processed X and Y components for 3 September 2013 are shown in fig.3, and the
horizontal power computed from them is presented in fig.4.

Section “MPB data” in the catalog

The second basic section of the catalog, “MPB data”, is envisaged to provide information
about all midlatitude positive bays registered at the Panagjurishte station (PAG). First, the substorms
are to be identified. The substorms are being detected by the inspection of the magnetic data of the
IMAGE meridional chain including the IL IMAGE index and the obtained horizontal power at
Panagjurishte together. Data of INTERMAGNET and SuperMAG stations in the longitudinal band 90°-
104° GMLon (near the longitude of the PAG station (~97° GMLon), are also used to follow the
substorms development.
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For each substorm its midlatitude display — positive bay — at the station PAG (Bulgaria) was
examined and a file with chosen parameters was created.

In the beginning of every file the date and the difference between local and universal time (LT-
UT) for Panagjurishte are written, the UT for the sunrise and sunset at Panagjurishte for the substorm
day, and the MLT at the positive bay onset. After that, some parameters of the relevant MPB are
included, namely the time of the positive bay onset, the time of the MPB maximum, the MPB
amplitude and the time of the MPB end. These parameters are being determined by the X component
of the magnetic field, obtained after the main field subtraction, estimated by a smoothed spline through
the midnight points of 25 consecutive days, centered on the considered day, and the following removal
of the mean field caused by solar quiet day variations, obtained by superposed epoch analysis, and
high-pass filtration. In fig.5 (a), the original X component from 20 UT to 24 UT on 03.09.2013 and the
computed smoothed spline are presented, in fig.5 (b) — the resulting X after the main field subtracted
this way, in fig.5 (c) — the obtained X after the processing, and in fig.5 (d) — the original X data, the
average of the day subtracted, for comparison with the got result. The way of determination of the
MPB parameters is shown by the red lines, as follows:

e time of the positive bay onset — vertical line (1);

e time of the positive bay maximum — vertical line (2);

e amplitude of the X-component — arrowed line (3);

e time of the positive bay end — vertical line (4).

The parameter values are obtained from the computed numerical X data. It is seen, that the
midlatitude positive bay on 03.09.2013, obtained after our processing procedure (fig.5 (c)) and the
MPB after subtracting the average value of the day (fig.5 (d)), are practically identic. The times of the
MPB onset, maximum and end coincide. The amplitudes are 19.5 nT and 19.1 nT by our result (fig.5
(c)) and the average value subtraction (fig.5 (d)), respectively.
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Fig. 5. An example of the determination of the MPB parameters. We have chosen an isolated substorm, namely
the one at 23 UT on 03 September 2013.
() Original X data from 20 UT to 24 UT on 03.09.2013 and the smoothed spline by the midnight points,
computed from 25 days long series, centered on the considered day;

(b) X component obtained after the subtraction of the main field estimated by the way mentioned above.

(c) X component, main field under quiet conditions and mean field caused by solar quiet day variations
removed. The manner to determine the MPB parameters is presented by straight lines, enumerated as
follows: (1) time of the positive bay onset; (2) time of the positive bay maximum; (3) amplitude of the X-

component; (4) time of the positive bay end;

(d) The estimation of the MPB parameters, when the average day value was subtracted from the original data (as
it is done by the INTERMAGNET data base). The meaning of the lines is the same as in (c).
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Summary

A substorms catalog including the X and Y components variations and the horizontal power of
the magnetic field, the main field under quiet conditions and the mean solar quiet day removed, and
the positive bays characteristics by data of the midlatitude Bulgarian station Panagjurishte (PAG) is
being created for the first time. The catalog is FTP positioned with preliminary address
https://magnetic.nuclearmodels.net/Catalog_MPB/Stations/Panagjurishte/ . Later this catalog will be
located in the website of the Space Research and Technology Institute (SRTI) of the Bulgarian
Academy of Sciences. Section “Magnetic field data” is completed. Tools for data preprocessing and
processing have been developed. The Panagjurishte (PAG) one minute magnetic data since 2007
have been processed and the results uploaded in the catalog. Section “Substorm data” is under
construction. The substorms during January and February 2013 have been identified. The
characteristics of the positive bays were determined.

The work on the development of the catalog of positive magnetic bays during substorms will
be continued. The catalog will be used to work out the tasks of a joint bilateral project Bulgaria-Russia.

We plan also to implement permanent processing of the newly registered data and thus to
keep the catalog up to date.

This work could be useful for further studies. The processing tools could be applied for other
European stations data to form a dataset and to obtain the midlatitude positive bay (MPB) index. This
will allow to implement a complex analysis of the space-temporal characteristics of the magnetic
substorms at midlattitudes and auroral latitudes in order to reveal the peculiarities of the spreading of
the geomagnetic disturbances to midlattitudes depending on the conditions of the near-Earth space
weather.
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