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ANALYSIS OF THE MAGNETIC STORMS CATALOG FOR MONITORING

RADIO SOURCE FLUXE DATA WITH THE URAN-4 RADIO TELESCOPE
IN THE ODESA MAGNETIC ANOMALY ZONE

Purpose: Compilation of a digital catalog of magnetic storms in the Odesa magnetic anomaly zone in order to find the rea-
sons for possible changes in the radiation fluxes of cosmic radio sources, according to observations at the URAN-4 radio
telescope.

Design/methodology/approach: Since 1987 until now, the radio flux of powerful galactic and extragalactic radio sources
has been monitored at the URAN-4 radio telescope of the Odesa Observatory of the Institute of Radio Astronomy of
the National Academy of Sciences of Ukraine. The monitoring program includes radio galaxies 3C274, 3C405 and supernova
remnants 3C144, 3C461. Changes in the radio source flux level are determined by the ionosphere state due to the changes
in space weather. At the “Odesa” geomagnetic observatory of the Institute of Geophysics of the National Academy of Scien-
ces of Ukraine, the geomagnetic field measurements have been made since 1948. Simultaneously, the measurements of
three elements of the geomagnetic field: horizontal component (H), vertical component (Z) and inclination (D), have been
recorded.

Findings: Using the “Odesa” geomagnetic observatory data, the digital catalog of magnetic storms was compiled for the
measuring period of the powerful space radio source fluxes obtained with the URAN-4 radio telescope. For the magnetic storms
monitored during the periods of 1987—-1995 and 2000-2009, the date and time are shown for the beginning and the end of
the magnetic storm, the magnetic storm duration, the amplitude of the three magnetic field elements, being H, Z, and D, and
the magnetic storm type characteristic.The “Odesa’” geomagnetic observatory is located near the magnetic anomaly zone. To find
the distinctions in manifestations of the geomagnetic activity arisen owing to the magnetic anomaly existence, the geomagnetic
disturbances recorded at the “Odesa” and “Moscow” (IZMIRAN, Russia) observatories were compared. It was shown that the
total annual duration of the magnetic storms was longer in Odesa than in Moscow. This demonstrates some special role of the
magnetic anomaly in the development of geomagnetic disturbances.

Conclusions: The digital catalog of magnetic storms in the Odesa magnetic anomaly zone was compiled for the 1987-1995 and
2000-2009 periods. It is also planned to terminate working over the complete catalog of magnetic storms recorded at the
“Odesa’” observatory for the entire continuous period of monitoring space radio sources at the URAN-4 radio telescope in order
to find the manifestations of geomagnetic disturbances impact upon the ionosphere state and changes of intensity in cosmic radio
source fluxes. These studies are supplemented by the comparative analysis of the “Odesa’ observatory geomagnetic data and the
data from some other geomagnetic observatories.

Key words: solar activity, monitoring variability of radio sources, magnetic storms, catalog of magnetic storms, magnetic
anomaly

1. Introduction

The “Odesa” geomagnetic observatory was founded
by the Novorossiysk Imperial University, on the botan-
ical garden area, at the beginning of the XX century.
In 1936, it was moved to the village of Stepanivka
(near Odesa) by the Odesa State University. After
the World War II, the Observatory became to belong
to the Institute of Geophysics. Since 1948 till 2010,
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the analog measurements of the Earth’s magnetic field
were made at the “Odesa” geomagnetic observatory.
At the same time, the measurements of three ele-
ments of the magnetic field were recorded: horizontal
component (H), vertical component (Z), and inclina-
tion (D), based on which the magnetic storms data
were given in a tabular form [1]. Fig. 1 shows a monthly
review of the magnetic field state in November 2003.
The content of the catalog is presented in paper [2].
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Fig. 1. Overview of the magnetic field state in November 2003

2. Catalog of magnetic storms

Using the “Odesa” geomagnetic observatory data,
the magnetic storms catalog was made. This cata-
log issue for the 1987—1995 and 2000-2009 years
include: the date and time of the beginning and
the end of a storm, the storm duration, the amplitu-
de of the magnetic field H, Z, and D components,
and the characteristics of magnetic storms with
the indication of the fissile periods. As an example,
the observational data of the “Odesa” geomagnetic
observatory for the period of January—March 2003
are given in Table 1. The total number of minor,
moderate, strong and extreme storms are shown in
Table 2 and Fig. 2.

The catalog was compiled to identify the reasons
for the change in the space radio sources’ flux level,
according to the observations made since 1987 with
the Odesa Observatory URAN-4 radio telescope
of the Institute of Radio Astronomy of the National
Academy of Sciences of Ukraine. The data on po-
werful radio source flux changes during the periods
of extreme states of solar activity are given in [3].
Paper [3] also presents the results of calculating
multiple correlation analysis models, which show
the dependence of the radio source flux changes on
the main indices characterizing the space weather
state.
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3. Magnetic anomaly zone

The “Odesa” geomagnetic observatory is located near
the intensive magnetic anomaly. Since the dome of
the geomagnetic field extends to the altitudes of about
90 km into the ionosphere layer, where the variation
(rapidly variable) component of the geomagnetic field
is formed, the regional magnetic anomalies can affect
the manifestation of the geomagnetic field variability.
When processing the long-term observations data,
the magnetic anomaly influence on the geomagnetic
activity was found. The map of the anomalous geo-
magnetic field distribution near the Odesa city is shown
in Fig. 3.

To identify the magnetic anomaly influence on
geomagnetic activity, the magnetic storms characte-
ristics were compared according to the “Odesa” and
“Moscow” (IZMIRAN, Russia) geomagnetic obser-
vatories data. The total duration of all magnetic storms
throughout the year in Odesa is longer than in Mos-
cow (see Fig. 4). Table 3 provides information on the
duration of individual magnetic storms in the “Ode-
sa” and “Moscow” geomagnetic observatories’
areas for 1987-1995 and 2001-2003.

Since 2017 till 2019, right in the center of the
magnetic anomaly on the area of the Astronomical
Observatory of the Odesa 1. I. Mechnikov National
University, the magnetic field variations were mea-
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Table 1. Digital catalog of magnetic storms and their characteristics

Beginning

End

date

uT

date

UuT

Dura-
tion, h

Amplitude

H

D

VA

Storm
class

Active periods

beginning

end

date

uT

date

uT

Comments

03.01.2003

18.01.2003

20.01.2003

29.01.2003

01.02.2003

08.02.2003

12.02.2003

13.02.2003

16.02.2003

26.02.2003

28.02.2003

03.03.2003

05.03.2003

20.03.2003

22.03.2003

28.03.2003

31.03.2003

12:00

6:00

10:00

9:00

15:00

7:00

8:00

21:00

6:00

6:00

6:00

15:00

9:00

6:00

19:00

16:00

6:00

04.01.2003

20.01.2003

23.01.2003

30.01.2003

05.02.2003

09.02.2003

13.02.2003

15.02.2003

17.02.2003

28.02.2003

01.03.2003

05.03.2003

07.03.2003

22.03.2003

24.03.2003

31.03.2003

01.04.2003

0:00

6:00

4:00

20:00

3:00

3:00

1:00

21:00

2:00

1:00

3:00

3:00

12:00

2:00

2:00

3:00

4:00

36

48

66

35

84

20

17

48

20

43

21

36

51

31

59

22

95

105

98

116

176

75

83

80

86

106

93

92

103

119

106

98

127

94

64

68

124

145

70

74

105

62

114

85

131

96

101

85

124

111

36

39

38

2

82

26

26

35

32

48

42

57

46

50

32

81

62

minor

minor

minor

moderate

moderate

minor

minor

minor

minor

moderate

minor

moderate

minor

moderate

minor

moderate

moderate

01.02.2003

03.02.2003

14.02.2003

18:00

12:00

9:00

03.02.2003

04.02.2003

15.02.2003

2:00

12:00

18:00

Minor storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
Minor storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
Moderate storm
with the gradual
beginning
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Table 2. Number of magnetic storms in the catalog
for 1987-1995 and 2000-2009

Peri Minor | Moderate Strong Extreme
eriod
storm storm storm storm
1987 21 19 0 0
1988 41 16 7 1
1989 28 38 8 4
1990 24 34 7 1
1991 19 25 9 9
1992 31 26 7 1
1993 27 23 8 0
1994 19 9 7 1
1995 23 20 1 0
2000 25 16 5 3
2001 31 27 4 6
2002 39 21 4 2
2003 38 36 1 2
2004 31 11 4 2
2005 30 16 5 4
2006 32 9 1 0
2007 34 5 0 0
2008 28 4 0 0
2009 11 0 0 0

sured with the LEMI-008 precision flux gate magne-
tometer of the S. I. Subbotin Institute of Geophysics
of the National Academy of Sciences of Ukraine.
The measurements were made with a second re-
solution time. As a result, the data on rapid variabi-
lity of the geomagnetic field H, Z, and D compo-
nents, lasting for more than 1 year, were obtained.
The dependences of the time-frequency wavelet
spectra on geomagnetic storms of different strengths
and caused by different active processes on the Sun
have been studied. These properties (amplitudes of

Number of magnetic storms

geomagnetic variations in the bands of individual quasi-
periods, changes in quasi-periods over time and at
the moments of storms, disturbances, and geomag-
netic quiet days, changes in the spectral power den-
sity of time series with time that shows the “overlap”
of different fluctuations for the same, quite short
periods of time) are compared with the properties
of fast geomagnetic variations obtained on the
“Dymer” geomagnetic observatory area, Kyiv re-
gion, where the geomagnetic field is very close to
normal. It is shown that there are significant diffe-
rences between the type of digital spectra for the
“Odesa” and the “Dymer”, and between the proper-
ties of variations in the geomagnetic field. Thus, in
the “Odesa” data, the short-period component of
variations is more prominent, the fluctuations with
periods of up to 4-5 min are reliably distinguished,
and up to 3 minutes on low-noise days. These varia-
tions are often quasiperiodic during the geomag-
netic storms. According to the “Dymer” observatory
data, the quasiperiodic variations are mainly concen-
trated in the low-frequency region of digital spectra,
in the period band of 12-30 min. Sometimes there
are complex transitions of oscillation periods, which
have a characteristic “grid” shape on the digital spect-
rum, usually in the bands of periods from 5 to 20 min,
and usually observed at night and in the morning.
However, this occurs quite rarely. Usually, the geo-
magnetic variations according to the “Dymer” obser-
vatory data become noisy in the band of periods less
than 13 min. Thus, the “prints” of geomagnetic storms
and disturbed days are different for the areas of
anomalous field (“Odesa”) and for a calm field
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Fig. 2. Graphical representation of the number of magnetic storms in the catalog
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Fig. 3. Map of the Earth’s magnetic field induction module
distribution in the Odesa area in 2015

(“Dymer”). Some results of the analysis of short-
period geomagnetic variations are given in [4, 5].
Taking into account the fact that in the Odesa region-
al magnetic anomaly area there is the URAN-4 low-
frequency radio telescope (phased antenna array) of

the decameter (10-30 MHz) wavelength range, the
study of the relationship and differences between the
ionosphere scintillations of powerful galactic and
extragalactic radio sources (on a cloud of homoge-
neities) and the rapid variations in the geomagnetic
field, since both of these phenomena are consequence
of ionosphere processes. The Odesa Regional Mag-
netic Anomaly is a unique “natural laboratory” in
Ukraine and studying its connection with the iono-
sphere will continue.

4. Conclusions

1. Using the “Odesa” geomagnetic observatory data,
the catalog of the magnetic storms is made. This is-
sue of the catalog for 1987—1995 and 2000-2009 in-
clude: date and time of the beginning and the end of a
storm, the storm duration, amplitude of the magnetic
field H, Z, and D components, the characteristic of
magnetic storms.

2. The comparison of the magnetic storms duration
recorded at the “Odesa” geomagnetic observatory is
longer than that obtained at “Moscow” (IZMIRAN).

3. It is planned to create the catalog of magnetic
storms according to the “Odesa” observatory data
obtained for the entire monitoring period of space
radio sources at the URAN-4 radio telescope in or-
der to identify the manifestations of geomagnetic
disturbances during radio astronomical observations
and their contribution to changes in radio source fluxes
at decameter waves.
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Fig. 4. The total annual duration of magnetic storms according to the “Odesa” and “Moscow” geomagnetic observatories data
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Table 3. The most intense magnetic storms duration
according to the “Odesa” and “Moscow” geomagnetic
observatories data for 2001-2003

Date Duration, h Duration, h
“Odesa” “Moscow”
19.03.2001 38 40
28.03.2001 35 28
31.03.2001 70 9
08.04.2001 35 24
11.04.2001 29 18
18.04.2001 34 10
17.08.2001 36 8
21.10.2001 48 4
05.11.2001 62 40
10.01.2002 89 30
17.04.2002 43 21
19.04.2002 39 9
11.05.2002 30 22
23.05.2002 12 9
01.08.2002 88 26
01.10.2002 45 61
03.10.2002 65 50
02.11.2002 125 20
24.04.2003 108 41
26.06.2003 102 41
15.07.2003 52 2
28.07.2003 157 40
20.08.2003 116 56
15.09.2003 127 56
16.10.2003 91 40
15.11.2003 94 2
20.11.2003 43 9

4. These studies will be supplemented by a com-
parative analysis of the characteristics of magnetic
storms in the magnetic anomaly zone (“Odesa”) with
the data from some other magnetic observatories.

5. The complete content of the magnetic storms
catalog will be presented on the website of the
S. I. Subbotin Institute of Geophysics of the National
Academy of Sciences of Ukraine and the Institute of
Radio Astronomy of the National Academy of Scien-
ces of Ukraine.
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JI. I. Cobimusix!, M. I. Psbog!, M. I. Opmiok?, A. JI. Cyxapes’,
A. O. Pomeneyw?, FO. I1. Cymapyr?, A. O. [Tununenko’

'O6c¢cepBaropis “YPAH-4”, PamioacTpoHOMIYHUIA iHCTUTYT
HAH Vxkpainu,
ByJl. MapasniiBebka, 1 B, ACTpoHOMIUHa 00cepBaTopis,
M. Oneca, 65014, Ykpaina

2Tucrutyt reodizuku iM. C. 1. Cy66otina HAH Ykpainu,
np-T Axanemika [Tamnanina, 32, M. Kuis, 03680, Ykpaina

AHAIJII3 KATAJIOI'Y MATHITHUX BYP JJI JAHUX
MOHITOPHHI'Y [TOTOKIB BUITPOMIHIOBAHHS
PAJIIO/KEPEJI HA PAIIOTEJIECKOIII YPAH-4

B 30HI OJECHKOI MATHITHOI AHOMAJIIT

Ipeomem i mema pobomu. CxinagaHHs LIUPPOBOTO KaTAJIOTY
MarHiTHUX Oyp B 30H1 OJ1eChbKOT MATHITHOT aHOMAJTIT JIJIs BUSIB-
JICHHS TPUYHH 3MiHH PIBHSI IIOTOKIB BUIPOMIHIOBAHHS KOCMid-
HHX paJIio/pKepen 3a JaHUMH CIIOCTEPEKEHb Ha PaJli0TeIeCKOIi
YPAH-4.

Memoou i memoodonozis: Bix 1987 p. Ta norenep Ha pajio-
teneckoni “YPAH-4" Onecpkoi o6cepBaropii PamgioacTpono-
migHoro iHcTuTyTy HAH VYKpainu BUKOHYETHCS MOHITOPUHT
MOTOKY BUIIPOMIHFOBAHHSI ITOTY>KHUX TAJIAKTHYHHX 1 [03arajiak-
TUYHHX pajiomxkepen. [Iporpama MOHITOPHHTY BKITFOUAE CIIOC-
TepexeHHs pagioranaktuk 3C274, 3C405 i 3aHIIKiB HATHOBHX
3C144,3C461. 3MiHu piBHS NOTOKIB BUIIPOMIHIOBAaHHS Pajio-
JUKepell BU3HAYAIOTHCS CTAHOM 10HOC(EepH, 00YMOBICHUM
3MiHOIO KocMiuHOi noroau. 3 1948 p. B reomarHiTHil oOcep-
Baropii “Oneca” Incturyty reodizuxu HAH Ykpainu Buko-
HYIOTBCSI BUMIPIOBaHHS Bapialiii MarHiTHOro MOJs 3eMIi.
OIHOYACHO PEECTPYIOTHCS BUMIPIOBAHHS TPHOX CJIEMEHTIB Mar-
HITHOTO ITOJIS: TOPU30HTAJIbHA CKIIazioBa (H), BepTHKaIbHA CKJIa-
noBa (Z) i cxunenss (D).
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Pesynomamu: 3a nanMu reoMartitHoi oocepBaropii “Oneca”
CKJIajeHui nnpoBHi KaTalor MarHiTHUX Oyp JUIs mepioniB
MOHITOPHHTY IOTOKIiB HMOTY>XHHX KOCMIYHHX palioKepen,
BHKOHAHOTO0 Ha pajioreneckoni “YPAH-4". Jlisg MaruiTHUX Oyp
y niepiou MoHiTOpuHTY 1987-1995 pp. Ta 2000-2009 pp. BKa-
3aHi J]aTa i 9ac MmoYaTKy Ta 3aKiHU4eHHsS MarHiTHOI Oypi, TpH-
BaJIICTh MarHiTHOI Oypi, 3HaYeHHS aMILTITY/] TPhOX €JIEMEHTIB
MarsitHoro noss, H, Zi D, Ta xapakTepucTHKa TUILY MarHiTHOT
oypi. [eomarnitHa o6cepBatopist “Opeca” po3TanioBaHa moom-
3y 30HM MarHiTHOi aHomauii. J[ys BUSBICHHS BiIMiHHOCTEH
Y IIpOsIBaX reOMarHiTHO aKTUBHOCTI, 1II0 BUHUKAKOTh BHACIIIOK
ICHYBaHHSI MarHiTHOI aHOMaJTi1, BAKOHAHO TIOPiBHSHHS reoMar-
HITHHUX 30ypeHb, 3apeecTpoBaHUX B obcepBaTopisx “Opneca”
ta “Mocksa” (I3MIPAH, Pocis). [TokaszaHo, 1o cymapHa mo-
piuHa TprBaicTh MarHiTHUX Oyp B Oneci OunbIna, Hi>K y MOCKBI.
L1e neMOHCTpYE 0COOIMBY POJIb MArHITHOT aHOMATIT B PO3BUTKY
TeOMarHiTHUX 30ypeHs.
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Bucnosox: CtBopeHo 1upoBuii KaTajaory MarHiTHHX Oyp B 30-
Hi Opecbkoi MarHiTHOT aHomauii y nepiogu 1987-1995 pp.,
2000-2009 pp. Ta I1aHy€eThCS 3aBEpIICHHS POOOTH Ha/l TOBHUM
KaTaJoroM MarHiTHHX Oyp, 3apeecTpoBaHUX B oOcepBaTopii
“Opneca” ynpoIIoBXK ycboro 6e3rnepepBHOro nepioay MOHITO-
PUHTY KOCMIYHHUX pajiomxepeln Ha pamioteneckorm YPAH-4,
3 METOIO BUSIBJICHHS BIUTUBY I'€OMarHiTHOI aKTUBHOCTI Ha CTaH
ioHOC(hepH Ta 3MiHy piBHS MOTOKIB BUIIPOMIHIOBAaHHS KOCMI-
HUX paniomkeped. Lli mocmimkeHHs TOTOBHEH] TOPiBHUTEHIM
aHaJII30M TeOMarHITHUX JaHuX odcepBaTopii “Oneca’ i TaHUX
IHIIIMX TEOMArHITHUX 00CepBaTOPiii.

Kntouosi crosa: coHsYHA AKTUBHICTD, MOHITOPUHT MiHJIMBOCTI
paziopKepest, MarHiTHI Oypi, KaTanor MarHiTHUX Oyp, MarHiTHa
AQHOMAJTIst
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