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THE F2-LAYER PARAMETER VARIATIONS DURING SPRING
EQUINOX 2013, ACCORDING TO THE KHARKIV AND EISCAT
INCOHERENT SCATTER RADARS DATA

The investigations of temporal variations of the electron density in the F2-layer maximum, ion and
electron temperatures in the mid-and high latitudes during the 2013 year spring equinox are conducted.
The features of the temporal variations of the parameters of the F2-layer in Kharkiv and Tromse during
the spring equinox are revealed. It was established that during the spring equinox changes amplitude
electron and ion temperatures in the ionosphere over Tromse less than the amplitude of temperature
changes of electrons and ions in the ionosphere over Kharkiv on the entire time interval of joint
observations from 07:00 to 24:00 UT.

Keywords: the spring equinox, the temporal variations of the parameters of the F2-layer in
middle and high latitudes.

Statement of the problem. The incoherent scatter (IS) radar in Kharkiv and
radar EISCAT Observatory’s radars form the European chain of IS radars , which
allows you to gain knowledge about the ionosphere structure at mid- and high
latitudes, as well as to create modern ionosphere and thermosphere models. The
comparative analysis of temporal variations of the electron concentration in the F2-
layer maximum, ion and electron temperatures in the mid- and high latitudes for
quiet period during different seasons allows improving the theory region F2 and
thermosphere. The creation of reliable theoretical ionosphere region F2 model for
middle and high latitudes, taking into account different heliogeophysical
conditions, is of interest both for the development of the theory of ionosphere, and
for solving applied tasks of radio waves.

The analysis of the literature. The F2 region research at different latitudes
are conducted by IS radars and other methods. The [1] presents the results of
studies of seasonal variations of maximum electron concentration of the F2-layer
(nemF2) and electron and ion temperatures in high and middle latitudes. It was
noted that in equinox season in Tromse not observed before-sunset high »,,F2,
which is observed in Kharkiv, and that after sunset in Tromse there is more rapid
decrease n,,F2 compared with decrease n,,F2 after sunset in Kharkiv. In [2], the
results of study temperatures of electrons and ions, as well as #,,F2 in Kharkiv and
Tromse during a strong magnetic storm on August 5 — 6, 2011 are presented. The
sharp monotonous decrease n,,F2 in Kharkiv and Tromse after beginning of the
magnetic storm and unusual intermittent night ionospheric plasma in Kharkiv to
daytime temperatures of electrons and ions there was observed. In [3] the
variations n,,,F2 with 13 stations vertical sounding located at different latitudes
were investigated. It was noted that during high solar activity (index Fo; was
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equal to 140) standard changes n.,F2 make up 20% at day and 33% at night.
Seasonal changes n,,F2, especially, the increase n,,F2 during the equinox were
marked. In [4], the results of the study temperatures of electrons and ions for
summer, winter and equinox seasons at different latitudes and at different levels of
solar activity are presented. It was noted that the daily values of electron
temperature exceeds its average night values in 2.8 — 4.6 times in the transition
from solar activity minimum to its maximum, and day values of ion
temperature — in 1.2 — 2.2 times.

The aim of the article — to reveal the specific features of temporal variations
of electron concentration in the F2-layer maximum, ion and electron temperatures
in the mid-and high latitudes during spring equinox at a moderate solar activity.

Heliogeophysical environment 14 and 20 March 2013. Measurements with
IS radars in Kharkiv and Tromse held March 19 — 22, 2013 (Kharkiv) and March
14, 2013 (Tromsg) in accordance with the International Geophysical Calendar.

On March 20, 2013 the index of solar activity Fj; mattered 108 (solar
activity was moderate). Planetary the daily index of geomagnetic activity 4, for
March 20 had a value of 9 and three-hour planetary K),-index matter not exceeding
3 (basically had value equal to 2, in the period of measurements from 07:00 to
24:00 UT), i.e. this period of time was absolutely quiet.

On March 14, planetary the daily index of geomagnetic activity 4, had a value
of 5, and three-hour planetary K},-index matter not exceeding 2 (generally equal to
1), i.e. this period of time was absolutely quiet. Index of solar activity Fo; had a
value of 123, i.e. solar activity was moderate.

Variations of electron concentration in the F2-layer maximum of March
14, 2013, according to Tromse radar data, and March 20, 2013, according to
Kharkiv radar data. The main interest in the study F2-region are temporal
variations of electron concentration n,, in the F2-layer maximum in the mid-and
high latitudes in different seasons. Fig.1 shows a comparison of the temporal
variations lgn,,,F2 on the time interval 07:00 to 24:00 UT according to Tromse and
Kharkov radar data in a quiet day 14 and 20 March 2013. As can be seen from
Fig. 1 the time course of Ign,,F2 for Kharkiv has two distinct local maximum at
08:00 and 13:00 UT, as the time course of lgn,,F2 for Tromsg with a local
maximum at 13:00 UT. In Tromse electron concentration in the maximum of the
F2-layer (n.,F2) monotonically decreases slowly after 13:00 to 17:00 UT, and after
17:00 UT is more rapid decrease of the electron concentration in the F2-layer
maximum is observed. In Kharkiv n,,F2 also monotonically decreases after 13:00
till 18:00 UT, and after 18:00 UT more quickly decreases, and the decrease n,,,F2
in Kharkiv slower compared to Tromsg.

The Fig. 1 shows the values of lgn,,F2 for Kharkiv exceed the values of
Ign,,,F2 for Tromse almost in the whole time interval joint observations from 08:00
to 24:00 UT. The value n,,F2 for Kharkiv at 08:00 UT exceeds the value n,,,F2 for
Tromse by 23%, and the value 7., F2 at 13:00 UT — by 3% (value n.,F2 in Kharkiv
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and Tromse almost the same). The value n,,,F2 for Kharkiv at 17:00 UT exceeds
the value n,,,F2 for Tromse by 29%, at 18:00 UT — by 91%, at 21:00 UT — by 79%,
and at 24:00 UT n,,,F2 in Kharkiv exceeds 7,,F2 in Tromse by 74%.
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Fig. 1 — Comparison of the temporal variations of Ign,,,,F2, according to Tromse radar
data for 14.03.2013 and Kharkiv radar data for 20.03.2013

In Kharkiv until sunset at an altitude of 300 km at 17:41 UT there is slow
monotonous decrease 7., F2, and after 18:00 UT there is faster descending n.,,F2.
In Tromsg there is slow monotonous decrease #,,,F2 from 13:00 to 17:00 UT, and
after sunset at 16:40 UT in Tromse there is more rapid decrease »,,,F2, moreover,
this reduction faster in comparison with the reduction n,,F2 after sunset in
Kharkiv. It should be noted that before-sunset highs 7,,F2 in Tromseg and Kharkiv
are not observed.

Thus, in the period of spring equinox n,,F2 in Kharkiv exceeds n,,F2 in
Tromse in the whole time interval joint observations from 08:00 to 24:00 UT.
Before-sunset highs #,,F2 in Tromse and Kharkiv are not observed. After sunset in
Tromse there is more rapid decrease n,,,F2 compared with decrease n,,F2 after
sunset in Kharkiv.

Electron temperature variations on March 14, 2013, according to Tromse
radar data, and March 20, 2013, according to Kharkiv radar data. Variations
of electron temperature 7, on March 14, 2013 at the height of 344 km in Tromse
and at a height of 342 km on March 20, 2013 in Kharkov are shown in Fig. 2.

From Fig. 2 you can see that the electron temperature 7, in Tromsg more
electron temperature in Kharkiv in the whole time interval joint observations from
07:00 to 24:00 UT. The temperature of electrons in Kharkiv, starting from 08:00
UT, gradually increases to its maximum value — 2120 K at 14:00 UT. After 14:00
UT with the sunset in magneto-conjugated with Kharkiv point (Madagascar island)
at 14:59 UT electron temperature is slowly reduced, and with the sunset in
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Kharkov 15:49 UT there is more rapid decrease T, to its minimum value 827 K that
it takes at 22:00 UT. The amplitude changes T,, i.e. the difference between the
maximum and minimum temperatures of electrons in Kharkiv is 1293 K.
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Fig. 2 — Comparison of temporal variations of T, according to Tromse radar data for
14.03.2013 and Kharkiv radar data for 20.03.2013

In Tromse electron temperature gradually increases to its first local maximum
2412 K at 10:00 UT, the second local maximum 7, — 2401 K is observed at 13:00
UT. After this, the electron temperature gradually increases to its maximum value
2448 K that it takes at 16:00 UT, and with the sunset at 16:40 UT T, quickly
reduced to its minimum 1246 K that it takes at 23:00 UT. The amplitude changes
T, in Tromsg is 1202 K, i.e. in Tromsg amplitude changes of electron temperature
on the time interval 07:00 — 24:00 UT 91 K less, than in Kharkiv.

The temperature of electrons in Tromse exceeds the temperature of electrons
in Kharkov: in the interval from 07:00 to 15:00 UT — 497 — 311 K, and in the
interval 16:00 —24:00 UT — 874 - 311 K.

Thus, in the period of spring equinox electron temperature in Tromse exceeds
the temperature of electrons in Kharkiv in the whole time interval joint
observations from 07:00 to 24:00 UT. The temperature of electrons in Kharkiv has
a pronounced maximum at 14:00 UT, with the sunset in magneto-conjugated with
Kharkiv point (Madagascar island) at 14:59 UT electron temperature is slowly
reduced, and with the sunset in Kharkov at 15:49 UT there is more rapid decrease
T, to its minimum value. In Tromsg rapid decrease of the electron temperature is
observed only after sunset in Tromse at 16:40 UT. In Tromse amplitude changes of
electron temperature on the time interval 07:00 — 24:00 UT 91 K less, than in
Kharkiv. This is because in Tromsg on the heights of 300 km and more 14.03.2013
the Sun never sets, and at these heights dominates the polar day.

Ion temperature variations on March 14, 2013, according to Tromse
radar data, and March 20, 2013, according to Kharkiv radar data. Variations
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of ion temperature 7; on March 14, 2013 at the height of 344 km in Tromse and at
a height of 342 km on March 20, 2013 in Kharkov are shown in Fig. 3.
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Fig. 3 — Comparison of time course 7, according to Tromse radar data for 14.03.2013
and Kharkov radar data for 20.03.2013

The figure shows that the temperature of ions in Kharkiv more than the
temperature of ions in Tromsg on the time interval 07:00 — 15:00 UT, i.e. before
sunset in Kharkiv on 15:49 UT. After sunset in Kharkiv temperature of ions in
Tromse in the time interval 16:00 — 24:00 UT was higher than the temperature of
ions in Kharkiv.

The temperature of ions in Kharkiv, starting from 08:00 UT, gradually
increases to its maximum value — 1223 K at 15:00 UT. After 15:00 UT with the
sunset in Kharkiv temperature of ions monotonically decreases to its minimal value
827 K that it takes at 22:00 UT. The amplitude changes T}, i.e. the difference
between the maximum and minimum temperature of ions in Kharkiv is 396 K.

In Tromse ion temperature has two local maximum at 10:00 and 16:00 UT
and the local minimum at 13:00 UT. After 16:00 UT ion temperature slowly
decreases until 17:00 UT, and after sunset in Tromsg at 16:40 UT ion temperature
monotonically decreases to its minimal value 976 K that it takes at 24:00 UT. The
amplitude changes 7; in Tromsg is 208 K, i.e. by 1.9 times less than in Kharkiv.

The temperature of ions in Kharkiv was higher than the temperature of ions in
Tromsg in the interval 07:00 — 15:00 UT on 19 — 79 K, and the temperature of ions
in Tromsg in the interval 16:00 — 24:00 UT higher than the temperature of ions in
Kharkivon 17 - 167 K.

Thus, in the period of the spring equinox, the temperature of ions in Kharkov
higher than the temperature of ions in Tromse on the time interval 07:00 — 15:00
UT, i.e. before sunset in Kharkov at 15:49 UT, and after sunset in Kharkiv
temperature of ions in Tromse was higher than the temperature of ions in Kharkiv.
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After sunset in Kharkiv and Tromsg the temperature of ions in Kharkiv and
Tromsg monotonically decreases to their minimum values, moreover, the
decreasing of the temperature of ions in Kharkiv faster than descending 7; in
Tromse.

The amplitude changes 7; in Tromse in 1.9 times less than in Kharkiv. This is
because in Tromsg on the heights of 300 km and more 14.03.2013 the Sun never
sets, and at these heights dominates the polar day.

The conclusions. 1. During the spring equinox #.,F2 in Kharkiv exceeds
n.,F2 in Tromse in the whole time interval joint observations from 08:00 to
24:00 UT.

2. Before-sunset highs 7,,,F2 in Tromse and Kharkiv are not observed.

3. After sunset in Tromsg there is more rapid decrease n,,,F2 compared with
decrease n,,,F2 after sunset in Kharkiv.

4. During the spring equinox the temperature of electrons in ionosphere over
Tromse exceeds the temperature of electrons in ionosphere over Kharkiv in the
whole time interval joint observations from 07:00 to 24:00 UT.

5. During the spring equinox, the temperature of the ions in ionosphere over
Kharkiv higher than the temperature of ions in ionosphere over Tromse in the
whole time interval 07:00 to 15:00 UT, i.e. before sunset in Kharkiv at 15:49 UT.

6. After sunset in Kharkiv and Tromse the temperature of ions in ionosphere
over Kharkiv and Tromse monotonically decreases to their minimum values,
moreover, the decrease of the temperature of ions in the ionosphere over Kharkiv
faster than descending 7; in ionosphere over Tromsg.

7. The amplitude changes 7; in Tromsg in 1.9 times less than in Kharkiv. This
is because in Troms@ on the heights of 300 km and more 14.03.2013 the Sun never
sets, and at these heights dominates the polar day.

References: 1. Zhivolup T.G. Variations of parameters of the F2-layer in the spring equinox 2012,
according to the Kharkiv and EISCAT incoherent scatter radars data // Bulletin of the National
Technical University “Kharkiv Polytechnic Institute”. Series: “Radiophysics and ionosphere”. —2013. —
Ne 28 (1001). — P. 3-9. 2. Zhivolup T.G. , Dzyubanov D.A. Variations of parameters of the F2-layer
during the strong magnetic storm on 5 — 6 August 2011, according to the Kharkiv and EISCAT
incoherent scatter radars data / Bulletin of the National Technical University “Kharkiv Polytechnic
Institute”. Series: “Radiophysics and ionosphere”. — 2012. — Ne 57 (963). — P. 61-69. 3. Rishbeth H.,
Mendillo M. Patterns of F2-layer variability // J. Atm. Sol.-Terr. Phys. — 2001. — V. 63. — P. 1661-
1680. 4. Sharma D.K., Sharma P.K., Rai J., Garg S.C. Effect of solar activity on ionospheric
temperatures in F2 region. // Ind. J. Radio Space Phys. —2008. — V. 37. — P.319-325.

Received 20.05.2014

UDC 550.388

The F2-layer parameter variations during spring equinox 2013, according to the Kharkiv
and EISCAT incoherent scatter radars data / T.G. Zhivolup // Bulletin of the National Technical
University “Kharkiv Polytechnic Institute”. Series: “Radiophysics and ionosphere”. - Kharkiv: NTU
"KhPI",2014. — No. 47 (1089). — P. 50-56. Ref.: 4 titles.

ISSN 2078-9998. Bicuux HTY “XIII”. 2014. Ne 47 (1089)

55



ITpoBeneHo NOCIIPKEHHSI 9YaCOBUX Bapialliil eIeKTPOHHOI KOHIEHTpaIii B MakcuMyMi mapy F2, ionnoi
Ta eJIEKTPOHHOI TEMIIEPATyp B CEPEIHIX 1 BUCOKHX IIMPOTAaX B Hepiof BeCHSHOro piBHomeHHs 2013 p.
BusiBieHo ocobmuBocTi wacoBux Bapiamiii mapamerpiB mapy F2 B Xapkosi i Tpomceo B mepion
BECHSHOTO pPIBHOJEHHS. BCTaHOBIEHO, IO B IEpiOA BECHSHOIO DIBHOJEHHS AaMILITYAUM 3MiHU
TeMIIepaTyp eIeKTPOHIB i ioHiB B ioHocdepi Haxm TpoMcho MeHIIe, HiX aMIUITYJH 3MIHH TeMIIepaTyp
eNeKTpoHIB 1 ioHIB B ioHocdepi Ham XapkoBOM Ha BCHOMY 4YacOBOMY IHTEpBali CILIBHUX
cnocrepesxens 3 07:00 mo 24:00 UT.

KuiouoBi ciioBa: BecHsHe PIBHOJCHHS, 4acoBi Bapianii mapamerpiB mapy F2 B cepemmix i
BUCOKHX LIUPOTax.

IIpoBeneHs! Hccie0BaHNS BPEMEHHBIX BapHalMii JIEKTPOHHON KOHIIEHTPALUK B Makcumyme cios F2,
HOHHOW W 3JEKTPOHHOH TemrepaTyp B CpPEIHMX W BBICOKMX IIUPOTaX B IEPUOJ BECEHHETO
paBHoneHctBHsl 2013 T. BEIIBICHBI OCOOCHHOCTH BPEMEHHBIX Bapualuii HmapamerpoB ciosi F2 B
XapbkoBe U TpoMc€ B mepuoj BECEHHEr0 PaBHOJCHCTBUS. YCTaHOBJIEHO, YTO B HEPUO]] BECEHHETO
PaBHOJEHCTBUS aMIUIUTYIbl U3MEHEHUs] TeMIepaTyp JIEKTPOHOB M MOHOB B MoHOchepe Hax Tpomcé
MeHbIIIe, YeM aMILIHTYIBI H3MEHEHUs! TeMIIepaTyp JIeKTPOHOB U HOHOB B HOHOC(epe Hax XapbKOBOM
Ha BCEeM BPEMEHHOM HHTEpBaJie COBMECTHBIX Habmoaenuii ¢ 07:00 mo 24:00 UT.

KnioueBble c/10Ba: BECEHHEE PAaBHOAEHCTBUE, BPEMEHHbIE BapHaluu IapamerpoB cios F2 B
CpPEeIHUX U BBICOKHX MIMPOTAX.
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