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STATISTICS OF VARIATION RANGE
OF F2- LAYER MAXIMUM HEIGHT OF THE IONOSPHERE

Abstract. The statistics of the nights when the ionosphere was sounded at the Institute of the Ionosphere in
2009-2016, and the nights during which the large scale traveling ionospheric disturbances (LS TIDs) were observed,
were presented. Out of 1454 sessions of nighttime observations of the ionosphere, LS TIDs were observed in 185
sessions. The features of atmospheric and magnetospheric LS TIDs are found: a) high coherence of variations of
critical frequencies and virtual heights (4'(¢)), b) an increase in the amplitude of variations of /'(¢) with an increase in
the sounding frequency, c¢) phase delay of variations of 4'(f) at lower frequencies relative to variations at high
frequencies. A method has been developed for estimating the magnitude of the peak to peak variations in the height
of the F-layer maximum, in terms of the range of variations of the virtual reflection height of the sounding signal
h'(t) at the maximum frequency reflected from the ionosphere. Distributions of the magnitude of the maximum
height variations are obtained for magnetically quiet and magnetically active observation conditions of the LS TIDs.
It was found that the maximum probabilities of the magnitude of peak to peak lie in the range of 40-50 km for a
disturbed and 30-50 km for a quiet magnetic field.
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Introduction

It is known that large-scale traveling ionospheric disturbances (LS TIDs) are manifestations of
atmospheric gravity waves (AGWs) generated in polar regions during geomagnetic storms [1], when the
rapid amplification of polar electrojets leads to local atmosphere heating. The process of rapid expansion
and subsequent compression of the atmosphere creates atmospheric gravity waves that propagate to the
equator and generate the LS TIDs on its way. A number of observations have shown that the LS TIDs can
also persist during magnetically quiet periods [2, 3]. The propagation of AGW in the neutral atmosphere
and their ionospheric manifestations (LS TIDs) have been studied both experimentally and theoretically
for many years. The results of these studies are presented in a series of reviews [1, 4, 5].

AGW at middle latitudes have a wavelength greater than ~ 1000 km. For such a wave, the motion of
a neutral gas at the heights of the F-layer is a horizontal wind blowing south along the meridian when half
of the wave passes over the observation point and north when the next half-wave passes. Plasma in the F-
layer of the ionosphere is involved in the movement due to collisions of neutrals with ions. The plasma in
the F-layer is magnetized and, therefore, can only move along magnetic lines of force. This movement is
due to the component of the neutral wind, directed along the magnetic field. A neutral wind blowing
towards the equator and the pole pushes the plasma along the magnetic field lines up and down,
respectively, leading to periodic fluctuations in the height of the F-layer maximum. Information on
oscillations of the meridional wind caused by the passage of AGW was obtained by us in [6, 7], in which
a method was developed for processing data of the vertical sounding of the ionosphere and finding the
distribution of the magnitude of variations in the height of the F-layer maximum has been done. The
range of variations was estimated from the height profile of the electron concentration obtained as a result
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of laborious calculations. This paper proposes a simple method for estimating the range of variations from
the initial ionogram data and presents the results obtained for the period 2009-2016.

Description of the equipment and analysis of the results of observations.

Nighttime observations of the LS TIDs in the F-layer of the ionosphere were carried out at the
Institute of the Ionosphere (Alma-Ata 76 ° 55'E, 43 © 15'N) on a digital ionosonde PARUS associated
with a computer intended for collecting, storing and processing ionograms in digital form. The
information necessary for calculating the various parameters of the LS TIDs was read from the ionograms
by the semi-automatic method with the participation of an experienced operator. In [8], it was shown that
such a method has a greater, as compared with the automatic method, reading accuracy of ionospheric
parameters with ionograms and a large statistical yield of ionograms suitable for processing. The
ionosphere was sounded every 5 min. The ionograms allow reading the values of the virtual reflection
heights /'(¢) of the radio signal at a number of fixed operating frequencies and critical frequencies (f, xF).
1454 nighttime observations were carried out for the period 2009 - 2016, while 185 nights were
characterized by wave activity associated with the LS TIDs.

The nights characterized by wave activity were divided into two groups according to the minimum
value of the Dst index, which took place on a time interval beginning a few hours before the start of the
observation session and ending at the end of the session. They represented observations with moderate
and high geomagnetic activity (Dst < - 40 nT) and low magnetic activity (Dst> - 40 nT). A typical
example of the behavior of the F-layer parameters for such nights is shown in Fig. 1.
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Figure 1 - Example of stochastic (LT =20.00-01.30) and quasi-periodic (LT = 01.30-08.00) variations of critical frequencies
(left panel) and effective heights of reflection from the ionosphere on a series of sounding frequencies (right panel).

Figure 1 shows the variations of critical frequencies (left panel) and operating altitudes (right panel)
at night of April 7-8, 2016. Visual analysis allows us to conclude that in the first half of the night the
critical frequencies decreased because the Sun, which represents the main source of ionizing radiation, did
not illuminate the thermosphere on ionospheric altitudes. At the same time, the virtual reflection heights
of the radio signal increased. Around 01.30, quasi-periodic variations of f; " and /'(f) began at a number
of sounding frequencies with an average period of ~ 1.5 h. Such characteristics of parameter variations as
their high coherence and phase delays 4'(f) at lower frequencies with respect to variations on at high
frequencies, allow to conclude that the variations represent LS TIDs caused by the propogation of AGW.

Critical frequencies and virtual heights are directly read from ionograms by the operator, but they do
not allow to obtain data on variations in the height of the layer maximum. To consider the possible
connection, we compared the parameters of variations obtained from the altitude ionization profiles (Fig.
2, left panel) with the parameters of variations 4'(¢) (Fig. 2, right panel). The left panel shows variations in
the height of the F-layer maximum (%,,F), the base of the layer (4;,.F), the half-thickness of the layer (44),
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and the critical frequency fpF. We are only interested in /,,F. It follows from the figure that on this night
three waves with maxima were clearly traced, both for variations 4,,F and for variations /'(¢), occurring at
the times of 21:00, 23:30 and 01:30.
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Figure 2 - Variations of the parameters of the ionosphere, calculated from the height profiles
of the electron concentration (left panel) and variations of the virtual heights on a series of sounding frequencies
(right panel) during the passage of atmospheric gravity waves

Let's turn to the right panel of the figure. It is seen that the variations of /4'(¢) at the upper frequencies
have discontinuities of various lengths. These discontinuities are due to the temporary behavior of the
critical frequency (left panel). When the critical frequency becomes less than one or another frequency
indicated on the right panel, the reflection at this frequency does not occur, and there are gaps in the
behavior of 4'(). It follows from the figure that with an increase in the working frequency, the range of
variations increases. Tab. 1 shows the magnitude of variations for the height of the layer maximum
(4h,F) and the virtual heights (44'(¢)) for the three recorded waves. In this case, 4% refers to variations at
a frequency of 3.5 MHz, 4h4', refers to variations at a frequency of 4.5 MHz, 4h'; refers to variations at a
frequency of 5.5 MHz. The last frequency listed in the table for each wave corresponds to the maximum
frequency that is still reflected from the ionosphere.

The next frequency is already experiencing breaks. For example, for waves 1, 2, the last frequency is
5.5 MHz, and for wave 3, this frequency is 4.5 MHz. Comparing the values given in the table, we come to
the conclusion that the range of variations at the last frequency is about 2 times greater than the range of
variations in the height of the layer maximum. This pattern was also observed for the other reviewed
sessions of observations of the LS TIDs. Therefore, when processing a large statistical material, we used
this ratio.

Table 1
LT Ah,, (km) Ah | (km) Ah, (km) Ahg (km)
21:00 70 75 95 130
23:30 82 100 110 165
01:30 60 70 115

Using this ratio, 4hmF were calculated for all sessions with LS TIDs. In fig. Figure 3 shows the
histograms of the distribution of the range of variations of the LS TIDs with low (left panel) and high
(right panel) magnetic activity. The maximum probabilities 4hmF lie in the range of 40-50 km for a
disturbed and 30-50 km for a quiet magnetic field.

— 131 ——



News of the National Academy of sciences of the Republic of Kazakhstan

40 - At > 40T 10+ Dst <—40nT
@ wn
¢ ]
c c st
T @
s} o
£ £
= | =]
= =
o ' i 0 .
20 40 an 140 20 40 60 80 100
Al AhmF, km

Figure 3 - Histograms of the distribution of the amplitude of variations
of the LS TIDs with low (left panel) and high (right panel) magnetic activity

We analyzed all observation sessions, when quasi-periodic variations of ionospheric parameters were
recorded. It was found that LS TIDs generated at low magnetic activity have the same properties as LS
TIDs of magnetospheric origin, namely: a) high coherence of variations of critical frequencies and virtual
heights (4'(¢)) at heights covering the lower part of the F-layer, b) an increase in the amplitude of the
variations 4'(¢) with an increase in the sounding frequency; c) a phase delay of the variations /'(¢) at lower
frequencies relative to variations at high frequencies. Thus, we came to the conclusion that the internal
structure of the LS TIDs is the same for different sources of disturbances.

Conclusion

Thus, statistics was calculated for the nights when the ionosphere was frequently sounded at the
Institute of the lonosphere in 2009-2016, and for the nights during which traveling ionospheric
disturbances were observed. Out of 1,454 sessions of nighttime observations of the ionosphere, 185
sessions with the LS TIDs were observed. The signs of atmospheric and magnetospheric origins of the LS
TIDs are found: a) high coherence of variations of critical frequencies and virtual heights (%)), b) an
increase in the amplitude of variations /4'(f) with an increase in the sounding frequency, c) a phase delay of
variations /4'(#) at lower frequencies relative to variations at high frequencies. A method has been
developed for estimating the magnitude of the amplitude of variations in the height of the F-layer
maximum, in terms of the amplitude of variations of the virtual reflection height of the sounding signal
h'(¢) at certain sounding frequencies. Distributions of the magnitude of the amplitude height variations are
obtained for magnetically quiet and magnetically active observation conditions of the LS TIDs.

The work was carried out in accordance with RBP-008 "Development of space technologies for
monitoring and forecasting natural resources, technogenic environmental changes, creation of space
technology and ground-based space infrastructure, research of long-distance and near-space objects"”
under the theme "Creation of a system of diagnostics and forecast of space weather for analysis and
forecasting of conditions of functioning of space vehicles, navigation and communication systems (2018-
2020), registration number (RN) 0118PK00800.
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HOHOC®EPAJIATBI F2- KABATBIHBIH BAPUALIUA AYKBIMbIHbIH
MAKCHUMAJIAbI BUIKTII'TH AUKBIHIAY CTATUCTHUKACBHI

Annoranusi. Monocdepa macTHTYTHIHIA 2009-2016 >XBUTHApBHI SKYPri3iireH MOHOC(EpaHBIH KU TYHAEPIH
Oapnan Oaiikay KOpPCEeTIIreH >KoHe A€ KeH KeJeMJl >KbUDKbIMaibl noHochepanblk Oy3surynap (KXKWB) Gaiikanran
TYHIEPIIH CTaTHCTHUKACHl YCHIHBUIFaH. VoHocdepaHblH TYHTI OakputayinapelHBIH 1454 ceancerHan 185 (KXKUB)
ceaHchl Oadikanmpl. KeH Kememai IKBUDKBIMANBI HOHOC(hEpanblK Oy3bUIYIapAbIH —aTMOC(EpallblK — KOHE
MarHuTocepanblK IIBIFy Oenriyiepi aHBIKTAIABL: a) CBIHU JKUUTIKTep MeH OuikTikrepmiH (4'(?)) KOJIIaHBICTAaFBI
BapHAaLMSIIAPBIHBIH JKOFaphl KeiciMaimiri, 6) BapHalus aMIUTUTYAAaCBIHBIH apTysl A'(¢) Gapiam Oaiikay >KUUIITiHIH
VIFAIOBIMEH, B) JKOFApBI KHUUTIKTEpAET BapHalusiapFa KaThICThI TOMEHT1 KUUTIKTEpIETri BapuaIusUIapbIHbIH /'(2)
(dazanbik  kemriryi. Monocdepagan KepiHETiH MaKCHMaNbl JKUUTIKTErl CHIHANBIHBIH /'(2) THIMAI KepceTity
OMIKTIriHACT] Bapualys ayKbIMbl 00iibIHIIA, F-KaOaThIHBIH MaKCUMAII/Ibl OUIKTITIHICT] BapHUaIisl [IaMachiH Oaraay
ywiH axic a3ipyenni. Ken xejeMai >KbUDKbIMaIbl HOHOC(HEPATBIK OY3bUTYJIapIblH MarHUTTIK THIHBIIITHIKTHI JKOHE
MarHUTTIK OeJCeHIi OaKpuIay >KarmalblHAa, ayKbIMbI OOWBIHINIA MaKCHMAJIbl OWIKTIK BapHalus IIamajlapbIHbIH
Tapanybl ATBIHIBL MaKkCUMAaIIbl BIKTUMAJIBIFEI OY3bUTFaH ayKeiM Imamackl 40-50 KM KOHE THIHBIII MAarHHUT epici
yurie 30-50 kM O0JIaTHIHABIFBI AHBIKTAJIJIBL.
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CTATHUCTHUKA PASMAXA BAPUAIIAA BEICOTBI MAKCUMYMA F2- CJ1051 HOHOC®EPBI

Annoranus. [TpencraBiena cTaTuCTHKA HOYEH, KOT/Ia IPOBOJIIIOCH yUallleHHOE 30HINpOBaHNE HOHOC(HEPHI B
Wucturyre monochepsr B 2009-2016 rompl, 1 HOYEW, B TEUEHHE KOTOPBIX HAOIIOAANNCH KPYMHOMACIITAOHBIC
nepemernatoiuecs nonochepusie Bo3myinenus (KMIIVB). 13 1454 ceancoB HOYHBIX HaOMIOJEHUIT HOHOC(EPHI B
185 ceancax wHabOmomaamcs KMIIMB. Haiimensr npusnaku KMIIMB armocdepHoro u MarautochepHOro
MPOUCXOXKACHHUA: a) BBICOKAs KOT€PEHTHOCTh BapHallMii KPUTHYCCKMX YaCTOT U JeHCTBYyIommx BbicoT (/'(2)), 0)
YBEJIMYCHUE aMIUIUTYIbl Bapuanuid /'(f) ¢ yBEIHUCHHEM 30HIUPYIOIICH YacTOThl, B) (ha30BOC 3ara3bIBaHUEC
Bapuanuii 4'(t) Ha MEHBIIMX YaCTOTAX OTHOCHTEJIBHO BapHallMii Ha OONBIINX YacToTax. PaspaboTaH crocol OmeHKu
BEJIMYMHBI pa3Maxa BapHaluil BBICOTHI MaKcHMyma F-cios, Mo pa3maxy Bapualnuid JeHCTBYIOMICH BBICOTHI
OTpakeHUs 30HAMPYIOUICTO CHTHANA /'(1) Ha MaKCHMAIBHOW YacTOTE, OTpaXKaromeics oT HoHOc(ephl. [lomydeHs
pacrpeneneHusl pa3Maxa BapHalldil BRICOTBI MAKCUMyMa ISl MarHHTOCIIOKOWHBIX M MAarHUTOAKTUBHBIX YCIIOBHMA
Habmonennss KMITMB. Haiineno, 4To MakcHUMalbHBIC BEPOSTHOCTH BEIMYMHBI pa3Maxa Jexar B auana3zone 40-50
KM U151 Bo3MyIIeHHOTo U 30-50 KM [T CTIOKOITHOTO MarHUTHOTO TIOJI.

KiroueBble cjioBa: noHoc(epa, BEpTHKAIFHOE 30HIUPOBAHNE, BRICOTAa MakcuMyMa F2-cos
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