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DIURNAL DEPENDENCE OF THE FREQUENCY OF OCCURRENCE
OF TRAVELING IONOSPHERIC DISTURBANCES OVER ALMATY

Abstract. We studied the diurnal dependence of the frequency of occurrence of large-scale traveling
ionospheric disturbances (LSTID’s) at mid-latitudes, which are a manifestation of atmospheric gravitaty waves
(AGWs) generated in polar regions during geomagnetic disturbances. A significant amount of vertical sounding data
of the ionosphere obtained at the Institute of the Ionosphere (Almaty 76 °© 55'E, 43 © 15'N) in 2000-2007 was
analyzed on a digital PARUS ionosonde connected to a computer designed to collect, store and process ionograms in
digital form.

Further processing included the calculation of the altitude distributions of electron density

(N (h) profiles) by the Titeridge method and deriving from them variations of a number of F-region parameters
(electron density at fixed heights Ny(?); density at the maximum of the layer NnF (t) ; the heights of the maximum of
the layer NmF(?), etc.). The ionozonde provided a readout accuracy of

h'(f) ~ 2.5 km and a readout accuracy of foF' ~ 0.05 MHz. It was shown that from session to session the number
of waves observed during the night changed. In constructing the duirnal dependence of the frequency of occurrence
of traveling ionospheric disturbances, all waves were taken into account.

A diurnal dependence of the frequency of occurrence of traveling ionospheric disturbances over Almaty was
constructed from the measurement data. For this, a visual control of the behavior of a number of parameters of the
F-region was carried out, identification of the LSTID’s, determination of the time of their onset and duration.

It is shown that the predominant beginning of the development of the LSTID’s is close to the moment of local
midnight. 87% of traveling ionospheric disturbances were observed in the interval 20:00-04:00 LT. The distribution
of the frequency of occurrence of the LSTID’s in the time of day coincides with the dependence of the substorm
frequency on world time, explained on the basis of diurnal variations in the angle of inclination of the Earth's
magnetic axis to the Sun-Earth line. Ion drag and the dependence of the level of auroral activity, and, consequently,
the intensity of the generation of LSTID’s, on world time determines that the most favorable conditions for the
distribution of LSTID’s are created over Almaty at night.

Key words: ionosphere, vertical sounding, diurnal dependence of the frequency of occurrence of large-scale
traveling ionospheric disturbances.

Introduction

Large-scale traveling ionospheric disturbances (LSTIDs) are caused by atmospheric gravity waves
(AGWs), generated in the polar regions during geomagnetic storms [1], when the fast enhancement of
auroral electrojects leads to the heating of the atmosphere. The process of rapid expansion and further
compression of the atmosphere generates AGWs that propagates towards the equator and originates an
LSTIDs on the way of their propagation. For many years, the propagation of AGWs in the neutral
atmosphere and their ionospheric manifestation have been studied both experimentally and theoretically.
The results of these studies are presented in the review works [1, 2]. The typical parameters of LSTIDs in
the F region of the ionosphere are represented by the following values: the periods lie within the range
from 40 min to 3 h; the horizontal wave lengths are 1000-3000 km; and the phase velocities are 400—1000 m/s.
It is believed that generation and propagation of AGWs play an important role in the transfer of energy
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from the magnetosphere to the low latitude ionosphere. Although the LSTIDs have been studied for
several decades, some fundamental problems remain little studied. Such problems include the question of
the diurnal dependence of the frequency of their appearance at mid-latitudes.

Description of the equipment, and observation results

Nighttime observations of LSTIDs in the F region of the ionosphere are carried out at the Institute of
Ionosphere (Almaty 76°55' E, 43°15’ N) with a PARUS digital ionosonde connected to a computer for the
collection, storage, and processing of ionograms in digital form. The information required for calculating
various parameters of LSTIDs is read from ionograms using the semiautomatic method. Ionospheric
sounding is conducted every 5 min. Nighttime measurement sessions last ~8—12 4, depending on the
season. lonograms provide the values of virtual heights of radio signal reflection h'(t) at several fixed
operating frequencies of sounding and the values of critical frequencies foF. The further processing
involves the estimation of the height distributions of electron densities (N(#) profiles) by the Titheridge
method [3] and obtaining the variations in several parameters of the F region based on them (the electron
density at fixed heights N;(¢); the density at layer maximum N, F(¢); the heights of layer maximum 4, F (%),
etc.).

The ionosonde ensures the reading accuracies 4'(¢) ~2.5 km and foF ~ 0.05 MHz. Nighttime was
chosen for observations because LSTIDs with big amplitudes of variations in ionospheric parameters at
midlatitudes are usually observed at night [4]. For the period 2000-2007 we carried out 1166 night
observations, while 581 nights were characterized by wave activity [5]. The variations in N(¢) at a series
of heights made it possible to determine the form of a height profile of amplitudes A4(%) with the
A,, maximum absolute amplitude. For analysis, we selected observation sessions that recorded LSTIDs
with a relative amplitude (6/) exceeding 25% at a height corresponding to 4,,. Here, 0h = A(h)/N(h), where
A(h) is the absolute amplitude of a wave at height 4 and N(%) is the value of the undisturbed electron
density at a given height.

Figure 1 shows a typical time behavior of a number of parameters after the onset of large magnetic
disturbances. From the figure it follows that the beginning of the LSTIDs falls on the time interval 20:00-
22:00, and the end on the interval 02: 00-04: 00. The lower curve corresponds to the height of the base of
the layer (2 = 150 km). The upper (bold) curve corresponds to the variations of N,/ (f) at the maximum of
the /,F layer. Variations in the electron density shown in the figures demonstrate a feature characteristic
of most of the sessions in which LSTIDs were observed. The peculiarity lies in the fact that the LSTIDs in
the N, F (t) variations are manifested much weaker than in the N; (¢) variations at fixed heights located
below the height of the layer maximum. The reasons for this altitudinal dependence of the ionosphere
response to AGW passage were considered in [6].

It should be noted that the number of waves observed during the night changed from session to
session. In the example shown in figure 1, four waves are present. In constructing the diurnal dependence
of the frequency of occurrence of traveling ionospheric disturbances, we took into account all the waves.

Earlier [7], a good correlation of LS TIDs with auroral substorms was proved; therefore, good
similarity of their diurnal dependences should be expected. The long-term component in auroral
disturbances, representing the dependence of the intensity and number of substorms on world time, was
noted in [8, 9]. It became obvious that the beginning of the auroral substorms, as follows from the
behavior of the auroral electrode jet index (AL-index), was the most frequent between 13:00 and
19:00 UT. More than 30% of the reported peaks in the AL-index accounted for a relatively narrow time
domain of 13: 00-16: 00 UT [9]. The dependence of the substorm frequency on world time was explained
on the basis of diurnal variations in the angle of inclination of the Earth's magnetic axis to the Sun-Earth
line.

We analyzed the diurnal dependence of the frequency of occurrence of traveling ionospheric
disturbances over Almaty according to measurements for 2000-2007. For this, a visual control of the
behavior of a number of parameters of the F-region was carried out, identification of the LS TIDs,
determination of their start time and duration. It is nessesary to notice that high probabilities of the
formation of nighttime enhancements in NmF2 and the passage of LS TIDs mean a high probability of
their simultaneous presence over the observation point, leading to a necessity to distinguish these two
events. We performed selection LS TIDs as made it in our work [10].
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Figure 1 - Variations of the F-region parameters during the night with high magnetic activity
(August 31 — September 1, 2005): top panel — electron density N(¢) at a series of heights with
a distance between adjacent heights of 10 km; the second panel - the heights of the maximum of the F-region imF’
and its base /poF; the third and fourth from the top of the panel are 4nF and hpoF” with an exclusive trend
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Figure 2 - diurnal dependence of the frequency of occurrence
of large-scale traveling ionospheric disturbances over Almaty
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According to measurements for 2000-2007. we have constructed a diurnal dependence of the
frequency of occurrence of traveling ionospheric disturbances (figure 2). From the figure it follows that
the predominant beginning of the development of the LS TIDs is close to the moment of local midnight.
87% of the traveling ionospheric disturbances were observed in the interval 20:00-04:00 LT. Taking into
account the difference between world time and local Almaty time is 5 hours, we find that the
overwhelming majority of the LS TIDs was observed in the interval 15:00-23:00 UT.

Let us consider why the LS TIDs are local in time near the midnight. In [11], the response of the
ionosphere to a large magnetic storm was studied using data from the global network of vertical sounding
stations and the Cosmos-900 satellite. It has been shown that the ionospheric response, which is the LS
TIDs with a quasiperiod of ~ 3-4 hours, is observed throughout the globe, while the amplitudes of the LS
TIDs in the night observation sector are several times higher than the amplitudes observed in the
illuminated half of the Earth.

The planetary nature of the propagation of large-scale LS TIDs was also studied in [7] for a period of
high solar activity, where it was shown that the probability of observing LS TIDs in the Australian-Asian
longitude sector is significantly higher than the probability for the European and American sectors. This
longitudinal effect is explained on the basis of the mechanism of ion drag of AGW, which takes maximum
values at the illuminated time of day, and the diurnal dependence of auroral activity with a maximum of
13—-19 UT. While neutral particles move freely across the line of the geomagnetic field, ions rotate around
the field line and have difficulty crossing the field lines. This difference between the mobility of neutral
particles and the mobility of ions limits the movement of neutral particles in the AGW in the collision of
neutral particles and ions, leading to the attenuation of the AGW. This mechanism is called the ion drag
effect. The magnitude of ion drag depends on the frequency of collisions of neutrals with ions, which is
linearly related to the densities of neutrals and ions. Since the density of ions in the daytime is much
higher than the nighttime density, the AGW attenuation on the daytime side of the Earth noticeably
exceeds the attenuation on the nighttime side.

Ion drag and the dependence of the level of auroral activity, and, consequently, on the intensity of the
generation of LS TIDs, on world time determines that the most favorable conditions for the distribution of
LS TIDs are created over Almaty at night.

Conclusion

On the basis of a graphical representation of the reaction of the parameters of the F2 layer in the 23rd
cycle of solar activity to the passage of large-scale traveling ionospheric disturbances (LS TIDs), the
diurnal dependence of the frequency of the appearance of LS TIDs over Almaty was studied. It is shown
that the frequency has pronounced maxima in the interval 20: 00-04: 00 local time. The distribution of the
frequency of occurrence of the LS TIDs in time of day coincides with the dependence of the substorm
frequency on world time, which is explained on the basis of diurnal variations in the angle of inclination
of the Earth's magnetic axis to the Sun-Earth line.

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.

A.®. Sxosen’, A. Kaxanmmup?, I'.1. F'opauenko!, B.T. )Kymaobaes', F0.I'. JIutBunos’

'EXIIC «HMonochepa macTUTyTE «¥T3TO» AK, Anmartsr, KazakcTam;
’bynH 3axpa TEXHUKAIBIK YHUBEpCUTET, Vpan

AJIMATBI KAJIACBIHBIH YCTIHEH KO3FAJIATBIH HOHOC®EPAJIBIK AYBITKYJIAP/IbIH
MMAUJA BOJY XKULJIT'THIH TOYJIKTIK TOYEJIALIITT

AnHotanus. OpTaia eHIIKTeri ipi MacmTaOThl KO3FalaThiH MOHOC(epanblK yiTkynapasiH (IMKUY) maiina
0oty JKHMIJITiHIH, T€OMarHUTTIK aybITKyJap Ke3iHjAe MOJSIPJbIK aylaHnapAa TeHepauusulaHaThiH aTMocdepabiK
rpaBuTaUMsUIBIK  TONKbIHAApAbIH (AI'T) kepiHicrepi OOJbIT  TaOBUIATBIH TOYJIKTIK TOYEJALTIrT 3€pTTeNi.
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Honocdepanst Tik 30HaTay aepekrepinin 2000-2007 >xpuigapbl alblHFaH eneyii kenemi Tanganabl. Monocdepa
uHCTUTYTHIHAa (Ammater 76°55' E , 43°15' N ) canpeik nono3oHn "IIAPYC" koMmbIOTEpMEH YINTACKaH,
MOHOTpaMMaJiap/ibl CaHABIK TYpAE XKHHAyFa, cakrayra xoHe enjeyre apHanran. IMKUY op typini napamerpepin
€cernTey YIIiH KaXeTTl aknapar HOHOIpaMMMEH JKapThUlail aBTOMATThI djicrieH ecenrenai. Monocdepansl 30HaTaY
opOip 5 MuH. xyprizunai. TyHri emiey ceaHCTapbIHBIH Y3bIH/IBIFBI MayChIMFa OaliIaHBICTBI ©3repi xaHe ~ 8-12 car
Kypanel. MoHorpammanapiaH MaHbI3bl 0ap KallaHBIH KOJIJAHBICTarbl OMIKTEpre Kepcery A'(?) paauocurHaiibl
OipkaTtap OeJNTijIeHreH >KYMBIC HITIK 30HATAaY KOHE MaHbI3bl Oap ChIHM KUK foF ecenreninai. Onan api eHuey
Turepumx saiciMeH dIIEKTPOHIBI THIFBI3ABIKTBIH N(/) -ipodrinbaepain) OMIKTIK TaparyblH ecenTey/l )KoHe oJapablH
HeriziHne F-aliMakTeiH OipkKatap mapaMmeTpiepiHiH BapuarysuiapblH amyasl (Nu(f) TipkenreH OWiKTiKTepaeri
ANEKTPOHABIK THIFBI3ABIKTE; NmF(f) KaOaTHIHBIH MaKCHUMYMBIHIAFbI THIFBI3ABIKTEI, NinF(f) KaOaTBIHBIH MaKCUMyM
OmikTirin >xoHe T.0.) KamTuasl. MoHo30HA A'(Y) ~ 2.5 KM OKy mommiriH skoHe foF ~ 0.05 MI'm oKy monuirid
KaMTaMachbI3 €TTI.

CeaHCTaH CeaHCKa TYHI1 yaKbITTa OaliKalaThIH TONKBIHAAPABIH CaHbl ©3repreHi KOpCeTUIreH.

KosranatelH nOHOC(hEpaNbIK aybITKyJap/AblH IMaiiia 00y >KUUIITHIH TOYJIIKTIK TOYEIAUIriH Kypy Ke3iHje
OapibIK TOJKBIHAAP eCKepiimi. Oumey aepekTepi OoifbiHIIA AJIMaThl YCTIHEH KO3FaJIaThIH HOHOC(HEpabIK
yUTKynapablH Taiaa Oosy JKUUNNIHIH TOYMIKTIK Toyenuumiri cameiHabl. On  ymiH F-o0mbicThiH - Oipkarap
napaMeTpiIepiHiH MiHe3-KYIKbIHA BH3yanasl Oakpuiay, IMKUY colikecTeHaipy, oJapAblH OacTany YakbIThl MEH
Y3aKTHIFBIH aHbIKTay JXy3ere acbippuigsl. IMKUY namybIHbIH OachiM OacTaybl SKEpriuIKTI TYH >Kapyra >KaKbIH
ekeHniri kepceriireH. 87% xosranateiH noHochepaibik 20:00-04:00 LT apanbirsiana Kansimral Oaiikanasl. IMKITY
maiina OoJly SKUUNTIHIH TOYJIK YaKBITBIHIA Taparybl jkep MarauTTik ociHiH Kys-)Kep cre3pirpiHa Kembey
OYpBIMIBIHBIH TOYJIKTIK BapHAlMsACHl HETi3iHIE TYCIHAIPUIETIH KOCAJKBl aFbIH JKUUITIHIH ONeMIIK YaKbITTaH
TOyenaiirine coiikec kenemi. VIOHIOBIK TEXeNMy JXOHE aBpOpalbAi OENCEeHAUTIK IeHreHiHiH TOyeIIuTiri, JAeMek,
IMKUY¥ reHepauusChIHBIH KApPKbIHIBUIBIFBL deMAIK yakpiTTaH Oactan IMKWY Tapary ymniH aca Kousailibl
JKarJailap AJIMaTBIHBIH YCTIHEH TYHI1 YaKbITTa KYPbUIATHIHBIH AHBIKTaH L.

A.®@. SIxogen’, A. Haxanmup?, T'.1. Topauenko', B.T. Kymabaes', FO.I'. JIureunos!

IITOO «UucturyT nonochepb» AO «HIKUT», Anmarel, Kazaxcraw;
’Byun 3axpa Texuuueckuil Yuusepcutet, Upan

CYTOYHASI 3ABUCHUMOCTD YACTOTDI HOABJIEHUSL
MNEPEMEINAIOIIUXCSI HOHOC®EPHBIX BOSMYIIIEHUU HAJI AJIMATbBI

AHHOTanus. 3ydeHa CyTO4Hasl 3aBUCHMOCTb YacTOTHI TOSIBICHUS KPYNHOMACHITAOHBIX MEPEMEIIAOIINXCS
nonocdepusrx Bosmymennid (KM IIMB) Ha cpemHux mmpoTax, SBIAIONIUXCS HPOSIBICHHEM aTMOC(HEPHBIX
rpaBUTanMOHHBIX BOJNH (AI'B), reHepupyeMblXx B HONSAPHBIX pailoHax BO BpEMs] I'€OMAarHUTHBIX BO3MYIIEHHH.
[Tpoananu3npoBaH 3HAYUTENBHBIH 00BEM JaHHBIX BEPTHKAIBHOTO 30HIUPOBaHUS HOHOC(EPHI, Moiy4eHHbIX B 2000-
2007 rr. B Uucruryte nonochepst (Anmarst 76°55'E, 43°15'N) na undpoBom nonozonue «[TAPYCy, conpsikeHHBIM
C KOMIBIOTEPOM, IpeIHa3HAYeHHbIM Il cOOpa, XpaHeHUs M O0OpaboTKM HOHOrpaMM B LU(POBOM BHJE.
Wudopmanns, HeoOXoaumasi ajsi pacyeToB pasHooOpasHbix napamerpoB KM IIMB, cuuThiBamack ¢ MOHOTpaMm
MOJTyaBTOMaTHYECKUM METOJIOM. 30HIMPOBaHNE MOHOC(EPH! NPOBOAMIACH KaXKable 5 MUH. J[JIMHA HOYHBIX CEaHCOB
M3MEpPEHNH M3MEHsUIach B 3aBHCUMOCTH OT C€30HA M COCTaBisuIa ~ 8—12 4. C MOHOTrpaMM CUHTHIBAJINCH 3HAUCHUS
NIEHCTBYIOMNX BBICOT OTPakeHUs A'(f) pagwocurHana Ha psae (GUKCHPOBAHHBIX PabOYMX 4YacTOT 30HIAMPOBAHUS U
3HAYCHUSI KPUTHUYECKUX YacToT foF. JlampHeimas oOpaboTKa BKIfO4aiga B ceOs pacdeT BBHICOTHBIX paclpeneleHuit
aneKTpoHHO# 1ioTHOCTH (N(/)-tipoduiieit) merogom Tutepuka W THONyYeHHE HA MX OCHOBE Bapualuil psua
napameTpoB F-o0iacTu (JIEKTPOHHOW IUIOTHOCTH Ha (DUKCHPOBAHHBIX BbICOTaX Nj(f); MJIOTHOCTH B MaKCHMyMe
cinost NmF(f); BBICOTBI MakcuMyMa ci0si N (¢) 1 mp.). MoHo30HA obecreurnBai TOYHOCTh CYUTHIBAHUS /'(f) ~ 2.5 KM
W TOYHOCTH cuuThiBaHus fol' ~ 0.05 MI'u. Iloka3zaHo, 4To OT ceaHca K CEaHCY MEHSUIOCh KOJMYECTBO BOJIH,
Ha6J’IlOZ[aeM])lX B TCUCHHUC HOYH. le/I MOCTPOCHNHU CyTO‘lHOﬁ 3aBUCUMOCTHU YaCTOTHI MOSABJICHUSA NEPEMECIIAIOIMINXCA
l/IOHOC(beprIX BOSMylHeHHPlI YUYHUTBIBAJIUCH BCE BOJIHBI.

Brua mocTpoeHa cyTo4Hasi 3aBUCMMOCTh YacTOTHI TIOSIBJICHUS ITEPEMEAIONINXCs HOHOC(EPHBIX BO3MYIIEHUH
Hal AJIMatbl 1O JaHHBIM H3MepeHHH. [l 3TOro OCyIIECTBISUICS BHM3YalbHBIH KOHTPOJIb TOBEACHHS psinia
napametpoB F-o6nactu, unenrudukanus KMIIVB, onpenenenne BpeMeHH X Havaia ¥ MPOJIOIKUTEIEHOCTH.

ITokazano, 4yro mpeobnagatomee Havano passurust KMIINMB 6mm3ko kK MOMEHTY MecTHOH mosryHOuH. 87%
MepEeMEIAONINXCsl HOHOC(EPHBIX BO3MyIIeHnit HaOmromanoch B mHTepBane 20:00-04:00 LT. Pacmpenenenue
gactoTel mosineHnst KMIIVB Bo BpeMeHH CYTOK COBIIQJaeT C 3aBHCHMOCTBIO YacTOTHI CyOOyph OT MHPOBOTO
BpPEMEHH, OOBSACHIEMON Ha OCHOBE CYTOYHBIX BapHallMil yrila HAKJIIOHa 3€MHOW MarHMTHOHM ocu K juHUM CoJHIe-
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3emns. VoHHOE TOPMOKEHHE W 3aBUCHMOCTh YPOBHA aBPOPAIbHOM aKTUBHOCTH, a, CJIEJOBAaTEIbHO, M
uHTeHCHBHOCTH reHeparmun KM IIMB, oT MHPOBOro BpeMEHHM ONpEACISCT TO, YTO Hanbojee OJIaronpusTHBIC
ycnoBus Juis pacnpoctpanenuss KM TTMB co3parotcst Hag AnMaThl B HOUHBIE Yachl.
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