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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 (h'(t)), b) an increase in the amplitude of variations of h'(t) with an increase in 
the sounding frequency, c) phase delay of variations of h'(t) 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. 

Key words: ionosphere, vertical sounding, height of F layer maximum. 
  
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 h'(t) of the radio signal at a number of fixed operating frequencies and critical frequencies (fo,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 fo,xF and h'(t) 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 h'(t) 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 h'(t) (Fig. 2, right panel). The left panel shows variations in 
the height of the F-layer maximum (hmF), the base of the layer (hbotF), the half-thickness of the layer (Δh), 
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ИОНОСФЕРАДАҒЫ F2- ҚАБАТЫНЫҢ ВАРИАЦИЯ АУҚЫМЫНЫҢ  
МАКСИМАЛДЫ  БИІКТІГІН АЙҚЫНДАУ СТАТИСТИКАСЫ 

 
Аннотация. Ионосфера институтында 2009-2016 жылдары  жүргізілген ионосфераның жиі түндерін 

барлап байқау көрсетілген жəне де кең көлемді жылжымалы ионосфералық бұзылулар (КЖИБ) байқалған 
түндердің статистикасы ұсынылған.  Ионосфераның түнгі бақылауларының 1454 сеансынан 185 (КЖИБ) 
сеансы байқалды. Кең көлемді жылжымалы ионосфералық бұзылулардың атмосфералық жəне 
магнитосфералық шығу белгілері анықталды: а) сыни жиіліктер мен биіктіктердің (h'(t)) қолданыстағы 
вариацияларының жоғары келісімділігі, б) вариация амплитудасының артуы h'(t) барлап байқау жиілігінің 
ұлғаюымен, в) жоғары жиіліктердегі вариацияларға қатысты төменгі жиіліктердегі вариацияларының h'(t) 
фазалық кешігуі. Ионосферадан көрінетін максималды жиіліктегі сигналының h'(t) тиімді көрсетілу 
биіктігіндегі вариация ауқымы бойынша, F-қабатының максималды биіктігіндегі вариация  шамасын бағалау 
үшін əдіс əзірленді. Кең көлемді жылжымалы ионосфералық бұзылулардың магниттік тыныштықты жəне 
магниттік белсенді бақылау жағдайында, ауқымы бойынша максималды биіктік вариация шамаларының 
таралуы алынды. Максималды ықтималдығы бұзылған ауқым шамасы  40-50 км  жəне тыныш магнит өрісі 
үшін 30-50 км болатындығы анықталды. 

Түйін сөздер: ионосфера,  тiк барлап байқау, F2- қабатының максималды биіктігі 
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СТАТИСТИКА РАЗМАХА ВАРИАЦИЙ ВЫСОТЫ МАКСИМУМА F2- СЛОЯ ИОНОСФЕРЫ 
 
Аннотация. Представлена статистика ночей, когда проводилось  учащенное зондирование ионосферы в 

Институте ионосферы в 2009-2016 годы, и ночей, в течение которых наблюдались крупномасштабные 
перемещающиеся ионосферные возмущения (КМПИВ). Из 1454 сеансов  ночных наблюдений ионосферы в 
185 сеансах  наблюдались КМПИВ. Найдены признаки КМПИВ атмосферного и магнитосферного 
происхождения: а) высокая когерентность вариаций критических частот и действующих высот (h'(t)), б) 
увеличение амплитуды вариаций h'(t) с увеличением зондирующей частоты, в) фазовое запаздывание 
вариаций h'(t) на меньших частотах относительно вариаций на больших частотах. Разработан способ оценки 
величины размаха вариаций высоты максимума F-слоя, по размаху вариаций действующей высоты 
отражения  зондирующего сигнала h'(t) на максимальной частоте, отражающейся от ионосферы.  Получены 
распределения размаха вариаций высоты максимума для магнитоспокойных и магнитоактивных условий 
наблюдения КМПИВ. Найдено, что максимальные вероятности величины размаха лежат в диапазоне 40-50 
км для возмущенного и 30-50 км для спокойного магнитного поля.  

Ключевые слова: ионосфера, вертикальное зондирование, высота максимума  F2-слоя 
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