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Abstract. The paper presents the results of obser-

vations of the sporadic Es layer during the period of 

meteorological disturbances in Kaliningrad in October 

2017 and 2018 under quiet geomagnetic conditions. 

During the meteorological storms (October 29–30, 

2017 and October 23–24, 2018), significant changes 

occurred in the dynamics of the Es-layer critical fre-

quency. Observations of atmospheric and ionospheric 

disturbances in the Kaliningrad region show that the 

delay between the ionospheric response and the mo-

ment of maximum disturbances in atmospheric param-

eters is about 3 hours. These phenomena at the heights 

of the E-region might have been caused by propaga-

tion of acoustic-gravity waves generated by convective 

processes in the lower atmosphere during periods of a 

meteorological storm. Intensification of turbulent pro-

cesses in the lower thermosphere leads to an increase 

in the atmospheric density and, accordingly, to higher 

recombination rates. This leads to a rapid decrease in 

the concentration of ions and, consequently, to a de-

crease in the critical frequency of the sporadic layer 

below the sensitivity threshold of ionosondes. 

 

Keywords: sporadic E layer, acoustic-gravity 

waves, atmosphere-ionosphere coupling, meteorological 

disturbances. 

 

 

INTRODUCTION 

Great emphasis is now placed on the study of iono-

spheric disturbances driven by powerful dynamic pro-

cesses in the lower atmosphere and on Earth's surface. 

Experimental studies show that the development of 

these processes leads to ionospheric disturbances. For 

example, storms and hurricanes are accompanied by 

strong disturbances of ionospheric F2-layer parameters 

and total electron content (TEC) [Martinis, Manzano, 

1999; Zakharov, Kunitsyn, 2012; Polyakova, Perevalova, 

2013;  Chernigovskaya et al., 2014, 2015; Koucká 

Knížová et al., 2015; Bogdanov et al., 2016; Karpov et al., 

2016, 2019; Borchevkina, Karpov, 2017].  

Hypotheses about the mutual influence of processes 

in different atmospheric layers are based on ideas about 

generation of atmospheric waves, in particular acoustic 

gravity waves (AGWs), and their propagation under 

certain conditions from below into the upper atmos-

phere [Kazimirovsky et al., 2003; Lastovicka, 2006, 

Mathews, 1998]. Powerful meteorological processes 

(storms, hurricanes, and typhoons) are a source of AGW 

generation in the atmosphere. Theoretical studies indi-

cate that meteorological sources excite relatively short-

period AGWs [Snively, Pasko, 2003; Kunitsyn et al., 

2007]. AGWs with periods close to the Brunt-Väisälä 

period and infrasonic waves propagating from an excita-

tion region can reach thermospheric and ionospheric 

heights [Schubert et al., 2005]. Dissipation of these 

waves leads to the formation of local heating regions in 

the thermosphere that affects the dynamics and ioniza-

tion-recombination processes in the ionosphere [Kar-

pov, Kshevetskii, 2014; Karpov, Kshevetskii, 2017]. 

The processes that are caused by dissipation of AGWs, 

excited during meteorological disturbances, and influ-

ence ionospheric effects in the F-region may be ineffec-

tive at E-region heights. Theoretical studies [Karpov, 

Kshevetskii, 2014; Karpov, Kshevetskii, 2017] indicate 

that the region of dissipation of such waves is usually 

located at heights 250–300 km, i.e. well above the E layer. 

It has been established that in the lower ionosphere at 

E-layer heights there is a link between the AGW activity 

manifestation and disturbances of characteristics of sporad-

ic E layers (Es layers). Specifically, cases have been found 

in which an Es layer and a disturbance in the F-region ex-

hibited the same periodicity [van Eyken et al., 1982, 
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Mathews, 1998; Parkinson, Dyson, 1998]. Various aspects 

of the AGW impact on Es layers such as the impact of 

waves on the inhomogeneity of horizontal winds at iono-

spheric E-layer heights, disturbances of the layer critical 

frequency, and recombination processes in the upper mes-

osphere — lower thermosphere are discussed in [Pili-

penko, Kozak, 2012; Barta et al., 2017; Haldoupis, 2012; 

Šauli, Bourdillon, 2008; Didebulidze et al., 2015].  

Thus, further development of ideas about dynamics 

of the lower ionosphere under conditions of meteorolog-

ical disturbances involves collecting observational data 

and improving the physical interpretation of the phe-

nomena observed. 

The purpose of this study is to analyze variations in 

parameters of the lower atmosphere and Es layer during 

meteorological storms in Kaliningrad in October 2017 

and 2018.  
 

OBSERVATIONAL DATA 

The peculiarity of the geographical location of the 

south-east Baltic, where Kaliningrad is located, is that it is 

open to penetration of westerly transitional air masses. 

According to long-term meteorological observations, the 

number of days with strong winds (>15 m/s) in the Kali-

ningrad region is 28–38 per year; in some years, up to 60 

days; in the fall-winter season (November–January), about 

half of all stormy days. The force of the storms observed is 

typically 7–8 (12–18 m/s), rarely 9–10 (18–25 m/s); in 

exceptional cases, 11–12 (>25 m/s). Transit of Atlantic 

cyclones occurs in the absence of orographic obstacles, 

which determines the local wind regime [Tupikin, 2003].  

The meteorological extreme phenomena emerging 

under such conditions may affect the stability of opera-

tion of various communication and navigation systems, 

among them the satellite systems GLONASS and GPS 

[Karpov et al., 2019].  

In this paper, we analyze disturbances of the lower 

ionosphere, using observations made at the station Kali-

ningrad (54° N, 20° E) during meteorological storms in 

October 2017 and 2018. To describe the meteorological 

conditions, we use three-hour measurements of a maxi-

mum wind speed as well as of the atmospheric pressure 

reduced to the mean sea level, from [https://rp5.ru]. As 

an additional source of data, we have utilized 1-hour 

measurements from the meteorological station Olsztyn 

(53° N, 20° E), Poland. Es-layer variations were deter-

mined from 15 min measurements of the critical fre-

quency foEs (MHz) and the minimum operating height 

h'Es (km) from the ionosonde Parus-A at the test site of the 

Kaliningrad Branch of IZMIRAN (54.36° N, 20.12° E). 

Meteorological storms are events accompanied by a 

very strong prolonged (more than 6 hrs) wind, usually 

when a cyclone causes heavy sea and more or less dam-

age to onshore infrastructure. The wind with a speed 

17–24 m/s is classified as a storm and severe storm (8–9 

on the Beaufort scale) [Khromov, Mamontova, 1974]. 

For the analysis, we have selected the meteorological 

storms (October 29–30, 2017 and October 23–24, 2018) 

such that the maximum wind speed in Kaliningrad was as 

high as 17 m/s or higher, which corresponds to force 8 and 

above on the Beaufort scale. These events occurred under 

low geomagnetic and solar activity. A criterion for quiet 

conditions was the geomagnetic activity index Kp≤3 dur-

ing the event or the previous day; –20≤Dst≤20 nT that did 

not change by more than 20 nT within 24 hours. 

Figure 1 presents three-hour measurements of max-

imum wind gust speeds, atmospheric pressure, reduced 

to the mean sea level, from [https://rp5.ru], as well as 

variations in the geomagnetic indices during the Octo-

ber 2017 and 2018 storms. 

The Figure indicates that the analyzed events hap-

pened under quiet geomagnetic conditions and disturbed 

(storm) conditions in the lower atmosphere. 

Figures 2, 3 depict variations in the critical frequen-

cy (foEs, MHz) and a minimum virtual height of the Es 

layer (h'Es, km) during the October 2017, 2018 storms.  

It is apparent that during the meteorological disturb-

ances (October 29–30, 2017 and October 23, 2018), Es-

layer characteristics change which shows up as a decrease 

in foEs below the ionosonde sensitivity threshold (~2 MHz) 

and as a non-monotonic change in the layer height. 

In October 2017, the meteorological storm began at 

06 UT on October 29 and continued until 23 UT on Oc-

tober 30 (Figure 1). A rapid decrease in foEs was ob-

served after 12 UT, and from 17:00 UT on October 29 

to 6:00 on October 30 and from 14:00 on October 30 to 

07:00 on October 31 there was no sporadic layer detect-

ed (Figure 2). In October 2018, a depression near the 

station Kaliningrad was recorded from 06 UT on Octo-

ber 23 to 18 UT on October 24 (Figure 1). For some 

periods of the storms there is no data on meteorological 

conditions, which is likely to be linked to faulty ground-

based equipment. The sporadic layer during that period 

disappeared from 14:00 on October 23 to 7:00 on Octo-

ber 24 (Figure 3). After the meteorological storms, the 

Es parameters returned to pre-storm values. 

A significant decrease in foEs and accordingly in the 

Es electron density, which is observed during the storm 

and is not observed before and after the event, allow us 

to attribute these ionospheric disturbances to the pas-

sage of the storm. 

 

DISCUSSION 

An accepted theory is now the wind shear theory 

[Mathews, 1998; Haldoupis, 2012] that attributes the 

formation of the sporadic E layers in the ionosphere at 

midlatitudes to ion flows caused by the irregular vertical 

structure of horizontal winds. Occurrence of the irregu-

lar neutral wind may be associated with different dy-

namic processes in the lower thermosphere [Haldoupis 

et al., 2006; Pignalberi et al., 2014]. 

Despite the sporadic appearance of the Es layer, 

variations of its parameters exhibit features indicating 

their regularity [Bryunelli, Namgaladze, 1988]. Thus, 

the observations of the Es-layer dynamics (Figures 2, 3) 

clearly show nightside layers formed by metal ions, a 

dawn increase in height and foEs on the days preceding 

the passage of the meteorological disturbances.  

During the storms (October 29–30, 2017 and October 

23–24, 2018), there were significant changes in the 

dynamics of the Es-layer parameters. The sporadic layer 
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Figure 1. Variations in the atmospheric pressure P, maximum gust velocity ff3, geomagnetic activity indices Kp and Dst in 

Kaliningrad and Olsztyn on October 27 – November 1, 2017 (a) and October 21–26, 2018 (b) 

  

 
 

Figure 2. Time variations in the critical frequency foEs and in the minimum height h'Es of the sporadic Es layer on October 27 — 

November 1, 2017, as derived from vertical sounding data obtained at the station Kaliningrad. Dashed lines indicate the time of the me-

teorological storm 
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Figure 3. Time variations in the critical frequency foEs and in the minimum height h'Es of the sporadic Es layer on October 

21–26, 2018, as derived from vertical sounding data obtained at the station Kaliningrad. Dashed lines show the time of the mete-

orological storm 
 

in those periods was observed only in the daytime. 

After the end of the storms in the Kaliningrad region, 

the Es-layer parameters return to the values detected on 

the days prior to the meteorological disturbances. Sim-

ilar changes in the Es-layer parameters occurred during 

the passage of summer thunderheads in Europe in 

2013–2014 [Barta et al., 2017]. These studies have 

shown that 1–2 hrs after the thunderheads that passed 

through the survey coverage, foEs decreased below the 

ionosonde sensitivity threshold (~2 MHz). Barta et al. 

[2017], by analyzing the observations, have concluded 

that the most likely cause of the Es-layer disturbance is 

AGWs generated in the troposphere and mesosphere dur-

ing the passage of thunderheads. 

Observations of disturbances of atmospheric and 

ionospheric parameters in the Kaliningrad region (Fig-

ures 1–3) also suggest that the delay in the ionospheric 

response with respect to the time of maximum disturb-

ances of atmospheric parameters is ~3 hrs. These values 

are quite consistent with the concepts of ionospheric 

disturbances induced by AGWs of tropospheric origin. 

Note also that the results reported in this paper were 

obtained under conditions of storms occurring during 

the fall period without increasing lightning activity. 

Thus, AGWs were largely generated by convective pro-

cesses in the troposphere. 

The AGW impact on sporadic layers in the iono-

spheric E-region  has been studied in numerous experi-

mental and theoretical works [Mathews, 1998; Fukao et al., 

1998; Parkinson, Dyson, 1998; Bourdillon et al., 1997; 

Scotto, 1995; Pilipenko, Kozak, 2012; Snively, Pasko, 

2003; Liperovsky et al., 2000], which examined various 

aspects of the AGW impact, including the impact of 

waves on the irregularity of horizontal winds in the ion-

ospheric E-region, the disturbance of the critical fre-

quency in the layer, recombination processes in the up-

per mesosphere — lower thermosphere. 

The short delays in the ionospheric response (2–3 hrs) 

to tropospheric disturbances enable us to limit the spectral 

range of AGWs excited in the atmosphere and penetrating 

to ionospheric heights. Snively, Pasko [2003] have shown 

that during meteorological disturbances short-period 

AGWs are excited which, propagating nearly vertically, 

can reach ionospheric heights within 2–3 hours. Similar 

conclusions can be drawn from [Karpov, Kshevetskii, 

2014]. Dissipation effects of such AGWs due to their 

short periods are at heights 250–300 km. In this case, 

we can assume that dissipation effects of such waves 

will not have a great impact on the Es dynamics.  

On the other hand, vertical propagation of such 

waves and the amplitude increasing with height can lead 

to collapse of the waves at heights of the lower thermo-

sphere, thus significantly affecting turbulent processes. 

Enhancement of the turbulent processes in the lower 

thermosphere causes the atmospheric density and the 

intensity of recombination processes to increase. As a 

result, the ionic concentration and, accordingly, foEs 

decrease rapidly to frequencies below the ionosonde 

sensitivity threshold. We can assume that it is precisely 

these processes that lead to disturbances of the Es-layer 

dynamics during meteorological disturbances. 

 

CONCLUSIONS 

We have reported observations of the atmospheric 

dynamics and the sporadic Es layer in the Kaliningrad 

region during two meteorological storms in October 

2017 and 2018. The observations have shown that under 

quite strong meteorological disturbances, when a wind 

gust velocity reaches 8 and above on the Beaufort scale, 

there is a significant decrease in foEs. During such peri-

ods, the sporadic layer appears only in the daytime and 

disappears at night. The delay in the ionospheric re-

sponse with respect to the time of occurrence of maxi-

mum disturbances of atmospheric parameters is ~3 hrs. 

The response of the sporadic layer under meteorological 

disturbances closely resembles the ionospheric response 

observed during the passage of thunderheads.  

The phenomena observed at E-region heights are 

likely caused by propagation of AGW generated by 

convective processes in the lower atmosphere during 

a meteorological storm. Taking into account the short 

delays (2–3 hrs) in the ionospheric response to disturb-
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ances in the lower atmosphere, we can assume that the 

AGW effect reveals itself in the intensification of turbu-

lent processes in the lower thermosphere. This in turn 

leads to an increase in the density of the lower thermo-

sphere and in the efficiency of recombination processes.  

This work was supported by RFBR and Kaliningrad 

Government, grant No. 19-45-390005 (O.P. Borchevki-

na, M.I. Karpov) and RFBR grant No. 18-05-00184 

(I.V. Karpov). 
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