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Abstract—The paper presents the results of a numerical simulation of ionospheric disturbances caused by a
point thermospheric heat source, which mimic the dissipation effect of acoustic-gravity waves propagating
from the region of a meteorological storm. It is shown that ionospheric effects have an extensive spatial struc-
ture and are more pronounced during the day than at night. The results of numerical simulations show
decreases in the critical frequency of the F2 layer (foF2) and in the total concentration of electrons to the
northwest from the heat source maximum, as well as increases in the values of these parameters to the south
and southeast from the heat source maximum up to the equatorial region. A comparative analysis of the day-
time and nighttime disturbances of atmospheric parameters is given, and a conclusion is drawn on the causes
of weakly pronounced changes in the nighttime ionosphere.
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INTRODUCTION
As has been established in experimental studies,

active dynamic processes in the lower atmosphere,
such as typhoons, hurricanes, and storms, cause a
variety of ionospheric disturbances [1–5]. Thus, sig-
nificant decreases in the total electron content (TEC)
have been detected above the regions of meteorologi-
cal disturbances when observing the dynamics of the
ionosphere during periods of meteorological distur-
bances [6]. In particular, decreases in the daytime
TEC values reaching about 50% relative to meteoro-
logically calm days have been noted in numerous
observations made in the Kaliningrad region during
the periods of sharp worsening of weather conditions,
which are accompanied by escalation of squally winds
up to force 8–9 on the Beaufort scale [7]. The pecu-
liarities of the observed ionospheric disturbances con-
sist in the fact that they appear above the storm area
and are strongly correlated in time with the increased
wind gust speeds in the storm region [6, 7].

As proposed in [6, 8], such ionospheric distur-
bances may be caused by dissipation of acoustic-grav-
ity waves (AGWs) which are excited in the region of a
meteorological disturbance and propagate into the
upper atmosphere. It can be assumed that the squally
nature of the wind during periods of meteorological
disturbances reflects the processes of enhancement of
AGW generation. Theoretical studies show that infra-
sonic waves and AGWs with periods close to the
Väisälä–Brunt period can reach the altitudes of the

thermosphere and ionosphere when propagating
almost vertically from the excitation region [9–11].
The dissipation of such waves leads to the formation of
local heat regions in the thermosphere [11, 12], which
can affect the dynamics of the ionosphere and ioniza-
tion–recombination processes.

The aim of this study was to simulate the reaction
of the upper atmosphere and ionosphere to the
appearance of a local thermal perturbation in the ther-
mosphere, which mimics the effects of the dissipation
of waves that propagate from the region of the meteo-
rological disturbance.

PROBLEM STATEMENT AND DESCRIPTION 
OF THE NUMERICAL EXPERIMENTAL

To estimate the spatial structure and amplitude of
the source of thermosphere perturbation due to dissi-
pation of AGWs, the calculations performed for the
published theoretical study [13] were used. A was
shown in [13], the propagation of infrasound waves
and AGWs from the Earth’s surface with periods close
to the Väisälä–Brunt period leads to the formation of
a heated region above the source of disturbance at alti-
tudes of about 200 km due to the dissipation of waves.
Setting the amplitudes of wave disturbances to values
that are typical for weather storms at the Earth’s sur-
face gives rise to heating of the thermosphere by about
100 K in such processes.
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To investigate the effect of the additional thermo-
spheric heat source on the parameters of the upper
atmosphere and ionosphere, numerical experiments
with use of the global self-consistent model of the
thermosphere, ionosphere, and protonosphere (GSM
TIP) were carried out [14]. The GSM TIP model
allows one to calculate global distributions of thermo-
spheric and ionospheric parameters within the alti-
tude range of 80 to 500 km and has been successfully
used to study large-scale processes in the upper atmo-
sphere [15–17].

To simulate the influence of a source that mimics
the effect of the dissipation of AGWs on the thermo-
sphere and ionosphere condition, we include addi-
tional heat source Q, defined by expression

(1)

where r is the altitude, r0 = 180 km is the altitude of the
heat source maximum, and H is the altitude of the
homogeneous atmosphere, in the thermal balance
equation of the ionosphere in the GSM TIP model at
a location with a specified latitude and longitude. Alti-
tude r0 in Eq. (1) was determined using a qualitative
interpretation of the results by simulating the dissipa-
tion of AGWs from a ground-level source [13]. Ampli-
tude factor A was chosen so that the maximum heating
of the thermosphere at an altitude of r0 was 100 K, and
the A value in this study was 20 K/min. In addition,
the GSM TIP equations consider that the density per-
turbation caused by such large-scale heating can be
taken into account by the following polarization rela-
tions published in [18]:

(2)

where ΔTd and Δρd are the temperature and density
increments, respectively; T and ρ are the background
values of the temperature and density, respectively.

Numerical calculations were performed to simulate
the daily dynamics of an unperturbed atmosphere and
the effect of an additional heat source, which mimic
the influence of AGW dissipation on the upper atmo-
sphere. The source was placed in the location with
coordinates at 45° N and 15° E. The initial conditions
were specified in such a way that the state of the atmo-
sphere corresponded to the end of December.

RESULTS AND DISCUSSION
The simulation covered a daily interval beginning

at midnight UT. Two types of numerical experiments,
namely, experiments with a nighttime heat source that
turns on at midnight and an experiment with a day-
time source that turns on at 10 UT, were performed.
The source continued to operate in both cases until the
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end of the day. In both cases, the reaction of the iono-
sphere parameters was detected an hour after the source
was turned on and reached a maximum of 16 UT.

Figure 1 shows the latitudinal–longitudinal distri-
butions of the foF2 disturbances. The results of calcu-
lation show that perturbations of the critical frequency
are small when the additional source is turned on at
midnight (Fig. 1a), and their spatial structure is quite
complex, covering a significant part of the northern
hemisphere. A decrease in the foF2 value is observed
right above the source, whereas this parameter, on the
contrary, increases in the equatorial region and has an
increment with a periodic structure. Over the entire
nighttime period, the values of the increment to foF2
barely exceed 0.1 MHz and have no substantial effect
on the state of the ionosphere.

In the daytime (Fig. 1b), an enhanced effect of the
source is observed both at the equator, where the
increment reaches 0.15 MHz, and in the region with a
clearly pronounced maximum with an increment
value of about 0.4 MHz to the south of the source
location. A region with a critical frequency decreased
by about 0.1–0.15 MHz, which is elongated by 20° to
the west, is detected to the northwest of the heat
source maximum. It should be noted that the spatial
structure of the critical frequency perturbation for a
daytime source that began operation at 10 UT, is sim-
ilar to the structure of perturbations caused by the
operation of the nighttime source (Fig. 1c).

Figure 2 shows the spatial perturbations of TEC. At
nighttime (Fig. 2a), there is a pronounced maximum
to the southeast of the source. Although the mid-lati-
tude TEC perturbations have small absolute values,
their relative deviations from the background value
significantly exceed those for foF2. Namely, the devi-
ations reach 8% in TEC and are about 1.5% in foF2.

The structure of the TEC perturbations in the day-
time (Figs. 2b and 2c) generally repeats the structure
of the foF2 perturbations for both the nighttime and
daytime sources. It should be noted that a local maxi-
mum and a local minimum zonal symmetrical to it
appear at low latitudes of the northern hemisphere and
in the southern hemisphere, respectively. This is
revealed in the calculation results for the nighttime
source (Fig. 2b).

In both foF2 and TEC, the small difference
between the daytime ionospheric effects for the night-
time and daytime sources is worthy of note. Figure 3
shows the vertical profiles of the increments to the
dynamic parameters of the atmosphere at the point of
a maximum negative effect of foF2, which is shifted by
5° N and 5° W from the point of maximum thermo-
spheric heating.

Despite the fact that a substantial increase in the tem-
perature and changes in the O/N2 ratio and velocity com-
ponents are observed just a few hours after the start of the
calculation of the nighttime source (Figs. 3b–3f), this
does not cause substantial f luctuations in the foF2
l. 14  No. 2  2020
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Fig. 1. Distribution of the increment to foF2 in MHz at (a)
6 and (b) 16 UT for a nighttime source and (c) 16 UT for a
daytime source.
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Fig. 2. Distribution of the increment to TEC (measured in
TECU) at (a) 6 and (b) 16 UT for a nighttime source and
(c) 16 UT for a daytime source.
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value (Fig. 3a). At the same time, the dynamics of
deviations of all key parameters are close in both cases
starting from 12 UT and give rise to similar effects with
respect to foF2.

In addition, some parameters, such as temperature
increments (Fig. 3c), ratios of concentration of atomic
oxygen to molecular nitrogen (Fig. 3b), and meridio-
nal velocity (Fig. 3e), are reduced by the end of the
calculation. This behavior may be caused by the fact
that an additional thermosphere heat source has an
insignificant effect on the ionosphere at night and,
consequently, critical frequency perturbations in both
RUSSIAN JOURNAL O
calculation versions present a similar spatial structure
to perturbations.

Nearly the same dynamics of changes in the ther-
mosphere parameters in both calculation versions for
the daytime are associated, apparently, with strong
localization of the source of perturbations. In this
regard, substantial thermospheric disturbances arise
near the source region and the dynamics of thermo-
sphere changes in the region of the maximum negative
disturbance of the ionosphere (northwest of the ther-
mospheric source) are similar in both cases of opera-
tion of the nighttime and daytime sources.
F PHYSICAL CHEMISTRY B  Vol. 14  No. 2  2020
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Fig. 3. The dependences of the increments to (a) foF2, (b) to the concentration ratio of atomic oxygen to molecular nitrogen, to
(c) the temperature, and to the (d) vertical (vτ), (e) meridional (vphi), and (f) zonal (vtet) velocities for calculations performed with
a source that operated starting from 0 UT (solid line) and 10 UT (dashed line) at the altitude of the heat source maximum, i.e.,
180 km, in the region of maximum negative ionospheric effects to the northwest from the source.
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CONCLUSIONS

The simulation of ionospheric effects induced by
thermospheric heating caused by dissipation of AGWs
reveals a decrease in the electron concentration at the
F-layer maximum of the daytime ionosphere to the
northwest from the source region and an increase in
the electron concentration to the south and southeast
from the source region. The generated perturbations
RUSSIAN JOURNAL OF PHYSICAL CHEMISTRY B  Vo
quickly spread over large distances and reach the
equatorial region.

The nighttime ionospheric effects of the thermo-
sphere disturbances are substantially weaker than the
daytime ones, despite comparable disturbances in the
main dynamic parameters. This may be because local
perturbations of the thermosphere at night have a
weak effect on the ionosphere.
l. 14  No. 2  2020
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Experimental studies show that ionospheric distur-
bances induced by storms significantly exceed the dis-
turbances revealed in the calculation results. Thus, the
experimentally observed decreases in TEC can reach
50% relative to calm weather conditions. In numerical
calculations, the decrease in this parameter did not
exceed 10%. Presumably, the inclusion of only the
temperature source of thermosphere disturbance
caused by dissipation of AGWs does not give an ade-
quate result and a more sophisticated description of
the source of thermosphere disturbance with the
inclusion of wind perturbations is required.
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