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Abstract: The main problems of remote sensing of the Earth’s surface within the frequency range
1.2-1.6 GHz are discussed. They are related to the resonant quantum properties of the radio wave
propagation medium in the lower ionosphere. It is shown that, for the passive remote sensing,
the main source is incoherent microwave radiation of the D and E ionospheric layers in the decimeter
range. For the first time, a theoretically grounded principally new scheme of measurements is
suggested. The scheme assumes that the radiation source exists below the satellite orbit and accounts
for the fact that two types of radiation (direct and reflected) reach the satellite sensor. The separation
of the respective fluxes is a serious problem that should be solved for the correct interpretation of
the measurements. The question is raised regarding the correct calibration of measuring equipment,
depending on the current state of the ionosphere.

Keywords: remote sensing of Earth’s surface; D and E ionospheric layers; charged aerosols;
equipment calibration

1. Introduction

Currently, considerable interest is given to the physicochemical processes, with the participation
of electronically excited states taking place in the lower ionosphere of the Earth, which is primarily
associated with the problems of remote passive location of the Earth’s surface [1-3]. A spontaneous
increase in solar activity accompanied by a significant increase in electromagnetic radiation leads to
noticeable perturbations of the propagation medium. These disturbances at altitudes of 60-110 km
give rise to the failures of the global navigation satellite systems (GNSS), operating in the frequency
range of 1.2-1.6 GHz [4,5].

This paper outlines the possible solutions of existing problems of remote sensing of the Earth’s
surface. These problems are shown to be closely related to each other. The spectral properties of
incoherent microwave radiation from nonequilibrium plasma in the E and D layers of the ionosphere
located at heights of 80-110 km (below the orbiting satellites) are considered. This radiation is shown to
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be the main source for the passive remote sensing at a frequency of 1.4 GHz. A radical overhaul of the
general measurement scheme is proposed and the necessary technical conditions for its implementation
are developed. In conclusion, the issue of the correct calibration of measuring equipment was raised.

2. Passive Remote Sensing. State of Art

It was shown [6-8] that, at altitudes from 60 to 110 km, the Sun flares produce a super background
ultra high frequency UHF radiation with intensity hundreds of times higher the typical levels of
microwave solar bursts. An analysis of the different mechanisms of generation of the detected radiation
showed that the largest contribution to the resulting spectrum picture comes from the transitions
between Rydberg states of the neutral components of a non-equilibrium two-temperature plasma
excited by fluxes of sunlight and slow electrons penetrating in the low ionosphere [1-4]. Incoherent
UHF radiation from Rydberg states during geomagnetic disturbances is accompanied earlier by an
intense long-wave infrared (IR) radiation (with the wavelength exceeding 15 pm) [9]. The analysis
of the spectrum of this radiation allows for restoring the parameters of the two-temperature plasma
(electron concentration and temperature) by solving the respective inverse problem [3].

Passive remote sensing involves the use of natural radiation to determine the properties of the
Earth’s surface, which is usually carried out with receivers operating at a frequency of 1.4 GHz,
since, at this frequency, there is a single-parameter dependence of the signal power on the electron
concentration [3]. There is still no unique physical understanding among specialists regarding the
source of radiation at a frequency of 1.4 GHz [2]. It was previously assumed that this source has a
cosmic origin and it corresponds to the radiation of a hydrogen line with a wavelength of 21 cm and a
transition frequency v = 1.4204 GHz, corresponding to an energy of 5.86 107 eV [10].

This line is the most important in the interstellar luminescence and corresponds to the forbidden
transition between sublevels of the hyperfine structure of the 12S; , ground electronic state of the
hydrogen atom. The upper sublevel corresponds to the parallel arrangement of the spins of the electron
and proton, and the lower corresponds to the antiparallel one. The probability of transition between
them is equal 2.85 1075571 (i.e., one transition is carried out in 11 million years). It is believed that
the intensity of radio emission according to the Rayleigh—Jeans law is proportional to temperature,
i.e., in a rather narrow spectral range the kinetic temperature of the gas can serve as a measure of the
radiation intensity [11,12].

Estimates show that, as a result of resonance rescattering of hydrogen radio emission on Rydberg
states in the D and E layers of the Earth’s ionosphere for normal geomagnetic conditions and electron
concentration 17, =10* cm ™ at the altitude of 110 km, the power of the cosmic radiation flux arriving
at the radiometer is 10732 W/cm? [13]. The flux density of intrinsic incoherent UHF radiation of the
low ionosphere is about 1072° W/cm? [14]. The aforesaid is also confirmed by the fact that direct
measurements with a radiometer under normal conditions showed that the maximum effect is only
achieved in the daytime, when the microwave radiation is caused by the action of the Sun [15].

A large number of original articles, reviews, and monographs are devoted to the remote sensing
of the Earth’s surface (see, for example, the lists of publications in [1,2]). However, these publications
do not take the delay in the propagation distortion of radio waves as a result of resonant scattering
during the passage of D and E layers of the ionosphere at an altitude of 60-110 km into account [7].
In addition, they do not take into account both a direct super background microwave radiation coming
to the satellite from the D and E layers of ionosphere and the signal attenuation due to the interaction
with charged aerosol layers [1-3].

Before discussing various types of passive remote sensing, we begin with its generally accepted
definition. Measuring or obtaining information regarding some properties of an object or phenomenon
using a “recording device” without physical contact with the object or phenomenon being studied is
referred by the American Society of Photogrammetry and Remote Sensing (ASPRS) to as the passive
remote sensing. A recording device is a sensor that is mounted on a satellite in space or in an airplane in
the troposphere, as well as directly above the surface of the Earth.
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Recent developments in the field of technology for passive remote sensing of the Earth’s surface
have demonstrated increased interest in the possibility of determining the soil moisture from space.
It was found that these measurements are most conveniently carried out in the decimeter range at a
frequency of 1.4 GHz [16]. However, errors eventually arise during measurements, the physical cause
of which is not yet clear despite of insistent attempts.

To this end, the model approaches has been developed together with various types of experimental
methods of sounding. For example, the authors of one of these approaches have suggested that the main
source of error in restoring the soil moisture has come neglecting the Faraday effect (polarization of
reflected radiation) [17]. On the other hand, the experiment [18] has directly confirmed that the radiation
at a frequency of 1.4 GHz has propagated without a significant interaction with the atmosphere, and no
polarization has been observed. At the same time, the authors of this work suggested that radiation
reflected from grass or leaf cover wetted by rain might be partially polarized. Because, as indicated
above, the radiation sources from the D and E layers of the ionosphere are not coherent [7], there is
no sense to discuss the influence of the Faraday effect. In fact, during quadrature decomposition of a
non-monochromatic signal in the receiver band near the frequency of 1.4 GHz, such a rotation of the
polarization vector and a change in its modulus should be observed that is completely determined by
the dynamic state of the atmosphere [7]. At the same time, when analyzing the data in the framework
of the SMOS (Soil Moisture and Ocean Salinity) program, a significant difference was found between
the readings of sensors installed on an airplane at an altitude of 3 km and sensors that are located
above the Earth’s surface at an altitude of 150 m [19]. This fact also did not find an explanation in
current literature. Generally speaking, in the case of equilibrium radiation, the readings of sensors
installed at any altitude (e.g., on airplane and near the Earth’s surface) should coincide, but this is
not observed. Therefore, the assumption that the incident radiation is equilibrium is not fair and the
approach developed in [20,21] is not applicable.

Next assuming that the sources of incoherent microwave radiation are located inside the D and E
layers of the ionosphere, we consider one of a possible schemes measurement when the satellite and
aircraft are located vertically along the z axis (for this purpose, generally speaking, it is convenient to
use an airship). We also assume that the satellite and the airship are at altitudes H; and H,, respectively
(see Figure 1), we introduce the time-averaged radiation flux powers at a frequency of 1.4 GHz,
as calculated by the «Rydberg» program [6,7,14] independently without taking into account interfering

factors. The respective fluxes are marked by a bar above. This is a direct upward radiation Tt(zz) (Hs)
coming to the satellite from the D and E layers and a direct downward radiation ifztl ) (Hy) coming from

these layers to the airship from above, and the total power of the radiation flux it(;l ) (HEg) incident on
the surface of the Earth. Subsequently, the measured powers of the incident and reflected radiation
fluxes are given by simple expressions:

1) (Hg) = Ty (He)(1- ), (1)
1G9 (H,) = T (H) (1= f1), ®
15 (Ha) =15 (He) (1 - fo), 3)
16D (Hy) =T (Hy) + 1D (Hg) (1 - ). @

Here, f = fi + f2 is a complete attenuation factor of the power flow of incoherent microwave
radiation intensity due to the influence of layers of charged aerosols. The value f; is the attenuation of
the power of the stream on its way from the D layer to the airship at altitude H,, f; is the attenuation of
the flux propagating from the airship to the surface of the Earth (planetary boundary layer). We now
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(1)

introduce the reflection coefficient k,(Hg) = I

directly measured by the sensors,

(Hg)/ Ii(rzll) (Hg) and the following quantities that were

ner = L0 (Ho) /157 (), A(HE) =129 (He) =150 (HE),

ref ref

and define the reflected radiation coming from the Earth’s surface as
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Figure 1. The scheme of measurements by the method of passive remote sensing. Yellow indicates the
radiating layer and green indicates the charged aerosol layer. Red lines along the vertical axis are direct
radiation up and down from the D and E ionospheric layers; blue lines are radiation reflected from the
Earth’s surface. Dotted lines Hs and H, set the trajectory of the satellite and airship.
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Equations (1)—(4), yield the following useful relationships:

A(Hp)k,(Hg)(1 - f)

AHs) = 1 -k, (Hg) ' ©
fi =1aE— 1 ;r](cégzﬂ(ﬁg)k), fo=1-14 (7)

The advantage of Equations (5)—(7) is that the right-hand sides of these expressions are expressed
via the relative values of the parameters that were measured by the sensors and independently

(1)

calculated power of the additional stream it(Z)tT
in the incident UHF radiation above the airship, when f; — 0 and the factor f — 1 -1, denoting the
power of the reflected radiation coming to the satellite (4) become equal

(Hs). We also note that, in the case of a slight decrease

A(HE)kr(HE)UaE.

AlHL) =—3 —k(Hp)

®)
Expression (8) is conveniently used in the analysis of the role of acidic industrial emissions in the
planetary boundary layer, starting from several hundred meters.
The obvious question comes up as to what kind of information can be obtained if measurements
on the Earth surface are excluded in the general scheme, i.e., express the values k;, f; and f, through
the averaged power fluxes at atmospheric altitudes H; uH,, respectively. Because, by definition

102 (Hg) = it(;l ) (Hg)(1 - f), then, while using Equations (1)-(4), for the reflection coefficient and

m
attenuation factors, we can derive the following simple expressions:

b (He) = —) ©)
(1= )Lt (Hg)
1% (H,)
hA=1- T (10)
Ito’t (Hﬂ)
4 =) (1-k(Hg))A(Hs)
ja =1 En (I{ﬂ) kr(}IE) 7 (11)

(z))

which, as in the case of “full” experiment, include the values of iﬁﬁtl ) (Hg) and it;l (H,), calculated
using the “Rydberg” program [6]. The use of Equations (9)-(11) is of interest for carrying out the
synchronous vertical scanning along a portion of the Earth’s surface simultaneously from a satellite
and an airship. Moreover, the joint use of Equations (7) and (10) can decrease the measurement errors.

As a result of multiple rescattering on Rydberg complexes in the D and E layers of the ionosphere,
the phase of the signal arriving at the receiver is random and, thus, should be characterized by a
distributed value. Therefore, increasing the accuracy of measurements by recording the phase of the
received signal is not informative.

2.1. Aircraft Measurements

No less useful for remote sensing is the case that describes the situation when we restrict ourselves
to using one aircraft, without resorting to satellite measurements. Subsequently, using Equations (1)—(3),

the attenuation coefficients of the radiation f; and f,, the power of the reflected Ii;) (Hg) and incident
I(Zl)

../ (Hg) fluxes, and the reflection coefficient k,(Hg) can be cast into the form:

T (Ho)

=(zl)
Liot” (Ha)

o= " QE, (12)
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I (H,
D (Hg) =1 1) | R e
tot (HE)
(zl)
z l in (Hﬂ)
Ii(nl)(HE) = Iggt)(HE) —(zl) 'ﬁaEr (14)
I’tot (Hﬂ)
(z1) (z1) ~(zl) 2
k (HE) _ Irzf (HE) _ Irzf (Ha) . Liot (Hll) .ﬁZ (15)
T - - - E’
L) L) 15 )

where Equation (10) defines fi, and the factors a and f are equal to

= = =(z)
T He) ~Ta () T (H) <1 ()
aE — -(Zl) (Zl) s ,BaE - ) (Zl) .
Liot (HE) - Iin (Hﬂ) Liot (HE) - Iin (Hﬂ)

It is seen that the values from Equations (12)—(15) can be completely determined on the aircraft
from the measured powers of the incident Ii(rz\l> (Hy) and incoming (reflected from the surface), radiation
fluxes, and the calculated data obtained using the “Rydberg” program. In other words, a combined
version of the measurements is realized here.

2.2. Satellite Passive Remote Sensing

The final limiting case corresponds to the simultaneous exclusion of measurements on the surface
of the Earth and the aircraft. Subsequently, only Equation (10) connecting k, and f remains for analyzing

the results. This approach is uninformative. The only way out of this situation (and, strictly speaking,

fundamentally wrong) is the vanishing of the quantity f leading to equality Ii(rzll) (Hg) = it(jf ) (Hg). Itis
this case that corresponds to the current level of passive remote sensing, where, as noted above, there is
(z0)
in
The authors of the SMOS project use radiometric sounding, where the main information parameter
is the brightness temperature, i.e., they virtually use simple ideas about blackbody radiation, in order

no single point of view on the source of radiation I. "’ (Hg) coming to the surface [1].

to analyze soil moisture from a satellite [22]. The value measured on the satellite ifjf ) (Hs) is actually
the sum of two radiations: the direct incoherent one from D and E layers and reflected from the
surface (see (4)). Moreover, researchers still assume that in the absence of precipitation the scattering
of UHF radiation and its absorption in the atmosphere can be neglected [1-3]. In other words, when
conducting measurements and analyzing the results of a passive location at a frequency of 1.4 GHz,
the atmosphere is considered absolutely transparent, which is completely untrue [2,4,6,14].

We also note that direct vertical measurements of the incident and reflected powers of the radiation
flux (1)—(4) in time make it possible to study the evolution of the D and E layers of the ionosphere under
various geophysical conditions. Accordingly, the change in the value f(t), defined by expressions
(8) and (11) is important directly for the problems of meteorology. Relations (1)—(4), (6) and (10)-(16),
in turn, can be useful for reconstructing the parameters of a nonequilibrium two-temperature plasma
(including the concentration of slow electrons ne and their temperature T,), which can vary significantly
during measurements. A clear demonstration of the changes in the plasma parameters of the D and E
ionospheric layers with time is given in the work [23]. Therefore, it is necessary to attract additional
information that can be obtained using GNSS systems for the correct interpretation of the results of the
satellite measurements.

2.3. The Effect of Atmospheric Aerosols on the Propagation of Radio Waves

A not less important issue is related to the dynamics of the behavior of atmospheric factors
f1(t) and f,(t) due to the reflection of radio waves at a frequency of 1.4 GHz, which depend on the
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composition and charge of atmospheric aerosols. The key here is the problem of attenuation of the
power flux of UHF radiation during its passage through charged aerosol layers in the atmosphere.
It is well known that, when considering the propagation of radio waves, it is necessary to take into
account the influence of not only atmospheric gases, but also aerosols of anthropogenic and natural
origin. Although the weight concentration of substances in the aerosol state is low, their influence on
the process of electromagnetic radiation propagation is significant due to the fact that aerosol particles
can lead to separation of charges in the atmosphere and create significant negatively charged zones.
This phenomenon causes the formation of atmospheric electric discharges.

The consideration of the kinetics of particle charging in the atmosphere is an extremely difficult
task, which, however, must be solved to take into account distortions and losses of satellite radio signals.
The process for charging the aerosol particles goes mainly by capturing the free electrons that result
from ionization of carrier atmosphere. Of course, other heavier cosmic particles (including x-particles)
can contribute to this process. Under ordinary conditions, several tens of charged pairs are formed in
the troposphere. Free electrons interact with oxygen, and the resulting negative ions efficiently deposit
on submicron particles that are always present in the air, even in the cleanest conditions. Positive ions
then form heavy clusters in reactions with water molecules.

The complexity of considering the particle charging is associated with the fact that the mean free
path of an ion is comparable to the Coulomb length, i.e., the distance at which the energy of thermal
motion becomes comparable with the molecular mean free path. This means that it is impossible to
apply the free molecular approximation, even for very small particle sizes (large Knudsen numbers).
An effective and fairly simple solution to this problem is described in [24-30]. The diffusion limit was
studied in [31], where the possible chemical interaction of ions with molecular impurities in the carrier
gas was also taken into account.

Another important aspect is the need to take into account the effect of acid emissions on
the radiation flux power of the D layer in the lower atmosphere, which is an independent task.
Many physicochemical processes affecting the passage of a signal through the troposphere are currently
studied in sufficient detail. Nevertheless, problems remain in the physical chemistry of the process
that have not yet been adequately studied. First of all, these include the hydration of aerosol ions. As
is known, it determines their mobility and affects the rate of chemical reactions, including diffusion
processes, where the mobility of ions should also be considered together with the hydration shell. The
latter also applies to the problem of the passage of incoherent microwave radiation through aerosol
layers, where the processes occurring in the aerosols themselves remain especially significant [32-34].

3. Determination of Parameters of Nonequilibrium Plasma from IR Irradiation Spectra

The most promising method for monitoring the concentration #, and the temperature T, of slow
electrons with energies below 10 eV in D and E ionospheric layers as the functions of time is to restore
them by solving the inverse problem on the spectrum of far infrared radiation (in the wavelength
range of 15-100 um), as measured on a low-orbit satellite [7]. This imposes certain restrictions on IR
sensors, which, along with high resolution, should have small dimensions and weight. The sensor
used in [9] did not meet these conditions. A way out of this situation has been recently found after the
emergence of metamaterials with unique optical properties associated with anomalous reflection and
refraction [35,36], which stimulated the development of fundamentally new IR sensors.

Figure 2 shows the block diagram of such a sensor, where the filters are replaced by metasurfaces.
The circuit is designed based on the performance requirements of the measuring device. Currently,
Japan and the USA are actively involved in the creation of devices using such metasurfaces. Accordingly,
the GRES program of the Japanese Agency for Science and Technology has already implemented
the latest single-photon detectors in the wavelength range of 10-50 pm, which are GaAs/ALGaAS
charge-sensitive transistors with an equivalent noise level of 8.3 10 W/Hz and they are ready for serial
production [37]. Moreover, the total weight of the equipment does not exceed 200 g. The following
modification (with wavelengths up to 100 um) is being developed at the University of Massachusetts
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in the USA under the CLAREO program, which have the same characteristic parameters and are
designed with the requirements for their reliable operation in both normal and cryogenic conditions,
as well as vibration resistance when the satellite is in orbit [38].

Wide-band IR , 5 Filters
antenne

ikl

Detectors

Signal spectrum

Figure 2. Block diagram of the sensor for measuring the spectrum of incoherent IR radiation.

4. The Problem of Calibration in Passive Remote Sensing

The calibration of measuring equipment (installed on a satellite or aircraft) is the next fundamental
scientific and technical problem, allowing one to connect the sensors with determined physical
parameters (humidity, structure and chemical composition, magnetic properties of a reflecting surface,
etc.). Moreover, in contrast to direct ground-based measurements, satellites receive simultaneously
both the reflected signal from the Earth’s surface and the radiation from the uppermost atmosphere.
Therefore, the calibration of the measured equipment and the restoration of the physical parameters of
the surface should be based on a detailed analysis of the interactions of the initial radiation with the
propagation medium and the Earth’s surface.

The traditional method of satellite calibration is called vicarious and is as follows. The necessary
relationships between the output signals of the sensors and the desired physical quantities are found by
directly comparing the measured signals with the absolute standard of these quantities before launching
the satellite, i.e., calibration is performed directly on the Earth [39]. Usually, a spectral window is used
here with a central frequency of 1.413 GHz and a bandwidth of 27 MHz, which corresponds to cosmic
radiation due to the lower forbidden transition in the hydrogen atom. The principal drawback of such
a calibration is the complete disregard for variations in the parameters of the sensors over time due to
the presence of the incoherent super background radiation of D and E layers of the ionosphere in a
wide frequency range (including the frequency of 1.4 GHz, the intensity of which constantly varies
with time). It is also necessary to take into account the influence of the above effects of attenuation
of radiation intensity due to inhomogeneities of the lower atmosphere. To get out of this situation,
it is advisable to switch to the two-frequency measurement method and take advantage of the fact
that the microwave radiation intensity Ipswr is proportional to the square of the concentration of free
electrons (Ipqwr ~ n?) at a frequency of v; = 1.4 GHz, and its first degree (Ipwr ~ 1) at a frequency of
vy = 5.0 GHz [3,14].
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4.1. Two-Frequency Method of Passive Remote Sensing

In the case when the measurements on the Earth’s surface are not carried out [40], it is convenient
to use relations (1)—(4) and expression (9). Assuming that the f value at these frequencies varies slightly,
it is not difficult to show that the relative reflection coefficient is as follows (16):

(21)
1Dy

G(HS) _ ref,1 E) _ Al(HS) (16)
Ir(Zg(HE) Ay (Hs)

Here, indices 1 and 2 denote the corresponding quantities for the frequencies v; = 1.4 GHz and
vy = 5.0 GHz. Subsequently, the relative absorption coefficient is defined as (17)

I(Zl) (HE) _ I(ZT) (HE)

in,1 ref,1

x(Hg) = : ©)
Ii(n,lz) (Hg) - Ir(efT,)z (He)
and takes the following form (18)
2(z))
~ (1=k:1(HE) Iioe1 (HE)
X(HE) - (1—k7/2(HE))_(Zl) ’ (18)

Itot,Z (HE )

where k, ;1 (Hg) is given by relation (10) and it is determined by the values of flux power ft(cz)tl )1 (He)

and Tt(jf )2 (Hg) calculated using the “Rydberg” program. The simultaneous use of the base frequency
v1 = 1.4 GHz and additional second frequency v, = 5.0 GHz allows for us to reduce the problem to a
one-parameter one, since the dependence of the quantities on the electron temperature T, disappears

and only the dependence on the electron concentration 7, remains.

4.2. The Role of IR Radiation Spectrum

The solution to the calibration problem of measuring equipment is impossible without monitoring
the parameters of the two-temperature plasma in the E and D layers of the ionosphere. Therefore,
the next important area of research is a detailed study of the characteristics of the IR radiation spectrum
(where the main contribution is made by radiation transitions An > 1, where n is a principal quantum
number of Rydberg state), which is directly related to the incoherent UHF radiation considered
above [3]. Because the shape of the emission line of Rydberg states is very critical to the distribution of
electron concentration and temperature inside these layers, measuring the IR spectrum on a satellite
can serve as the basis for solving the inverse problem of restoring the dependence of the main plasma
parameters and their height distribution on time. Reliable information on the shape of the IR spectrum
will also make it possible to calculate using the «Rydberg» program [6,7,14], which is dependent on the
height of the population of Rydberg states.

5. Conclusions

The main goal of our work was the explanation of a number of observed phenomena that, up to
now, did not find a proper explanation. In our paper, we suggest, for the first time, a theoretically
grounded principally new scheme of measurements. The scheme assumes that the radiation source
exists below the satellite orbit and accounts for the fact that two types of radiation (direct and reflected)
reach the satellite sensor. The separation of the respective fluxes is a serious problem that should be
solved for correct interpretations of the measurements.

When conducting passive remote sensing of the Earth, it is necessary to have a method of
calibration of measuring equipment. Attempts to circumvent this problem using the differential
measurement method (using two antennas located up and down simultaneously) did not succeed due
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to the specifics of incoherent UHF radiation, which is due to the fact that the radiation source is not
point-like and it is spatially widely distributed in the low ionosphere. The next interfering factor is
the mismatch of the viewing areas of the antennas used. To carry out the calibration of measuring
equipment and measurements independent of time, it is necessary, at any time, to know the power of
the radiation flux coming to the surface at frequencies of v; = 1.4 GHz and v, = 5.0 GHz.

Because the source of this radiation is Rydberg particles [1-3], the knowledge of the distribution
function of their concentration in the emitting layer (80-110 km) will make it possible to determine the
power of the incoming stream in real time. It is well known that Rydberg particles emit simultaneously
in UHF and far IR range [3]. Therefore, it is most expedient to restore the distribution of their
concentration using the IR spectrum measured on satellites in the wavelength range of 15-100 um,
which will additionally require complex mathematical signal processing [41,42]. Moreover, the sensors
in the indicated range must be vibration-proof and operate in cryogenic conditions, which is a rather
complicated scientific and technical task.

The complex self-consistent method that is presented in the paper combines the measured
(with taking into account the absorption) and calculated using “Rydberg” program (without absorption)
values. The intensities of incident and reflected radiations on the airship and on the Earth’s surface are
measured. The intensities of incident radiation to the satellite, to the airship, and to the ground without
taking into account the absorption are calculated. Altogether, these data allow one to determine the
flux power attenuation in propagating the radiation from the D-layer to the airship, from the airship
to the Earth’s surface, and the Earth’s surface reflection coefficient. It is important to note that the
calculations and the measurements done separately from each other will not lead to the desired result.
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