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Detection of changes of characteristics of the scattering ability
of superficial and subsurface structures of the Earth in the
short-wave range of radio waves
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Abstract. The problem of remotely diagnosing a "rough™ earth surface and dielectric
subsurface structures in the short-wave radio wave band. A new incoherent method for
estimating the signal-to-noise parameter is proposed. This range makes it possible to diagnose
a subsurface layer of the earth, since the scattering parameter is also determined by
inhomogeneities in the dielectric permeability of subsurface structures. By using this method to
organize a monitoring program through sounding, it is possible to identify the areas of
variation for these media, for example, for hazardous natural phenomena, changes ecosystems.
The idea underlying the method for determining this parameter is that, by having synchronous
information about a wave reflected from the ionosphere and one reflected from the earth and
the ionosphere (or having passed through the ionosphere twice when probing from a satellite),
it is possible to extract information about the scattering parameter. A comparative analysis was
performed, and it showed that, according to the analytical (relative) accuracy of the definition
of this parameter, the new method is an order of magnitude better than the widely used
standard method. Evaluation of the analytical errors in estimating this parameter prompt us to
recommend the new method instead of the standard one.

Keywords: remote sensing, surface scattering of radio waves, measurement technique, short-
wave range, the scattering parameter signal/noise ratio, lonosphere.

1. Introduction
Parameter of returned partially scattered ionospheric signal By is of interest to an important
characteristic of the "perturbation™ and "turbidity" of statistically inhomogeneous ionospheric plasma
and to the work index of reliability of ionospheric communication channels including diagnostic one
[6]. Prompt and reliable estimate of the parameter B is of interest to radio physics, geophysics, and
optics [9, 10]. Specification for ionospheric case is implemented [7].

This range allows us to diagnose subsurface layers of the earth because the scattering parameter is
formed by inhomogeneities in the dielectric permittivity of the subsurface structures [43].

The problem of measuring and accounting of the scattering power of the earth's surface in the
short-wave range of radio waves is important for solving such challenges as diagnosing properties of
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the environment using methods that apply this radio band, when in the channel there is an intermediate
reflection (scattering) of the earth's surface, which is of interest for exploration and environmental
studies [11-42].

Selection of the working sensing range and the impact of environment on the passing radiation are
an important issues for using space-based tools, for environmental management and environmental
monitoring [2, 44].

The most important aspects of using space-based tools for environmental management and
environmental monitoring are the choice of the operating range and probing questions about the
influence of media on the passing radiation [4]. The problem of this discussion is the "rough" remote
diagnostics of the earth's surface and subsurface of the dielectric structures in the SW range [8].
Selection of SW range takes into account the subsurface layer (thickness of the order of the
wavelength of the incident signal). Interpretation of the data is based on a statistical multiplicative
model of the signal. Testing the method of obtaining a signal/noise ratio in this model was produced
by the example of a double reflection of the probe signal from the SW ionosphere in a vertical
sounding (remember that when using a satellite, the signal passes twice through the atmosphere and
ionosphere) [18]. The work addressed issues of sensitivity of the model parameters that were studied
[13].

The measurement, mapping, and computation of the "rough" Earth Surface Scattering Power
(ESSP) in the SW range are of interest for a set of problems (communication, geology, etc.) [11]. The
ESSP parameter is the signal/noise ratio of the Bk waves reflected from the earth’s "rough™ backing.
There is the back of the Bk -data and measuring method is in SW range. The paper [9] presents the
experimental method of Bk determination.

In this paper, this method is tested on the parameter of Bk sensitivity. According to the statistical
model (SM), a database (“records"” for the numerical experiment) adequate to the real conditions was
created. The properties of the "rough"” earth area were defined by the theoretical Bk value. Based on
the method of [43], Bk (numerical experiment) was determined. Then, the arrays of the Bk and By’
were compared and analyzed. In this paper, the admissible sensitivity and stability of the method were
justified. The comparative analysis of the real experimental data and adequate numerical ones were
fulfilled. As a result, the plausibility of the ionosphere echo statistical structures used were justified
[6].

In this paper, we propose a new method for estimating the parameters of the noncoherent
signal/noise ratio Bk ionospheric echo. A comparative analysis shows that the analytical (relative)
accuracy of the determination of the parameter Bk using the new method exceeds the widely-used
standard, and the same order of known coherent methodology [9]. The paper presents the results of
comparison of the measurement method from the point of view of their admissible relative analytical
errors [2]. The new method is suggested.

2. Calculation methods
Narrowband random process £(t) in fixed point of reception in the ground in scalar approximation is
the superposition of mirror £y(t) and scattered Ep(t) components distributed by the normal law [1]:

Ii(ruo«tf(p(t))

E(t)=g,(t) + E,(t) =E,-e +5,(1) = n
= R(1)-€0 ) Z[E (1) + 7 Ey(1)]- €7
2-m
where o(t), @(t), R(t), En(t), m=c,s—shown to slow random processes on the period T= o
0

Eqo = Const.

Scattering parameter is the ratio:

2 power of mirror components E(Z)0
Bi= = . (2)

power of scattered components 2.55
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Here and below, “—” means statistical averaging. Ec(t) = R(t)-cos ®(t) and Es(t) = R(t)-sin d(t) are
the low-frequency quadrature of the ionospheric signal, R(t) is the envelope, ®(t) is the total phase.
The subscript k = E4, R2, R4 means experimentally recorded primary random processes, and the
appropriate method of their registration: E4 — coherent; R2, R4 — noncoherent amplitude. Index k
indicates the primary parameter recorded: E — quadrature, R — envelope of the ionospheric signal.
Standard noncoherent R2-method based on the relationship (3) is widely used for estimating Bk

I
RT 6= (1+B%)-exp(B%)
—2 - R)= " 2. (3)
(R) T [(1+Bh ) To(Bre/2) + B L(B%/2)]
I (x) is the Bessel function of the n_order of a purely imaginary argument.
Using the coherent E4-method and estimating Be4 by ye4 kurtosis of quadrature [8]:

_Em . 3 Bh
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It should be noted that the measured primary parameters are the ratio of moments ?/ (ﬁ)z,

—3=

— /—\2
E‘,‘n/ (Ein) respectively. Relations (3), (4) are obtained by taking into account the specific models of

structure of the ionospheric signal [7].

Probabilistic properties of the ionospheric signal (1) of the first multiplicity response is well
described by the Rice model with a displaced spectrum (RS-model). Expressions (3) and (4) are
obtained based on the Rice model with a displaced spectrum [6].

A priori expression (4) of coherent method E4 contributes an order of magnitude higher relative
analytical accuracy of the estimation of parameter B.

In this paper, we propose a hew noncoherent R4-method of determination of Br4 by yr4 Kurtosis of
the envelope for the RS-model:

(Br) =R =3y  (B) -1

V ea\Pre (?)2 Y ra\Pra (l"'Bim)z . (5)

For comparison of the given methods in the sense of relative errors permitted in calculating Bk, due
to their functional dependencies f(B), ve4(B) and yra(B), We obtain the following expressions (6) [35]:

AB . 1 dG,
€, =K | — =K. Az 6
k BK BK dZK ( K) ’ ©)
where K=R2, E4, R4; Gk=f, Ve, Yrs ; and A(Zx) — absolute statistical errors of measured values:
R’ ES R
Z,= o

—\2' [ —\2' /2.
®) (&) ()

Measures of inaccuracy, including statistics for the different techniques of determination of B, are
[37]:

8E4(B):%'A(ZE4); (7
8R4(B) = %'A(Z/&t)-

IV Mexnaynapoanas koHdpepeHims 1 Monoaékaas mkona «MHpopmannonssie TexHomorun n Hanorexxosaorum» (MTHT-2018) 1123



O0paboTka N300pakeHUH U AUCTAHIMOHHOE 30HIUPOBaHKE 3eMIIn S.Yu. Belov

Statistical error A(Zx) depends on the sample volume N. It may be different for identical sample
volume for each of the methods. We normalize (7) on A(Zx) for focusing on the errors due to
differences in functional dependencies (3)—(5) [39].

Dependency Graphs  g* - AfZK) for Brz, Pes and Prq are shown in figure 1. 82 will be

called analytic (relative) error method.
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Figure 1. Dependency Graphs 87‘(, K=R2, R4, E4 (solid curves) and the experimental distribution
W5(B) (dashed curve) (F2-layer, 4,5-9,5 MHz, single signal).

Experimental distribution W(B) determines the range of variation of 3 [9].

. 2 N
From equation (4) and (5), we conclude that 8”2_4 =_- 8’,';4 have the same order and significantly

3
(by order) exceed the measurement accuracy of the standard R2-method [7].

Analysis of analytical error of estimation of the parameter By allowed us to recommend the R4-
method instead of the standard R2-method [6]. A sufficiently high analytical (relative) accuracy of
parameter estimation for Bk can be achieved using a noncoherent apparatus applying (5) the R4-
method. Naturally, the ability to optimize the statistical error by the relevant special digital processing
of ionospheric signal is keep on coherent methodology E4 [3].

3. Test method

Interpretation of the received data is based on statistical signal multiplicative model. Testing method
for obtaining "scattering parameter™ signal/noise ratio in this model is produced by the example of the
double reflection of the signal at its vertical distribution. In progress issues of sensitivity pattern of the
studied parameter are considered [35].

Scattering parameter is formed also inhomogeneities of the dielectric permeability of the
subsurface structures. According to the method of the organization of the monitoring may detect fields
of environmental changes [44]. For example, there is estimation of seismic hazard and seismic risk.

Test method in usual ionospheric conditions with varying parameter of scattering “substrate” was
carring out. Analysis of numerical experiment revealed that:

1. Method of remote diagnostics in sort wave diapason is sensitive by studying parameter. If
sample volume N>240 then accuracy of estimation of studying parameter is better than 5%.

2. Sensitivity of this method, its accuracy characteristics are saved even after significant changing
of parameters of spreads of environment.

3. A comparison of data of numerical and physical experiments shows that, to provide estimation
of scattering parameter in real experiment conditions with precise comparing with equipment error, it
can be recommended to increase the duration of the sessions of observation till 8+10 minutes.
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4. The experimental setup for simultaneous recording of ionospheric signals of different multiplicity
To obtain the necessary experimental data using the pulse method of coherent reception. This method
allow to register low-frequency quadrature components of ionospheric signal E(t), Es(t). To determine
signal modulation functions the envelope R(t) and the phase &(t) are possible using these components.
The equipment of coherent reception allow to register directly the envelope and the phase of the
reflected signal from the ionosphere. A number of factors simultaneously determinate field of
ionospheric signal and such complex approach to the study of the properties of the radio signal is
necessary with studying of multiple ionospheric reflections [23].

It’s necessary to allow separation and simultaneous recording parameters of different multiplicity.
All of the above identified ways to modernize the equipment of the coherent reception to ensure that
work on the study of the properties of multiple reflections. The installation uses a scheme of
registration of low-frequency quadrature component of the ionospheric signal E.(t), Es(t) and envelope
R(t). Modernization of the installation provided the registration with the aid of computer above-
mentioned signal parameters simultaneously for signals of different multiplicity. This is achieved
using a special multi-channel strobbing (gating) system and registration. Figure 2 is a block diagram of
the installation with the scheme of registration and strobbing. Installation allows simultaneous
recording of the parameters of multiple ionospheric reflections. Below we consider the work and
purpose of the individual blocks [5].

5. The principle of basic units

The master oscillator generates a voltage of sine wave with amplitude 1-2 V in frequency diapason 2-
15 MHz. This voltage is supplied to the transmitter controlled by synchronizing pulses. As a result, the
transmit antenna receives rectangular radio pulses adjustable duration in interval 100+500 ps. The
period of the pulse repetition is 20 ms, it’s enough for receiving several multiple reflections in the time
between sending. The transmitter has a pulse power of about 12-15 kW. Radiation occurs via rhombus
type antenna with diagonal 50 m and 25 m horizontally and vertically, respectively.

The reflected from the ionosphere signal is received to the symmetrical dipole with a ray length 14
m and arrives at the receiver input on two-wire cable. There is amplified signals. The amplification
factor can be adjusted, its maximum value is 20 db. Further there is a frequency conversion. As local
oscillator (heterodyne) in transform schema uses the generator by inductive scheme with three points.
With the mixer of the receiver voltage is applied to the intermediate-frequency amplifier, which
provides for adjustment both the gain and the bandwidth. The amplifier has 4 amplification stage with
intermediate frequency transformers. The second and third transformers are adjustable, which changes
the bandwidth of between 7 to 30 kHz.

The amplified voltage of intermediate frequency is detected and is fed to the amplifier of low-
frequency receiver and the ADC. On the “Test indicator” goes low frequency voltage from matching
device after the receiver and strobe pulses from the synchronization and strobe scheme. The “Test
indicator” allows you to visually select the desired signal multiplicities and determine the order of
their registration. Coherent reception method provides, inter alia, the comparison phases of the
received signal and emitted. This requires channel reference voltage. Since the comparison in this
installation takes place at the intermediate frequency, then to the reference voltage input of channel
occurs transformation of the oscillator frequency to the intermediate one in the reference channel
mixer block (“Basic channel”). The reference voltage of the intermediate frequency is generated from
the reference generator voltage and the local oscillator’ receiver. Further, the reference voltage is
supplied to the amplifier of the intermediate frequency channel of the reference voltage. The reference
voltage empowered to the required level is applied to the matching device of reference channel, where
the pulse sequence is generated from sinusoidal voltage. These pulses are applied to the ADC. As a
result, it can be registered the low-frequency quadrature signal components, and even with the use of a
computer with not very high speed due to the use of original optimization algorithms. Patent [3].

Functional diagram registrar is substantially modified for simultaneous recording of parameters of
the various multiplicities of the signals. It is established a multi-channel strobe system and a special
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synchronizer. Earlier the recorder lets you record on film quadrature components of signals of different
multiplicity and also the power envelope and the total phase.

Cathode-ray tube (CRT) is a “Test indicator” in the system for visual observation and guidance
strobe system. By changing the time position of the strobes, you can select the desired reflection as of
different multiplicity corresponds to different delay with respect to the probe pulse. Contact signals of
different multiplicity to the appropriate ADC registrar channel is provided by synchronization and
strobing scheme and controlled by a visual indicator. Performance management of measurement
complex and coordination of its components is carried out synchronizing scheme, on the input of
which receives the voltage frequency of 50 Hz, which runs all the basic building blocks of the
installation. With this frequency modulating pulse is formed for controlling the operation of the
transmitter, the lock impulse of the receiving channel for the duration of the probe pulse, and a number
of voltages to control the operation of the control indicator and computer.

6. Methodology of experimental research

Earlier issues of theory of common methodologies and methods of determining the parameters of the
signal/noise in the study of the properties of multiple ionospheric reflections have been discussed: a
method of determining a parameter 3 for reflection of different multiplicity, a method of determining
[, in the new statistical model for multiple reflections; estimation of scattering power of "rough" earth
surface in the short-wave-range [9].

Performed comparative analysis of the effectiveness of different methods for determining a
parameter 3 on the one hand allowed to justify the selection of the optimal methods of reliable
parameter 3 estimation in the conditions of the present experiment. On the other hand the analysis has
a more general significance, since the receipt of prompt and reliable information about 3 is of interest
in solving reliability problems and improving the communication channel, and gives an indication of
the mechanism of the ionosphere and the earth scattering of the signal structure.

Parameter of scattering power of "rough" surface of the earth in the short-wave-range may depend:
on the spatial concentration of buildings, on its distribution and combination with open spaces (the
degree of polarization with a conditional natural elements); on functional content areas (residential,
industrial or recreational) causes the intensity and nature of the activity, as well as the permittivity of
the inhomogeneities of the subsurface structures [43].

7. Conclusion
The comparative analysis of the normalized relative analytical errors ¢* of the known methods and
K

the new one was performed. It was shown that errors £'c and g, have the same order, and both errors
significantly exceed the error &'z, in comparison with the standard R2-method by a measurement
accuracy of Bx. Environmental monitoring of the earth's surface by remote sensing in the short-wave
band can provide quick identication of some ecological characteristics for the purposes of control and
management in the fields of Environment [44].

This band range allows one to diagnose subsurface aspects of the earth, as the scattering parameter
is affected by irregularities in the dielectric permittivity of subsurface structures [43]. This method
based on the organization of the monitoring probe may detect changes in these environments, for
example, to assess seismic hazard and seismic risk. The problem of measuring and accounting for the
scattering power of the earth's surface in the short range of radio waves is important for a number of
purposes, such as diagnosing properties of the medium using this radio band when going on the road
to interpret the intermediate reflection (scattering) from the earth's surface, which is of interest for
geological and environmental studies [11-42].

As a result, it was found that sufficient Bk analytical measurement accuracy can be achieved when
using an noncoherent apparatus applying a new R4-method. But the coherent E-method reserves the
possibility of statistical error optimization with a special processing of the ionospheric signal [3].
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Figure 2. Functional diagram of the experimental installation.

8. Acknowledgements

I am thankful to Prof. Allan S. Gilbert for text editing in English.

IV Mesxnynaponsast KoH(pepeHus 1 MoiaoaéxHast mkoiaa « M HpopMarmoHHble TexHOIornK 1 HaHoTexHomorum» (UTHT-2018)

1127



O0paboTka N300pakeHUH U AUCTAHIMOHHOE 30HIUPOBaHKE 3eMIIn S.Yu. Belov

9. References

[1]

[2]

[3]

[4]

5]

[6]

[7]

(8]

[9]

[10]

[11]
[12]
[13]

[14]

[15]

[16]

[17]

Alpert, Ya.L. Distribution of radio waves in an ionosphere / Ya.L. Alpert — Moscow: AN USSR,
1960. - 480 p.

Belov, S.Yu. The analysis of monitoring data of the parameter scattering power the earth's surface
in the short-wave range of radio waves / S.Yu. Belov// Data Intensive System Analysis for
Geohazard Studies, Geoinformatics Research Papers. — 2016. — Vol. 4(2). — BS4002.
DOI: 10.2205/2016BS08Sochi.

Belov, S.Yu. The program of registration quadrature a component of the n-fold reflected radio
signal from a terrestrial surface / S.Yu. Belov // The certificate on registration of the right to the
software. — 2016. — N. 2016612172 of 19.02.2016, 2016612172.

Belov, S.Yu. New measurement method of estimation signal/noise parameter / S.Yu. Belov //
European Geosciences Union General Assembly. — Vienna, Austria, Geophysical Research
Abstracts, 2010. — Vol. 12. — P. 2233.

Belov, S.Yu. Functional diagram of the experimental apparatus of coherent reception in the tasks
of monitoring land surface remote sensing in the short-range radio waves / S.Yu. Belov, I.N.
Belova // Applied Aspects of Geology, Geophysics and Geo-ecology, Using Modern Information
Technology. — Maikop, 2015. — P. 53-58.

Mirkotan, S.F. On disturbance parameter of the irregular, fluctuating ionosphere / S.F. Mirkotan,
S.Yu. Belov // Radiotekhnika i electronika. — 1998. — Vol. 43(11). — P. 1382-1383.

Mirkotan, S.F. On the Perturbation Parameter of Nonuniform Fluctuating lonospheric Plasma /
S.F. Mirkotan, S.Yu. Belov // Journal of Communications Technology and Electronics. — 1998. —
Vol. 43(11). — P. 1290-1291.

Mirkotan, S.F. Remote Sensing of the Scattering Ability of Rough Ground Surface at Short Radio
Waves / S.F. Mirkotan, S.Yu. Belov, V.I. Zaharov // Journal of Communications Technology and
Electronics. — 1999. — Vol. 44(0). — P. 1103-1106.

Belov, S.Yu. Experimental research of characteristics of coherent and incoherent information
processing at remote sensing of the atmosphere and the «rough» surface of the earth in the short-
wave range of radio waves / S.Yu. Belov // Russian Physics Journal. — 2016. — Vol. 59(12-3). — P.
121-124.

Stewart, I. Estimating anthropogenic heat release from megacities / 1. Stewart, C. Kennedy //9th
International Conference on Urban Climate Held Jointly with the 12th Symposium on the Urban
Environment. — France: Toulouse, 2015. — Vol. 12.

Masson, V. A physically-based scheme for the urban energy budget in atmospheric models / V.
Masson // Boundary-Layer Meteorology. — 2000. — Vol. 94. — P. 357-397.

Ryu, Y.H. Daytime local circulations and their interactions in the Seoul metropolitan area / Y.H.
Ryu, J.J. Baik // J Appl Meteorol Climatol. — 2013. — Vol. 52. — P. 784-801.

Martilli, A. An urban surface exchange parameterization for mesoscale models’ / A. Martilli, A.
Clappier, M.W. Rotach // Boundary-Layer Meteorol. — 2002. — VVol. 104(26). — P. 304.

Trusilova, K. Implementation of an Urban Parameterization Scheme into the Regional Climate
Model COSMO-CLM / K. Trusilova, B. Frih, S. Brienen, A. Walter, V. Masson, G. Pigeon, P.
Becker // J. Appl. Meteor. Climatol. — 2013. — Vol. 52. — P. 2296-2311.

de Munck, C. How much can air conditioning increase air temperatures for a city like Paris,
France / C. de Munck, G. Pigeon, V. Masson, F. Meunier, P. Bousquet, B. Tréméac, M. Merchat,
P. Poeuf, C. Marchadier // Int. J. Climatol. — 2013. — Vol. 33. - P. 210-227.

Wouters, H. The efficient urban canopy dependency parametrization (SURY) v1.0 for
atmospheric modelling: description and application with the COSMO-CLM model for a Belgian
summer / H. Wouters, M. Demuzere, U. Blahak, K. Fortuniak, B. Maiheu, J. Camps, N.P. van
Lipzig // Geoscientific Model Development. — 2016. — Vol. 9(9). — P. 3027-3054.

Flanner, M.G. Integrating anthropogenic heat flux with global climate models / M.G. Flanner //
Geophys. Res. Lett. — 2009. — Vol. 36(L02801).

IV Mexnaynapoanas koHdpepeHims 1 Monoaékaas mkona «MHpopmannonssie TexHomorun n Hanorexxosaorum» (MTHT-2018) 1128



O0paboTka N300pakeHUH U AUCTAHIMOHHOE 30HIUPOBaHKE 3eMIIn S.Yu. Belov

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Chulichkov, A.l. Stereoscopic ground-based determination of the cloud base height: Camera
position adjusting with account for lens distortion / A.l. Chulichkov, S.V. Nikitin, A.P.
Medvedev, O.V. Postylyakov // Proceedings of SPIE - the International Society for Optical
Engineering. — 2016. — 10035. DOI:10.1117/12.2248633.

Fomin, B. Spectra of polarized thermal radiation in a cloudy atmosphere: Line-by-line and monte
carlo model for passive remote sensing of cirrus and polar clouds / B. Fomin, V. Falaleeva //
Journal of Quantitative Spectroscopy and Radiative Transfer. — 2016. — Vol. 177. — P. 301-317.
DOI: 10.1016/j.jgsrt.2016.03.004.

Chulichkov, A.l. Stereoscopic ground-based determination of the cloud base height: Theory of
camera position calibration with account for lens distortion / A.l. Chulichkov, O.V. Postylyakov
/I Proceedings of SPIE - the International Society for Optical Engineering. — 2016. — VVol. 9876.
DOI:10.1117/12.2228747.

Klimenko, V.V. Impact of urbanization and climate warming on energy consumption in large
cities / V.V. Klimenko, A.S. Ginzburg, P.F. Demchenko, A.G. Tereshin, I.N. Belova, E.V.
Kasilova // Doklady Physics. — 2016. — Vol. 61(10). — P. 521-525. DOI: 10.1134/
$1028335816100050.

Hellmer, H.H. Meteorology and oceanography of the atlantic sector of the southern Ocean - a
review of german achievements from the last decade / H.H. Hellmer, M. Rhein, G. Heinemann, J.
Abalichin, W. Abouchami, O. Baars, D. Wolf-Gladrow // Ocean Dynamics. — 2016. — Vol.
66(11). — P. 1379-1413. DOI:10.1007/s10236-016-0988-1.

Kulichkov, S.N. Space and time variations in the fine structure of the upper atmosphere according
to acoustic sounding data / S.N. Kulichkov, I.P. Chunchuzov, G.A. Bush, A.A. Mishenin, E.V.
Golikova // 1zvestiya - Atmospheric and Ocean Physics. — 2016. — Vol. 52(2). — P. 176-187.
DOI: 10.1134/S0001433816020055.

Kulikov, V.A. Estimation of turbulent parameters based on the intensity scintillations of the laser
beam propagated through a turbulent water layer / V.A. Kulikov // Journal of Applied Physics. —
2016. — Vol. 119(12). DOI: 10.1063/1.4944725.

Kurgansky, M.V. Research in dynamic meteorology in Russia in 2011-2014 / Kurgansky, M.V.,
Krupchatnikov, V.N. // Izvestiya — Atmospheric and Ocean Physics. — 2016. — Vol. 52(2). — P.
117-131. DOI: 10.1134/S0001433816020067.

Lappalainen, H.K. Pan-eurasian experiment (PEEX): Towards a holistic understanding of the
feedbacks and interactions in the land-atmosphere-ocean-society continuum in the northern
eurasian region / H.K. Lappalainen, V. Kerminen, T. Petdja, T. Kurten, A. Baklanov, A.
Shvidenko, M. Kulmala // Atmospheric Chemistry and Physics. — 2016. — Vol. 16(22). — P.
14421-14461. DOI: 10.5194/acp-16-14421-2016.

Kurgansky, M.V. Dust devil steady-state structure from a fluid dynamics perspective / M.V.
Kurgansky, R.D. Lorenz, N.O. Renno, T. Takemi, Z. Gu, W. Wei // Space Science Reviews. —
2016. — Vol. 203(1-4). — P. 209-244. DOI: 10.1007/s11214-016-0281-0.

Lupo, A.R. Large-scale dynamics, anomalous flows, and teleconnections 2015 / A.R. Lupo, S.J.
Colucci, LI. Mokhov, Y. Wang // Advances in Meteorology. — 2016. — Vol. 2016.
DOI:10.1155/2016/1893468.

Mishenin, A.A. Estimating the parameters of pulsedl sources from data on acoustic waves
recorded in the atmosphere / A.A. Mishenin, S.I. Kosyakov, S.N. Kulichkov // lzvestiya -
Atmospheric and Ocean Physics. — 2016. — Vol. 52(6). — P. 606-614. DOI: 10.1134/
S0001433816060116.

Mokhov, I.I. New model estimates of changes in the duration of the navigation period for the
northern sea route in the 21st century / I.I. Mokhov, V.C. Khon, M.A. Prokof’eva // Doklady
Earth Sciences. — 2016. — Vol. 468(2). — P. 641-645. DOI: 10.1134/S1028334X16060209.

IV Mexnaynapoanas koHdpepeHims 1 Monoaékaas mkona «MHpopmannonssie TexHomorun n Hanorexxosaorum» (MTHT-2018) 1129



O0paboTka N300pakeHUH U AUCTAHIMOHHOE 30HIUPOBaHKE 3eMIIn S.Yu. Belov

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

Sein, D.V. Designing variable ocean model resolution based on the observed ocean variability /
D.V. Sein, S. Danilov, A. Biastoch, J.V. Durgadoo, D. Sidorenko, S. Harig, Q. Wang // Journal of
Advances in Modeling Earth Systems. — 2016. — Vol. 8(2). — P. 904-916, DOI: 10.1002/
2016MS000650.

Mokhov, I.I. Weather and climate anomalies in russian regions related to global climate change /
I.I. Mokhov, V.A. Semenov // Russian Meteorology and Hydrology. — 2016. — Vol. 41(2). — P.
84-92. DOI: 10.3103/S1068373916020023.

Volosciuk, C. Rising mediterranean sea surface temperatures amplify extreme summer
precipitation in central Europe / C. Volosciuk, D. Maraun, V.A. Semenov, N. Tilinina, S.K.
Gulev, M. Latif // Scientific Reports. — 2016. — Vol. 6. DOI: 10.1038/srep32450.

Semenov, V.A. Influence of long-period oscillations on the development of droughts in northern
Eurasia / V.A. Semenov, A.V. Chernokulskii, O.N. Solomina // Doklady Earth Sciences. — 2016.
—Vol. 471(1). - P. 1217-1220. DOI: 10.1134/S1028334X16110234.

Pyt’ev, Yu.P. Modeling of Subjective Judgements Made by a Researcher/Modeler about the
Model of the Research Object / Yu.P. Pyt’ev // Mathematical Modeling and Computer
Simulations. — 2013. — Vol. 5(6). — P. 538-557. DOI: 10.1134/S2070048213060094.

Shefov, N.N. Quasiperiodic oscillations in the atmospheres of the sun, earth, and planets / N.N.
Shefov, A.l. Semenov, I.V. Medvedeva // Doklady Earth Sciences. — 2016. — Vol. 468(1). — P.
490-492. DOI: 10.1134/S1028334X1605007X.

Pyt’ev, Yu.P. Uncertain Fuzzy Models and Their Applications: Ill. Optimal Estimation / Yu.P.
Pyt’ev /I Pattern Recognition and Image Analysis. — 2006. — Vol. 16(3). — P. 1-18.
DOI: 10.1134/S105466180603.

Bondur, V.G. Emission of carbon-bearing gases and aerosols from natural fires on the territory of
russia based on space monitoring / V.G. Bondur, A.S. Ginzburg // Doklady Earth Sciences. —
2016. — Vol. 466(2). — P. 148-152. DOI: 10.1134/51028334X16020045.

Pyt’ev, Yu.P. Mathematical methods and algorithms for empirical restoring the stochastic and
fuzzy models / Yu.P. Pyt’ev // Intellekt. Sist. — 2007. — Vol. 11(1-4). — P. 277-327.

Druzhinin, O.A. Stably stratified airflow over a waved water surface. Part1: Stationary
turbulence regime / O.A. Druzhinin, Y.I. Troitskaya, S.S. Zilitinkevich // Quarterly Journal of the
Royal Meteorological Society. — 2016. — VVol. 142(695). — P. 759-772. DOI: 10.1002/qj.2677.
Pyt’ev, Yu.P. Subjective Models, Oblique Projectors, and Optimal Decisions in Image
Morphology / Yu.P. Pyt’ev // Pattern Recognition and Image Analysis. — 2017. -Vol. 27(2). - P.
213-233. DOI: 10.1134/S1054661817020080.

Druzhinin, O.A. Stably stratified air-flow over a waved water surface. Part 2: Wave-induced pre-
turbulent motions / O.A. Druzhinin, Y.I. Troitskaya, S.S. Zilitinkevich // Quarterly Journal of the
Royal Meteorological Society. — 2016. — Vol. 142(695). — P. 773-780. DOI: 10.1002/qj.2678.
Belov, S.Yu. Methods of obtaining data on the characteristics of superficial and subsurface
structures of the earth by remote sensing in the short-wave range of radio waves / S.Yu. Belov,
I.N. Belova // IGCP 610 Fourth Plenary Conference and Field Trips «From the Caspian to
Mediterranean: Environmental Change and Human Response during the Quaternary» (2013-
2017), Georgian National Academy of Sciences Thilisi, Georgia, 2016. — P. 26-29.

Belov, S.Yu. Monitoring of coastal ecosystems by method of remote sensing in the short-wave
range of radio waves / S.Yu. Belov, I.N. Belova, S.D. Falomeev // Managing Risks to Coastal
Regions and Communities in a Changing  World.  St. Petersburg,  2016.
DOI: 10.21610/conferencearticle_58b4316d2a67c.

IV Mexnaynapoanas koHdpepeHims 1 Monoaékaas mkona «MHpopmannonssie TexHomorun n Hanorexxosaorum» (MTHT-2018) 1130



