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Models for Area Seismic Source Definition and Parameterization for
Georgia and the Surrounding Region
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e-mail: otar.varazanashvili@tsu.ge

ABSTRACT

Models of area seismic source (ASSs) are the basic and most important inputs required for
Probabilistic Seismic Hazard Analysis (PSHA), because on them mainly depends the reliability of the final
results of seismic hazard assessment. Determinations of these models include the delineation of ASSs and
their parameterization. In practical applications, when clear procedures for constructing ASSs do not exist,
this leads to large variations in the computed hazard.

In the Caucasus, where active faults are clearly defined and parameterized, and seismicity is relatively
well documented, a method of ASS delineation is used, which was developed by us. The procedure for
constructing ASSs is based on the delineation, along the active fault, of an area with a certain width. The
width of the ASS is dependent from fault plane dip and width, from the thickness of seismically active layers
and from geometrical sizes earthquake source. ASSs asymmetry relative to the axial line of the fault is a
characteristic feature of these construction. On the basis of these method, ASSs were delineated for Georgia
and the surrounding region.

Each ASS is expressed by a set of parameters that will represent the basic input for seismic hazard
assessment. Mmax assessments were implemented on the basis of three seismological and two geological
methods. The magnitude-frequency distribution b parameter was calculated for 16 generalized tectonic
units, for which seismic statistics were quite complete, and the a parameter was determined for each ASS. A
study of the depth distribution of earthquakes showed that seismicity in this region is mainly shallow.

Keywords: Georgia, seismic source, seismic hazard, active faults, magnitude-frequency distribution,
earthquake depth.

1 Introduction

The development of seismogenic source models is one of the first steps in the implementation of
Probabilistic Seismic Hazard Analysis (PSHA).

In practice, PSHA studies use mainly three types of sesimogenic source model: 1- point source, where
seismicity is concentrated in a small area at very long distance from the site; 2 — line source, where
seismicity is related to a active faults; 3 — area seismic source, where seismicity is related to localized
active geological structures or where the historical seismicity is assumed to be uniformly distributed.
Theoretically, each sesimogenic source should be associated with an individual fault or its segment.
However, in actual practice, due to lack of data about all the faults and dispersion of the epicenters of
historical earthquakes, area sesimic sources (ASS) are preferentially used, which cover one or more active
faults and have homogeneous characteristics of seismicity (Gupta, [8]).

It is worth noting that in practical applications, when clear procedures for constructing ASS do not
exist, this leads to large variations in the computed hazard and to unreliable results. Therefore, in the absence
of formal and consistent procedures for the development and parameterization ASS, the problem of their
delineation is often a controversial one in the practice of PSHA (Weatherill and Burton, [16]).

ASS models should be based on the definition of seismotectonic laws (models), which in turn are
based on the three-dimensional comparison of real geometric dimensions of geological (e.g. faults) and
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seismological (e.g. earthquake sources) objects. However, there are differences in the approaches by which
basic seismotectonic schemes are constructed.

The main seismotectonic concept, used in this study, is based on the crustal divisions into separate
blocks, under conditions of continuous crustal deformation caused by endogenous processes, Relative mutual
displacement of blocks leads to the accumulation of potential energy in some transition zones of interblock.
These accumulated energy can be released during the earthquakes. So it is necessary to reveal special
distribution of such transition zones and related earthquakes for delineation of ASS. Therefore, to solve this
problem is required to have data of active faults for investigated area.

2 Tectonic and seismotectonic background

Since the delineation of active faults depends partly on the subjective judgment by experts, various
schemes of active faults can be obtained by different authors. In our study, we used only those schemes for
active faults in Georgia (see Figs. 1a-b) that were published in peer-reviewed journals. These publications
are Caputo et al., [4] and Adamia et al., [1]. The active fault scheme presented in the latter was further
improved by the authors taking into account the latest results obtained in the framework of the EMME
project (Danciu et al., [5]).
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Fig. 1. Different tectonic maps for Georgia reporting only active faults: (a) the faults are from Caputo et al.
[4] and (b) the faults are from Adamia et al. [1].

In order to assess the seismic hazard of the whole territory of Georgia by means of the PSHA method,
it is also necessary to consider ASSs within at least 100 km from the borders of Georgia, considering the fact
that seismicity increases to the south (Turkey, Armenia, Iran) and east (Azerbaijan) from Georgia, and that it
rapidly decreases to the west (Black Sea) and north (Northern Caucasus, Russian Federation) (Fig. 3).
Therefore, for Georgia, two different maps reporting the active faults (see Fig. 2a-b) and a seismotectonic
map were compiled (Fig. 3). Information about active faults of the study area and associated parameters as
well as about seismicity was derived from the mega-database, developed by the EMME project.

()

40° 42° 48° 48°

Fig. 2. Tectonic map of the investigated region reporting only active faults: (a) the faults are from Caputo et

al. [4] and from Danciu et al., [5]; (b) the faults are from Adamia et al.,[1] and from Danciu et al., [5]. In the

legend, active faults are highlighted in different colors according to data from different countries, provided in
the mega-database of the EMME project (see Danciu et al., [5]).
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Fig. 3. Seismotectonic map: active faults, from Adamia et al. [1] and from Danciu et al. [5] and seismicity
with Mw>5 for Georgia and the regions around it (Zare et al., [19]; Varazanashvili et al., [15]).

3 Methodology for ASSs delineation and its application

Avrea seismic source models used in this study are defined according to the following principles: a ASS
is defined as a seismically homogenous area, in which every point is assumed to have the same probability of
being the epicenter of a future earthquake; the seismic potential (e.g., Mmax) of any ASS has to be distinctly
different from the other adjacent ASS; when compiling a map of ASS, zones of high seismic potential
overlap with the zones with lower potential.

ASS models consider two basic geometric elements: firstly — a linear zone, representing the projection
of the three-dimensional active fault, which reflects the structural seismicity; secondly - a geographical
polygon, that delineate an area with quasi-homogeneous geological characteristics and are characterized by
diffuse seismicity. The latter is located between the zones of the first type and is a background area.

The Caucasus is a region where active faults are well defined and parameterized, and seismicity is
relatively well documented, so the source zones are fairly obvious. Therefore, in the present study, a method
of ASS delineation is used, which was developed by us and includes formal and consistent procedures.

As shown in Figure 4, a proper procedure for ASS delineation requires the following information:

o The geometric parameters (length, width, depth) of the considered active fault and its segments.

o The dip of the fault plane, locationof branching faults, width of the cataclastic zone. The thickness

of the seismically-active layer.

In addition, the relationship of individual, moderate and strong earthquakes with the considered, active
fault is based on the following factors related to earthquake sources:

e Data on the geometric size of the earthquake sources, position of the hypocenter (epicenter

coordinates, depth).

o Data on the orientation of the scattering area of foreshocks and aftershocks, data on the direction of

higher isoseismals.

o Data on the location of the dislocation and landslides caused by the earthquake.
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Fig. 4. Scheme illustrating the procedure for determining the width of the ASS, i.e. the width of the
projection of the three-dimensional fault on the Earth's surface.

The procedure for constructing a ASS is based on the delineation, along the active fault, of an area
with a certain width. In this case, the width of the ASS is crucial in the creating a model ASSs for the study
region. In turn, the width of the ASS is dependent on fault width, the dip of the fault plane, the thickness of
the seismically active layer, the geometrical size of the source of the maximum possible earthquake (Fig. 4).
The ASS asymmetry relative to the axial line of the dipping fault is a characteristic feature of this
construction.

To illustrate the application of this procedure for ASS delineation, Figure 5 shows the location of the
epicenter of the 2011 Sairme earthquake, in south-western Georgia, with My=5.6, h=21 km, and 1,=7 (MSK)
(Varazanashvili et al., [15]) in relation to active faults and the ASSs, which clearly demonstrates the
reliability of the procedure used for constructing the ASS along the fault. On the map of Figure 5, ASSs with
the maximum possible magnitude Mmax= 6 are shown in blue, whereas the ASSs with Mmax= 5 are in light
blue colour.

Only by using the above procedure, it is possible to identify the connection of the focus of the Sairme
earthquake with the ASS, located along the western segment of the Surami active fault. Given the dip-
direction and the dip angle of the fault and the distance from the epicenter to the projection of the fault axis
on the surface, the resulting depth of the hypocenter is 20 km, that practically coincides with instrumental
depth (h=21 km) and once again testifies to the correctness of the geometric reconstruction.
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Fig. 5. The location of the Sairme earthquake epicenter, 2011 in south-western Georgia, in relation to active
faults and ASSs.

The geometrical parameters (length and penetration depth) of active faults were derived from the
corresponding database of active faults, developed in the framework of the EMME project and from
correlation dependence (for the width of the fault) based on Aleshin et al., [3], which is best suited to the
conditions of Georgia and the regions around it:

LogS=0.77IgL—1.20 1)
where S — the width of the fault, and L — the length of the fault. From the same database were collected also
the data about the dip angle of the fault plane.

The thikness of seismically active layer in this study were set at 14 major tectonic units allocated in
Georgia and around it. For this was used the distribution of the number of earthquakes by depth in each
selected tectonic unit (see Section 4.3).

Geometrical sizes of the earthquake sources of various magnitudes in Georgia were determined by
correlation dependencies from the work of Ulomov, [14]:

LogLm=0.60M-2.50 with M>6.5 2
LogWwm=0.15M-0.42 with M>6.5 3)
LogLm'=0.24M-0.16 with M<6.5 4

where Ly and Wy are the length and width of the projection of earthquake volume sources (ellipsoid) on the
Earth's surface, and Lwm' — diameter spherical sources.

Orientation in space sources of moderate and strong earthquakes has been established on the basis of a
joint analysis of the respective information specified above. These materials have been collected from the
seismic database, created at the M. Nodia Institute of Geophysics of TSU.

The procedure for constructing a ASS corresponding to a given active fault, as indicated above, is
based on the delineation, along the fault, of an area with a certain width. The width of the area, in turn,
depends on the dip angle of the fault plane, the width of fault dynamic impact zone (the position of branching
faults, the width of the fractured zone and the thickness of the seismoactive layer) (see Fig. 4). Depending
on which map of active faults (see Fig. 2) we took as the basis for constructing ASSs, model 1 and model 2
were obtained for the ASSs in the study area.

10



Thus, based on the above described method, two ASSs models were obtained for the study area (Fig.
6a-b).
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Fig. 6. ASSs models for Georgia and the regions around it: (a) based on Model 1. (b) based on Model 2.

4 Parameterization of ASSs

For each ASS, a model must be selected, which is expressed by a set of parameters that represent the
basic input for the seismic hazard assessment.
In ASS model, the following parameters are considered:
i.  The maximum magnitude.
ii.  parameters of the magnitude-frequency distribution of the earthquakes.
iii.  The parameters of earthquake depth distribution.

11



The values of some ASSs parameters in this study area were set only in large, isolated tectonic units,
in and around Georgia, according to Adamia et al., [2]. Then, these tectonic units were generalized (see, for
example, Fig. 7), so that each ASS fell into some sort of Generalized Tectonic Unit (GTU). Many boundaries
between GTUs are reflected in the structure of seismicity, as dividing lines between zones with different
rates of seismicity.
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1 1 1 1 I 1 L 1 1
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o
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v
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= Xl ERBAIJAI
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Fig. 7. Generalized tectonic units (GTUs) and ASSs (according to Adamia et al., [2]).

4.1 Maximum magnitude (Mmax)

In the PSHA, the assessment of the expected maximum earthquake magnitude (Mmax) for each ASS is
required. Such assessment is conducted by using multiple methods for the estimation of Mmax. In Georgia and
the areas around it, for the purpose of hazard assessment, five methods to estimate Mmax (wWithin individual
ASS) were used. Of these, three are of seismological and two of geological nature.

The seismological methods use historical and instrumental records of seismicity and, in particular, the
assessment of the magnitudes of the largest earthquakes observed within each ASS (Mobs), plus an increment
to determine Mmax. Also, Mmax is assigned by extrapolation of the magnitude-frequency dependence of
earthquakes in each ASS to the specified recurrence period value (e.g., 2475 years). The geological methods
adopted for determining Mmax in the ASS, are focused on the use of the geographical extent of the active
faults and their individual segments, as it is expected that they control the Mmax in each ASS (Wells and
Coppersmith, [18]; Shebalin et al., [11]; Wheeler, [19]).

Below, the basic concepts of the five used methods are described in more detail. In particular, the first
method for evaluating the Mmax is based on the definition of the largest observed magnitude in a ASS (Mgps).
This method is relatively simple and can be applied anywhere in the investigated region. However, it
provides in many area only a lower bound on Mmax and it is suitable only for ASS, where large historical
earthquakes were observed (Wheeler, [19]).

According to the second method, the Mmax is equal to Maps plus an increment. Like in the case of the
first method, it is a straightforward one and can be applied anywhere in the given region, especially in zones
where Moss is small. For the investigated region, the increment is equal to 0.5 magnitude unit. The average
accuracy of determining the magnitude for the entire observation period (up to 2019) is equal to AM=%0.5.

The third method for Mmax assessment uses a magnitude-frequency extrapolation of observed records.
The magnitude-frequency equation can help determine the magnitude for a given recurrence period. The
question is what return period should be considered in any given ASS, to estimate Mmax. Experience of

12



seismic hazard assessment for Georgia and surrounding areas showed that the seismic hazard maps with a
1% (T<4750 years return period of events) and 2% (T<2475 years) probability of exceedance within 50 years
differ very little from each other, i.e. after T=2475 years there is a saturation value of seismic hazard. The
maps with a 2% probability of exceedance cover almost all the observed maximum earthquakes recorded
over the 2000 years of historical observations. Therefore, the 2475-year return period can be taken fort the
purpose of Mmax assessment in this region.

In the fourth method, Mmax is estimated considering the maximum length (Lmax) of an active fault (or
fault system), which falls into a given ASS. In particular, the Mmax can be estimated by the maximum length
Lmax of an active fault, provided that 10% of the fault’s length falls into the ASS. This method uses a
nomogram Mmax(Lmax)-dependence from Shebalin et al., [11], which takes into account the level of
development of active fault systems in the ASS (single faults, weak fault system or developed fault system)
and various seismotectonic situations in the ASS (active, moderately active or weakly active).

The fifth method evaluates the Mmax by taking into account the size of active fault segments and fault
systems. The key point of this method is the fact that earthquakes typically occur due to the rupture of
individual fault segments. Thus, carrying out the segmentation of a fault, the determination of the size of
individual segments provides a basis for assessing the maximum length of a future rupture and,
consequently, the expected maximum magnitude (DePolo et al., [6]; Wells and Coppersmith, [18]; Pizzi and
Paladini, [10]). For the calculation of the Mmax in the investigated region, we used the regression equation of
subsurface rupture length (L) on moment magnitude (M), and in particular the formula (Wells and
Coppersmith, [18]):

Mw=4.38+1.49Log(L), (5)
which is best suited to the seismotectonic conditions of Georgia and its surrounding areas. Since in the four
methods for determining Mmax use magnitude in terms of surface waves (Ms), for conversion from Ms to
Mw have been used the formula provided by Zare et al., [20]).

The final values of the Mmax in terms of moment magnitude (Mw) were estimated in the investigated
region by averaging individual values obtained through the above described methods. Analysis of the results
showed that the used geological methods relatively overstate the estimated value of Mmax, and seismological
methods, on the contrary, relatively understate. Fig. 8a,b show maps of the investigated region, differentiated
by average values of the Mmax, Obtained using the above methods. These maps are the basis for the
calculation of the new Georgian seismic hazard maps for different probabilities of exceedance in 50 years.
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Fig. 8. ASSs maps of the investigated region, differentiated by Mmay: (a) for ASSs Model 1.
(b) for ASSs Model 2.

4.2 Recurrence of earthquakes

The next main step in the probabilistic seismic hazard assessment is the definition of recurrence law
for each ASS. Recurrence law may be determined from Gutenberg-Richter frequency-magnitude
distributions LogioN(M) = a —b*M and in particular by its parameters: b - the slope of magnitude-frequency
occurrence curve (bGR); a - level of the corresponding graphics (aGR). The values of parameters a and b
vary depending on the sizes of temporal and spatial window., parameter a is associated with the level of
seismicity rate in a specific area, whereas parameter b determines the ratio of numbers of larger to smaller
earthquakes and it is also associated with the seismic stress (see, for example, Pailoplee and Choowong, [9].

Therefore, to characterize a ASS in the investigated region, it is required to solve the problem of the
determination of a and b values.

The primary data source for determining a and b values is a new instrumental earthquakes catalogue
for Georgia over the 1900-2018 period, with Mw>4.0 events, as well as the earthquake catalogue for the
Middle East region, from the EMME project (Zare et al., [20]) for the 1900-2006 period, with Mw>4.0
events; this was integrated by data on earthquakes for the 2007-2018 time interval from catalogues from
neighboring countries. Parameters a and b of earthquake recurrence law are estimated for independent
events (declustered earthquake catalogue) and completeness intervals for area sources using declustered
catalogue by the Gardner and Knopoff, [7].

First in the study area, parameter b was calculated through the maximum likelihood (MLE) procedure
of Weichert, ([17], for the 16 GTUs in which the data of earthquakes were sufficient for reliable
determination of this parameter. The b-value obtained for each GTU is generalized for all ASS falling into
given GTU. Then, recurrence parameters a and b were independently estimated for ASSs with number of
earthquakes more than 10 with the same MLE. For ASSs with smaller number of earthquakes (less than 10
events), the b value was adopted from corresponding GTUs and the corresponding activity rate, a, was
estimated by the distribution of the total number of events in the GTU to the smaller ASS.

Fig. 9a, b show examples of recurrence curves for GTUs: Western Greater Caucasus and Adjara-
Trialeti zone.
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Fig. 9. Gutenberg-Richter magnitude-frequency distribution for GTUs: (a) Western Greater
Caucasus; (b) Adjara-Trialeti zone.

4.3 Earthquakes depth distribution

Studying the distribution of earthquakes depths within the crust or upper mantle, gives us important
information about the Earth's structure and the tectonic setting where the earthquakes are occurring, i.e. is an
important indicator of seismicity type. In the continental crust, seismicity is usually concentrated in the upper
crust and the lower crust is much less active.

This section discusses the depth distribution of the seismicity in 14 GTUs of the investigated extensive
region around Georgia. The number of earthquake sources in the investigated region shows statistically a
high degree of dependence on the depth location in the crust. Most of the earthquakes are located in the
sedimentary and granite layers, while the deeper layers (Basalt and upper mantle) show relatively less
seismic activity.

In particular, Figures 10a, b provide the distribution of earthquake depths according to the 1900-2018
data for the GTUs of the Greater Caucasus and Adjara-Trialeti zone. An analysis of these distributions shows
that, in both cases, about 95% of earthquakes occur at depths of <20 km, which means that the thickness of
the main seismically-active layer is 20 km. About 4% of earthquakes occurred at depths of 21 to 40 km, and
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the remaining 1% occurred at depths >40 km. As regards all thel4 GTUSs, an average of about 85% of the
total number of earthquakes occurred in the 1- to-20-km depth range. The weaker earthquakes (Mw<5.5)
took place in sedimentary units, whereas the stronger ones (Mw>5.5) occurred in granite units. About 10% of
earthquakes occurred at depths of 21 to 40 km, and the remaining 5% occurred between depths of 41 to 160
km (Tibaldi, et al., [12]).

Thus, it is clear that most of the seismicity in this extensive region is shallow, and this conclusion is
particularly important with respect to the choice of ground-motion models to be used in seismic hazard
calculations.
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Fig. 10. Number of earthquakes (Tsereteli et al., [13]) with different depths (km) for GTUs: (a) Greater
Caucasus; (b) Adjara-Trialeti zone. 1 — Distribution of the number of earthquakes according to depth (from
1900 to 2018); 2 — Moving averaging curve.

5 Final remarks

The delineation and parameterization of ASSs are among the first steps in the implementation of a
PSHA. In practice, area sesimic sources are preferentially used, which cover one or more active faults and
have homogeneous characteristics of seismicity. In practical applications, in the absence of formal and
consistent procedures the issue of ASSs delineation is often a controversial one in the field of PSHA. The
main seismotectonic concepts for the definition of ASSs are based on the subdivision of the crust into
separate blocks.

In identifying of potential ASS is necessary to clarify the spatial location of active faults and
earthquake sources. For Georgia, the used tectonic maps are the ones (see Fig. 1a, b) that were published in
high-rank, peer-reviewed journals: Caputo et al., [4] and Adamia, et al., [1]. For the extensive area around
Georgia, other tectonic maps were used, derived from the mega-database, developed by EMME the project.

A method for ASS delineation in Georgia has been developed, based on the definition, along the active
fault, of an area with a certain width. In turn, the width of the ASS is dependent on fault width, the dip angle
of the fault plane, the thickness of the seismically active layer, and the geometrical parameters of the
earthquake source. This was illustrated by way of an example from the 2011 Sairme earthquake epicenter, in
south-western Georgia.

Finally, on the basis of this methodology, ASSs models were obtained for the whole study area.

Five methods were used to estimate Mmax within individual ASSs. Two map versions for the studied
region were constructed, differentiated in agreement with the averaged values of Max.
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As regards the ASSs, also the earthquake recurrence law was established from the Gutenberg-Richter
magnitude-frequency distribution, and its a and b parameters were determined. Based on the completed
instrumental catalogue of earthquakes for Georgia and surrounding regions for the 1900-2018 period, and by
the maximum likelihood (MLE) procedure of Weichert, [17], parameter b was determined for 16 GTUs.
Then, parameter b and a was calculated for each ASS.

The distribution of the depth of earthquakes was studied for 14 GTUs in Georgia and its surrounding
areas. Our analysis of the obtained distributions has enabled us to document that most of the seismicity of
this region is at shallow crustal levels.

The above results were used to come up with the new Georgian seismic hazard maps, for different
exceedance probabilities in 50 years.
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Moaeau onpeaejieHus 4 NapaMeTPHU3allMu 30H celicCMUYeCKUX 0YaroB
nJ1s I'py3um 1 okpyKamouero peruoHa

O.111. BapazanamBuiu, H.C. Leperenn

Pe3rome

PazButne moneneit 30H cericMudeckux odaroB (3CQO) sBisieTcs MEpBBIM IIaroM B OCYIIECTBICHUU
aHaNM3a BEPOSTHOCTHOH ceiicMudeckor omacHocTH (ABCO), Tak Kak OT HHUX B OCHOBHOM 3aBHCHUT
JOCTOBEPHOCTh OKOHYATENBHBIX PE3YJIbTAaTOB OLEHKH CeHCMUYecKod omacHocTu. OmnpeneneHue 3THX
Mozenel Bkmovaer pasrpanndenue 3CO u ux mapamerpuszauuio. Cieayer OTMETUTh, YTO B MPAKTHYECKHUX
MPWIOKEHUSIX, KOT/Ia He CYHIECTBYIOT 4eTKue mpoueaypsl noctpoenuss 3CO, 3T0 MpUBOAUT K OONBIIAM
U3MCHCHUAM B BBIYHCIICHHUHN OIIACHOCTHU U K HeraBILOHOI[O(SHI)IM pe3yabTaTam.

Ha KaBxka3ze, rme akTHBHBIE Pas3jioOMbl YETKO ONpENENIEHBl M IapaMETPU30BaHBI, a CEHCMUYHOCTH
OTHOCHUTETILHO XOPOIIO JAOKYMEHTHPOBAHA, HCIONB3yeTCs, Pa3BUTBIH Hamu Mmeron pasrpanmdenust 3CO.
[Ipouenypa noctpoenust 3CO ocHOBaHA Ha BBIAEIEHUH BIOJIb AKTUBHOTO pa3jioMa IJIOLIAAN ONpPeNeIeHHON
mypusbl. [Tlupuna 3CO 3aBUCUT OT JAHHBIX O MIMPUHE PA3IOMa, HAKJIOHA IUIOCKOCTH pa3iioMa, MOIITHOCTH
CEHCMOAKTUBHOIO CJIOSl, TEOMETPUYECKUX pa3MepoB oyara 3emierpsicenus. Acummerpua 3CO
OTHOCUTEIBHO OCEBOM JIMHUM pa3jomMa SBJSETCS XapaKTEPHOW uepToil 3Tux nmocrpoeHun. Ha ocHoBe 3TOr0
Metojia Obutn BeieneHbl 3CO mnst I'py3un M OKpyIKaroIero peruoxa.

Kaxnas 3CO Breipaxaercs HaOOpOM TapaMeTpOB, KOTOpbIE OyIyT MpPEACTAaBISATH COOOM 0Oa3oBBIE
JMaHHBIE JJI1 OICHKH celicMudyeckod omacHOCTH. OleHKH Mmax TPOBOAWIMCH, Ha OCHOBE TpPEX
CEMCMOIOTHYECKUX U JABYX I'€OJIOTHICCKUX METOJ0B.

[Tapamerp b pacrpeneneHuss aMIUTUTYAHO-YaCTOTHBIX XapaKTePUCTUK ObLT paccuuTaH s 16
000OIICHHBIX TCKTOHUYECKUX CIMHUII, JJI1 KOTOPhIX CeCMUYecKas CTaTUCTHKA ObLIa JIOCTATOYHO IMOJHOM,
a mapametp a Obu1 onpexeneH s kaxaoi 3CO. M3ydeHune riayOMHHOTO pacrpeelieHus 3eMIIeTPSCEeHUI
MOKa3aJo, 4TO CEMCMUYHOCTb B ’TOM PETHOHE B OCHOBHOM HETTTyOOKasl.
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ABSTRACT

Earthquakes are caused by movements within the Earth’s crust and uppermost mantle. Earthquakes
epicenters occur mostly along tectonic plate boundaries. Solar energy drives the major processes that
happen at the earth's surface, like the water cycle, wind, ocean currents, weathering, erosion, sediments
transports and growth of plants. This huge mass transfer in combination with earth’s rotation and
gravitational effect disturbs the equilibrium of continental plates.

In this paper, we propose a statistical approach to compute the influence of solar energy on
earthquakes. Also we estimate the relationship of aa- geomagnetic indices from solar energy.

The results show that increase of solar activity leads to the growth of number of earthquake events. Finally,
we discuss how general relativity theory interacts as a complex system with earthquakes.

Key words: significant earthquakes; general relativity; solar irradiance; earth rotation; aa-indices.

1.Introduction

The goal of this research is to develop a physics-based model of the earthquakes. Earthquake
releases enormous amounts of energy. To release a huge amount of energy it is necessary to apply a force
equal the same energy. This can be triggered by two forces, either energy of sun or internal processes within
the Earth.

The absorbed sunlight drives photosynthesis, fuels evaporation, melts snow and ice, and warms the
Earth system. The sun provides 99.97% of the energy required for all physical processes that take place on
the earth, 0,025% - geothermal energy, Taylor (2005). The Sun doesn’t heat the Earth evenly. Because the
Earth is a sphere, the Sun heats equatorial regions more than polar regions. The atmosphere and ocean work
non-stop to even out solar heating imbalances through evaporation of surface water, convection, rainfall,
winds, and ocean circulation. This coupled atmosphere and ocean circulation is known as Earth’s heat
engine.

Between the end of the 17th century and the end of the 20th centuries, the Total Solar Irradiance has
increased by 1.25 W/m2, or about 0.09%, Krivova et al (2010). The slight upward trend since then has led us
to conclude that the Sun has played a significant role in earthquakes increase.

In comparison, only about 0.06 W/m? come as heat radiation from inside the Earth. This is more than
2000 times less than the power of the Sun, (Kleidon, 2012).

Mass-energy equivalence is the famous concept in physics represented mathematically by E=mc?,
which states that mass and energy are one and the same (Knight, 2008).

Additionally, the equation suggests that energy and mass are interchangeable with each other. In
other words, energy can be converted to mass and mass to energy.

In accordance with our hypothesis, earthquakes release huge amounts of energy through the stored
solar radiation. The objectives of study are verification of the relationship of earthquakes with solar energy.

2. Method

Over the period of last 300 years have been observed increasing of solar irradiance and significant
earthquakes events (Fig.1)
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Fig. 1. Solar irradiance and earthquakes over the period 1700-2000.

Annual amount of total significant earthquakes data, in mathematical sense, represents a set of natural
numbers and can be described as:

EQ={eqo, eqs eqz ,eqi, ...}; 1)
-where eq o , eq i —averaged yearly number of earthquakes.

In accordance with our concept that earthquakes cause from stored solar energy and notion of sets
(mathematic), every member of earthquakes “EQ” set is also a member of set solar activity presented as
Total Solar Irradiance “TSI” (Nurtaev,2019), then “EQ” is said to be a subset of “TSI” (Fig. 1).

e TSI

Fig. 2. Earthquakes (EQ) are subsets of solar activity, EQ c TSI.
TSI ={tsio, tsi1 ,tSiy, tsis, tSii, ... }; 2

-where tsiy, tsiz,... tsij- measured Total Solar Irradiance in W/m2,

Each value of tsi; predetermines the corresponding value of earthquake EQi. The conversion of earthquakes
series into numerical sets allows working with them as with mathematical objects.

For discovery of relationship a set of data points plotted on an x and y axis to represent two sets of variables
is created. An independent variable “tsi“ is plotted along the horizontal axis. The observed number of
earthquakes or dependent variable EQ is plotted along the vertical axis.

In accordance with concept of mass- energy equivalence and sets theory (Figure 2) —every change of sun
output- “tsi”, leads to change of subset earthquakes “EQ”. This means, that every change in average annual
solar energy leads to a change of earthquakes amount.
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We tested a relationship between amount of earthquakes and solar energy “tsi” over the period 1700-2000.
The generally positive relationship between the two variables can be easily discernible from the cloud
formed by 300 points (Fig. 3).
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Fig. 3. Dependence of earthquakes from solar energy.

To enhance the trend in the graph, we used an global attractor ( Nurtaev, 2018,2019), expressed in the length
of the solar cycle.

Observation period for meteorological objects was divided on 11 years solar cycles time intervals for
earthquakes and solar irradiance. It was calculated for every such interval averaged Total Solar Irradiance
and earthquakes events, Nurtaev (2015):

TSI =~ X7y tsi; (3)
EQ = =¥ EQ; (4)

where TSI- averaged Total Solar Irradiance for one solar cycle with length n = 11 years; EQ — averaged
earthquake events for one solar cycle, i - solar cycles.

This averaging allows avoiding a cyclic variability of Total Solar Irradiance as well earthquakes and leads to
uniform sampling both parameters in the same time interval. Solar minima and maxima are the two
extremes of the Sun's 11-year activity cycle. Averaging over 11 years as a rule gives a smoothing effect and
reveals a earthquakes trend at centennial timescales, these are three centuries in our study, Fig.4.

EQ= 33,45tsi - 45667
60 1 r=0,79

40 -

Earthquakes

20 A

0

1365 1365.2 1365.4 1365.6 1365.8 1366 1366.2 1366.4

Total Solar Irradiance,W/m?

Fig. 4. World Quakes and Total Solar Irradiance over the period 1700-2008.

Electromagnetic waves of solar heat energy also change the magnetic field of the earth, Fig.5.
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Fig. 5. Dependence of aa- geomagnetic indices from TSI over the period 1878-1996.

Relationship of earthquakes from aa-index over the period of instrumental observation 1867-1996
shows also good correlation:

EQ =1,15aa + 0,55; r=0,75 (5)
3. Discussion

The sun radiates energy uniformly in all directions and the Earth intercepts and receives part of this
energy during rotation around the sun. The source of almost all the energy on Earth is the sun. Changes in
the Earth’s system atmosphere, hydrosphere, biosphere and lithosphere (sedimentary rocks) depend on
continuous stream of particles flowing outward from the Sun.

Sun loses about 5.5 million tones of mass every second or about 174 trillion tones of mass every
year.

A huge amount of energy- mass transfer from the Sun causes consequences for earth’s crust and movable
continental plates. The energy mass transfer is transmitted by way of the mass energy transfer, direct
pressure (solar sail), and magnetic field.

3.1 Mass energy transfer and gravity forces.

The Sun loses about 5,5 million tons of mass every second to energy (Lang, 2006). Part of this
energy reaches the Earth. A total of 173, 000 terawatts (trillions of watts of solar energy) strikes the Earth
continuously. That’s more than 10,000 times the world’s total energy use.

In accordance with the Einstein equation E=mc?, this amount of energy is equivalent to
billion ton of mass, entering in the earth’s atmosphere. Geothermal energy provides 50 terawatts, the
gravitation of the moon and the sun-5 terawatts, (Kleidon .2016).

The solar energy leads to weathering of mother rocks, river sediments transport and redistribution of
sediments in different parts of continental plates. For example, just world-wide rivers sediment contributes
about 7 x 10° tons of suspended sediment to the ocean yearly, John at al (1983). About 70% of this total is
derived from southern Asia and the larger islands in the Pacific and Indian Oceans, where sediment yields
are much greater than for other.

This huge amount of mass-energy transfer upsets of plate tectonics equilibrium and increase them
inertial mass. Mass and energy are closely related. Due to mass-energy equivalence , every object that has
mass also has an equivalent amount of energy and any additional energy acquired by the object above that
rest energy will increase the object's total mass just as it increases its total energy. For example, after heating
an object, its increase in energy could be measured as a small increase in mass, with a sensitive enough scale.

The Sun transfers in each second and amount of 1367 J (Wagemann,1994) on each square meter of
the Earth's diameter. This value calls the "solar constant".
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The annual mean solar irradiance is known as the solar constant and is 1367 = 2 W / m2.

This amount of energy, in accordance with energy-mass concept equals to 12,5 kg/sec of mass,
entering in earth’s atmosphere.

The total photoautotrophic (green plants and photosynthetic bacteria are generally using energy from
light are photoautotroph) for the Earth is about 104.9 billion tones C/yr. This translates to about 426
gC/mz2/yr land production, and 140 gC/mz/yr for the oceans, (Field at al, 1998). There are 42, 6 kg/m? and 14
kg/m2 relatively in the 100 years.

Taking into account earth rotation speed -1,675 kilometers per hour at the equator and square of
continental plates it is the enormous load for earth crust.

Gravity change also deforming the Earth and cause earthquakes. Einstein envisioned gravity as a
bending of space-time by mass. The geodetic effect is the warping of space and time by the gravitational
field of a massive body (in this case, Earth).

GRACE detected a migration pattern of gravity changes due to deep and crustal processes a few
months prior to the 2011 Tohoku (Japan) earthquake (Panet et al.2018).

The force of gravity acts to move the particles along the sloping surface on which they are resting.

3.2. Direct pressure (solar sail).

Einstein's equation E = mc2 shows that energy and mass are interchangeable. This equation gives the
amount of energy equivalent to a certain mass and is a result derived from Einstein's theory of relativity. The
radiation pressure of sunlight on earth is equivalent to that exerted by about a thousandth of a gram on an
area of one square meter. Taking into account Earth’s surface area- 510 072 000 km?, the total pressure acts
on the surface of the earth with force of many billions kg/force in year. So a quasi-stationary stream (current)
of photons should to perturb equilibrium of the Earth's tectonic plates. A sudden increase in the solar wind
velocity directly correlates with maximum in the number of earthquakes, Odintsov at all (2007).
Mass/energy simply moves from one place to another. The amount of energy remains constant and energy is
neither created nor destroyed.

Dr. Sten Odenwald (NASA) presented calculation of direct mass of solar light in second.

Direct pressure of light: “the ratio of the total mass per second, to that intercepted by the earth is 1.9
kilograms/sec”, Total mass falling direct on earth: 59 754 240 kg/year.

3.3. Magnetic field of earth.

The continuous stream of solar particles (solar wind) pushes Earth's magnetic field. As a result, the
geomagnetic field, acting as an electromagnetic barrier, is compressed in the direction towards the Sun and is
stretched into a (tail) in the direction away from the Sun. Fluctuations in its speed, density, direction, and
entrained magnetic field strongly affect Earth's local space environment.

The interaction between the solar wind and Earth’s magnetic field, and the influence of the
underlying atmosphere and ionosphere, creates various regions of fields and currents inside the
magnetosphere such as the plasmasphere, the ring current, and radiation belts.

4. Conclusion

Mass-energy equivalence is the famous concept in physics represented mathematically by E=mc?,
which states that mass and energy are one and the same. The Sun bathes the Earth with enormous amount of
surface energy. This energy is converted into forces that change earth’s surface by way of weathering,
sediment transfer and biological production.

These processes are enhanced by relativistic effect of inertial rotation of the Earth.

The presented results derive from cosmological, geological, physics and biological studies.

It has been indicated statistically significant influence of solar irradiance on earthquakes.

We show how quantum of energy during period of long time can affects on the earth crust and
finally on earthquakes. Constant tiny change of solar irradiance is accumulated over many years in huge
amount of mass. Redistribution of sediments also has a significant impact on plates.
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Earthquakes physics demands an ubiquitous knowledge. This knowledge includes a comparison of
the methods and results also of relativity theory. General relativity is intended to explain unity of physics.
For this it is necessary bringing all our physical, geological and biological knowledge by a single deductive
logical system.
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OO0mas Teopusi OTHOCUTEJBLHOCTH U 3eMJIeTPSICEHUS

b. Hypraes

Pe3rome

3eMyIeTpsiCeHUs] BBI3BAHBI JBIKEHHSMH B TPEIE/iaX 3eMHOM KOPBI M CaMoOil BepXHEH MaHTHH.
ONUIEHTPHI 3EMIICTPSACCHUN PACIIONONKEHBI B OCHOBHOM BJIOJIb I'PaHMIl TEKTOHUYECKUX TUT. CoiHeYHas
SHEPTHUs YIPaBIAET OCHOBHBIMH TPOIIECCAMH, KOTOPBIE MPOMCXOISAT HA MOBEPXHOCTH 3eMIIM, TAKMMHU Kak
KpPYrOBOPOT BOJBI, BETEpP, OKCAHWYECKHWE TEUEHHUS, BBIBETPUBAHHE, JPO3WsA, MEPEHOC OCAIKOB M POCT
pacTeHuil. DTOT OTPOMHBIM MEPEHOC MAacChl B COYETAHWH C BpAlICHUEM 3eMJIH U TPaBUTAI[MOHHBIM
3¢ (hekToM HapyIaeT PaBHOBECHUE KOHTUHEHTAIbHBIX IUIHT.

B 3T0ii cTaThe MBI IpejlaracM CTATUCTUYCCKUI TOXO0/ JJI pacyera BIAMSHUS COTHEUHON DHEPTrUH
Ha 3eMueTpsiceHust. Takke MbI OIICHHBACM CBA3b a - FEOMArHUTHBIX WHACKCOB C COJIHEYHOM SHEPTHEH.

Pe3ynbTaThl MOKA3bIBAIOT, YTO YBEIMYECHHE COJHEYHOM aKTUBHOCTH MPUBOAUT K POCTY YHUCIA
3emiieTpsicenuii. Hakoner, Mbl 00CykaeM, Kak oOIasi TEOPUS OTHOCHTEIBHOCTH B3aWMOJICHCTBYET Kak
CJIOXKHASI CUCTEMA C 3EMJICTPSCEHUSIMH.
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ABSTRACT

Theoretically and by corresponding numerical simulations it is shown that the formation and
localization of sporadic E (Es) layer at its mainly observable mid-latitude lower thermosphere heights can
be determined by homogeneous horizontal wind velocity direction and value. In the suggested theory,
differently from 'windshear' theory, the wind direction and value, in addition to geomagnetic field and
vertically changing ion-neutral collision frequency, determine the minimal negative value of the divergence
of heavy metallic ions drift velocity, which in turn causes ion convergence into Es type horizontal thin layer.
Here, in the upper heights of the lower thermosphere, the Es layer peak density and thickness are also
controlled by ion ambipolar diffusion.

In the lower thermosphere of the northern hemisphere, the Es layer caused by horizontal
homogeneous wind can be located at height regions where (1) the ions vertical drift velocity is zero and its
divergence is negative (east-northward wind), (2) the ions drift downward (northward and westward wind),
which occurs more frequently, or (3) the ions drift upward (eastward wind) and their negative divergences
vanish and (4) in the case of dominance of southward wind the divergence of ion drift velocity is positive,
consequently ion density divergence occurs and Es type layer formation is not expectable. The Es layer
density increase and its vertical motion to its expectable location are faster for greater values of the
horizontal wind velocity. The possibility of development of the suggested theory for vertically
inhomogeneous wind is noted.

Key words: sporadic e (es) layer, homogeneous horizontal wind

1. Introduction

The knowledge of physical mechanisms of sporadic E (Es) layer formation could give a possibility
to predict its possible location, which is very important for modern radio communications. The search for
physical mechanisms of Es layer formation had started in early 1960-ies [1,2]. The 'windshear' theory is
considered to be the main one explaining of sporadic E formation [ 3,4]. According to this theory, in the
lower thermosphere the eastward wind at lower heights changes to the westward one at upper heights or
southward wind to northward which causes the accumulation of the heavy metallic ions into the horizontal
thin layer in the regions close to wind polarisation changes [5]. The observations show that the Es layers do
not always form in the regions of changes of horizontal wind polarisation [6,7,8], which shows the necessity
of modification of this theory.

In the presented study, the formation of sporadic E by horizontal homogeneous wind in its main
observable region of 95-150km is shown using theoretical and corresponding numerical methods. According
to the suggested theory the ion vertical drift velocity, caused by horizontal wind in the lower thermosphere,
already has minimal negative or/and maximal positive values in its divergence, which is determined by
geomagnetic field, vertically changing ion-neutral collision frequency, and also direction and value of wind
velocity. In the framework of this theory, in the lower thermosphere, for the known dominant ions
distribution and wind field the formation and possible location of the Es layer can be predicted.
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In this case, the east-northward wind can form Es type layers at about middle height of these regions
where ions drift velocity is zero and its divergence is negative. Relatively frequent formation of Es layer and
its location at the bottom side of the lower thermosphere, where ions downward drift velocity and its
negative divergence vanishes, occur during dominance of northward and westward components of wind
velocity. For the upper heights of the lower thermosphere (about 135-150km) Es layer formation occurs
during dominance of eastward wind where ions upward drift and their negative divergence vanishes. Here
the Es layer density also is controlled by ions ambipolar diffusion. The Es type layer formation is faster for
greater horizontal wind velocity. According to the suggested theory, an ion/electron divergence also occurs
in case of dominance of southward component of the horizontal wind, where ions upward drift velocity
divergence is positive.

Considering the influence of horizontal wind direction and values on the ion /electron behavior and
taking into account their ambipolar diffusion, it is important to create a realistic model of sporadic E
formation and predict its possible location [9]. The presented mechanism does not exclude the additional
effect of influence of wind shear caused by tidal motion [10] or atmospheric waves and instabilities, as well
as wind and electric field directions on the Es formation and behavior [11,12,13,14,15], which can be
developed by suggested theory.

2. Theory of sporadic E formation under the influence of homogeneous horizontal wind

The horizontal wind influences on ion vertical drift velocity via combined action of the Lorentz
forcing and ion-neutral collision. The dependence of ions motion on the meridional VX and zonal Vv,
components of background horizontal wind velocity of neutral particles V(V,,V,,0) taking into account

their ambipolar diffusion, can be described by the equation of ions vertical drift velocity w; [14,16,17]:

1 ON,
W, = _Cx (Z)Vx _Cy(z)vy - Da(Z)N_iE , 1)
where
1 .
C,(2)= msm I cosl, 2
_x(2)
Cy(z)_1+K2(Z) cosl 3

D.(2) = K% (2) +zsin2I 2kT | @
1+x°(z) My, (2)

I m

Here x(z) =v,,(z)/®; , v,(z) is ion-neutral collision frequency, », =eB/M is the ion gyrofrequency (
o, =80s™), B(Bcosl,0,—Bsinl) is the Earth’s magnetic field vector, | is the magnetic dip angle, M, is
the ion mass, D, (z) is ambipolar diffusion coefficient, T = (T, +T,)/2 is mean plasma temperature, T,

and T, are ions and electrons temperatures, respectively, kgis Boltzmann constant. We take a right-handed
set of coordinates (X, y, z) with x directed to the magnetic north, y to the west and z vertically upwards. The
C,(z) and  C,(z)coefficients determine an influence of the meridioznal (V, =V cos¢) and zonal (
V, =V sing) components of horizontal wind velocity V' on ions vertical drift velocity. These coefficients
significantly change in the lower thermosphere in the region between 100 km and 140 km height. This
change is mainly caused by v;,(z), which is determined by vertical distribution of neutral particle densities
(IN2], [02] and [O]) which are dominant in this region [18]:
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v, (2) = (2.62|N, J(z) + 2.61]0, (z) +1.43[0](z))-10 s (5)

To investigate the behavior of height profile of electron density N, (z,t), assuming quasi-neutrality
N, = N,, we use continuity equation, taking into account the presence of background horizontal wind with

meridional V, =V cos¢ and zonal V, =Vsing components (V :|V|), in the expressions of ions
vertical drift velocity, equations (1)-(4), which has the following form:

ON. ON. o 0 ON.

—L =C'(2)VN. +C(z2)V —+C(2)N. —+—[D._ (z)—], 6
p (2)VN; +C(2) p ()'82 az[a()az] (6)
where

cosesinl +x(z)sing c

C(z,9) =C,(z)cosp +C, (z)sing = 1+ £ (2)

osl, @)

! 8C i _ - 2 .
C'(2,0) = COsgp =% 4 sing = = $IN® ZK(Z)C‘)S("ZS'”'Z KE@)sing 0K g
o oz [L+x%(2)] P

p=2XV (0<¢<360°) is angle between horizontal wind and x axes direction -wind orientation angle.
Euation (6) shows that the behavior of the N,(z,t) in the lower thermosphere is determined by vertical

changes in vertical flux of ion/electron (9(N,w;)/0z ), where it can be influenced by an ambipolar diffusion
( oc D,), horizontal background wind value ( V = |V|) and shear (Z—V ), as well as by the height profile of
z

the C(z,¢) and C (z,9) coefficients, equations (7) and (8). The latter coefficients are important in the
current investigation. In turn, the height profile of the C(z,¢) and C (z,¢) coefficients, equations (7) and
(8), are determined by the beckground horizontal wind direction (¢ ), geomagnetic field (B ), ion-neutrals

collision frequency v;,(z) and its vertical changes (‘Z—K oc %) , see equations (2), (3), (7) and (8).
z z

Equation (1) shows that when vertical drift velocity caused by horizontal wind exceeds their

e

D
diffusive displacement characteristic velocity CV >> N—a , then their vertical flux

e
N; w, = —N,VC(z) is proportional to ion vertical drift factor C(z). In this case, in a certain region of the
lower thermosphere, where ow, /oz ~ -VC'(z) — C(z)aa—V > 0 , the ion/electron density can be increased (
z

a;e >0) and where awi/GZz—VC'(z)—C(z)aa—V<O, it can be decreased (equation (6)). The
z

windshear theory does not take into account the influence of C' factor on vertical changes in ions drift

A
velocity (equation (8)) and, thus on sporadic E formation. According to this theory, when —C(z)% >0,
Z
in the region where horizontal wind velocity (V') changes its polarisation, and where w; = —-C(z)v =0,

. . . . oV
the ion/electron may converge into a thin layer and form the Es layer. Here, the condition —C(z)a— >0
z

depends on the wind shear and it can be met for any direction. In the present consideration, an increase in the

N W,
ion/electron density ( aate oc —% ~ C'(z)V > 0) is possible under the influence of the particular direction
z

29



of the homogeneous horizontal wind (%—V =0, % ~—C'(z)V ), when C'>0. In this case in the region
z z

where the factor C' is maximal, the vertical change of ions drift velocity is minimal (O w; /6z) min <0, so
their convergence into a thin layer and formation Es is also possible.

In the case of homogeneous horizontal wind the C' factor determines both increase (e.g., C'>0) and
decrease (e.g., C'<0) tendencies of ion/electron density, so it will be referred as an ion

convergence/divergence factor. The points z =z, or z = z,, where C' is maximal, C'(z=2,)=C,_, >0
((@w; /6z) min < 0), and minimal C'(z=2,)=C,,;, <0

((0w; /oz)max > 0), determine the regions with maximal tendency of ion/electron density convergence or
their divergence and will be reffered as ion convergence driving point (ICDP) z =z and ion divergence
driving point (IDDP) z =2,.

Let us note that when wind’s direction changes to opposite ( V ——V), C (z) also changes the
sign i.e.C (z,90) > —C (2, +180°), see equation (8), therefore the ICDP z, and IDDP 2z, also
exchange places - z_(¢) = z, (¢ +180°) .

The approximated analytic solution of equation (6),

Ne(z!t) ~ Nom exp |:_ 2H|32a +C'(Z)V:|(t—to)_(z _[Zom _CH(Z)V(t_to)]J , 9)

Ic

ic
shows the possibility of sporadic E formation in the case of presence of homogeneous horizontal wind, with

behavior significantly determined by ions vertical drift factor C and their convergence/divergence C' factors.
This solution is valid for small time of t —t, << HZ /2D, and heights (z —z,,) << HzZ. The equation (9)

at the initial time of t =t, correspond to the ion/electron Gaussian type distribution layer with maximal
density N, (peak density) at corresponding z =z, height (peak height), which in the case of absence of
2D,

2
ic

height of ions, which at some initial time t=to determines ion/electron main layer thickness (2H,.) and

wind (C, C'=0) decreases due to ambipolar diffusion oc N exp[—- (t—t,)]. H, ischaracteristic scale

height region z -z = tH;

i » Where their density decreases e-times. Despite the fact that N, (z,t)
described by equation (9) does not take into account the time dependence of parameters N, and H,,

which will be considered in numerical simulations in the next chapter, it still describes a tendency of
sporadic E formation under the influence of homogeneous horizontal wind taking into account ions vertical
drift and their ambipolar diffusion.

The N, (z,t) of equation (9) shows that, when

2D,

2
ic

C..V >

(10)

then its increase ( N, /N, >1) is possible. In this case when C=0, then at ICDP z, the maximal increase

in electron density occurs (developing convergence instability), equation (9), and the Es type high density
narrow layer formation is possible around this point. Such convergence instability, continuing increase in

electron density and decrease in its thickness around z_. in case of C=0 should be balanced by their

2D
ambipolar diffusive displacement (oc _2a ), which increases with decrease of this layer thickness.

ic
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According to equation (9), the development of ion/electron convergence processes (

aa'\:e oc C'(z)V >0 or C'>0), are also possible during the downward (VC=>0 or C>0) or upward (VC<O0

or C<0) drift of peak height z, =z, —VC(t—t,) by velocity VC. These processes should be faster for

greater values of the horizonal wind velocity V. So, for various directions of the horizontal homogeneous
wind, the height profiles of the factors C(z) and C'(z) determine the regions, where, under its influence, the
ion/electron convergence into dense thin layer and correspondingly sporadic E formation is possible. The
C(z) and C'(z) factors also determine the regions of ion/electron density divergence (C'<0). For example,

: 2D . . N ,
when C=0and —C_;V >>——=*, then maximal decrease of the ion/electron density will occur in the IDDP
ic

Zy (Cr'nin <0).
Figure 1 depicts (a) the ions vertical drift C(z,¢) and (b) convergence/divergence C'(z,¢) factors

height profiles for various horizontal wind (V) direction angle (p:4x§/ (0 < @ <360°) at north
hemisphere mid-latitude regions (45°+2° N, 45°+2° E) with geomagnetic declination 1=61° +2°. Blue and
yellow lines correspond to the heights where ions vertical drift factor C=0 at their divergence region (C'<0)

for wind direction angles ¢,,,_s =90° +arctang(x/sinl) and at their convergence region (C'>0) for

Ppe_n =270° +arctang(x/sinl), respectively. The arrows express the ions drift velocity direction at

given height and horizontal wind direction angle ¢ determined by drift factor C(z,¢) , equation (7). The
lower height arrows correspond to the height regions with comparatively smaller values of ion drift velocity (
C~0.02C,, ). z=h-h, is the difference between an actual and some initial height h, . Here and

hereafter for simplicity z =h (h, =0).

Figure 1 shows that, in the height region of the Es layers formation (100-140 km), the ion
convergence/divergence factor C (z,¢) always exists and has maximal positive (C'>0) or/and minimal
negative (C'<0) values. Therefore, in the framework of proposed mechanism, the convergence (
N, /N, >1) or divergence (N,, /N, <1) of ion/electron density under the influence of horizontal

wind could occur.

In the upper atmosphere, at z >140—145km and z < 95—100km the ion vertical drift factor
C(2) changes slightly (C — constant), and the ions convergence/divergence factor C' vanishes (C'— 0 )
. Therefore, according to the proposed mechanism, formation of Es layer under the influence of the

homogeneous wind (88_V = 0 ) horizontal components (VX ,Vy # 0) are less expected.
z

Figure 1b shows that, in case of northward wind ( ¢ =0), the ICDP z, ( C'(z=24,)=C,, >0

) and, in case of southward wind (¢ =180°), the IDDP z, (C'(z =2z,)=C,,;, <0) are at about 121km
height. For non-meridional directions of wind both - the ICDP z; and IDDP z4 exist. During westward (
@ =90°) and eastward (¢ = 270°) winds, z,, = Z,z #116km and z. = z,, ~131km.

Here and hereafter the lower thermosphere parameters in equations (1-6) are used in accordance with
NRLMMSISE-00 model [19]. z.4,Z, =h,, H,. and normalized electron density N_/N,, will be given

with 0.5km, 0.05km and 0.05 accuracy, respectively.

If we assume that neutral particles in the lower thermosphere have barometric distribution, then

v,k oc exp(—z/ H) , and from equation (8) the maximal value of C'(z,¢ =0)=C (2)

in?
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Figure 1. (a) The ion vertical drift C(z,¢) and (b) convergence/divergence C'(z,¢) factors height profiles

for various horizontal wind (V) direction angle (p=4x§/ (0< @ <360°) at north hemisphere mid-
latitude regions (45°£2° N, 45°+2° E) with geomagnetic declination 1=61° +2°. Blue and yellow lines
correspond to the heights where ions vertical drift factor C=0 at their divergence region (C'<0) for wind

direction angles ¢,,,_s =90° +arctang(x/sinl) and at their convergence region (C'>0) for

Py =270° +arctang(x/sinl), respectively. The arrows express the ion drift velocity direction at

given height and horizontal wind direction angle ¢ determined by drift factor C(z,¢), equation (7). The
lower height arrows correspond to the height regions with expectably, comparatively smaller values of ion
drift velocity (C = 0.02C ., ).

can be obtained:
C...( —O)—isinlcosl (11)
Xmax ¢ 2H 1

which corresponds to K =1 (v,, =Q,). H is the atmospheric scale. So, for the northward wind the ICDP
Z, corresponds to the height where v,, =€, and for heavy metallic ions (Fe+) it is located at about
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Zo #121km. In case of southward wind (¢ =180°) C, . (¢ =180°)=-C, . =—(1/2H)sinl cosl
and the IDDP z, =z, ~121km. For the mid-latitude regions (Sinl cosl = 0), in case of presence of the
meridional wind (¢ =0 or ¢ =180") the ICDP z,, ((6w;/0z)min<0) and IDDP z, already exist

(Figure 1b) and they vanish at equatorial (I —0) and polar (1 — 90°) regions.

xmin

For the barometric atmosphere, in case of westward wind C'(z,¢ =90°) =C, (z), estward wind
C'(z,p=270°) =—C,(z), the ICDP z_(¢=90°)=2,, and z (¢ =270°) =2z, are located at about
09H (z,, —z4, =-0.5H In(3+\/§)) below and above (z; -z, =-0.5H In(3—\/§)) the point
Zov e ®121km, where:

vmax

1
=——cosl . 12
4H (12)

In this case, the IDDP z,(p=90°)=1z,, and z,(p=270°)=1z, are located at about 0.9H

above and below z .o ~121km, where C . =—(1/4H)cosl .

Figure 1 shows that in case of meridional (¢ =0 or ¢ =180") and zonal winds (¢ =90° or

@ =270%), the location of convergence/divergence points and the values of C' at these points are close to

those estimated for barometric atmosphere by equations (11) and (12), for the atmospheric scale heights
H=8-10km. So, for northward wind there is only the ICDP (C'>0), while for southward wind - the IDDP
(C'<0). Thus, according to equation (9), the development of electron convergence or divergence processes at

Zyw =245 ~#121km are only expectable. For westward and eastward winds there are both convergence and

divergence points and, correspondingly, the electron density behavior, equation (9), is determined by
convergence and divergence processes developed in this region. For any other directions of the horizontal

wind, C and C' factors are determined by their sums for meridional and zonal winds (C,(z)cose,
C. (2)cose, C,(2)sing and C'y(z)sinqo), equations (7) and (8), the ICDP and IDDP locations are
different.

Figure 1 shows that depending on wind direction (¢) the ICDP z,(C'(z=2,)=C,,, >0) and

IDDP z,(C'(z=2,)=C,,, <0) can be located between 100km and 140km heights. In these regions of

height the ion vertical drift factor C(z) is different (C=0, C>0, C<0). Therefore, according to equation (9),
various scenarios of electron/ion convergence into a thin layer and formation of sporadic E can be
developed.

We consider the possible scenario of Es type layer formation (C'>0) when ion vertical drift caused
by horizontal wind: (1) VC=0, (2) VC>0 is downward, (3) VC<O is upward, and also when (4) ion
divergence occurs (C'<0).

(1) The condition of VC(z = z,) =0 (C=0) occurs at midlatitude lower thermosphere during east-northward
and west-southward winds. z =z, is height where ion upstream and downstream flux caused by horizontal

wind is balanced and w,;(z=12,)=0 (see Figure 1 and equation (1)). In case of smaller influence of ion
D, oN

a e

ambipolar diffusion on its vertical motion, |CV| >> , the value of w,(z=12,) =0, equation (1). In

e
the considered midlatitude region the ions vertical drift balance points exist at 100-140km for the east-
northward 285° < ¢ <360° and its opposite west-southward 105° < ¢ <180° winds, equations (1) and (7).

Here C(z =140km, ¢ ~105°;285°) =0.
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For east-northward wind the condition of C(z=12,)=0 (-C,V cosp—C,V singp =0) occurs in
the ion convergence (C'>0) region (see Figure 1), where the ion upward drift —C,V sing>0 (z<zb), caused
by horizontal wind velocity east component (U, =V sinp<0), is balanced by their downward drift
—-C\Vcosp<0 (z>zb), caused by the northward component (U, =V cose >0). In this case the
horizontal wind direction angle is ¢ =270"+arctang(C,/C,) =@, . When ¢, =307°, ICDP

. *127km and w,(z=12,)=0 (z,=Zz,). In this case, from equation (9) the convergence layer and
correspondingly, sporadic E formation are expected at height z, =z, .

When ion vertical drift velocity VC(z =z_.) =0, then according to equation (9), in the ICDP z_,
region ion convergence into a thin layer (convergence instability), caused by horizontal wind, can be

ZD; . In this case the formation of sporadic E type thin

ic

layer with minimal thickness H,, =1—-3km at 120-130km heights is possible for the horizontal wind

balanced by their ambipolar diffusion and C'V =

velocity about 50-150m/s or greater (H,. oc1/ W ). In case of small changes in the total electron content
(TEC) in lower thermosphere, the Es type layer peak density N, /N, (N, «<1/H,. ) can be increased by
order of magnitude (for H, (t =t,) =10km).

During west-southward wind the condition of C(z =z,) =0 occurs in ion divergence (C'<0) region
(see Figure 1), where the ions upward drift velocity —C V sing>0 (Z > Z;), caused by the wind velocity

west component U, =V sing >0, is equal to their downward drift —C,V cosp >0 (Z<1Z), caused by the
wind southward component U, =V cosp<0. In this case wind direction angle is
@, =90° +arctang(C, /C,) =@, _s. For the horizontal wind west-east direction with ¢ =127° at the
IDDP z,(p=127°) =127km and C(z=12,)=0. In this case, different from wind opposite east-north

direction @ =307° (z,(p=307°)~127km), at the height of about 127km the ion/electron density
divergence occurs, equation (9), and their upstream and downstream flow from this region increases. When
ICDP is z, =112km the electron convergence in the thin dense layer is possible during the downstream
flow (C>0), shown by equation (10), and the formed Es type layer can be localized below ICDP regions with
C'(z)V - +0, C(z)V —> +0, (w; > —0). Here +0 and -0 denote negligibly small positive and negative

values, respectively. The condition C'—>0, C — 0 means that, for given direction of the wind, the values
of (CY/C,,)<<1, C<<1 are decreased.

The ion/electron wind induced upstream flow (z >127km) from region with C(z=12,)=0 (see
Figure 1) makes their diffusive displacement to the upper height quicker than in case of absence of wind.

(2) The ion downward drift (VC>0) at ICDP, caused by horizontal wind (VC, cosp+VC, sing >0), in

addition to its west-southward direction, also occurs for northward (¢ = 0), north-west and westward winds

(see Figurel). In these cases the ion convergence into a thin layer and correspondingly sporadic E formation,
descending towards lower regions identified by C'(z)V — +0, C(z)V — +0, are expected. For different

directions of horizontal wind, when 307° <¢ <360° (270° +arctang(x(z =z,)/sinl) <o <360°,
Z,=12.=1, ), the ICDP z. is located above the point where C=0 (z, > z,) and correspondingly the
convergence layer should descent and locate at z, height region, equation (9).
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(3) When 285° <9 <307° (285 <p<270°+arctang(x(z=12,)/sinl)), then ICDPs are located
below the region with C=0 (127km<z<140km) and the convergence layer should have a tendency of
upwelling to this region (w; =0). Here for ¢ =285 the condition C=0 occurs at about 140km, where ion
diffusive displacement for H,. <5km exceeds their convergence caused by wind with velocities 50-150m/s
and formation of high density (N, /N, >1) thin (H,. <5km) layer during ions upward flux (C<0) is

expectable to about 140 km. For horizontal wind direction 260° < ¢ < 285°, the region with condition C=0
located at z>140km, where C'(z)V — +0, C(z)V — -0 for 140-150km heights, the formation of

convergence layer with smaller density is expected, compared to the wind direction with 285° < ¢ <307°.

Note, that in these cases (CV<0), with increase of wind velocity, significant increase in the convergence
layer is not expected, therefore the increase of upward drift of this layer to the region with C'(z)V — +0,

C(z)V — -0 (w; — +0) occurs.

(4) During southward wind (¢ =180°) the divergence factor C'<0, equation (7), and in the region of

heights 100-140km divergence processes of electron density are expected, equation (9). If the influence of
southward component of wind velocity V cos@<Oon ions wupward drift is dominant, (

90° +arctang(x(z)/sin1) <@ <270° ; , (-VC, cosp-VC, sing>0), then formation of their high

density convergence layer (N, /N, >1) is less expected. Here it is important to note, that the

development of above mentioned ion convergence or/and divergence processes also depend on its initial
layer location with respect to the points z_, z, and z, .

The winds with directions ¢ =105",127°,285°,307°, for which

C(p=105",285";z ~140km) =0and C(p=127°,307°;z~127km) =0, correspond to the considered
regions (45°+2° N, 45°+2° E; 1=61° £2°) and can be estimated similarly by equations (2, 3) and (7) for the
other midlatitude regions.

The details of the above described possibility of the electron density height profile behavior N_ (z,t) under

the influence of horizontal homogeneous wind, Es type dense thin layer formation for its relatively main
directions and the development of divergence processes will be shown using numerical solution of equation
(6) [ 20, 21, 22].

3. Results and discussion
By numerical solution of equation (6) we will demonstrate the normalized electron density height

profile N,(h,t)/N_,, behavior at lower thermosphere 90-150km height regions. For predominantly main

directions of the horizontal wind for which we theoretically show a possibility of Es layer formation
(equation (9)) at fixed height (with C=0), its downward and upward motions to the region with C=0 or those
where ion convergence positive factor (C' >0 ) vanishes. Considering wind direction for which ions drift

factor C(z=2_,) =0 and additional eight directions ( north, north-west, ..., east-north), their influence on
development of ion/electron divergence processes (when C'<0) is also seen.

At the first step, when C(z = Zc,d) =0, we show that the influence of homogeneous horizontal wind
on N,(h,t)/N_, behavior and Es layer formation is important at V=50m/s. In this case we assume

relatively wide layer of heavy metalic ions at initial time H, (t=t,) =16km when small changes in

electron/ion density are expected due to their ambipolar diffusion at the absence of wind. For the lower
thermosphere with dominant Fe+ ions the values of H,. =8—16km, which is used in suggested simulations,

is close to the value of K(T,+T,)/ Mg [19]. Note, that for some midlatitude lower thermosphere regions
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the horizontal wind velocity of about 50m/s corresponds to the maximal values of mean seasonal meridional
and zonal winds, because its high value is 100m/s or even higher [ 23,24,25].

Figure 2 presents the behavior of the normalized height profile of electron density N, (h,t)/ N, in the mid-
latitude lower thermosphere in case of absence of wind (V=0) for its initial distribution peak height (a)
Z,, =142km, (b) z,, =127km, (c) z,, =112km and (d) z,,, =97km, and during presence of horizontal

wind with V=50m/s directed (a n-w), (b n-w), (c n-w), (d n-w) to east-northward (¢ =307°, z.  =2,)
and (a w-s), (b w-s), (c w-s), (d w-s) to west-southward (¢ =127°, z,, s =Z,), respectively.

Figure 2 shows the possibility of electron convergence into a dense thin layer, N, /N, >1 and
H, (t>t)<H,.(t=t,), (Figures 2a e-n, 2b e-n, 2c e-n, 2b w-e and 2c w-e ). It also shows that their

density divergence (N, /N, <1) dominates (Figure 2a w-s) and development of these processes is
negligible (Figures 2d e-n and 2d w-s ) under the influence of horizontal homogeneous wind, for various
locations of the initial electron density N,(z,t=t,) peak height (z,, =142km, z,, =127km,

Z,, =112km and z,,, = 97km- Figures 2a-2d) at 90-150km height regions of the lower thermosphere. Here
we demonstrate the electron convergence/divergence processes under the influence of the east-north directed
@ =307°wind (middle panels), C(¢ =307°,z =2, ~127km) =0 and z, ~112km (see Figure 1), as well
as its opposite west-south directed wind ¢ =127° (right panels), C(¢=127°,z=12, ~127km)=0 and
z, =112km (see Figure 1). In case of absence of wind (V=0), for t-t,<0.4h, changes in electron density
N.(z,t)/N,, are smaller due to ambipolar diffusion of ions (Figures 2b, 2c and 2d), while they are
noticeable (Figure 2a) only at upper location of its layer (z,, =142km). When z,, =z, =12, =127km
(where C=0,C'>0 and w,; =0), electrons converge into higher density (N,,/N,, >1) thin layer

(convergence instability), under the influence of east-north directed =307° wind, occurring at
z~127km (Figure 2b e-n), which is expected from equation (9). When peak height of the initial electron
density z,, is located above 127 km (zom=142km), where C (z>127km) <O, their convergence layer
descends to z, =z, =127km (C=0). When z, is located at IDDP z, ~112km (Figure 2c), then the
electron convergence layer for z>112km moves upward (C<0) to the height region of z, =1z, =127km.
However, when z. is located below z, ~112km (z,, =97km, Figure 2d), then their downward flux from
divergence region and smaller values in ion ambipolar diffusion do not change its density significantly
(Figure 2d e-n).

Divergence and convergence processes developed during the west-south directed wind, ¢ =127° at
the  IDDP 2,(p=127")=2_(p=307") =127km (C=0 and C'<0) and ICDP
2.(p=127°) =7,(p=307") =112km (C>0 and C'>0) (see Figure 1) influence electron density behavior
(Figure 2, right panels). In this case when zom>127km (zom=142km -Figure 2a), the electron upstream flow is
dominant, C(p=127°,2>127km) <0 (see Figure 1), and its density decreases (N, / N,, <1, Figure 2a

w-s). When z,n=127 km (Figure 2b), a part of electron density initial layer (z>127km) vanishes by their
upstream flow, C(¢ =127°,z >127km) <0, and ion ambipolar diffusion increses, but downward moving

electrons for height of z<127km is converged (N,,/N,, >1) at z, ®112km and below (Figure 2b w-s).
The development of electron convergence into thin dense layer (N, /N, >1), which probably move
downward (C >0) to the region with C —+0,C'— +0, is more noticeable (N,, /N, >1.5) for
Z,, =112km. The development of electrons convergence at z, =112km for its initial layer lower location
of z,,, =97km is less noticeable (N, / N, =1) in this case of V=50m/s.
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Figure 2. The behavior of the normalized height profile of electron density N, (h,t)/N,, in the mid-
latitude lower thermosphere in case of absence of wind (V=0) for its initial distribution peak height (a)
Z,, =142km, (b) z,,=127km, (c¢) z,,=112km and (d) z,,=97km, and during presence of

horizontal wind with V=50m/s directed (a n-w), (b n-w), (¢ n-w), (d n-w) to east-northward (¢ =307°,
Ze n =2Z,) and (a w-s), (b w-s), (c w-s), (d w-s) to west-southward (¢ =127°, z,, s = Z,), respectively.
Yellow and blue dashed lines correspond to the heights of ICDPs: z. ,(¢=307°)~127km and

Zyy s (@=127°)=112km and IDDPs: Zz, ,(p=307°)~112km and z,, ((p=127°)~127km,
respectively.
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Figure 2 also shows the possibility of Es type layer formation and development of divergence
processes of electrons density as well as in the lower thermosphere, under the influence of considered
horizontal wind (V=50m/s) for t-t,<0.4h, which agrees with its behavior described by equation (9).

Relatively quick formation ( Gglt 8;: o« —-CVa)

e

oc C'V') of high density Es type layer, its vertical motion (

and tendency to saturation in its location, where C=0 and C'>0 or VC — 0,VC'— +0, should be more
noticeable for greater values of the horizontal wind velocity.

We will consider electron density Ne(z,t) behavior for eight main directions of the horizontal wind (V): north
(p=0,z, ~121km) north-west (¢ =45z, ~118km,z, =140km), west (¢ =90°, 2z, ~116km,
z, ~131km), west-south (@ =135°,z, ~112km, z, ~126km), south (¢ =180°,z, ~121km), south-
east (¢ =225",2, ~140km,z, ~118km), east (¢ =270°,z, =116km,z, ~131km) and east-north (

@ =315",z, ~126km, z, ~112km). For brevity the initial peak height of electron density is assumed at

Zom=120km. For this case the most charachtristics of the Es type layer formation and also its
motion/localization to regions with C=0 and C'>0 or VC — 0,VC'— +0 , should be revealed. In order to

have more profound diffusive effect in formation of sporadic E, relatively narrow initial electron density
layer with H,. =8km will be considered.

Figure 3 presents the behavior of the normalized electron density height profile N, (h,t)/ N, in

the mid-latitude lower thermosphere in case of horizontal wind with V=100 m/s directed to (n) north - ¢=0, (
n-w) north-west - ¢=45°, (w) west - 9=90° , (w-s) west-south - ¢p=135°, (s) south - ¢=180°, (s-e) south-east -
¢=225° (e), east - ¢=270°, (e-n) east-north - @=315°. The ion distribution characteristic scale at initial time,
equation (9), is H,.(t =t,) =8km. Here for the Es type layers the peak densities (at z=2z, or h=h_) and

thicknesses at t-to=1.5h are: N,(z,, =108km, ¢ =0)/N_, =5, H, =1.58km;
N,(z, =99%m, , ¢=45")/N_, ~6.2,H, ~1.26km;

N, (z,, =98km, »=90")/N,,, = 6.5 H, =1.25km;

N.(z,, =100km, ¢ =135°)/N_, =3.7,H,. ~1.6km;

N,(z,, =137km,t—t, =0.7h,p=270°)/N,,, =1.2, H,, =5.6km;

N, (z, =124km, ¢ =315")/N_, ~ 4.3, H,. ~1.5km.

Figure 3 shows that the formation of Es type dense (N,.(z,t—t, =1.5h)/N_, =1.2—-6,5) thin (

H,. ~1.2-5.6km) layer occurs under the influence of horizontal wind with velocity 100m/s for its north

(panel n), north-west (panel n-w), west (panel w), west-south (panel w-s) and east-north (panel e-n)

directions. In cases of wind directions with ¢ =0, ¢ =45°, ¢ =90° and ¢ =135", the Es type layer

descend (C>0) to the regions with VC — +0,vC'— +0 (Figure 1), where Zz (¢ =0)~108km,

z,(p=45")=9%m, z_ (¢=90°)~98km and z,(p=135")~100km (Figures 3n, 3n-w, 3w and 3w-
s), while for east-north directed (¢ = 315" ) wind it is formed at
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Figure 3. The behavior of the normalized electron density height profile N_(h,t)/ N, in the mid-latitude

lower thermosphere in case of horizontal wind with V=100 m/s directed to (n) north - ¢=0, ( n-w) north-
west - =45°, (w) west - 9=90° , (w-s) west-south - ¢=135°, (s) south - ¢=180°, (s-e) south-east - ¢=225° (e),
east - p=270°, (e-n) east-north - ¢=315°.
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z,(p=315") =z, ~124km, C(z=12,)=0. Here the lower location of the peak heights of Es type layer
corresponds to the regions with C — +0 (w, —» —0),C'—>+0 which occur at the lowest heights for

westward wind (see Figure 1).
During the east-northward wind ¢ =315° the upward motion of Es type layer is also noticeable to

its location at z, =~124km (Figure 3e-n) for t-t,<1h (similar to the one shown in Figure 2c e-n). In this case

the ion characteristic scale H, (t—t, =1h) ~1.3km corresponds to the minimal thickness of the Es layer,

which is balanced by ambipolar diffusion of ions at z, ~124km region,with about H,_ = (2D, /VC')V 2

Figure 3e shows that during eastward wind (¢ = 270°) with velocity V=100m/s the ions/electrons
drift upward (Cv<0) and the convergence layer
N,(z=z,,t—t, =0.7h,p=270")/N,, =1.2,H,. =5.6km) formed in upper heights (z, =137km) is
comparatively wider than the one in cases of other directions of wind noted above (Figures 3n, 3n-w, 3w
and 3w-s) where their drift was downward (CV>0). The formed convergence layer for time of t-to>0.8h

vanishes (C'—>+0 , C — —0 ) to about 150km heights. In this case a decrease in C' at the upper heights is
also accompanied with an increase of ambipolar diffusion displacement rate, which causes the convergence

layer with H,. =5.6km to vanish at z>137km (H, = (2Da /VC')V ? ). The formation of the Es type layer
and its localization to the height regions with C=0 (w,=0) and C>0 , or VC —+0 and

VC(z) >0 (w; — 0) are expectable relatively faster at greater horizontal wind velocity (V).

Figure 4 presents the behavior of the normalized electron density height profile N_(h,t)/ N, inthe
mid-latitude lower thermosphere in case of horizontal wind with V=150 m/s directed to (n) north - ¢=0, (n-
w) north-west - ¢=45° , (w) west - 9=90° , (w-s) west-south - ¢=135°, (s) south - ¢=180°, (s-€) south-east -
0=225° (e), east - =270° (e-n) east-north - ¢=315°. Here for the Es type layers the peak densities and
thicknesses ~ at  t-to=1.5h are: N,(z, =108km, ¢ =0)/N_, =5.7, H,, =1.4km;
N,(z, =97km, p=45")/N,, ~6.8,H,. #1.18km; N,.(z,, ~95k, ¢ =90°)/N,, ~6.8, H,. ~1.18km;
N, (z, =~98km, ¢ =135")/N,, ~ 4.1, H, ~1.4km;

N, (z, =143m, ¢ =270°)/N,, ~1.3,H,. #5.2km; N (z=z2,,9=315")/N,, =5.3, H,. ~1.26km.

Figure 4 shows that the formation of Es type layer under the influence of horizontal wind with V=150m/s
occurs similarly but faster for its north (Figure 4n), north-west (Figure 4n-w), west (Figure 4w), west-south
(Figure 4w-s) and east-north (Figure 4e-n) directions, than for wind velocity V=100m/s (Figure 3). The rates

of  formation and descend to the regions with VC(z) ->+0,VC —+0 [z, (¢ =0)~108km,
2, (p=45")=97km, z (p=90°)~95km and
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Figure 4. Same as Figure 3 but for the horizontal wind velocity V=150m/s are applied.
than those for the same directions of the wind velocity V=100m/s (see Figure 3 ). In these cases 1.5-time
increase rate in electron densities is accompanied by about 1.5-time decrease in time of their descend to their

final location to the regions with VC(z) — +0, VC — +0, where changes in their relatively small
increased peak density and descent (than that of the for V=100m/s) vanish.
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z,,(p=135") ~ 98km] of comparatively high density (N, (z,t—t, =1.5h)/ N, ~1.3-6.8) and thin Es

layers (H,, = 0.9—-5.2km) are about 1.5 times greater ( aa'\le azt”‘ o« —CV ).

« C'V,

Note that small increase in Es type layer density in these locations at the bottom of the lower
thermosphere can also be balanced or reduced by its decrease due to ion/electron recombination oc N 92 [16,

26]. The latter can be included in equation (6) and correspondingly in the suggested theoretical model
simulations.

Relatively big increase in the peak electron density occurs during increase in the east-north directed (
¢ =315") wind (Figure 4e-n). In this case 1.5-time increase in the wind velocity causes about 1.5 times

quicker localization of the convergence layer to the region z, ~124km,C(z ~124km, ¢ =315°)=0,

where its peak density increases (about™ \/\7 ) and correspoding thickness (about H,, oc1/ W ) is smaller

(Figure 3e-n and Figure 4e-n). For the greater values in opposite west-south directed (¢ =135") wind
velocity V=150m/s, the electrons downstream flow is more noticeable (C>0) from IDDP
z,(p=135") ~126km, which converges into Es type layer below ICDP z (¢ =135") ~112km, at height

Z,,(p =135") = 98km where VC(z) —+0 (w; ——0), VC —+0.

Figure 4e shows that increase in the eastward wind velocity up to 150m/s correspondingly increases
the charge particles vertical flow and high ambipolar diffusion in the upper heights gives less value in

ion/electron convergence layer density N, (z, =143m, ¢=270")/N,, =1.3 ( H =5.2km) with

2, (p=270") ~139%m formed in relatively short time (oc1/V), than in the case of smaller VV=100m/s

(Figure 3e). In this case the time of electron convergence layer existence is also shorter than that for smaller
horizontal wind velocity (Figure 3). During greater horizontal wind velocity the electron convergence rate

(C'v>0) and their vertical drift (CV<0) to the upper regions where c'v < 2D, /H2, equation (9), C'—0
and C — —0 causes relatively quick damping of its convergence layer than during V=100m/s (Figure 3e).

In case of wind direction 270° < ¢ <285’ the ion/electron convergence layer formation above 140
km with H._~ (2D, /C'Vv)°* is similar to the one demonstrated on Figure 4e. The Es type layer formation
and localization at height about 115-140km, where C=0, occur similarly to those shown in Figure 4 E-N
during the other east-west directed wind (e.g., for wind direction with ¢ = 285", ¢ =325° and ¢ = 345°,
is demonstrated on Figure S1). In this heigh region, in addition to wind velocity, the Es layer peak density
also increases with decrease (oc 1/ \/Fa) in ion ambipolar diffusion coefficients.

Figures 4s and 4s-e also show that the divergence of ion/electron from z, (¢ =180°) ~121kmand

z(p= 255°) ~ 140km regions happens faster under the influence of greater winds (V=150m/s) directed to

south and south-east, than in case of its relatively smaller value of V=100m/s. In the presented simulation,
the structural data of the lower thermosphere are used from NRLMSISE-00 model, for midlatitude 45°+2°N,
45°+2° E and 1=61°+2° regions in spring of 1998, between Solar maximum and minimum phases. Similarly,
the results are extendable for other mid-latitude regions of the northern or
southern hemispheres, for various directions and values of the horizontal wind.

So, we have shown theoretically and correspondingly numerically, that in the main observable
heights of about 95-150km [4, 5] of the mid-latitude lower thermosphere the formation of sporadic E is
possible during homogeneous horizontal wind. Besides Es layer formation in this region, its other observable
features are also revealed.

The formation of Es type layer is expected more frequently during dominance of northward or
westward components of the wind velocity (C>0) at heights below 120 km (Figures 3 and 4), which is the
observed phenomenon [5]. The descent of the Es type layer, which is an observable phenomenon [3, 4, 5],
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occurs in most cases of its formation under the influence of horizontal homogeneous wind, equation (9),
(Figures 3n-3w-s and Figures 4n-4w-s). In these cases an increase in the electron density in the regions of
95km-110km also can cause higher loss rate of the molecular ion (e.g., NO+) [26], and the long-lived
metallic ions become dominant, which is also observed [27, 28]. In the framework of suggested theory
seasonal variations in Es layers occurence are expectable [3, 5, 8, 29] determined by ion/electron density
changes, as well as its regional peculiarities caused by geomagnetic declination changes and wind field
variations for given midlatitude regions.

Note that for higher wind velocities, which are observable mostly at 100km-120km heights [24],
they should have some vertical components [30], which also influences ion vertical drift velocity [16, 17]. In
this case, in addition to northward or/and westward wind componentl, its downward component can cause
ions additional downward flux and correspondingly Es layer shift to the bottom of the lower thermosphere at
90-100km height regions, which can be developed in the framework of the suggested theory. Since the Es
layers could be formed by zonal or northward component of wind velocity, they could be observed more
frequently at mid-latitudes, than in equatoial (|1 ~ Q) and polar (1 ~90°) regions (3-5).

So, according to the presented theoretical mechanism, many observational properties of the mid-
latitude Es layer formation and location can be determined by horizontal wind direction and value. This
mechanism does not exclude the additional influence of wind with vertical (oV /oz = 0) or horizontal shear

on ion convergence and formation of sporadic E [17, 31, 32, 33]. In the lower thermpsphere the horizontal
wind velocity V can be determined by the sum V =V, +V,,(z t), where V, is homogeneous velocity and

V,, (z t) is varying perturbation caused by atmospheric waves, tidal motion or shear instability [5, 15, 17].
Here atmospheric waves or tidal wind, in addition to background horizontal wind (V, ), could also lead the
ion/electron  additional convergence (when CoV/0z=CdV,/0z>0) or divergence (when

CoV/0z=CdV,/0z>0) in the regions of polarization changes of perturbed velocity V,, (z t). Wave

induced convergence/divergence processes of charge particles could amplify or weaken the ones caused by
ov,, )
oz
equation (6), for vertical wavelength about 20-60km and with amplitude of about 50-100m/s, could be of the
same order as the convergence caused by homogeneous horizontal wind (oc C'V, ) with velocity 50-150m/s
at the ICDP (Figure 1). Depending on the wavelength and amplitude of perturbed wind velocity, the
additional convergence of ions at height regions, where it changes the polarization, and formation of multi-
layered sporadic E are also possible [17]. In these cases, it is also important to take into account the influence
of neutrals wind velocity direction and vertical changes of ions drift velocity, like the one in the presented
theoretical model for homogeneous wind, and makes more predictable the behavior of ion/electron density in
the lower thermosphere, thus the formation of sporadic E, its dynamics and location region [9, 10].

background horizontal wind (V,). Such wave induced convergence of charged particles (oc C

4, Conclusions

Theoretically and by corresponding numerical simulations it has been shown that the formation and
localization of sporadic E (ES) layer in its mainly observable mid-latitude lower thermosphere heights of
about 95-150km can be determined by homogeneous horizontal wind velocity direction and value. In this
theory, differently from 'windshear' theory, the wind direction and value, in addition to geomagnetic field
and vertically changing ion-neutral collision frequency, determine the minimal negative value of the heavy
metallic ions (Fe+) drift velocity divergence, which in turn causes ion convergence into Es type horizontal
thin layer. In the upper heights of the lower thermosphere, the Es layer peak density and thickness, in
addition to the wind direction and values, are also controlled by ambipolar diffusion. Here, the decrease of
the ambipolar diffusion coefficient produces increase of the Es layer density caused by horizontal wind.

It has been shown that in the lower thermosphere of the northern hemisphere, the Es layer caused by
horizontal homogeneous wind can be located at height regions where (1) the ions vertical drift velocity is
zero and its divergence is negative (east-northward wind), (2) the ions drift downward (northward and
westward wind), which occurs more frequently, or (3) the ions drift upward (eastward wind), and their
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negative divergences vanish, and (4) in the case of dominance of southward wind the divergence of ion drift
velocity is positive consequently ion density divergence occurs and Es type layer formation is not
expectable. These ion/electron convergence/divergence processes faster for greater values in the horizontal
homogeneous wind. In this case the speed of Es layer vertical motion to its expectable location is also faster
for greater values of the horizontal wind velocity.

The importance and possibility of development of the suggested theory of sporadic E layer formation
in case of horizontal wind with vertical shear has been noted.
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U3mMomeo E (Es) g9bols 3m®m3oMmgds g0mazs0mgzsbo
3mOH0BmbGHs®o Jodols Foge

- 353J0830¢00, 3. EOEIOIX0dY, 3. OMPYS
69bomdg

09nOO0MEo s dgbsdsdolo MHoEbzomo gedmmzwgdom bsbgzgbgdos, GMI  gEsdofol Lodwyswm
29690900L 5GHIMLBIOHML Jggs MIMHINLRIO™Io LdmGsweo E (Es)ggbol gm®domgds s @m3zswmobsgos
99L0dgdg0s gobolsbEzmml gMmAZ5MM360 JoMol LboBJs®ol FodsHMgdom ©s LoOEOm. "JoMol
§ob53330900L" (windshear theory) mgm®oologsb goblbbgsgzgdom, 999mmsgsHgdwe mgm@0sdo JoMol boowyg
5 80056000905, 49MB0a60EHWO 39 msb s LETsol obg30m (33esE 0Mb-670EHModOL oK sbgdOL
LObJoMYLMB OO, FobloBPZMOgL 8d0dg TgBowwmo 0mbgdol (Fe+) Mgoxzol Lobdsol ©039Mag6E00L
90600356 mobymgzgomo 3609369wmdsl, GMmdgwos, mezol dbMog, 0fj3g3L 0mbgdol Jowswo bodzgzmogol Es
3030l 3000 89bs 363969630k, 39 9MHIMLBIOML Bgs Lodsmwggdolmgol Es g3gboli 3030l
Lodsmeg s5939 3MBEGHOMEEYds 0MmbgBdOL $8BOZME GO ORMBOO.

P&0wmgmol bsbgzsdliggmml Jggos 0gMdmbggOhmdo 3mMmobmbEIWOHo gMmy35MMm35b0 JoGom
2399mfiggmamo Es g9bs 9gladangdgeos emzseobgl Mga0mbgddo Loog (1) ombgdol mgogol Lokdstg
Byaos s dolo ©o39MRIbE0s IMYMa30m0s (50BMbsgwgo-PMHOWMgmMOL Js60), (2) 0mbgdo MHgonmdIb
d399mo (BOOomgmol s @iLEgwgool Jo®o), MHmIgwog MBG®m bdoMos, b6 (3) ombgdo MH7oxMdI6
B99mm @5 FomM0 OMYMBOMO ©039MRBE0s JMgds s (4) LETBOHYMOL JoMol EMT0boMmGdOLLL 0Mmbgdol
©Mg0x30L  LoBJsMol  ©039MAg6E0s  IIOOMOY, d9L50590Ls©,  SYOO  5d3b  dsmo  LodzzHogzol
0396963056 s ES  Bodol  8gbol  3m®doMgds  s60s  Imbogmbgmwo.  JoMol  LoBdsMol oo
360083690 mdgdolbmzol Madm LHMsxos Es ggboll gm®mBoMgds s ¢m3sEos H9a0mbgddo, ool Mgogol
boBdo®g bmawos 96 JMgds. 89bodbmeros  898mmsg35Hgd o mgmMool  459myggbgds  39MGH03OXES©
3M59MH 3503560 JoGobmgzol.

dopmuposanue cnopaandeckoro E (Es) ciios1 moa Bo3aercreuemM
OTHOPOJAHOI'0 TOPU3OHTAJBLHOIO BeTpa

I'.'T. JanaxkumBuiau, I'.I'. Inxedyaunaze, M.M. Toaya

Pe3rome

Teoperuuecky, a TaKKe COOTBETCTBYIOLIMM YHWCICHHBIM MOJCIHPOBAaHHUEM IIOKA3aHO, 4YTO
oOpa3oBaHue u JoKanu3anus cropagindeckoro E (ES) cros B cpeiHOIIMPOTHON HIKHEH TepMocdepe 3emitu
(rme oHM B OCHOBHOM HaOJIOZAa€MbI) BO3MOXHO OMNPEIENUTh C TOMOIIBI0 BEIUYWHBI M HAIPaBICHUS
TOPU30HTAJIBHOTO BeTpa. B MpemiokenHo# Teopur, B OTIMYMK OT Teopuu "BeTpoBoro casura” (windshear
theory), B omomHeHNH K T€OMarHUTHOMY TOJIEO U BEPTUKAJIBHO MEHSIOLICHCS YacTOTE CTOJIKHOBEHUSI HOHOB
C HEeWTpaJbHBIMM YaCTHUIIAMH, HaIlpaBIEHHE ¥ BEIUYMHA TOPH3OHTAILHOTO BETPA OMPENEISIOT
MUHUMAJIbHOE OTPUIIATENIFHOE 3HAYEHNE TUBEPTreHIINH CKOPOCTH JApeiida TsHKENbIX METATHYeCKUX MOHOB
(Fe+), uro, B cBOIO OuYepe/ib, BEI3BIBACT MX KOHBEPIEHIIMIO B TOPU3OHTANIBHBINA Y3KHH M IUIOTHBIN ES cioii. B
3TOM ciIy4ae, B BEpXHHX BBICOTaX HHM3KOH TepMocdepbl BbICOTa MaKCUMaJIbHOHM IJIOTHOCTH ES ciost Takxke
KOHTPOJIUPYETCS aMOUTIOSAPHOM quddy3uei.

B ummxuelr Ttepmocdepe ceBepHOro mnomymapus, ES cnoil, BO3HMKIIMK 1OJ BO3AECHCTBHEM
OJHOPOAHOTO TOPU30HTAIBHOTO BETPA, JIOKAIM3YETCs B pernoHax, rie (1) ckopocTs BEpTHKAIBLHOTO Apeiida
WOHOB paBHA HYJIO (BOCTOYHO-CEBEPHBIN BeTep), (2) HOHBI ApeiyIOT HIKE (CEBEPHBIN M 3allaIHbIH BETPHI),
4yro ObIBaeT Oosiee wacto, wiu (3) HOHBI JpelidyroT BBepX (BOCTOYHBIM BeTep) U WX OTpHLATEIbHAS
IUBEPTEHIMA HcYe3aeT U (4) B cilyyae NMPEBOCXOJACTBA IOKHOTO BETpa, OUBEPTEHUMS Ipelida CKOpOCTH
nojoxurensHa u gopmuposanue ES cios He oxupaercs. @opmuposanue ES cios u ero jokanusaunus B
OKHJIaeMOM DErHMOHE IPOUCXOAUT OblcTpee uis OoibIIUMX cKopocTell Berpa. OTMeueHa BO3MOXHOCTb
MIPUMEHEHUS NPEeJIaraéMoi TEOpUH JUIsl BEpTUKAIBHOTO HEOAHOPOAHOIO BETPA.
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ABSTRACT

Dust propagation at the territory of Thilisi is studied using the 3D regional model of atmospheric
processes evolution and integration of the equation of contaminant transfer-diffusion. The dust pollution
process that takes place in case of background eastern gentle breeze is numerically modeled. It is obtained
that micro-scale dust propagation substantially depends on the terrain of city and its surrounding territories,
on the magnitude and direction of background wind velocity. Dust dispersed in Thilisi is mainly
concentrated in the lower 600 m thick atmospheric boundary layer. At 2 m height over a ground maximum
concentration 1.0-1.5 maximum allowable concentration (MAC = 0.5 mg/m?) is formed in the time interval
from 12 a.m. to 9 p.m. in the central and southern parts of the city as well as at relatively low-lying
territories. Peculiarities of dust vertical distribution and time variation are studied.

Keywords: Numerical modeling, pollution source, diffusion, dust propagation, wind.

Introduction.

The research goal is to study via numerical modeling Thilisi atmopsheric air pollution by dust in case
of background eastern gentle wind. Dust propagation at Thilisi city territory is simulated using the 3D
regional model of evolution of atmospheric processes in the Caucasus and integration of the equation of
admixtures transfer-diffusion [1, 2]. Motor transport is a source of dust pollution. It is assumed that the
guantity of dust dispersed in the atmosphere linearly depends on traffic intensity. The magnitude of
background eastern gentle breeze at 100 m height from earth surface (upper boundary of surface layer of
atmosphere) equals to 5 m/sec and linearly increases up to 23 m/sec at 9 km altitude above sea level. Time
and space variation of meteorological fields that are necessary for modeling are calculated by the numerical
model described in [1, 2]. Meteorological situation corresponds to dry weather of June, when relative
atmospheric humidity is 50%. Calculations are made along parallel and meridian with 300 and 400 m
horizontal steps. Vertical step in the free atmosphere varies in time and equals 300 m in average. In 100 m
thick surface layer of the atmosphere a vertical step varies from 2 to 15 m. Thilisi city having complex
terrain is disposed in the center of modeling area.

Modeling results

Spatial distribution of dust concentration and wind velocity obtained via calculation at 2, 100 and 600
m height over a ground at t = 0, 3 and 6 h of the first day is shown in Fig. 1. Concentration is given in units
of maximum allowable concentration (MAC = 0.5 mg/m?®). It is seen from Fig. 1 that at 2 m height from
underlying surface the maximum value of dust concentration, 0.5-0.7 MAC is obtained in the south-western
part of the city, at low-lying territory of Ponichala in the shape of a narrow and long band, and in the Thilisi
Sea surroundings. At the rest territory a concentration value is within a limit of 0.001-0.3 MPC. The area of
maximum pollution extends with height increase. At 100 m height concentration of 0.5-0.7 MPC is formed
in three parts of the city. Above the surface layer of atmosphere dust concentration is getting smaller. Its
value is within 0.1-0.3 MAC at 600 m height over a ground.
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Starting with t = 0 h city air pollution gradually decreases and becomes minimal at 6.00 a.m. At this
time a concentration value varies within a range of 0.001-0.3 MAC in the city and its surrounding territories.

O

44.7 a4.8 44.9 as

t=6h, z=600m

Fig. 1. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent =0, 3 and 6 h at 2, 100 and
600 m height over a ground

After t = 6.00 h, along with vehicular traffic intensity growth the dust pollution of city atmosphere
starts to increase in the vicinity of pollution sources — along the city mains and nearby (Fig. 2). Whent=9 h
dust concentration at z = 2 m height is especially high in the mains crossing areas and low-lying territories.
Vake, Saburtalo, Gldani, TEMKA and Ortachala are among these districts. Concentration values reach 1
MAC in these areas.

o
o
o
—

Fig. 2. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t =9, 12 and 15 h at 2, 100
and 600 m height over a ground
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Maximum dust pollution level is obtained in the time period from t =12.00 H to 21.00 h. Heavy
pollution zones include the center of city, Vake, Saburtalo and Ortachala. Concentration varies within a limit
of 1.0-1.5MAC at these territories. In the urban parts distanced from city mains, dust concentration varies
within a range of 0.5-0.7 MAC. As for recreational and unsettled territories, where we have no dust pollution
sources, pollution occurs according to the mechanism of advective and diffusive transfer. As a result, a
ground level concentration varies from 0.3 to 0.5 MAC.

At t=9.00 h an intense vertical convective transfer of the dust begins, due to which a dust originated
near the ground starts to propagate towards upper layers, and when t = 12.00 h, dust concentration reaches
0.7 MAC at 100 m height.

From t=18.00 to 21.00h there takes place a slight increase of dust concentration and change of size and
location of heavily polluted areas at 2 m height. This change is caused by wind velocity daily evolution in
the surface layer of atmosphere (Fig. 3). The area of high concentration zone is increased in the center of
southern part of the city, at the territories adjacent to Ponichala, and in the vicinity of Rustavi and Marneuli
highways. Concentration is decreased in the central and northern parts close to Georgian Military Road and
Gldani main.

In the time period from t=15.00 to 21.00h a vertical turbulent and convective diffusion of the dust
becomes especially high. As a result, concentration magnitude reaches 0.9-1.2 MAC at 100 m height above
the major part of the city. At 600 m height a concentration reaches 0.6 MAC. After t = 21.00 h a sharp
decrease of concentration takes place. When t = 24.00 h, a spatial distribution of concentration is similar to
distribution obtained early in the day.
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Fig. 3. Wind velocity (m/sec) and dust concentration (MAC) distribution, when t = 18, 21 and 24 h at 2, 100
and 600 m height over a ground

In Fig. 4 there is shown a vertical distribution of dust concentration in three vertical sections drawn
along the parallel in the surface layer of atmosphere, latitudes of which are 41.69° N, 41.72°N, 41.77°N. It
is seen from the Figure that the vertical distribution of concentration varies during a day in all three sections.
From t = 0.00 to 6.00 h a dust concentration reduction takes place in the ground-level layer. This decrease is
caused by termination of dust pollution process and dust transfer from modeling area to the outside.
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The process of dust vertical diffusion that is caused by diurnal convective motion of heated air
existing near a ground, becomes intense. Air flow catches dust particles. Transfer occurs by means of
separate convective cells having different sizes and shape due to orography. As a consequence we have a
situation, during which the dust concentration transferred to the upper 50 m area of surface layer of
atmosphere exceeds the dust concentration remained in the lower 50 m area.

From t=6.00 to 12.00 h, the quantity of dispersed dust increases along with vehicular traffic
intensification and, respectively, atmosphere pollution in the lower part of the surface layer nearby traffic
arteries is getting higher.
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Fig. 4. Dust concentration vertical distribution (MPC) in three vertical sections (41.69° N, 41.72°N, 41.77°
N) drawn along the parallel in the surface layer of atmosphere

By t = 12 h a dust cloud similar to a ground-level wide thermal is formed in the lower part of
atmospheric boundary layer, in some areas of the city. This cloud gradually increases in size and creates high
concentration areas. From this period the concentration in 50 m thick lower layer of the atmosphere exceeds
the concentration existing in upper 50 m layer. The areas maximally polluted according both geometrical
dimension and concentration, create in t =18.00-21.00 h time interval. After t = 21.00 h, due to vertical
advective and diffusive transfer, dust concentration starts to decrease nearby earth surface and to increase in
its upper part.

Conclusion

The kinematics of dust change created by motor transport at Thilisi territory and daily pattern of its
spatial distribution are studied in case of background eastern gentle breeze. Via analysis of wind velocity and
concentration fields it is obtained that spatial distribution of heavily polluted areas depends on city mains
disposition, and local circulation systems formed under dynamic impact of terrain and diurnal change of
thermal regime on the underlying surface. Maximum concentration 1.0-1.5 MAC is formed in t = 12.00-
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21.00 h time interval in the central, southern and relatively low-lying territories of the city. At 600 m height
from earth surface a maximum value of concentration reaches 0.7 MAC, when t = 21.00 h.
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YUCJIEHHOE MOAEJIUNPOBAHUE PACITPOCTPAHEHMUA I1BIJIM B
ATMOC®EPE r.TEUJIUCH: CIYYAH ®OHOBOI'O BOCTOUYHOI'O
CPEJIHEI'O BETPA

B.I'. Kyxanamsuiu, I'.'U. Kopazaxua, A.A. Cypmasa, H.I'. I'uraypu, JI.H. Uauxupsean
Pesome

C mOMOIIBI0 PETHOHATBHON MOJIETH aTMOC(EpHBIX TpolieccoB Ha KaBkaze W ypaBHEHHs IMepeHOCa-
muddy3un  nmpuMeceid U3ydYeHO paclpocTpaHeHWe TbUIM Ha Tepputopun T.TOwrtucu. YucineHHO
MOJICJTUPYETCS TPOIIECC 3aMbUICHHOCTH BO3/yXa BBIOPOCAMH aBTOTPAHCIIOPTA MPOTEKAIONIMN MPU CpeHei
CKOPOCTH BOCTOYHOTO (POHOBOTO BeTpa. BbUIO MOJIyYeHO, YTO MUKPO MaciiTabHOEe pachpeesieHue MbLTH
CYIIECTBEHHO 3aBUCHUT OT peibeda ropoja M €ro OKPECTHOCTEH, a TakKe HAMpPaBICHUS W BEIUYHMHBI
ckopocTi BeTpa. IIbuib, paccessHHas B T. TOWIHCH, B OCHOBHOM CKOHIICHTPHpPOBaHO B HikHel, 600-
METPOBOI1 30HE MOTPAHUYHOTO clios atMocdephl. Ha BbIcoTe 2 MeTpa ¢ MOBEpXHOCTH 3EMIIH KOHIICHTPAIIUS
1.0-1.5 TIIAK dopmupyercs Bo Bropoit mojopune aus or 12.00 mo 21.00 yaca B LEHTpaNbHOH U FOXKHOMH
gacTax ropoaa. M3ydeHbl OCOOCHHOCTH M3MEHEHHS BO BPEMEHHM BEPTHKAIBHOTO paclpee/icHHs MbIIH B
MIPU3EMHOM ciioe atMocdepsl 1. TOnmucu.
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ABSTRACT

Dust propagation at Thilisi city territory in case of strong background eastern winds is studied using
the 3D regional model of atmospheric processes evolution and integration of the equation of admixtures
transfer-diffusion. It is shown that dust propagation substantially depends on both the terrain of city and
surrounding territories and on the magnitude and direction of background wind velocity. It is obtained that
dust propagation process in case of strong background wind is characterized by time variation and spatial
distribution peculiarities. High pollution zones as well as the reasons of their time variation and dust
accumulation are determined. It is established that a high pollution level (1.2-2.0 MAC) is obtained in the
time interval from 3 p.m. to 9 p.m. in the up to 50 m thick lower part of surface layer of the atmosphere.

Keywords: numerical modeling, Thilisi dust pollution, diffusion, strong wind.
Introduction

The represented article is a continuation of studies started in [1] and dust pollution of Thilisi city
having complex terrain is studied in it via numerical modeling in case of strong background eastern wind.
The magnitude of background eastern wind at 100 m height from earth surface (the upper boundary of the
surface layer of atmosphere) equals to 10 m/sec and linearly increases up to 28.6 m/sec at 9 km altitude
above sea level. It is assumed that the dust quantity dispersed in the atmosphere linearly depends on the
traffic intensity. Time and space change of meteorological fields necessary for modeling is calculated
according to numerical model described in [2, 3]. Meteorological situation corresponds to dry weather of
June, when relative atmospheric humidity is 50%. Calculations are made along parallel and meridian with
300 and 400 m horizontal steps. Vertical step in the free atmosphere varies in time and equals 300 m in
average. In 100 m thick surface layer of the atmosphere a vertical step varies from 2 to 15 m. Thilisi city
with a complex terrain is disposed in the center of modeling area.

Modeling results

In Fig. 1 there is shown a spatial distribution of dust concentration and wind velocity at 2, 100 and 600

m height over a ground at t = 0, 3 and 6 hours of the first day obtained via calculations. Dust content is given

in units of one-off maximum allowable concentration (MAC = 0.5 mg/m?). It is seen from Fig. 1 that at 2 m

height from underlying surfaces a dust concentration value is less than 0.1 MAC. In the interval of time from
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0.00 a.m. to 6.00 a.m. there is no dust emission in the city atmosphere. Wind takes a dust away from city
territory, and the atmosphere self-purification process occurs, that’s why dust concentration is getting smaller
and by 6.00 a.m. its value in the surface layer of atmosphere is of order of 107-10° MAC. In this time period
dust distribution is featured by the fact that a concentration value at 600 m height is higher than that obtained
at 2 an 100 m height.

t=0h;z=600m.
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Fig. 1. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent =0, 3 and 6 h at 2, 100 and
600 m height over a ground

Starting with 6.00 a.m., the dust pollution level of the atmosphere in city streets is getting higher (Fig.
2). Concentration increase is associated with beginning of intense vehicular traffic. As a result, by t =9.00 h
we get a state when dust is propagated throughout a city. Large magnitudes of concentration are obtained at
Gldani and Temka mains, their crossing areas, Guramishvili Avenue, Saburtalo and Vake mains, Heroes
Square, and at separate sections of Gorgasali Avenue and Kakheti Highway. Concentration is within 0.8-1.0
MAC at mentioned territories. Despite the fact that the vehicle traffic intensity at Georgian Military Road,
Tsereteli Avenue, and both sides of Mtkvari river embankment is roughly the same as at city mains with
high pollution level, the concentration in their vicinity is relatively less and varies within limits of 0.5-0.8
MAC. The mentioned effect is obtained due to orography and thermal impact of underlying surface. In
particular, along the Mtkvari river gorge, during the mentioned time interval, wind velocity direction
changes by 90-180 grades and air stream convergence zone forms. The counter air flow brings along an
originated dust and increases its concentration in Gldani, Temka and Nadzaladevi districts. In Vake and
Saburtalo districts a dust brought by eastern flow, at high altitudes meets resistance of Mama Daviti ridge,
cannot overcome it and increases dust pollution level in the mentioned districts. Dust horizontal distribution
is such that dust concentrations are approximately within a limit of 0.3-0.5 MAC at 2-5 km distance from
heavy pollution areas, while at more distances concentrations drop to 0.1-0.001 MPC. It should be noted that
in morning hours dust pollution occurs mainly in the 50 m thick lower part of surface layer of the
atmosphere. As for higher altitudes, concentrations are small there and are within a range of 0.1-0.3 MAC.
From t = 9 to 21 h the quantity of dust dispersed in the atmosphere, doesn’t change. At the same time, this
time interval can be divided into two periods according to concentration changes:

First, from t = 9 to 18h, when concentration changes insignificantly; Second, from t = 18 to 21 h,
when dust pollution level increases in the central and western parts of the city and reduces in the eastern part
(Fig. 2 and Fig. 3). In these periods dust concentration in high pollution zones reaches 1.5-2 MPC at 2 m
height.
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t=9h;z=100m. t=9h;z=600m.

t=15h; z=100 m. t=15h;z =600 m.
E

Fig. 2. Wind velocity (m/sec) and dust concentration (MAC) distribution, whent=9, 12 and 15 h at 2, 100
and 600 m height over a ground
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In both periods, dust pollution pattern changes depend on diurnal variation of wind velocity. During
the first period there takes place increase of western wind in the western part of the region and convergence
band shift to the east by 1.5-2.0 km distance. Starting with t = 16 h there takes place western wind
weakening in the surface layer of atmosphere, convergence band breakup and eastern wind formation in the
western part of the region. As a result, accumulation of local dust and dust taken by advection, and
respectively its concentration increase occurs to the west of city, nearby the Mama Daviti piedmont slopes.

Two mutually opposite processes of dust pollution take place in the upper part of surface layer of the
atmosphere and in the atmospheric boundary layer. At 100 m height over a ground from t = 9 to 15 h dust
concentration reduces and afterwards, from 15 to 18 h it increases. The mentioned effect is obtained in the
atmospheric boundary layer at 600 m height, as well, though with less obviousness.

t=18h;z=2m. t=18 h; z =100 m. t=18h;z=100m.
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Fig. 3. Wind velocity (m/sec) and dust concentration (MPC) distribution, when t = 18, 21 and 24 h at 2, 100
and 600 m height over a ground
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From t = 21 to 24 h a sharp decrease of vehicular traffic intensity takes place. As a consequence, the
guantity and concentration of dispersed dust at 2 m height reduces. At this time, the wind velocity and
vertical turbulence are high in the lower part of a surface layer that causes powerful vertical diffusion and
advective transfer of near-the-ground dust. So, we get a steady state, when maximum dust concentration at
100 m height (0.7 MAC) exceeds the concentrations that are obtained at 2 and 600 m heights (0.1 MAC).

Dust vertical distribution for different moments is shown in Fig. 4. Concentration isozones in 3 cross-

sections drawn along the parallels in the surface layer of atmosphere are depicted there. It is seen from Fig.
4 that from the beginning of a day in this period 0 h< t < 6 h dust concentration in the lower part of surface
layer of the atmosphere is less than above it. After t = 6 h, with intensification of vehicular traffic, the high
pollution areas shaped like convection clouds are formed in the near-the-ground surroundings of dust
pollution sources. Starting with this moment, dust concentration in the lower 50 m thick part of surface layer
substantially exceeds concentration values obtained above it. Afterwards, there takes place intensification of
abovementioned dust pollution processes, which reaches its maximum by t = 21 h. After t = 21 h a self-
purification process — dust pollution reduction occurs. Self-purification process lasts until 6.00 a.m.. Then,
this process repeats on a quasi-periodic basis.
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Fig. 4. Dust concentration vertical distribution (MPC) in three vertical sections (41,69° N, 41,72° N, 41,77°
N) drawn along the parallel in the surface layer of atmosphere
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Conclusion.

The kinematics of dust concentration change created by motor transport at the territory of Thilisi and
diurnal pattern of its spatial distribution in case of strong background eastern wind are studied. Via analysis
of wind velocity and concentration fields it is obtained that spatial distribution of heavily polluted areas
depends on city mains disposition, and local circulation systems formed under dynamic impact of terrain and
diurnal change of thermal regime at the underlying surface. Maximum concentration 1.5-2.0 MPC is
obtained in time interval of t = 15-21 h in the central and western parts of the city. At 600 m height from
earth surface a maximum value of concentration reaches 0.7 MAC, when t = 21h.

Results obtained through modeling of time and spatial changes of dust concentration qualitatively
correctly describe the true picture. From a quantitative viewpoint, modeling results are close to average
characteristic data of observations [3].
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YUCIEHHOE MOAEJIUPOBAHUE PACIIPOCTPAHEHUSA
MNbLJIA B ATMOC®EPE r.TEBUJIMCHU: COYYAN
BOCTOYHOI'O CUJIBHOI'O ®OHOBOI'O BETPA

B.I'. KyxanamBuau, H.I'. 'uraypu, A.A. Cypmasa,
A.NA. Nemerpammian, JI.H. UHuKkupBeu

Pe3rome

C nomoIb0 peruoHanbHON Moaenu aTMocepHsIX mpoleccoB Ha KaBkase U ypaBHEHUs IepeHoca-
muddy3un mpuMecu B atMocdepe, U3ydeHO paclpoCTpaHEeHWE TBUIM Ha TeppuTopud r. TOwmmuch mpw
CUIBHOM (DOHOBOM BeTpe. AHanW3 IOJNEH CKOPOCTM BETpa M KOHLEHTPALMH MbUIM  [OKas3al, dYTo
IPOCTPAaHCTBEHHOE paclpesielieHne o001acTell BBICOKMX KOHLEHTPALMM 3aBUCUT OT PACIOIOKEHUS
aBTOMarucTpaiei, TUHAMUYECKOTrO0 BO3JIEHCTBUS penbeda U JOKAIbHBIX LUPKYJSLHOHHBIX IMPOLECCOB,
(OpPMHUPOBAaHHBIX HM3MEHEHHEM CYTOYHOTO TEPMHUYECKOI'O PEXHMMa Ha MOACTWIIAIOIIEH MOBEpXHOCTH. B
HIWOKHEH mnpuzeMHOM 50-MeTpoBOl 30HE WEHTPAIbHOM U 3amagHBIX YacTAX TOpoAa MaKCHUMallbHbIE
koHueHTpanuu 1.5-2.0 [TJK popmupyrorcs Bo BpemeHHOM uHTepBajie oT 15 no 21 vaca. Ha Beicote 600 M
OT MOBEPXHOCTHU 3eMii MakcuMaibHas koHueHTpauus 0.7 IIJIK nocturaercs k 21 yacy.
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ABSTRACT

At the end of 2019, a novel coronavirus COVID-19 emerged in Wuhan, China and later spread
throughout the world, including Georgia. To control the rapid dispersion of the virus, Georgia, as another
countries has imposed national lockdown policies to praxise social distancing, restriction of automobile
traffic, industrial enterprises, etc. This has led to reduced human activities and hence primary air pollutant
emissions, which caused improvement of air quality.

In this work data about influence of these limitation in Georgia in connection with the pandemic of
COVID-19 to the decrease of the level of air pollution in Thilisi during spring 2020 compared to the same
period in 2017-20109.

The data of Georgian National Environmental Agency about the daily mean values of dust
concentration (atmospheric particulate matter - PM2.5 and PM10), NO,, CO and O3 and also data of the
satellite monitoring of the aerosol optical thickness of atmosphere are used. In particular, there has been a
significant increase in ozone in the air and a significant decrease in other atmospheric pollutants.

Key words: Pandemic of Coronavirus COVID-19, air pollution.
1. Introduction

At the M. Nodia Institute of Geophysics for many decades has been conducting research on
atmospheric aerosols (including radioactive ones) [1-7] and ozone [3-5, 8, 9]. Some experimental and
theoretical studies of the structure of atmospheric aerosols, their optical properties, distribution in the
atmosphere, etc. are presented in [5, 10-20]. Data about experimental laboratory studies of the processes of
washing out aerosols and ozone, their ice-forming properties, etc. are presented in [2, 5, 21].

Particular attention is paid to full-scale studies of ozone, mineral and secondary aerosols (stationary
monitoring of ozone, solid particles and secondary aerosols in the surface atmosphere [2, 5, 8, 22-27],
aircraft research of mineral aerosols and ozone in the lower troposphere [ 2, 7, 8, 28-30], mobile monitoring
of aerosols and ozone in Thilisi [5], data analysis of stationary ground-based remote and satellite monitoring
of the aerosol optical depth of the atmosphere and ozone [4, 5, 31-42], radar monitoring of large dust
formations in the atmosphere [43,44]).

In recent years, in Georgia, the Environmental Agency, in accordance with international standards
[45], began monitoring particulate matter with a diameter of <2.5 pm (PM2.5) and <10 um (PM10), and the
gas pollution of the atmosphere: SO2, NO, CO, Os [http://air.gov.ge/reports_page].

The statistical characteristics of the weight concentrations of aerosols (particulate matter PM2.5 and
PM10) in three points of Thilisi city (A. Kazbegi av., A. Tsereteli av. and Varketili) in 2017-2018 are
represented in [46]. In particular, it is obtained that the greatest average annual values of PM2.5 on the A.
Tsereteli av. were observed (24.9 ug/m?, the range of the change: 0-440 pg/m?), smallest - on A. Kazbegi
av. (16.6 ug/m’, the range of the change: 0-494 pug/m3). The greatest average annual values PM10 also on.
A. Tsereteli av. were observed (57.2 pg/m?, the range of the change: 0-553 ug/m?), smallest - in Varketili
(37.4 ug/md, the range of the change: 0-319 ug/m?).
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It is obtained, that the value of the linear correlation coefficient between the hourly values PM2.5
and PM10 on all points sufficiently high and changes from 0.77 to 0.89. The value of the correlation
coefficient between the hourly values of PM2.5 between the points changes from 0.64 to 0.73, and PM10 -
from 0.49 to 0.60.

The statistical characteristics of surface ozone concentration (SOC) in three same points of Thilisi
city (A. Kazbegi av., A. Tsereteli av. and Varketili) in 2017-2018 are represented in [47].

In particular, it is obtained that the greatest average annual values of SOC in Varketili were observed
(53.9 png/ms, the range of the change: 1-134 pg/m3), smallest — at the A. Tsereteli av. (21.6 ug/m?, the range
of the change: 0-102 nug/ms3). The value of the correlation coefficient between the eight hour values SOC
between the points sufficiently high and changes from 0.74 to 0.91.

At the end 2019 - to first half 2020, in connection with the pandemia of coronavirus COVID-19 in
many countries of world, including Georgia, were introduced the limitations in the work of some industrial
objects, the cancellation of aviation communication, movement of truck transport, etc. Those indicated
limitation brought to the decrease of the level of the air pollution in many countries of the world [48-53].

In the work [48] it is noted that responding to the ongoing novel coronavirus (agent of COVID-19)
outbreak, China implemented “the largest quarantine in human history” in Wuhan on 23 January 2020.
Similar quarantine measures were imposed on other Chinese cities within days. Human mobility and relevant
production and consumption activities have since decreased significantly. As a likely side effect of this
decrease, many regions have recorded significant reductions in air pollution. Authors employed daily air
pollution data and Intracity Migration Index (IMI) data form Baidu between 1 January and 21 March 2020
for 44 cities in northern China to examine whether, how, and to what extent travel restrictions affected air
quality. On the basis of this quantitative analysis, they reached the following conclusions: (1) The reduction
of air pollution was strongly associated with travel restrictions during this pandemic—on average, the air
quality index (AQI) decreased by 7.80%, and five air pollutants (i.e., SO,, PM2.5, PM10, NO>, and CO)
decreased by 6.76%, 5.93%, 13.66%, 24.67%, and 4.58%, respectively. (2) Mechanism analysis illustrated
that the lockdowns of 44 cities reduced human movements by 69.85%, and a reduction in the AQI, PM2.5,
and CO was partially mediated by human mobility, and SO,, PM10, and NO. were completely mediated.

On another work [49] it is shown, that industrial emission reduction has played a significant role in
the improvement of air quality in Yangtze River Delta Region of China. Concentrations of PM2.5, NO; and
SO, decreased by 31.8%, 45.1% and 20.4% during the Level | period; and 33.2%, 27.2% and 7.6% during
the Level Il period compared with 2019. However, ozone did not show any reduction and increased greatly.
Results of [49] also show that even during the lockdown, with primary emissions reduction of 15%-61%, the
daily average PM2.5 concentrations range between 15 and 79 pg-m=, which shows that background and
residual pollutions are still high. Source apportionment results indicate that the residual pollution of PM2.5
comes from industry (32.2-61.1%), mobile (3.9-8.1%), dust (2.6—-7.7%), residential sources (2.1-28.5%) in
YRD and 14.0-28.6% contribution from long-range transport coming from northern China. This indicates
that in spite of the extreme reductions in primary emissions, it cannot fully tackle the current air pollution.

The first COVID-19 case in Brazil was confirmed on February 25, 2020 [50]. On March 16, the
state's governor declared public health emergency in the city of Rio de Janeiro and partial lockdown
measures came into force a week later. The main goal of work [50] is to discuss the impact of the measures
on the air quality of the city by comparing the particulate matter, carbon monoxide, nitrogen dioxide and
ozone concentrations determined during the partial lockdown with values obtained in the same period of
2019 and also with the weeks prior to the virus outbreak. Concentrations varied with substantial differences
among pollutants and also among the three studied monitoring stations. CO levels showed the most
significant reductions (30.3—-48.5%) since they were related to light-duty vehicular emissions. NO, also
showed reductions while PM10 levels were only reduced in the first lockdown week. In April, an increase in
vehicular flux and movement of people was observed mainly as a consequence of the lack of consensus
about the importance and need of social distancing and lockdown. Ozone concentrations increased probably
due to the decrease in nitrogen oxides level. When comparing with the same period of 2019, NO, and CO
median values were 24.1-32.9 and 37.0-43.6% lower.

In Almaty, a city-scale quarantine came into force on March 19, 2020, which was a week after the
first COVID-19 case was registered in Kazakhstan [51]. In study [51] analyze the effect of the lockdown
from March 19 to April 14, 2020 (27 days), on the concentrations of air pollutants in Almaty is conducted.
Daily concentrations of PM2.5, NO, SO,, CO, Os, and BTEX were compared between the periods before
and during the lockdown. During the lockdown, the PM2.5 concentration was reduced by 21% with spatial
variations of 6-34% compared to the average on the same days in 2018-2019, and still, it exceeded WHO
daily limit values for 18 days. There were also substantial reductions in CO and NO; concentrations by 49%
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and 35%, respectively, but an increase in Oz levels by 15% compared to the prior 17 days before the
lockdown. The concentrations of benzene and toluene were 2-3 times higher than those during in the same
seasons of 2015-2019. It is noted, that temporal reductions may not be directly attributed to the lockdown
due to favorable meteorological variations during the period, but the spatial effects of the quarantine on the
pollution levels are evidenced. The results demonstrate the impact of traffic on the complex nature of air
pollution in Almaty, which is substantially contributed by various nontraffic related sources, mainly coal-
fired combined heat and power plants and household heating systems, as well as possible small irregular
sources such as garbage burning and bathhouses.

In the work [52] was a substantial reduction in many countries in the level of nitrogen dioxide (NO-:
0.00002 mol-m), a low reduction in CO (<0.03 mol-m?), and a low - to moderate reduction in Aerosol
Optical Thickness (AOT: ~0.1-0.2) in the major hotspots of COVID-19 out break during February—March
2020, which may be attributed to the mass lockdowns.

In the work [53] authors assessed air quality during the COVID-19 pandemic for fine particulate
matter (PM2.5) and nitrogen dioxide (NO) in the continental United States from January 8th-April 21st in
2017-2020. They considered pollution during the COVID-19 period (March 13-April 21st) and the pre-
COVID-19 period (January 8th-March 12th) with 2020 representing ‘current’ data and 2017-2019
representing ‘historical’ data. County-level pollution concentrations were compared between historical
versus current periods, and counties were stratified by institution of early or late non-essential business
closures. Statistically significant NO2 declines were observed during the current COVID-19 period compared
to historical data: a 25.5% reduction with absolute decrease of 4.8 ppb. PM2.5 also showed decreases during
the COVID-19 period, and the reduction is statistically significant in urban counties and counties from states
instituting early non-essential business closures.

In Georgia the following limitations were introduced: from March 21 to May 22, 2020 - state of
emergency and curfew, from 17 to 27 April 2020 - complete ban of the movement of automobiles, from 28
April through 28 May 2020 - the permission of the movement of passenger automobiles, from 29 May 2020
- the permission of the movement of buses [https://ren.tv/news/v-mire/687151-vlasti-gruzii-zapreshchaiut-
dvizhenie-avtomobilei-iz-za-koronavirusa, ttps://www.ekhokavkaza.com/a/30578567.html,
https://yandex.ru/turbo/s/vz.ru/news/2020/5/22/ 1040797.html].

Data about influence of these limitations in Georgia in connection with the pandemic of coronavirus
COVID-19 to the decrease of the level of air pollution in Thilisi during spring 2020 compared to the same
period in 2017-2019 are presented below.

2. Study area, material and methods

Study area — three locations of Thilisi (A. Kazbegi av., A. Tsereteli av., Varketili). Coordinates of
these locations of air pollution measurements points in [46,47] are presented.

The data of Georgian National Environmental Agency about the daily mean values of dust
concentration  (atmospheric  particulate matter - PM25 and PM10), NO, CO and O3
[http://air.gov.ge/reports_page] that averaged on three indicated stations are used. Period of observation:
January 1- May 31, 2017 - 2020.

Data of the satellite monitoring of the aerosol optical thickness of atmosphere (AOT) are used also
[https://neo.sci.gsfc.nasa.gov/view.php?datasetld=MODAL2_M_AER_OD]). Period of observation: April
2019, January 1 - June 1, 2020.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods of random events and methods of mathematical statistics for the non accidental time-series of
observations [54, 55]. Missed data of time-series of observations were restored in the correspondence with
the standard methods [54].

The following designations will be used below: Min — minimal values, Max - maximal values, St Dev -
standard deviation, R? — coefficient of determination, Kow — Durbin-Watson Statistic, Res — residual
component, Real - measured data, Calc — calculated data. The curve of trend is equation of the regression of
the connection of the investigated parameter with the time at the significant value of the determination
coefficient and such values of Kpw, where the residual values are accidental. If the residual values are not
accidental the connection of the investigated parameter with the time we will consider simply regression.

3.Results and discussion

Results in table 1-3 and fig. 1-16 are presented.
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In table 1-2 statistical characteristics of PM2.5, PM10, NO,, CO and Og in air of Thilisi in spring 2017-
2020 are presented. In table 3 form of the equations of the regression of the time changeability of the daily
values of five air pollutants in Thilisi from 1 March through 31 May 2017-2020 are presented. In fig. 1,3,5,7
and 9 data about changeability of the measured values of five air pollutants in Thilisi from 1 March through
31 May 2017-2020 are represented. In fig. 2,4,6,8 and 10 data about changeability of the calculated
according to table 3 values of five air pollutants in Thilisi from 1 March through 31 May 2017-2020 are
represented.

Table 1. Statistical characteristics of PM2.5 and PM10 in air of Thilisi in spring 2017-2020.

Pollutant PM2.5, (ug/md) PM10, (ug/md)

Year 2017 | 2018 | 2019 | 2020 2017 | 2018 | 2019 [ 2020
Month March-May

Max 44.2 40.7 26.7 52.1 81.8 92.5 62.6 117.7

Min 8.0 8.1 5.5 4.3 22.4 23.0 13.0 9.1
Mean 16.7 17.8 14.5 14.9 38.7 41.1 31.8 31.9
StDev 6.5 5.8 45 9.2 10.9 12.0 9.6 19.3
Month March

Max 44.2 40.7 26.7 52.1 81.8 92.5 51.5 117.7

Min 11.2 8.1 6.9 6.6 26.6 23.0 13.1 12.1
Mean 20.6 20.5 14.9 22.4 43.2 42.1 29.6 44.4
StDev 8.4 8.3 5.8 12.0 14.1 17.6 9.7 27.0
Month April

Max 27.9 21.4 20.5 18.0 56.6 50.3 44.8 34.8

Min 9.6 9.5 5.5 4.3 22.5 23.6 13.0 9.1
Mean 15.8 17.0 14.0 11.0 36.7 36.7 29.6 22.1
StDev 45 3.3 4.0 35 9.2 7.3 8.3 6.7
Month May

Max 21.5 20.7 22.6 19.1 52.6 52.2 62.6 50.9

Min 8.0 9.0 7.2 5.7 22.4 27.9 14.3 13.0
Mean 13.8 15.9 14.5 11.2 36.1 44.2 36.1 28.8
StDev 3.8 3.2 3.6 3.7 7.2 6.9 9.5 9.4

Table 2. Statistical characteristics of NO,, CO and Os in air of Thilisi in spring 2017-2020.

Pollutant NO, (ug/m?3) CO, (mg/m?3) O3, (ug/m?)

Year 2017 | 2018 | 2019 | 2020 | 2017 | 2018 | 2019 | 2020 | 2017 | 2018 | 2019 | 2020
Month March-May

Max 77.3 | 539 | 53.0 | 325 2.0 2.3 1.5 2.0 93.7 | 87.7 | 882 | 107.6
Min 252 | 17.7 | 20.3 9.3 0.4 0.6 0.5 0.3 373 | 224 | 320 | 211
Mean 413 | 31.0 | 335 | 159 1.0 1.0 0.9 0.7 69.5 | 62.0 | 627 | 76.3
StDev 10.2 6.3 6.5 4.6 0.3 0.3 0.2 0.3 121 | 141 | 116 | 148
Month March

Max 67.8 | 410 | 53.0 | 325 2.0 2.3 1.5 2.0 86.1 | 818 | 83.1 | 855
Min 252 | 177 | 212 | 122 0.7 0.6 0.5 0.4 40.8 | 224 | 320 | 211
Mean 425 | 31.0 | 327 | 1938 1.1 1.2 0.9 0.9 675 | 52.8 | 60.0 | 64.9
StDev 10.7 6.2 7.2 5.3 0.3 0.4 0.3 0.4 100 | 152 | 108 | 121
Month April

Max 77.3 | 386 | 523 | 16.6 1.7 1.1 1.2 0.6 93.7 | 87.7 | 812 | 102.4
Min 266 | 201 | 25.8 9.3 0.4 0.6 0.6 0.3 429 | 537 | 355 | 583
Mean 418 | 289 | 344 | 127 0.9 0.8 0.8 0.5 74.0 | 70.2 | 611 | 829
StDev 12.6 5.0 5.7 2.2 0.3 0.2 0.2 0.1 12.6 8.6 135 | 115
Month May

Max 50.1 | 539 | 46.9 | 225 1.4 1.3 1.3 1.1 835 | 87.4 | 882 | 107.6
Min 256 | 232 | 203 | 112 0.6 0.6 0.5 0.4 373 | 347 | 548 | 40.8
Mean 396 | 331 | 335 | 15.1 0.9 0.9 0.8 0.6 67.2 | 63.3 | 67.1 | 814
StDev 6.8 7.0 6.5 2.4 0.2 0.2 0.2 0.2 126 | 11.9 9.2 13.6

60




As follows from tables 1-2 in 2020, compared with 2017-2019, the average monthly measured level
of air pollution in Thilisi changes as follows:

PM2.5.

March-May: 2017 — decrease by 10.9% , 2018 — decrease by 16.4%, 2019 — slight increase on 3% ;
March: 2017 — increase on 8.9% , 2018 — increase on 9.3% , 2019 — increase on 50.5%;

April: 2017 — decrease by 30.7%, 2018 — decrease by 35.7%, 2019 decrease by 22%;

May: 2017 — decrease by 18.4%, 2018 — decrease by 29.6%, 2019 — decrease by 22.4%

PM10.

o March-May: 2017 — decrease by 17.6%, 2018 — decrease by 22.4%, 2019 — virtually unchanged;
e March: 2017 — weak growth on 2.9%, 2018 - weak growth on 5.4%, 2019 — growth by 50.2%;

o April: 2017 — decrease by 39.8%, 2018 - decrease by 39.6% , 2019 - decrease by 25.4%;

o May: 2017 - decrease by 20.2%, 2018 - decrease by 34.9%, 2019 - decrease by 20.3%.

NO.. For all time periods, a decrease.

March-May: 2017 — 61.5% , 2018 — 48.8%, 2019 — 52.6%;
March: 2017 — 53.4%, 2018 — 36.2% , 2019 — 39.5%;
April: 2017 — 69.6%, 2018 — 56.1%, 2019 — 63.1%;

May: 2017 — 62.0%, 2018 — 54.5%, 2019 — 55.1%.

CO. For all time periods except March 2019, a decrease.

e March-May: 2017 — 29.3%, 2018 — 28.3%, 2019 — 19.4%;

e March: 2017 — 13.8%, 2018 — 19.9%, 2019 — slight increase on 5.8% ;
o April: 2017 — 49.4%, 2018 — 43.6%, 2019 — 45.6%;

e May: 2017 —29.0%, 2018 — 26.1%, 2019 — 21.1%.

Os. For all time periods except March 2017, growth.

March-May: 2017 — 9.8%, 2018 -23.1 %, 2019 -21.7 %;

March: 2017 — slight decrease by 3.8%, 2018 — 23.0%, 2019 — 8.2%;
April: 2017 — 12.1%, 2018 — 18.1%, 2019 — 35.8%;

May: 2017 — 21.0%, 2018 — 28.5%, 2019 — 21.3%.

The time dependence of all measured components of air pollution in Thilisi have fairly complicated
behavior. For PM2.5, PM10, NO; and CO are satisfactorily described by the tenth order polynomial and for
Os - by the fifth order polynomial (fig. 2,4,6,8,10, table 3).

——PM2.5 2017 Real —=—PM2.5 2018 Real PM2.5 2019 Real ——PM2.5 2020 Real

10,0 +

Fig. 1. Changeability of the measured values of PM2.5 in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 2. Changeability of the calculated values of PM2.5 in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 3. Changeability of the measured values of PM10 in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 4. Changeability of the calculated values of PM10 in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 5. Changeability of the measured values of NOz in Thilisi from 1 March through 31 May 2017-2020.

——NO02 2017 Calc —#—NO2 2018 Calc —+NO2 2019 Calc ——N02 2020 Calc

80,0

70,0

60,0

”‘____——-—0

Fig. 6. Changeability of the calculated values of NO> in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 7. Changeability of the measured values of CO in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 8. Changeability of the calculated values of CO in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 9. Changeability of the measured values of Os in Thilisi from 1 March through 31 May 2017-2020.
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Fig. 10. Changeability of the calculated values of Oz in Thilisi from 1 March through 31 May 2017-2020.
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Table 3. Form of the equations of the regression of the time changeability of the daily values of five air
pollutants in Thilisi from 1 March through 31 May 2017-2020. The level of significance of R2 is not worse

than 0.001.
Pollutant / Regression PM2.5 / Tenth order polynomial
Year 2017 2018 2019 2020
R2 0.571 0.225 0.266 0.657
Kow 1.41 1.54 1.19 1.07
Positive The autocorrelation Positive Positive
autocorrelation of of Res. is absent autocorrelation of autocorrelation of
Res. Res. Res.
Pollutant / Regression PM10 / Tenth order polynomial
R2 0.412 0.228 0.307 0.535
Kow 1.58 1.37 1.23 0.75
The autocorrelation Positive Positive Positive
of Res. is absent autocorrelation of autocorrelation of autocorrelation of
Res. Res. Res.
Pollutant / Regression NO; / Tenth order polynomial
R2 0.240 0.207 0.271 0.732
Kow 1.58 1.40 1.60 1.74
The autocorrelation Positive The autocorrelation | The autocorrelation
of Res. is absent autocorrelation of of Res. is absent of Res. is absent
Res.
Pollutant / Regression CO / Tenth order polynomial
R2 0.352 0.370 0.306 0.734
Kpw 1.63 1.63 1.61 1.92

The autocorrelation
of Res. is absent

The autocorrelation
of Res. is absent

The autocorrelation
of Res. is absent

The autocorrelation
of Res. is absent

Pollutant / Regression O3 / Fifth order polynomial
R2 0.148 0.323 0.140 0.358
Kbpw 1.60 1.77 1.19 1.17
The autocorrelation The autocorrelation Positive Positive
of Res. is absent of Res. is absent autocorrelation of autocorrelation of
Res. Res.

In particular, during the period of a complete stop of automobile traffic in Georgia from April 17 to
27, 2020, compared with the same period of 2017-2019, the average measured and calculated level of air
pollution in Thilisi changed as follows (fig. 1-10):

PM2.5. Decrease.

Measured values: 2017 — 40.5%, 2018 — 54.3%, 2019 — 36.4%. Calculated values: 2017 — 37.5%, 2018 —

49.7%, 2019 — 36.8%.

PM10. Decrease.

Measured values: 2017 — 49.1%, 2018 — 56.9%, 2019 -32.2 %. Calculated values: 2017 — 47.9%, 2018 -54.1

%, 2019 — 35.7%.

NO.. Decrease.

Measured values: 2017 — 70.7%, 2018 — 65.4%, 2019 — 65.0%. Calculated values: 2017 — 69.2%, 2018 —

62.4%, 2019 — 63.6%.

CO. Decrease.

Measured values: 2017 — 53.1%, 2018 -55.8 %, 2019 -56.7 %. Calculated values: 2017 — 51.8%, 2018 —

54.1%, 2019 — 53.6%.

Os. Increase.

Measured values: 2017 — 9.3%, 2018 — 17.8%, 2019 — 49.8%. Calculated values: 2017 — 11.3%, 2018 —

16.0%, 2019 — 32.1%.
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As is known, the comparison of ground-based observational data of the air pollution with satellite
data is of significant interest. Previously similar studies we have carried out into [36-39]. The comparative
analysis of satellite observations of the aerosol optical thickness of the atmosphere (AOT) with the data of
ground-based measurements PM2.5 and PM10 in Thilisi in the period of pandemic is given below.

From table 1 follows that in 2017-2019 the lowest content of PM2.5 and PM10 in Thilisi was
observed in 2019. Therefore, in this stage of studies we compared the average monthly data about AOT
during April 2019 and 2020 years (fig. 11,12).

Fig. 12. Monthly mean values of AOT over the South Caucasus in April 2020.

As follows from these figures in April 2020 monthly mean values of AOT over Thilisi is
considerably lower than into 2019 (0.1 and 0.067 accordingly, decrease by 33%). Thus, the decrease of the
level of the aerosol pollution of the atmosphere in Thilisi in the period of pandemic as in [52] was fixed with
satellite observations.
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Fig. 13. Changeability of mean eight day values of AOT over Thilisi from 1 January through 1 June 2020.
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Fig. 14. Changeability of mean eight day values of PM2.5 and PM10 in Thilisi
from 1 January through 1 June 2020.

Let us finally estimate the correspondence of data of AOT satellite observations with the data of
ground-based measurements of PM2.5 of and PM10 in Thilisi. In fig. 13 and 14 data about changeability
of mean eight day values of AOT over Thilisi and PM2.5 and PM10 in Thilisi from 1 January through 1 June
2020 are presented. As follows from these figures in the time dependence of the indicated parameters
of atmosphere it is observed similarity.
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Fig. 15. Connection between mean eight day values of AOT and PM2.5 for Thilisi
from 1 January through 1 June 2020.

67



0,225
AOT =0.1014In(PM10) - 0.2454
R2=1(.5813 /
0,175 ¢
. >
S 0125 > ¢
< L *
* L 2
0,075 *
0. PR 2
[
.S
0,025 . . : . : : :
10 20 30 40 50 60 70 30
PM10, png/m®

Fig. 16. Connection between mean eight day values of AOT and PM10 for Thilisi
from 1 January through 1 June 2020.

This is confirmed by fig. 15 and 16, in which curves of connection of mean eight day values of
AOT with PM2.5 and PM10 for Thilisi from 1 January through 1 June 2020 are presented. As follows from
these figures the connection between AOT and PM2.5 and PM10 has logarithmic form and are
sufficiently satisfactory (R? = 0.7 and 0.5813 accordingly).

Conclusion

In the near future we plan to continue analogous studies both for Thilisi and other regions of
Georgia, taking into account the new data about air pollution and different scales of averaging (hour, eight-
hour, daily, eight day, monthly).
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Mangemus koponasupyca COVID-19 u 3arpsizHeHue BO31yXa B
Townaucu BecHou 2020 roxa

A.I'. AmMupanamBuin, /I.JI. Kupkuranze, 3.H. Kekenaase

Pe3rome

B xonme 2019 roma HoBbIM KopoHaBupyc COVID-19 mosBuics B VYxane, Kuraif, a 3arem
pacnpocTpaHuiICs M0 BceMy MHUpY, BKitodast ['py3uto. UToObI KOHTPOIMPOBATH OBICTPOE pacipoCTpaHEHHE
Bupyca, I'py3us, Kak ¥ Ipyrue cTpaHbl, BBeJla HALMOHAIBHYIO OJIMTUKY CACPKUBAHUS, C TEM YTOOBI yUecThb
COLMANIBHOE JIMCTAaHIIMPOBAHWE, OTPAaHWYCHHE aBTOMOOWIILHOTO JBWKEHHS, pabOThl MPOMBIIUIEHHBIX
MPEenNnpusITHA U T. . DTO TPHUBEIO K COKPAIICHHIO YEIOBEYECKON NEATENbHOCTH M, CIEJOBATEIbHO, K
BbIOpOCaM NMEPBUYHBIX 3arps3HUTENICH BO3/1yXa, YTO BBI3BAJIO YIIyUIlIEHHE KauecTBa BO3AyXa.

B paGote mpuBOnATCS NaHHBIE O BIMSHAW STHUX OTPaHWYEHHH B I'py3un B CBS3M C TaHIeMHUEH
COVID-19 Ha cHwkeHWe ypOBHs 3arpsi3HEHUs Bo3ayxa B TOwmmcu BecHod 2020 rospa MO CpaBHEHUIO ¢
aHaJIOrn4YHbIM nepuojoM B 2017-2019 ronax.

B pabote wncnonb3oBaHbl AaHHbIE HalnMoHanbHOTO areHTCTBAa MO OXpaHE OKPY’KAaloIIeH Cpeabl
['py3un o cpemHeCYyTOYHBIX 3HAYEHHSIX KOHIIEHTpauuH meUtu (atMochepHsle yactuiel - PM2,5 u PM10),
NO;, CO u O3z, a TakKe JaHHbIE CIIyTHUKOBOTO MOHUTOPHHTA a3PO30JIbHON ONTHYECKON TONIIH aTMOC(EpHI.
B uacTHOCTH, OTMEUaeTCs CyIECTBEHHBIN POCT COAEPIKaHUS 030HA B BO3yX€E M 3HAUUTEIBHOE YMEHBIICHUE
OCTaJIbHBIX 3arpsi3HUTENEH aTMOc(hepsl.
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ABSTRACT

The statistical analysis of the daily maximum speed of wind (W) for 13 points of Kakheti in the period from 1
January 2017 through 31 December of 2019 is represented.

In particular, the following results are obtained: mean monthly and seasonal (warm and cold half-years, year)
values of W for all stations during entire period of observations are calculated; it is shown that the distributions of
mean monthly values of W in the territory of Kakheti has the uneven nature and changes from 0.7 m/sec (Tsnori,
November) to 9.5 m/sec (Sagarejo, June); the map of the distribution of mean annual values of W in the territory of
Kakheti is given; repetition of daily values of W for all points of Kakheti in accordance with the Beaufort Wind Scale is
studied; it is shown that the value of the linear correlation coefficient R between the stations in terms of all daily values
of W on the average compose 0.45 and change from 0.15 to 0.83, for the cold half-year - 0.54 (it changes from 0.26 to
0.87), for the warm half-year - 0.36 (it changes from 0.03 to 0.78); the dependence of the linear correlation coefficient
between the stations by values of W from the distance between them is studied (with an increase in the distance between
the stations value of R diminishes in the correspondence with the power function); the dependence of W on the height of
the stations arrangement on the average in the year, into the cold and warm half-years is studied.

Key words: Local climate, max wind speed.
1. Introduction

Wind is one of the most important climate-forming factors. Therefore in Georgia, as in other
countries, to studies of the wind regime is paid special attention. Significant number of works is devoted to
the climatology of wind, changeability of its regime [1-4]. Information about the wind regime is important
for the development wind-power engineers, agrarian sector of economy [1,3], etc. High wind frequently it
leads to the destruction of habitable and production units, the stoppage of the work of airports, the
appearance of blizzards, the intensification of the negative consequences of other dangerous
hydrometeorological phenomena (intensive precipitations, hail, etc.), human victims, etc. [5-9]. On wind
speed depends the level of the air pollution [10-12]. Wind is also one of the most important bioclimatic
factors. Therefore information about the wind regime is important for the development of health resort -
tourism sector of economy [13-14] by the estimations of different simple and complex bioclimatic indices
for the specific territories [15-20].

Since 2015 in Kakheti region of Georgia is restored the work of anti-hail service [21,22]. During the
estimation of damage from the hail damages frequently is also necessary the information about other
associated extreme meteorological elements, including wind speed [9]. In addition to this, the data about the
regime of extreme wind are necessary for the optimum distribution of the points of action on clouds, etc.
[22,23].

In connection with that indicated was set the task of investigating the regime of maximum daily wind
speed in Kakheti, the special features of its distribution in the investigated territory, the comparison of the
wind regime in the days with the hail with the non hail days, developments the possible connection between
the data about the extreme wind on the earth's surface with the data of the radar measurements of the wind
speed on 2-2.5 km [24]. In this stage of these studies is carried out the detailed statistical analysis of the
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daily maximum wind speed for 13 points of Kakheti in the period from 1 January 2017 through 31 December
of 2019, whose results are represented below.

2. Study area, material and methods

Study area — 13 locations of Kakheti region of Georgia. Coordinates of these locations of wind speed
measurements points in table 1 are presented. Distance from these meteorological stations in table 2 are
presented.

The data of Georgian National Environmental Agency about the daily max values of wind speed (W)
on 13 indicated stations are used. Period of observation: January 1, 2017- December 31, 2019.

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [25]. Missed data of time-series of observations were restored in the correspondence with the
standard methods [25].

The following designations will be used below: Mean — average values; Min — minimal values; Max -
maximal values; Range — Max-Min; Median — median values; St Dev - standard deviation; Cv — coefficient
of variation, %; R?— coefficient of determination; R — coefficient of linear correlation; 99% L and 99% U -
accordingly, 99% upper and lower levels of the confidence interval of average; a - the level of significance.
Cold period: October-March, warm period: April-September. The following rule of thumb for interpreting
the size of a correlation coefficient is used [26] : 0 <R < 0.3 - Negligible correlation, 0.3 <R< 0.5 - Low
correlation, 0.5 <R < 0.7 - Moderate correlation, 0.7 <R < 0.9 - High correlation, 0.9 <R < 1.0 - Very high
correlation.

Table 1. Coordinates of 13 meteorological stations in Kakheti.

Location Location (Abbrev.) Long., E° Lat, N° Height (H), m (a.s.l.)
Tsnori Tsn. 45.993 41.612 501
Kindzmarauli- Khareba Kindz. 45.810 41.612 360
Telavi (Wine Cellar) Tel. 45.603 41.959 378
Saniore San. 45.489 42.051 550
Vachnadziani-Khareba Vachn. 45.657 41.867 496
Ruispiri Ruisp. 45.401 41.964 550
Dzveli Anaga Dz. An. 46.068 41.559 395
Bakurtsikhe Bakur. 45,935 41.733 236
Zemo Kedi Z. Kedi 46.381 41.421 681
Sagarejo Sagar. 45.368 41.650 580
Khornabuji Khorn. 46.181 41.513 251
Naendrovali Naendr. 46.068 41.760 230
Kistauri Kist. 45.269 42.005 519

Table 2. Distance from 13 meteorological stations in Kakheti between itself (km).

Dz. Z

Tsn. | Kindz. | Tel. | San. | Vachn. | Ruisp. | An. | Bakur. | Kedi | Sagar. | Khorn. | Naendr. | Kist.

Tsn. 0 15 50 64 40 63 9 14 39 52 19 18 74
Kindz. 15 0 42 56 31 52 22 17 52 37 33 27 63
Tel. 50 42 0 14 11 17 59 37 88 40 69 44 28
San. 64 56 14 0 25 12 73 51 102 46 83 58 19
Vachn. | 40 31 11 25 0 24 48 27 78 34 59 36 36
Ruisp. 63 52 17 12 24 0 71 51 101 35 82 60 12
Dz. An. 9 22 59 73 48 71 0 22 30 59 11 22 83
Bakur. 14 17 37 51 27 51 22 0 51 48 32 11 63
Z. Kedi | 39 52 88 | 102 78 101 30 51 0 88 20 46 113
Sagar. 52 37 40 46 34 35 59 48 88 0 69 59 40
Khorn. | 19 33 69 83 59 82 11 32 20 69 0 29 93
Naendr. | 18 27 44 58 36 60 22 11 46 59 29 0 72
Kist. 74 63 28 19 36 12 83 63 113 40 93 72 0
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3. Results and discussion

Results in the fig. 1-8 and table 1-9 are presented.
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Fig. 1. Mean values of daily max of wind speed in Kakheti in 2017-2019 in three periods of year.
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Fig. 2. Distribution of mean annual values of daily max of wind speed in Kakheti in 2017-2019.
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As it follows from fig. 1, the smallest and greatest mean values of W in the year, into the cold and
warm half-years in Kakheti change from 1.5 m/sec (Tsnori) to 7.9, 7.2 and 8.7 m/sec (Sagarejo). On the
stations Tsnori, Kindzmarauli- Khareba, Telavi (Wine Cellar), Saniore, Vachnadziani-Khareba, Ruispiri,
Dzveli Anaga, Bakurtsikhe and Kistauri the mean values of W during the three indicated periods of year
either identical or differ little from each other.

At the stations Zemo Kedi, Sagarejo, Khornabuji and Naendrovali into the warm half-year mean
values of W on 20.8-28.0 % are higher than into the cold and by 9.4-12.3 % higher than on the average in the
year. It also follows from fig. 1 that the distribution of W values on the territory of Kakheti has
heterogeneous nature. For the clarity fig. 2 gives the map of distribution of mean monthly values of W on
the investigated territory.
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Fig. 3. Mean values of daily max of wind speed in Kakheti in 2017-2019 in different months of year.

Fig. 3 presents the data about mean monthly values of W on the Kakheti territory. As it follows from

this figure, the intra-annual distribution of W values for all stations as a whole takes the single-modal form.
The range of changes in the values of W for the separate stations is the following:
Tsn.: 0.7 m/sec (Nov) — 2.6 m/sec (Mar, Apr); Kindz.: 2.1 m/sec (Aug) — 4.3 m/sec (Mar); Tel.: 2.5 m/sec
(Sep, Nov) — 4.5 m/sec (Mar); San.: 2.7 m/sec (Dec) — 4.5 m/sec (Mar); Vachn.: 2.5 m/sec (Nov) — 4.3 m/sec
(Mar); Ruisp.: 2.9 m/sec (Nov) — 4.8 m/sec (Mar); Dz. An.: 1.8 m/sec (Nov, Dec) — 3.3 m/sec (Mar); Bakur.:
2.0 m/sec (Oct-Dec) — 3.8 m/sec (Mar-Apr); Z. Kedi: 5.2 m/sec (Dec) — 7.4 m/sec (Aug); Sagar.: 5.7 m/sec
(Nov) — 9.5 m/sec (Jun); Khorn.: 4.3 m/sec (Nov) — 7.1 m/sec (Jun-Aug); Naendr.: 3.6 m/sec (Dec) — 6.8
m/sec (Mar); Kist.: 4.6 m/sec (Nov) — 7.6 m/sec (Mar).

In the season of anti-hail works (April- October) the range of changes in the values of W for the

separate stations is following:
Tsn.: 0.9 m/sec (Oct) — 2.6 m/sec (Apr); Kindz.: 2.1 m/sec (Aug) — 4.0 m/sec (Apr,May); Tel.: 2.5 m/sec
(Sep) — 4.3 m/sec (Apr); San.: 2.9 m/sec (Aug) — 4.4 m/sec (Apr); Vachn.: 2.9 m/sec (Aug-Oct) — 4.2 m/sec
(Apr); Ruisp.: 3.1 m/sec (Oct) — 4.6 m/sec (Apr); Dz. An.: 2.3 m/sec (Jul) — 2.8 m/sec (Jun); Bakur.: 2.0
m/sec (Oct) — 3.8 m/sec (Apr); Z. Kedi: 5.6 m/sec (Oct) — 7.4 m/sec (Aug); Sagar.: 6.9 m/sec (Oct) — 9.5
m/sec (Jun); Khorn.: 5.7 m/sec (Oct) — 7.1 m/sec (Jun-Aug); Naendr.: 4.9 m/sec (Oct) — 6.4 m/sec (Apr);
Kist.: 5.4 m/sec (Jul) — 7.1 m/sec (Apr).

Table 3 presents the data about statistical characteristics of daily max of wind speed in Kakheti in

2017-2019 in different months of year. The range of changes in the daily values of W for the separate
stations is following: Tsn.: 0.0 m/sec (Feb, Apr, May, Jun) — 9.3 m/sec (Apr); Kindz.: 0.6 m/sec (Nov) —12.5
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m/sec (Apr); Tel.: 0.5 m/sec (Nov) — 10.3 m/sec (Mar); San.: 0.0 m/sec (Jan, Feb) — 13.4 m/sec (Apr);
Vachn.: 0.6 m/sec (Jan) — 10.9 m/sec (Jan, Apr); Ruisp.: 0.0 m/sec (May, Oct) — 11.6 m/sec (Mar); Dz. An.:
0.0 m/sec (May, Jul, Aug, Dec) — 9.0 m/sec (Sep); Bakur.: 0.2 m/sec (Dec) — 11.0 m/sec (May); Z. Kedi: 1.6
m/sec (Feb) — 16.3 m/sec (Aug); Sagar.: 1.5 m/sec (Dec) — 31.2 m/sec (Jun); Khorn.: 1.7 m/sec (Feb) — 18.6

m/sec (Dec); Naendr.: 1.4 m/sec (Dec) — 20.8 m/sec (Oct); Kist.: 1.2 m/sec (Nov) — 22.1 m/sec (Jan).

Table 3. Statistical characteristics of daily max of wind speed in Kakheti in 2017-2019 in different months

of year.
Location
Month | Param. Tsn. Kindz. Tel. San. | Vachn. | Ruisp. zﬁ Bakur. Kidi Sagar. | Khorn. | Naendr.
Jan min 0.4 0.9 0.6 0.0 0.6 1.4 0.1 0.6 2.6 2.1 2.2 15
Jan max 5.0 7.5 9.5 9.8 10.9 8.3 8.4 7.1 12.6 18.8 15.1 114
Jan 99% L 1.4 2.4 2.7 2.8 2.6 2.9 2.1 1.9 4.9 5.8 4.4 3.3
Jan 99% U 2.0 3.2 3.5 3.6 3.3 3.6 3.0 2.5 5.8 7.7 5.6 4.2
Feb min 0.0 1.0 1.3 0.0 1.4 1.4 1.1 0.5 1.6 2.2 1.7 2.4
Feb max 7.7 8.5 8.1 7.1 8.4 8.9 6.7 6.5 14.2 21.0 17.2 14.6
Feb 99% L 1.7 2.5 3.2 3.3 3.0 3.3 2.5 2.5 5.0 6.3 4.8 4.4
Feb 99% U 2.5 3.5 4.0 4.1 3.9 4.4 3.3 3.2 6.4 9.0 6.6 5.7
Mar min 0.8 1.1 1.6 2.3 2.0 2.0 15 14 4.0 3.1 2.6 3.0
Mar max 7.1 12.3 10.3 9.0 9.5 11.6 8.4 9.8 14.8 19.4 14.7 16.2
Mar 99% L 2.3 3.6 4.0 4.1 3.8 4.2 3.0 3.4 6.3 8.2 6.0 6.0
Mar 99% U 3.0 49 49 5.0 4.7 54 3.7 4.2 7.5 10.2 7.5 7.6
Apr min 0.0 15 1.9 2.4 2.6 2.0 1.1 1.1 3.7 3.9 3.4 2.9
Apr max 9.3 12.5 10.1 134 10.9 11.3 6.8 10.4 15.3 179 15.0 18.5
Apr 99% L 2.1 3.3 3.8 4.0 3.8 4.0 2.4 3.3 6.1 7.1 6.0 5.6
Apr 99% U 3.1 4.7 4.7 4.9 4.6 5.1 3.1 4.2 7.4 9.0 7.2 7.2
May min 0.0 1.6 1.2 1.9 2.0 0.0 0.0 1.2 3.9 3.6 3.2 2.4
May max 7.1 9.9 8.9 7.0 10.4 7.6 5.6 11.0 135 18.3 135 15.0
May 99% L 0.9 3.5 3.1 3.5 3.3 34 2.1 2.7 6.2 7.1 6.0 5.3
May 99% U 1.8 45 3.7 4.2 3.9 4.3 2.7 3.5 7.4 8.8 7.3 6.8
Jun min 0.0 1.3 1.3 1.8 1.7 2.0 1.4 0.8 4.3 3.2 4.1 2.5
Jun max 2.6 8.9 8.2 6.8 8.3 7.8 6.8 6.1 13.3 31.2 16.8 14.7
Jun 99% L 1.1 2.6 2.7 2.9 2.9 3.4 2.4 2.2 6.5 8.2 6.6 5.0
Jun 99% U 1.4 3.5 3.5 3.5 3.6 4.1 3.1 2.8 7.5 10.8 7.7 6.3
Jul min 0.5 1.1 0.8 1.7 1.8 2.1 0.0 1.0 4.1 4.1 2.0 2.3
Jul max 2.6 6.7 7.5 5.6 7.0 7.2 8.9 6.5 13.7 29.4 15.8 12.9
Jul 99% L 1.1 2.1 2.5 2.8 2.8 3.2 1.9 2.0 6.7 8.0 6.4 4.6
Jul 99% U 1.3 2.7 3.1 3.3 3.4 3.8 2.8 2.6 7.6 10.2 7.7 5.7
Aug min 0.5 1.0 0.6 1.1 1.7 15 0.0 1.1 4.7 3.8 3.6 3.0
Aug max 2.1 4.9 6.3 4.6 7.1 6.0 4.4 6.5 16.3 28.5 14.2 13.7
Aug 99% L 1.1 1.9 2.4 2.7 2.7 3.0 2.2 2.0 6.8 8.0 6.5 4.7
Aug 99% U 1.3 2.2 2.8 3.1 3.2 35 2.7 2.5 8.0 10.2 7.6 5.7
Sep min 0.4 0.7 0.8 0.8 1.4 1.3 1.0 1.0 2.9 3.0 2.8 2.7
Sep max 3.2 6.8 7.9 6.3 10.0 9.8 9.0 5.9 16.1 19.1 15.1 15.9
Sep 99% L 1.0 1.9 2.2 2.8 2.5 2.9 2.2 2.0 59 7.2 5.8 4.7
Sep 99% U 1.3 2.4 29 3.2 3.3 3.8 2.9 2.7 7.0 9.2 7.1 6.1
Oct min 0.3 1.1 1.2 1.4 1.4 0.0 1.1 0.9 3.3 2.5 2.4 2.0
Oct max 2.3 8.5 7.4 7.2 9.0 10.4 7.3 6.6 15.3 18.8 16.6 20.8
Oct 99% L 0.8 2.2 2.5 2.7 2.5 2.7 2.0 1.7 5.0 5.8 5.0 4.1
Oct 99% U 1.0 2.9 3.5 3.3 3.3 3.6 2.8 2.4 6.1 7.9 6.4 5.7
Nov min 0.1 0.6 0.5 1.3 1.1 1.1 0.3 0.9 3.0 2.0 2.1 1.8
Nov max 2.0 9.8 8.2 6.7 1.7 9.7 49 6.6 11.9 19.1 13.9 13.1
Nov 99% L 0.6 1.9 2.1 2.5 2.2 2.5 1.5 1.7 4.7 4.8 3.7 3.4
Nov 99% U 0.8 2.6 29 3.1 2.8 3.3 2.1 2.3 5.8 6.6 4.8 4.6
Dec min 0.1 0.7 1.3 1.1 1.3 0.8 0.0 0.2 2.3 1.5 1.8 1.4
Dec max 3.3 8.0 7.6 6.1 7.2 1.7 7.8 5.3 12.0 19.5 18.6 10.4
Dec 99% L 0.7 2.0 2.4 2.4 2.3 2.6 1.5 1.8 4.7 5.8 3.7 3.2
Dec 99% U 1.0 2.7 3.2 3.0 3.0 3.5 2.2 2.3 5.8 7.9 5.3 4.0

In the season of anti-hail works (April- October) the range of changes in the daily values of W for
the separate stations is following: Tsn.: 0.0 m/sec (Apr-Jun) — 9.3 m/sec (Apr); Kindz.: 0.7 m/sec (Sep) —
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12,5 mfsec (Apr); Tel.: 0.6 m/sec (Aug) — 10.1 m/sec (Apr); San.: 0.8 m/sec (Sep) — 13.4 m/sec (Apr);
Vachn.: 1.4 m/sec (Sep) — 10.9 m/sec (Apr); Ruisp.: 0.0 m/sec (May, Oct) — 11.3 m/sec (Apr); Dz. An.: 0.0
m/sec (May, Jul, Aug) — 9.0 m/sec (Sep); Bakur.: 0.8 m/sec (Jun) — 11.0 m/sec (May); Z. Kedi: 2.9 m/sec
(Sep) — 16.3 m/sec (Aug); Sagar.: 2.5 m/sec (Oct) — 31.2 m/sec (Jun); Khorn.: 2.0 m/sec (Jul) — 16.8 m/sec
(Jun); Naendr.: 2.0 m/sec (Oct) — 20.8 m/sec (Oct); Kist.: 1.9 m/sec (Oct) — 15.2 m/sec (Apr).

Table 4. Repetition of daily max of wind speed in Kakheti in 2017-2019 according to Beaufort Wind Scale
(BWS) in three periods of year.

Beaufort Wind Scale (Force)

o [ 1 ] 2 ] 3 [ 4[5 ] 6 [ 7 [ 8 ]9 ]1w]n
Location Season Wind Spead, m/sec
0- | 03-|16-|34-|55-]|80-|10.8-|13.9-|17.2- | 20.8- | 24.5- | 28.5-
0.2 1.5 3.3 5.4 79 | 107 | 13.8 | 17.1 | 20.7 | 24.4 | 28.4 | 32.6
Repetition, %
Cold 16 | 650 | 247 | 7.1 1.5 0.0
Tsnori Warm | 7.3 | 67.9 | 180 | 4.6 2.0 0.2
Year 45 | 665 | 214 5.8 1.7 0.1
Kindzmarauli- Cold 13.7 | 60.8 | 147 | 8.2 2.2 0.4
Khareba Warm 8.6 | 66.8 | 16.0 | 5.8 2.0 0.7
Year 111 ) 638 | 153 | 7.0 2.1 0.5
Telavi (Wine Cold 82 | 56.9 | 21.7 | 120 | 1.2
Cellar) Warm 58 | 614 | 251 | 6.7 0.9
Year 70 | 59.2 | 235 | 9.3 1.0
Cold 04 | 33 | 520 | 363 | 7.3 0.7 0.0
Saniore Warm | 0.0 | 0.7 | 570 | 36.2 | 5.6 0.2 0.2
Year | 0.2 20 | 545 | 363 | 6.5 0.5 0.1
Vachnadziani- Cold 51 | 63.0 | 216 | 9.0 1.1 0.2
Khareba Warm 0.2 | 65.8 | 26,6 | 6.6 0.7 0.2
Year 26 | 644 | 241 | 78 0.9 0.2
Cold 04 | 26 | 584 | 229 | 11.7 | 3.8 0.2
Ruispiri Warm | 09 | 05 | 490 | 379 | 95 2.0 0.2
Year | 0.6 16 | 53.7 | 30.4 | 106 | 2.9 0.2
Cold 04 | 26.3 | 51.7 | 16.2 | 4.7 0.8
Dzveli Anaga | Warm | 3.2 | 11.2 | 64.1 | 19.0 | 2.0 0.6
Year 1.8 | 18.7 | 579 | 17.6 3.4 0.7
Cold 0.2 | 255 | 51.3 | 187 | 4.0 0.4 0.0
Bakurtsikhe Warm | 0.0 | 13.1 | 636 | 17.3 | 5.3 0.5 0.2
Year 0.1 | 19.3 | 574 | 18.0 4.7 0.5 0.1
Cold 6.2 | 526 | 275 | 10.1 | 3.1 0.5
Zemo Kedi Warm 02 | 276 | 481 | 185 | 51 0.5
Year 3.2 40.1 | 37.8 | 143 4.1 0.5
Cold 02 | 115|335 | 222 | 132 | 104 | 7.1 1.6 0.2 0.0 0.0
Sagarejo Warm 0.0 04 | 211 | 308 | 240 | 146 | 4.7 2.9 0.5 0.4 0.5
Year 0.1 59 | 273 | 265 | 186 | 125 | 5.9 2.3 0.4 0.2 0.3
Cold 26.1 | 386 | 21.3 7.4 4.8 15 0.4
Khornabuji Warm 0.7 | 29.2 | 481 | 150 | 5.2 1.8 0.0
Year 135 | 339 | 347 | 11.2 | 5.0 1.7 0.2
Cold 05 | 37.0 | 388 | 13.0 | 7.3 2.0 1.1 0.0 0.2
Naendrovali Warm 0.0 89 | 526 | 242 | 95 2.7 1.8 0.2 0.0
Year 03 | 229 | 458 | 186 | 8.4 2.4 1.5 0.1 0.1
Cold 04 | 20.7 | 412 | 156 | 134 | 6.0 2.4 0.2 0.2
Kistauri Warm 0.0 49 | 455 | 341 | 106 | 4.0 0.9 0.0 0.0
Year 0.2 | 128 | 434 | 248 | 120 | 5.0 1.6 0.1 0.1

In table 4 data about repetition of daily values of W in Kakheti in 2017-2019 according to Beaufort
Wind Scale [https://www.kakras.ru/interesn/wind.htm; https://www.spc.noaa.gov/fag/tornado/beaufort.html]

in three periods of year are presented.
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The analysis of table 4 shows the following.

1 station - Tsn.: The greatest repetition values of W (65.0-67.9%) comes on Force 1 (Light Air) of
BWS (Smoke drift indicates wind direction, still wind vanes). Repetition of greatest values of W (0.1-0.2%)
comes on Force 5 (Fresh Breeze) of BWS (Small trees in leaf begin to sway).

7 stations - Kindz., Tel., San., Vachn., Ruisp., Dz. An., Bakur.: The greatest repetition values of W
(49.0-66.8%) comes on Force 2 (Light Breeze) of BWS (Wind felt on face, leaves rustle, vanes begin to
move). Repetition of greatest values of W for Tel. and Dz. An. (0.6-1.2%) comes on Force 5. Repetition of
greatest values of W for Kindz., San., Vachn., Ruisp. and Bakur. (0.1-0.7%) comes on Force 6 (Strong
Breeze) of BWS (Larger tree branches moving, whistling in wires).

3 stations - Z. Kedi., Sagar. and Khorn.: The greatest repetition values of W in cold period and in
year (27.3-52.6%) comes on Force 3 (Gentle Breeze) of BWS (Leaves and small twigs constantly moving,
light flags extended). The greatest repetition values of W in warm period (30.8-48.1%) comes on Force 4
(Moderate Breeze) of BWS (Dust, leaves, and loose paper lifted, small tree branches move).

Repetition of greatest values of W for Z. Kedi. (0.5%) comes on Force 7 (Near Gale; Whole trees
moving, resistance felt walking against wind); for Sagar. (0.3-0.5%) — on Force 11 (Violent Storm; Seldom
experienced on land, trees broken or uprooted, “considerable structural damage™); for Khorn. (0.2-0.4%) — on
Force 8 (Gale; Twigs breaking off trees, generally impedes progress).

2 stations - Naendr. and Kist.: The greatest repetition values of W (38.8-52.6%) comes on Force 3.
Repetition of greatest values of W (0.1-0.2%) comes on Force 9 (Strong Gale) of BWS (Slight structural
damage occurs, slate blows off roofs).

Table 5-7. presents data about values of linear correlation coefficient R between meteorological
stations on the max wind speed in Kakheti in 2017-2019 for three periods of year. In all - 77 pairs of
stations. Critical value for R with a~0.35 is 0.30 (upper level of negligible correlation).

In the correspondence with table 5 values of R between 13 station on mean annual values of W
changes from 0.15 (negligible correlation, pair: Z. Kedi - Dz. An., distance — 30 km) to 0.83 (high
correlation, pair: Ruisp. - Tel., distance — 17 km). Mean value of R is 0.45 (low correlation).

Values of R between 13 station on values of W in cold period (table 6) changes from 0.26 (negligible
correlation) to 0.87 (high correlation). Pair the same as for annual data. Mean value of R is 0.54 (moderate
correlation)

In warm period (table 7) values of R changes from 0.03 (negligible correlation, pair: Dz. An. — Tsn.,
distance - 9 kmand Dz. An. — Sagar., distance — 59 km) to 0. 0.78 (high correlation, pair: Ruisp. - Tel.).

Table 5. Linear correlation between meteorological stations on the max wind speed in Kakheti in 2017-2019
(annual data).

Year Tsn. | Kindz. | Tel. | San. | Vachn. | Ruisp. zrzl Bakur. Kidi Sagar. | Khorn. | Naendr. | Kist.
Tsn. 1 0,57 | 0.37 | 0.60 | 0.54 0.32 | 0.22| 036 | 037 | 0.25 0.34 0.36 0.41
Kindz. | 0.57 1 0.40 | 0.73 | 0.76 0.35 | 019 | 0.36 | 048 | 0.29 0.37 0.49 0.51
Tel. 0.37 | 0.40 1 0.42 | 0.38 0.83 | 049 | 0.79 | 0.22 | 0.36 0.43 0.55 0.59
San. 0.60 | 0.73 | 0.42 1 0.78 0.40 | 0.28| 0.37 | 046 | 0.32 0.37 0.44 0.52
Vachn. | 0.54 | 0.76 | 0.38 | 0.78 1 041 | 0.23| 0.38 | 0.58 | 0.39 0.47 0.55 0.58
Ruisp. | 0.32 | 0.35 | 0.83 | 040 | 0.41 1 046 | 0.76 | 0.29 | 0.44 0.51 0.58 0.65
Dz.An. | 022 | 019 | 049 | 028 | 0.23 0.46 1 0.45 | 015 | 0.21 0.31 0.30 0.35
Bakur. | 0.36 | 0.36 | 0.79 | 0.37 | 0.38 0.76 | 0.45 1 0.29 | 0.33 0.49 0.64 0.54
Z.Kedi | 037 | 048 | 022 | 046 | 0.58 0.29 | 0.15| 0.29 1 0.36 0.55 0.48 0.42
Sagar. | 0.25 | 029 | 0.36 | 0.32 | 0.39 044 | 0.21| 033 | 0.36 1 0.53 0.42 0.59
Khorn. | 0.34 | 0.37 | 0.43 | 0.37 | 0.47 051 |031| 049 | 055 | 0.53 1 0.66 0.58
Naendr. | 0.36 | 0.49 | 055 | 0.44 | 0.5 058 | 030| 0.64 | 048 | 0.42 0.66 1 0.62
Kist. 041 | 051 | 059 |052]| 058 0.65 | 035| 054 | 042 | 0.59 0.58 0.62 1
Statistics
Min Max Mean Range St Dev Cv, % Median
0.15 0.83 0.45 0.68 0.15 33.2 0.43
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Table 6. Linear correlation between meteorological stations on the max wind speed in Kakheti in 2017-
2019 (cold season).

Cold Tsn. | Kindz. | Tel. | San. | Vachn. | Ruisp. Rﬁ Bakur. Kiai Sagar. | Khorn. | Naendr. | Kist.
Tsn. 1 0.57 | 0.36 | 0.63 | 0.57 032 | 039 | 035 | 0.47 | 0.37 0.45 0.40 0.46
Kindz. | 0.57 1 039 | 0.76 | 0.81 0.38 | 0.27 | 038 | 0.65 | 0.48 0.49 0.55 0.56
Tel. 0.36 | 0.39 1 044 | 0.44 0.87 | 057 | 083 | 0.35 | 0.57 0.63 0.66 0.65
San. 0.63 | 076 | 0.44 1 0.82 043 | 037 | 041 | 0.61 | 0.49 0.51 0.52 0.56
Vachn. | 057 | 0.81 | 0.44 | 0.82 1 047 | 034 | 044 | 069 | 054 0.52 0.56 0.60
Ruisp. | 0.32 | 0.38 | 0.87 | 0.43 | 0.47 1 058 | 0.80 | 0.37 | 0.63 0.64 0.66 0.70
Dz.An. | 0.39 | 0.27 | 057 | 0.37 | 0.34 0.58 1 0.53 | 0.26 | 0.39 0.52 0.42 0.45
Bakur. | 0.35 | 0.38 | 0.83 | 041 | 044 0.80 | 0.53 1 0.37 | 0.50 0.63 0.73 0.58
Z.Kedi | 047 | 065 | 0.35 | 0.61 | 0.69 0.37 | 0.26 | 0.37 1 0.45 0.54 0.53 0.49
Sagar. | 0.37 | 0.48 | 0.57 | 0.49 | 0.54 0.63 | 039 | 050 | 0.45 1 0.67 0.55 0.82
Khorn. | 0.45 | 0.49 | 0.63 | 0.51 | 0.52 0.64 | 052 | 063 | 054 | 0.67 1 0.69 0.71
Naendr. | 0.40 | 055 | 0.66 | 0.52 | 0.56 0.66 | 042 | 073 | 053 | 0.55 0.69 1 0.67
Kist. 0.46 | 056 | 0.65| 056 | 0.60 0.70 | 045 | 058 | 0.49 | 0.82 0.71 0.67 1
Statistics
Min Max Mean Range St Dev Cv, % Median
0.26 0.87 0.54 0.62 0.14 26.5 0.53

Table 7. Linear correlation between meteorological stations on the max wind speed in Kakheti in 2017-2019

(warm season).

Warm | Tsn. | Kindz. | Tel. | San. | Vachn. | Ruisp. Rﬁ Bakur. Kidi Sagar. | Khorn. | Naendr. | Kist.
Tsn. 1 0.57 | 040 | 0.57 | 0.52 0.33 | 0.03| 037 | 032 | 0.15 0.24 0.33 0.35
Kindz. | 0.57 1 041|070 | 0.71 032 | 0.09| 034 | 036 | 0.12 0.25 0.46 0.44
Tel. 040 | 041 1 0.39 | 0.30 078 | 039 | 0.77 | 0.14 | 0.18 0.26 0.46 0.52
San. 0.57 | 0.70 | 0.39 1 0.73 036 | 016 | 032 | 033 | 0.14 0.20 0.36 0.47
Vachn. | 052 | 0.71 | 0.30 | 0.73 1 033 | 0.09 | 031 | 0.47 | 0.22 0.41 0.54 0.54
Ruisp. | 0.33 | 0.32 | 0.78 | 0.36 | 0.33 1 030 | 072 | 0.21 | 0.22 0.34 0.49 0.57
Dz.An. | 0.03 | 0.09 | 0.39 | 0.16 | 0.09 0.30 1 0.37 | 0.05 | 0.03 0.05 0.18 0.21
Bakur. | 0.37 | 034 | 0.77 | 0.32 | 0.31 0.72 | 0.37 1 0.21 | 0.15 0.33 0.55 0.50
Z. Kedi | 032 | 036 | 0.14 | 0.33 | 0.47 0.21 | 0.05 | 0.21 1 0.20 0.48 0.39 0.37
Sagar. | 0.15 | 0.12 | 0.18 | 0.14 | 0.22 0.22 | 0.03 | 0.15 | 0.20 1 0.32 0.26 0.31
Khorn. | 0.24 | 0.25 | 0.26 | 0.20 | 0.41 034 | 0.05| 033 | 0.48 | 0.32 1 0.60 0.42
Naendr. | 0.33 | 0.46 | 0.46 | 0.36 | 0.54 049 | 018 | 055 | 0.39 | 0.26 0.60 1 0.59
Kist. 035 | 044 | 052|047 | 054 057 | 021 | 050 | 0.37 | 0.31 0.42 0.59 1
Statistics
Min Max Mean Range St Dev Cv, % Median
0.03 0.78 0.36 0.75 0.18 50.1 0.34

Number of pairs of stations with the significant value of R (a~0.35) is following: Annual data (table
5) — 76, Cold season (table 6) — 67, Warm season (table 7) - 53.

Distribution of number of pairs of stations with values of R according to [26] is following.

Annual data: Negligible (or absence) correlation — 14.1% (0>0.35), Low correlation — 51.3%
(0.08<0<0.35), Moderate correlation (0.008<a<0.08) — 26.9%, High correlation (0.0004<a<0.008) — 7.7%.

Cold season: Negligible (or absence) correlation — 2.6%, Low correlation — 39.7%, Moderate
correlation — 44.9%, High correlation — 12.8%.

Warm season: Negligible correlation (or absence) — 32.1%, Low correlation — 46.1%, Moderate
correlation — 14.1 %, High correlation — 7.7%.

As a whole level of linear correlation between meteorological stations on the max wind speed in

Kakheti are low or moderate.

The highest level of this correlation in cold half-year is observed
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Fig. 4. Dependence of the correlation coefficient by the max wind speed on the distance between 13
meteorological stations in Kakheti (annual data).
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Fig. 5. Dependence of the correlation coefficient by the max wind speed on the distance from Kistauri to 12
meteorological stations in Kakheti (annual data).
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Fig. 6. Dependence of the correlation coefficient by the max wind speed on the distance from Bakurtsikhe to
12 meteorological stations in Kakheti (annual data).
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In fig. 4 the example of curve of dependence of the correlation coefficient by the max wind speed on
the distance between 13 meteorological stations in Kakheti according to annual data is presented. In fig. 5-
6 the examples of curves of this dependence from Kistauri and Bakurtsikhe to 12 meteorological stations in
Kakheti are presented.

As follows from fig. 4-6 these dependence have form of power function. Analogous dependence is
observed for all seasons of year and separate stations. The values of the corresponding coefficients of the
equation of regression in the table 8 are represented.

Table 8. Values of the coefficients of the equation of regression of dependence of the correlation coefficient
by the max wind speed on the distance from separate metheorological station to 12 meteorological stations
in Kakheti in 2017-2019 in three periods of year.

Year | Cold season | Warm season
Location Equation of Regression: R = a-(1+x)°; X — distance, km; a(R?) <0.06
a b R? a b R? a b R?

Tsn. 0.900 -0.240 0.480 0.911 -0.206 0.540 0.885 -0.271 0.373
Kindz. 0.948 -0.204 0.372 0.930 -0.159 0.299 0.963 -0.250 0.383
Tel. 0.986 -0.198 0.460 0.963 -0.149 0.339 0.993 -0.244 0.478
San. 0.946 -0.184 0.443 0.911 -0.134 0.337 0.975 -0.244 0.474
Vachn. 0.952 -0.178 0.374 0.944 -0.142 0.331 0.958 -0.225 0.377
Ruisp. 0.990 -0.187 0.490 0.980 -0.147 0.374 0.999 -0.242 0.544
Dz. An. 0.914 -0.318 0.564 0.911 -0.215 0.525 0.953 -0.552 0.633
Bakur. 0.943 -0.195 0.367 0.930 -0.152 0.281 0.958 -0.245 0.403
Z. Kedi 0.976 -0.226 0.611 0.955 -0.166 0.485 0.986 -0.298 0.692
Sagar. 0.995 -0.251 0.727 1.005 -0.160 0.570 0.997 -0.426 0.880
Khorn. 0.895 -0.172 0.445 0.880 -0.106 0.343 0.917 -0.280 0.493
Naendr. 0.945 -0.172 0.506 0.942 -0.135 0.452 0.954 -0.220 0.526
Kist. 0.991 -0.161 0.780 0.987 -0.126 0.581 0.991 -0.209 0.743
P(';Inlts 0.947 -0.201 0.447 0.933 -0.149 0.363 0.959 -0.270 0.464

Depending on the level of the coefficient of determination, it is accepted to divide design models into
three groups: 1) 0.8 < R2< 1 - model of a good quality; 2) 0.5 < R2<0.8 - model of acceptable quality; 3)
0 < R2<0.5 - model of poor quality.

As it follows from fig. 4-6 and table 8 the quality models of dependence values of R from distance X
for seperation station is different. Model of a good quality — only for Sagarejo, in warm season; model of
acceptable quality — 5 stations for annual data, 4 stations for cold season and 5 stations for warm season;
model of poor quality —8 stations for annual data, 9 stations for cold season and 7 stations for warm season.

Year
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2.0 W =-1E-07H*+ 0.0002H2- 0.1145H+ 20.928
’ R==0.3613
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¢ ¢

o 6.0 &
50 —@
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3. * \_.i‘/
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*
1.0 . T ) | .
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Fig. 7. Vertical distribution of mean annual max wind speed in Kakheti for all 13 stations
((R?) =0.03).
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In fig. 7 data about vertical distribution of mean annual max wind speed in Kakheti for all 13 stations
is presented. As follows from this figure dependence of W from H has form of third power of polinomial and
as a whole with an increase of altitude of locality wind speed grows.

Year

9.0

. W =3E-05-H2- 0.0183-H+5.2515 N

8.0 RE=04519 *
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L 2

g 6,0 &
=5
Z 50
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3.0 .__i__if/ *

*
2.0
L 2
1.0 : : . : ‘
200 300 400 500 600 700
Meter

Fig. 8. Vertical distribution of mean annual max wind speed in Kakheti for 11 stations without Khornabuiji
and Naendrovali (a(R?) = 0.03).

Table 9. Values of the coefficients of the equation of regression of dependence of mean half-year max wind
speed in Kakheti with height stations

All 13 stations 11 stations without th_)rnabuji and
Naendrovali
W=aH+b-H#cH+d | R® [ «a W=aH+bH+c [ R® | o«
Cold period Cold period
a -1E-07 0.3271 0.04 a 2E-05 0.4139 0.04
b 0.0002 b -0.0125
C -0.0962 c 4.1908
d 17.726
Warm period Warm period
a -1E-07 0.3873 | 0.025 a 4E-05 0.4806 0.02
b 0.0003 b -0,.241
C -0.1325 c 6.098
d 24.095

However, it should be noted that at stations Khornabuji and Naendrovali, located on heights 251 and
230 m, the high speeds of wind are observed. This specifies the presence of the minimum in calculated
curve of values of W in the range of hight of locality 300-400 m, with further increase value of W
with an increase of H.

Without taking into account these stations the dependence W from H takes the form of the second
power polynomial (Fig. 8). In this case, more or less a permanent increase in wind speed with an
increase in altitude of locality is observed. Similar pattern is observed for the cold and warm seasons
(table 9).

Conclusion

The detailed statistical analysis of the daily maximum wind speed W for 13 points of Kakheti in the
period from 1 January 2017 through 31 December of 2019 is carried out.

Distribution of W on the territory of Kakheti has the complex, heterogeneous nature, depending on
area relief and its height above sea level. The analysis of correlation and regression connections between the
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meteorological stations in terms of the values of wind speed showed that frequently the regime of wind has
local special features and little it is connected with the adjacent locations. Therefore for the larger detailing
of wind regime on the territory of Kakheti should be increased the number of observation points.

In the near future it is planned to draw the comparison of the wind regime in the days with the hail
with the non hail days, developments the possible connection between the data about the extreme wind on
the earth's surface with the data of the radar measurements of the wind speed on hight 2-2.5 km.
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CraTucTuyeckue XapaKTePUCTUKHU CYTOYHOH MaAKCUMAJILHO
ckopoctu Betpa B Kaxeruun u 2017-2019

A.I'. AmupanamBuian, B.A. Unxaanze, I'. JI. I'acanus, [.A. Jlonanze

Pe3rome

IpencraBieH CTaTHCTHYECKHI aHAIU3 CYTOYHOM MakcumaiabHOW ckopoctu Betpa (W) mms 13
myakToB Kaxernu B nepuon ¢ 1 saBapst 2017 o 31 nexabps 2019 rr.

B wacTHOCTH, MONy4YeHBI CIIEAYIOIINE PEe3yJbTaThl: PACCUUTAHBI CPEIHEMECSUHBIE U CE30HHBIE
(Teruoe u xosonHOE MOdyroxus, rox) 3HadeHuss W 11 Bcex CTaHUME 3a Bech NEpHOJ HaOIOACHUM;
MOKa3aHo, 4YTO paclpeAeleHui cpegHeMecsuHblx — 3HaueHuid W Ha Tepputopun Kaxetnn wumeer
HepaBHOMEpHBIN xapakTep u MeHsiercst ot 0.7 m/cex (L{Hopu, HOSIOpE ) 10 9.5 M/cex (Carapelnko, HIOHB);
MPUBOJUTCS KapTa paclpelelieHns CpeHerofoBeix 3Hauennid W Ha Tepputopun Kaxeruw; uzydeHa
MOBTOPSIEMOCTh CYTOYHbIX 3HaueHni W 11 Bcex myHKTOB KaxeTtuu B cooTBeTCTBHHU co mikanoi bodopra;
MOKa3aHo, YTO 3HAUCHHS JIMHEHHOTO KO3 GHUIMEHTa KOPpeJIUUK R MeX1y CTaHIUSIMU 110 BCEM CYTOYHBIM
snHaueHussM W B cpenHem cocrasisieT 0.45 u mensiercs ot 0.15 mo 0.83, mist xonoanoro monyroaus — 0.54
(mensiercst ot 0.26 mo 0.87), must Termmoro monyrogus — 0.36 (mensiercs ot 0.03 mo 0.78); m3ydueHa
3aBUCUMOCTD JIMHEWHOT'O KO PHUINEHTa KOPPEISLUA MEXAy CTaHUUSAMHM 1o 3HaueHusiM W oT paccrostHust
MEXKIy HUMHU (C POCTOM PACCTOSIHUS MEX/Y CTAHIMSIMHU 3HaueHHe R yObIBaeT MO CTENEHHOMY 3aKOHY);
n3ydeHa 3aBUCUMOCTh W OT BBICOTHI PacHOJIOXKEHHs CTAHIMH B CPEIHEM 3a TOA, B XOJOJHOE U TEIJioe
MOJTYTOAMS.
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ABSTRACT

Information about the international scientific conference “Natural Disasters in Georgia:
Monitoring, Prevention, Mitigation”, which was held on December 12-14, 2019 at lvane Javakhishvili
Thilisi State University is presented.

The conference was dedicated to 175 and 120 anniversary of the organization in Georgia of regular
magneto-meteorological and seismological observations.

Key words: Natural Disasters; Monitoring, Prevention, Mitigation.

Introduction
December 12-14, 2019 at Ivane Javakhishvili Thilisi State University held an international scientific

conference “Natural Disasters in Georgia: Monitoring, Prevention, Mitigation”.

The conference was dedicated to the 175" anniversary of organizing regular instrumental
Geomagnetic and Meteorological observations in Georgia (1844) and the 120" anniversary of seismic
observations (Thilisi, 1899) with the help of K. Gauss, A. Humboldt and other great scientists.

It should be noted that the Thilisi Magnetic-Meteorological Observatory was the cradle of exact
science in Georgia. This Observatory was first work place of I. Stalin (from 1899 till the end of 1900). The
institute of Geophysics (1933) and the institute of Hydrometeorology (1953) were established on the base of
Thilisi (Later of Dusheti) Observatory.

Georgia is located in the disaster region of natural disasters. In Georgia and its adjacent countries
have similar problems in the fight against of natural disasters.

Goal of the Conference

e Promoting the historical achievement of Georgia and its current scientific-technical potential related
to the theme of the conference.

e Introducing the World Scientific, Governmental Structures, and the other interested organizations
and individual persons with the current state of the problems related to the monitoring, prevention
and mitigation of natural disasters in Georgia.
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e Strengthen international scientific cooperation around the theme of conference.

¢ Identify the possibility of organizing a unified operational warning system on the hazardous natural
phenomena.

o Identify opportunities for improvement of scientific and educational fields of secondary and higher
education institutions in the topic of the conference.

Conference Organizers

Georgia: TSU, Institute of Geophysics; GTU, Institute of Hydrometeorology; N(N)LE
Association for Science.

Conference Supporting Organizations

Georgia: LEPL State Military Scientific Technical Center "DELTA"; LEPL National
Environmental Agency; TSU, Vakhushti Bagrationi Institute of Geography; LEPL lakob
Gogebashvili Telavi State University; BP Exploration Caspian Sea LTD —Georgia; G. Tsulukidze
Mining Institute; Ministry of Internally Displaced Persons from Occupied Territories, Labour,
Health and Social; LEPI Thilisi State Medical University; Emergency Management Service of the
Ministry of Internal Affairs of Georgia; Georgian Geophysical Association.

Other Countries: Institute of Geology and Geophysics, State Committee on Geology and
Mineral Resources of Uzbekistan; Scientific Centre for Aerospace Research of the Earth, National
Academy of Sciences of Ukraine; Institute of Helioclimatology, Germany.

Scientific Committee and Editorial Board

Tamaz Chelidze: Academician, Chairman of the Scientific Committee, Editor-in-Chief;  Avtandil
Amiranashvili: secretary; Demuri Demetrashvili; Zurab Kereselidze; Nodar Varamashvili, - TSU, M.
Nodia Institute of Geophysics, Georgia.

Nana Bolashvili: Co-Chairman of the Scientific Committee, - TSU,_Vakhushti Bagrationi Institute of
Geography, Georgia.

Tengiz Tsintsadze: Co-Chairman of the Scientific Committee; Elizbar Elizbarashvili; Marika
Tatishvili; Giorgi Meladze, - GTU, Institute of Hydrometeorology, Georgia.

Liana Kartvelishvili; Emil Tsereteli, - National Environmental Agency, Georgia.

Tamar Nadiradze; Magda Davitashvili, - lakob Gogebashvili Telavi State University, Georgia.

Bezhan Asanidze - BP Exploration Caspian Sea LTD — Georgia.

Omar Lanchava - G. Tsulukidze Mining Institute, Georgia.

Ketevan Khazaradze - Georgian State Teaching University of Physical Education and Sport, Georgia.

Nino Japaridze - Thilisi State Medical University, Georgia.

Bakhtier Nurtaev - Institute of Geology and Geophysics, State Committee on Geology and Mineral
Resources of Uzbekistan, Uzbekistan.

Sergey Stankevich - Scientific Centre for Aerospace Research of the Earth, National Academy of Sciences
of Ukraine, Ukraine.

Bakhram Nurtaev - Institute of Helioclimatology, Germany.

Organizing Committee

Nugzar Ghlonti: Chairman of Organizing Committee; Manana Nikolaishvili: Deputy Chairman of
Organizing Committee; Sophiko Matiashvili; Ekaterine Mepharidze; Irma Glonti; Inga Janelidze, -
TSU, M. Nodia Institute of Geophysics, Georgia

Tamari Khakhutashvili: Co - Chairman of Organizing Committee; Nino Berianidze: Coordinator -
N(N)LE Association for Science, Georgia.
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Mikheil Pipia: Deputy Chairman of Organizing Committee; Narine Arutiniani, - GTU, Institute of
Hydrometeorology, Georgia.

Rusudan Kakhishvili - Office of the National Security Council, Georgia.

Nodar Javakhishvili - State Military Scientific Technical Center "DELTA", Georgia.

Nino Taniashvili - Georgian Geophysical Association

Conference Themes

Monitoring (measurements, analysis, modeling, forecast)
Earthquake and related events;

Hydrometeorological Disasters;

Climate change and related disasters;

Heliocosmic Disasters;

Forest fires;

Mathematical, empirical, laboratory modeling of natural disasters (and induction among them);
Satellite and ground distant measurements;

Geological networking measurements;

Point Measurements;

Assessment of social and economic losses caused by natural disasters

Il. Prevention

e Weather modification;

e Engineering protection from natural disasters;
e Early Notification Systems;

I11. Mitigate results
¢ Planning events for mitigating natural disasters results;

Improvement of Emergency Response Services Activities;
International cooperation;
Improve the legislative basis.

Expected Results

Promotion of historical and modern achievements of Georgia on natural disaster survey issues
Introducing a wide range of problems for the world. What is connected to monitoring, prevention
and mitigation of natural disasters in the Black Sea and Caspian Sea areas.

Extend International Cooperation for scientific and Practical usage of modern advances on
monitoring, prevention and mitigation of natural disasters in the Black and Caspian Seas.
Assessment of social and economic risk of natural disasters

Identify the organization’s common cause for prevention of natural disasters

Identify opportunities for improvement educational and academic base of secondary and higher
education of the issues related to natural disasters

The conference was opened by Chairman of the Scientific Committee, Editor-in-Chief, Academician

T. Chelidze, who made a general review on the problems of natural disasters in Georgia and wished the
conference participants fruitful work.

Co-Chairman of the Scientific Committee, Director of Institute of Hydrometeorology of Technical

University of Georgia, T. Tsintsadze made a report about progress of hydrometeorological observations in
Georgia for 175 Years.

Leading Specialist of M. Nodia Institute of Geophysics, TSU, L.Darakhvelidze, made detailed

information about 120 years of seismic observations in Georgia.
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Member of Organizing Committee, Leading Specialist of Office of the National Security Council of
Georgia, R. Kakhishvili talked about development of National Disaster Risk Management System in
Georgia.

A total of 61 oral and poster presentations were considered at the conference. The proceedings of
this conference as a whole [1], as well as its individual works [2-62], are published and posted on the portal
of the Institute of Geophysics, wich are included in the international electronic library data base DSpace,
indexed in Google Scholar and Publish or Perish.

At the end of the conference, a decision was made in which the achievements and shortcomings of
the work in the field of natural disaster research in Georgia were examined. In particular, it was decided to
constantly hold such a conference once every two years.

In December 14, 2020 acquaintance with the work of the Center of Active Impact on Natural

Phenomena (LEPL State Military Scientific Technical Center "DELTA") was carried out.

Photos from Conference
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International Scientific Conference ,Natural Disasters in Georgia: Monitoring, Prevention, Mitigation®,
Thilisi, Georgia, December 12-14, 2019

175 YEAR OF THE ORGANIZATION OF REGULAR MAGNETO-METEOROLOGICAL OBSERVATIONS IN GEORGIA

Thilsi Magreto-Meteorological Ohservatory

Some Instruments of the Observatary
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Trend of Air Temperature in Thilisi in Threa Period of Year in Trend of Atmospheric Precipitation in Thilisi in Three Periad Field in 1880-2003
1844-2018 of Year in 1844-2018

Poster about 175 year anniversary of the organization in Georgia of regular magneto-meteorological
observations.
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ABSTRACT

A brief biographical information about the doctor of physical and mathematical sciences, professor
Michael Alania is presented.

Key words: cosmic rays intensity variations

Michael V. Alania

Michael V. Alania, Professor, Doctor of Sciences in Physics and Mathematics birth on April 30,

1935 in Kvaloni, Chobi Reg., Georgia and died on May 18, 2020 in Thilisi, Georgia. Professor Alania
studied the near-Earth space on the basis of the researches on cosmic rays intensity variations.

Education:

= 1988 - Professor of Geophysics (from Highest attest Commission of USSR, Attestation

PRNO016443, Moscow, 18-03-1988, Protocol, N10 PC/6);

= 1982 - Doctor of Sciences in Physics and Mathematics (from the Institute of Geophysics of
theAcademy of Sciences of Ukraine, Kiev, and from Highest attest Commission of USSR;

= 1971 - Senior Scientist of Nuclear and Cosmic ray physics (from Georgian the Academy
ofSciences and from the Highest attest Commission of USSR, Attestation MCH NO037072,Moscow, 21-01-
1971);

= 1967 - Candidate of Sciences (PhD) in Physics and Mathematics (from Thilisi state
Universityand from the Highest attest Commission of USSR, Diploma MFM N007357, Moscow, 08-08-
1967);
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= 1958 - Post graduated (MS- in Physics, teacher of Physics and Mathematics) from Thilisi state
University, Diploma H N662191, Thilisi, 01-07-1958;

= 1953-1958 — Student, Thilisi state University, Faculty of Physics;

= 1942-1953 —Pupil of Kvaloni School, Chobi Reg., Georgia.

Career:

= 2009- present- Full Professor and Head of the Department of Physics and Numerical Analysis
of the Institute of Mathematics and Physics (Sciences Faculty) of Siedlce University, Siedlce, Poland
(www.uph.edu.pl);

= 1995- 2009 — Full Professor and Head of the Physics Department of the Institute of Mathematics
and Physics (Sciences Faculty) of Podlasie University, Siedlce, Poland (www.ap.siedlce.pl);

= 1995-2005 - Director of the Institute of Mathematics and Physics (Sciences Faculty) of the
Podlasie University, Siedlce, Poland;

= 1995-2005 — member of Senate of the Podlasie University, Siedlce, Poland;

= 1994-2009- Head of the Physics Department of the Institute of Mathematics and Physics (Sciences
Faculty) of Podlasie University, Siedlce, Poland;

= 1993-1994- Professor of the Institute of Mathematics and Physics (Sciences Faculty) of Podlasie
University, Siedlce, Poland;

= 1994 — 2020 - Member of the editorial board of the Journal of the Georgian Geophysical Society;

= 1993- | left Georgia for Poland

= 1969-1993- Head of the Cosmic Ray Department of the Institute of Geophysics Georgian
Academy of Sciences, Thilisi , Georgia;

= 1971-1992- Invited Lecturer of the geophysics Department of Thilisi State University;

= 1967-1969- Senior Scientific Worker of the Cosmic Ray Department of the Institute of Geophysics
Georgian Academy of Sciences, Thilisi , Georgia,;

= 1962-1967- Scientific Worker of the Cosmic Ray Department of the Institute of Geophysics
Georgian Academy of Sciences, Thilisi , Georgia;

= 1958-1962- Junior Scientific Worker of the Cosmic Ray Department of the Institute of Geophysics
Georgian Academy of Sciences, Thilisi, Georgia;

Supervisor of:

= Supervisor of 13 PhD Dissertations; 9 PhD Dissertations in Georgia during 1982-1994 (Thilisi
University, Institute of Geophysics Georgian Academy of Sciences) and 4 PhD Dissertations in Poland
during 2001-2010 (university of Podlasie);

= Supervisor of more than 30 MSc Thesis in Georgia during 1975- 1993 (Thilisi University, Institute
of Geophysics Georgian Academy of Sciences) and more than 35 MSc Thesis in Poland;

1995-2010 (University of Podlasie).

= Supervisor of current (2012-2015) Grant 13/09 of the Shota Rustaveli National Science Foundation
, Thilisi, Georgia (llia University);

Membership in:

= National Research Council of Cosmic Rays of the Academy of Sciences of the USSR (1970-1993)
and Russia (1993 —2002);

= National Research Council of Solar-terrestrial physics of the Academy of Sciences of the USSR
(1970-1993) and Russia (1993 —2002);

= Board of doctorate and doctor-habilitate degrees of Institute of Geophysics Georgian Academy of
Sciences (1975 — 2002);

= Chairman of National Research Council of Solar-terrestrial physics of the Georgian Academy of
Science (1982 — 1996);

= |International Organization COSPAR (Commission of Space Exploration), since 1993;

= European Academy of Science, since 2005;

= Polish Astroparticle Physics Network, since 2007.
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Recognized and honored for consistent high performance and commitment:

= 1970 - Award of the USSR Government for research activities,

= 1982 - Award of Georgian Academy of Science for research activities;

= 1983 - Award of Georgian Government for research activities;

= 1993 - Research grant of American Scientist’ society;

= Awards of the Rector of the University of Podlasie (in 1995, 1998, 2000, 2004, 2006, 2008, and -
University of Siedlce (iin 2010 and 2013);

= Team Award - University of Podlasie in 2002 and 2009;

= 2001 - Medal ‘Achievements for Siedlce University’;

= 2004 - Medal of the Minister of National Education and Sport of Poland,;

= 2009 - Gold Medal for Long Service awarded by President of the Republic of Poland Lech
Kaczynski.

Publications (full updated list at: http://alania.uph.edu.pl/) Author and coauthor of more than 280
papers and abstracts, and 3- monographs. Among them:

= |In refereed journals during last 20 years (2001-2020) ~ 60 papers,

= Published in Conference Proceedings ~ 80 papers.

The memory of Mikheil Alania will forever remain in our hearts.

3. 5¢m360L blmgboLsmgol (1935-2020)

. 3MH3ger0dY
M9bomdg

Pomdmygboos dm3wg d0MmyMox30w0 068MMT305, B0B0Is-05009d5E 0308 393609693505
©MJGHMO0L, 303G Jobgemae 5esbosl Gglisbgd.

IMamsaru M.B. Ananns (1935-2020)

JLK. lapaxBeauase
Pesrome

IIpencraBiena xpatkas Ouorpaduueckas MHGOpMAKsS O AOKTOpe (PHU3MKO-MAaTeMaTHUECKUX HayK,

npodeccope Muxawsie AnaHusl.
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Information for contributors

Papers intended for the Journal should be submitted in two copies to the Editor-in-Chief. Papers
from countries that have a member on the Editorial Board should normally be submitted through
that member. The address will be found on the inside front cover.

1.

11.

Papers should be written in the concise form. Occasionally long papers, particularly those of a
review nature (not exceeding 16 printed pages), will be accepted. Short reports should be
written in the most concise form not exceeding 6 printed pages. It is desirable to submit a copy
of paper on a diskette.

A brief, concise abstract in English is required at the beginning of all papers in Russian and in
Georgian at the end of them.

Line drawings should include all relevant details. All lettering, graph lines and points on graphs
should be sufficiently large and bold to permit reproduction when the diagram has been reduced
to a size suitable for inclusion in the Journal.

Each figure must be provided with an adequate caption.

Figure Captions and table headings should be provided on a separate sheet.

Page should be 20 x 28 cm. Large or long tables should be typed on continuing sheets.
References should be given in the standard form to be found in this Journal.

All copy (including tables, references and figure captions) must be double spaced with wide
margins, and all pages must be numbered consecutively.

Both System of units in GGS and Sl are permitted in manuscript

. Each manuscript should include the components, which should be presented in the order

following as follows:

Title, name, affiliation and complete postal address of each author and dateline.

The text should be divided into sections, each with a separate heading or numbered
consecutively.

Acknowledgements. Appendix. Reference.

The editors will supply the date of receipt of the manuscript.
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