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ABSTRACT

A systematic inventory of natural hazard (NH) events over the Georgia is valuable for estimating expected
hazard and risk, human and economic losses, quantifying the relationship between NH occurrences and
climate variations and for evaluating prediction new efforts. Therefore, it is planned to compile the catalogs
of the 5 types of NHs (landslide, debris flow, flash flood, hurricane wind and hail) causing significant
economic losses and casualties in Georgia throughout the historical time, drawing upon old and new
reports, scholarly articles and other hazard databases. This article develops a principles of NH data
collection, the basics of magnitude classification of NH events, which will be used in the process of
cataloging and magnitude harmonization of these events.

Keywords: Extreme natural event, natural hazard, natural disaster, natural disaster risk, magnitude,
parametric catalog.

1 Introduction

Georgia is prone to the natural disasters. In the last 30 years here, more than 700 people died and the
economic losses amounted to $6.6 billion; this whole country is within the category of medium and high risk
[16]. For example, only in the Georgian capital Thilisi in 2002 occurred earthquake during which 5 people
died and economic damage amounted to $350 million, and in 2015, as a result of a landslide in the Vere
river-bed and then a flash flood and debris flow was inflicted severe damage to the Thilisi, more than 20
people died, and estimated damage cost were more than $50 million. By UNDP, Georgia relates to the
countries with medium and high level risk. In addition, in the 90s of the last century, in Georgia due to
political, economic and environmental problems was increased urbanization at large towns and the
associated increase in population density. As a result, urban elements prone to NHs have appeared with ever-
increasing risks, which accordingly contribute to the transition from hazards to disasters.

An extreme natural event is simply an unusual event; it does not necessarily cause harm. If a natural
event does not pose any risk to human property or lives, it is simply a natural event.

A NH is distinguished from an extreme event. A NH is a threat of a naturally occurring event will
have a negative effect on humans. NHs (and the resulting disasters) are the result of naturally occurring
processes that have operated throughout Earth's history [12]. Hazard assessment is when scientists study
natural events to determine characteristics of various hazards. Hazard Assessment consists of determining
the following:

¢ When and where hazardous processes have occurred in the past.
e The magnitude of past hazardous processes.
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o The frequency of occurrence of hazardous processes.
o Probable effects of different hazardous processes depending upon the magnitude.

A NH escalates into a natural disaster when an extreme event caused harm in significant amounts and
overwhelms the capability of people to cope and respond. A natural disaster is a hazard that has already
occurred. A natural disaster has severe adverse impacts on human lives and livelihoods. Such events result
from natural processes in the geospher, hydrosphere or atmosphere [7].

Natural disaster risk assessment involves not only the assessment of hazards from a scientific point of
view, but also the socio-economic impacts of a hazardous event. Risk is a statement of probability that an
event will cause a statement of the economic loss in monetary terms.

The global sequence of natural disasters is irregular, but it shows a trend toward increases in the
number and size of events of all kinds (Fig. 1). Preliminary studies related to the occurred and spread of
natural disasters in Georgia [16] showed that the most common are 12 types of natural disasters: earthquake,
landslide, snow avalanche, flash flood, debris flow, drought, hurricane wind, lightning, hail, freezing, frost,
fog. But the most significant economic losses and casualties are related with six types of this disasters:
earthquake, landslide, flash flood, debris flow, hurricane wind and hail. As a result, the natural disasters in
Georgia have to be considered as a standing negative factor for the development process of the country. As a
result, the natural disasters in Georgia have to be considered as a standing negative factor for the
development process of the country. The importance and relevance of the issues discussed above stimulates
an active investigation of the parameters of NHs that induce natural disasters. It was revealed that various
effects caused by different natural disasters, their complex interaction with the environment, and
geophysical, geological and other processes, cause some deficits in the current knowledge. The assessment
of vulnerability of the element at risk to hazards is very important for an effective and proper assessment of
risk. In order to assess hazard information about its parameters, such as magnitude and intensity of an event,
the size of the exposed area and information of damages to elements at risk caused by theses hazards are
necessary. It was still unclear what should be considered as the magnitude or recurrence period of the event
of a given magnitude, and how these parameters could be estimated [16]. Hence, it was impossible to
establish trends change in number of all and separate types recorded natural disasters events in Georgia.
Since, on a global scale, the rise in the number of natural disasters is predominantly attributable to weather-
related events, and while global warming will continue in the coming decades, its contribution to increasing
natural disasters number and losses will become more prominent [8].
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Fig. 1. Trends in number of recorded natural disaster events worldwide: (a) All natural
disasters; (b) Earthquake versus hydrological and meteorological disasters ([6], [14], [15]).



The importance of the described issues requires studying the trends and characteristics of the factors of
most common and destructive NHs in Georgia, which will be based on the most completeness parametric
catalogs of these NHs, homogenized with the appropriate magnitude classification.

2 Principles of natural hazards cataloging

Assessment of NH, investigation of their regularities and many other related issues are mainly based
on input data. Along with the development of the field of science of NH, the requirements for source
information are increasing. This is especially true for tasks that require statistical approaches.

Thus, it is necessary to create NH parametric catalogs of events occurring in the territory of Georgia. It
should be noted that in the reality of Georgia, there is no printed or electronic published parametric catalog
for any type of NH events other than earthquakes.

To solve this task, first of all, the principles of compiling catalogs should be established:

e Only unified parameters should be included in the NH catalogs, i.e. the catalogs should include
all searched historical events, starting from ancient times to the present day. All events must be
classified in a single system, while the main parameters are defined for events of different
magnitudes and different times.

e Magnitude classification should be performed for each type of NH events and corresponding
catalogs should be harmonized according to one type of magnitude.

e For each event of NH, the most probable values of the main parameters, determined from the set
of all available data, should be selected. Main parameter values should have error estimates.

e In the preparation of NH catalogs for each event, it is necessary to use all the available
information (bulletins of various types, publications and manuscripts, articles and researches
dedicated to individual strong events, extracts from geographical descriptions of travelers and
local experts, reports from newspapers and journals, etc.). In this process, we should not limit
ourselves to using the main, well-known sources. It is necessary to search for additional data, to
conduct search works in print and electronic mass media in various archives, etc., which will
allow us to significantly increase the amount of information and discover many new events.

e The preparation of materials for NH catalogs should be carried out in several stages: in the first
stage, the data will be collected and systematized, then the initial processing of the existing data
will be carried out, the preparation of the materials ends with the compilation of a chronological
basis, in which all the prepared data must be entered in a strict order, as well as the results of their
initial processing. Then the work will begin - analysis of the collected data, parametrization of
NH events and assessment of the accuracy of the obtained values of NH main parameters.

The type and list of the unified main parameters of NH have been established. They will be listed in
the catalogs. Each event will have two column allocated in the catalogs (except for the "Comments " and
"Sources" columns). In the first column, the values of the main parameters will be placed, in the second
column - actual error. Brackets in all graphs mean approximate values of given parameters.

The main parameters are: date (year, month, day), time of occurrence (hour), coordinates of the
epicenter (latitude, longitude), magnitude, intensity, damage area (in terms of km?), scale of natural disaster
(number of killed, loss in terms of thousands USA dollars). In addition, there will be "Comments" and
"Sources" columns.

3 Magnitude classification of natural hazards

In spite of the substantial differences between the different types of NHSs, they require at last three
main characteristics for a scientific assessment. First, it has to be principally possible to identify the specific



geographical coordinates. Second, it has to be possible to identify the recurrence period for each type of
hazard and third, the magnitude of an event has to be reliably estimated.

The magnitude of a NH event is related to the energy released by the event. It is distinguished
from intensity which is related to the effects at a specific location or area. The magnitude of a NH event
varies in its frequency of occurrence over time in an inverse power relationship, or in other words, the larger
and the more energetic the event, the rarer it is in time [11].

Landslides have become one of the most deadly natural disasters on earth, not only due to a significant
increase in extreme climate change caused by global warming, but also rapid economic development in
topographic relief areas [10].

Landslide magnitude is the measure of the landslide size. It may be quantitatively described by its
volume or (indirectly) by its area. The latter descriptors may refer to the landslide scar, the landslide deposit,
or both [2].

Taking into account the available data on landslides in Georgia, we believe that its volume V. (the
mass that has been moved along the main scarp) is the most suitable measure of the landslide size in terms of
me. And considering that this volume sometimes reaches millions of m?, it is better to take the logarithm of
the landslide volume (in term of m) as the landslide magnitude (M..).

My=LogViL (1)

Debris flows represent an important NH process in mountain areas. The main elements required for a
practical hazard assessment include the following steps: (i) estimation of potential initiation zones and
sediment sources, (ii) establishment of a relation between the magnitude and frequency of expected future
debris-flow events, and (iii) assessment of the flow behavior and delineation of areas potentially endangered
by flowing debris [13].

A catalogue of past events is an important basis for the hazard assessment. The magnitude of an
estimated debris flow event is typically assessed based both on information about magnitude of past events
and on geomorphological investigations in the catchment [13].

The estimation of debris flow size, i.e. the maximum volume of debris material discharged during a
single event, is a basic step toward the assessment of debris flow hazard [3].

Debris flow magnitude is a measure of the debris flow size, which can be quantified determined by the
logarithm of the maximum volume in terms of m? of debris material discharged during a single event.

MDFZLOgVDF (2)

Flash floods cause some of the most severe natural disasters around the world. In Georgia, intense
snowmelt and rainfalls in the comparatively small catchments of many rivers, especially in the mountainous
regions, cause flash floods.

Flash floods are basically extreme form of hydrological phenomena and it generated by the natural or
anthropogenic causes [4].

Flash floods likely to result in significant geomorphic change are those that produce discharges many
times above that normally experienced by the river, that is, those with high maximum peak discharge to
mean annual discharge [9].

Flash flood magnitude is a measure of the flash flood size, which can be quantified determined by the
logarithm logarithm of the maximum water discharge in terms of m¥sec.

Mer=LogWee 3

By hurricane wind is considered an extreme meteorological event, during which the wind speed
exceeds 30 m/s. Hurricane winds can cause catastrophic damage to its distribution area. Moving or airborne
debris can break windows and doors and allow high winds and rain inside a home or business. In some
hurricane winds, wind alone can cause extensive damage such as downed trees and power lines, collapsing
weak areas of homes, businesses or other buildings. Additionally, hurricane winds can create storm surges
along the coast and cause extensive damage from heavy rainfall. Floods and flying debris from the excessive
winds are often the deadly and destructive results of these weather events.



On the territory of Georgia, hurricane winds are mainly western or eastern direction. Hurricane winds
can have a moderate negative impact in the central part of the Colchis lowland with adjacent sub-
mountainous and mountainous areas, as well as the South Georgian Highlands and Kvemo Kartli. Here the
maximum wind speed can be 43-49 m/s. The zone of significant impact of hurricane wind occupies small
areas of the territory of the South Georgian Highlands and Kvemo Kartli. In these areas, the maximum
hurricane wind speed can exceed 50 m/s [5].

Hurricane wind magnitude is a measure of the hurricane wind size which can be quantified determined
by the hurricane wind speed (in terms of m/s) divided by 10.

Mur=SHr/10 4

The severity of hail events range based on the size of hail, winds, and structures in the path of a
hailstorm. Storms that produce high winds in addition to hail are most damaging and can result in numerous
broken windows and damaged siding. Hailstorms can cause extensive property damage affecting both urban
and rural landscapes. Fortunately, most hailstorms produce marble-size or smaller hailstones. These can
cause damage to crops, but they normally do not damage buildings or automobiles. Larger hailstones can
destroy crops, livestock and wildlife and can cause extensive damage to buildings. A major hailstorm can
easily cause damage amounting into the of millions monetary units.

Georgia is one of the most hail-hazardous countries in the world. Therefore, the problem of hail in this
country is devoted to numerous works covering a wide range of studies, such as climatology of hail, radar
observation on hail processes, theoretical and experimental studies of the mechanisms of hail formation,
methods of impact on hail processes, analysis of impact results, etc. [1].

Hail magnitude is a measure of the hail size which can be quantified determined by the hail grain size
in terms of mm.

MuL=Dn/10 (5)

4 Conclusions

The studies related to the occurred and spread of natural disasters in Georgia showed that the most
common are 12 types of natural disasters. But the most significant economic losses and casualties are related
with six types of this disasters: earthquake, landslide, flash flood, debris flow, hurricane wind and hail. Thus,
is required studying the trends and characteristics of the factors of most common and destructive NH in
Georgia, which will be based on the most completeness parametric catalogs of these NHs, homogenized with
the appropriate magnitude classification. It should be noted that in Georgia there is no published parametric
catalog for any type of NH events, other than earthquakes.

In this article, the principles of compiling NH catalogs are established, which will become the basis for
the inventory of NH recorded in the historical past in Georgia, as well as their parameterization and
magnitude classification. To implement the latter, the concept of magnitude and the possibility of its
guantitative calculation for all considered types of BS were defined.
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IIpuHIUIIBI COCTABJIEHUS KATAJIOTOB MPUPOIHBIX ONIACHOCTEN
W MATHUTYAHAaA KJIaccupuramus

O. III. Bapazanamsuau, I'. M. N'anpunagamBuiu, E. III. EauzoapamBuim,
II. 3. bacunamBuiau, A. I'. AMupanamBuIn

Pe3rome

Cucrematnueckas MHBeHTapu3alus npupoanbix omacHocte (I10) B I'py3un umeeT BakHOE 3HAYSHHE IS
OLIEHKH O)KMJIAEMBIX ONACHOCTEM M PHUCKOB, YEJIOBEYECKHX M 3KOHOMMUYECKHX IOTEPH, KOJIUYECTBEHHOIO
OTIpEe/IETICHHSI B3aMMOCBS3H Mexay siBineHusMHU 110 1 n3MeHeHus MU KJIMMaTa, a TakKe JJIS OLEHKH HOBBIX
YCHJIMI 10 TPOTHO3MpoBaHWio. [lo3ToMy mmmaHupyercs cOCTaBUTh KaTayjorum 5 tumoB 1O (omonseHs,
CceNleBO MOTOK, MABOJOK, YparaHHBI BETEP U I'paj), BHI3BABIIUX 3HAYUTEIBHBIM S3KOHOMUYECKUH yiepo u
YeJI0BeYeCKHne KEePTBbI B ['py3un Ha MPOTSHKEHHWH BCETO MCTOPUYECKOTO BPEMEHH, HA OCHOBE CTAPBIX U
HOBBIX OTYETOB, HAYYHBIX CTaTedl W Apyrux 0a3 maHHBIX 00 omacHocTsX. B maHHO# cTaTthe pa3paboTaHbl
mpuHOUIEL cOopa AaHHbBIX 1Mo 10, ocHOBBI MarHuTyqHOU Kiaccudukanuu coobithil 110, koTopeie OyayT
WCTIOJIb30BATHCS B MPOIIECCE KAaTaJOTH3AIMN U MAarHUTYJHOW TapMOHHM3AINN 3TUX COOBITHA.
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ABSTRACT

Electrical prospecting is a branch of geophysical methods that studies electromagnetic fields of various nature.
The purpose of electroprospecting is to determine the electromagnetic characteristics of the geological
environment (resistance, conductivity, polarization, etc.), from which we can draw conclusions about the
structure of the studied area. Electrical study can be divided into two groups: passive and active methods. The
first of them is called natural electric field methods, and the second - artificial electric field methods. The
materials presented in our paper were obtained by the method of resistance (vertical electric sensing) and the
method of natural electric field. The article presents a study of rock humidity and the possible existence of
underground water flows.

Key words: Electroprospecting, vertical electrical sounding (VES), natural electrical field

Introduction

Electroprospecting (Vertical Electrical Sounding)

In electroprospecting (resistance method) is used artificial power source. The electricity reaches the
ground through the power electrodes and the difference between the arised potentials is measured by the
receiving electrodes on the earth surface. If the environment is homogeneous, the resistance method gives us
true conductivity, which will not depend on the configuration of electrodes and the position of electrodes on
the surface of the earth, since the true conductivity is a constant. In electric resistivity imaging (ERI) electric
currents are injected into the ground and the resulting potential differences are measured at the surface, yielding
information about the distribution of electrical resistivity below the surface. Finally this gives an indication of
the lithological and structural variation of the subsoil (since resistivity depends on sediment porosity and pore
water). In the shallow subsurface, the presence of water controls much of the conductivity variation.
Measurement of resistivity is, in general, a measure of water saturation and connectivity of pore space (1,2,3,5).
This is because water has a low resistivity and electric current will follow the path of least resistance. Increasing
saturation, increasing salinity of the underground water, increasing porosity of rock (water-filled voids) and
increasing number of fractures (water-filled) all tend to decrease measured resistivity. Increasing compaction
of soils or rock units will expel water and effectively increase resistivity. In environment AV, and therefore
impedance p should be dependent on the configuration and location of electrodes, as secondary fields influence
on the primary field [2]. Therefore, the measured p value in nonhomogenous environments is called an
apparent resistivity and is signed as pa. The coefficient of reaccount for uneven environment depends on the
configuration of electrodes. Different configurations of the electrodes are used according to the type of
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problem. In our tasks we used the Schumerberger method. Receiver MN electrodes are fixed in the center of
the device, while the distance between the current AB electrodes increases gradually [3].

F I A
A M

Fig.1. Schlumberger method of vertical electrical sounding

The vertical electrical sounding (VES) method relies on the fact that the greater is the distance between
of current electrodes (AB), deeper penetrating the current, than from more deep layers we receivs information

by measured potential on the electrode.
The works were carried out by the Italian electrometer equipment (Earth Resistivity Meter PASI

16GL-N). Data processing was done through a certified IPI2WIN program.

Electrical resistance table for some of the rocks

The name of the rock Electrical resistivity (ohm.m)
min typical max
Clay 5 10 15
loam 10 30 50
sand clay 30 50 80
Water-saturated sands 50 80 200
Sands slightly moist 100 150 500
Dry sands 200 500 10000
Carbonate rocks weakly cracked 500 1000 5000
Intrusive rocks weakly fractured 1000 2000 10000
Bulk 30 50 500
Permafrost rocks of various ice content 500 80000
Ores minerals conductors(in mostly sulphides) 0,001 1-5
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As we see from this table [2], the electrical resistance is different for different rocks that allow us to
be more confident about the definition of rocks, the water content in them, and to overcome various
geophysical tasks.

A study entitled slope stability analysis for landslides natural disaster mitigation by means of
geoelectrical resistivity data in Gedangan of South Malang, East Java, Indonesia has been conducted [12]. The
research was conducted using geoelectrical resistivity method by applying a vertical electrical sounding (VES)
model and Wenner-Schlumberger configuration. From the data as a result of field data acquisition, processing
and interpretation are carried out to obtain landslide parameters. By merging each vertical electrical sounding
(VES) point, physical parameters will be obtained as the basis for local landslide analysis [12].

Landslide, as a geohazard issue, causes enormous threats to human lives and properties. In order to
characterize the subsurface prone to the landslide which is occurred in the Tehran-North freeway, Iran, a
comprehensive study focused on geological field observations, and a geoelectrical survey as a cost-effective
and fast, non-invasive geophysical measurement was conducted in the area [13]. The Vertical Electrical
Sounding (VES) investigation in the landslide area has been carried out by the Schlumberger array for data
acquisition, implementing eight survey profiles varying in length between 60 and 130 m [13]. Electrical
resistivity values above 150 Qm indicate a basement of weathered marlstone and sand. Values between 15 and
150 Qm illustrate a shale-content layer with outcrops in the area that is the reason for movement. The sliding
surface is at a depth of about 12 m. The method used in this study is a good candidate to investigate the risk of
landslides in this region and can be applied to other landslide areas where borehole exploration is inefficient
and expensive due to local complications [13].

Natural electric field (NF) method

In the lithosphere, there are diverse natural electric fields that differ in their nature, nature and scale of
manifestation. Among them, a special place is occupied by the electrochemical fields of natural electronic
conductors, also called fields of redox or ore nature. One of the methods of electrical exploration is based on the
study of fields of this type - the natural electric field method (SP method), which is used to search for and explore
mineral deposits and map certain types of rocks.

The self-potential method enables non-intrusive assessment and imaging of disturbances in electrical
currents of conductive subsurface materials. It has an increasing number of applications. Laboratory
investigations undertaken, the inverse problem and seismoelectric coupling, and concludes with the application
of the self-potential method to geohazards, water resources and hydrothermal systems [8].

Landslides present a latent danger to lives and infrastructure worldwide. Often such mass movements
are caused by increasing pore pressure. The electrical self-potential (SP) method has been applied in a broad
range of monitoring studies. When fluid flow is involved the most relevant source of SP is the streaming
potential, caused by the flow of an electrolyte through porous media with electrically charged internal surfaces
[9].

The trigger factor of landslide in Pasanggrahan, Indonesia is the increase of water content in the slope
and the slip plane. The slip plane began to actively to turn on when the rainy season arrives. The infiltration of
rainwater into slopes as an avalanche trigger can be detected by Self Potential (SP) method. SP measurements
were performed to determine changes in subsurface water flow [10].

The major factor that triggered the landslide is the combination of the heavy rainfall and the existing weak
zones. The electrical resistivity and self-potential profiling are invaluable tools for providing subsurface
information in landslide investigation [11].
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Fig. 2. Dry unpolarizable electrodes for self potentials measurement - PMS 9000

In the natural electric field method, two methods of observation are used: the gradient method and the
potential method. When using the gradient method, the potential difference between adjacent points of the
profile is measured. This method is indispensable in cases where it is not possible to use long wires, for
example, in settlements or in areas of intense industrial interference. On the other hand, measurements by the
gradient method are often accompanied by the accumulation of a large error, and the results require additional
processing. The most commonly used and simplest for processing is the shooting of the EP according to the
potential scheme, when one electrode is fixed, and using the second identical electrode, the potential difference
between the fixed electrode and the rest points of the space is measured.

Measurements of the natural electric field were carried out by means of non-polarizable electrodes of
French production (Unpolarizable electrodes for self potentials measurement - PMS 9000).

Field measurements and processing methods

Electroprospecting works. On March 29, 2021, on the landslide located on Machavariani street,
electroprospecting works were carried out using the method of vertical electric sounding. Measurements were
performed with modern Italian (PASI GL-15N) equipment. The measurement was performed at two points
(Fig. 3). The data was processed using the certified program IP12Win.

The first measurement was made near the landslide tongue, on Machavariani Street (Fig. 3). The
measurement was performed by the vertical electrical sounding, with Schlumberger method. The maximum
distance between the current electrodes was 100 meters. The corresponding vertical electrical sounding (VES)
curve is presented in Fig. 4. The figure shows the curve obtained as a result of resistivity measurements in
black, the theoretical curve in red, and the layers, separated by inversion method, in blue. The analysis of the
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imaginary curve allows us to assume that the clay layer starts from a depth of about 25-30 meters. This result
is in some agreement with the results obtained by carotage of wells in the vicinity of VES point.

B gvashl‘u‘\))anzj‘\‘_\

-

- va‘shlljv.am Q {14

’.

Fig. 3. Positioning of vertical electrical sounding points in landslide body areas.

0] vashijva e ]| fmuex (o @ e
p | b | d | A
B2.6 | 220 220 2207
329 46 68 -6B.04
18

Fig. 4. Vertical electrical sounding curve obtained as a result of measurements near the landslide tongue.

The second measurement was made on the landslide body, about 500 meters away from the first point
(Fig. 5). The measurement was also performed using the vertical electrical sounding method with
Schlumberger extension. The maximum distance between the current electrodes was 250 meters.

The corresponding vertical electrical sounding curve is presented in at Fig.5. Potentially humidity
layers are separated on the VES. However, the analysis of the vertical electrical sensing curve allows us to
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assume that the entire investigated underground space is characterized by high humidity, which may indicate
the inflow of water from certain areas.
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Fig. 5. Vertical electrical sounding curve obtained as a result of measurements on the landslide body.

Works of natural electric field. The measurement of the natural electric field was carried out in the vicinity
of the second point of vertical electric sounding (vashlijvari2) (Fig.3). The measurement was carried out by
method of the potential (Fig.6). One electrode was fixed stationary in the center of the circle, while the other
electrode, connected to it by a 25-meter cable, moved around the circle at a 90-degree angle step. The potential
difference was measured on each step. Measurements of the natural electric field allow determining the
presence and direction of groundwater flow. From the asymmetry of the diagram, it can be assumed that there
is movement of underground water. By analyzing the presented diagram (Fig.7), the direction of groundwater
flow can be assumed. Most likely, the movement of underground water flow occurs in the direction of small
to large potential difference.

Fig. 6. Non-polarizable electrodes PMS 9000
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Fig. 7. Result of measurement of the natural field by circular (90° angle) rotation

Conclusion

1.Vertical electrical sounding method is effective in determining groundwater levels, lithology of subsurface
and estimating moisture of the subsurface rock. Also, to evaluate the thickness of moistened areas.

2. Measurements of the natural electric field allow determining the presence and direction of groundwater
flow.

3. Each of these methods has its own area of application. In the complex they complement each other and can
be used for more useful information.

4. However, it should be noted that the work done is not sufficient to study the issue in depth. Further studies
are needed.

References

[1] Varamashvili N., Chelidze T., Devidze M., Chikhladze V. Laboratory and mathematical modeling of
landslides triggered by external factors. Field research. Transactions of Mikheil Nodia Institute of Geophysics
of lvane Javakhishvili Thilisi State University, vol. LXVIII, Monography, Thilisi, 2017, (in Georgian).

[2] Vertical electrical sounding, practical course “Basics of geophysical methods” for students of geological
specialties, Moscow, 2007 (in Russian).

[3] Electroprospecting: a guide to electrical exploration practice for students of geophysical specialties. Edited
by prof. V.K. Khmelevskoy, Assoc. I.N. Modina, Assoc. A.G. Yakovleva — Moscow, 2005 (in Russian).

[4] Fabio Vittorio De Blasio, Introduction to the Physics of Landslides. Springer, 2011.

[5] Varamashvili N., Tefnadze D., Amilaxvari D., Dvali L., Chikadze T., Qajaia G., Varamashvili D. Vertical
electric sounding in water search tasks and for landslide hazards assessment. International Scientific
Conference ,,Modern Problems of Ecology*, Kutaisi, Georgia, 21-22 September, 2018, (in Georgian).

18



[6] Chelidze T., Varamashvili N., Chelidze Z., Kiria T., Ghlonti N., Kiria J., Tsamalashvili T. Cost-effective
telemetric monitoring and early warning systems for signaling landslide initiation. Mikheil Nodia Institute of
Geophysics of lvane Javakhishvili Thilisi State University. Monography. Thilisi, 2018, (in Georgian).

[7] Varamashvili N.D., Tefnadze D.V., Amilaxvari D.Z., Dvali L.B., Chikadze T.G., Qajaia G.T.,
Varamashvili D.N.. Water Search and Landslides Study Using Electroprospecting. Journal of the Georgian
Geophysical Society, v.22(1), 2019, pp. 10 — 15.

[8] Revil A., Jardani A. The self-potential method: Theory and applications in environmental geosciences.
Cambridge University Press, 2013.

[9] Heinze T., Limbrock J.K., Pudasaini S.P., Kemna A. Relating mass movement with electrical self-potential
signals. Geophys. J. Int., 2019, 216, pp. 55-60.

[10] Budy Santoso, Mia Uswatun Hasanah and Setianto. Landslide investigation using self potential method
and electrical resistivity tomography (Pasanggrahan, South Sumedang, Indonesia). IOP Conf. Series: Earth
and Environmental Science 311, 2019, doi:10.1088/1755-1315/311/1/012068

[11] Akinlabi I. A., Akinrimisi O. E, Fabunmi M. A. Subsurface Investigation of Landslide Using Electrical
Resistivity and Self-Potential Methodsin Oke-lgbo, Southwestern Nigeria. IOSR Journal of Applied Geology
and Geophysics (IOSR-JAGG), V. 6, Issue 5, 2018, pp. 67-74

[12] Sunaryo, Adi Susilo, Alamsyah M. Yuwono, and Wiyono. Slope Stability Analysis for Landslides Natural
Disaster Mitigation by Means of Geoelectrical Resistivity Data in Gedangan of South Malang, East Java,
Indonesia. 9th Annual Basic Science International Conference 2019 (BaSIC 2019), doi:10.1088/1757-
899X/546/2/022030

[13] Kiana Damavandi, Maysam Abedi , Gholam Hossain Norouzi, Masoud Mojarab. Geoelectrical
characterization of a landslide surface for investigating hazard potency, a case study in the Tehran- North
freeway, Iran. International ~ Journal ~ of  Mining and  Geo-Engineering, 2022,
doi: 10.22059/IIMGE.2022.340800.594958

19


https://scholar.google.com/scholar?oi=bibs&cluster=18016114960573130448&btnI=1&hl=en
https://ijmge.ut.ac.ir/?_action=article&au=785132&_au=Kiana++Damavandi
https://ijmge.ut.ac.ir/?_action=article&au=175970&_au=Maysam++Abedi
https://ijmge.ut.ac.ir/?_action=article&au=316676&_au=Gholam+Hossain++Norouzi
https://ijmge.ut.ac.ir/?_action=article&au=529161&_au=Masoud++Mojarab
https://dx.doi.org/10.22059/ijmge.2022.340800.594958

993G ™d09d0L 3g0m©Ydols Aglisdergdenmds dghiygerye sMgdo
9395903306000 ©sEYb0s6gdoL s dofolidzgds Hgerol bogswols
09935L99500

b. 35650533000, X. JoM0s, 5. MOBIB-BrME530, b. EMbGo
9Bomdg

99dGH™30905 SO0 29MB0D0IMO0 I9MEYdOL J0ToMmEYdS, MMIGE0E BHogwrMmdl Lbgsalbgs
069d0L  9EgdBOMToaboGMO  39egdL.  9gdBHM™MA0gdOL  JoBsbos  AIMEMAOMMO QoMM
99dGHOM3boEMOO FoboliosmgdEgdOL A6 (F0bs50TYRMdS, FTBHIOMBDS, 3MWIMODBIGOS OO
0.9.), Ls0obsE Fgodergds 249353900Mm0m 1336900  TGuHogzEw oo BHIMOGHMOMOOL 5390w gdOL
d9lobgd. 9wwgdBHOMEo 498m33wg3s F90dwgds ©S0YMlL MO XAMBI: 35BOMMO s SJBHOYOO
3900Mm©Y00. 30039 Fomobl 0BxdM030 JE9dBHOWIO 390l (093) IgOMPIOL fiMmgd9b, breom
39Ol - bgemzbmmo gargdGHewo 390l 3900mgdL. B39bL b5dMmAdo Fomdm®agboero dsbaergdo
00090905 [0b550dgamdol  (39MGH035MMmO  9EgdBHOIo  Bmbo®mgdol) TgmmEom  ©o
016906030 ggdBHMEo 390l gMPOm. LGB0 FoMdmygboos Jsbgdol 3oHgwosbgdols
Q5 dofjoligzgds Hywgdol b535gd0L Tgboderm sOLYIMBdOL 33¢93s.

B03MOKHOCTH 3J1EKTPOPA3BEIOYHBIX METO/I0B B OLIEHKE MOA3eMHOI
BJIATH U MO/J3€MHOI'0 NMOTOKA BO/JbI B ONOJI3HEBOI 30He

H.J. Bapamamsuin, JI.K. Kupus, A.I'. Tapxan-Moypasu,
H.A. I'ionTn

Pe3rome

OnekTpopas3Beka — pasfed reopu3MUecKuX METOAOB, W3YyYarOIIUi AJIEKTPOMATrHUTHBIE TMOJIS Pa3InYHON
npupoApl. Llenpr0  AJIEKTPOpAa3BEAKHM  SIBISETCS  ONPENEICHUE  AIEKTPOMArHUTHBIX — XApaKTEPUCTHUK
T€0JIOTHUECKON cpelibl (COMPOTHBICHHE, JIEKTPOIPOBOAHOCTD, MOJSPU3ALMI U Jp.), 10 KOTOPBIM MOXKHO
CENaTh BBIBOABI O CTPOCHNUHU U3y4aeMOU TEPPUTOPUH. DIEKTPUUECKUE HCCIEN0BaHMsI MOXKHO pa3fesinTh Ha
JIB€ TPYIIbL: ITACCHBHBIE M AKTUBHbIE METOABI. IIepBBIH M3 HUX HA3BIBAETCS METOJAMHU E€CTECTBEHHOTO
JIEKTPUYECKOTO M0JIs, @ BTOPOH - METOJaMH COITPOTUBIIEHNA. MaTepuasl, IpeCTaBICHHbIE B HAILIEH CTaThe,
OBUIM TIONYYEeHBI METOJIOM CONPOTHBIICHHS (BEPTUKAIBHOE 3JICKTPHUYECKOE 30HIUPOBAHUE) W METOJIOM
€CTECTBEHHOI0 JIEKTPUYECKOr0 MoJIs. B cTaThe MpeacTaBIeHo NCCIEJOBAHNE APEHUPOBAHMS TOPHBIX TIOPOJ
Y BO3MOXKHOTI'O CYLIECTBOBAHUS 1036 MHBIX BOJLOTOKOB.
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ABSTRACT

The state of burial sites for radioactive and other toxic substances poses an environmental hazard, when
there are no schemes for their placement and the technical arrangement of their structures is unknown.
Thus, it is necessary to determine the condition and structure of underground structures by non-invasive
methods. One of the most non-invasive methods in terms of information content and minimization of threats
in research is the GPR method [1, 2]. Based on the foregoing, we present two-dimensional and three-
dimensional radio images of the underground repository. Rotating radio images at different angles, it is
possible to determine the structure of an object located under the daylight surface.

Field georadar work was carried out using the Zond 12e georadar and the interpretation of the results was
carried out using the Prism-2.5 and Voxler-4 programs [3, 4].

Key words: Georadiolocation, 2D and 3D radio images, radioactive burial.
Introduction

The Scientific Research Institute of Radiation Agronomy of Plants was located and functioned on the
Georgia territory of Anaseuli, Chokhatauri region since the 60s of the last century. At present, the remains of
the institute building, the remains of the perimeter of the foundation, the remains of a number of demolished
objects have been preserved. In the collapsed building of the institute and around it, there were signs of
radiation contamination, the sources of which could be located under the daytime surface of the soil, in more
or less protected places.

Instrumental part and environment

The purpose of the georadar study was to determine the position, shape and location of radio images
of possible underground objects in pre-designated areas (five areas). Georadar work was carried out by the
Zond 12 georadar with standard antennas at frequencies of 150 MHz and 75 MHz, data collection and
processing was carried out using its Prism-2.5 software. The work was carried out in the area, the soil of
which consists of red soil, is common in the southwestern part of the humid subtropics zone (Adzharia,
Guria) at an altitude of about 100-300 m above sea level and occupies a hilly-mountainous area. Red soil is
characterized by heavy clay, clay and heavy clay with a mechanical composition. The red color is due to the
content of ferric iron.

On the territory of the former Soviet Union, including former Soviet Georgia, near-surface radiation
repositories were created. Their structure is more or less diverse in shape and partitions made of materials
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with different ability to reflect electromagnetic waves that create different cavities. The fig. 1 shows
exemplary types of radioactive burial sites for underground structures consisting of various protective layers.
Numbers on the fig.1 indicate the radioactive storage burial grounds that are isolated from the external
environment with layers of various types of material composition (concrete, clay, sand, inert materials, etc.).
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Fig.1. Simple and complex type of some radiation burials.
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Results and discussion

Results in fig. 2-8 are presented.

Fig.2. Photo shows the region of the study area-5. The directions of GPR profiles (5a and 5b) are marked
with white lines, marking their completion by the arrows.

We present GPR data of the fifth survey site and their two- and three-dimensional radio images.
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Fig.3. GPR- section with a depth of 6 m and a length of 15 m, presented on the radargram (profile 5a-3647),
was made by the Zond 12e georadar with a standard 150 MHz dipole antenna.

The fig. 3 and fig. 4 show the corresponding radargrams of two-dimensional intersecting GPR
profiles.

In the center of profile-5a is noted an approximate cavity about 4.5-5 m from the surface. Individual
approximate cavities are outlined with white lines at distances of 2.5-12 m and 13-14 m. The radio image of
the object at distances of 5.5-7.5 m with a thickness of 2.5-4 m is defined as a "box-shaped” [5, 6]. At
distances of 7-12 m is noted a complex, folded radio image of a three-chamber object. Under the large cavity
is clearly distinguished a conical base with a tip at a distance of 7.5 m.
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From the surface of the tile in depth there are cavities 1.5 m thick [7, 8] (possibly filled with
demolished material), under the tile there are cavities at a distance of 2.5-4.5 m, 7.5-9.5 and 10.5-12 m, these
are possible traces of destruction.

Depth, m

12 13
Distance, m

Fig. 4. GPR-section (profile 5b-3648) with a depth of 6 m and a length of 25 m, made by the Zond-12e
georadar with a standard 150 MHz dipole antenna.

Profile 5b clearly shows cavities marked with white lines at distances of 3-7 and 12-20. A radio image
of the "bow-tie" type is determined at a distance of 8-11 m from a depth of 0.5 m to 3.5-4 m. A cavity was
also noted at 20-24 distances. The inverted cone-shaped part of the base was clearly distinguished at
distances of 0-18, which is in good agreement with the results of profile 5a. Generally, profile-5a and
profile-5b are in good agreement with each other and complement each other.

Fig.5. 3D radio image, created from profile-5a and profile-5b radargrams GPR-section. The lengths of the
profiles are measured along the axes: Prof-5a length -15 m and Prof-5b length -25 m, which are built with
GPR files-3647 "front" and file-3648 "rear". The selected segment of the electromagnetic wave amplitude is
set according to the legend.

To represent the radio image in a 3D image, the software Prism-2.5 and Voxler-4 were used, they
made it possible to see the radio image of the object in three dimensions [3, 4], by selecting the amplitude
segment of the electromagnetic wave and using the appropriate rotation option.
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Figures 5, 6, 7, 8 show views of the radio image of the object at different angles of rotation from the
vertical axis of the intersection of the profiles.

Fig. 6. 3D radio image created with profile 5a and profile 5b radargrams. The lengths of the profiles were
measured along the axes: Prof-5a length 15 m, Prof-5b length 25 m. The radio image was rotated at an angle
of 90 degrees from the axis of the intersection of the profiles.

Three-dimensional coordinates of the radio image are marked in meters. The left side is marked (L)
and the right side is marked (R), special areas of the radio image are marked with white rectangles. The left
side of the radio image consists of two main shapes with partial overlaps. In the center of the radio image is
the so-called "bow-tie" with its characteristic arrangement of the in-phase axes, complicated by the
horizontal axes of the in-phase of the left, rectangular overlapped object. The left large rectangular area of
the radio image common-mode is read as a complexity of a "pit" type complex with vertical walls. The right
rectangle is distinguished by a more reflexively located uneven-walled wall, it is horizontally covered by a
possible reinforced concrete slab and has a pronounced base. As a wall material, it was possible to use brick
or concrete-block masonry, separated from the environment by a clay-like material.

Thus, the interior of the burial ground consists of a distinctly isolated three-dimensional cavity,
complicated by horizontal rectangular non-uniform partition inserts.

On the fig. 6 the angle of the radio image, twisted at an angle of about 90 degrees. Clearly
distinguishes the left wall with a bounding vertical partition, turning into the radio image of the "pit" type
object, file-3647 "rear part".

Fig.7. 3D radio image created with profile 5a and profile 5b radargrams. Profile lengths are measured along
the Prof-5a axes at -15m, and Prof-5b at -25m. It consists of a "rear" file 3647 and a "rear" file 3648.
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Have been identified the "Bow-tie", complicated by horizontal surfaces and space created by a wall of
highly reflective material.

Fig. 8. 3D radio image created using profiles 5a and 5b radargrams. The lengths of the profiles are measured
along the axes: Prof-5a length 15 m and Prof-5b - 25 m.

The space was clearly represented by a radio image, “bow-tie” complicated by radio images

superimposed by horizontal inclusions at depths of 2-4 m.

Conclusion

Fragmentary GPR studies conducted in Ozurgeti, at the previously designated sites of the Research
Institute of Radiation Agronomy of Plants, revealed a variety of 2D-dimensional radio images [7, 8, 9],
indicating the existence of different types of radioactive insects [10, 11, 12].

Rotation shapes of 3D radio images of underground objects were analyzed to determine the location
and shape of the object. In particular, the angles of rotation of the three-dimensional radio face of the "Plot-
5" object were used to clarify the internal spatial cavity of the burial ground, to delineate the space marked
with "bow-tie" and complicated by horizontally located inclusions.
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OnpeaeneHue HATMYUA U CTPYKTYPbI OANOBEPXHOCTHOTO
PAaAMOAKTHBHOIO 3AXOPOHEHUS NPU UHTEPIPETALUU Pe3yIbTATOB
reopagapHoOro MeToAAa Mo AHAJU3Y TPEXMEPHOI0 BPAIIAKIIErocs

paanou300paKeHust

J.T. OmmnaBanze, T.JI. Yeauasze, H.S. I'nonTu, O.B. SIBos1oBCcKast

Pe3rome

Jist yTOUHEHUsI MHTEPIPETAUH PE3YJIbTATOB, MOMYYEHHBIX [0 MPOQHIISM, TOCTPOCHHBIM IO MOTIEPEYHBIM
reopaJnoIOKaMOHHBIM pa3pe3aMm (Prism 2.5), sxkenateabHO HCIOb30BaATh JOMOIHUTENBHYIO Iporpammy "
Voxler 4" st yrouHeHHsT HAMMEHOBaHMs PaarooOpasa, Korjaa ero He BUAHO. B Haiem ciydae pe3ysibTaThl,
nojyueHHbsle Ha mepecedeHusx (Prism 2.5), He BbUSIBWIM PagHoOM300pakeHHs TUMa «00y-Tai», YeTKO
OnpeessIoIIero riiyouty. B pesynbrate ncnonb3oBaHus nmporpaMMHoro obecreueHus VOXxIer 6suio uetko
uneatudunuposan 3D pagnooOpa3 Tuma 00y-Tail, a HadwYue paarooOpaza OBUIO MOATBEPXKIEHO YrilaMHu
MOBOPOTA BOKPYT OCH MepecedeHus: MPOHIIs.

[MpuBeaeHHBIH HAMK TIPUMEP MOXKHO HMCIOJIh30BaTh KaK MapalirMy MHTEPIIPETAIMN [eOPaIHOIIOKAIINN TS
Oosiee MHHOPMATUBHOTO TIPEICTABICHUS PE3YJIbTaTa B MPOOJIEMHBIX YCIOBHSIX.
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ABSTRACT

Environmental pollution is an undesirable process of loss of substances and energy caused by human
economic activities, such as the extraction and processing of raw materials, which is accompanied by the
separation and dispersal of waste in the biosphere. The long-term threat of contamination of agricultural
areas (decades or more) is associated with a drop in long-lived biologically active radionuclides of 90Sr and
137Cs. The data from the last round of our survey showed that in 2013-2018 the land area we surveyed
reduced the 137Cs pollution density to 3.1% on Makhata Mountain. In Gardabani - 5.4%, in Rustavi -
31.9%, in Zestafoni - 55.4%. We will continue monitoring and will offer you the following in new article.

Keywords: Radionuclides, heavy metals, forest brown soils.

Introduction

The natural radioactivity of the biosphere is due to the origin of galactic (GCR) and solar (SCR)
cosmic rays and radioactive isotopes (nuclides) - natural radionuclides contained in the Earth's crust,
atmosphere and hydrosphere. Natural radiation background is constantly present in the biosphere.v.i.
Vernadsky noted the enormous role of element radioactivity in evolution and the existence of the biosphere

[1].

Environmental pollution is an undesirable process of loss of substances and energy caused by human
economic activities, such as the extraction and processing of raw materials, which is accompanied by the
separation and dispersal of waste in the biosphere. A comprehensive tool for studying different
anthropogenic impacts on the environment is its comprehensive analysis [2]. In the event of a nuclear
accident, adequate protection of society and the Measurement of radiation dose and radioactive
contamination in the environment is essential for the optimization and decision-making process of radiation
protection. However, in the early phase, such measurements are rarely available or sufficient. environment
requires timely assessment of short-term and long-term radiological impacts. To compensate for the lack of
monitoring data during nuclear emergencies, especially in the early stages of an emergency, mathematical
models are often used to estimate the temporal and spatial distribution of radioactive substances. Which we
have used in our works and the relevant results are in the case of Rustavi-Zestafoni [3].

Results

Radioactive contamination of agricultural lands is classified as areas of intensive agricultural
production. The long-term threat of contamination of agricultural areas (decades or more) is associated with
a drop in long-lived biologically active radionuclides of 90Sr and 137Cs (Fig.2).

Agricultural land in the mentioned district. The study of the natural radiation background of the soils
of Gardabani district was carried out, where the highest annual dose was recorded at 120 ng / h, 1.06
mW/year [3,4]. It is known that the so-called The average data of the "normal™ regions is 0.7 mSv / year. If
we compare this figure with the data of the Gardabani zone, wewill see that the Gardabani region is one of
the regions of the increased radiation zone Part of the agricultural land in Gardabani district has the highest
dose of 137Cs pollution. And from heavy metals the most overdose is fixed to the metal Zn, Pb, Fe as for
Rustavi and Zestafoni, the level of radiation pollution is not alarming (Table 1, Table 2).
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Table. 1. Heavy metal content in soils of district.

Place of sampling

Heavy metal content in soils of district

Zn Pb Fe
Gardabani 770 360 3492
Rustavi 260 320 3426
Zestafoni 920 280 3105
Makhata Mountain 650 220 2988
MPN 300 130 420
Table.2. Doses of radiation elements in the examined areas.
Regions Radionuclide Radionuclide MPN Beck/kg MPN Beck/kg
Cs -137 Sr-90 Cs -137 Sr-90
Gardabani 47 18,1 50 20
Rustavi 11 27,4 50 20
Zestafoni 31 27 50 20
Makhata Mountain 27 16 50 20

Agricultural production in these areas was carried out on thousands of hectares, of which 3% had
137Cs pollution levels above 37 kW / m2. Land pollution by 90Sr was negligible except for the interior of
the Rustavi Metallurgical Plant, so the rest of the areas do not require protective measures. However requires

monitoring. Thirty years after the Chernobyl accident, the radiation situation has improved significantly [5].

As a result of the radioactive decay of 137 Cs, the area of contaminated agricultural land in certain
areas was reduced by the contamination density by 33.7%. We have tried to review the radiation situation
around the existing enterprises, such as Zestafoni Ferro and Rustavi Metallurgical Plants, to ensure radiation

safety, which is reflected in our published works (Fig. 1).

Compare in this work with Gardabani, Rustavi and Makhata mountains the radiation factor in terms
of its potential threat to life. Has a more balanced character. In terms of both radionuclides and heavy metals.
Comparison of these data confirms the absence of harmful consequences of the Fukushima tragedy in
Georgia. We will touch on the agrochemical characteristics of the soil in small volumes. Study zone in terms
of climate and other conditions. Presented in the above strip loamy, forest brown soils and transitional forms
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=C=Makhata Mountain

=O~Zestafoni

Cs-137

Sr-90

T T T )
Radionuclide, Radionuclide, Mpn bec/kg, Cs- Mpn bec/kg, Sr-
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Fig.1. Distribution of Cs -137 and Sr-90 in soil.
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between field-type soils. Mostly loamy soils of different thicknesses are common. They are developed on the
products of sandstones, porphyries and andesite’s.
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Fig. 2. Geological section of forest brown soils.

Loamy, forest brown soils and transitional forms between field-type soils. Mostly loamy soils of
different thicknesses are common. They are developed on the products of sandstones, porphyries and sites

(Fig. 2).

Fig.3. Georgian soils.

Due to the slope of the terrain, the soils have different profile thicknesses and mostly small thickness
soils are common. The brown soils of the forest are characterized by a well-defined humus layer, strong
waterproof structure, absorption capacity and carbonate content over almost the entire profile and carbonate
content over almost the entire profile (Fig.3).

Conclusion

The data from the last round of our survey showed that in 2013-2018 the land area we surveyed
reduced the 137Cs pollution density to 3.1% on Makhata Mountain. In Gardabani - 5.4%, in Rustavi -
31.9%, in Zestafoni - 55.4%. We will continue monitoring and will offer you the following in new article.
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CpaBHeHue pacnpee/ieHUs] PAAHOHYKJIU/I0B U THAXKEJIbIX METAJJIOB B
nouysax I'py3uu

C.b. MarnamBuium, 3.Jx. Yankceauanu, E.B. Menapuase

Pe3rome

3arpsi3HEHHE OKpY’KAIoUIeW cpeabl - HeKeaTelIbHbIM MPOLECC MOTEPU BELIECTB M 3HEPIUH, BBI3BAaHHBIN
XO3HCTBEHHON JIeSTENIBbHOCTBIO UEJIOBEKa, TAaKOH Kak Jo0bluya W 1mepepadoTKa ChIPbs, KOTOPBIN
COIPOBOJK/IACTCS pa3eIeHHEM M PacCeMBAaHMEM OTXO/0B B Omocdepe. MHOTONETHSS yrpo3a 3arps3HeHUs
CENIbCKOXO3SIMCTBEHHBIX yronuil (mecatwineTrvs u Ooyiee) CBA3aHA C TaJE€HHUEM YPOBHSA JIONTOKHBYIIUX
OMOJIOTHUECKH aKTUBHBIX panuoHykiuaoB 90Sr m 137Cs. JlaHHBIE TMOCHEOHEr0 payHAa HaIIero
nccnenoBanna mokaszanu, yto B 2013-2018 romax Ha o0cienoBaHHOW HaMH TEPPUTOPUH ITUIOTHOCTD
3arpsi3HeHus 1e3reM-137 causunack 1o 3,1% Ha rope Maxarta, B ['apmabann — 5,4 %, B PycraBu — 31,9
%, B 3ectagonn — 55,4 %. MBI IpOIOIKMM MOHUTOPHUHT M IPEACTAaBUM PE3YJIbTaThl B CIEAYIOIEH CTaThe.
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ABSTRACT

Numerical modeling of the distribution of floating marine debris in the coastal waters of the Black Sea of
Georgia using marine litter monitoring data is presented. The monitoring was carried out in Poti and
Batumi nearshore water areas during September 2019 under the framework of EU project RedMarLitter. To
simulate floating marine debris a 2D nonstationary advection-diffusion model is used, which is coupled with
the regional model of the Black Sea dynamics of Institute of Geophysics of I. Javakhishvili Thilisi State
University (RM-1G), The RM-IG is a core of the regional forecasting system for the easternmost part of the
Black Sea and is based on a full system of ocean hydrothermodynamics equations written in a Cartesian
coordinate system. The modeling results showed the important role of advection and diffusion processes in
the spatial-temporal distribution of floating solid waste.

Key words: Circulation, marine litter, modeling system, advection-diffusion equation.

1. Introduction

At the present stage of human development, environmental pollution with different anthropogenic
impurities has become a global problem, the study of which is one of the main issues of modern
environmental sciences. Among the environmental pollution problems, the pollution of the seas and oceans
by solid waste (marine litter) has become one of the most important challenges for the world. Studies show
that the world ocean is heavily polluted with debris — plastic bags, rubber, bottles, paper/cardboard, etc.,
which have a very negative impact on the marine ecosystem [1-4]. Some of them float on the sea surface, but
most of marine litter sink and accumulate on the seabed. Marine litter enters the marine environment from
both land- and sea-based sources. The source of this kind of waste is the garbage discharged from the ships,
the household waste dumps along the banks of rivers, that are discharged into the rivers during floods, the
waste accumulated on the sea coasts during the holiday season, etc. Most marine debris is plastics, which
tends to break down into small particles and is often ingested through food and leads to various adverse
health effects [2, 3]. Furthermore, plastics are a source of toxic chemicals, very dangerous for marine life. By
estimation of some experts, 6.4 million tons of litter are entering the oceans each year [3].

Monitoring of solid waste in the seas and oceans is an important part of the marine environment
monitoring in general and is a prerequisite for maintaining the ecological safety of marine systems and
sustainable development of society. This problem is highlighted in the EU Marine Strategy Framework
Directive (MSFD), where among 11 descriptors providing for good environmental status of the sea
environment, descriptor 10 considers the survey of marine litter in marine environment (properties and
guantities of marine litter).

Over the last two decades, a lot of works on marine litter monitoring have been conducted at sea
beaches, at the sea surface and at the seabed in order to estimate and study litter spatial distribution, its
composition and to identify the sources (e. g., [1-9]). In [1] beach litter was considered as a threat to beach
tourism and studies have focused on the quantification and classification of marine litter on the beach of the
City of Ensenada (Baja California, Mexico). During the monitoring, which was carried out on April-August
2000, the beach of Ensenada revealed a total of 16474 objects, including 2686 plastics (16,3%).
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Spatial and temporal variability of the floating debris was studied in [2] based on data collected during
oceanographic cruises in 1997 and 2000 in the north-western Mediterranean sea. A debris density in 1997
was 15-25 objects km2, while for the 2000 data, a lower density of the order 3 — 1.5 km was found. This
result indicates a significant time variability in the debris concentration in the Mediterranean basin.
According to the authors, possible reasons for the observed variability are meteorological forcing, marine
currents or debris input variability.

In [3] a rather detailed study of the distribution of marine debris in the waters of the European seas
was carried out based on the analysis of data collected during 588 video and trawl surveys across 32 sites in
European waters. In the Mediterranean Sea, which is an inland sea like the Black Sea, several hotspots were
discovered. The hotspot with a maximum litter density 21-40 kg.ha was observed near the Spain shore. One
of the conclusions of this study is that the highest litter density occurs in submarine canyons, whilst the
lowest density can be found on continental shelves and on ocean ridges. It turned out that the most prevalent
litter item found on the seafloor.

In [4] benthic marine litter were investigated during the period January-March 2013 in five study areas
from the Eastern Mediterranean and Black Seas (Constanta Bay). Plastics were predominant in all study
areas ranging from 45.2% to 95%. In total 5398 marine litter items were collected from all the study areas.
The highest density was found in the Saronikos Gulf (1211 +594 items/km?), in the Constanta bay 291+237
items/km? litter density was found.

Like the world ocean, the Black Sea pollution with marine litter has become very relevant in the last
two decades [5-9], which has a very negative impact on the marine ecosystem. Studies have shown that the
bottom of the Black Sea coastal zones is often filled with municipal solid waste - bottles, banks, plastic
materials, and more. The number of start-ups has been established for processing and recycling the plastic
debris from environment, including the marine area (e. g. Tene Ltd.- https://www.facebook.com/TeneUSB/)

Following MFSD requirements, monitoring of marine litter has been conducted on 3 selected beach
sections (Ureki, Kobuleti and Sarpi beaches) of Georgia within EC-UNDP funded project EMBLAS I/l in
the period from 2015 to 2017 [6]. As a result of the monitoring work carried out, the authors conclude that
the litter on the surveyed sections of beaches is generated from land-based sources. Monitoring results
showed that Ureki beach is more loaded by litter, the volume of plastic in total amount of litter is 95-96 %.

At present, numerical (mathematical) modeling is widely used to study the features of the floating
marine litter distribution in the world ocean. A rather large number of publications are devoted to this issue
(e. g., [10-18]).

The use of mathematical modeling methods allows to estimate the scales of marine litter distribution
and contribution of different factors (sea circulation, atmospheric wind, etc) to floating litter dispersion
process, providing better understanding litter dispersion processes. Distribution of floating marine debris in
marine environment largely depends on the sea circulation parameters, which are calculated from ocean
circulation models. In [10] different numerical models of ocean circulation are described, the output of
which can be applied to simulate drifting of marine debris. These models are: the Navy Layered Ocean Mode
(NLOM), the Navy Coastal Ocean Model (NCOM), the Hybrid Coordinate Ocean Model (HYCOM), etc.

Most of publications on numerical modeling consider a particle-tracking method to describe the
distribution of floating debris by virtual particles. In [11] a global ocean circulation model HYCOM were
coupled to the Lagrangian particle-tracking model Pol3DD to simulate 30 years of transport and
accumulation of floating debris in the world ocean. The model outputs showed the formation of 5
accumulation zones in the subtropical latitudes. In terms of numerical modeling, considerable interest is [12],
where modeling the distribution and accumulation of floating debris entering the ocean in large quantities as
a result of well-known Tohoku tsunami by the 11 March 2011 is presented. This disaster has generated a
massive influx of debris washed from the coastline into the ocean. To simulate the transport of flouting
debris a modeling system is applied consisting of a global ocean circulation model HYCOM and a
Lagrangian particle-tracking model Pol3DD. The model Pol3DD grid covered a part of the North Pacific and
comprised 1551 x 701 grid nodes with 7 km spacing. In [13] the drift of marine litter in the southern North
Sea was simulated with the Lagrangian particle-tracking model PELETS-2D for a nine year period 2000-
2008. The model was coupled to pre-calculated current and wind fields based on the 3D operational
circulation model BSHcmod of the Federal Maritime and Hidrographic Agency of Germany (for more
information reference to [10]) .

In [16] overview of models of floating marine debris focusing on marine micro-plastics (< 5 mm
diameter) is presented and some ways to improve modeling of transport of marine debris in a future are
discussed. The authors are of the opinion that presently used ocean circulation models, commonly having 10
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km horizontal and 10 m vertical resolution, require 10 m details or even finer grid, which is associated with
the exponentially growing computer power.

It should be mentioned the model, recently elaborated by researchers from Naval Academy (Burgas,
Bulgaria) within the EU funded project “Innovative Techniques and Methods for Reducing Marine Litter in
the Black Sea Coastal Areas — BSB552 RedMarLitter”, which is based on consideration of the trajectory of
individual floating objects (https://map.redmarlitter.eu/en/waste-flow-modelling).

The present paper provides numerical modeling of the distribution of floating marine debris in the
coastal waters of the Black Sea of Georgia using data of litter monitoring conducted in Poti and Batumi
nearshore water area during September, 2019 (within the EU/UNDP project “Improving Environmental
Monitoring in the Black Sea-Selected Measures — EMBLAS Plus” and EU funded project “Innovative
Techniques and Methods for Reducing Marine Litter in the Black Sea Coastal Areas - BSB552
RedMarLitter”). There is considered advection-diffusion approach based on numerical solution of 2D
nonstationary advection-diffusion equation. Unlike the particle-tracking method, within this approach we do
not track the movement of every solid object floating on the sea surface, but use the concept of the average
density of marine litter (concentration), that is, mass per unit area of the sea surface.

2. Description of the modeling system

The distribution process of floating solid debris entering the sea by rivers or otherwise discharged into
the marine environment is a complex problem and largely depends on the sea currents, turbulent diffusion,
atmospheric wind speed and direction, surface waves. To simulate and study this process, we considered a
coupled modeling system consisting of two subsystems. The first subsystem represents a hydrodynamic
block based on a high-resolution regional model of sea dynamics developed at M. Nodia Institute of
Geophysics of 1. Javakhishvili Thilisi State University (RM-1G). The second one is a numerical model of
marine litter transport based on the solution of a 2D non-stationary advection-diffusion equation.

Eastemihasyﬁ.

Black Sea are
215 x 347

o twear g

Fig.1.Modeling and forecasting area in the easternmost part of the Black Sea marked with
a rectangle. The numbers show amount of grid points of numerical model on the horizons.

The RM-IG is a core of the marine regional forecasting system for the easternmost part of the Black
Sea [19-23], which covers the Georgian sector of the Black Sea and the adjacent water area with sizes about
215 x 340 km (Fig. 1). The study area is limited from the west by liquid boundary coinciding with the
meridian 39,08°E passing near the city of Tuapse (Russia). The regional forecasting system is one of the
components of the Black Sea basin-scale Nowcasting/Forecasting System [24, 25, 26].

2.1 Regional model of sea dynamics
The RM-IG is based on a full system of ocean hydrothermodynamics equations in hydrostatic and

incompressible fluid approximations [19] and is a high-resolution version of the basin-scale model [27],
adapted to the easternmost part of the Black Sea. The model equation system is written in z coordinates for
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deviations of temperature, salinity and pressure from their standard vertical profiles. Atmospheric forcing is
taken into account by upper boundary conditions by given of wind stress components, heat flux, evaporation
and atmospheric precipitation on the sea surface, which is considered as a rigid surface. This model with 1
km spatial resolution is nested in the basin-scale model of the Black Sea dynamics of the Marine
Hydrophysical Institute (MHI, Sevastopol) with 5 km spatial resolution [26] using one-way nesting method,
which provides forcing of open sea processes on the regional processes via the liquid boundary. All required
input data for initial and boundary conditions are available from MHI via ftp site, providing integration of
equations of RM-IG for 4 days.

To solve the model equation system with corresponding initial and boundary conditions, a two-cycle
splitting method with respect of physical processes, coordinate planes, and lines is applied [28, 29]. The
splitting method enables solution of nonstationary 3D equation system of ocean hydrothermodynamics to
reduce to solving of relatively simple 1D and 2D problems.

The sea surface current field calculated from the RM-IG with use of real input data is used in the 2D
numerical advection-diffusion model of marine litter distribution.

2.2 Advection-diffusion model of marine litter transport

If we consider the transport of small floating debris, the size and shape of which can be neglected, then
this process can be described by a 2D nonstationary advection-diffusion equation, similar to the transfer of
an oil slick (the x axis is directed to the east, y - to the north)

oC ouC ovC o0 o0C o0 oC 1)
+ + =—upu —+—pu, —+f(x,yt).
ot oX 0y oOXx ~0Ox oy "oy
Here C is the concentration (density) of solid waste (kg / m?), L is the turbulent diffusion coefficient,
the function f, generally, describes a temporal-spatial distribution of source power, which can be represented
by &-function in a particular case of a point source

f=Qo(X=X%)(Y—Yo),
where Q is the amount of solid waste getting into the whole area per unit time, Xo and yo are the source
coordinates.
The velocity components u, v along x and y axes consist of two terms

U=Us+auw, V=Vs+(X.Vw,

where us and vs are the components of the sea current velocity along the x and y axes calculated from the
regional model of sea dynamics; uy and vy are velocity components of atmospheric wind along the x and y
axes, respectively.a is the wind drift coefficient which, defines contribution of the atmospheric wind to drift
of solid waste on the sea surface.

The diffusion coefficient was calculated on each time level by the formula, offered in [30]

2 2 2
u u v v
,uW:;/AXAyZaS +as+as +2as ’
0 X oy OX oy
where Ax and Ay are grid steps along x and y axes, respectively; y is some constant depending on the
average size of floating objects. To clarify this dependence further research is required.
The equation (1) is solved using the following boundary and initial conditions. If the lateral boundary

(solid or liquid) is far from the source, zero litter density is assumed, but if the boundary 7" is close to the
source location, in general, we can write

oC/l/on=pC on I,
where s the factor describing release of solid material ashore, n is a normal to the solid boundary.
C=0Co at t=0,
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where Cois the initial density distribution of marine litter.

A finite-difference method —the two-cycle splitting method by x and y coordinates is used to solve the
equation (1) with appropriate initial and boundary conditions. With this purpose, we divide the entire
integration time interval (0, T) by the 2t step intervals, where t = t; - tj.1. Within every 2t time step interval
(-1 < t < tj+1) we make the two-cycle splitting by coordinates of the equation (1), resulting in the solution of
the problem in the following three steps:

1. attime interval tj1<t <t;the advection-diffusion equation along the axis X is solving
0C, +6uC1 o 0C,

ot ox  ox'ox

C j—1 C j+1

2. attime interval tj1 <t < tj+1the advection-diffusion equation along the axis y is solving

oC, ovC, o ocC,
R
ot oy oy oy

cjt=cj.

+f(x,y,1)

with initial condition

3. at time interval ti<t <tj+1 the advection-diffusion equation along the axis x is solving again

oC, ouc, _ o dC,

ot ox  ox® ox
with initial condition
cl=Cj".

At each stage, the Krank-Nicholson scheme is applied for time approximation, and the derivatives by
x and y are approximated with central finite differences. The obtained algebraic equations are solved using
the factorization method. In general, numerical method of the problem solving approximates the task with
second-order accuracy with respect to spatial and temporal variables.

The software of the developed coupled modeling system is a integrated software package elaborated in
the algorithm language “Fortran”.This unified package contains a solid waste distribution software package
as a separate module. If the solid waste enters the sea from rivers, ships, etc., then computer realization of
this module requires to input source coordinates, the amount of solid material entering the sea and the
duration of entering. If the initial distribution of litter density is given and we are interested in further
evolution of the density field, to input above data is not needed.

Thus, the present model describes the distribution process of floating solid waste at the sea surface,
which is caused by the advection, turbulent diffusion, wind speed and direction, source action.

3. Model outputs and discussion

3.1 Input parameters

For the purpose of computational realization of the numerical models involved in the modeling system
the modeling area is covered by a spatial grid whose parameters are: in the RM-1G 30 calculated levels on a
vertical with non-uniform vertical steps with a minimum step of 2 m at the sea surface and a maximum step
of 100 m at the seabottom. The number of grid points on each horizon is 215x347 with the spatial horizontal
resolution 1 km; The time stepis0.5h. y=0.5, a=0.

With the purpose of validating the RM-1G, the computed sea surface temperature and surface flow
fields were compared with satellite observational data showing the ability of the model to really reflect the

hydrophysical processes occurring in the easternmost coastal zone of the Black Sea [19, 22, 23].
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3.2 Main features of the regional circulation

Marine circulation is one of the main factors that largely determines the drift of solid floating debris
on the sea surface. Studies based on the RM-1G with use of real input data show that the easternmost water
area of the Black Sea is characterized by very high dynamic activity, where mesoscale and submesoscale
vortex formations are continuously generated and evolve throughout the year [31, 32]. Such vortex
formations obviously play an important role in the distribution of various impurities in the sea, including
solid waste. One of the general features is that the structure of the sea surface circulation is characterized by
significant seasonal and interannual variability and differs significantly in the warm and cold seasons.
During the warm season, the main element of the regional circulation is often the anticyclonic eddy, which is
known as the Batumi eddy. For the last decade, the Batumi eddy has been the most stable and intense
formation in the summer and early autumn of 2010, covering an area of about 200 km in diameter [19, 20].
The process of spreading solid waste into the sea coming from land-sources depends significantly on the
nature of the nearshore sub mesoscale circulation structure. The results of our modeling show that in a
narrow strip 15-20 km wide along the coastline of Georgia, the formation of very small coastal unstable eddy
structures with a lifetime of about 2-3 days is often observed. Here the current has a pronounced non-
stationary character and in a short period of time the directions of the current change sharply.

3.3 Modeling of floating marine litter

Modeling of the distribution of floating marine litter in the Georgian coastal waters was carried out
with taken into consideration the results of the monitoring conducted by the Georgian research team in Poti
and Batumi nearshore waters within the EU project “RedMarLitter” during September 2019. The
monitoring was carried out from the boat — at the coast of Poti on the area 42.12°— 42.20°N, 41.65°- 41.62°E
during 10:09-11:53 (local time) on September 4 and at the coast of Batumi on the area 41.66-41.67N, 41.65-
41.68E during 11:21-13.59 (local time) on September 5.

Modeling of solid waste propagation was carried out under the conditions of the real sea circulation
mode for the period from 4 to 12 September 2019 calculated on the basis of the RM-IG using the
corresponding real input data. Monitoring results were used to determine the initial field of litter density.

During observations 75 floating objects were found on the Poti transect along a length of 50 m and
29 solid objects were observed on the Batumi transect along a length of 30 m. The average size of solid
objects ranged from 5 to 20 cm.

Assuming that the average mass of an object was 100-150 g, we could approximately estimate the
initial densities of the litter (in kg per unit square) near Poti and Batumi coasts. At the initial moment t = 0,
litter density was zero throughout the modeling area, except for one grid point near the Poti and Batumi
coast, which approximately corresponded to the geographical coordinates of the monitoring. Based on the
above data, in the first numerical experiment, we obtained the initial concentration of solid waste equal to
0.0033 kg/m?in the point with grid coordinates 212Ax, 124Ay (Ax = Ay = 1 km) near the Poti shore. In the
second one, the initial density was 0.0024 kg/m?in the point with grid coordinates 208Ax, 88Ay near the
Batumi shore. These points approximately corresponded to the geographical coordinates of the monitoring.
In the first numerical experiment, the start of integration of the advection-diffusion equation was 08:00
GMT, September 4, 2019, which approximately corresponds to the monitoring time period in Poti coastal
waters, but in the second one, the start of integration was 10:00 GMT, September 5, 2019 corresponding to
the monitoring time period in Batumi coastal waters.
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Fig.2. Modelled surface circulation field and solid waste distribution area for the time moments shown in the
Figure in September 2019. The initial density of the waste was at the grid point near the Poti coast on
September 4, 2019, 08:00 GMT.

In Fig. 2 the sea surface circulation field and the area of solid waste distribution at different times of
September 2019 are demonstrated, when the initial concentration of waste was given near the coast of Poti.

Similar pictures are shown in Fig.3, when the initial litter density was given near the Batumi coast.
For better visualization, the coastal circulation and distribution of solid waste in the Poti-Batumi waters are
shown in an enlarged form in the upper left corner of the Figs 2 and 3.
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Fig.3. The same as in Fig.2, but the initial density of the waste was given close to Batumi beach on
September 5, 2019, 10:00 GMT.
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It is clear from Figs. 2 and 3, that the coastal microcirculation at Poti and Batumi nearshore for the
considered period is characterized by significant non-stationarity, where the dominated current direction
does not observed and flow directions change dramatically over a short period of time. For example, in
Fig.2, it is clearly shown that within two days from 5" to 7" September the current’s direction changed from
north to south. Calculations showed low speeds equal to 2-4 cm/s near Poti-Batumi coastline. Such character
of the flow field has a direct impact on the floating solid waste distribution. The modeling results show that
during the 7-8 days since initial time moment, solid objects can spread from the shore at a distance not more
than of 8-10 km from the shore under the conditions of the mentioned microcirculation regime. Under the
influence of advection and diffusion processes, the distance between floating objects increases over time and
their distribution area takes up significantly more space. In our case, the diameter of the area occupied by
solid waste is about 10-12 km.

If we take into consideration that the alternation of different circulation modes is often observed in the
Georgian sector of the Black Sea, it is of important scientific and practical interest to evaluate the influence
of the sea surface circulation on the process of floating solid waste distribution. For this purpose,
computational experiments were conducted under different circulation modes in conditions of the same
initial marine litter density field.

Fig.4 shows the results of modeling the surface circulation and distribution of marine litter after 24, 48
and 72 hours, when the initial density of marine litter at Poti coastline was the same as in the first numerical
experiment (Fig.2), but in this case the sea circulation was stationary and characterized by strong current
along the Georgian coastline directed to the north-west with a maximum speed of 60 cm/s. The flow field
corresponding to December 9, 2014 was calculated from the RM-IG using real input data. Comparison of
Figs.2 and 4 shows that despite the same initial conditions, the process of spreading solid waste in these two
cases is completely different. In Fig. 4 it is clearly seen that under the influence of the sea current and
diffusion the solid waste moves to the north-west and the area covered by the waste takes an elongated shape
along the sea current direction.
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Fig. 4. Simulated surface current for 9 December 2014 and solid waste drift in the Georgian coastal zone in
the indicated moments of time after the initial moment. Initial waste density was in the point near Poti
shoreline.

Computational experiments have shown that the structure of the microcirculation in the area
occupied with solid waste after entering the sea environment, may significantly determine the process of
waste distribution.To illustrate this fact, In the next numerical experiment the circulation mode was the same
as in the previous numerical experiment (corresponding to December 9, 2014), but initial location of marine
waste was different — it located near the Batumi shoreline as in the second numerical experiment (Fig.3).
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Fig. 5. Same as in Fig.4, but at the initial moment waste density was given in the point near Batumi
shoreline.

in Fig.5 the marine litter distribution is shown at t = 72 h after the initial state. Comparison of Figs. 4
and 5 shows a large difference in the litter distribution. Unlike the previous case (Fig.4), where the area
occupied by solid waste took an elongated shape along the flow direction having pronounced north-west
direction, in this case, the shape of the area occupied by solid waste was approximately oval and does not
move significantly from the shorline for three days.

4. Conclusions

For the purpose of mathematical modeling of floating solid debris in the Georgian Black Sea coast, a
coupled modeling system has been considered, consisting of the RM-IG and floating marine litter
distribution model. The RM-IG is a high-resolution z-level model based on a full system of ocean
hydrothermodynamics and is nested in the basin-scale model of Black Sea dynamics of MHI (Sevastopol).
Our approach to the simulation floating marine litter is based on a solution of a 2D nonstationary advection-
diffusion equation, which is coupled with the RM-IG. The advection-diffusion model uses nonstationary sea
flow field calculated from the RM-1G on each time level.

The mathematical modeling system makes it possible to simulate the spread of solid waste in the
marine environment under various real modes of surface circulation with 1 km spatial resolution. If the solid
waste enters the sea environment from ships, rivers and other land-based sources, then computer realization
requires to input source coordinates, the amount of solid material entering the sea (in kilograms) and the
duration of entering. If the initial litter density (kilogram per unit square) is given and we are interested in
further evolution of the litter density field, to input above data is not needed.

Computational experiments were conducted to simulate and study the peculiarities of the spatial-
temporal distribution of solid waste in the Georgian coastal waters with taken into consideration the data of
the monitoring conducted in Poti and Batumi coastal waters in September 2019 within the EU project
“RedMarLitter”.

The numerical experiments have shown that water circulation mode and the initial position of solid
waste entering the sea environment largely predetermine the main peculiarities of the marine litter
propagation process.

Calculations have shown a significant role of advection and diffusion processes in the process of
spatial-temporal propagation of solid waste floating on the sea surface. The general pattern is that the area
covered with solid waste at the initial time, undergoes transformation over time - the area expands, that is the
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distance between different objects gradually increases and occupies more area, which is mainly due to the
turbulent nature of the flow. At the same time, the marine litter is drifted under the influence of advection
processes. The specific features of this process are expressed differently under different circulation modes.

References

[1] Iniguez L. S., FischerD. W. Quantification and classification of marine litter on the municipal beach of
Ensenada, Baja California, Mexico. Marine Pollution Bulletin, 2003, 46, pp. 132-138.

[2] Aliani S., Griffa A., Molcard A. Floating debris in the Ligurian Sea, north-western Mediterranean.
Marine Pollution Bulletin. 2003, 46, pp.1142-1149.

[3] Pham C. K., Ramires-Llodre E., Alt C. H. S., Amaro T., Bergmann M. et al. Marine litter distribution
and density in European seas from the shelves to deep basins. PLoS ONE 9(4): e95839. 2014, pp.1-23,
https://doi:10.1371/journal.pone.0095839.

[4] loakeimidis C., Zeri C., Kaberi H., Galatchi M., Antoniodis K., Streftaris M., Galgani F., Papathanassiou
E., Papatheodorou G., A comparative study of marine litter on the seafloor of coastal areas in the Eastern
Mediterranean and Black Seas. Marine Pollution Bulletin. 2014, 89, pp. 296-304.

[5] Golumbeanu M., Nenciu M., Galatchi M., Belchior B. Marine litter watch app as a tool for ecological
education and awareness raising along the Romanian Black Sea coast. J. Environ. Prot. Ecol., 2017, 18 (1),
pp. 348-362.

[6] Machitadze N., Gelashvili N., Gvakharia V., Bilashvili K., Trapaidze V., Gaprindashvili N.,
Maghlakelidze A. Monitoring of beach, marine and riverine floating litter within Georgian Black Sea coastal
area. Journal of Environmental Protection and Ecology. 2018, 19(2), pp. 583-591.

[7] Machitadze N., Bilashvili K., Gvakharia V., Gelashvili N., Kuzanova I., Trapaidze V. Analysis of the
Monitoring of the Beach Litter in the Georgia. In: Marine Litter in the Black Sea (Eds U. Aytan, M.
Pogojeva, A. Simeonova). Istanbul, Turkey, Publication No: 56, 2020, pp. 37-48.

[8] Machitadze N., Bilashvili K., Gonzalez-Fernandez D., Gvakharia V., Gelashvili N., Kuzanova
I., Trapaidze V. Results of the Monitoring of the Marine and Riverine Floating Macro Litter in the Black Sea,
Georgia. In: Marine Litter in the Black Sea (Eds U. Aytan, M. Pogojeva, A. Simeonova). Istanbul, Turkey,
Publication No: 56, 2020, pp. 171-182.

[9] Gonzalez-Fernandez D., Pogojeva M., Hanke G. et al.: Anthropogenic Litter Input through Rivers in the
Black Sea. In: Marine Litter in the Black Sea (Eds U. Ayt an, M. Pogojeva, A.Simeonova). Istanbul,
Turkey, Publication No:56, 2020, pp.183-191.

[10] Potemra J. Numerical modeling with application to tracking marine debris. Marine Pollution Bulletin.
2012, 65, pp. 42-50.

[11] Lebreton L. C. M., Greer S.D., Borrero J. C. Numerical modeling of floating debris in the world’s
oceans. Marine Pollution Bulletin, 2012, 64, pp. 653-661.

[12] Lebreton L. C. M., Borrero J. C. Modeling the transport and accumulation floating debris generated by
the 11 March 2011 Tohoku tsunami. Marine Pollution Bulletin. 2013, 66, pp. 53-58.

[13] Neumann D., Callies U., Matthies M. Marine litter ensemble transport simulations in the southern North
Sea. Marine Pollution Bulletin 2014, 86, pp. 219-226.

[14] Critchell K., Grech A., Schlaefer J., Andutta F. P., Lambrechts J., Wolanski E., Hamann M. Maodeling
the rate of marine debris along a complex shoreline: lessons from the Great Barrier Reef., Estuarine, Coastal
and Shelf Science. 2015, 167, pp.414-426.

[15] Critchell K., Lambrechts J. Modeling accumulation of marine plastics in the coastal zone; what are the
dominant physical processes? Estuarine, Coastal and Shelf Science, 2016, 171, pp. 111-122

[16] Hardesty B. D., Harari J., Atsuhiko I., Lebreton L., Maximenko N., Potemra J., van Sebille, Vethaak A.
D., Wilcox C. Using Numerical Model Simulations to Improve the Understanding of Micro-plastic

42



Distribution and Pathways in the Marine Environment. Front. Mar. Sci. 2017, v.4, pp.1-9. DOI:
10.3389/fmars.2017.00030, www.frontiersin.org .

[17] Ourmieres Y., Mansui J., Molcard A., Galgani F., Poitou I. The boundary current role on the transport
and stranding of floating marine litter: The French Riviera case. Continental Shelf Research. 2018, 155,
pp.11-20.

[18] Shchekinova E.Y, Kumkar Y. Modeling of small sea floaters in the Central Mediterranean Sea:
Seasonality of At-Sea distributions. Oceanography and Fisheries. Open access Journal. 2018, 7(4), DOI:
10.19080/0F0OAJ.2018.07.555719 .

[19] Kordzadze A., Demetrashvili D. Operational forecast of hydrophysical fields in the Georgian Black Sea
coastal zone within the ECOOP. Ocean Science, 2011, 7, pp. 793-803. www.ocean-sci.net/7/793/2011/.

[20] Kordzadze A., Demetrashvili D. Coastal forecasting system for the easternmost part of the Black Sea.
Turkish Journal of Fisheries and Aquatic Sciences. 2012, 12, pp.471-477, www.trjfas.org.

[21] Kordzadze A., Demetrashvili D., Kukhalashvili V. The easternmost Black Sea regional forecasting
system. Proceed. of the 12" Intern. Conference on the Mediterranean Coastal Environment-MEDCOAST
2015, 6-10 October 2015, Varna, Bulgaria, 2015, pp.769-780.

[22] Kordzadze A., Demetrashvili D. Operational forecasting for the eastern Black Sea. Proceed. of the 13™"
Intern. MEDCOAST Congress on coastal and Marine Sciences, Engineering, Management and Conservation
(editor E. Ozhan). MEDCOAST 17, 31 October — 04 November 2017, Mellieha, Malta. 2017, vol. 2, pp.
1215-1224.

[23] Demetrashvili D., Kukhalashvili V. High-resolving modeling and forecast of regional dynamic and
transport processes in the easternmost Black Sea basin. Proceed. of the Intern. Conference on Geosciences,
26-29  March, 2019, Athens, Greece. 2019, book 3, wvoll, pp. 99-107, DOI
10.32008/GEOLINKS2019/B3/V1.

[24] Korotaev G. K., Oguz T., Dorofeyev V. L., Demyshev S. G., Kubryakov A. l., Ratner Yu. B.
Development of Black Sea nowcasting and forecasting system. Ocean Science. 2011, 7, pp. 629-649. doi:
10.5194/0s-7-629-2011/.

[25] Kubryakov A. I., Korotaev G. K., Dorofeev V. L., Ratner Y. B., Palazov A., Valchev N., Malciu V.,
Matescu R., Oguz T. Black Sea Coastal forecasting system. Ocean Science, 2012, 8, pp.183-196.

[26] Korotaev G. K., Eremeev V. N. Introduction to operative Oceanography of the Black Sea. NPC
“EKOCI-Gidrofizika”, Sevastopol, Ukraine, 2006, 382 pp (in Russian).

[27] Kordzadze A. A., Demetrashvili D. I. Surmava A. A. Numerical modeling of hydrophysical fields of the
Black Sea under the conditions of alternation of atmospheric circulation processes. Izvestiya, Atmospheric
and Oceanic Physics, 2008, 44 (2), pp. 213-224. DOI: 10.1134/S0001433808020096.

[28] Marchuk G. I. Numerical solution of problems of atmospheric and oceanic dynamics. Gidrometeoizdat,
Leningrad, USSR, 1974, 303 p (in Russian).

[29] Marchuk G. I. Mathematical modeling in the environment problem. Nauka, Moscow, USSR, (in
Russian).

[30] zilitinkevich S. S., Monin A. S. Turbulence in dynamic models of the atmosphere. Nauka, Leningrad,
USSR, 41pp (in Russian).

[31] Kordzadze A. A., Demetrashvili D. I. Short-range forecast of hydrophysical fields in the eastern part of
the Black Sea. Izvestiya, Atmospheric and Oceanic Physics, 2013, 49 (6), pp.674-685.

[32] Demetrashvili D., Kukhalashvili V., Surmava A., Kvaratskhelia D. Modeling of variability of the
regional dynamic processes developed during 2017-2019 in the easternmost part of the Black Sea. Proceed.
of the Intern. Conference on Geosciences, 23-25 March, 2020, Plovdiv, Bulgaria. 2020, book 2, vol.2, pp.
111-120. https://doi.org/10.32008/GEOLINKS2020/B2/V2/10.

43


http://www.frontiersin.org/
http://www.ocean-sci.net/7/793/2011/
http://www.trjfas.org/
https://doi.org/10.32008/GEOLINKS2020/B2/V2/10

Usgdomm3z9eml 3530 begols Lsbsdo®mm bmbsdo Izm™msgo dysto
656B76900L 530390 9d0L MOEb300 353MIZEg3S

©. ©99935930¢0, 3. 30¢5830¢00, b. 35B0EdY, b. 30635dg, 3. 33505M0s,
B. 29w5830ar0, 3. BHM350dY, 0. 39Bsbmgzs

69bodg

Pom3mpqboos Logo@mzguml 8530 B30l Lsbsdomm fywgddo d3MMs30 LyBEZsMm bs®RgbgdOL
39bsfoamgdol  Mosbzomo  dmEgwoMmgds  Be3zol  boMBYbadol  dmbo@MmMobaol  Imbs39d9dol
39909gb9d0m. dMboEMMm0bao ABBMOE0YS Moy s BsmmYdol LsbsdoMm fywgddo 2019
ferob bgd@gddgMado 93Mm3s3doMol 3Mmgd@ol RedMarLitter-ob gsGywgddo. 93w6ogo LyBOZom
Bo6Bgbgdoll  IMgwoMmgdolsmzol  Aodmygbgdmos 2D sMoLEIE0MbsGo  5©39d30w6-
©oxbBommO InEIEo, GMIGEog 997Y30egdeos 0.%53560830¢0l  Lobgermdols mdogrolol
Lobgedfogm Mbogzgdlo@g@ol 39mu0b0o30l 0blEoEMEHOL 9530 B30l 0bsdozol Mgyombsrm®
9m9wmsb (RM-IG). RM-IG sG>0l 8530 D030l 39653065 500mbogergmo bsffoerols Mgyombrero
36bmbmeo bobEGgdol doMHM30 s 983w9dbgds 39560l 30EOMMNYIMHTIMPOBIT030L FobEHmemgdsms
LEOHME LoLEBYALL, HMIGEoE IHINOEos I3MEHOL 3NMOEOBsGHMS LolEYdsdo. ImwgEoMmgdol
9900929035 9B3965 5009J30MM0 s OBMNHBOMMHO 3OMEgLYooL I60d369wm3zsb0 Mmoo ImMogo
394060 BsMB967d0L LogmEOM-MHMOm Yobsfoergdsdo.

Yuc/ieHHOE UCCIeIOBAHUE PACTIPOCTPAHCHUS MJIABAKOIIUX TBEPAbIX
0TX010B B puOpe:kHoii 30He UepHoro mops I'py3un

. . AemerpamBmin, K. A. buiaamsuwiu. H. O. Mavuranze, H. T.
HMuuuanze, B. I'. I'Baxapus, H. E. I'esamBuiu,
B. 3. Tpanauase, U. 3. Ky3anoBa

Pe3rome

[IpencraBieHo YnCIIEHHOE MOAEIMPOBAHUE PACIIPOCTPAHEHUS! TUIABYYEr0 MOPCKOr0 Mycopa B IPUOPEKHBIX
Bogax YepHoro mops I'py3un ¢ HCIONb30BaHMEM JAaHHBIX MOHHUTOPHHTAa MOPCKOTO Mycopa. MOHHTOpHHT
npoBoauics B IpuOpekHbIX akBatopusix [lotu u barymu B Teuenue centsiOpst 2019 roga B pamkax mpoekTa
EC RedMarLitter. [Ins MoaenupoBaHusl IIaBAaIOUIMX TBEPABIX OTXOJIOB HCHONB3YETCA AByMEpHas
HEeCTalMoOHapHasi aJBeKTHBHO-IM((y3nOHHASS MONENb, CBS3aHHAA C PETHOHAJIHHONW MOJENBI0 TUHAMHUKHU
Yeproro ™opst HMacruryra reodusmku TOWMIHCCKOTO TOCYJapcTBEHHOTO yHHBepcHTeTa uM. .
JixaaxumBmim (RM-IG). RM-IG sBnsercs sapomM pernoHaabHONW MPOrHOCTHYECKOW CHCTEMBI ISl CaMoit
BOCTOYHON 4YacTh YepHOro MoOps W OasupyeTcs Ha TOJHOW CHUCTEME YPaBHEHHUH THIPOTEPMOIUHAMUKH
OKeaHa, 3alMCAaHHBIX B JEKapTOBOW CHCTEME KOOpAHMHAT. Pe3ynbTraThl MOAEIMpPOBAHMA TOKA3alld BaKHYIO
poOJab TpoleccoB aaBeKuMd U AupQy3uH B NPOCTPAHCTBEHHO-BPEMEHHOM pacIpelesieHUH IUIaBaOINX
TBEPABIX OTXOJIOB.
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ABSTRACT

The drought is frequent phenomena in Georgia. The SPI and SPEI drought indices were calculated to
analyse drought frequency and intensity on the territory of Georgia in 1991-2020 period. The structured
data of hydrometeorological observation net have been used to calculate following statistical parameters:
Pearson correlation, mean deviation, and absolute deviation, both for the entire period and for months. The
programs R and R-instat are used to calculate and visualize these parameters. The correlation coefficient is
in good agreement for all cases, and the absolute deviation shows data scattering, which should be related
to the complex relief of Georgia, as well as the heterogeneity of data series. The study is important for
climate change assessment, hydrometeorological disaster early warning system, as the territory of Georgia
is under the risk of this phenomenon.

Keywords: Structural data, statistical analysis, drought indices, early warning system.

Introduction

The term Big Data has spread due to new technologies and innovations that have emerged over the
past decade given the demand for the analysis of large amounts of and rapidly generated diverse data,
therefore, collection and processing takes place at a high speed, which is difficult to implement with
calcareous analytical tools. Big Data is a rapidly generated amount of information from a variety of sources
and in a different format. Data analysis is the examination and transformation of raw data into interpretable
information, while data science is a multidisciplinary field of various analyses, programming tools, and
algorithms, forecasting analysis statistics as well as machine learning that aim to recognize and extract
patterns in raw data. The applicability of Big Data techniques is also significantly enhanced by the novel tools
that support data collection and integration. The interoperability of the systems can be improved by data
warehouses and the related ETL (extract, transform, and load) functionalities that can also be used to gather
information from multiple models and data sources. Artificial intelligence (Al) and machine learning (ML)
are also the key enabler technologies of big data analysis [1]. Analysis of Big Data combines traditional
methods of statistical analysis with computational approaches. The analysis of Big Data is a synthesis of
guantitative and qualitative analyses. Climate computing combines multidisciplinary researches in regard to
climatic, data and system sciences to efficiently capture and analyze climate-related Big Data as well as to
support socio-environmental efforts.

The significance of Big Data in climate-related studies is greatly recognized and its techniques are widely
used to observe and monitor changes on a global scale. It facilitates understanding and forecasting to support
adaptive decision-making as well as optimize models and structures. The Big Data classifies of three types:
Structured; Semi-Structured and Unstructured Data. In presented paper Structured Data is used. The
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structure of the data is the key to not only how to go about working with it, but also what insights it can
produce. It is successfully used in weather, climate and environmental issues.

Study area

The complex orographic conditions and influence of the Black Sea preconditioned the formation of great
variety of climate and landscapes in Georgia. Here exist most of Earths climatic types, from marine wet
subtropical climate of west Georgia and steppe continental climate of east Georgia up to eternal snow and
glaciers of high mountain zone of Great Caucasus, and also approximately 40% of observed landscapes.
Territory of country lies between of the Major Caucasian Ridge and the Lesser Caucasus mountains. About
85 percent of the total land area occupies complex mountain ranges divided with river’s valleys and ravines
of different exposition. For most of these rivers spring is high water period thus % of Georgia’s territory is
especially vulnerable to foods, flash floods and mudflows. Georgia’s orography and its interaction with
airflows are the basic spotting factors of synoptic processes spread in the country. Peculiarities of locally
developed weather phenomena at any time a year are often characterized with diversity and extremity.
Convective storms, with attendant phenomena; fog and low clouds; locally forced precipitation events;
wintertime weather (snow, ice, glazed frost, avalanches) this is a short list of synoptic processes nowcasting
(NWC) and very short range forecast (VSRF) of which has a great importance for Georgia [9]. The natural
disasters in Georgia have to be considered as the standing negative factor for the sustainable development of
the state. The importance of aroused problems from listed hazards stimulates the active investigation of
reasons and physical processes involved in [5].

In the analysis of hazard and risk geo-information science and earth observation plays an increasingly
important role. Remote Sensing is nowadays an essential tool in monitoring changes in the earth’s surface,
oceans and atmosphere, and is increasingly used as the basis for early warning for hazardous events [6].

Drought is a frequent phenomenon in eastern Georgia. Its frequency in some areas exceeded 40% in
the 80-ies of the last century by certain early estimates. As a result of frequent droughts accompanying the
global warming in past decades transformation of many types of natural landscapes has been observed. The
desertification probability of steppe and semi-desert landscape of eastern Georgia by the end of the twentieth
century has reached 25-30%. According to official figures, by the result of intense droughts area of over than
200 000 ha is strongly affected for present [4]. Property damage caused by drought is very significant.

The main meteorological factors for drought formation are dry weather, high temperature and lack of

soil producing moisture. The average time of rainless period with precipitation less than 5 mm most
important for agriculture is not more than 10-15 days. Besides, the mean rainfall is not more than 200-300
mm during vegetation period on the lowlands. Nevertheless, producing moisture supply is 50-200 mm per
one meter of soil that corresponds to the zone of capillary agro-hydrological humidification and full spring
rainfall penetration. At the same time active air temperatures sum exceeds 4000° over 10° times, and the
mean duration of continuous high temperatures more than 30°C is longer than 4 hours [2].
Temperature change velocity is greatly depended on region physical-geographical conditions and seasons.
Due to complex relief, mainly orographic and landscape-climatic conditions temperature change has
heterogenic —mosaic character in Georgia The strong warming centers were located in east and also on west
parts of Georgia. Strong warming centers were spread in moderately dry and dry subtropical semi-arid and
dry step regions of eastern Georgia. During intense warming period (1975-2010) temperature annual trend
has been significantly increased and on Black Sea region amounts 0.034°C (Poti), Colchis Lowland -0.025°C
and on Dedoplistskaro-0.09-°C, Gori-0.05°C, in Khashuri and Telavi-0.06°C.

Drought genesis in Georgia is depending on cyclonic and anticyclone motions. In first case rainy
days are frequent and in second dry periods, with high temperature and low humidity of different durations
have been taken place. If air masses directed from Arctic are dry and cold. They spread over long territories
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and stable anticyclone system is established on east-south parts of Europe. During such situation dry period
happens in Georgia. If air masses are invading from east high temperature and low humidity dry weather is
standing. Such periods are more brutal and dangerous [ 3].

The observation analysis shows that various degree drought may take place all over the Georgian

territory. The event frequency is expected mainly on spring, summer and fall seasons. During winter due to
frequent cyclonic and frontal periods dry day duration is less. The drought day number and dry period
frequency increase from the Black Sea regions through east or in direction of continental climate [10].
Based on historical records Georgian territory is under drought 60% repeatability. The most drought regions
are Kvemo Kartli, Shiraki and Eldari lowlands and other low parts of eastern parts of Georgia. Those regions
are characterized by productive humidity shortage in soils. Two types of productive humidity stocks are
common for those places: capillary moisturizing and complete spring wetting. In the first case the productive
humidity stock in 1m. soil layer composes 100-200mm, and in other- 50-150mm, while in western Georgia
the humidity stock doesn’t exceed 400mm. Except natural factors (windy erosion and precipitation
decreasing) the anthropogenic loading has significant effect on desertification process too. Namely:
unmanaged use of soil, forest and water resources, soil salting.

Method

Understanding of the natural environment is increasingly important to respond to the climate change
negative impacts and anthropogenic pressures on finite natural resources, and their impacts on water, energy
and food security, infrastructure, human health, natural hazards. This is also a major cross-disciplinary
challenge involving almost all scientific fields
In 2013, the UK government announced large-scale investment in Big Data infrastructure for science,
particularly in the environmental sector starting funding for a program called CEMS (Climate and
Environmental Monitoring from Space). This allowed for the creation of larger databases to cope with the
upcoming Big Data revolution and to allow research partner organizations to work with more data and
produce more results. With a specific focus on climate change and planetary monitoring, CEMS storage
removed the need to download enormous data sets while reducing the cost of access. Along with Cloud data,
this is now the standard globally for some of the world's top research institutes.
Environmental data comes from a wide variety of sources and this is increasingly rapidly with new
innovations in data capture:
1. Large volumes of data are collected via remote sensing, typically from satellite sensing or aircraft-borne
sensing devices, including an increasing use of drones. This includes passive sensing, such as photography or
infrared imagery, and active sensing, e.g., RADAR/LIDAR. The increasing availability of open satellite data
is a major trend in earth and environmental sciences. For example, the EU Copernicus program and the
associated Sentinel missions, or NASA’s Earth Observing System satellites, LandSat archive are regularly
mined for data for a variety of applications [6,10].
2. Other data are collected via earth monitoring systems, which consist of a range of sensor technologies
measuring various physical entities. Namely weather stations and monitoring systems
3. Model output is also a significant generator of environmental data with results from previous model runs
often stored for subsequent analysis
There are a number of issues deserve special attention:
1. Scarcity of in-situ observations.
2. Data heterogeneity: neighboring pixels in the dataset may have been acquired at different times of day
and thus are not directly comparable. In addition, there are no observations during periods of cloud cover,
and it is not possible to assume these data are simply “missing for statistical modeling purposes
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After data receiving we conduct inventory, which means its visualization, in order to better estimate the
transmitting break, for all this we use the program R-studio and R-Instat, R-Instat is a free, open source
statistical software that is easy to use, even with low computer literacy. It encourages good statistical
practices and learning, by opening the door to training to emphasize concepts rather than the theory.
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Fig.1. Taylor diagram of standard deviation (normalized) of processed stations

The standardized indices SPI and SPEI classify the precipitation and water balance anomalies with
respect to the long term records. The index values directly indicate how frequent the current situation is
expected to occur at the location and season of interest given the long term observations. The SPI
(standardized precipitation index) classifies the precipitation sums on a particular date with respect to the
sums of the same month in all years of the measurement record. For this purpose, the precipitation sums of
the whole record within one month around the respective date are transformed into a standard normal
distribution around zero. The SPI is nothing else than these transformed precipitation sums. The SPI value
hence directly indicates the frequency of the observed precipitation amount in the corresponding month as
estimated from the whole observation record. The SPEI (standardized precipitation evapotranspiration
index) is calculated in analogy to the SPI, using the cumulative water balance instead of precipitation sums.
The SPEI hence represents the standard-normal distributed water balance[8].

From above discussed stations several have been chosen for 1991-2020 year period drought
research. Those stations satisfy all requirements and also are most vulnerable to draught phenomenon to
calculate draught indices and conduct statistical analysis. Those stations are the following Dedoplistskaro,
Gori, Khashuri, Telavi. By using the calculated indices it became possible to evaluate drought degree and
intensity.

The evolution of SPI and SPEI drought indices in 1991-2020 year period are presented on the plots
(Fig.2,3).
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In study Pearson correlation coefficient (PCC), determination coefficient (R?), and root mean square
error (RMSE) criteria, which are among the strong statistical criteria, were used. R? ranges from 0 to 1, with
higher values indicating less error variance. The RMSE is the square root of the variance of the residuals. It
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indicates the absolute fit of two data set and lower the RMSE the better performance is.

In order to compare drought indices, scatter diagrams of indices were drawn and statistically
evaluated. For this, R? and the RSME were used. Correlation between data sets is a measure of how well
they are related. The most common measure of correlation in stats is the Pearson Correlation. It shows
the linear relationship between two sets of data (3month) PCC, which shows linear relationship between SPI-
SPEI is quite high, RMSE (SPI-SPEI) is low especially for Khashuri and Telavi; RMSE (SPI-EDI), (Tab.1)

Tablel.Statistical parameters of SPI13-SPEI3 for selected stations

Station Pearson Pearson Pearson R2-SPI | R2-SPEI | RMSE(SPI_SPE)
Dedoplistskaro | 0.935369 | 0.056465 | 0.068697 0.0233 0.0785 0.017053
Gori 0.916488 | 0.049104 | 0.114851 0.0034 0.0315 0.010956
Khashuri 0.918664 | 0.111081 | 0.130188 0.0064 0.0918 0.005407
Telavi 0.949467 | 0.051841 | 0.078509 0.0013 0.0263 0.005885
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(12month) PCC for SPI-SPEI is high. R? is low for all stations. RMSE (SPI-SPEI) is low which
means perfect fitting, (Tab.2).

The strongest relationship was observed among the indices in the same time periods. As time lag
increases, the relationship between variables has weakened. Among the indices, the strongest correlation
coefficient (0.94) was observed between SPI-12.

Table 2. Statistical parameters of SP112-SPEI12 for selected stations

Station Pearson Pearson Pearson R2-SPI R2-SPEI | RMSE(SPI_SPE)
Dedoplistaskaro | 0.924953 | 0.065094 | 0.102553 | 0.0705 0.2187 0.016993
Gori 0.84161 | 0.055709 | 0.14224 0.0046 0.1264 0.010384
Khashuri 0.898084 | 0.13671 | 0.084106 | 0.0465 0.2861 0.005174
Telavi 0.945912 | 0.116814 | 0.148417 | 0.0023 0.0383 0.018411
DISCUSSION

In Europe the Global Monitoring for Environment and Security (GMES) initiative of the European
Commission and the European Space Agency (ESA) is actively supporting the use of satellite technology in
disaster management, with projects such as PREVIEW (Prevention, Information and Early Warning pre-
operational services to support the management of risks), LIMES (Land and Sea Integrated Monitoring for
Environment and Security), GMOSS (Global Monitoring for Security and Stability), SAFER (Services and
Applications For Emergency Response), and GMOSAIC

(GMES services for Management of Operations, Situation Awareness and Intelligence for regional
Crises). The United Nations Platform for Space-based Information for Disaster Management and Emergency
Response (UN-SPIDER, 2010) has been established by the UN to ensure that all countries have access to and
develop the capacity to use space- based information to support the disaster management cycle. They are
working on a space application matrix that will provide the satellite-based approaches for each type of
hazard and each phase of the disaster management cycle [7].

WMO has signed the Emergency Alerting Call to Action as part of its ongoing Global Multi-hazard
Alert System (GMAS) development and its collaboration with governmental, non-governmental, and
commercial organizations to achieve the broadest adoption of CAP worldwide. The Call to Action was
launched at a special event during the Humanitarian Networks and Partnerships Weeks 2021.

For further researches application of satellite imaginary with ground observation data will be useful to
construct drought hazard risk map for entire territory of Georgia.
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HUcnoib3oBanne CTPYKTYPUPOBAHHBIX JaHHBIX IS OLEHKH 3aCyXH B
I'py3un

M.P. TarumBuiau, A.M. llanapangnmsuiau, M.b. Huuaru, H.E. Cykaunse

Pe3rome

3acyxa 4vacroe siBieHue B I'py3un. Munekcel 3acyxu SPI nu SPEI paccunTans! uis aHanu3a MOBTOPSAEMOCTH
Y WHTEHCHBHOCTH 3acyxX Ha Tepputopun ['py3un B mepuoa 1991-2020 rr. [lo cTpyKTypHpOBaHHBIM JaHHBIM
CeTH THIPOMETEOPOJIOTUYECKUX HAOMIOACHUI pPacCUUTaHbl CJIEAYIOUIME CTaTHUCTHYECKHE IapaMeTphl:
koppensiiusa [lupcona, cpenHee OTKIOHEHHE W aOCOIIOTHOE OTKIOHEHHE Kak 3a BECh IEPHOM, TaK M IO
MmecsiaM. JIiisi pacueta W BH3yalH3alUdH 3THX IapaMeTpOB HCIOJB3YIOTCS mporpammbl R u R-instat.
KoaddummmenT xoppensaiu  XOpoImio CoIiacyeTcss IS BCEX CclydaeB, a aOCONIOTHOE OTKIOHCHHE
MOKa3bIBAaeT pazOpoc NAaHHBIX, YTO JOJKHO OBITh CBSI3aHO CO CIOXHBIM penbedom ['pysum, a Taxke c
HEOJJHOPOIHOCTBIO DSIOB JaHHBIX. VccienoBaHue BaKHO MAJIsl OLIEHKM H3MEHEHHUsS KJIMMaTa, CHUCTEMBI
paHHEro MNpenyNpexACHUs O TUAPOMETEOPOJIOIMUYECKHX KaracTpodax, Tak Kak Teppuropus ['pysun
HaXOAUTCA MOJ YIPO301 3TOrO SBIEHMUS.
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ABSTRACT

Before the industrial era the natural electro-magnetic background was formed by so called space weather and
radioactive dissolution process taking place inside the Earth. Nowadays, due to sustainably increasing
anthropogenic load, a process of overall change is observed in the parameters of the environment we live in.
The process takes place all over the Earth, especially in areas of dense urbanization, where negative
sociological and physiological influences of the technical progress on the global population as well as on
individual groups of people are especially felt. This global problem has many aspects and among them is the
study of adaptation ability of the population living in the conditions of unnatural changes of the
electromagnetic background, the essential element of which is a comparative analysis of background diseases
of population, for example, it is already well known that the correlation effect of geomagnetic storms, which
is one of the global impact of rapid change in the space weather, has an influence on the deterioration of the
health state in population with cardiovascular pathologies. In our opinion, revealing physiological mechanism
of this correlation, together with the effects of the processes taking place on the surface of the sun, requires to
study physiological effects of the locally variable natural electromagnetic background caused by the influence
of geomagnetic anomalies on the Earth. In this regard a comparative analysis of the preliminary medical data
of the aboriginal population of the resort area of Tskaltsminda-Ureki local geomagnetic anomaly zone and
the population of Telavi region, which is a calmer area in geomagnetic point of view, appears deeply
interesting. According to the obtained results the combination of the characteristics of the Tskaltsminda-Ureki
geomagnetic anomaly area with the cosmic factors characteristic of the sea coast, probably has a positive
influence on the population. According to extrapolation of this conclusion we can generally speak on positive
therapeutic effect on the people, who make short-term visits to the Tskaltsminda-Ureki resort zone for
recreation and treating purposes.

Keywords: Magneto-electrical anomaly, physiological effect, Tskaltsminda-Ureki resort.

Preamble. We may imagine the Earth as a homogenous sphere, on the surface of which perturbations of its
own magnetic field (so called “geomagnetic dynamo”) induction permanently takes place. This effect is caused
by various geological and cosmic mechanisms, which provide conditions for local, regional and global
geomagnetic anomalies. Therefore, generally, the magnetic field of the Earth is a superposition of normal and
anomalous magnetic fields. Except rare cases the intensity of the first, i.e. the regular component of
geomagnetic field considerably exceeds the intensity of the other. The exception is some big anomalies, the
geological structures of which are provided by the existence of vast fragments of iron ores. The field of a
homogenously magnetized sphere plus continental scale anomalous field (e.g., magnetic fields in polar areas)
is called the normal, i.e. the main magnetic field of the Earth. This field is characterized by so called normal
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gradients of geomagnetic field in dipole approximation, for example, East Europe is characterized by normal
horizontal component gradient ~ [2 - 7] nT/km.

Significant deviation from normal geomagnetic field refers to existence of regional or local
geomagnetic anomaly. Their classification is to some extent conditional and is firstly evaluated according to
the area of the anomaly. Therefore, the value of the regional magnetic anomaly of Georgia is commensurable
to the local magnetic anomaly characteristic of Russia. Thus, the local magnetic anomaly in Georgia
corresponds to micro anomalies in Russia, Kazakhstan or Canada, i.e., any country that coves a vast territory.
The value and orographic properties of a magnetic anomaly depend on the degree of rock magnetization, which
is determined by physical properties of rocks. Therefore, as a rule, magnetic anomalies are caused by existence
of fragments of rocks with different magnetic absorption. The magnetic field of the Earth is characterized by
so called century movement, i.e., normal geomagnetic field induction in a given space point varies along time
that is associated with magnetic pole drift as well as the variation of the “geomagnetic dynamo” parameters

inside the Earth. Besides the century movement, which has its characteristic value =~ [20+140] nT and

characteristic time interval — several decades, geomagnetic field shows short-term variations that are caused
by external, i.e., cosmic factors. These variations are expressed as sporadic magnetic storms and regular
annual, diurnal and short-term (from seconds to 2-10 minutes) periodic oscillations with intensities /1-10/ nT.

It is known that the natural low frequency electromagnetic background is formed by various type
waves generated in the near-Earth cosmic space. The intensity and conditions of distributing over the Earth
surface of these waves depend on the geomagnetic activity. In calm and less perturbed conditions the self-
oscillation frequency spectrum of the Earth magnetosphere, the gigantic magnetic layer, is clearly manifested
practically without any distortion. Individual modes constituent of integral wave spectrum of the geomagnetic
field variation on the Earth are separated as regular and irregular geomagnetic pulsations and ultra low
frequency (ULF) and very low frequency (VLF) electromagnetic oscillations. It is known that geomagnetic
pulsation frequency spectrum is composed of six basic regular pulsations Pc1 — Pc6 and each of them has a
frequency interval with its maximum probable value characteristic of the given latitude line, for example,
appearance of regular short-term pulsations, which belong to Pc1- Pc3, is more probable in low and medium
latitudes than in high latitudes. Besides, distribution of the shortest-term Pc1 regular geomagnetic pulsations
from the ionospheric levels to the Earth surface in calm conditions is maximally probable in the sea coastline
area, where the wave-conductive system lonosphere-Earth is especially effective [1].

Unlike geomagnetic pulsations, which can be considered as manifestation of magneto-hydrodynamic
self-oscillations of magnetosphere resonator, the source of generation of very low or ultra low electromagnetic
waves is kinetic effect, which develops as a result of cyclotron instability of the plasma medium inside the
magnetosphere. Activity of magnetospheric resonator may be caused due to a rapid change of solar wind
pressure, i.e., a global mechanical impulse, whereas in inner magnetospheric plasma it is sufficient to satisfy
certain criteria for activation of cyclotron oscillations. Usually, it occurs in some radiation belt of the plasma
reservoir of the magnetosphere, e.g., ionosphere. The same phenomenon can serve as a generator of
electromagnetic waves. However, as it turned out, appearance of ULF (VLF) waves inside the magnetosphere
is rarer than activation of geomagnetic pulsations. Moreover, very low frequency electromagnetic radiation is
usually modulated by short-term geomagnetic pulsations [1].

It is known that a certain interval of low frequency magnetospheric electromagnetic radiation spectrum
/200-30000/ is practically compatible with the frequency diapason characteristic of human auditory perception
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[2]. Itis also interesting that the minimum of frequency spectrum of these waves only by half an order exceeds
the frequency of industrial electromagnetic wave, which is 50 Hz. Therefore, we may consider that due to the
influence of technological electromagnetic field with industrial frequency, the population actually has to be in
environment similar to the one, where the inhabitants permanently live in the conditions with high probability
that cosmic ULF and VLF radiation reaches the Earth surface. It is noteworthy that like Pc1-Pc2 geomagnetic
pulsations, in the magnetospheric ULF and VLF electromagnetic wave spectrum as well, there are such
oscillations, the frequencies of which coincide with some human endogenic rhythm. It is acceptable that by
means of auditory sensors or via central nerve system they make influence on human organism. Therefore, we
may consider that like geomagnetic pulsation, ULF and VLF electromagnetic waves may have a triggering
function of vital processes taking place inside the human body [3].

The regional geomagnetic anomaly in Guria. On the territory of Georgia the value of normal
geomagnetic field anomaly perturbation has the following classification: 1. weak magnetic anomaly, i.e.,
deviation from the main characteristic geomagnetic field induction value in interval by [100-500] nT; 2.
medium magnetic anomaly — deviation by more than [500-1000] nT; 3. strong magnetic anomaly — deviation
by more than 1000 nT. It is noteworthy that deviation from normal field may be both increasing as well as
decreasing. In case deviation is positive the magnetic field induction expression takes place and when
otherwise then depression is observed. On the territory of Georgia there have been revealed several such
anomalies, among which are the regional geomagnetic anomalies of Adjara and Guria. The Tskaltsminda-
Ureki-Ompareti local geomagnetic anomaly is a constituent part of the latter and it was for the first time
discovered and studied by Prof. Mikheil Nodia. In the 30s of the past century he was heading several long-
term geophysical expeditions with the purpose to prospect oil ores in Ompareti. The general results of the
expedition were further proved by a large-scale geomagnetic aerial survey organized by the Oil Production
Agency of the former USSR in 60-70s. It is natural that there had been no instrumental measurement data on
the geomagnetic field of the mountain part of Adjara-Guria before the expedition lead by M. Nodia. Therefore,
he had only historical information on the existence of iron and metal mines in Guria, namely in the areas of
Chonchkhati dating back to the early era to the late medieval times. Similar information was about
Mountainous Adjara, where weapon manufacture was well developed in some gorges. Naturally, it could not
have been possible without having local metallurgical raw materials. Besides the historical data there was also
a visible sign of high concentration of magnetite in the mountain rocks washed off by the river Supsa and it
was visible all over the valley of the river Supsa from the very source to the estuary. Therefore, the first
expedition, taking into account the geomagnetic equipment accuracy of that time, made a maximally detailed
plan of the areas of the Supsa estuary and some territory of the sea coastline from Kobuleti to Grigoleti. During
the first expedition only single, the vertical component of geomagnetic field was measured and further the
horizontal component was also added. Due to the big size and insufficient stability during working process in
field of so called Schmidt magnetic scales, a magnetometer of that time, a task of geomagnetic planning was
very labour-intesive and required quite a substantial amount of time. In spite of that the Schmidt magnetometer
accuracy appeared sufficient for quite clearly distinguishing the anomalous values of the geomagnetic field it
turned out that the value characteristic of the magnetic anomaly exceeded the threshold of the equipment
sensitivity approximately by at least two orders and more: £10 nT. They mainly used the longitudinal profiling
method with an interval of 100 m., though, in those areas, where it was possible to close rectangular frames,
i.e., construct the main element of the grid method, Mikheil Nodia used the opportunity everywhere. Despite
that, due to objective reasons mainly associated with swampiness of the coastline, the area of the territory
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planned by the grid method turned out to be much less than that of the territory planned by longitudinal
profiling method [4-6]. It is noteworthy that except rare cases in modern conditions it is practically impossible
to repeat the geomagnetic profiles constructed by M. Nodia by modern equipment due to the population
increase and building of different urban constructions, among them significant industrial structures, e.g., the
Supsa Terminal in the Tskaltsminda-Ureki-Ompareti zone.

The local magneto-electrical anomaly in Tskaltsminda-Ureki. A long-term geomagnetic
expedition organized by Institute of Geophysics on this territory began in 1991 and lasted during 1999-2006.
During the expedition process a detailed planning of the local magnetic anomaly territories of Tskaltsminda-
Ureki (nowadays “Hope Town’) and Ompareti was conducted by areal grid method with interval 10 m (Pic.1).

\ Supsa/
Grigoleti LYRLDS
aﬁmgmqp\g\mll/* 5

Guliani
Ompareti 38990560

NN m3RIM9N0
fé‘?(altsminda 3 J

Khrialeti
Ureki bMhoscmgon

96930

Magnetiti Shroma
Hope Town ammas

— Tkhinvali
nbnbzomn

Khvarbeti
Kverna N b3oMogo;n0n

Natanebi 37600

E70 94390 m
Bohobgon &
Shekvetili :
8933902090 »
\ Laituri

cnsnonyMo

~ GURIA
" ADJARA

Pic.1. The local magneto-electrical anomaly in Tskaltsminda-Ureki.

As a result of the boundary originated due to the urban changes the micro anomaly of Ompareti was
considered as an individual segment of the main local geomagnetic anomaly. They used field magnetometer
M-203, by which the absolute vector value T of the magnetic field induction of the Earth is measured. Besides
determining the topological image of the geomagnetic field in the Tskaltsminda-Ureki zone, in order to reveal
the deep geologic structure of the territory, at the last stage of the expedition a detailed electrometric survey
by means of vertical sighting method was also conducted. It appeared that the central area of the geomagnetic
anomaly (so called “Hope Town”) is characterized with particular inhomogeneity in electric resistance that
probably must have been caused due to large fragments of iron-bearing rocks in the sea coastline zone. Such
a structure, taking into account sea water leakage into the porous medium, must be in high probability causing
a permanent effect of electric polarization and physical phenomena associated with it. Therefore, we consider
that this area is anomalous in regard to not only geomagnetic but also geo-electrical point of view.
Consequently, the anomaly must be called a local magneto-geo-electrical anomaly. It is characterized with low
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absolute intensity, though clear gradients of geomagnetic field together with variable geo-electrical field are
also observed. Thus, all the above mentioned together with healthy climatic characteristics, apparently
condition particular ecology of this zone. There is a joint activity of several natural factors, namely: sand rich
in magnetite, taken down by the river Supsa from the mountains of Guria and Adjara to the porous medium of
the beach area; leakage (hydration) of sea water into the coastline; possibility of magneto-hydro-dynamic
(MHD) effect generation, as a result of which systematic generation of bound and free polarized charges
becomes possible. Under the influence of the variable electrical field generated in such inhomogeneously
polarized environment an effect of large-scale (integral) dipole electrical and magnetic moments may arise in
the anomaly area. In the area, probably, relaxation of free charges may take place as a result of closing of
telluric current circuit generated due to seismic processes developed under the sea in the anomalous zone. In
such conditions very low frequency (VLF) surface electromagnetic radiation may generate in the anomaly
area. Its characteristic frequency diapason, according to the measures of the anomalous area, must probably
be /103-106/ Hz. It is not excluded that in certain cases VLF electromagnetic radiation can be so strong that it
may cause local perturbation in the thermo-dynamical and electrical parameters of the atmosphere [7, 8].

The medico-biological aspect. The purpose of comparative analysis of background health data of
population living at different places is to verify normal and pathological endemic criteria. In conditions of
increasing technogenic load on the environment this issue is considered as a significant aspect of ecological
problem for the mankind [9]. It is natural that in this regard, populations in big cities live in particular
conditions, which are distinctly different from the usual natural conditions in pre-industrial era. However,
population of some certain places might have been under same conditions as in big cities. In regards to
electromagnetic background of the Tskaltsminda-Ureki magneto-geo-electrical anomaly zone, which is under
high urban load, belongs to the list of such places. Probably, the unique geophysical characteristics determining
its value as of a resort, make certain influence on the parameters characteristic of the health of the aborigine
population.

It is known that the intensity of the signal that induces parametric resonance phenomenon, i.e., the
trigger amplitude, does not have any real meaning. In the case of a living organism the parameter of the
activation factor, e.g., electromagnetic wave, which is to coincide with some cyclic function characteristic of
organism, is wave signal frequency [2, 10]. As a result of stochastic resonance inside a human body,
desynchronization of internal biological rhythms may take place in order to reduce them to a single basic
frequency. According to one of hypothesis, such an effect may turn out destructive for the human body, which
is diseased or under stress. This is proved by the result obtained after statistical analysis of great number of
medical data, which shows tight correlation between global magnetic storms and increased frequency of
myocardial infarction, also cerebrovascular accident and lethal ends caused by them [10]. Itis logical to assume
that such correlation may take place due to anomalous changes in rhythmic process determining the living
process of human body, like heart-beating and breathing frequencies. It is noteworthy that the frequencies
characteristic of Pcl - Pc2 geomagnetic pulsations /1 — 0.1/ Hz are in the frequency variation diapason of these
very vital characteristics. Pcl pulsations are sometimes observed in calm geomagnetic conditions, though they
almost always accompany global geomagnetic storms, when negative conclusions of cardiovascular diseases
are especially increased. Therefore, it is assumed that such type of pulsations may cause stochastic resonance
effect in a human body [10]. It is noteworthy that in formation of natural electromagnetic background, besides
geomagnetic pulsations, ULF and VLF electromagnetic waves with much higher frequency spectrum than
pulsations have a great role and these waves are often modulated by geomagnetic pulsations.
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The question whether natural geomagnetic radiation from environment is a permanent negative
influence factor for the human body has two existential aspects: medico-physiological and social. Generally,
the justice of such assumption must be proved by numerous and versatile research results. In our opinion one
of certain cases of such assumption may be manifested by the comparative image based on comparative
statistical analysis of the local medical information conducted by us. For this purpose we used the data of the
Statistics Agency of Georgia on the Tskaltsminda-Ureki zone and highly populated Telavi region, which is
geographically considerably distant and distinguished with its natural conditions from the former. At the same
time, at both places, besides the statistical analysis of the preliminary medical information from the healthcare
board, a sampling survey by a method of filling out a special questionnaire was conducted on the population.
The results revealed quite complete general information involving both male and female aborigine population
of all age groups. Namely, there were individual data from 200 residents in 2006 in Ureki. Similarly, by
maintaining the correctness of the research method a sampling survey was carried out on the population of
Telavi region. Further the results were reconciled with the data of medical archives. Finally, the database of
both places included quite wide groups of individuals: Ureki -869 residents, Telavi — 42 789 residents.

Within the framework of the research special interest was taken on separation of the population with
health problems within the aborigine residents without referring to degree of disease (low, medium, high).
According to methodic the sum of individuals having any type of health problems was equal to 100%. The
next step was determining the shares of the diseases, initiation or deterioration of which, with high probability,
might associate with triggering effect of geomagnetic pulsations or very low frequency electromagnetic
radiation. The diseases were classified in four groups: endocrine diseases, diseases of nervous and sensory
system, cardiovascular diseases and respiratory system diseases. The comparative statistical analysis showed
significant difference only in the correlation data of endocrine system diseases:

Diseases in the Tskaltsminda-Ureki zone:
Endocrine system — 6.6 %
Nervous system and sensory organs — 4.5 %
Cardiovascular system — 15 %
Respiratory organs — 13 %
Diseases in Telavi region:
Endocrine system — 35 %
Nervous system and sensory organs — 4.5 %
Cardiovascular system — 15 %
Respiratory organs — 20 %

At the same time, we used the correlation characteristics of the same disease groups for comparison
for entire Georgia:

Endocrine system — 8.76 %

Nervous system and sensory organs — 10.29 %

Cardiovascular system — 20 %

Respiratory organs — 20.93 %

The obtained results clearly show that correlation statistical indicators of all groups determined
according to all three databases, excluding one disease group, are similar. Namely, it turned out that the
inhabitants of the magneto-geo-electrical anomaly zone of Tskaltsminda-Ureki, in regards to endocrine
diseases are in a considerably better state than the population of Telavi region with calmer natural
electromagnetic background. This result appeared to be unexpected as far as according to the opinion
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distributed within the circle of medics any kind of electromagnetic radiation, like high-frequency (penetrating
radiation) as well as ULF and VLF electromagnetic waves, must have extremely negative influence on
functioning of cardiovascular and endocrine systems of human body.

Conclusion.

As a result of carrying out a many-year complex expedition, quite a vast complete database of
observations was established by Institute of Geophysics. On the basis of interpretation of these data a
theoretical model of the local magneto-geo-electrical anomaly of Tskaltsminda-Ureki, the physical image
corresponding of which covers the whole resort zone between the estuaries of the rivers Supsa and Natanebi
including the territories of Shekvetili and the camping area, was constructed [7, 8]. According to the model
the area of the anomalous geophysical parameters are probably distributed also in the direction of the sea,
where in early era a paleo-estuary of the river Supsa was located.

In the viewpoint of fundamental researches of human physiology, taking into account general
characteristics of medical information and conditionality of individual data it would be probably reasonable to
carry out long-term physiological and epidemiological monitoring of the constitution parameters and
functional indicators, especially cardiovascular system as one of the main determinants of adaptation potentials
of human organism among valid groups of the aboriginal healthy population of the resort zone.

Such local studies may reveal the physiological effect of permanent influence caused by apparent
inhomogeneity of the geomagnetic field.
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O cBs3u ¢ puznoa0rn4eckoM 3G PeKToOM MATHUTO-IJIEKTPUIECKOU

anomasnu HkaauMuHaa-yYpexku

3.A. Kepeceanaze, M.A. Jlomoypu, M.C. Uxurynunze, H.U. ZKon:konanse

Pe3rome

Jlo uHIyCTpUanbHOW O3pBl €CTECTBEHHBIM JJIEKTPOMATHUTHBIA (OH (OPMUPOBAIICS TaK Ha3bIBAEMOW
KOCMHMYECKOH IOT0JI0M U TIPOIECCOM PaIMOaKTUBHOIO pacmaja, IPOUCXOISIINM BHYTpY 3eMiu. B HacTosIee
BpeMsl B CBSI3M C HEYKJIOHHO BO3pACTAlOIICH aHTPOIOICHHON Harpy3Kod HaOJIIOJIaeTCs MPOIEeCcC OOIIero
M3MEHEHUS TapaMeTPOB OKPYKAIOIIEH CPe/Ibl, B KOTOPOM MBI )KHBEM. DTOT MPOIIECC 3aTPAruBacT BCIO 3EMITIO,
B TIEpBYIO OdYepeAb paloOHBI C BBICOKON ypOaHHM3almen, rie OCOOCHHO CYIECTBEHHO HETaTHBHOE
COLIMOJIOTHYECKOE U (PU3HOIOTUIECKOE BO3JIEMCTBHE TEXHUIECKOTO ITPOrpecca Kak B rI100albHOM MacIiTade
Ha BCE HacelieHHe, TaK W Ha OTAENbHBbIE TPYMII IIoAei. DTa riodansHas mpobjemMa WMeeT MHOXKECTBO
ACTMEKTOB U CPEIM HUX M3YUYCHUE aaNTallMOHHBIX BO3MOXXHOCTEH HACEJICHHUS, TPOKUBAIOIIETO B YCIOBHSIX
HECCTECTBCHHBIX M3MEHEHHUH 3JIEKTPOMArHUTHOTO ()OHA, HEOTHEMJIEMBIM 3JIEMEHTOM KOTOPOIO SIBJISETCS
CpaBHUTEJBHBIM aHaM3 (OHOBBIX 3a00JIeBaHMI HACEJCHHWS, HampuMmep, YKe XOpOIIO H3BECTHO, YTO
KOPPEISIIIHOHHBIN 3()(PEKT reOMarHUTHBIX Oypb, SIBISIOMIUICS OJHUM U3 TII00ANBHBIX TIOCIECTBUI OBICTPOI
CMEHbl KOCMHUYECKOM TMOroJbl, OKa3blBaeT BIMSHUE HA YXYIIICHHE COCTOSIHHSI 3I0POBbSl HACEIECHUS C
CePIEYHO-COCYAUCTRIMY TMaTojorusiMu. [lo HameMy MHEHWIO, BBISBICHHE (DH3HOIOTHYECKOTO MEXaHH3Ma
STOW CBSI3W, HAPSy C BIUSHUEM IPOIIECCOB, MPOUCXOASIINX Ha ToBepXHOCTH CONHIA, TpeOyeT U3ydeHHs
¢usnonornyeckux 3O(HEKTOB  JIOKAIBHO HW3MEHUMBOTO  MPHPOJHOIO  3JCKTPOMArHUTHOro  (hoHa,
00YyCJIOBJIGHHOTO BJIMSIHUEM TI'€OMAarHMTHBIX aHOMaiuii Ha 3emiie. B CBsI3u ¢ 3TUM OOJIBIIONH HHTEpeC
MIPEACTABISICT CPABHUTENBHBIN aHAIN3 MPEABAPUTEIHHBIX MEIUITMHCKUX JTAHHBIX a0OPUTEHHOTO HACCICHHS
KypopTHO# 30HBI Llkanumunna-YpeKuHCKONH JIOKaJbHOM I€OMAarHUTHOM aHOMAJbHON 30HBI U HACEICHUS
0oJiee CIIOKOMHOTO B T€OMarHUTHOM OTHOIIeHHH paiioHa TenmaBu. CoriacHO MONYYEHHBIM pe3yNbTaTam,
coueTaHWe XapakTepucTuk LlkammuHma-Ypekckoi 00JacTH T€OMarHUTHOW aHOMAllMU ¢ KOCMHYECKUMHU
(hakTOpamMu, XapaKTEPHBIMH IS MOPCKOTO MTOOEPEXKbs, BEPOITHO, OKA3hIBAET MOJIOKUTEILHOE BIIMSIHUC HA
HaceJeHuE. DKCTPAITOMPYs ATOT BBIBOJ, MOJKHO B IICJIOM TOBOPHUTH O TMOJIOKUTEIEHOM TEPAIeBTUICCKOM
BO3JEHCTBUM Ha JIIOJIEM, COBEPIIAIOIIMX KPAaTKOBPEMEHHbIE IMOCEHIEHUS KYpOpTHOW 30HBI l[xamimuuia-

Ypeku ¢ 1e4ebH0-03J0POBUTETHHBIMU IIEISIMHU.
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