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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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