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LD — (V1) fona(V,U)m(U AU ~m v, B)[o12(V,U)nz(U,t)dU +
0 0

vV
1 M
+E(J;U]_1(V —U,U)n]_(v —U,t)nl(U,t)dU +mﬂ1(\/,t)

D200 (v, t)fo‘21(\/ U)m, t)dU+y021(v —UU)n(v -U,hm@U.Hdu + (9.2
+LN2 (N3 (V1)

990930  LoFgolbo  3odmdgdom: ny(V,1)=ni(V,0) ny(V,t)=ny(V,0)
am@aoe =0, Lowsi Ni(V,0), Nx(V,0) 3bmdogno 39bdiogdos.

dogoe  (g309d0 (9.1, 9.2) gobGmengdoms  LobEgdsdo
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NV, 1) = MOy e (- V)i =12
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(9.3)
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Resume

Current climate change increased the frequency and intensity of
extreme weather and climate events. Since extreme events have high
societal impact through their effect on agriculture, economy, human
health and even the security of the country, investigating and predicting
extreme evens is profoundly important for the regional stability. Risks
resulting from natural hazards are closely related to sustainable
development of the society concerned. Global trends show an
increasing damage from natural hazards and thus increasing losses from
occurred disasters. Such upward trends in intensity and frequency of
natural disasters are observed worldwide and are also discussed on the
national level.

Georgia is prone to natural hazards, the risk resulting from
meteorological hazards such as hail and thunderstorm are significant.
Also geo-hazards: earthquakes, landslides and hydrologic hazard as
flash- floods are considerably high, as the events during the last
decades have shown. The entire country is within the category of
medium and high risk. The natural disasters in Georgia have to be
considered as a standing negative factor for the development process of
the country. Importance of aroused problems stimulates the active
investigation of natural hazards inducing disasters.

In presented Monograph two meteorological phenomena: hail and
thunderstorm are investigated using observation data and mathematical
modeling. Firstly, discuss those phenomena.

Hail is most common within continental interiors of the mid-
latitudes, as hail formation is considerably more likely when the
freezing level is below the altitude of 3,400 m. Movement of dry air
into strong thunderstorms over continents can increase the frequency of
hail by promoting evaporational cooling which lowers the freezing
level of thunderstorm clouds giving hail a larger volume to grow in.

Unlike ice pellets, hailstones are layered and can be irregular
and clumped together. Hail is composed of transparent ice or
alternating layers of transparent ice at least 1 millimeter thick, which
are deposited upon the hailstone as it travels through the cloud,
suspended aloft by air with strong upward motion until its weight
overcomes the updraft and falls to the ground. Hail begins as water
droplets. As the droplets rise and the temperature goes below freezing,
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they  become supercooled water and ~ will  freeze on  contact
with condensation nuclei. A cross-section through a large hailstone
shows an onion-like structure. This means the hailstone is made of
thick and translucent layers, alternating with layers that are thin, white
and opaque. Former theory suggested that hailstones were subjected to
multiple descents and ascents, falling into a zone of humidity and
refreezing as they were uplifted. As the hailstone ascends it passes into
areas of the cloud where the concentration of humidity and supercooled
water droplets varies. The hailstone’s growth rate changes depending
on the variation in humidity and supercooled water droplets that it
encounters. The accretion rate of these water droplets is another factor
in the hailstone’s growth. When the hailstone moves into an area with a
high concentration of water droplets, it captures the latter and acquires
a translucent layer.

The hailstone’s speed depends on its position in the cloud’s
updraft and mass. This determines the varying thicknesses of the layers
of the hailstone. The accretion rate of supercooled water droplets onto
the hailstone depends on the relative velocities between these water
droplets and the hailstone itself. As the hailstone grows it releases latent
heat, which keeps its exterior in a liquid phase. Because it undergoes
'wet growth', the outer layer is sticky, so the single hailstone may grow
by collision with other smaller hailstones, forming a larger entity with
an irregular shape. Hail can also undergo 'dry growth' in which the
latent heat release through freezing is not enough to keep the outer
layer in a liquid state. Hail forming in this manner appears opaque due
to small air bubbles that become trapped in the stone during rapid
freezing. These bubbles coalesce and escape during the 'wet growth'
mode, and the hailstone is clearer. The mode of growth for a hailstone
can change throughout its development, and this can result in distinct
layers in a hailstone's cross-section.

The hailstone will keep rising in the thunderstorm until its mass
can no longer be supported by the updraft. This may take at least 30
minutes based on the force of the updrafts in the hail-producing
thunderstorm, whose top is usually greater than 10 km high. It then falls
toward the ground while continuing to grow, based on the same
processes, until it leaves the cloud. It will later begin to melt as it passes
into air above freezing temperature. Stones larger than 2 cm are usually
considered large enough to cause damage. Various countries have
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different thresholds according to local sensitivity to hail; for instance
grape growing areas could be adversely impacted by smaller hailstones.
Hail can cause serious damage, notably vehicles, aircraft, various
structures, livestock, and most commonly, agriculture crops. Wheat,
corn, soybeans, and grapes are the most sensitive crops to hail damage.
Hail is one of the most significant thunderstorm hazards to aircraft.
When hail stones exceed 13 millimeters in diameter, planes can be
seriously damaged.

Thunderstorm is astorm characterized by the presence
of lightning and its acoustic effect on the Earth's atmosphere, known
as thunder. Thunderstorms occur in cumulonimbus clouds. They are
usually  accompanied  bystrong  winds, heavy  rain, and
sometimes snow, sleet, hail, or, in contrast, no precipitation at all.
Thunderstorms may line up in a series or become a rainband, known as
a squall line. Strong or severe thunderstorms include some of the most
dangerous weather phenomena, including large hail, strong winds,
and tornadoes. Some of the most persistent severe thunderstorms,
known as supercells, rotate as do cyclones. While most thunderstorms
move with the mean wind flow through the layer of the troposphere that
they occupy, vertical wind shear sometimes causes a deviation in their
course at a right angle to the wind shear direction.

Thunderstorms result from the rapid upward movement of
warm, moist air, sometimes along the front. As the warm, moist air
moves upward, it cools, condenses, and forms a cumulonimbus cloud
that can reach heights of over 20 kilometers. As the rising air reaches
its dew point temperature, water vapor condenses into water droplets or
ice, reducing pressure locally within the thunderstorm cell. As the
droplets fall, they collide with other droplets and become larger. The
falling droplets create a downdraft as it pulls cold air with it, and this
cold air spreads out at the Earth's surface, occasionally causing strong
winds that are commonly associated with thunderstorms.

Thunderstorms can form and develop in any geographic
location but most frequently within the mid-latitude, where warm,
moist air from tropical latitudes collides with cooler air from polar
latitudes. Thunderstorms are responsible for the development and
formation of many severe weather phenomena. Thunderstorms, and the
phenomena that occur along with them, pose great hazards. Damage
that results from thunderstorms is mainly inflicted by downburst winds,
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large hailstones, and flash flooding caused by heavy precipitation. Past
civilizations held various myths concerning thunderstorms and their
development as late as the 18th century. Beyond the Earth's
atmosphere, thunderstorms have also been observed on the
planets Jupiter, Saturn, Neptune and Venus.

Any thunderstorm that produces hail that reaches the ground is
known as a hailstorm. Thunderclouds that are capable of producing
hailstones are often seen obtaining green coloration. Hail is more
common along mountain ranges because mountains force horizontal
winds upwards (known as orographic lifting), thereby intensifying the
updrafts within thunderstorms and making hail more likely. One of the
more common regions for large hail is across mountainous northern
India, China, Croatia also experiences significant hailstorms. In North
America, hail is most common in the area where Colorado, Nebraska,
and Wyoming meet, known as "Hail Alley." Hail in this region occurs
between the months of March and October during the afternoon and
evening hours, with the bulk of the occurrences from May through
September. Cheyenne, Wyoming is North America's most hail-prone
city with an average of nine to ten hailstorms per season. In South
America, areas prone to hail are Brazil, Colombia. Caucasus
mountainous region also experiences dangerous hail and thunderstorms
and thus the investigation of those processes are especially critical for
Georgia as one of most vulnerable country.

The composition of the Monograph is as following:

In Introduction, the hail and thunderstorm processes
observation and investigation history has been reviewed.

In Chapter 1 “Research methodology”, the observation
methods and existed theories on the formation and development of hail
and thunderstorm processes and climatic zones of Georgia have been
discussed.

In Chapter 2 “Spatial-temporal distribution of hail days
over Georgian territory , using observation data statistical
analysis has been performed and calculated following parameters:
maximal and minimal values, standard deviations, hail day modal
values, asymmetry, excess and variation members. Strong hail in
East and West parts of Georgia has been also discussed.

In  Chapter 3 “Spatial-temporal distribution of
thunderstorm days in Georgia”, based on the thunderstorm
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observation data statistical analysis has been performed and
calculated following parameters: maximal and minimal values,
standard deviations, thunderstorm day modal values, asymmetry,
excess and variation members, also the aero-synoptical processes
promoting thunderstorm formation and thunderstorm in Western
and Eastern Georgia have been discussed.

In Chapter 4 “Identification of possible variations of hail
and thunderstorm days”, using the trend method hail and
thunderstorm day trends were grouped by climatic zones.
Constructed GIS maps give possibility to identify risk zones.

In Chapter 5 “Thunderstorm activity in mountain
crossings of Georgia”, the statistical parameters of thunderstorm
annual day number over seven mountain crossings of Georgia
have been investigated.

In Chapter 6 “Investigation of thunderstone activity of the
Georgian section of Baku-Thilisi-Ceyhan pipeline adjacent
territory”, the mean and maximal values of main
statistical characteristics of thunderstorm activity on the Georgian
section of Baku-Thilisi-Ceyhan pipeline adjacent territory have been
resulted. Applicable tables and plots are presented. The presented
research has practical significance while caring out lighting protection
activities.

In Chapter 7 “Thunderstorm occurrence probability over
Georgian territory”, the thunderstorm occurrence probability has
been calculated using Poisson distribution over Georgian territory in
presented article. The multiyear (1936-2006) thunderstorm day mean
and maximal seasonal (I11-X months) values of 59 meteorological
station have been used. The probabilities were calculated for each
station on 50, 100 and 150km. radius areas. The calculated results are
presented in table including meteorological stations grouped by
climatic zones. The thunderstorm occurrence probability calculated on
areas more than thunderstorm fixing ones (ro) gives possibility for
forecasting thunderstorm processes development. The obtained resulted
may be used in various industrial sectors as well as for creation and
verification of regional and global climatic models.
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In Chapter 8 “Lightning impact on various buildings”,
the consideration of climatic parameters in construction is especially
important regarding the application of light structures that are more
sensitive to climate change. To solve a number of applied climatology
issues investigation of meteorological parameters variation has to be
needed, as object exploitation level is depended on it. The lightning
impact on building object has been studied in presented article, also
lightning protection measure application and safety recommendations
have been given.

In Chapter 9 “Investigation of precipitation forming
processes in convective clouds”, the formation of liquid and solid
precipitation growth processes in convective cloud using analytical
solutions of kinetic model of coagulation considering cloud particle
sources for different initial conditions has been investigated. The
initial critical values of ice crystals have been identified for a range of
spectra of cloud particles. In case of initial concentrations less than
critical ones the formation and growth of “dangerous” size hail particles
and decreasing of liquid precipitation have been detected. When
concentrations were above critical values the “dangerous” size hail
particles have been reduced and rain amount increased accordingly.

In Chpter 10 “Investigation of precipitation efficiency in
terms of one and half dimensional operation model of convective
cloud”, the nnatural and artificial precipitation formation processes
have been investigated using one and half dimensional operative
hydrodynamical model of convective cloud applying two real and one
hypothetic radiosonde data. Microphysical processes are presented by
parameterization schemes. The modification modeling has been
carried out on the different stages of cloud growth by insertion of
crystallizing reagent. It has been ascertained that for every cloud there
exist the definite moment in its growth and optimal quantity of reagent,
when additional precipitation increase is maximal. The mentioned
amount of reagent depends on the features of growth dynamics and
clouds maximal capability. In the result of modification changes were
occurred in cloud microphysics, causing intensification of its dynamics.
On such conditions clouds life time and the amount of precipitations
have been increased.
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