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Abstract

Wide-ranging studies of contemporary climate change in Georgia were begun in 1996
and they continue on the present time. First of all the inventory of greenhouse gases in
Georgia was carried out, spatial-temporary variations in the fields of temperature,
precipitation, cloudiness, aerosol air pollution, surface cover and other climate-forming
parameters were studied. Later there have been begun works on forecasting of air
temperature and precipitation change in some region of Georgia.

In particular results of detailed statistical analysis of the average semi-annual and
annual values of precipitation in Thilisi for the period 1957-2006 are presented earlier. In the
indicated period of time the weak positive trend of precipitation in the cold period of year was
observed. A trend of precipitation for warm half-year periods was not observed. For a year
the weak tendency of an increase of the precipitation was observed.

In this work, which presents the continuation of the foregoing studies, some results of
the standard statistical analysis of observational data of the Hydrometeorological department
of Georgia of daily sum of precipitation (DSP) in Thilisi in 1957-2006 are represented.

Thus, the statistical structure of atmospheric precipitation with daily intensity of 0.1-2,
2.1-5, 5.1-15, 15.1-30 and >30 mm and annual quantity of days without and with
precipitation for the ten five-year time intervals from 1957-1961, 1962-7966, ..., to 2002-2006
is studied.

The weak positive and positive trend of DSP respectively for the ranges of 5.1-15 and
15.1-30 mm was observed. The negative and weak negative trend of DSP respectively for the
ranges of 0.1-2 and 2.1-5 mm was observed. The trend of DSP with an intensity of >30 mm
was not observed.
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Introduction

Researching intensity and distribution of precipitations has always been the most actual
problem among well-known atmospheric events. It became even more important on the
background of the ongoing process of climate change. Precipitation is a basic source for
moistening earth’s surface. It belongs to those meteorological elements, which play an active
role in water-water vapor circulation. Therefore in Georgia, as in other countries, to studies of
atmospheric precipitations was always given special attention. For example, study of the
precipitation climatology, their statistical structure and distribution on the territory of Georgia
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in the works [1-4] were carried out. The detailed data about the climatology of precipitation in
Thilisi in the book [5] are represented.

In the work [6] for the specially selected region of Eastern Georgia with 18
meteorological stations the analyses of statistical structure of spring-summer precipitation
were carried out. The correlations between data from every single station are established,
corresponding correlative matrix is built, and relevant analysis (including dividing the region)
is done.

And some works the influence of the anthropogenic pollution of the atmosphere of the
regime of precipitation was studied [7, 8]. In particular it is obtained that in the Kakheti
region of Georgia during the week days a values of solid and liquid precipitations is higher
than into the holydays.

The important stage of an investigation of precipitation with wide-ranging studies of
contemporary climate change in Georgia was connected. These studies in 1996 were begun
and they continue on the present time. First of all the inventory of greenhouse gases in
Georgia was carried out, spatial-temporary variations in the fields of temperature,
precipitation, cloudiness, aerosol air pollution, surface cover and other climate-forming
parameters were studied. In particular it was obtained that in different regions of Georgia
trends of annual sum of precipitation can be as constant, so positive and negative [9]. Later
there have been begun works on forecasting of air temperature and precipitation change in
some region of Georgia [10].

In particular results of detailed statistical analysis of the average semi-annual and
annual values of precipitation in Thilisi for the period 1957-2006 are presented in [10]. In the
indicated period of time the weak positive trend of precipitation in the cold period of year was
observed. Trend of precipitation in warm half-year periods are not observed. Clearly
expressed trend of precipitation for a year are not observed also. It is observed the weak
tendency of an increase in the precipitation with the little significant level of linear correlation
coefficient.

Information about atmospheric precipitations for the development of the bioclimatic
characteristics of territories has great importance. For example, during the calculation of the
most widely known and applied tourism climate index proposed by Mieczkowski [11] data
about atmospheric precipitations are necessary. This index is combination of seven factors
and parameters with max value 100. In this case the share of the role of precipitation in the
values of tourism climate index can reach to 20 %.

So, under the more-less similar thermal conditions of the atmosphere the decisive role
in the values of tourism climate index (TCI) have the value of precipitation. For example,
because of the increased values of precipitation in Batumi (capital of the Adjarian
Autonomous Republic, Georgia) [12], values of tourism climate index here are lower than in
Thilisi and Anaklia (Georgia) [13-15]. Besides Batumi atmospheric precipitations
substantially influence on values of TCI also in other localities of Adjara (Kobuleti, Khulo,
Goderdzi) [16].

In Baku (Azerbaijan), Erevan (Armenia) and many cities of Iran (Mahabad, Jolfa,
Marageh, etc,) the value of precipitation is lower  than in Tbilisi, Batumi and Anaklia.
Accordingly in Thbilisi, Batumi and Anaklia value of tourism climate index is lower than in
the indicated cities in Azerbaijan, Armenia and lIran [17]. Thus the data about the precipitation
find wide application with the certification of the health resort and tourist resources of
territories in the aspect of their bioclimatic conditions [15, 18].

Excess precipitation contributes to the appearance of floods. The critical values of
precipitation per 12 hours, that cause disastrous water flows, flooding in rivers and in dry
ravines are: in seaside regions of Western Georgia — 130 mm and more, in the central and
western part of Colchis lowland and adjoining mountains slopes — 100 mm and more, on the
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remaining part of Western Georgia, on the Southern slopes of Larger Caucasus — 80 mm and
more, on the remaining part of Eastern Georgia — 60 mm. Using these critical values, the
recurrence rates of disastrous heavy rains are calculated and corresponding flash flood hazard
maps are compiled [19-21].

As it follows from the brief of literature revue, in Georgia there are sufficiently many
works on a study of precipitation, including in Thilisi. However, there is a certain deficiency
in the studies of the changeability of atmospheric precipitations in different ranges of their
intensity.

In this work, which presents the continuation of the foregoing studies, some results of
the standard statistical analysis of observational data of the Hydrometeorological department
of Georgia about daily sum of precipitation in different ranges of their intensity in Thbilisi in
1957-2006 are represented.

Study area and methods

Study area is Thilisi city. Data of the Hydrometeorological department of Georgia about
daily sum of precipitation in different ranges of their intensity in Thilisi in 1957-2006 are
used.

The statistical structure of atmospheric precipitation with a daily intensity of 0.1-2, 2.1-
5, 5.1-15, 15.1-30 and >30 mm and annual quantity of days without and with precipitation for
the ten five-year time intervals from 1957-1961, 1962-1966,..., to 2002-2006 is studied.

The following designations will be used below: Min — minimal values; Max - maximal
values; Stdev - standard deviation; Cy - coefficient of variation (%); R - coefficient of linear
correlation; o — the two-sided level of significance; a(R) - level of significance of R; K =
100-{Value(2002-2006)/Value(1957-1961) — 1} — value of relative changeability in the last
five-year period of time in comparison with the first, calculated according to the equation of
the regression of trend (%). The dimensionality of the precipitation (mm) in the text in the
majority of the cases is omitted.

Results and discussion
Results in table 1-3 and fig. 1-5 are presented.
Table 1

Statistical characteristics of annual sum of atmospheric precipitation for the ten five-year time
intervals from 1957 to 2006 in Thilisi

Parameter Tota_l sum of Daily intensity of atmospheric precipitation
precipitation 0.1-2 2.1-5 5.1-15 15.1-30 >30

Min 445.7 36.6 67.1 154.0 95.3 37.9
Max 601.8 49.1 92.2 236.9 148.5 119.8
Mean 493.2 41.0 79.3 186.0 122.9 64.0
Stdev 52.5 4.2 8.3 25.3 19.3 23.6
Cv,% 10.6 10.1 10.4 13.6 15.7 36.8

R 0.21 -0.39 -0.25 0.22 0.44 0.03
a(R) 0.27 0.12 0.25 0.25 0.07 no sign

Coefficients of the linear regression equation Y =a-X+b

a 3.71 -0.54 -0.70 1.80 2.81 -

b 472.8 44.0 83.1 176.0 107.4 -
K,% 7.0 -11.1 -7.6 9.1 22.9 -
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In the table 1 statistical characteristics of annual sum of atmospheric precipitation and
annual sum of precipitation with a daily intensity of 0.1-2, 2.1-5, 5.1-15, 15.1-30 and >30 mm
for the ten five-year time intervals from 1957 to 2006 in Thilisi are presented. The
coefficients of the equation of the regression of trend Y = a-X + b here are also given, where
Y is mean annual amount of precipitation for the five-year interval of time, X - number of the
interval of time from 1 to10 (1957-1961...2002-2006).

In the fig. 1-2 the graphs of trends of annual total sum of atmospheric precipitation and
annual sum of precipitation in the different ranges of their intensity for the ten five-year time
intervals from 1957 to 2006 in Thilisi are given.
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Fig. 1 Trend of annual sum of atmospheric precipitation for the ten five-
year time intervals from 1957 to 2006 in Thbilisi
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Fig. 2 Trend of annual sum of atmospheric precipitation in the different
ranges of their intensity for the ten five-year time intervals from 1957 to
2006 in Tbilisi

In particular, as follows from table 1 and fig. 1-2, positive linear trends for the total
sum of precipitation and precipitation in the range of their daily intensity of 5.1-15 and 15.1-
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30 are observed. Trends the precipitation in the range of their daily intensity of 0.1-2 and 2.1-

5 are negative. Not observed trend for precipitation with daily intensity >30.

The greatest increase in the precipitation in the last five-year period of time in
comparison with the first for range 15.1-30 is noted (22.9%), the greatest decrease - for range

0.1-2 (-11.1%). An increase in the total sum of precipitation composes 7.0%.

In the table 2 statistical characteristics of the share of atmospheric precipitations in the
different ranges of their intensity from the total sum of precipitation (below- the share of
atmospheric precipitation) for the ten five-year time intervals from 1957 to 2006 in Thilisi.

Table 2

Statistical characteristics of the share of atmospheric precipitations in the different ranges of
their intensity from the total sum of precipitation for the ten five-year time intervals from

1957 to 2006 in Thilisi (%)

Daily intensity of atmospheric precipitation

Parameter 515 2.15 5.1-15 15.1-30 >30
Min 6.6 14.6 32.2 21.0 8.4
Max 9.7 19.0 43.2 28.9 19.9

Mean 8.4 16.1 37.8 24.9 12.8
Stdev 1.0 1.6 4.3 2.5 3.6
Cv,% 11.3 9.8 11.4 10.2 27.8

R -0.52 -0.51 -0.01 0.47 0.04
a(R) 0.05 0.05 no sign 0.07 no sign

Coefficients of the linear regression equation ' Y=a-X+b

a -0.16 -0.27 - 0.39 -

b 9.3 17.6 - 22.7 -
K,% -16.1 -13.9 - 15.2 -

In the fig. 3 the graphs of trends of the share of atmospheric precipitations in the
different ranges of their intensity from the total sum of precipitation for the ten five-year time
intervals from 1957 to 2006 in Thilisi are given.
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Fig. 3 Trend of the share of atmospheric precipitations in the different
ranges of their intensity from the sum of precipitation for the ten five-year
time intervals from 1957 to 2006 in T bilisi
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As follows from table 2 and fig. 3,

the greatest contribution to the total sum of

precipitation the precipitation with a day intensity of 5.1-15 is made (37.8%), smallest - with a
day intensity of 0.1-2 (8.4%). Positive linear trends for the share of precipitation in the range
of daily intensity 15.1-30 is observed only. Trends the share of precipitation in the range of
their daily intensity of 0.1-2 and 2.1-5 are negative. Trends the share of precipitation with
daily intensity 5.1-15 and >30 are not observed.
The greatest increase in the share of precipitation in the last five-year period of time in
comparison with the first for range 15.1-30 is noted (15.2%), the greatest decrease - for range
0.1-2 (-16.1%).

Table 3

Statistical characteristics of annual quantity of days without and with precipitation for the ten

five-year time intervals from 1957 to 2006 in Thilisi

Parameter | Without With Daily intensity of atmospheric precipitation

precip. precip. 0.1-2 2.1-5 5.1-15 15.1-30 >30

Min 249.6 87.2 35 20 17.8 4.4 1
Max 278 115.8 54.4 28.8 27.2 7.4 2.2
Mean 266.4 98.86 46.1 23.88 21.52 5.96 1.4
Stdev 8.3 8.3 6.7 2.6 2.7 1.0 0.4
Cv,% 3.1 8.4 14.6 10.9 12.6 17.0 26.1
R 0.68 -0.68 -0.89 -0.26 0.21 0.49 0.01

a(R) 0.005 0.005 0.001 0.22 0.27 0.05 no sign
Coefficients of the linear regression equation Y=aX+b

a 1.9 -1.9 -1.99 -0.23 0.19 0.16 -

b 256 109.1 57.04 25.13 20.49 5.05 -

K,% 6.5 -15.7 -32.5 -8.2 8.1 28.3 -

In table 3 statistical characteristics of annual quantity of days without and with
precipitation for the ten five-year time intervals from 1957 to 2006 in Thilisi are given
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Fig. 4 Trend of annual quantity of days without and with precipitation for
the ten five-year time intervals from 1957 to 2006 in Thilisi
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Fig. 5 Trend of annual quantity of days with precipitation in the different

ranges of their intensity for the ten five-year time intervals from 1957 to
2006 in Thilisi

In the fig. 4-5 the graphs of trends of the annual quantity of days without and with
precipitation and days with precipitation in the different ranges of their intensity for the ten
five-year time intervals from 1957 to 2006 in Thilisi are given.

In particular, as follows from table 3 and fig. 4-5, positive linear trends for the annual
quantity of total days without precipitation and days with of their daily intensity of 5.1-15 and
15.1-30 are observed. Trends of the annual quantity of total days with precipitation and days
with of their daily intensity of 0.1-2 and 2.1-5 are negative. Trend for the annual quantity of
days with precipitation with daily intensity >30 are not observed.

The greatest increase in annual quantity of days with precipitation in the last five-year
period of time in comparison with the first for range of their daily intensity of 15.1-30 is noted
(28.3%), the greatest decrease - for range 0.1-2 (-32.5%). An increase in the total annual
quantity of days without precipitation composes 6.5%, an decrease in the total annual
quantity of days with precipitation composes 15.7%.

Thus, in the investigated period of time a certain increase of total sum of precipitation
was observed. At the same time in different ranges of their daily intensity the tendency of the
changeability of precipitation was both the constant and positive and negative. The same
relates to such investigated parameters, as the share of atmospheric precipitations in the
different ranges of their intensity from the total sum of precipitation and the annual quantity
of days without and with precipitation and days with precipitation in the different ranges of
their intensity.

Conclusions

Investigation of climate changes and reasons for these is one of the most important
problems of the present. Precipitation is a basic source for moistening earth’s surface, and,
correspondingly, one of the most important factors of support to life on our planet. Besides
climate changes many of other factors with the changeability of atmospheric precipitations
can be connected. For example, in the industrial regions this can be the heat islands, air
pollution, the local special features of the dynamics of air masses, etc.

In different regions of Georgia long-term tendency of changeability of annual sum of
precipitation has a complex nature: they can be as constant, so positive or negative. As in
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other countries air pollution has an effect on the precipitation regime in some regions of
Georgia. In particular in the Kakheti region of Georgia air pollution influence on increase of
the precipitations.

Thilisi is megalopolis with all characteristic for such cities indicated special features.
Therefore, climate variation in this city, and in particular the precipitation regime, has special
interest for us. This investigation showed that long-term variations of the precipitations
regime in Thilisi have complex nature.

In the investigated period of time (1957-2006) a certain increase of total sum of
precipitation was observed. At the same time in different ranges of their daily intensity the
tendency of the changeability of precipitation was both the constant and positive and negative.
The same relates to such investigated parameters, as the share of atmospheric precipitations in
the different ranges of their intensity from the total sum of precipitation and the annual
quantity of days without and with precipitation and days with precipitation in the different
ranges of their intensity.

In the future the analysis of the possible reasons of the indicated special features of
variations of the precipitation regime in Thilisi will be carried out. In addition to this, the
continuation of these studies on the more extensive material is provided.

References

[1] Khvichia M.S. Genezis osadkov i ikh rejim na territorii Gruzii. Tr.ZakNIGMI, N, 44 (50),
1971, 189 p., (in Russian).

[2] Alibegova D., Elizbarashvili E. Statisticheskaia strugtura atmospernikh osadkov v
gornikh raionakh. Leningrad, 1980, 136 p., (in Russian).

[3] Javakhishvili S. Atmosperuli nalegebi sagartvelos teritoriaze. TSU, 1981, 181 p., (in
Georgian).

[4] Tavartgiladze K. Saqartveloshi nalegebis ganacilebis statistikuri  strugtura.
Hidrometeorologiis institutis Sromebi, “Mecniereba”, N 105, 2002, 117 p., (in Georgian).

[5] Svanidze G.G., Papinashvili L.K. (edit)  Climat Thbilisi. Sankt-Petersburg,
Gidrometeoizdat, L., 1992, 230 p., (in Russian).

[6] Khvedelidze Z., Amiranashvili A., Dolidze J., Chitaladze D., Pavlenishvili N. Statistical
Structure of Diurnal Precipitation Distribution on the Territory of Eastern Georgia. Proc. of I.
Javakhishvili Thilisi State University, Physics, N 357, ISSN 1512-1461, Thilisi University
Press, Thilisi, 2004, pp. 79-87.

[7] Amiranashvili A.G., Amiranashvili V.A., Bachiashvili L.L., Bibilashvili T.N.,
Supatashvili G.D. Influence of the Anthropogemic Pollution of the Atmosphere and
Thunderstorms on the Precipitations Regime and their Chemical Composition in Alazani
Valley Conditions. Proc. 14"International Conference on Clouds and Precipitation, Bologna,
Italy, 2004, pp. 2_3_216.1-2_3 216.2.

[8] Amiranashvili A. Influence of the Anthropogenic Pollution of Atmosphere on the
Changeability of Hail Processes Intensity. Trans. of. Mikheil Nodia institute of Geophysics,
vol. LX1V, 2013, pp. 160 — 177, (in Russian).

[9] Budagashvili T., Karchava J., Gunia G., Intskirveli L., Kuchava T., Gurgenidze M.,
Amiranashvili A., Chikhladze T. Inventory of Greenhouse Gas Emissions and Sinks.
Georgia’s Initial National Communication on Under the United Nations Framework
Convection on Climate Change, Project GEO/96/G31, Thilisi, 1999, 137 p.

[10] Amiranashvili A., Chikhladze V., Kartvelishvili L. Expected Change of Average Semi-
Annual and Annual Values of Air Temperature and Precipitation in Thilisi. Journal of
Georgian Geophysical Soc. Iss. (B), Physics of Atmosphere, Ocean and Space Plasma, ISSN
1512-1127, vol. 13B, Thilisi, 2009, pp. 50 — 54.

88



[11] Mieczkowski Z. The Tourism Climate Index: A Method for Evaluating World Climates
for Tourism. The Canadian Geographer 29, 1985, pp. 220-233.

[12] Amiranashvili A., Matzarakis A., Kartvelishvili L. Tourism Climate Index in Batumi.
Modern Problems of Using of Health Resort Resources, Collection of Scientific Works of
International Conference, Sairme, Georgia, ISBN 978-9941-0-2529-7, Thilisi, 2010, pp. 116-
121.

[13] Amiranashvili A., Matzarakis A., Kartvelishvili L. Tourism Climate Index in Thilisi.
Trans. of the Institute of Hydrometeorology, vol. 115, ISSN 1512-0902, Thilisi, 2008, pp. 27 -
30.

[14] Kartvelishvili L., Matzarakis A., Amiranashvili A., Kutaladze N. Assessment of
Touristical-Recreation Potential of Georgia on Background Regional Climate Change. Proc.
of llst Int. Scientific-Practical Conference “Tourism: Economics and Business”, Batumi,
Georgia, 2011, pp. 250-252.

[15] Amiranashvili A.G., Chikhladze V.A. Saakashvili N.M., Tabidze M.Sh., Tarkhan-
Mouravi I.D. Bioclimatic Characteristics of Recreational Zones — Important Component of
the Passport of the Health Resort — Tourist Potential of Georgia. Transactions of the Institute
of Hydrometeorology at the Georgian Technical University, vol. 117, ISSN 1512-0902,
2011, pp. 89-92.

[16] Amiranashvili A., Chargazia Kh., Matzarakis A., Kartvelishvili L. Tourism climate
index in the coastal and mountain locality of Adjara, Georgia. International Scientific
Conference “Sustainable Mountain Regions: Make Them Work”. Proceedings, Borovets,
Bulgaria, ISBN  978-954-411-220-2, 14-16 May, 2015, pp.  238-244,
http://geography.bg/MountainRegions_Sofia2015

[17] Amiranashvili A., Chargazia Kh., Matzarakis A. Comparative Characteristics of the
Tourism Climate Index in the South Caucasus Countries Capitals (Baku, Thilisi, Yerevan).
Journal of the Georgian Geophysical Soc., Iss (B), Physics of Atmosphere, Ocean, and Space
Plasma, ISSN 1512-1127, vol.17b, Thilisi, 2014, pp. 14-25.

[18] Saakashvili N.M., Tabidze M.Sh., Tarkhan-Mouravi 1.D., Amiranashvili A.G.,
Melikadze G.I., Chikhladze V.A. To a Question About the Certification of the Health Resort
and Tourist Resources of Georgia. Modern Problems of Using of Health Resort Resources,
Collection of Scientific Works of International Conference, Sairme, Georgia, June 10-13,
2010, ISBN 978-9941-0-2529-7, Thilisi, 2010, pp. 175-180, (in Russian).

[19] Amiranashvili A., Dolidze J., Tsereteli N., Varazanashvili O. Statistical Characteristics
of Flash Flood in Georgia, Papers of Int. Simp. On Floods and Modern Methods of Control
Measures, ISSN 1512-2344, 23-28 September 2009, Thilisi, 2009, pp. 28-36.

[20] Varazanashvili O., Tsereteli N., Amiranashvili A., Tsereteli E., Elizbarashvili E.,
Dolidze J., Qaldani L., Salugvadze M., Adamia Sh., Arevadze N., Gventcadze A.
Vulnerability, Hazards and Multiple Risk Assessment for Georgia. Natural Hazards, Vol. 64,
Number 3, 2012, pp. 2021-2056, DOI: 10.1007/s11069-012-0374-3,
http://www.springerlink.com/content/9311p18582143662/fulltext.pdf.

[21] Amiranashvili A.G. Increasing Public Awareness of Different Types of Geophysical
Catastrophes, Possibilities of Their Initiation as a Result of Terrorist Activity, Methods of
Protection and Fight With Their Negative Consequences. Engaging the Public to Fight
Consequences of Terrorism and Disasters. NATO Science for Peace and Security Series E:
Human and Societal Dynamics, vol. 120. IOS Press, AmsterdameBerlineTokyosWashington,
DC, ISSN  1874-6276, 2015, pp. 155-164. http://www.nato.int/science;
http://www.springer.com; http://www.iospress.nl

89


http://geography.bg/MountainRegions_Sofia2015
http://www.springerlink.com/content/9311p18582143662/fulltext.pdf
http://www.nato.int/science
http://www.springer.com/
http://www.iospress.nl/

000oldo EEOMO K5O bogrgdgdol 339¢9dsMBOL
0530U9099690560 1957-2006 {ergddo

5.5806565830¢00

Mgbomdy

Lodo®mzgermlb  3e00do@Gol  ™obsdgdmyzg (3300093900l  BMMISLAE OO
dgbfogers @sofigm 1996 figerb o 3MIYErEYds ©EYIEY. I30MZILIL Ym3Eobs
BoBo®MS  LogoMmM39emdo LoMINMNEOO oBYOOL 06396FIM0B309, Podm3zwgme 0gbs
359608 ($H9339MoGMoL,  boegdgdol,  OBE0sBMIOL,  5BHIMLEBYIOMEo 359600l
59OMBME YOO Q50606dwEmgd0b, B993060)0 Bog3o®ol Qo bbgo
30353)Jo0MdmaJabgero  RsgGHMO9dolL  39egdol LOZMEMW-EOMOMO  35M0S30900.
9300690000 ©s0fym  LsdMTomgdo  LogoMmzguml bbgoalbgs Mo0mbdo  3sg6mols
A9939605GHOM0Ls s Boengdgdol (33e00egdgd0lL  3MMPBbMBOMYdOLIMZ0L. 396dM,
odowolbdo  1957-2006 (ewgdol  3gMomdo x5O0  Boergdgdol  Lodswm
Bobgzomfcromdo s ferom®o 36033690 mdgd0l 9B mHo  LESGHOLEH03MNOO
565¢00Bol 90093900 0gm Fomdmoagbowo sMmgmen BsdMmaqddo. Mmol s0bodbwmwm
3960m©do  ©033060398Ms boengdqdool LYLGHO sgdomo BHMYbo ol 303
3960m©do. boergdgdol 335w gdomds feroll mdow 3gMomEdo o6 Jgodhbgms.
Peron®o  8mbsi3gdgdom  dgodhbgmes  bsergdgdool  dsBgdol  bLybGo  GHgbwgbaos.
9399 BsdOd™mddo, MmIgwos  Homdmoygbl  sMobgo  gsdm33wg39d0L
239303990, 939990 bogo®mggenml 3000OHMIYEHJMOMEMA0)OO
93503599630l 1d0Eoldo LOE K536 boergdgdbg s3306M39d5ms BMbszg8gd0L
LGHObIOGMO  BEIGHOLEGH0ZMNOO  SBswoBol  BmyogOmo  dggyo  1957-2006
Pargdolsmgol. 390mdm, gLHogwrowos 5@IMbRBIOMo Bosergdgdol LEsEobEGHozMemo
LAHOMIGHmEs 0.1-2, 2.1-5, 5.1-15, 15.1-30 s >30 38 VOGO 0b3JblogMmdom
Boargdosbo s Mbsegdm ©ggdol Ferom®mo MomEgbmds smo bymfierosbo OHmomo
0b@9m3zsolsmgol 1957-1961, 1962-1966, ....2002-2006 enrgds9y. QOOMMO
X599960 b5¢0gdgool LYLEHO BOEs O WIIO0MO BHMY6PO 03300390Mms 5.1-15
5 15.1-30 0535BMbgd0LsmM30lL  Fgbodsdols@.LMLEHO T9IE0MYds S MOMYMBOMO
&3P0 ©503300390Mm©, TgLsdsdolo 0.1-2 @y 2.1-5 ©0s35BMbgdoLsMZ0U.
QOO0  x9IMOO  Bogdgdol (339905 MdS M™MAo 0b6@9blogmdom >30 o6
Q5033063900 0.

90



Oc00eHHOCTH U3MEHYMBOCTH CYTOYHBIX CYMMBbI OCA/IKOB B
Tounaucu B 1957-2006 rr.

A.I'. AMupaHamiB1IN

Pe3rome

IupoxomaciTabHbIE HCCIEIOBAHUS COBPEMEHHOIO W3MEHEHHMsS KiuMmata [py3un Obuin
HavyaTel 1996 roay M NMpoaosDKarTCsA B HacTosmee Bpems. [Ipexae Bcero Oblia mpoBeneHa
WHBEHTAPH3allUU MTAPHUKOBBIX Ta30B B [ py3uu, McciaenoBaHbl MPOCTPAHCTBEHHO-BPEMEHHBIE
BapHallMK MOJe TemrepaTypbl BO31yXa, OCaJKOB, O0JAYHOCTH, a3PO30JIHHOTO 3arpsi3HEeHUs
aTMOC(EpHOT0 BO3[yXa, IOBEPXHOCTHOTO TMOKPOBA M JAPYIHX KIMMAaTOOOPa3yIOIINX
dakropoB. [lozxke ObUTM HayaThl PabOTHI MO MPOTHO3MPOBAHHIO TEMIIEPATYpPhl BO3IyXa H
W3MEHEHMS OCaJKOB B HEKOTOPBIX pailoHax ['py3uu.

B dactHOCTH, pe3ynbTaThl JETATbHOTO CTATUCTHMYECKOTO aHaiHM3a CPEIHUX IOJYTOJOBBIX U
TOJIOBBIX 3HAYEHUH CyMMBI 0caakoB B Toumucu B iepuoxa 1957-2006 rr Obuti TipecTaBICHBI
B paHHHUX paborax. B ykazaHHbBIN mepuoa BpeMEHH HAONIOAANCS CIA0BIA MOJIOKUTEIbHBIN
TPEH]] OCAIKOB B XOJIOJHBIIN MEepHo/ roj1a. MI3MEeHUYNBOCTh OCAZKOB B TEIUIBIN MEPHO/] TO/1a HE
Habmonanacek. [lo roloBbIM AaHHBIM HaOmonanach cinabas TEHIEHIUS K YBEIWYCHHUIO
OCaJIKOB.

B nmanHoit pabore, KoTOpas MpEACTaBIAET MNPOAOIDKEHUE MPEAbIAYIINX HCCIEIOBAHUMN,
NPECTAaBICHb HEKOTOPBIE PE3YyJbTAaThl CTAHAAPTHOTO CTATUCTHYECKOTO aHAIM3a JaHHBIX
HaOJII0IeHUIT THUIPOMETEOPOJIOrHUECKOro JenapraMenTa ['py3un 3a CyTOYHOH cymMmoi
ocankoB (DSP) B Tommmcu B 1957-2006.

B uacTHOCTH, M3ydeHa cCTaTHCTHYECKas CTPYKTypa aTMOC(HEpHBIX OCaIKOB C CYTOYHOU
nHTeHCcuBHOCTRIO 0.1-2, 2.1-5, 5.1-15, 15.1-30 1 >30 MM ¥ TOIOBOTO KOJIMYECTBA IHEH C
ocazkamMHu M 0e3 OCagKOB JUId JECATH MATUIETHUX BPEMEHHBIX MHTepBajoB ¢ 1957 -1961,
1962-1966, ..., 1o 2002-2006 rT.

Cnalpblit pocT U onoxkuTenbHbd TpeH 1 DSP nabmonanuck mist nuanazoHos 5.1-15 u 15.1-30
MM COOTBEeTCTBeHHO. Craboe yMeHBIICHHE OTpHIareNbHblid TpeHa DSP  wabmomammuce,
COOTBETCTBEHHO, s Jnuana3onoB 0.1-2 m 2.1-5 mm. U3menunBoctu Bo BpemeHu DSP ¢
MHTEHCUBHOCTHIO >3(0 MM He HaOJI0/1al10Ch.
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