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ABSTRACT. Statistical analysis was conducted (data of 1906-2009) on the change of near-surface air temperature
field for various geographical regions of Georgia. The analysis was fulfilled by the dynamical norm method. Data of
89 points existing in 1906-1995 and 28 points in 1996-2009 were used. Restoration of missing observation data with
given accuracy and reduction of the data series to the same period of time were carried out by the method of
expansion of the random function in natural orthogonal components in multidimensional space. Natural variability
of temperature anomalies, linear and nonlinear trends of the variability, density of space-time change probability
are shown. Regional parameters corresponding to two periods of time are compared with each other. Schematic
map of change of near-surface air temperature field on the territory of Georgia in 1906-2009 is given. Facts of fall
of temperature on the territory of Western Georgia and significant warming in Eastern Georgia in 1906-1995 have
been proved. The data of 1906-2009 on warming in all regions under study have also been proved; tendency of the
increase of the global warming intensity over the last 10-15 years within the temperature range 0.2-0.5 o C/100yr is
shown. Maximal rate of temperature growth observed on the territory of Kvemo Kartli is defined. Results indicate
increase of intensity of global warming on the whole territory of Georgia for last 10-15 years. © 2012 Bull. Georg.
Natl. Acad. Sci.

Key words: global warming, air temperature, observation stations, data series, statistical analysis, dynamics of
temperature field.

Study of regional near-surface air temperature field
with high accuracy is one of the main problems of modern
times since destruction of stable balance of the sun-
atmosphere-earth energetic system and a gradual increase
of the earth’s energy level is doubtless. The first work in
this direction for the territory of Georgia was fulfilled for
the Initial National Communication and then published as
a monograph [1]. In the work the total picture of the
change of nearsurface air temperature field made at 89
stations on the territory of Georgia in 1905-1995 was

described. Unfortunately, it was modified in the Initial
National Communication [2]. As for the change in the
nearsurface air temperature field since 1996 numerous
studies were carried out using various methods and
different ways of solution of the problem.

An independent analysis of time series data,
restoration of missing observation data, for different
reasons, and verification of homogeneity were carried out
by the method of expansion of the random function in
natural orthogonal components in multidimensional space



[1,3-8]. It should be noted here that this method is
practically the only one which allows us to determine the
accuracy of the restoration (error). Furthermore, using this
method it is possible to determine time interpolation of
series with the error order established a priori. The higher
accuracy is required the more data are needed to construct
a correlation function. Analysis, restoration and control of
homogeneity were made with the use of the eigenvalues
and eigenvectors of this function. After the building of a
perfect database, which is a decisive factor in the climate
change study, the change of near-surface air temperature
described in [1] was determined by a linear approximation
of multiyear oscillations using the method of the least
squares. On the basis of the results of the mentioned study
maps were compiled determining changes of the near-
surface air temperature in Georgia in the 1906-1995.

It is interesting that global warming in the 20th c. in
Georgia was revealed in different ways. It grew a bit
colder (0.1-0.2°C/100 yr) in Western Georgia and got
perceptibly warmer (0.5-0.6°C/100 yr) in Eastern Georgia
[1,2].

Based on the above-said two tasks were marked:

e Determination of the air temperature with new
approach (in particular introducing the “dynamical norm”
[5]) and comparison of it with the results of earlier
researches on the basis of the database existing in the last
century (1906-1995) on the territory of Georgia;

eCompilation of a new database which includes the
period of 1906-2009. The database consists of observation
series of 28 meteorological stations, 14 of which are
active at present and characterized by a complete
observation period. Therefore restoration in the
incomplete series of the remaining 14 points is carried out
with minimum interference using the nonmodified natural
data and under control of restoration accuracy.

In order to study the first task, the location of 89
observation points on the territory of Georgia in the 20th
c. was considered. For further analysis 4 regions (zones)
were assigned: (1) — high mountainous zone of the
southern slope of the Caucasus; (2) — Eastern Georgia’s
plain; (3) — Kolkheti lowland and foothills in Eastern
Georgia; (4) — Kvemo Kartli and MeskhetiJavakheti
highland. The number of observation stations in each
zone is respectively (1) — 22; (2) — 22; (3) — 33; (4) — 12.

Statistical analysis is fulfilled according to the data
of 89 stations in 1906-1995. The results show that in most
parts of Georgia’s territory century-long warming has
taken place. In particular, mainly annual temperature
increase ~0.5°C/100yr with a maximum 0.8°C/100yr was
recorded in Eastern Georgia’s region. In South Georgia
the increase was 0.8°C/100yr with the maximum
0.8°C/100yr. In high mountainous zone warming and fall
of temperature were represented equally, but warming
concerned the eastern part of the zone and temperature
fall — the western part. Increase of temperature there was

~0.3°C/100yr and cooling -0.2°C/100yr. It must be noted
that if the data of the warm and cold seasons are
considered separately, it is evidence that in this zone
temperature fall is more significant in the cold season: an
average increase of temperature is 0.2°C/100yr, and an
average decrease is 0.4°C/100yr. As for the western part
of the high mountainous zone of the Caucasus, mainly
warming is recorded in the cold season (0.2°C/100yr) and
temperature practically does not fall in the warm season.
It is natural that such a peculiarity of a temperature
change promoted melting of nival glaciers of the
Caucasus, which is continuing to the present [9, 10]. Fall
of temperature in Western Georgia was confirmed again
in the last century [1,2] — tempera- Influence of Global
Warming on the Near-Surface Air Temperature Field in
Georgia ture fall was 0.4°C/100yr in average with the
minimum 0.85° C/100yr.

Interestingly enough, temperature rise is observed in
the warm season in all regions. It totals 0.15-
0.62°C/100yr in average with the maximum 1°C/100yr.

Temperature variability within the year should be
also noted. In Eastern Georgia the warming takes place
almost during the whole year. In this respect only August
is an exception: fall of temperature is recorded
0.1°C/100yr in average with the minimum 1°C/100yr, but
in  October-November the warming-temperature fall
spreads equally for areas.

In Western Georgia almost all months were colder
except January, February and April. In these three months
warming took place on almost the whole territory of the
region that finally determined the warming in the cold
season of the year in the region.

Peculiarities of the temperature change in Eastern
Georgia are repeated in Southern Georgia. August is a
different case, temperature fall is registered: 0.5°C/100yr
in average with the minimum 1.2°C/100yr.

As for the high mountainous zone of the Caucasus,
warming takes place in February-July (6 months, average
increase 0.3-1°C/100yr.), and in the other 6 months
temperature fall is observed with the average decrease of
temperature 0.4-1°C/100yr., which also points to warming
in the cold season of year.

In order to study the second problem — dynamics of
the air temperature field in 1906-2009, — 28 stations out
of 89 were retained for the period of 1996-2009 - 7
stations in each zone. If we take into account that at
present 14 stations out of the mentioned 28 are
functioning, we can once more point to the minimal
interference in the restoration of the observation data of
the stations. In this case the restoration and also the
reduction of the data of the eration stations to the same
period of time were made by the methods of expansion of
a random function in orthogonal components (vectors).
According to the data of restoration stations in 1906-2009



the accuracy of the month average temperatures (in %) of
1996-2009 in most cases was 85-95%

1 2 /
05 S ;

1

32 1 0 1 2
teprauris o il ém ©C/100 wdl i

d baTohis sinkwrive

2 -1 0 1 2
tepera uris oM il e °C/100 vd i

Fig. 1. Temperature change probability density
according to 1906-1995 (dashed line) and 1906-2009. (1)
— Highmountainous zone of the Caucasus range; (2) —
Eastern Georgia’s plain; (3) — Kolkheti lowland and
foothills in Western Georgia; (4) — Kvemo Kartli and
MeskhetiJavakheti highland; (5) — the whole territory of
Georgia.

Fig.1 shows probability density of the air
temperature change according to the 1906-1995 and
1906- 2009 in each selected region. As seen from the
figure, at the 0.05 probability level the value of
temperature change in Eastern Georgian plain increased
from 0.2°C/100yr to 0.5°C/100yr; on the Kolkheti
lowland in Western Georgia and foothills - from -
0.4°C/100yr to 0.2°C/100yr (temperature fall was
replaced with weak warming); at the high mountainous
zone of the southern slope of the Caucasus the
temperature was increased from -0.2°C/100yr to
0.4°C/100yr (here temperature fall was also changed to
warming); in Kvemo Kartli and Meskheti-Javakheti
highland — it was increased from 0.2°C/100yr to
0.5°C/100yr.

Thus, the data of 1906-2009 confirm warming in all
four regions with the value within the temperature range
0.2-0.5°C/100yr, which indicates the increase of the
global warming intensity over the last 10-15 years.

In Fig.1 the same data are presented for the whole
territory of Georgia. In this case at the 0.05 probability
level the rate of temperature change increased from ~-
0.1°C/100yr to distribution of the temperature anomalies
through the territory, which confirms intensification of the
global warming on the territory of the country.
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Fig. 2. Changes of temperature anomalies for 4
regions of Georgia (see Fig.1), their linear approximation
(linear trend) and 7th order polynomial approximation
(nonlinear trend).

Fig. 2 shows natural changes in the temperature
anomalies for 4 regions of Georgia, their linear
approximation (linear trend) and 7th order polynomial
approximation (nonlinear trend). It is of interest that in all
regions increase of anomalies is recorded, which is
confirmed with both linear and nonlinear trends. The fact
should be considered that the nonlinear trend revealed
significant decrease for the four regions approximately in
1965-1985, which began in 2004. When the nonlinear
trend is considered some questions arise on trends of
climatic system development change in Georgia, on
continuing a decrease of temperature anomalies a
decrease of global warming for the nearest decade, etc.

Fig. 3. Temperature field change in Georgia in 1906-
2009.

Finally, Fig. 3 presents a schematic map of the
changes in near-surface air temperature field in 1906-
2009 in Georgia. Isolines depict distribution of the
temperature anomalies through the territory.

The picture of temperature field change is
homogenous: over the whole territory of Georgia
warming is registered, the intensity of which increases
from West to East. Maximal rate of temperature growth is
observed on the whole territory of Kvemo Kartli where it
exceeds 0.8 oC/100yr (Fig. 3)



39M580b03Is

3MBSO0 IMIMOOL 93965 Bodo®mzgemdo dofolidoMs 3596Mm0b 39ga39MsG MOl 39w by

3- 0535000Josdg™ , b. 89000 d300™**, m. 30635d9**, 5. Jodogo#

* 0.%93550330000b Lob. MLv)-b 3obIBH0o BoaMmoBHO0MbOL gmacox00l 0BLEHOGEH0, Mdowolo

** Bogdomomzggarml ¢9gdbozm®mo mboggdlo@g@ol 30MH™ag@gmemmemaool 0bLEGH0EGGH0, MMdOEOLO
# Inmo OHMB0939e0l Labgardfionm «b039mLOEYBHOL FaMAGMO800L ©Y35METIbEHO, d50)do
(Ho®m3ma 9600005 5350093000 §936M0L ™. Fgerodol Joge)

939460l 4 a9mM®mox0mwo M9g0Mmbolmzol — sEIMLsgwgmo s L3O LodosMmzgwm, 353~
3obombols Jo@oedmosbo Bmbs, §399m JoGmwro s Tgubgm-xo35b9m0L Bgasbo, dgbermargdmwos
35960L  39939MoGME0L dofjoldoMs 3900l 33woegdol BEASGOLEH03MMO BswoBo “EobsdozMEo
B®dol” Jgdm@obol Loxgwdzgeby. 2s0mygbgdwemos 1906-1995 s 1906-2009 (iewgddo sOLYdwYo
99Lodsdolo 89 s 28 5330603900l 3bdEHOL dmbs3gdo. 33063900l M0YJOTO FoTMEHMIIOIO

999963900l s»JdMwo LoHBMLEHOM 5AIDS S C0YJIOL Y3965 gMHMO WS 0x039 39MOMPSA©Y
d9bOMWGdIMWos  FM9Z35¢RbBMT0Egd0sb  Loghgdo  dgdmbgzgzomo  Bbdsool  3bgdcmOo3
OB M® 39J@MO0s0 IOl FgMmEOom. FoMdmEygbowos #gddgMo@ Mol sbmdserogdol
069061030 (3390 MBy, dobo [MR030 s MHOR030 BHMYBIdO, FHJI3gMsGHIMOL LogzMEom-
©OMOMO  (33¢0900L  5Ed5MdOL 10J330039900. ™GO 39MHOMPOL  Fgbsdsdolo MmgaomMboscrMo
3965993HM9d0  39M90M0s  gMm3sbgmmsb.  dmEgdmeros  1906-2009  ergddo  LodoGmggwrmls
GIO0GHMM05Dg 3596008 3Hgd3gMoGmeol  doflolldods 39wl 33wowgdol  bdgdsG o H3s.

@OILAMMES 3oL Lowzmbgdo (1906-1995) sLogEgm LoJo®MmMZzgermlb  BHIMoGMMm0sby 3069
5(303990L, beagom 50dmbogegom LodsGmgzggarmdo dglsdhbgzo smMdMBOL sMligdMds. 1906-2009 fHergdol
dmbs39990000  IBOJLOMGOME0S  IMIMDS  LodoMmzgermli  dmgwr  BHIMOGMM0sDY,  M™Iol
0639bLogMmds  0HBMPYdS  ILEZEGMOEIL  5IMLSZ3EgOL3I6  0bEHIMZ5wdo  0.2-0.5mB/100fgwo.
39939653 M0L doBHgdol Fodbodoermo LobdsMg 0330603905 J399m JoEdo, BosE Ol >FoMdIOL
0.8mB/100§. gb 9930 3010 gdL degrm 10-15 ool gobdogErmdsdo Lods®mz9wml GgMo@m®m0sby

3LMISCMMO0 IMIMOOL 063 gbL0ZMdOL odw0gMgdsby

REFERENCES

1. K. Tavartkiladze, E. Elizbarashvili, D. Mumladze, J.Vachnadze (199), Empirical model of the change of overground
air temperature field. Thilisi (in Georgian).

2. Georgia’s Initial National Communication under the United Nations Framework. Convention on Climate Change
(1999), UNPP/GET — Government of Georgia. National Climate Research Centre, Thilisi, 137 p.

3. K. Tavartkiladze, A. Kikava, R. Solomonidze, N. Gogatishvili (2011), in: Proceedings of the Vakhushti Bagrationi
Institute of Geography, 3: 35-38, Thilisi (in Georgian).

4. K. Tavartkiladze (2011), in: Proceedings of the Vakhushti Bagrationi Institute of Geography, 3: 38-45, Thilisi (in
Georgian).

5. K. Tavartkiladze, A. Kikava, R. Solomonidze (2011), in: “Khandzta” — Periodical Scientific Journal, 5: 67-78 (in
Georgian).

6. N.A. Begalishvili, K.A. Tavartkiladze, D.l. Vachnadze (2007), Sovremennoe izmenenie klimata v Gruzii. Vekovoe
izmenenie vlagosoderzhaniia atmosfery i ego vliianie na vlagooborot. Thilisi (in Russian).

7. AM. Bagrov (1959), Trudy Tsentral’nogo Instituta Prognozov, 74: 3-24, M. (in Russian).

8. A.M. Obukhov (1960), lzvestiia AN SSSR, Ser. Geofizika, 3: 432-439 (in Russian)

9. Georgia’s Second National Communication to the UNFCCC (2009), Ministry of Environmental Protection and Natural
Researches — UNPP, Thilisi, 237 p.

10. L. Shengelia, G. Kordzakhia, G. Tvauri, et al. (2012), Science and Technologies, 4-6: 67-78 (in Georgian).

Received July, 2012



