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ABSTRACT. The changes of the positive temperature anomalies in the warm period of year (May-
October), including the temperature regime causing drought and desertification in the territory of
Georgia, were studied. The territory was divided into the following regions: South-Caucasian highlands;
Eastern Georgian area; Meskheti-Djavakheti highlands; Mountain ranges of the Western Georgia. Three
different periods of time1906-1940; 1941-1975; 1976-2009 were identified. The statistical
charactheristics of positive temperature anomalies of the surface in the warm season were defined.
According to the territorial groups the dynamic norms were estimated to the period of 1906-2009, i.e.,
changes in the norm are determined by the method of the linear approach. Also non-linear approach to
the same changes was used with sixth polynomial series. The probability of density distribution of the
positive anomalies of the surface temperatures was determined on the territory of Georgia and the set of
those anomalies was divided into the following groups: weak, medium and strong ones. Peculiarities of
the changes of the weak, medium and strong anomalies were studied with account of global warming. The
maps of the weak, average and strong positive temperature anomalies on the territory of Georgia were
created. © 2013 Bull. Georg. Natl. Acad. Sci.
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Georgia with its versatile climate resources is the
richest country. There is a great variety of climate
dominating on this relatively small territory begin-
ning with soft, humid subtropical climate of the Black
Sea coastline to the rigorous climate zone of the Cau-
casus high mountains capped with perpetual snow
and ice [1]. Nowadays, against the background of
global warming the climate change in Georgia is likely
to be drastic. Indeed, the current warming process is
going on with great peculiarities. Along with warm-

ing, it is cold in some regions of this relatively small
but fragmented territory [2]. Undoubtedly, the long
process of climate warming will activate the proc-
esses causing to droughts and desertification [3].
Generally, we can describe the process of climate
change in Georgia as follows: in the region of Eastern
Georgia, the annual temperature is observed to in-
crease mainly by 0.5°C/100yr with the maximum of
0.8°C/100yr. The warming process is relatively greater
in Southern Georgia, in Meskheti-Javakheti highland,
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where the temperature increases by 0.7°C/100yr with
the maximum of 1.6°C/100yr. In the mountainous zone
of the southern slope of the Caucasus, warming and
cooling have been going on almost equally. Warm-
ing occurrs in the eastern part of the zone and cool-
ing in the western part. Temperature rise is about
0.3°C/100 yr and cooling -0.2°C/100yr. Comparison of
the data of the warm and cold periods of year gives
ground to conclude that cooling is greater in the cold
season, where the average temperature rise is

0.2°C/100 yr and the average temperature fall is

-0.4°C/100yr. As to the western part of the mountain-
ous zone, warming (0.2°C/100yr) is mainly observed
in the cold period of year, while in the warm period,

actually, there is no cooling at all [4]. Naturally, such
a peculiarity of air temperature variation in the last
century caused melting of the glaciers in the Cauca-
sian nival zone, which continues even today [5,6].

The cooling process is most of all observed in West-
ern Georgia with the average of -0.4°C/100yr and with
the minimum of -0.85°C/100yr.

The climate warming process causes recurring
droughts, while recurrence is the main factor con-
tributing to desertification. It should be noted that
the desertification process is mainly conditioned
by active recurrence of droughts and decrease of
precipitation. However, there are other factors hav-
ing an impact on desertification beginning with at-
mospheric processes to structural composition of
soil [11].

In Georgia the study of the processes causing
droughts and desertification has a long history. As
far back as in the middle of the last century T. Davitaia
contributed much to the study of the recurrence of
droughts on the territory of the former Soviet Union
and assessed its negative impact on agriculture, de-
veloping ways of its reduction [7]. Along with his-
torical analysis of droughts and preventive
measures against them D. Mumladze and G. Gagua
identified present climatic peculiarities of droughts
in Georgia and described possible ways of their pre-
vention [8]. A group of authors studied the case of

the year 2000, which was distinguished for intensive
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and prolonged droughts in Georgia [9]. In particular,
the peculiarity of the extreme synoptic and climatic
processes caused by droughts was assessed. T.
Turmanidze considers droughts as a complex phe-
nomenon depending on atmospheric processes as
well as on soil and plant structure [10].

Indeed, out of climate determining factors prima-
rily the temperature rise and reduction of precipita-
tion must be contributing to the activation of the
processes of droughts and desertification [3].

The regime of the mentioned two parameters in
the warm period of the year is especially important.
Using the average monthly data obtained from 28
points of Georgia in 1906-2009, we made an attempt
to study the regime of positive anomalies of the
Earth‘s surface temperature in Georgia for the warm
period of the year (May-October) and to estimate
current changes of that regime against the back-
ground of global warming. For general characteriza-
tion of temperature, we divided the whole period into
three parts according to time (1906-1940; 1941-1975;
1976-2009), and according to territory into four re-
gions: high-mountainous zone of the southern slope
of the Caucasus; the Eastern Georgia plain; the
Meskheti-Javakheti highland; the foothills of West-
ern Georgia. We defined the anomalies from the arith-
metic mean of 104 years. The temperature anomalies
(Ta), identified in this way, directly show its variation
in the three periods. The results obtained and rel-
evant square deviations (c?) are given in Table 1.

As the Table shows, the temperature anomalies
of the first period are negative in all four regions;
afterwards they gradually increase and in the second
period their values approach zero. In the third period,
temperature anomalies greatly increase, especially in
the first three regions, i.e., during the whole period
under consideration the temperature field gradually
increases.

Values given in the Table are characteristic of
annual temperature changes. However, it is the tem-
perature regime of the warm period of year that has
the decisive significance for the desertification proc-

ess. Fig. 1 presents the variation of temperature
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Table 1. Temperature anomalies in Georgia and the average change in their square deviations according to the three

periods of 1906-2009

High-mountainous | Eastern Georgia | Meskheti-Javakheti Western
zone of southern plain highlands Georgia
slope of the foothills
Years Caucasus
Ta o2 Ta o2 Ta o2 Ta o2
oc Vs oc Vs oc Vs oc °c
1906-1940 -0.074 1.495 | -0.193 | 1.576 | -0.181 1.571 -0.051 | 1.554
1941-1975 -0.084 1.805 | 0.032 | 1.736 0.033 1.771 0 1.947
1976-2009 0.163 1.592 | 0.166 | 1.552 0.152 1.752 0.053 | 1.637

anomalies in four regions according to years.

The six-month variation of average values of posi-
tive anomalies is approximated by linear and sextic
polynomials. It should be noted that linear approxi-
mation determines the dynamic norm of the average
values of the mentioned temperature anomalies in six
months [12], while the sextic polynomial precludes
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random variations and shows a general biased pic-
ture of changes in anomalies.

The lines drawn in the Figures determining the
dynamic norm of positive anomalies in each region
show that in the period under consideration the great-
est global warming occurred in Western Georgia. If we
define dynamic norms by the least square method, we

1900
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1980

Years

2020

Fig. 1. Actual variation of positive temperature anomalies in 1906 - 2009 (zigzag line), linear (broken) and sextic
polynomial (curve) approximation in the high-mountainous zone of the southern slope of the Caucasus (1); the
Eastern Georgia plain (2); the Meskheti-Javakheti highland (3); the foothills of Western Georgia (4).
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will find that in Western Georgia, annual rise of posi-
tive anomalies was 0.021°C/yr. In the eastern and south-
ern regions, the process of growth was almost similar
(0.013-0.016 °c/yr). In the high-mountainous zone of
southern slope of the Caucasus there was a slightly
stronger process of global warming (0.017%/yr). It
should be noted that as the work [2] shows the most
intensive temperature growth was observed in the
Meskheti-Javakheti highland (Southern Georgia). As
to Western Georgia, on the contrary, cooling was domi-
nant. In order to estimate the greater rise of tempera-
ture anomalies of the warm seasons in Western Geor-
gia, we tried to represent their changes in time without
short-period temperature variations. As known, this
is possible by means of the sextic polynomial. The
positive anomalies change in time is represented in
the Figure by means of the sextic polynomial. As the
Figures show, the temperature anomalies variation in
time is of one and the same character in all four re-
gions. In particular, from 1906 to 1940-1945 the anoma-
lies were characterized by minor rise. Since then up to
1980, they significantly decreased everywhere, and
afterwards a sharp rise of intensive anomalies began
throughout the whole territory, which is likely to be
going on up to the present. Here, Western Georgia is
distinguished because until about the 1990s, either no
change in temperature or its decrease was observ-
able. This caused greater temperature anomalies in
Western Georgia compared to the other regions.

Both the Table and the Figure show that in the
period under consideration there was temperature
rise and the positive temperature anomalies increased
in the warm period of year throughout the whole ter-
ritory of Georgia. Indeed, this process could cause
droughts and desertification. However, it does not
give the answer to the question of how intensive
impact the above-described picture of growing anoma-
lies could have on the possible activation of droughts
and desertification.

Main factor contributing to the process of
droughts and desertification must be strong positive
anomalies. Therefore, we tried to divide the obtained

values of positive anomalies into three stages of
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Fig. 2. Probability distribution density of positive
temperature anomalies in the territory of Georgia

weak, medium and strong anomalies. In order to esti-
mate the division range we built a probability distri-
bution curve from the whole spectrum of the given
positive anomalies (Fig.2). It permits to divide all the
positive anomalies into equal parts with three similar
ranges of probability. The range boundaries are de-
noted by 4 and B points dividing the whole range
into three ranges of identical probabilities. As a re-
sult of such a division we found that there are bounda-
ries of week anomalies from 0 to 1.72°C; the range of
temperature anomalies of medium intensity is from
1.72t03.85, and strong anomalies are deviations with
values of more than 3.85°C.

The favorable conditions for droughts and
desertification are determined by the second and es-
pecially by the third (strong deviations) ranges.
Therefore, for reliability of the results (to increase
the number of cases) we considered it reasonable to
integrate them. Fig. 3a,b show variation of weak and
integrated medium and strong anomalies according
to years and the approximations received by their
linear and sextic polynomials.

The results obtained describe the variation of
positive temperature anomalies in the warm season
(May-October) of 1906-2009 as follows: weak posi-
tive anomalies almost repeat the same picture char-

acteristic of general positive anomalies (Fig. 2). In
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Fig. 3. a.b. Variation of weak (3a) and strong (3b) positive temperature anomalies in the warm season (May-October) of
1906-2009 years and its approximation by linear (broken) and sextic polynomials (curve).

particular, the dynamic norm of the whole period
shows the growth tendency with average annual in-
tensity of 0.0099°C, while approximation by polyno-
mial repeats the same process shown in Fig. 2.

There is quite a different picture in the case of
strong anomalies. First, it decreased in the period of
1906-2009 with the average annual intensity of
—0.0045°C. As to the approximation by sextic poly-
nomial, it did not suffer decrease from about 1906 to
1980. Then in 2005-2006, it increased sharply. The
years 2005-2006 seem to be the period of changes
tending to decrease.

Territorial distribution of positive temperature
anomalies causing droughts and desertification is very
important. To this end we defined the long-term aver-
age values of weak and integrated medium and strong

anomalies of the 28 observation points under consid-

eration and drew schematic maps, accordingly
(Fig. 4 a, b). On the territory of Georgia, the varia-
tion range of the long-term average values is from
about 1.7°C to — 2.0°C. It is especially small in the
lowlands. Growth tendency is observed in the North
and South, while it is relatively less intensive in
the North-East.

Medium and strong positive temperature
anomalies are represented in the central part of the
high-mountainous zone of the northern slope of the
Caucasus. Here its value reaches 4.4°C. It gradually
decreases in the West as well as in the South-East.

In particular, in the central part of the Meskheti-
Javakheti highland its annual average value is the
least, falling to 3°C. We believe that Fig.4,b de-
scribes a favorable regime for droughts and

desertification.

1.95

Fig. 4. Distribution of weak (a) and medium and strong (b) positive temperature anomalies on the

territory of Georgia.
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