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ABSTRACT. Against the background of current global warming the temperature in Eastern  Georgia
is increased by 0.4-0.5°C, on average, which might increase by 2°C and more in 2050. Such an increase
of temperature shows the tendency of change (increase or decrease) in agroclimatic factors (active
temperature, precipitations, hydrothermal coefficient) determining growth and development of agricul-
tural plants, their productivity etc. According to the data of the long standing (1949-2008) meteorologi-
cal observations in Kakheti region, the sums of active temperatures and the period of vegetation are
increased, while the atmospheric precipitation (April-October) is decreased in some municipalities.
Based on the mentioned observation data the dynamics of agroclimatic factors (sums of active tempera-
tures and atmospheric precipitations) were mapped in trends showing the tendency of increase of the
active temperature sums in the region which might improve the growth and development of agriculture
in vertical zones. As a result of decreased atmospheric precipitations and the increase of the above-
mentioned sums of active temperatures (according to trends) in the active vegetation period the decrease
of the hydrothermal coefficient (HTC) is also marked. On the ground of the meteorological observations
of sixty years (1949-2008) the hydrothermal coefficients were defined and the arid and humid conditions
of the vegetation period were estimated. In particular, different kinds of frequent droughts are marked on
most territories of Kakheti that require some measures to be carried out. The above-said studies show
that global warming has both positive and negative action in vegetation period. In conditions of certain
soil humidity the sum of increased active temperatures will be favorable on the territories, where agri-
cultures suffer heat deficit. The area of plant distribution might extend higher above sea level. The
tendency of the hydrothermal coefficient decrease will have a negative influence on the productivity of
agricultural plants causing serious problems to agrarian sector because the weak and moderate droughts
might  intensify. Therefore, given global warming some preliminary activities for climate moderation are
necessary. © 2016 Bull. Georg. Natl. Acad. Sci.
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Modern global warming of climate is a serious
ecological, social and economic problem. It has an
influence on different types of climate formed in the

course of years, the change of which causes danger-
ous hydro-meteorological phenomena: melting of
eternal snows and glaciers, floods, storms, tempests,
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droughts causing great damage to many fields of
economics. It has an influence on the change of
agroclimatic factors determining the growth and de-
velopment of agriculture and their productivity.

At the end of the 20th century it was noted in [1,2]
that against general background of global warming
the climate of Eastern Georgia also undergoes
warming. The temperature is increased by 0.4-0.5°C,
on average, which might increase by to 2°C and more
by 2050, which is especially important for relatively
lower agricultural zones (300-500m above sea level)
because in such places the thermal regime might ac-
tivate in vegetation period. Therefore, it is necessary
to take preventive agrotechnical measures to main-
tain moisture in the soil under the cultures.

According to the study [3], the foci of intensive
warming are in the south part of the Kakheti ridge,
where an average rate of annual temperature increase
in every 10 years is above 1°C. The moderate (rate
0.06-0.1°C) focus of warming is in the south-east part
of the Gombori ridge. In the process of the tempera-
ture change the earth resource degradation (expressed
in soil salination) caused by global warming is re-
vealed on the example of the valley, on the right hand
bank – of the Alazani river (south-east part) Signaghi

municipality, for which an appropriate irrigation meas-
ures are developed [4]. Along with other extreme hy-
dro-meteorological phenomena, global warming
causes intensive and drastic droughts [5].

The goal of the present study is to reveal the
tendency of change (increase or decrease) of
agroclimatic factors in vegetation period caused by
global warming (determining the growth and
development of agricultural plants, their productivity,
quality etc), in particular, changes in the sums of
active temperatures (>10°C) and the atmospheric
precipitations, hydrothermal coefficients and duration
(days) of vegetation period. To this end we used the
longstanding (1949-2008) meteorological observation
data (the sums of atmospheric precipitations, mm,
and average daily air temperatures per month) of the
National Environment Agency obtained from six
municipalities of Georgia located at different levels
above the sea (Gurjaani 415 m.a.s.l.; Kvareli - 449
m.a.s.l; Telavi-568 m.a.s.l; sagarejo - 802 m.a.s.l; Omalo,
Akhmeta-1880 m.a.s.l;).  As a result of analysis and
processing of the material obtained the sums of annual
active temperatures and atmospheric precipitations
were calculated. According to the above mentioned
indices the hydrothermal coefficients were

Table 1. Agroclimatic indices in Kakheti region (1949-2008)
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Gurjaani 1.04 4. 11 217 4035 2114 582 1.5 236 1.1 

Dedoplistskaro 17.04 21.10 189 3360 1948 426 1.3 185 1.0 

Telavi 4.o4 1.11 211 3841 2044 572 1.5 254 1.2 

Omalo(Akhmeta) 31.05 18.09 110 1444 1226 344 2.3 264 2.1 

Sagarejo 12.04 26.10 197 3490 1953 561 1.6 232 1.2 

Kvareli 2.04 4.11 216 4057 2114 702 1.7 299 1.4 
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defened (G. Selianinov method). Table 1 shows
agroclimatic indices.

The Table shows that the air temperature rise
above 10°C begins earlier (1-4. April) at 400-600 m
a.s.l, a bit later (12-17. April) at 800-1000 m, and even
later (31.May) at 1800-2000 m. The dates of air
temperature falling below 10°C at the given heights
are also recorded. The other agroclimatic indices
are given in similar pattern.

The above mentioned long-term agroclimatic in-
dices (1949-2008) cover the period of the beginning
of global warming (70-80s of the 20th century), the
beginning of its influence on agroclimatic indices.
Thus, we divided the data of 60-year observations
into two 30-year periods.

The first period covers 1949-1978 and the second
1979-2008. The analysis showed drastic changes in
agroclimatic indices observed in municipalities in the
second period. For example, the air temperature rise
above 10°C begins earlier and the fall below 10°C
ends later. The sums of  active temperatures is in-
creased and the vegetation period (days) is longer
compared to the first one. As to the atmospheric
precipitations in the vegetation period (April-October)
it is decreased in all municipalities, except Kvareli
and Dedoplisckaro. The HTC are also decreased
throughout the whole vegetation period as well as in
the period of active vegetation (June-August). The
dynamics of the above said agroclimatic indices re-

lated to global warming was mapped in trends, show-
ing identical tendency of  increase of active tempera-
tures sums in all municipalities. For illustration, the
trend of the Dedoplisckaro municipality located in
relatively arid conditions is provided (Fig. 1).

The trend clearly shows the tendency of the
active temperatures sum increase (Table 2).

If the increase of temperature sum continues within
the same period (60 years), then in 60-70 years it will
double that might improve the development of
cultures in vertical zones especially in the North-East
and North-West of the region. Due to the
temperature increase the plant productivity increase
on the territories of Iori plateau, Shiraki and Eldar
valleys should be of special concern. The problem
can be solved by efficient use of water resources
(irrigation system).

The trends also show (Fig. 2) that in vegetation
period the tendencies of increase and decrease of
atmospheric precipitations are observed in the mu-
nicipalities of Kakheti region. The tendency of
decrease is observed in Akhmeta (Omalo), Gurjaani,
Telavi and Sagarejo. The results of the given research
are also confirmed in other studies [3].

The sums of atmospheric precipitations (340-580
mm, except Kvareli 700 mm) are not enough from the
agricultural point of view. It is even lesser (180-300
mm) in active vegetation period (June-August) (Table
1). Therefore, the trend shows that as a result of de-

Fig.1. The dynamics of active temperature (>10°C) sums (1949-2008).
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crease of atmospheric precipitations and increase of
the above mentioned temperature sums (Fig. 3) the
tendency of HTC decrease in active vegetation pe-
riod is also observed creating very unfavorable con-
ditions (droughts) for  growth and development of
agricultures and harvest etc.

It should be noted that hydrothermal coefficients
(Table 1) are almost satisfactory in Kakheti region
throughout the whole vegetation period (April-Oc-
tober) provided by greater amount of precipitations
in April and May as well as in September and October,
while it is far lesser in June, July and August. In the
period (June-August) when the plant is actively
growing and developing, productivity is increasing,
perennials are budding etc., the HTC indices are not

satisfactory (Table 1) and the droughts are quite fre-
quent.  It is especially characteristic of the territories
of Dedoplistskaro and Iori plateau, though in certain
years the other territories of the region in the East
(Kvareli, Lagodekhi) are not safe from droughts ei-
ther. Work [6] clearly describes water deficit, when
the HTC water balance is less than one coinciding
with very important months (June-August) of plant
vegetation. In that period the atmospheric
precipitations are little in the soil (at the depth of 20
cm). Complex action of such conditions have nega-
tive influence on the growth, development and pro-
ductivity of agriculture unless the soil is irrigated.

The arid and humid conditions of vegetation pe-
riod can be estimated according to HTC. In particu-

Table 2. The changes in HTC indices of the sums of active temperature (>10°C) and atmospheric
precipitations (mm) according to the trends in Kakheti region

 

municipality 
 

active temperature sum(>10°C) 
Average rate in every 

10 years 
 

Beginning of 
the period 

End of the 
period 

Increase Decrease Increase Decrease 

Gurjaani 3955 4113 158  27  

Dedoplistskaro 3208 3496 288  48  

Telavi 3715 3968 253  42  

Omalo (Akhmeta) 1338 1549 211  35  

Sagarejo 3364 3610 246  41  

Kvareli 3937 4177 240  40  

Atmosphericprecipitationsums, mm (IV-X) 

Gurjaani 584 561  23  4 

Dedoplistskaro 418 445 27  5  

Telavi 577 568  9  1 

Omalo (Akhmeta) 357 331  26  4 

Sagarejo 621 500  121  20 

Kvareli 686 717 31  5  

Hydrothermal coefficientindex (VI-VIII) 

Gurjaani 1.2 1.1  0.1  0.01 

Dedoplistskaro 1.0 0.9  0.1  0.01 

Telavi 1.3 1.1  0.2  0.02 

Omalo (Akhmeta) 2.3 2.0  0.3  0.03 

Sagarejo 1.3 1.1  0.2  0.02 

Kvareli 1.4 1.5 0.1  0.01  
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lar, on the territory, where the balance of the water
precipitated and evaporated (HTC) - is equal to 1.0,
the plants are more or less provided with the mois-
ture in soil and can continue vegetation, though for a
short period (annual plants for 12-14 days, perenni-
als 15-20 days). If the water balance (HTC) is less
than 1.0 (<0.9-0.7), then there is the moisture deficit
indicating a drought of weak intensity. Such a HTC is
often observed on the south-west and south-east
territories of Shiraki valley, Dedoplistskaro. The
territories of Sighnaghi and Tsnori lowlands in the
north-west to Dedoplistskaro are less wet,
(HTC 1.1-1.3). The territories in Gurjaani, Sagarejo,
Telavi and the southern part of Akhmeta are mode-
rately wet (HTC 1.4-1.6). The territories of Kvareli
and Lagodekhi (HTC 1.7-1.9) are moderate wetlands
while the territories in the North-East to Akhmeta,
Omalo are wetlands (HTK 2.0 and more) [7].

The tendency of decrease of the above agro-
climatic indices, the atmospheric precipitations (in
June, July and August) and HTC causes intensive
droughts of different kind on most territories of
Kakheti. Therefore, the agricultural workers and farm-
ers should efficiently use maximum water resources
of irrigation system and take measures against
droughts to moderate it.

On the basis of observation material of 60 years
(1949-2008) different hydrothermal coefficients i. e.,
the type of drought and the number of its occurrence

in percents indicating occurrence of different
droughts in every 10 years and more were defined in
order to estimate intensive droughts of different kind
in municipalities of the region under research
(Table 3).

For example, in Dedoplistskaro weakly intensive
drought (HTC <0.7-0.9) is observed in 32%, i.e., it is
anticipated about 3 times in very ten years and more
(HTC <0.6), while moderately intensive drought is
observed in 13%, i.e. approximately once in every ten
years etc. The table shows that the lesser the HTC
the greater the drought intensity is. Therefore, in case
of intensive drought it is required to increase soil
irrigation norm and even intensiveness, if necessary.

The above said researches show that in vegeta-
tion period, global warming has an influence on
agroclimatic indices and intensity of droughts of the
region under study. As it was mentioned above, they
have positive and negative influence. In particular, in
conditions of relative soil moisture the increase of
the sum of active temperatures (>10°C) will be
favorable for those territories, where the agricultures
suffer heat deficit. In addition, the area of the plant
distribution might increase, especially into vertical
zones. Decrease of atmospheric precipitations in some
municipalities will make unfavorable conditions for
normal productivity of agriculture. Also,  the ten-
dency of HTC decrease will have negative influence,
due to which the weak and moderate droughts might

Fig. 2. The dynamics of atmospheric precipitations, mm (1949-2008).
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intensify causing serious problems to agrarian sec-
tor. Therefore, it is necessary preliminarily to work
out the methods and ways of adequate measures for
climate moderation. Otherwise irreparable injury to
the economics of the country is not excluded.

The above said shows that for production of grain
crops it is necessary to take measures against the
negative phenomena mainly on lowlands (300-500
m), in particular,   Shiraki valley in Dedoplistskaro, in
the vicinity of Sighnaghi, Tsnori and Iori plateau as
well as on most territories of Gurjaani, Telavi and

Sagarejo: to select relative temperature and drought
resistant species; to reduce inter-row spacing in sow-
ing of annual cultures to some extent (3-5 cm); wher-
ever it is possible, to arrange terraces on the slopes
(>10°) to reduce water flow and intensive discharge
of moisture. The soil surface cultivation, tilling, has a
good effect (reduces water evaporation). For reduc-
tion of water evaporation from the soil it will be effi-
cient to arrange the wind belts. Also, it is very im-
portant to use modern irrigation and sprinkler sys-
tems.

Fig. 3. The dynamics of hydrothermal coefficients (1949-2008).

Municipalities HTC 
index Drought type Number 

of cases % 

Gurjaani 
<0.7-0.9 Weakly intensive 15 25 

<0.6 Moderately  intensive 8 13 
<0.5 Very intensive 2 3 

Dedoplistskaro 
<0.7-0.9 Weakly intensive 19 32 

<0.6 Moderately  intensive 8 13 
<0.5 Very intensive 4 7 

Telavi 
<0.7-0.9 Weakly intensive 16 27 

<0.6 Moderately  intensive 1 2 
<0.5 Very intensive 2 3 

Sagarejo 
<0.7-0.9 Weakly intensive 18 30 

<0.6 Moderately  intensive 1 2 
<0.5 Very intensive 2 3 

Kvareli 
<0.7-0.9 Weakly intensive 10 17 

<0.6 Moderately  intensive 1 2 
 

Table 3. Hydrothermal coeficients and the types of droughts in vegetation periods (1949-2008)
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ekologia

globaluri daTbobis gavlena agrokulturebis
zrda-ganviTarebis agroklimatur maCveneblebsa da
gvalvis intensivobaze aRmosavleT saqarTvelos
kaxeTis regionSi

g. melaZe* da m. melaZe*

*saqarTvelos teqnikuri universitetis hidrometeorologiis instituti, Tbilisi

(warmodgemilia akademiis wevris o. naTiSvilis mier)

kaxeTis regionis mravalwliuri (1949-2008) meteorologiur dakvirvebaTa monacemebis
mixedviT, momatebulia aqtiur temperaturaTa jamebi da gazrdilia savegetacio periodis
xangrZlivoba, xolo atmosferuli naleqebi (IV-X) zogierT municipalitetSi Semcirebulia.
aRniSnuli dakvirvebebis monacemTa safuZvelze gamosaxul iqna agroklimaturi
maCveneblebis (aqtiur temperaturaTa da atmosferuli naleqebis jamebi) msvlelobis
dinamika trendebiT. regionSi gamovlenilma aqtiur temperaturaTa jamebis matebis
tendenciam, SesaZlebelia gaaumjobesos agrokulturebis zrda-ganviTareba vertikaluri
zonalobis mixedviT. aseve (trendebiT) gamovlenilia atmosferuli naleqebis matebisa
da klebis tendenciebi. Semcirebuli naleqebisa da zemoaRniSnul temperaturaTa jamebis
matebis Sedegad (trendis mixedviT) mcenareTa aqtiuri vegetaciis periodSi aRiniSneba
hidroTermuli koeficientis (hTk) indeqsis klebac. samocwliani meteorologiur (1949-
2008) dakvirvebaTa safuZvelze ganisazRvra hTk indeqsebi da Sefasda vegetaciis periodis
ariduli da humiduri pirobebi. kerZod, kaxeTis umetes teritoriaze fiqsirdeba sxvadasxva
tipis xSiri gvalvebi. zemoaRniSnuli gamokvlevebidan gamomdinare, globaluri daTboba
savegetacio periodSi dadebiT da uaryofiT zemoqmedebas axdens. momatebuli aqtiur
temperaturaTa jami Sesabamisi niadagis tenianobis pirobebSi xelsayreli iqneba im
teritoriebze, sadac agrokulturebi siTbos naklebobas ganicdian, aseve SesaZlebelia
gafarTovdes mcenareTa gavrcelebis areali zR.donidan simaRlis mixedviT. hTk klebis
tendencia negatiurad imoqmedebs kulturebis produqtiulobaze, mniSvnelovani
gamowvevebis winaSe daayenebs agrarul seqtors, radgan mosalodnelia susti da saSualo
intensiuri gvalvebis gaxSireba. amitom globaluri daTbobis gaTvaliswinebiT gamoyenebul
unda iqnes klimatis SerbilebisaTvis winaswar SemuSavebul RonisZiebaTa meTodebi da
xerxebi.
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