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ABSTRACT. Main aspects of global warming asa result of man-induced (anthropogenic) impact and partially
the unstable ecological sate of the biosphere are considered. A trend towardsarisein air temperaturein Easern
Georgiaagaing Western Georgiaisrevealed. Inthisconnection arisein temperature by 2 and 1°C, respectively,
for agroclimatic zones is taken into consideration. According to the completed regression equations, the active
temperature sums at a 1000°-gradation of air temper ature (above 10°) are determined. Five agroclimatic zones
for distribution of respective crops are marked out for the territory of Georgiain the case of ariseby 2 and 1
degreesunder the developed scenarios, according towhich in thecase of arisein temperature by 1 and 2 degrees,
the active temper ature sum exceeds on the aver age the active temper ature sum in the currently existing zones by
200-300 degrees and 400-500 degrees, respectively. © 2009 Bull. Georg. Natl. Acad. Sci.
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equation.

At the end of the 20" century, analysis of abnormal
ecological events on the Earth enabled scientists to conclude
a disruption of harmonic ecological balance in the biosphere
as a result of an unforeseen anthropogenic effect.

Upon wide use of mineral resources (oil, coal, etc.)
ample emissions of heat and carbon dioxide gas (CO,)
are taking place. The mechanism of impact of the latter
on the climate resembles the creation of the so-called
“hothouse effect”. A process like the action of carbon
dioxide gas leads to global warming of air temperature
[1, 2]. G I. Budiko [3] notes that a 6% annual growth of
industrial energy can cause a rise in temperature up to
3°C, in about a century. Obviously, the said rise in tem-
perature will change the existing climate and affect a
whole number of sectors in the country, particularly the
agricultural strategy. Therefore, a significant increase in
carbon dioxide in the atmosphere as a result of the burn-
ing of the abovementioned mineral resources, emissions
by a great number of factories and plants and motor trans-

port are worth noting. If the process continues, then
according to preliminary analysis [4], by 2030 the carbon
dioxide gas in the atmosphere will double and the air
temperature will rise by 2-3°C, which will speed up glo-
bal warming. At present, such global warming on the
planet is observable, and the air temperature is increased
by a 0.6°C, on the average. Therefore, climate change
should be given proper attention in order to specify the
agricultural crop-distribution zones and to make appro-
priate amendments [5]. According to [6], even one de-
gree rise in temperature might be of great practical im-
portance. It can lead to a shift of isotherms on the earth
surface by 260 kilometers and result in a change in the
latitudinal strike of different regions, under whose condi-
tions the growth and development of the already adapted
agricultural crops or other plants are taking place.

In connection with the rate of global temperature
increase, we refer to 4 interesting scenarios of global
climate change developed by the World Meteorological
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Society. According to the first scenario, the rate of glo-
bal temperature increase in the current century will be
0.25°C in contrast to the last century. In the case of the
second scenario, the rate of increase will account for
0.15°C, while upon implementation of the third and
fourth scenarios — 0.05°C [7].

It should be noted that by estimates of researchers [8],
Eastern Georgia has been found to reveal a more active
tendency towards temperature increase than Western Geor-
gia. Proceeding from global warming and according to
altitude of locations in Western Georgia, a 1°C tempera-
ture rise is being projected for the agroclimatic zone sce-
nario of the distribution of agricultural crops, and a 2°C
rise in Eastern Georgia. Based on the above, agroclimatic
zones with active temperature sums over 10°C ata 1000°C
gradation have been marked out and scenarios for distribu-
tion of farm crops in the agroclimatic zones have been
developed, being implemented for the first time in Geor-
gian agriculture. To direct the problem along the right
course, the data of long-term observations conducted at the
hydrometeorological stations existing in Georgia have been
analyzed [9]. In particular, the dates of temperature rise
above 10°C and active temperature sums together with the
locations’ altitudes above sea level, which have been pro-
cessed by a mathematical statistics method [10]. A close
correlation has been detected upon temperature rise of 1
and 2°C (respectively) under the developed scenarios:
R=0.99 for Western Georgia, R=0.98 for Eastern Georgia
and R=0.97 for all Georgia. Based on the established cor-
relation, regression equations were formulated:

for all Georgia 7= -29.294n-0.788h+6081, 1)

for Western Georgia 7= -16.7115n-1.127h+5496, (2)
(scenario, at 1°C temperature increase),

for Eastern Georgia 7= -44.254n-0.1504h+6742,  (3)
(scenario, at 2°C temperature increase).

In the equations, 7 is the active temperature sum
over 10°C, n is the number of days from February 1 to
the date when the temperature rises over 10°C, 4 is
altitude above sea level (in m).

The correlation between the date of temperature rise
above 10°C and the active temperature sum was first
detected by Academician T. Davitaia [11], but not for
vertical zonality. In our equations we used altitude above
sea level, enabling to compute the active temperature
sums at any altitude.

We would like to note that in determining the active
temperature sum for a given equation it is necessary
that the date of temperature change above 10°C be
known. To this end, the data on long-term meteorologi-
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cal observations were processed and relationships be-
tween the date of temperature going above 10°C and the
altitude above sea level were established. This correla-
tion is rather high in all Georgia (r=0.85), also in West-
ern Georgia under the scenario of a 1°C increase (=0.87)
and in Eastern Georgia - at a 2°C increase (=0.97); the
respective equations were also formulated:

for all Georgia n=0.0282/+57, 4

for Western Georgia n=0.0275k+5, (5)
(scenario, at 1°C temperature increase);

for Eastern Georgia n=0.03594+38 (6)
(scenario, at 2°C temperature increase).

In the equations, 7 is the date of temperature rise
above 10°C from February 1 (number of days from Feb-
ruary | to the date of temperature rise above 10°C), % is
altitude above sea level (in m).

By means of the said equations we determined the
active temperature sums of the 1000°C gradation; also,
under the scenario, upon rise of 1 and 2°C and by means
of the given equations, 5 agroclimatic zones of the dis-
tribution of agricultural crops were marked out on the
territory of Georgia (Table 1).

In the agroclimatic zone I, the active temperature
sum totals 4400-4000° C on the average and extends up
to 300 m above sea level. The ripening of citrus fruit
crops in this zone is ensured by the necessary active
temperature sums in every 10 and more years at the
100-200 m altitude.

According to the scenario of the said agroclimatic
zone, upon a temperature increase of 1°C the distribu-
tion of citrus fruit crops and fruit ripening are ensured
by the active temperature sums every year at the 300-
400 m altitude.

Under the scenario with a temperature increase of 1
and 2°C, the active temperature sums exceed the active
temperature sums in zone I by 200-300°C and 400-500°C
on the average, respectively. The difference is almost
unchangeable in the rest of the zones as well.

In the agroclimatic zone II, the active temperature
sums equal up to 4000-3000C on the average and extend
to up to 900 meters. The zone is well suited for cultivat-
ing tea, viniculture, horticultural and other crops. It is
established that the active temperature sum for industrial
distribution of tea culture should be >3400°. Based on the
above, in zone II it extends to about 550 m. At a 1°C
increase under the scenario, tea cultivation area will spread
upwards by 100-150 meters above sea level to cover about
650-700 m. The cultivation in the zone of commercial
grapevines (Rkatsiteli, Saperavi, Manavis Mtsvane,
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Tsolikauri, etc.) goes on well under conditions of active
temperature sums of 3300-3400°C and above on the av-
erage. Such temperatures are noted at an altitude of 750-
800 m above sea level. Under the scenario, upon tem-
perature rise of 1°C, the grapevine varieties distributed
in Western Georgia — Tsolikauri, Ojaleshi, Chkhaveri,
Tsitska — will go upwards to 900-950 m above sea level.
Upon the temperature increase of 2°C, the commercial
grapevines cultivated in Eastern Georgia — Rkatsiteli,
Saperavi, Manavis Mtsvane, Gorula, etc. — might spread
up to 1000-1100 m above sea level. The said varieties
will be distributed under the scenario in the agroclimatic
zone III, where they are not currently cultivated. As re-
gards horticultural crops (apples, pears, etc.), under the
scenarios of a temperature increase by 1 and 2°C, they
can be cultivated in the area located at up to 1400-1500
and 1550-1650 m above sea level, respectively.

In the agroclimatic zone III, the active temperature
sum is from 3000 to 2000°C and extends up to 1500 m
above sea level. Distributed here are such crops as wheat,
maize, barley, oats, potatoes, etc. Based on the scenario,
upon the temperature increase of 1°C the cultivation
conditions of the aforesaid crops should improve. The
distribution area of grain maize will widen to go up
from 900-950 m to 1050-1100 m above sea level, while
upon a 2°C increase — up to 1200-1300 m. The ripening
of maize kernels at these altitudes will be ensured by the
active temperature sums (2400°C on the average).

JI7LL73 0

The cultivation of winter wheat in the said zone upon
temperature rise of 1°C will go from 1400-1500 m up to
1550-1650 m above sea level, while upon a 2°C increase
—up to 1750-1800 m. The ripening of wheat kernels will
be ensured by the active temperature sums (1900-2000°).
As can be seen, the wheat distribution area is widened
and will transfer to the agroclimatic zone IV.

In the agroclimatic zone IV, the active temperature
sum is reduced from 2000 to 1000°C. The zone is located
at a 2100 m altitude above sea level. Predominant here
are generally barley, oats, potatoes, partially vegetables
and haymaking meadows and pastures. Under the devel-
oped scenario, upon temperature rise of 1 and 2°C, their
growth and development conditions might improve, be-
cause the active temperature sums are likely to increase
against the available in the zone sums by 300-400°C on
the average and result in the widening of the crop distri-
bution area up to 2200-2300 m above sea level.

In the agroclimatic zone V, the active temperature sum
is obviously less (1000 to 700°C). The zone is located at a
2300 m altitude above sea level. According to the scenario,
upon temperature rise of 1 and 2°C, the active temperature
sums will definitely rise to total at an altitude of 2300 m
above sea level 1000-1100°C, respectively. As a result, the
commercial distribution of barley, oats, early potato, some
vegetable crops and fodder root-crops (“kuuziku”, “esko”)
as well as the development of meadows and pastures will
be possible up to the said altitude.

Bbhmgggm—l&bﬁagﬁ)ﬁam dﬁg{)&gﬁabok 3.535)(33;1336()15
éaﬁ)mdgmoab&ﬂﬁo %msabol& 15(335.)6350 dg{)oabéol&

ag)mbbggﬂﬁ)o Qbmbmbol& abmabg:»olsﬁ’oSabom

a. 339‘2063, 3. 339’2-)83

Jo@tmdydgmcmenemgool oblbBoddo, mdocrolo

(%’oﬁ)amgx\)aaﬁogoo odoa\)aaodmls ™. 60000"6305301) 303(4))

6536 ddo 307033'39:300 dmoao(ﬁok 3;:)(*)36;:)'360 QmemBOB bsoﬁm-Bm&f]Eﬂéo %aamﬂaagaaoh doﬁ)om.)go
01533:](5330 o, 565’0;:)(06603, 30(0159335)(015 36mg1>mao':]5)o bﬁbbéobomﬂﬁm agamaoéambo. 3omomabago.), Aed

Bull. Georg. Natl. Acad. Sci., vol. 3, no. 1, 2009



Agroclimatic Zone Scenarios of the Digribution of Crops with Account of Global Warming 155

3035)01& 63333606'8601) waEQoG 1%0m 30&3301& '33‘36;20.) 3.)80’)0930(')15 dgmoaoé'ﬂﬁo © oaﬁmdgmoaoé'ﬂﬁo
‘Bmﬁabob 3.);\0.)63}) oﬁlsab‘ago ‘Bmﬁogoﬁ 2-3 olsa-ﬂmo dogmmaaéﬁom 338:»3;3360;203 .)Qamls.);igam 15.):].)60)33;:’(*)'30
3035)01& &383360&‘3601} '3<3¢4)m 3&&3601} 635;235(300 Qoh%gam Bojoﬁ)maagmlsmbﬁ aagoﬁabom. oaoéma
330390 b{jobgdnemos 2 s 1%o0m doghgds (gbsodadobag) sa®mgemadsgnto bmbgdobsmgal.

8603);26;20‘360 83&3m6mgm30‘36 deaoﬁ)aabbm Hblsbmabols Béb&ol&&odoh 3.)0)33.)&06'360 330)0’)4&00)
;\003-3'3.)336015 1")93'363352%3’ 80Q3bﬂQoo 80Q0Q0 d"’ﬁ’aﬂ‘)(}"'ﬂﬁ" 6.)3'306360 303601& &383360&‘3601& 10°-1
%3300) 3.);2.)1)3Q015 0).)5)0;215, oﬂéo'aﬁ ®383360®366m xoalso o %an'ls QmSOQAE BoaoQQ:ﬂs Jmcrob. 55{]!&55
3.)80’)8;\005.)63, ﬂagaaﬁogob 63363150015 3&5®mQ33330, t‘)m33Qmé 3053;3300) 6&5B0%Q36-8Q00 303601&
&383360&3601& 10°-1 %3300) oﬂ&o'ﬂﬁ &383360&‘3600» 2('.)332)0 1000°-o01 360;\000000). aoﬁémmababom
305150%;236':]@00 oﬂ@ogﬁ) @333360&‘36&0&) x.)aabo aaﬁmdmoaaé'aﬁo %msaboh 3053;3300), '333‘3‘30333‘3930
TsgBatgdols dobgegom 1 s 200 doggdolsb,

1)035.)63600), éaagaﬁoéﬂﬁoh 1 > 020-00) 80&3301&01& oﬂéogﬁ &383360&‘3630}5 2(.63360 (10°-v %3300))
bodgomme 200-300%0m s 400-500%00 (3gbsdsdolsm) dgdos 33gsdsm 3G Lgdam Bmbgddo sJBoned
@38336.&@3630» 2@836%3.

BoﬂoﬁmemB éaéoémﬁ)ool}bmaol} 3&3«;3:0:30;305 5 oaﬁ)m onaoégﬁ)o bmbs, 6m3Q36’300 '8383’8&33&3;305

1303505)360 @38336.)@3601; IQ.) 2% o0m 80&3601»1& '331»66301)0 'lsb'lxmagm-'lsoaa'aﬁ)sam d'ﬂﬂéﬂﬁ’{]bo‘l’ 3.53603Q3601&
dobboo, 60733;200, 15.):]060)33;:’0015 3.)15'3@.)600), Bmtamols 33‘3653(*)601&.)0)301& 30633Q.)Q.).) '33156‘3;33&:];30.

REFERENCES

1. J.P. Bruce (1990), The Atmosphere of the Living Planet. Earth. Geneva: WMO, 705: 42.

. B.Sh. Beritashvili, G.S. Gunia, L.N. Intskirveli, GP. Kuchava (2002), In: Problemy fiziki pogranichnogo sloya atmosfery i

zagryaznenya vozdukha, Moskva, 296-302 (in Russian).

. M.I. Budiko i dr. (1981), Meteorologiya i gidrologiya, Leningrad, 8: 5-14 (in Russian).

. M.I. Budiko (1980), Climat v proshlom i budushchem, Leningrad, 351 (in Russian).

. M. Meladze (2008), Agrometeorologia, Thbilisi, 250 gv. [Agrometeorology] (in Georgian).

. G Gunia (2005), Atmosperos ekologiuri monitoringis meteorologiuri aspektebi, Tbilisi, 265 [Meteorological Aspects of

Atmosphere Monitoring] (in Georgian).

7. E. Elizbarashvili (2007), Sakartvelos klimaturi resursebi, Tbilisi, 328 [Climatic Resources of Georgia] (in Georgian).

8. K. Tavartkiladze, E. Elizbarashvili, D. Mumladze, J. Vachnadze (1999), Sakartvelos mitsispira temperaturuli velis
tsvlilebis empiriuli modeli, Thilisi, 106 [The Empirical Model of Surface Temperature Field Change in Georgia](in
Georgian).

9. Spravochnik po klimatu SSSR (Otv. red. G Loladze). Temperatura vozdukha i pochvy, vyp. 14, Leningrad, 375 (in
Russian).

10. E.C. Ulanova (1964), Primenenie matematicheskoi statistiki v agrometeorologii dlya nakhozhdenya uravnenii sviazei,
Moskva, 112 (in Russian).

11. EF. Davitaya (1964), Prognoz obespechennosti teplom i nekotorye problemy sezonnogo razvitya prirody, Moskva, 132 (in
Russian).

N

AN N AW

Received October, 2008

Bull. Georg. Natl. Acad. Sci., vol. 3, no. 1, 2009





