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Abstract: The surface air temperature in the Eastern and Western parts of Georgia in conditions of global warming, has 

increased by 0.2-0.5ºC, respectively. By 2030-2050, the average increase in the annual temperature may reach 1-2ºC. Therefore, 

the preliminary evaluation of the impact of such an increase on the agrarian sector is important. The increasing and decreasing 

trends of the duration of the vegetation period and sums of active temperatures and atmospheric precipitations were revealed for 

the vegetation period in humid subtropical zone of Adjara in West Georgia and mountainous regions of Samtskhe-Javakheti in 

East Georgia, according to the trend. The increasing trend of the sum of temperatures in the humid subtropical zone of Adjara has 

reached 52ºC for half a century (1956-2005). In terms of such a temperature increase, the sum of active temperatures is going to 

exceed 100ºC by 2050 what will be beneficial for the ripening of citrus fruits and high productivity of other crops in terms of 

moderate soil productivity. The increasing trend for the sum of active temperatures in Samtskhe-Javakheti region in the 

above-said period reached 125ºC according to the trend, and may double by 2050 reaching 3192ºC. The given sum of active 

temperatures will improve the productivity of cereals, fruit-trees, vegetables, vine (early, with moderate ripeness) and other crops, 

in terms of relevant irrigation. According to the current (basic) and future scenario (2020-2050) in Adjara region, by considering 

1ºC increase in air temperature, there are four micro-zones allocated (up to 500 m a.s.l.) to grow appropriate crops. For 

Samtskhe-Javakheti region Under the current (basic) and future scenario, the increase in temperature by 2ºC, there are four 

micro-zones allocated (by 500 m gradation), to grow appropriate crops.  
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1. Introduction 

The data analysis of monitoring over the global climate 

change evidences an increasing trend in surface air 

temperature. According to the IPCC report, the average 

annual air temperature has increased by 0.6ºC. The 

researchers prove that global warming is mainly associated 

with the anthropogenic impact, and therefore, human 

activities must be reasonably and purposefully planned. In 

particular, the concentration of carbon dioxide (CO2) in the 

atmosphere must be reduced, as it has like ,,greenhouse 

effect”  resulting in the process of warming in the lower 

layers of the atmosphere [1].  

At the end of the 20
th

 century, the concentration of carbon 

dioxide increased by 10% [2], and this trend continues in the 

21
th

 century. By 2030, the increase may double what will lead 

to the temperature increase by 2-3ºC [3, 4]. The said problem 

must be solved by the joint efforts of the world countries. 

Otherwise, if the climate warming continues for many years, 

the ecological balance established for many centuries may be 

negatively influenced. Global climate warming has spread in 

the Western and Eastern regions of Georgia. The surface air 

temperature has increased by 0.2-0.5ºC, respectively [5, 6, 7]. 

The greater temperature increase is observed in east Georgia 

as compared to west Georgia. Such an increase must be taken 

into account in the future because the temperature increase 

may continue and lead to the 1-2ºC increase in the average 

multi-year temperature by 2030-2050. Consequently, we must 

have some preliminary awareness of the outcomes of such an 

impact on the economic branches of the country, and agrarian 

sector in particular, which is a relatively vulnerable branch. 
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2. Study Area & Methods 

Khelvachauri municipality (humid subtropical region of 

Adjara) is located 15 m a.s.l. and Akhaltsikhe municipality 

(mountainous regions of Samtskhe-Javakheti) - to 1000 m a.s.l. 

Sums of active temperatures here is 4400-3000ºC 

(respectively) and atmospheric precipitations makes 

1360-3080 mm (respectively). 

In conditions of global warming, we must identify the sums 

of active temperatures and atmospheric precipitations, as well 

as the increasing and decreasing trends of the duration of the 

vegetation period (in days) in the vegetation period by using 

the trend method. This allows identifying their changes in time 

and space. The zones of spreading and normal growing and 

development of the crops must be identified according to the 

future scenarios. With this purpose, based on the observation 

data of Khelvachauri municipality weather station, the 

subtropical region of Adjara (West Georgia) and according to 

the mountainous region of Samtskhe-Javakheti of East 

Georgia (Akhaltsikhe municipality weather station), the 

materials of current (basic) meteorological observations were 

developed (1956-2005). The future scenarios (2020-2050) 

were developed in a similar way calculated with model 

ECHAM4 and A2 future scenario [6].   

3. Results & Discussions 

According to the current (basic) and future scenario (at the 

increase temperature by 1ºC) in the humid subtropical region 

of Adjara, it was established that the transition of average 

daily air temperature above 10ºC in spring is observed on 

24.III (current) and the transition below 10ºC in autumn is 

observed on 3.XII (current). Under the scenario the 

temperature increase by 1ºC, the transition of average daily air 

temperature above 10ºC in spring is observed on 16.III and the 

transition below 10ºC in autumn is observed on 9.XII. So, in 

case of the increase scenario (at the increase temperature by 

1ºC), the transition above 10ºC in spring starts approximately 

8 days earlier and ends 6 days later in autumn than in case of 

the current (basic). Thus, the duration of the vegetation period 

(in days) increases from 254 days (current) to 268 days 

(scenario), i.e. by 14 days. Such an expanded period will allow 

the agricultural workers and farmers to accomplish the soil 

cultivation works, fertilization, sowing cereals and vegetables, 

planting seedlings, etc. 8 days earlier in the spring. The 

duration of vegetation in autumn 6 days longer will promote 

sowing the autumn crops within the terms envisaged by 

agricultural methods, gaining lossless harvesting, etc.  

In the mountainous region of Samtskhe-Javakheti, the date of 

the temperature transition above 10ºC in spring is 22.IV 

(current), and the transition below 10ºC in autumn is 15.X. At 

the increase temperature by 2ºC (future scenario), the transition 

above 10ºC in spring will occur on 11.IV, and the transition 

below 10ºC in autumn will occur on 24.X. The duration of the 

vegetation period (in days) in Samtskhe-Javakheti region also 

increases. In particular, in spring, according to the scenario at 

the increase temperature by 2ºC, the transition of the 

temperature above 10ºC starts 11 days earlier and ends 9 days 

later than with the current (basic). Therefore, the duration of the 

vegetation period increases from 176 days (current) to 196 days, 

i.e. by 20 days. The given number of days will allow the 

agricultural workers and farmers to accomplish spring and 

autumn works. For the humid subtropical zone of Ajara, the 

sums of active temperatures above 10ºC between the 

above-said dates are calculated, with the sum of the basic 

temperature of 4400ºC, and it is 4650º under scenario (at the 

increase temperature by1ºC). The sum of temperatures under 

the current (basic) will increase by 250ºC what will have a 

favorable impact on the development of citrus cultures, 

particularly, on full ripening and quality of the fruit at the 

locations with a less sum of temperatures. Besides, this will 

allow gaining high-quality harvest of cereals, tea, vine, fruit, 

technical cultures (tung, laurel, tobacco) and other cultures in 

terms of proper soil humidity. 

The sums of active temperatures are similarly calculated in 

Samtskhe-Javakheti region between the above-said dates and 

they make 2880ºC (current) on average, and - 3510ºC under 

the scenario, at the increase temperature by 2ºC (2040-2050). 

Such sum of temperatures is beneficial for the areas with crops 

lacking normal development due to the low sum of 

temperatures. The impact of global warming on the variation 

of the sums of active temperatures in Adjara humid 

subtropical zone is shown as a trend line (Fig. 1).  

 

Figure 1. Dynamics of the course and trend line of the sum active temperatures (Khelvachauri) 
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The trend line (Fig. 1) clearly shows the increase of the sum 

of temperatures in the vegetation period. In the initial period 

(1956), it is 4371ºC and reaches 4423ºC at the end of 2005. In 

this period (50 years) it was revealed that the sum of active 

temperatures increased by 52ºC. If the temperature increase 

continues at the same rate, by 2050, it will be a little more than 

100ºC, what will be favorable to gain a high-quality and 

biologically ripe fruits of citrus cultures. In addition, the 

productivity of other agricultural crops will improve in terms 

of optimal soil humidity.  

In Samtskhe-Javakheti mountainous region (Fig. 2) the 

trend line clearly shows the tendency of the increasing sum of 

active temperatures. 

 

Figure 2. Dynamics of the course and trend line of the sum active temperatures (Akhaltsikhe) 

In the initial period (1956), it is 2817ºC and reaches 2942ºC 

by 2005. The sum of active temperatures in this period 

increased by 125ºC. If the trend of the temperature increase 

continues in the vegetation period, it may double by 2050 and 

reach 3192ºC. Such sum of temperatures will improve the 

productivity of cereals, fruit, vine (early, of average ripeness), 

vegetables and other crops in terms of proper irrigation 

measures.  

In conditions of global warming, the areas where the global 

warming will not have negative outcomes must be selected to 

grow crops. Consequently, the degree of change of the sums of 

active temperatures and distribution areas of crops depending 

on the height from the sea level under current (basic) and 

future (2020-2050) scenario by 1 and 2ºC increase in 

temperature is assessed and taken into account. In this 

connection, the distribution areas of crops depending on the 

agro-climatic zones were allocated [8, 9]. A zone including the 

Black Sea coastline and spreading at about 500 m a.s.l., is 

identified in the humid subtropical region of Adjara. At every 

100 m height of this zone, there are four micro-zones of 

distribution of citrus cultures identified and the active 

temperature sums by 1ºC temperature increase are fixed [8]. 

The sum of temperatures in the micro-zone at 100 m a.s.l. is 

4210ºC. The given sum of temperatures ensures full ripening 

of early and late tangerine every year, and ripening of early 

orange and grapefruit for 6 or 7 times and late ones for 4 or 5 

times in every 10 and more years. The sum of temperatures at 

200 m a.s.l. is 4070ºC, and therefore, full ripening of early 

tangerine is expected every year and that of late tangerine is 

expected for 8 or 9 times in every ten or more years. Full 

ripening of early orange is possible once or twice in every ten 

years. The sum of temperatures at 300 m a.s.l. is 3920ºC. In 

this micro-zone, full ripening of early tangerine is likely for 4 

or 5 times and 2 or 3 times in ten or more years for late 

tangerine varieties. The sum of active temperatures in the 

micro-zone at 400 m a.s.l. is 3780ºC. This sum of 

temperatures does not ensure full ripening of the citrus fruits. 

As for the lemon, its fruit is desirable to harvest in terms of the 

sum of temperatures of 3800-4000ºC. In such terms, the lemon 

fruit is of a light green, partially yellowish color with high 

content of vitamin ,,C’’. Therefore, lemon can be grown in 

every micro-zone, provided it is protected against the frost in 

winter [8].  

According to the developed future scenario, at the increase 

in air temperature by 1ºC, the sum of temperatures in the 

micro-zone at the height of 100 m is 4340ºC and it is 4210ºC at 

the height of 200 m. In terms of such temperatures, full 

ripeness of early and late citrus varieties will be possible every 

year as compared to the above-mentioned (basic) micro-zones 

(100-200 m a.s.l.). The sum of temperatures at 300 m a.s.l. is 

4080ºC. In this micro-zone, full ripening of tangerine is 

possible every year, while full ripening of early orange is 

possible for 4 or 5 times and that of late orange and grapefruit 

is possible for 3 or 4 times in every ten years. The sum of 

active temperatures at 400 m a.s.l. decreases and makes 

3920ºC. In terms of such a sum of temperatures, full ripening 

of early tangerine is possible for 7 or 8 times, that of late 

tangerine is possible for 5 or 6 times in ten years, while full 

ripening of early orange is possible once or twice in every ten 

years. In conditions of global warming under the future 
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scenario in temperature increase by 1ºC, the sum of active 

temperatures is increased, as mentioned already. Therefore, 

full ripeness of tangerine fruit in the humid subtropical zone of 

Ajara region is possible at the height of 300 to 400 m. Orange 

and grapefruit are an exception (with full ripeness once or 

twice in every ten years). According to the future scenario, as 

a result of the increased sum of temperatures (150-200ºC), the 

productivity and quality of other agricultural crops (cereals, 

tea, vine, vegetables, nut, kiwi (actinidia), technical and 

essence varieties) will improve in terms of optimal soil 

humidity.  

In the vegetation period, the atmospheric precipitations, 

along with the sums of active temperatures, play an important 

role in the growth and development of crops and gaining the 

harvest. In this connection, the sums of atmospheric 

precipitations in the given period (1956-2005) was determined 

in Adjara region and the relevant dynamics were drafted 

according to the trend (Fig. 3).  

 

Figure 3. Dynamics of the course and trend line of the atmospheric precipitations (Khelvachauri) 

In the initial period (1956), the sum of atmospheric 

precipitations was 1337 mm and reached 1377 mm after 50 

years (in 2005). The tendency of increase of the atmospheric 

precipitations is 40 mm, showing an increase of 8 mm in every 

ten years. If this increasing tendency continues, by 2050, the 

amount of precipitations may double in the above-said zone 

what will slightly improve the soil humidity.  

In Samtskhe-Javakheti mountainous region of East Georgia, 

there were 4 agro-climatic zones allocated in connection to 

global warming. The first zone spreads to 1000 m a.s.l., and 

the sum of active temperatures here is 2800ºC (current). 

According to the scenario, in temperature increase by 2ºC, it is 

- 3320ºC. The sum of temperatures is surely increased what 

will improve the productivity and quality of the cereals (spring 

wheat, maize, etc.), vine (early varieties) and fruit. This will 

also boost the harvest of vegetables and potato, with the 

second harvest possible to gain and the vine (late varieties) 

will be possible to distribute, but with high-quality full quality 

ripeness only for 7 or 8 times in every ten years. The second 

zone spreads at about 1500 m with the sum of active 

temperatures of 2000ºC (current). Under future scenario (at 

the increase temperature by 2ºC), the sum of active 

temperatures is 2450ºC (showing an increase of 450ºC). 

Surely, in such terms, it will be possible to expand the 

distribution area of fruit trees, berries, cereals, vegetables, 

potato and other cultures, and production area of cattle 

succulent root crops. The third zone spreads at about 2000 m 

with the current (basic) sum of active temperatures not 

exceeding 1200ºC, and is 1580ºC under scenario (at the 

increase temperature by 2ºC). The increased sum of 

temperatures will promote the growth and development and 

high productivity of autumn and spring crops, early 

pomaceous fruit: apple, pear, berries: black and red currants, 

willow-leaved sea-buckthorn, raspberries, vegetables, potato, 

as well as cattle succulent root crops and pastures and 

hay-making meadows. The fourth zone spreads at about 2500 

m with quite decreased sum of active temperatures, with the 

current (basic) it is 1030ºC at the height of 2100 m and it is 

390ºC at the height of 2500 m. The latter sum of temperatures 

is not suitable even for growing grass as a pasture. Under the 

future scenario (at the increase temperature by 2ºC), the sum 

of active temperatures will increase to 1400ºC at the height of 

2100 m and it will be 700ºC at the height of 2500 m. Such sum 

of temperatures as compared to the current, creates better 

conditions for such cultures to spread as early wheat (autumn 

and spring), barley, vegetables, potato, berries (black and red 

currants), willow-leaved sea-buckthorn, chokeberry and 

above-mentioned cattle succulent root crops at the height of 

2200-2300 m, and pastures and hay-making meadows at the 

height of 2300-2500 m.  

Normal growth and development of these cultures in the 

vegetation period besides the warmth, depends on the 

atmospheric precipitations, while Samtskhe-Javakheti 

mountainous region is less provided with the latter. Therefore, 

the precipitations in the vegetation period in different years 

(1956-2005) were assessed by identifying and drafting the 



166 Giorgi Meladze and Maia Meladze:  Impact of Global Warming on the Vegetation Durable and Distribution Area of Crops  

in the Humid Subtropical and Mountainous Regions of Georgia 

dynamics of the course of atmoshperic precipitations on the background of global warming (Fig. 4).  

 

Figure 4. Dynamics of the course and trend line of the atmospheric precipitations (Akhaltsikhe) 

In this period (in 1956), the sum of atmospheric 

precipitations was 370 mm according to the trend, and it is 383 

mm after 50 years (in 2005). As one can see, an increasing trend 

of the precipitations was fixed (by 13 mm). By 2040-2050, this 

figure may double (making 26 mm), but cannot create optimal 

conditions for the growth and development of crops. Therefore, 

a stable productivity can be achieved by providing the proper 

soil humidity where this is possible.  

The nomogram of heat provision in the vegetation period in 

case of the current (1956-2005) and future scenarios 

(2020-2050) by 1ºC temperature increase was designed for 

Adjara humid subtropical zone [10] by using the sum of the 

above-given temperature data and relevant agro-meteorological 

method. The similar nomogram of heat provision following the 

current (1956-2005) and future scenario (2020-2050) by 2ºC 

temperature increase was designed for Samtskhe-Javakheti 

mountainous region [11]. By using the nomograms, the 

provision (%) of active temperature sums with the current and 

future scenario by 1ºC and 2ºC increases in every ten years and 

more was calculated (Table 1). 
Table 1. Provision by active temperature sums (above 10ºC) 

Regions Year 
Provision by active temperature sums, % 

95 90 70 50 30 10 5 

Adjara 
1956-2005 Current (basic) 4080 4150 4290 4400 4550 4880 4920 

2020-2050 Scenario, 1°C- increase 4370 4430 4540 4650 4810 5020 5070 

Samtckhe- 

Javakheti 

1956-2005 Current (basic) 2470 2540 2720 2880 2980 3170 3240 

2020-2050 Scenario, 2°C - increase 2960 3090 3350 3510 3650 3900 4010 

 

4. Conclusion 

The results of the study evidence that the global warming 

has a clear impact on the increase of active temperatures sums. 

In particular, in case of temperature increase by 1ºC under the 

scenario, it increases by 250ºC on average, and in case of 

temperature increase by 2ºC , it increases by 500ºC or more. 

Consequently, the distribution area of the plants will expand 

and the zones will spread higher: the humid subtropical zone 

of Adjara will rise by 100-150 m and Samtskhe-Javakheti 

mountainous zone will rise up to 200-300 m as compared to 

the present areas of distribution. This suggests that the 

agricultural workers and farmers will be able to rationally 

spread the profitable crops. The vegetation period in the 

humid subtropical zone of Adjara under scenario by the 1ºC 

temperature increase, will be prolonged by 14 days, and it will 

be prolonged by 20 days in Samtskhe-Javakheti mountainous 

zone according to the scenario by 2ºC temperature increase. 

These indicators will help realize the agro-technical measures 

under optimal conditions.  
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