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Ab stract—Using ob ser va tional data from 50 me te o ro log i cal sta tions in Geor gia for 1936–2011, some
tem per a ture in di ces were stud ied for as sess ing the cli mate change: ex treme val ues of tem per a ture, the
num ber of frosty, cold, and hot days and trop i cal nights as well as in di ces based on dis tri bu tion per cen -
tiles. Geoinformation maps of the spa tial struc ture are plot ted and the dy nam ics of these in di ces for the
pe riod of global warm ing is stud ied. De ter mined are the mean val ues of in di ces for dif fer ent av er ag ing
pe ri ods. The ob tained re sults can be used for gen er al iz ing cor re spond ing in di ces for the Cau ca sian re -
gion, the Black Sea ba sin, or West ern Asia.    
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IN TRO DUC TION

Ac cord ing to the data of nu mer ous re searches [1, 2, 6, 9, 10, 12], the fre quency of many ex treme
weather and cli ma tic phe nom ena in creases un der con di tions of the global warm ing in ten si fi ca tion. This can 
re sult in se ri ous con se quences for econ omy, ag ri cul ture, and even na tional se cu rity as well as for the human 
health. There fore, the study and anal y sis of ex treme cli ma tic phe nom ena is of great im por tance. 

In view of this, the WMO and In ter gov ern men tal Panel on Cli mate Change (IPCC) of the United Na -
tions worked out 27 ma jor in di ces char ac ter iz ing ex treme cli ma tic events and rec om mended some coun -
tries to in ves ti gate these in di ces in or der to gen er al ize them and use for as sess ing the cli mate change in
large re gions or in the globe as a whole [11, 13]. These in di ces in clude cli ma tic ex tremes, the num ber of
cold, frosty, and hot days and trop i cal nights as well as in di ces based on the per cen tiles of the dis tri bu tion of 
the num ber of rainy and arid pe ri ods, etc. 

Georgia is a mountainous country with complex physiographic and landscape-climate conditions [3].
Long-term variations of average annual, seasonal, and monthly values of air temperature and amount of
precipitation were commonly used for describing the spatial pattern of the climate change on the territory of 
Georgia [5, 6]. The present paper is the continuation of the papers dealing with the problem of the climate
change in Georgia [5–7]. It presents the results of studying the geography and dynamics of major tempera-
ture indices proposed by IPCC. 

Observational data from 50 meteorological stations of Georgia for 1936–2011 were used for the present
research. The specific character of the computation of temperature indices ruled out the possibility of using
the methods for recovering missing data. Therefore, the computation of temperature indices for every
month was carried out if the data were absent for not more than 3 days; for every year if the data were
absent for not more than 36 days. To compute indices based on distribution percentiles, the use of more
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than 70% of the data was considered a compulsory condition. In all other cases, the computation of indices
was interrupted automatically. 

To re cover some miss ing data in the se ries of tem per a ture val ues, the fol low ing pro ce dure was used.
Taking ac count of data on tem per a ture for all sta tions, cor re la tion ma tri ces were made. As a re sult of their
sta tis ti cal anal y sis and tak ing ac count of physiographic con di tions of the sta tion lo ca tion, the groups were
formed of high-correlated sta tions be tween which the co ef fi cients of cor re la tion for a cer tain in dex were
sig nif i cant at the level of 95% and more. Af ter that, miss ing data within each group were de ter mined by the
method of cor re spond ing dif fer ences. The method of dif fer ences was cho sen due to the spe cific char ac ter of 
the pa ram e ter un der study (tem per a ture) for which dif fer ence in the data of two or sev eral sta tions lo cated
in sim i lar physiographic con di tions var ies in sig nif i cantly from year to year. 

SPA TIAL STRUC TURE OF TEM PER A TURE IN DICES

The days when the max i mum value of air tem per a ture is neg a tive, are con sid ered frosty (IDO), and the
days when the min i mum value of air tem per a ture is neg a tive, cold (FDO). The latters in clude the days with
frosts in tran si tion sea sons. As the num ber of cold days in creases, the night-time tem per a ture has a trend to -
wards de crease and, on the con trary, tem per a ture at night rises as the num ber of cold days de creases. The
days when the max i mum air tem per a ture ex ceeded 25°C, are con sid ered hot (SU25). This in dex is one of
the in di ca tors of warm ing. In crease in the num ber of hot days is as so ci ated with in crease in ac cu mu lated ac -
tive tem per a ture that in flu ences pos i tively the growth and de vel op ment of the ma jor ity of crops. In tran si -
tion sea sons, in crease in the num ber of hot days in di cates in crease in the du ra tion of veg e ta tion pe riod (the
change in the date of the be gin ning or end of the veg e ta tion pe riod). This is quite ur gent for plan ning and
car ry ing out the se lec tion of crops with the veg e ta tion pe riod cor re spond ing to new cli ma tic con di tions in
the best way. 

Besides, the authors considered maximum (Txx) and minimum (Tnn) values of temperature in 24 hours, 
the duration of the vegetation period when accumulated active temperatures exceed 5°C (GSL), and the
number of tropical nights when the minimum value of temperature exceeds 20°C (TR20). To estimate the
number of extremely warm days in winter and extremely cold days in summer, the minimum number of the
absolute maxima of temperature Txn and the maximum number of its absolute minima TNx were
determined. 

The following indices based on temperature distribution percentiles were considered: Tx90p, the num-
ber of days when the maximum air temperature exceeds the threshold value (90% percentile of the temper-
ature maximum), and Tn10p, the number of days when the minimum air temperature is below the threshold
value (10% percentile of the temperature minimum). 

The num ber of frosty, cold, and hot days and trop i cal nights as well as the du ra tion of veg e ta tion pe riod
were com puted us ing the data ob tained for the year. The rest of the in di ces char ac ter iz ing di ur nal ex tremes
in clud ing tem per a ture per cen tiles were ob tained from the data for the month; in par tic u lar, the max i mum
val ues of tem per a ture in the warm est months (July–Au gust) and the min i mum ones in the cold est months
(De cem ber–Jan u ary) were taken into ac count. 

In case of ex tremely low tem per a tures on frosty days, there is a risk of frost bite for peo ple out doors, the
sys tem of build ing up keep is dis turbed, and con di tions for ma chin ery op er a tion be come more com pli cated.
Due to ex tremely high val ues of tem per a ture dur ing long hot pe ri ods, the hu man’s or gan ism is af fected by
stress heat loads, and such pe ri ods are usu ally ac com pa nied by pre cip i ta tion ab sence and drought risk. 

In Fig. 1, the geoinformation maps are pre sented of the dis tri bu tion of two in di ces (the number of cold
and hot days) for 1961–1990, the pe riod rec om mended by the WMO as the ba sic one. 

It is clear that the min i mum num ber of cold days (<10) on the ter ri tory of Geor gia was reg is tered on the
Adzharian coast of the Black Sea where the ab so lute min i mum of tem per a ture was not be low –6…–8°C. In
the rest part of the ter ri tory of the Geor gian Black Sea coast and on the Colchis Low land, the num ber of
cold days in creases to 30 and the ab so lute min i mum of tem per a ture reaches –10…–12°C. In the flat part of
east ern Geor gia, the num ber of cold days in creases to 50–100, on the South Geor gian Pla teau, to 200, and
in the cen tral part of the Greater Cau ca sus, 300. In these ar eas, the ab so lute min i mum of tem per a ture is
–16…–26°C and –32…–36°C, re spec tively. 

The dis tri bu tion of the num ber of hot (when the max i mum air tem per a ture is above 25°C) and frosty
days is op po site. The max i mum num ber of such days (more than 140) is reg is tered in the south of Geor gia
in the area of Lower Kartli. The num ber of hot days is more than 100 in the Alazan Val ley and in the cen tral 
part of the Colchis Low land where the ab so lute max i mum of tem per a ture ex ceeds 40–41°C, it is less than
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100 on the Black Sea coast, 0–50 on the South Geor gian Pla teau, and 0–30 in the cen tral part of the Greater
Cau ca sus, where the ab so lute max i mum of tem per a ture drops be low 20°C. 

In the Colchis Low land and in the flat part of east ern Geor gia, the num ber of hot days is larger than the
num ber of cold days; the op po site pic ture is ob served in Pasanauri, on the south ern slope of the Greater
Cau ca sus at the height of about 1100 m above the sea level. The equal ity in the num ber of cold and hot days 
is pos si ble in low-mountain ar eas at the height of about 700–800 m above the sea level. 

The na ture of the spa tial dis tri bu tion of other in di ces can be judged by the data of Ta ble 1. Ac cord ing to
them, frosty days are ab sent on the Black Sea coast and Colchis Low land, their num ber reaches 7 in the flat
ar eas of east ern Geor gia, in creases to 60 on the South Geor gian Pla teau, is about 20 in the lower part of the
Greater Cau ca sus, and in creases to 200 in its up per zone. 

The du ra tion of the veg e ta tion pe riod ex ceeds 350 days on the Geor gian Black Sea coast and Colchis
Low land, slightly de creases in east ern Geor gia, and is about 200–220 days on the South Geor gian Pla teau
and in the lower part of the Greater Cau ca sus; such pe riod is ab sent in the up per zone of the Greater Cau ca -
sus. Trop i cal nights are also ab sent in the area of the Greater Cau ca sus and on the South Geor gian Pla teau.
Their num ber is from 10 to 23 per year in east ern Geor gia and ex ceeds 30 on the Black Sea coast and
Colchis Low land. 

It also follows from the data of Table 1 that the index of percentiles of temperature maxima and
minima, i.e., the number of days with the temperature exceeding over respective thresholds varied within
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Fig. 1. Geoinformation maps of dis tri bu tion of the num ber of (a) cold and (b) hot days per year in 1960–1990. The fig ures
pre sented by the au thors also in clude the ter ri to ries of Abkhazia and south ern Osetia (ed i to rial note).



2.7–3.7 days and the indices of 90% percentiles of maximum values of temperature slightly prevail.
Considerable differences in the spatial distribution of percentile indices have not been registered. 

 LONG-TERM TRENDS OF TEM PER A TURE IN DICES

Table 2 presents the values of the rate of change in some temperature indices as well as the respective
determination coefficients which enable judging about the contribution of the trend to their total variability; 
the table also presents statistical significance for meteorological stations characterizing different physio-
graphic areas of Georgia: the Black Sea coast (Poti), the Colchis Lowland (Kutaisi), the flat part of eastern
Georgia (Tbilisi), and the mountain areas of the Caucasus (Pasanauri). As follows from the data of Table 2,
the rate of change in temperature indices during the global warming period is affected considerably by
physiographic conditions of the location of stations. Besides, different temperature indices respond to the
global warming in different ways. Extreme values of temperature, especially the absolute maximum, are
less sensitive to the warming process. The rate of change in extreme values of temperature is insignificant
and does not exceed 0.5°C/10 years. These changes are statistically insignificant; the exception is the
absolute minima of temperature in Tbilisi and Kutaisi for which changes are statistically significant at the
level of 95% and more; the contribution of the trend to the increase in the absolute minima of temperature
in Tbilisi reaches 20%. Some changes were registered in the dynamics of the maxima of minimum values of 
temperature TNx; the increase in this index is statistically significant. The change in the minima of
maximum values of temperature Txn is less significant. 

The num ber of cold and hot days and the num ber of trop i cal nights are the most de pend ent on the global
warm ing. The num ber of cold days un der con di tions of the global warm ing de creased ev ery where. The rate 
of  de crease in the num ber of days per 10 years is about one day in the sig nif i cant part of Geor gia; it in -
creases to 2–3 days on the plains of east ern Geor gia. The con tri bu tion of the trend to the to tal change in the
num ber of cold days is 12–33%. De crease in the num ber of cold days af fects de crease in the num ber of days 
with frosts in tran si tion sea sons  that is a pos i tive fac tor for the ag ri cul tural re gions of Geor gia. Such in ves -
ti ga tion of rea sons for frosts on the ter ri tory of Geor gia was pre sented in our pa per [4] and in the mono -
graph [8]. Un der con di tions of the global warm ing, the num ber of hot days in creased con sid er ably on the
Black Sea coast as well as in east ern Geor gia and in the lower and up per ar eas of the Greater Cau ca sus. The
vari a tions of these in di ces are sta tis ti cally sig nif i cant on the Black Sea coast and in the low-mountain zone
of Geor gia. The con tri bu tion of the global pro cess to the in crease in the num ber of hot days on the Geor gian 
Black Sea coast makes up more than 40%; in low-mountain ar eas, in spite of  high sta tis ti cal sig nif i cance,
only 7% of interannual vari a tions of the num ber of hot days can be ex plained by the global warm ing pro -
cesses. 

The number of tropical nights turned out to be the most sensitive to the global warming. Their number
per 10 years increased by six on the Black Sea coast, by three on the Colchis Lowland, and by two on the
plains of eastern Georgia. These changes are statistically significant. Judging by the values of determination
coefficients, the contribution of the trend to the total variability of the number of tropical nights is signi-
ficant, exceeds 40% on the Black Sea coast, and varies within 15–25% in the rest of the flat areas of Georgia.
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Table 1. Mean val ues of some cli ma tic in di ces (day) for 1961–1990 in dif fer ent physiographic re gions 
of Geor gia

Re gion Sta tion
Height, m
above the
sea level

In dex

IDO GSL TR20 Tx90p Tn10p

Black Sea coast and
Colchis Low land

East ern Geor gia

South Geor gian Pla teau

Greater Cau ca sus

Batumi
Poti
Kutaisi
Tbilisi
Telavi
Akhalkalaki
Abastumani
Kazbegi
(high-mountain)
Pasanauri

2
3

114
403
568

1717
1265
3653

1070

0
0
0
4
7

57
28

210

21

355
352
350
300
295
200
220

0

220

32
32
30
23
13

0
0
0

0

3.7
3.3
3.3
3.6
3.6
3.6
3.3
3.0

3.6

3.0
2.7
3.0
3.0
3.3
3.0
3.0
2.7

3.0



The du ra tion of the veg e ta tion pe riod is sen si tive to the global warm ing on the plains and in the
piedmont and low-mountain re gions of east ern Geor gia. For ex am ple, ac cord ing to the data of Ta ble 2, the
rate of in crease in the veg e ta tion pe riod du ra tion per 10 years ex ceeds three days on the plains in east ern
Geor gia and is one day at the bound ary be tween the low- and high-mountain zones al though the vari a tions
of veg e ta tion pe riod du ra tion is sta tis ti cally sig nif i cant for Tbilisi only. 

The cer tain de crease in the num ber of frosty days un der con di tions of global warm ing at the sta tis ti cal
sig nif i cance of 90% and more was reg is tered in the moun tain ar eas of Geor gia and amounts to one day/10 years
on av er age; how ever, the con tri bu tion of the global pro cess to the change in the num ber of frosty days is
very small and makes up 4% only. 

Un like ex treme val ues of tem per a ture, the change in tem per a ture per cen tile in di ces is more con sid er -
able. Their vari a tions are sta tis ti cally sig nif i cant in the most part of Geor gia. In crease in the in dex of 90%
per cen tiles on the Black Sea coast ex ceeds two days/10 years. The in dex of 10% per cen tiles of tem per a ture
min ima de creases with the rate of about 1 day/10 years. The in di ces of per cen tiles of sea sonal val ues of
tem per a ture vary in a sim i lar way. Re gard less of the sea son, the per cen tiles of max i mum val ues of tem per a -
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Ta ble 2. Rate of change in tem per a ture in di ces per 10 years (K), re spec tive de ter mi na tion co ef fi cients (R2), and 
sta tis ti cal sig nif i cance (p) un der dif fer ent physiographic con di tions

In dex, unit
Poti (3) Kutaisi (114) Tbilisi (404) Pasanauri (1070)

K R2 p K R2 p K R2 p K R2 p

Txx, °C
TNn, °C
Txn, °C
TNx, °C
IDO, day
FDO, day
SU25, day
Tx90p, day
Tn10p, day
GSL, day
TR20, day

0.37
0.36
0.12
0.26
0.00

 –1.33
2.41
0.40

–0.06
0.36
5.70

0.06
0.07
1.01
0.17

–
0.12
0.34
0.08
0.15
0.02
0.42

0.08
0.06
0.48
0.00

–
0.05
0.00
0.00
0.00
0.90
0.00

0.03
0.32
0.15
0.18
0.00

–1.00  
0.10

–0.03  
–0.20  
–1.00  

2.66

0.02
0.07
0.30
0.03

–
0.25
0.05
0.03
0.12
0.02
0.15

0.21
0.03
0.15
0.14

–
0.07
0.90
0.60
0.00
0.22
0.00

0.02
0.41
0.16
0.13

–0.27  
–2.56  

2.31
0.03

–0.30  
3.12
2.40

0.03
0.20
0.05
0.16
0.03
0.33
0.28
0.03
0.41
0.13
0.25

0.17
0.00
0.02
0.00
0.05
0.00
0.34
0.51
0.00
0.00
0.00

0.18
0.20
0.18
0.38

–1.00  
–1.05  

1.73
0.30

–0.05  
1.13
0.00

0.05
0.03
0.11
0.03
0.04
0.23
0.07
0.15
0.02
0.10

–

0.07
0.17
0.06
0.00
0.09
0.18
0.03
0.04
0.30
0.28

–

Note: The height in me ters above the sea level is given in brack.

Ta ble 3. Mean val ues of tem per a ture in di ces for dif fer ent av er ag ing pe ri ods

Sta tion Pe riod, years

In dex

FDO SU25 TR20 Tx90p Tn10p

day

Poti

Kutaisi 

Tbilisi

Pasanauri

1936–1960
1961–1990
1991–2011
1936–1960
1961–1990
1991–2011
1936–1960
1961–1990
1991–2011
1936–1960
1961–1990
1991–2011

18
14
11
17
16
15
62
63
52

140
130
128

85
88

105
125
122
125
118
116
120

52
48
65

28
32
43
30
30
40
20
23
26

0
0
0

3.6
3.3
4.5
3.3
3.3
3.6
3.6
3.6
3.9
3.0
3.3
3.9

3.0
2.7
2.1
3.6
3.0
2.1
3.6
3.0
2.0
3.0
3.3
2.7

Note: Sta tis tically sig nif i cant dif fer ences are bolded.



ture have a trend to wards in crease and the per cen tiles of min i mum val ues of tem per a ture, a trend to wards
de crease. The con sid er able in crease in the num ber of hot days and trop i cal nights ob vi ously can be ex -
plained just by in crease in the max ima per cen tiles and by de crease in tem per a ture min ima per cen tiles. 

TEM PER A TURE IN DICES FOR DIF FER ENT AV ER AGING PE RIODS

In Ta ble 3, the mean val ues are com pared of some tem per a ture in di ces be ing the most sen si tive to the
global warm ing for dif fer ent av er ag ing pe ri ods for four me te o ro log i cal sta tions char ac ter iz ing dif fer ent
phys io graphic con di tions. The data are com pared for the pe riod till 1960, for 1961–1990 (the ba sic pe riod
rec om mended by the WMO), and for the pe riod af ter 1990. 

As follows from Table 3, statistically significant differences between the mean values of temperature
indices for different averaging periods are registered on the Georgian Black Sea coast for all presented
indices. For example, the number of cold days for 1991–2011 decreased as compared with 1936–1960 by
seven. The number of hot days for the same period increased by 20 and the number of tropical nights, by 15. 
As compared with the basic period of 1961–1990, these changes amounted to 3, 17, and 11 days, respectively. 
The number of cold days in Tbilisi decreased by 10 and the number of tropical nights increased by six in
Pasanauri and on the southern slope of the Greater Caucasus as compared with the period before 1960.
The number of frosty days decreased from 140 (1936–1960) to 128 (1990–2011), i.e., by 12 days; in
1990–2011 the number of hot days increased by 17 as compared with 1960–1990. All these differences are
significant at the level of not less than 95%. It also follows from the data of Table 3 that the variations of
indices of percentiles of extreme values of temperature in Poti, the minimum values of temperature in
Tbilisi and Kutaisi, and the maximum values of temperature in Pasanauri are statistically significant. 

Such dif fer ences in the mean val ues of in di ces for dif fer ent av er ag ing pe ri ods are caused by the change
in their sta tis ti cal struc ture. In par tic u lar, as for the num ber of hot days dur ing the pe riod of in ten sive global
warm ing (1976–2011) as com pared with the pe riod be fore 1975, the fre quency of their small val ues de -
creased and the fre quency of large val ues in creased. This is cor rob o rated by the data in Fig. 2 that presents
the histogram for the num ber of hot days for the pe ri ods be fore and af ter 1975 for Tbilisi, when the rate of
change in the num ber of hot days af ter 1975 in creased only by two days per 10 years. It is clear from Fig. 2
that in Tbilisi dur ing the pe riod of in ten sive global warm ing the fre quency of hot days in the range of
121–130 in creased con sid er ably as com pared with the pe riod be fore 1975 (from 33 to 42%). The fre quency 
of hot days in the range of 131–140 also in creased there. 

CONCLUSIONS

Ac cord ing to the data ob tained as a re sult of the pres ent re search, the cat a log was formed of some tem -
per a ture in di ces: tem per a ture ex tremes, the num ber of frosty, cold, and hot days, the num ber of trop i cal
nights, and in di ces based on dis tri bu tion per cen tiles for 1936–2011. Geoinformation maps of the spa tial
struc ture of tem per a ture in di ces were plot ted and their trends for the global warm ing pe riod were es ti mated.

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 40   No. 1   2015

44 ELIZBARASHVILI et al.

Fig. 2. Fre quency of the num ber of hot days in Tbilisi (1) in 1936–1975 and (2) dur ing the pe riod of in ten sive global warm ing
1976–2010.



It was revealed that different temperature indices indicate the global warming in different ways:
temperature extremes are less sensitive to it and the number of cold and hot days is more sensitive. Under
conditions of the global warming, the number of cold days decreases everywhere; the number of hot days
increases considerably on the Black Sea coast, in eastern Georgia, and in the piedmont and low-mountain
areas of the Greater Caucasus. 

The num ber of trop i cal nights is the most sen si tive to the global warm ing. The rate of in crease in their
num ber is six, three, and two nights per 10 years on the Geor gian Black Sea coast, Colchis Low land, and
plains in east ern Geor gia. The vari a tions of in di ces of per cen tiles of tem per a ture ex tremes are sta tis ti cally
sig nif i cant in the most part of Geor gia. In crease in the in dex of 90% per cen tiles on the Black Sea coast ex -
ceeds two days/10 years. The in dex of 10% per cen tiles of tem per a ture min ima de creases with the rate of
about one day/10 years. 

The ob tained re sults can be used for gen er al iz ing the val ues of re spec tive in di ces for the Cau ca sian re -
gion, Black Sea ba sin, or West ern Asia [11, 13].    
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