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Summary: The results of statistical analysis of data on annual sum of atmospheric precipitation for six points of 
Kakheti - Telavi, Sagarejo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi are presented. The study period from 1956 
to 2015. In particular, it was found that the linear trend of precipitation is observed only in Lagodekhi (positive trend) 
and Sagarejo (weak negative trend). Within the studied time period in 1986-2015, compared with 1956-1985, the 
average annual sum of precipitation in Sagarejo decreased by 73 mm, and in Lagodekhi it increased by 157 mm. The 
linear correlation between the P values at the studied stations is significant (α(R) < 0.01). The values of R vary from 
0.40 (pair Sagarejo - Lagodekhi) to 0.74 (pair Telavi - Kvareli and pair Gurjaani - Kvareli). 
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Introduction.   

Studies of atmospheric precipitation are important not only in the scientific aspect, but also for many 
sectors of the economy (agriculture, energy, tourism sector, construction, etc.). Many environmental 
problems (climate change, ecology, natural disasters, etc.) are associated with the regime of precipitation and 
the possibility of their regulation [1-6].  

In Georgia, instrumental studies of precipitation have been conducted for more than 185 years [7]. In 
particular, the comparison of monthly and seasonal mean values of precipitations in two thirty years of time 
(1844-1873 and 1989-2018) in Tbilisi was carried out. It was found that in the indicated periods of time there 
is a significance increase in atmospheric precipitations in October and November and cold period of year, 
and a decrease in July and September [7]. 

In recent years, according to the National Environmental Agency of Georgia, an updated database of 
monthly sum of atmospheric precipitation up to 2015 has been created for 39 meteorological stations. An 
analysis of these data over the past 60 years has begun. 

The results of statistical analysis of data on monthly precipitation for six points of Kakheti - Telavi, 
Sagarejo, Kvareli, Gurjaani, Dedoplistskaro and Lagodekhi are presented in [8]. The study period from 1956 
to 2015. In particular, it was found that during the indicated period of time in various months of the year in 
Kakheti at different points the variability of precipitation is quite heterogeneous. So, in 1986-2015, compared 
with 1956-1985, the regime of precipitation in Kvareli did not change; in Telavi, in the second period of time 
compared to the first, the monthly precipitation decreased in June and July, and increased in October; in 
Sagarejo - a decrease in precipitation from June to August and an increase in October; in Gurjaani and 
Dedoplstskaro - a decrease in rainfall in June; in Lagodekhi an increase in October and November. The 
statistical analysis of the variability of monthly sums of atmospheric precipitation in Tianeti for the same 
period of time showed that in January, February, April, and from October to December, the precipitation 
regime remains unchanged; in March and from May to September, negative linear trends of monthly sum of 
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precipitation are observed [9]. he results of the study [8,9] may be useful for planning works on artificial 
precipitation [6]. 

In this work, which presents the continuation of the foregoing studies [8], some results of the 
changeability of annual sum of atmospheric precipitation in six location of Kakheti in 1956-2015 are 
represented.   

 
 
Study area, material and methods.  

Study area is Kakheti region of Georgia. Data of the National Environmental Agency of Georgia about 
annual sum of precipitation (P) in six locations of Kakheti (Telavi, Sagarejo, Kvareli, Gurjaani, 
Dedoplistskaro and Lagodekhi) in 1956-2015 are used. 

The standard statistical methods are used. The following designations will be used below: Mean – 
average value of precipitations for 1956-2015; Min – minimal values; Max - maximal values; St Dev - 
standard deviation; Range - variational scope, (Max – Min); St Err - standard error, (68% - confidence 
interval of mean values); Cv  - coefficient of variation, (%), R2 - coefficient of determination, R - coefficient 
of correlation (the minimum value of R with a level of significance = 0.05 is 0.26); 99%_Low and  
99%_Upp -  99% of the lower and upper levels of the confidence interval of the average values; (I) - average 
value of P for 1956-1985 (first period of time); (II) - average value for 1986-2015 (second period of time); 
α–level of significance. Missing observational data using standard methods were recovered. Comparison of 
mean values of precipitations in two periods of time was produced with the use of Student's criterion with the 
level of significance not worse than 0.05. 
 
 Results and discussion. 

Results in fig. 1 and table 1 clearly are presented. 
In fig. 1 the graphs of variability of annual sum of atmospheric precipitation in six locations of 

Kakheti in 1956-2015 are presented.  

 
 

Fig. 1.  Changeability of annual sum of atmospheric precipitation in 6 locations of Kakheti in 1956-2015. 
As follows from this figure, the linear trend of precipitation is observed only in Lagodekhi (positive 

trend, α (R²) <0.001) and Sagarejo (weak negative trend, α (R²) <0.3). 
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In table 1 the statistical characteristics of P in above indicated locations of Kakheti is presented. 
 

Table 1. Statistical characteristics of annual sum of atmospheric precipitation in 6 locations of Kakheti in 
1956-2015 

 
Location Telavi Sagarejo Kvareli Gurjaani Dedoplistskaro Lagodekhi 

Mean 764 764 971 789 602 1078 
Min 529 510 673 535 338 660 
Max 1135 1332 1331 1288 1001 1842 

Range 607 823 659 754 663 1182 
St Dev 132 155 159 147 135 271 
St Err 17 20 21 19 18 35 

Cv, (%) 17.2 20.3 16.4 18.6 22.4 25.2 
99%_Low 720 712 917 741 558 988 
99%_Upp 808 816 1025 837 646 1168 

Catalog [10] 770 768 991 741 585 1004 
 Difference: (II)-(I), α(t)<0.05 

mm -3 -73 -11 -7 5 157 
Trend No (-) No No No (+) 

R Correlation Matrix 
Telavi 1 0.72 0.74 0.70 0.50 0.56 

Sagarejo 0.72 1 0.66 0.68 0.62 0.40 
Kvareli 0.74 0.66 1 0.74 0.60 0.64 

Gurjaani 0.70 0.68 0.74 1 0.63 0.62 
Dedoplistskaro 0.50 0.62 0.60 0.63 1 0.47 

Lagodekhi 0.56 0.40 0.64 0.62 0.47 1 
 
As follows from this table the annual sum of atmospheric precipitation distribution in Kakheti is 

rather heterogeneous.  In 1986-2015 mean values of P varied from 602 mm (Dedoplistskaro) to 1078 mm 
(Lagodekhi). The smallest variations of P values in Kvareli (Cv = 16.4%), and the largest - in Lagodekhi (Cv 
= 25.2%) are observed.  

In general, over the past 60 years, the annual values of precipitation in Kakheti has not changed 
compared to the earlier period. So, within the 99% confidence interval, the average annual values of P in 
1956-2015 coincide with the average annual values of precipitation for the six indicated locations of Kakheti 
presented in the catalog [10].  

Within the studied time period in 1986-2015, compared with 1956-1985, the average annual sum of 
precipitation in Sagarejo decreased by 73 mm (9.6% of the average in 1956-2015), and in Lagodekhi it 
increased by 157 mm (14.6% of the average in 1956-2015).  

 The linear correlation between the P values at the studied stations is significant (α(R) < 0.01). The 
values of R vary from 0.40 (pair Sagarejo - Lagodekhi) to 0.74 (pair Telavi - Kvareli and pair Gurjaani - 
Kvareli). 

 
Conclusion. 

In general, over the past 60 years, the annual values of precipitation in Kakheti has not changed 
compared to the earlier period. But within the studied time period in 1986-2015, compared with 1956-1985, 
the average annual sum of precipitation in Sagarejo decreased by 73 mm, and in Lagodekhi it increased by 
157 mm. In our view taking into account these results and the results obtained in [8,9]  it is expedient to 
examine a question of an artificial increase of precipitations in certain seasons of the year by active actions 
on the clouds with using anti-hail service potential [6].   
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