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1. INTRODUCTION 

 

Visibility presents one of the important meteorological parameters. Visibility depends on many 

factors, including the aerosol pollution of the atmosphere [Svanidze, Papinashvili, 1992].  In the work 

[Amiranashvili et al., 2010] some preliminary results of the complex monitoring of the intensity of solar 

radiation, total cloudiness, visibility and air temperature in Tbilisi in the period from June 2009 through May 

2010 are represented. In this work the statistical structure of the visibility in Tbilisi in the period from 1980 

through 2008 is studied. 

2. METHOD AND DATA DESCRIPTION 
 

The data of the Hydrometeorological department of Georgia about the number of days per annum with 

the visibility of different intensity for 9,12 and 15 hours of observations are used. The analysis of data is 

carried out with the use of the standard statistical analysis methods of random events and methods of 

mathematical statistics for the non accidental time-series of observations [Kendall, 1981; Kobisheva, 

Narovlianski, 1978].  

The following designations will be used below: V(9) - the number of days per annum with  the visibility 

of 9 point in scale, V(6+5) - the number of days per annum with visibility 6 and 5 point in scale , etc., Min – 

minimal values, Max - maximal values, Range - variational scope, Range/ Mean (%) - relative variational 

scope,  σ - standard deviation, σm - standard error (68% - confidence interval of mean values), Cv  - 

coefficient of variation (%), A - coefficient of skewness, K - coefficient of kurtosis, R - coefficient of linear 

correlation, R
2 

– coefficient of determination, Rs – Spearman’s rank correlation coefficient, Rk – Kendall’s 

rank correlation coefficient, Ra - autocorrelation coefficient with a Lag = 1 year, KDW – Durbin-Watson 

statistic, α - the level of significance. The gradations of the meteorological visibility on the point in scale in 

table 1 are presented [Sternzat, 1978].   

 

Table 1.   Gradations of the meteorological visibility on the point in scale. 

 

Point 

in scale 

Distance to object (km) Point in 

scale 

Distance to object (km) 

Obj. is visible    Obj. is not visible Obj. is visible    Obj. is not visible 

0  Less 0.05 5 2 4 

1 0.05 0.2 6 4 10 

2 0.2 0.5 7 10 20 

3 0.5 1 8 20 50 

4 1 2 9 More  50  

 

 

3. RESULTS 

 

The results in table 2 and fig. 1-4 are given. 
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Table 2. The statistical characteristics of the number of days per annum with the visibility of 

different intensity in Tbilisi in 1980-2008 for 9, 12 and 15 hours 
 

Parameter 

Visibility,  point in scale 

V(9) V(8) V(7) V(6) V(5) V(4) V(6+5) V(5+4) 

Real data 

Mean 694 176 136 55 29 4 85 33 

Min 494 49 60 27 0 0 34 0 

Max 914 264 280 101 116 16 194 124 

Range 420 215 220 74 116 16 160 124 

Median 680 183 132 58 15 2 69 22 

Mode 636 179 - 34 4 0 65 10 

σ 117 57 56 19 31 4 41 33 

σm 21.7 10.6 10.4 3.5 5.7 0.8 7.6 6.1 

Cv (%) 16.8 32.2 41.0 34.6 104.2 125.3 48.5 98.9 

A 0.16 -0.55 1.02 0.49 1.17 1.52 1.14 1.11 

K -0.70 -0.45 1.17 -0.25 0.78 1.75 1.15 0.59 

σm /Mean  (%) 3.1 6.0 7.6 6.4 19.3 23.3 9.0 18.4 

Range/ Mean (%) 60.5 122 162 134 393 452 189 375 

 The non-randomness characteristic of time series 

R with year 0.4 0.03 -0.38 -0.09 -0.79 -0.45 -0.63 -0.8 

(α )  R 0.1 - 0.1 - 0.005 0.05 0.01 0.005 

Rk 0.27 0.005 -0.29 0.005 -0.61 -0.22 -0.41 -0.63 

(α )  Rk 0.043 0.97 0.027 0.97 0 0.095 0.0017 0 

Rs 0.43 0.035 -0.49 -0.02 -0.81 -0.33 -0.59 -0.82 

(α )  Rs 0.025 0.85 0.01 0.9 0 0.08 0.0017 0 

Ra , Lag = 1 0.46 0.39 0.46 0.09 0.64 0.5 0.47 0.63 

(α )  Ra 0.05 0.05 0.05 - 0.05 0.05 0.05 0.05 

Visibility Trend 

V(9) Y= 0.01033∙X
4
 -0.6294∙X

3
+ 12.33∙X

2
 -77.7∙X+ 489.2        R

2
=0.26;  KDW=1.37 

V(8) Random process 

V(7) Y=  -0.0000394∙X
6
 +  0.003901∙X

5
 -0.149897∙X

4
 + 2.7998∙X

3
-25.9965∙X

2 

+ 106.32∙X-46.97         R
2
=0.21;  KDW=1.34 V(6) Random process with autocorrelation 

V(5) 89.578∙0.9156
X
       R

2
=0.609;  KDW=1.77 

V(4) 17.53∙X
-0.7596

          R
2
=0.584;  KDW=1.67 

V(6+5) Y=  0.23256∙X
2
  - 10.0285∙X + 120.4        R

2
=0.53;  KDW=2.12 

V(5+4) 102.28∙0.912
X
       R

2
=0.67;   KDW=2.09 

Visibility Correlation Matrix (Left – Real data. Right – Random components) 

V(9) 1 -0.80 -0.87 -0.37 -0.52 -0.09 -0.56 -0.50 

V(8) -0.82 1 0.60 0.14 0.06 -0.17 0.11 0.03 

V(7) -0.91 0.68 1 0.09 0.34 -0.03 0.29 0.31 

V(6) -0.28 0.14 0.18 1 0.32 0.29 0.70 0.34 

V(5) -0.18 0.10 0.06 0.26 1 0.37 0.90 0.99 

V(4) 0.12 -0.27 -0.19 0.09 0.04 1 0.42 0.49 

V(6+5) -0.31 0.15 0.16 0.69 0.81 0.03 1 0.90 

V(5+4) -0.17 0.06 0.03 0.29 0.99 0.20 0.81 1 
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As follows from table 2, the mean value of number of days per annum with the visibility of different 

intensity change from 694 for  V(9)  to 4 for V(4), the minimal value -  from 494 for  V(9)  to 0 per V(5) and 

V(4), maximal value - from 914 for  V(9)   to 16 for V(4), variational scope from 420 per V(9) to 16 for 

V(4), standard deviation varies from 117 per V(9) to 4 for V(4), standard error -  from 21.7 per V(9)  to 0.8 

for V(4), coefficient of  variation from 16.8% for  V(9) to 125.3 % for V(4).  



120 

 

Coefficient of skewness  varies from -0.55 for V(8) to 1.52 for V(4), coefficient of  kurtosis  - from -

0.70 for V(9) to  for 1.75 V(4). The absolute values of the calculated coefficients of skewness (excluding 

V(4)) and kurtosis are less than the trebled theoretical value of their standard deviations. Accordingly in 

general set of function of distribution of monthly average values of SOC for all indicated parameters 

(excluding V(4)) should be close to normal. The relative variational scope change from 60.5% for V(9) up to 

452% per V(4) season. Coefficient of linear correlation between real data of indicated parameters change 

from -0.87 (pair V(9)-V(7)) to 0.99 (pair V(5)-V(5+4)). 
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The values of stability parameters of number of days per annum with the visibility of different 

intensity in the low part of table 2 are submitted. Coefficient of linear correlation between the specified 

values  and years varies from -0.8 for V(5+4)  to 0.4 per V(9), the values of Kendall’s rank correlation 

coefficient varies from  from -0.63 for V(5+4)     to 0.27 for V(9),  the values of Spearmen’s rank correlation 

coefficient varies from  for -0.82 V(5+4)    till  0.43 for V(9), the values of autocorrelation coefficient with a 

Lag = 1 year  varies from 0.63 per V(5+4)    to 0.09 for  V(6). The values of level of significance α for the 

above mentioned parameters of stability also are given in this table.  

As shows the analysis of table2 the time series of number of days per annum with the visibility of 

different intensity excluding V(6) are autocorrelate. Excluding time series of V(6) and V(8) all trend of 

indicated parameters has a nonlinear nature. Examples of change of V(9), V(7), V(6+5),V(8) and V(6) in 

1980-2008 in fig. 1-4   are given. Let us note that in the period from 2004 to 2008 in comparison with period 

from 1980-1984 following changes in the visibility are observed: V(9) – 20% increase, V(7) – 37% decrease,   

V(5) – 90% decrease,  V(4) – 68% decrease, V(6+5) – 46% decrease, V(5+4) – 88% decrease.          

Coefficient of linear correlation between random components of indicated time series change from -0.91 

(pair V(9)-V(7)) to 0.99 (pair V(5)-V(5+4)). 

4. CONCLUSIONS 

 

The statistical structure of the number of days per annum with the visibility of different intensity visibility 

in Tbilisi in the period from 1980 through 2008 is studied. The trends and random components for these time series are 

determined. Excluding time series of visibility on the point in scale of 6 and 8 all trends of indicated 

parameters has a nonlinear nature. 

In the period from 2004 to 2008 in comparison with period from 1980-1984 following changes in the 

visibility are observed: V(9) – 20% increase, V(7) – 37% decrease,  V(5) – 90% decrease,  V(4) – 68% 

decrease, V(6+5) – 46% decrease, V(5+4) – 88% decrease.          

The analysis of the reasons for the revealed changeability of visibility in the time is an object of 

further experiments.   
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შესახებ წელიწადში 9, 12 და 15 საათზე დაკვირვებებისათვის. ქვემოთ გამოყენებულია შემდეგი 

აღნიშვნები: V(9) – წელიწადში დღეების რიცხვი 9 ბალიანი ხილვადობით,    V(6+5) – 

წელიწადში დღეების რიცხვი 6 და 5 ბალიანი ხილვადობით და ა.შ. 

მოყვანილია აღნიშნული დროითი მწკრივების რეგრესიული და კორელაციური ანალიზი 

(წრფივი კორელაცია, კენდელისა და სპირმენის რანგობრივი კორელაცია, ტრენდის 

განსაზღვრა). აღმოჩნდა, რომ V(9), V(7), V(5), V(4), V(6+5)  და V(5+4) დროითი მწკრივები 

ავტოკორელირებული და არაშემთხვევითია. ამ შემთხვევისთვის განსაზღვრულია ტრენდები 

და მწკრივების შემთხვევითი მდგენელები. ასე მაგალითად V(9) დროითი რიგი მეოთხე 

ხარისხის პოლინომის სახისაა, V(6+5)  რიგი – მეორე ხარისხის პოლინომი და ა.შ. კერძოდ, 

გამოსაკვლევ პერიოდში დაიკვირვებოდა V(5+4) –ის მნიშვნელობათა შემცირება ხარისხოვანი 

კანონზომიერებით საშუალოდ 93-დან 7-დე.  V(8) და V(6) დროითი რიგები შემთხვევითია. 

საკვანძო სიტყვები: ხილვადობის სიშორე, დროითი რიგები, ტრენდი, ქალაქის კლიმატი 
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