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Abstract

Results of statistical analysis of the average semi-annual and annual values of air temperature and
precipitation in Thilisi for the period 1957-2006 are presented. The analysis of accident of time-series data,
them autocorrelate, periodicity, presence of trends is carried out. For an estimation of expected changes of
air temperature and precipitation the classical method of forecasting of curves growth of the specified
parameters and their confidential intervals has been used. In 2036 in comparison with 2006 it is expected:
growth of average air temperature in cold half-year and for a year - on 0.2 “C, in warm half-year - on 0.4
“C; growth of precipitation in cold half-year on 21 mm. Trends of precipitation for a year and warm half-
year periods are not observed.

1. Introduction

Wide-ranging studies of contemporary climate change in Georgia were begun in 1996 and they continue on
the present time [1]. First of all the inventory of greenhouse gases in Georgia was carried out, spatial-
temporary variations in the fields of temperature, precipitation, cloudiness, aerosol air pollution, surface
cover and other climate-forming parameters were studied [2-6]. Later there have been begun works on
forecasting of air temperature and precipitation change in some region of Georgia [7-8]. The given work is
continuation of the previous researches.

2. Method

In the work were used the data of the Hydrometeorological department of Georgia about the average
semi-annual and annual values of air temperature and precipitation in Thbilisi for the period 1957-2006. The
analysis of data was conducted with the aid of the methods of the correlation and regression analysis of
stationary and non stationary series of observations [9-12].

The following designations will be used below: T, Ty, T, - average air temperature for a year, warm
half-year and cold half-year periods (°C); P, P, P. — sum of precipitation for a year, warm half-year and cold
half-year periods (mm); Min — minimal values; Max - maximal values; Range - variational scope; o -
standard deviation; o, - standard error (68% - confidence interval of mean values); C, - coefficient of
variation (%); A - coefficient of skewness; K - coefficient of kurtosis; R - coefficient of linear correlation;
R? — coefficient of determination; Ry — Spearman’s rank correlation coefficient; Ry — Kendall’s rank
correlation coefficient; R, - autocorrelation coefficient with a Lag = 1 year; Kpw - Durbin-Watson statistic;
95%(+/-) CONF - +95% confidential interval; o - the level of significance; X — number of years: from
1957 to 2006 (real data), from 2007 to 2036 - extrapolation ( X =1,...50, 51 . .. 80).

3. Results

The results of the statistical analysis of the average semi-annual and annual values of air temperature
and precipitation in Tbilisi are represented in the table and in figure 1-2.
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Table. The statistical characteristics of mean six month and yearly values of air temperature and
precipitation in Thilisi in 1957-2006.

Air temperature

Precipitation

Parameter Warm Cold Warm Cold
Year season season Year season season
Standard statistics
Mean 13.1 20.0 6.2 493 331 163
Min 11.9 18.5 4.1 240 131 75
Max 14.8 21.8 9.1 813 690 247
Range 2.9 3.3 5.0 573 559 172
Median 13.1 19.9 6.2 487 308 152
c 0.69 0.77 0.91 107 100 48
Om 0.10 0.11 0.13 15 14 7
C, (%) 5.3 3.8 14.6 21.7 30.3 29.6
A 0.08 0.40 0.22 0.82 1.32 0.13
K -0.26 -0.34 1.23 1.47 3.06 -1.14
95%(+/-) 0.19 0.22 0.25 30 28 13
Conf
Correlation matrix
Year 1 0.78 0.86 1 0.89 0.36
Warm 0.78 1 0.35 0.89 1 0.10
season
Cold season 0.86 0.35 1 0.36 -0.10 1
The characteristic of time - series
R with year 0.16 0.20 0.08 0.07 -0.02 0.21
() R 0.15 0.14 - - - 0.13
R 0.16 0.14 0.12 0.04 -0.02 0.15
() R 0.12 0.14 0.21 - - 0.12
R 0.22 0.23 0.17 0.08 -0.04 0.22
() Rs 0.12 0.11 0.24 - - 0.12
R.,Lag=1 0.18 -0.01 0.16 -0.12 -0.05 0.09
() Ry 0.19 - 0.25 - - -
95%(+F-) 0.23 0.21 0.30 27 27 15
Conf
Kow 1.62 1.97 1.67 No trend No trend 1.87
(o) Kpw 0,05 0,05 0,05 No trend No trend 0,05
Periodicity (year)
Peak 5 2.2 25 25 2.1
Large peak 2.1 2.3 4.2 3.3 5 3.1
5.0 16.7
Local min 2.8 3.8 6.3 2.1 2.2
6.3 16.7 3.6 25
Large min 2 2.5 3.1 2.4 2 4.2
7.1
Trend (Y=aX+Db)
a 0.0074 0.0104 0.0050 No trend No trend 0.68
b 12.92 19.73 6.09 No trend No trend 145
Extrapolation 95%(+/-) Conf
11.8<13.3 18.7<20.2 4.4<6.3 80<179
2006 <147 <218 <8.3 Notrend | Notrend <279
11.9<13.5 18.8<20.6 4.4<6.5 91<200
2036 <15.1 <223 <86 No trend No trend <309
2036 - 2006 0.2 0.4 0.2 No trend No trend 21
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Trend of air temperature in warm season in Thilisi in 1957-2006. 2007-2036 - extrapolation.
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Fig. 1

Trend of precipitation in cold season in Thilisi in 1957-2006. 2007-2036 - extrapolation.
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Fig. 2
The standard statistical analysis.

Values of the indicated parameters change within the following limits (table upper part): T from
11.9 to 14.8 (mean value — 13.1, median — 13.1); T,, from 18.5 to 21.8 (mean value — 20.0 median — 19.9);
T. from 4.1 to 9.1 (mean value — 6.2, median — 6.2); P from 240 to 813 (mean value — 493, median — 487);
P, from 131 to 690 (mean value — 331 median - 308); P, from 75 to 247 (mean value — 163 median - 152).
The greatest variations for the time-series of P,, is observed (C, = 30.3 %), the smallest — for T,, (C, = 3.8
% ). The relative range (Range/Mean) changes from 16.5 % (for T,, ) to 168.9 % (for P,). The distribution
functions of the T, T\, T¢ P and P in the general population are close to the normal (the corresponding ratios
between values of mean and median; A not more than 1, and K not more than 2). The distribution functions
of the Py, has right-hand asymmetry.The coefficient of linear correlation between the values T, T,, and T,
changes from 0.35 (for pair Ty, - T,) to 0.86 (for pair T - T.). The coefficient of linear correlation between
the values P, P,, and P, changes from -0.10 (for pair P,, - P.) to 0.89 (for pair P - P,).

The characteristic of time — series of indicate parameters in the middle and low part of the
table and in fig. 1-2 are presented.

The coefficient of linear correlation between the values T, T,, and T, and years changes from 0.08
(for T¢) to 0.20 (for Ty). The values of the Kendall rank correlation coefficient changes from 0.12 (for T,) to
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0.16 (for T). The values of the Spearmen rank correlation coefficient changes from 0.17 (for T.) to 0.23 (for
Tw). The values of autocorrelation coefficient with the Lag = 1 year for T and T are positive and respectively
comprise 0.18 and 0.16. It is not autocorrelation in the time — series of T,, . Thus, as a whole, the time-series
of T and T, are autocorrelate and non accidental, the time-series of T,, is non autocorrelate and non
accidental.

The coefficient of linear correlation, the Kendall and Spearmen rank correlation coefficients between
P, Py and years are no significations. Indicate correlation coefficients between P.and years are significations.
The value of R, for time-series of P, P, and P, are no significations. Thus, the time-series of P and P, are
random, time-series of P is non autocorrelate and non accidental.

The periodicity (large peak and large min respectively) are: for T - 2.1 and 2 years; for Ty, - 2.3 (5.0)
and 2.5 years; for T, — 4.2 and 3.1 years; for P - 3.3 and 2.4 (7.1) years; for P, -5 and 2 years; for P, —
3.1 (16.7) and 4.2 years.

Trends T, Ty, Tc and P, are linear positive (the values of Durbin-Watson statistic changes from 1.62
to 1.97). Settlement values of a trend in 2006 and 2036 accordingly equal: for T — 11.8< 13.3< 14.7 and
11.9<13.5<15.1; for T,, - 18.7<20.2<21.8 and 18.8<20.6<22.3; for T, — 4.4<6.3<8.3 and 4.4< 6.5<8.6; for
P.—80<179<279 and 91<200<309. Thus, in 2036 in comparison with 2006 it is expected: growth of average
air temperature in cold half-year and for a year - on 0.2 °C, in warm half-year - on 0.4 °C; growth of
precipitation in cold half-year on 21 mm.

4. Conclusion

The detailed statistical structure of the time-series of observations of air temperature and precipitation (semi-
annual and annual values) in Thilisi is presented. The standard methods of statistical analysis and the
methods of the analysis of non accidental time-series of observations were used. The characteristics trend of
time-series of air temperature and precipitation are studied. The estimation of change of air temperature and
precipitation till 2036 is spent.
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OxuraeMoe M3MEHEHMH CPEAHUX MOJIYT0A0BbIX M I'OA0BbIX 3HAYCHU I
TeMIIepaTypbl BO31yXa U 0caAKOB B TOumncu

ABTanaua I'. AmupanamBuiau, Buxkrop A. Uuxuaase,
JInana I'. KaprBeaumBuiun

Pe3rome

B pabote npencTaBieHbl HEKOTOPBIE PE3YJIBTATHl CTATUCTUYECKOrO aHAJM3a JIAHHBIX HAOIIOJICHU 32
CpCAHMMHU MMOJYTOAOBBIMHU W TOAOBBIMH 3HAYCHUAMU TEMIICPATYPbl BO3ayXa W OCAaJKOB B Toumncu B
mepuox ¢ 1957 mo 2006 rr. IlpoBemeH aHaim3 CIy4aflHOCTH pSAAOB  HAOMIOAGHWH, WX
ABTOKOPPECIIMPOBAHHOCTH, IMEPUOANYHOCTH, HAJIMYWUA TPCHIOB. 21_]151 OLICHKN OXHNIAEMBIX H3MEHEHU N
TEeMITepaTypbl BO3/IyXa U 0CAJKOB ObUT HCIONB30BaH KIACCHYECKHI METO]] IPOTHO3UPOBAHMS KPUBBIX POCTa
yKa3aHHBIX MApaMEeTPOB M HMX JOBEPUTENBHBIX MHTEpBaioB. B 2036 roxy mo cpaBaeHuio ¢ 2006 romom
OKUAETCS: POCT CpEeAHEH TeMIIepaTyphbl BO3AyXa B XOJIOJHOE Monyroaue u 3a rogq — Ha 0.2 °C, B Temioe
nonyroaue - Ha 0.4 °C ; pocT KoJIMYeCTBa OCaJKOB B X0JomHOoe moayroaue Ha 21 M. Tpenna konudecTsa
0CaJIKOB 32 TOJl ¥ B TEIUIOE MOJTYTO/IMe HEe HAOII0IaeTCsl.
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