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ABSTRACT

The paper considers the results of the study of the connection between annual variations of intensity of
galactic cosmic rays and the changeability of the total cloudiness, atmospheric precipitation and air
temperature in 1966-2015 in Thilisi. The statistical characteristics of the indicated parameters (trends,
random component, linear correlations between real and random components, etc.) are studied. In
particular, it was found that, within the variation range, the contribution of the studied parameters to
atmospheric precipitation variability is as follows: total cloudiness - 17.1%, real values and random
components of cosmic ray intensity - 37.8% and 28.0%, respectively.
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Introduction

In Georgia, as elsewhere in the world, in recent decades, special attention has been paid to research
on modern climate change. Spatial-temporary variations of the fields of air temperature and precipitations [1-
5], cloudiness [6-8], solar radiation [9], air pollution [9,10] and other climate-forming parameters were
studied. With the use of different statistical models the estimations of the expected changes of air
temperature and atmospheric precipitations for the next decades for some regions of Georgia, including
Thilisi city, were carried out [11-16].

Cosmic radiation is one of the factors, which influence on climate change [17-21]. The possible
mechanisms of this influence can be found in the works [9,17,18].

In Georgia studies of the climatic effects on cosmic rays also began recently. In particular, in the
works [10,20,21] the effects of cosmic radiation on the formation in the atmosphere of the secondary
aerosols, which have an effect on cloudiness, are studied. In the works [22,23] the inter-annual distributions
of cloudless days and cloudless nights in Abastumani Astrophysical Observatory, at various helio-
geophysical conditions, and their coupling with cosmic factors were studied. In the work [24], a study of the
relationship between the annual variations in the intensity of galactic cosmic rays and the variability of
cloudiness and air temperature in Thilisi was carried out according to the data of 1963-1990.

This work is the continuation of the investigation [24]. Results of a study of the relationship between
the annual variation in the intensity of galactic cosmic rays with the variability of total cloudiness,

atmospheric precipitation and air temperature in Thilisi in 1966-2015 are presented below.
Material and methods

The data of the National Environmental Agency of Georgia about the mean annual values of total
cloudiness (G), annual sum of atmospheric precipitation and (P) and air temperature (T) in Thbilisi are used.
Information about annual values of intensity of neutron component of galactic cosmic rays (CR) is obtained
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at the Cosmic Rays Observatory of M. Nodia institute of geophysics. The period of observation is 1966 -
2015.

In the proposed work, as in [24], 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 [25, 26].

The following designations will be used below: Min — minimal values, Max - maximal values, Range -
variational scope, St Dev - standard deviation, Cv, % — coefficient of variation (Cv = 100-St Dev/Average),
R - coefficient of linear correlation, R?— coefficient of determination, Kpw — Durbin-Watson Statistic, Rand
— random component, a - the level of significance, Real - measured data. The curve of trend is equation of
the regression of the connection of the investigated parameter with the time at the significant value of the
coefficient of determination and such values of Kpw, with which the residual values are accidental.

A background component usually enters into the curve of trend. The value of background component is
most frequently unknown. From the physical aspect, random component can be represented in the form:
Rand = Res + absolute value of the min value of Res. In this case random components have positive values
with the minimum value = 0 (if the value of background component is known, the min Rand will be = Back).
Accordingly, Trend+Back (sum of the trend and background components of time series) will be a curve of
equation of the regression of the connection of the investigated parameter and the time minus absolute value
of the min value of Res. So, Real = (Trend+Back) + Rand.

Results and discussion

The results are given in tables 1-6 and fig. 1-4.

Table 1. Characteristics of trend of G, P, T and CR in Thilisi in 1966-2015.

Variable Form of the equation of regression R? (with year) Kow
G Third power polynomial 0.34 (0.=0.001) 1.92 (o =0.05)
P Third power polynomial 0.10 (0. =0.02) 2.00 (0. =0.05)
T Linear 0.21 (0. =0.003) 1.81 (a =0.05)
CR Tenth power polynomial 0.73 (0.=0.0001) 0.96 (0. <0.01)
Real Trend Rand
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Fig. 1. Trend of the total average annual cloudiness in Thilisi in 1966-2015.
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Fig. 2. Trend of the annual sum of atmospheric precipitation in Thilisi in 1966-2015.

wp=Real === Trend == Rand

16.0
14.0
12.0

10.0

6.0
4.0
2.0
0.0

1966
1968
1970
1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014

Fig. 3. Trend of the average annual air temperature in Thilisi in 1966-2015.
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Fig. 4. Trend of the average annual intensity of galactic cosmic rays in Thilisi in 1966-2015.

66



According to Table 1 and Fig. 1-4, trends of G and P takes the form of third power polynomial, trend
of T is linear and trend of CR take the form of tenth power polynomial.

Table 2 shows the statistical characteristics of real data of G, P, T and CR in Thilisi.

Table 2. The statistical characteristics of real data of G, P, T and CR in Thilisi in 1966-2015.

Variable G, cloud amount P, mm T, °C CR, imp/hour
Max 6.6 813 15.2 9853
Min 5.2 379 11.9 7803

Range 14 434 3.3 2050

Average 6.0 516 13.3 8568

St Dev 0.39 100 0.78 382
Cv,% 6.4 19.3 5.9 4.5
Correlation Matrix

G P T CR

G 1 0.19 (0=0.20) -0.36 (¢=0.01) -0.04 (not sign)

P 0.19 (0=0.20) 1 -0.23 (0=0.10) 0.21 (0=0.15)

T -0.36 (0=0.01) -0.23 (¢=0.10) 1 0.14 (0=0.25)

CR -0.04 (not sign) 0.21 (0=0.15) 0.14 (0=0.25) 1

According to Table 2, the values of G vary from 6.6 to 5.2 (average = 6.0), values of P — from 813 to
379 (average = 516), values of T — from 15.2 to 11.9 (average = 13.3) and CR - from 9853 to 7803 (average
= 8568).
The significant linear correlation between the following investigated parameters is observed: G with
P (positive), T (negative); P with T (negative), CR (positive); T with CR (weak positive).
In Table 3 the statistical characteristics of the random components of G, P, T and CR in Thilisi are

presented.

Table 3. The statistical characteristics of random components of G, P, T and CR in Thilisi in

1966-2015.
Variable | G, cloud amount P, mm T,°C CR, imp/hour
Max 1.3 448 3.7 1063
Average 0.7 154 1.6 558
St Dev 0.3 94 0.7 200
Cv,% 56.6 34.4 42.2 52.5
Correlation Matrix
G P T CR
G 1 0.14 (0=0.25) -0.31 (0=0.03) 0.18 (0=0.20)
P 0.14 (0=0.25) 1 -0.35 (0=0.01) -0.05 (not sign)
T -0.31 (0=0.03) -0.35 (0=0.01) 1 -0.23 (0=0.10)
CR 0.18 (0=0.20) -0.05 (not sign) -0.23 (a=0.10) 1

According to Table 3, max and average values of random components of investigation parameters are
respectively equal: G-1.3and0.7,P - 448 and 154, T — 3.7 and 1.6, CR — 1063 and 558.

The significant linear correlation between the following investigated parameters is observed (table 3):
G with P (weak positive), T (negative) and CR (positive); P with T (negative); T with CR (negative).

Shares of the average values of random components in the average values of the real values of the
studied parameters (fig. 1-4, table 2 and 3) constitute: for G — 12.3%, for P —29.9 %, for T — 11.8 % and for
CR - 6.5 %.
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The equation of the multiple linear regression of the connection of air temperature and  Grand, Prang,
and CRyang is represented below:

T =-0.52637 Grand-0.00244Prand -0.00073 CRrand +14.43

changeability of T.

(R?=0.19, a = 0.005)

Table 4 shows the data about contribution of variations in the values of Grand, Prand, and CRrang t0 the

Table 4. Contribution of variations in the values of Gand, Prand, @nd CRiang to the changeability of T.

Variable In the limits of Range (%) In the limits of St Dev (%)
Grand 5.2 2.4
Prand 8.2 3.5
CRrand 5.9 2.2

According to Table 4, within the variation range, the contribution of the studied parameters to air
temperature variability is as follows: random components of total cloudiness - 5.2%, random components of
atmospheric precipitation — 8.2%, random components of cosmic ray intensity - 5.9%.

The equation of the multiple linear regression of the connection of total cloudiness and CR and CRyang
has the following form:

G =-0.00016"CR + 0.00042 CRrand + 7.11 (R*=0.036,a=0.2)

Table 5 shows the data about contribution of variations in the values of CR, and CR g to the
changeability of G.

Table 5. Contribution of variations in the values of CR, and CRang to the changeability of G.

Variable In the limits of Range (%) In the limits of St Dev (%)
CR 5.3 2.0
CRrand 7.4 2.8

According to Table 5, within the variation range, the contribution of the studied parameters to total
cloudiness variability is as follows: cosmic ray intensity — 5.3%, random components of cosmic ray intensity
- 7.4%.

The equation of the multiple linear regression of the connection of precipitation and G, CR and CRyand
is represented below:

P = 62.95'G+0.095057 CR -0.13584 CRrand - 601.32  (R?=0.137, a = 0.01)

Table 6 shows the data about contribution of variations in the values of G, CR, and CR g to the
changeability of P.

Table 6. Contribution of variations in the values of G, CR, and CRyanq to the changeability of P.

Variable In the limits of Range (%) In the limits of St Dev (%)
G 17.1 9.4
CR 37.8 14.1
CRrand 28.0 10.5

According to Table 6, within the variation range, the contribution of the studied parameters to
precipitation variability is as follows: total cloudiness - 17.1%, cosmic ray intensity — 37.8%, random

components of cosmic ray intensity - 28.0%.
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Conclusion

In the future, to compare the results obtained, similar works will be carried out for other locations of
Georgia.
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O cBSI3M rOA0BBIX BADHMALUN MHTEHCUBHOCTH IAJIAKTHYECKHUX
KOCMHUYECKHUX JIydell ¢ U3MEHYMBOCTHIO 0011eil 00,1aYHOCTH,
aTMOc(epHBIX 0CAAKOB U TeMnepaTypsl Bo3ayxa B Tonnucu B 1966-
2015 rr.

A.I'. AmMupanamBuwiu, T.C. bakpanze, T.I'. Jpkomanmsuin,
H.A. I'nontn, U.H. Tyckus

Pe3rome

[IpencraBieHbl pe3ynbTaThl HCCICAOBAHUS CBS3M TOJOBBIX BapHallMii MHTEHCHBHOCTH TaJlAKTUYECKHX
KOCMHUYECKHX JIy4eld ¢ M3MEHYHMBOCTBHIO 00J1a4HOCTH, aTMOC(HEPHBIX OCAIKOB M TEMIIEpaTyphl BO3ayxa B
Tounucu B 1966-2015 rr. M3ydeHbl CTaTUCTHYECKHE XapaKTEPUCTHKH YKA3aHHBIX TapaMeTpoB (TPEHJI,
CIIy4allHbIe COCTABJISIFOIINE, KOPPEIANUOHHBIE CBS3M MEXIy pPCalbHBIMH JaHHBIMH W CIYYaiHBIMU
KOMITIOHEHTaMH M Jp.). B 4YacTHOCTH, MONy4eHO, YTO B MpejeiaX BapHallMOHHOIO pa3Maxa BKIIaJ
WCCIIETyeMbIX IapaMeTpoB B U3MEHYHMBOCTH aTMOC(EPHBIX OCAJKOB CIEIAYIOUINI: peaJbHBIX 3HAYCHUH
obmieit oomaunocT — 17.1 %, peanbHBIX 3HAUYECHUH U CITy4YalHBIX KOMIIOHEHT HHTEHCUBHOCTH KOCMHYECKUX
ay4eit — 37.8 % u 28.0 % cCOOTBETCTBEHHO.
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