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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 cloudiness and air temperature in 1963-1990 in Thilisi. The
statistical characteristics of the indicated parameters (trends, random component, linear correlations
between real and random components, etc.) are studied. In particular, we established that the correlation of
the real values of cosmic ray intensity with the real values of total cloudiness is positive, with lower
cloudiness — is not significance, with air temperature — is negative. The correlation of the random
components of the intensity of cosmic ray intensity with the random components of lower and total
cloudiness — are positive, with the air temperature - is negative. Within the variation range the contribution
of the studied parameters to air temperature variability is as follows: real values of total cloudiness- 5.0%,
random components of lower cloudiness — 1.0%, real values and random components of cosmic ray intensity
- 3.0% and 4.1%, respectively.
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Introduction

Large-scale studies of contemporary climate change in Georgia began in 1996 and they are
continued nowadays. First of all, the inventory of greenhouse gases in Georgia [1,2] was carried out, spatial-
temporary variations of the fields of air temperature and precipitations [1,3-6], cloudiness [7], solar radiation
[8,9], aerosol air pollution [2,3,10], atmospheric ozone [2,3,11] and other climate-forming parameters were
studied.

One of the factors, which influence on climate change, is cosmic radiation [2,12,13]. The effect of
cosmic rays on climate could be expressed in three ways: (a) through changes in the concentration of cloud
condensation nuclei, (b) thunderstorm electrizacation and (c) ice formation in cyclones. The concentration of
cloud condensation nuclei depends on the light ions produced during cosmic ray ionization.

Galactic and solar cosmic rays influence physical-chemical process (reactions) in the lower
atmosphere including cloudiness, density changes and atmosphere cloud coverage and thus, control the
variability of atmosphere transparency and thereby affect solar radiation flax reaching the lower atmosphere.
Clouds reflect both the incoming solar radiation flux upward and the Earth's thermal radiation back to it,
thereby control thermal energy input in the lower atmosphere, thus establishing a link between cosmic rays
and temperature.

There are two mechanisms, which link cosmic rays with cloud. In the first mechanism cosmic ray-
produced ions influence the production of new aerosol particles in the troposphere, which may grow and
eventually increase the number of cloud condensation nuclei. These nuclei act as seeds for the cloud droplet
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formation. In the second mechanism cosmic ray-produced ionization modulates the global electric current,
which influences cloud properties through charge effects at cloud surface on droplet freezing and other
microphysical processes [2,12,13].

In Georgia studies of the climatic effects on cosmic rays also began recently. In particular, in the
works [14-16] the effects of cosmic radiation on the formation in the atmosphere of the secondary aerosols,
which have an effect on cloudiness [2,12,13], are studied. In the works [17,18] the inter-annual distributions
of cloudless days and cloudless nights in Abastumani Astrophysical Observatory (41.75 N, 42.82 E), at
various helio-geophysical conditions, and their coupling with cosmic factors were studied.

This work is the continuation of our foregoing studies

Material and methods

The data of the Hydrometeorological Department of Georgia about the annual values of total (G) and
lower (g) cloudiness and air temperature (T) in Thilisi are used. Information about annual values of intensity
of neutron component of galactic cosmic rays (CR) is obtained at the Cosmic Rays Observatory of M. Nodia
institute of geophysics. The period of observation is 1963 - 1990.

In the proposed work 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 [19, 20].

The following designations will be used below: Min — minimal values, Max - maximal values, Range -
variational scope, St Dev - standard deviation, R - coefficient of linear correlation, R? — coefficient of
determination, Kpw — Durbin-Watson Statistic, Res — residual component, o - 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 = 0O (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) + Res.

Results and discussion

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

Table 1
Characteristics of trend of G, g, T and CR in Thilisi in 1963-1990.
Variable Form of the equation of regression R2? (with year) Kow
G Fifth power polynomial 0.44 (0.=0.001) 2.0 (0. =0.05)
g Fifth power polynomial 0.62 (0. =0.0001) 1.96 (o =0.05)
T Linear 0.047 (o =0.25) 2.23 (0. =0.05)
CR Tenth power polynomial 0.93 (0. =0.0001) 1.98 (o =0.05)
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Fig. 1. Trend of the total average annual cloudiness in Thilisi in 1963-1990.
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Fig. 2. Trend of the average lower annual cloudiness in Thilisi in 1963-1990.
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Fig. 3. Trend of the average annual air temperature in Thilisi in 1963-1990.
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Fig. 4. Trend of the average annual intensity of galactic cosmic rays in Thilisi in 1963-1990.
According to Table 1 and Fig. 1-4, trends of G and g takes the form of fifth 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, g, T and CR in Thilisi.

Table 2

The statistical characteristics of real data of G, g, T and CR in Thilisi in 1963-1990.

Variable | G, cloud amount | g, cloud amount T,°C CR, imp/hour
Max 6.9 5.8 15.0 8910
Min 5.2 3.5 12.4 7867
Range 1.7 23 2.6 1043
Average 6.2 45 134 8409
St Dev 0.4 0.6 0.6 336

Correlation Matrix

G g T CR

1 0.23 (¢=0.22) -0.36 (0=0.06) 0.26 (¢=0.17)

g 0.23 (a=0.22) 1 -0.06 (not sign) 0.09 (not sign)

T -0.36 (¢=0.06) -0.06 (not sign) 1 -0.23 (0=0.22)

CR 0.26 (0=0.17) 0.09 (not sign) -0.23 (a=0.22) 1

According to Table 2, the values of G vary from 6.9 to 5.2 (average = 6.2), values of g — from 5.8 to
3.5 (average = 4.5), values of T — from 15.0 to 12.4 (average = 13.4) and CR - from 8910 to 7867 (average =
8409).
The significant linear correlation between the following investigated parameters is observed: G with
g (positive), T (negative) and CR (positive); g with G (positive); T with G (negative) and CR (negative); CR
with G (positive) and T (negative).
In Table 3 the statistical characteristics of the random components of G, g, T and CR in Thilisi are
presented.
According to Table 3, max and average values of random components of investigation parameters are
respectively equal: G-1.1and0.6,g-1.4and0.7, T—2.7 and 0.8, CR — 425 and 210.
The significant linear correlation between the following investigated parameters is observed (table 3):
G with g (positive) and CR (negative); g with G (positive), with T (negative) and CR (negative); T with g
(negative) and CR (positive); CR with G and g (negative), and with T (positive).
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Table 3

The statistical characteristics of random components of G, g, T and CR in Thilisi in

1963-1990.

Variable G, cloud amount | G, cloud amount T, °C CR, imp/hour
Max 1.1 1.4 2.7 425
Range 1.1 1.4 2.7 425
Average 0.6 0.7 0.8 210
St Dev 0.3 0.3 0.6 88

Correlation Matrix

G g T CR

1 0.76 -0.16 -0.26 (a=0.17)

g 0.76 (a=0.001) 1 -0.26 (0=0.17) -0.29 (a=0.12)

T -0.16 (not sign) -0.26 (a=0.17) 1 0.20 (a=0.29)

CR -0.26 (0=0.17) -0.29 (a=0.12) 0.20 (a=0.29) 1

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 — 9.0%, for g — 14.6 %, for T — 6.3 % and for

CR-2.5%.

The equation of the multiple linear regression of the connection of air temperature and  Greal, Qrand,

CRrearand CRyang is represented below:

T= -0.3956'Greal'0.09313'grand -0.0003825 CRyreai+0.0012956 CRrand +18.807
R?=0.185 (. =0.03), R between Tea and CRyand = 0.19 (¢=0.30)

Table 4 shows the data about contribution of variations in the values of Greal, Grand, CRreal aNd CRyang t0

the changeability of T.

Table 4
Contribution of variations in the values of Greal, Jrand, CRreat aNd CRrang to the changeability of T.
Variable In the limits of Range (%) In the limits of St Dev (%)
Greal 5.0 2.2
grand 1.0 0.5
CRreaI 3.0 1.9
CRrand 4.1 1.7

According to Table 3, within the variation range, the contribution of the studied parameters to air
temperature variability is as follows: real values of total cloudiness- 5.0%, random components of lower
cloudiness — 1.0%, real values and random components of cosmic ray intensity - 3.0% and 4.1%,
respectively.

Conclusion

In the future, for the comparison of the obtained results, similar works will be carried out for other
stations of the observation (Telavi, Tsalka, Anaseuli, etc.), and also other, more contemporary periods of
measurement.
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O cBSI3M rOA0BbIX BAPUALUI MHTEHCUBHOCTH IAJIAKTHYECKUX
KOCMHUYECKHX JIydel ¢ ©3MEHYMBOCTHIO 00JIAYHOCTH U TEMIIEPATYPbI
Bo3ayxa B Touaucu

A.I'. AmupanamBuim, T.C. bakpanze, H.5. I'nonrn,
T.B. Xypoasze, U.A. Tyckusn

Pe3rome

[IpencraBieHsl pe3yibTaThl WCCIENIOBAHUS CBSI3M TOJOBBIX BapHaldii WHTEHCHMBHOCTH TajaKTHYECKHX
KOCMHUYECKHX JIydell ¢ M3MEHYMBOCTBIO O0JAYHOCTU W TeMIlepaTyphl Bo3ayxa B TOwmucu B 1963-1990 rr.
W3yueHbl cTaTUCTUYECKUE XapaKTEPUCTHKH YKa3aHHBIX apaMeTpoB (TPEHABI, CiIy4aliHble COCTABISIOIINE,
KOPPEISIIMOHHBIEC CBSI3M MEX/y PEabHBIMU JaHHBIMU M CIlyYailHBIMA KOMIIOHEHTaMH | Jip.). B wactHocTH,
MOJY4YEeHO, YTO JIMHEHHAs KOPpeNsALUs peajbHbIX 3HAYCHUH HMHTEHCUBHOCTH KOCMHMYECKHX Jy4ed ¢
pealbHBIMH  3HAYEHHWSIMU OOIe OOJIAYHOCTH IIOJIOKHUTENbHAS, HWXKHEH 00JaYHOCTH — OTCYTCTBYET,
TEeMIepaTypbl BO3JyXa — oOTpulaTedbHas. Koppemsmus cilydailHbIX KOMIIOHEHT HWHTEHCHBHOCTH
KOCMHYECKHX JIydeil CO CIy4alHbIMH KOMIIOHEHTAaMH HW)KHEH M oOLIel 00JayHOCTH — TOJIOKHUTEIbHAS,
TEeMIIepaTypsl BO3/lyXa — OTpularenbHas. B mpexenax BapHallMOHHOTO pa3Maxa BKIIAJ HCCIEIYyEeMbIX
napamMeTpoB B U3MEHUYMBOCTh TEMIIEPATYphl BO3JlyXa: pealibHbIX 3HaueHHi obmied obmaunoctu — 5.0 %,
CIly4aifHbIX KOMITOHEHT HWXHel obnauHoctH - 1.0 %, peanbHBIX 3HAYEHWH W CIYyYalHBIX KOMIIOHEHT
MHTEHCUBHOCTH KOcMU4ecKuX Jiyued — 3.0 % u 4.1 % cooTBETCTBEHHO.
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