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Luknvl conneynol akmusHoCmu 6IUAIOM HA PA3TUYHbBIE KIUMAMUYeCKUe napamempsl —
0021COU, CHedCHble NOKPOBbl, peuHble NOMOKU U Opyaue 2udpoiocuyeckue Yukivl. Imu npo-
yeccol 00YCl08IEHbL 2NABHBIM 00PA30M BAPUAYUAMU NOHO20 CONHeuHo20 obayuenus (TSI), 3a
KOMOpbIMU CIe0YIOMm U3MEeHeHUs. N0200bl u Kaumama. Hedasno 6vin oOnapyscen Hogulll me-
XAHU3M MOOYAAYUU KIUMAMA, OCHOBAHHBIU HA U3MEeHeHusx nomoka kocmudeckux nyyeu (CR).
Omom mexaHuzm 00wACHAem yenuvlie npoyeccsl, oznuxaowue npu mooyrayuu CR eenuo-
cgpepoii u ceomacHUMHBIM NOIEM, 34 KOMOPLIM clledyem Npou3800Cmeo 030HAd 8 MpPononayse
U U3MeHeHUe CO0epHCanus 800bl. Ammocghepnasn 6oda A6naemcs camblM MOWHBIM NAPHUKO-
8bIM 2A30M, U ee USMEHEHUsl NPUBOOAM K 3HAYUMENTbHbIM USMEHEHUsM memnepamypul. Bzau-
MOC653b MeHCOY CONHEYHBIMU YUKIAMU, C OOHOU CIMOPOHDL, U MEeMNepamypol U usMeHeHuem
ocaokos & Cesepo-Bocmounoti Eepone, ¢ Opy2oti cmopomsl, ucciedyemcs ¢ nomMowblo 60c-
cmanosnennvix TSI u CR 3a nepuoo 1766—2000 2e. Bpemennvie psaovl aHarusupyomcs memo-
oom yacmuynou annpoxcumayuu Dypve (PFA) u cumeyiaphvim cnekmpanbHblM aAHAIUZOM
(SSA). Konebanus CR, conneuHvbix u KIUMamuieckux uHOeKCco8 umerom Hekomopwvie ooujue
dosneonepuooureckue yuravl. QOCyrHcoaemcs 803MOAICHOCIb CO30AHUSL Q0N20CPOUHBIX MOOe-
Jiell nPO2H034a, OCHOBAHHLIX HA YUKILAX COTHEYHOU AKMUBHOCTU.
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The solar activity affects all geosystems, including climate and weather.
The TSI cycles are the main source of climate indices variations. Recently Kili-
farska [1] proposed a new mechanism of climate modulation, based on cosmic
ray variations. This mechanism is based on chain processes near tropopause by
ozone production, temperature variations, followed by vertical winds and water
content change. The last step of this chain affects strongly surface temperature,
because the atmospheric water is one of the most powerful greenhouse gas. This
model provides an explanation for the cascade processes in which CR, whose
total energy is relatively small, cause climatic effects with much more energy.
The solar activity cycles modulate CR directly by the heliosphere and indirectly
by the geomagnetic field changes, whose effect is visible mainly at high lati-
tudes.
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To study solar and CR influence on climate, three different latitude areas of
North-Eastern Europe are chosen (Fig. 1a). The precipitation and temperature
for the period 1767-2000 are determined from data grids (0.5°%0.5°) [2]. The
monthly temperature and precipitation are averaged from their gridded values by
the robust Danish Method. The estimated TSI for the last 400 years are based on
the NRLTSI2 historical TSI reconstruction model by Lean [3]. Using recon-
structed magnetic flux by Solanki et al. [4] as an input to a spherically symmet-
ric quasi-steady state model of the heliosphere, Usoskin [5] calculate the intensi-
ty of galactic cosmic rays at the Earth’s orbit since 1610.

The FFT spectra of temperature from different latitude zones have common
cycles, while the precipitation spectra are almost coherent for Zone 2 and 3, and
significant different for Zone 1. So, the precipitation data from different zones
are suitable to determine latitudinal dependence of CR influences on climate
variations. The trend of principal components (pc) by SSA decomposition of
temperature and precipitation series dominate after annual one (Fig. 1b). These
components especially for precipitation have strong latitude increasing of trend
rice after 1950". The second after these components low frequency pc is also
shown in Fig. 1b.
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The TSI, Sunspot Area and CR (inverted) data are highly correlated in wide
spectrum bands. Their influence on climate variation is rather similar that is con-
firmed by multivariate SSA (MSSA), described in [6]. The 11-year solar cycle
dominate in common variations (~ 50% of series power) and other trend and
long periodic terms put together with main cycle almost 81% (Fig. 1c).

It is obvious common increase in the end of 20 century as solar activity as
temperature and precipitation. However, the lack of precipitation and tempera-
ture data for 21 century could not assert that the solar activity is the reason of
these climatic changes because the last solar circles in 21 century are more weak
then previous ones.

The common solar, space and earth cycles are determined by the PFA
method described in [7]. The PFA provides Least Squares estimate of the har-
monically coefficients with average accuracy around 0.1 mw/m® for TSI; 107
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for CR; 0.3 mm for precipitation and 0.3°C for temperature. The PFA calculated
common cycles are shown in Figs. 2—4, where the bold lines represent TSI or
CR oscillations and the dashed lines represent the climate oscillations from
Zone 3.
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The TSI influence on climate is stronger than the CR influence with excep-
tion the oscillations with period around 20 year and from period band 35-45
years. The long-term variations of temperature with periodicity above 47 years
have excellent agreement with TSI harmonics (Fig. 2). The CR oscillations with
periods 29-39 years dominate on precipitation variations (Fig. 3), where the
precipitation decreases synchronous with CR cycles in periodicity band 29-33
years and increases in band 33—-39 years. An excellent agreement exists between
TSI and climate oscillations with periods close to the Schwabe cycle (Fig. 4),
where the graph lines cover each other.

The result of common MSSA decomposition of cosmic and climatic series
are shown in Fig. 5. The data have to be standardized (y; = (x;— mean)/0) in the
MSSA case for scaling. The most power annual components were excluded
from common pc as they are absent in cosmic series. The next power component
are the Schwabe cycle as it is in PFA. However, all other pc revealed by PFA
besides very long-periodic ones (more than 80 years with 15-25% contribution
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in series power) have a small power (less 1% of whole series power) and non-
stationary shape.
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In conclusions, the TSI and CR harmonics drive wide spectrum of climate
oscillations especially observable in the long periodic and eleven-year solar cy-
cle. The CR influence on climate is stronger on high latitudes, especially on pre-
cipitation over 55°—65°N latitudes and less on temperature. The TSI harmonics
provide warming cycles, while CR harmonics provide cooling cycles, whose
common effect is often visible as short-time phase reverse.

The decadal and long-periodic solar activity variations play important role
in the observed variations of climate indices, mean sea level, glacier thickness
and water content. Their study may help better understanding of recent climate
changes after addition of climatic data of 21 century. The new model of solar-
terrestrial influences, based on solar harmonics, may improve our predictions of
danger climate events during this century.
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