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IDENTIFICATION OF SOLAR RADIATION EFFECT
ON CLIMATIC INDICATORS OF THE TERRITORY OF UKRAINE

C. L. Pewsemuenxo, B. I'. Knumenxo, H. 1. Yepxkawuna, b. C. Bysuuyskuii. JIEHTH®IKALIIA BIVTUBY COHAYHOI PA-
JUAIITT HA KTIMATHYHI ITOKA3HHKH TEPHTOPII YKPAIHH. Hasodsmbcs pesynomamis Cmamucmuyno2o ananizy 6niugy
COHAYHOT padiayii Ha NOKAZHUKU MEMNePamypu noGimps ma ammoc@heprHo2o mucky Ha mepumopii Yxkpainu énpooosdic poky ma ce-
30HI6 3a nepiod 1965-2015 pp. Bpaxoeyrouu, wo KiiMamuyni 3MIHU Ma iX HACTIOKU OXONTIOOMb 6Ci KOMIOHEHMU KIIMAMU4YHoL cuc-
memu, Cb0200HI ROCMAE NPobIeMa y NOOATLUOMY IX GUGHEHHI 3 MEMOI0 NO2TUONIEHHS PO3YMIHHS AMMOCHEPHUX NPoYyecis, sKi Mooe-
JII0I0Mb NO20OHT YMOBU HA PI3HUX 3a éracmusocmamuy mepumopiax. Ceped npupoOHux 0xcepei Naudy Ha NPocmopo8o-4acosi 3MiHu
memnepamypu nogimps Ha 3emi yeazy npusepmac COHAYHA AKMUBHICMb, A0XCe BOHA XAPAKMEPUIYE KITbKICb mend, Wo Ha0Xo0ums
Ha NOBEPXHIO 3eMli, Mma 8USHAYAE MONCTUBOCHE NPOYECI8 MENI00OMIHY MIdC CKIAO0BUMU KAIMAMUYHOL cucmemu.

3a 0onomozor memody cmamucmuuHo20 KOPeIAYIHO20 AHANIZY OMPUMAHT KoeiyicHmu Kopenayii, wo Xapaxmepusyioms Mi-
HIUGICMb NOKA3HUKIE COHAYHOT padiayii, memnepamypu nogimpsi ma ammoc@epHo20 mucky Ha 00Cioxcysanii mepumopii. Jlana me-
MOOUKA 0036015€ OYIHUMU CIYNIHb MA XapaxKmep Nausy COHAYHOI padiayii Ha pecioHATbHULL MeMRepPamypPHULL PEXCUM ma po3nooin
ammocgheprozco mucky. Tennogizuuni enacmueocmi niocmunbHoOl noéepxHi 0aHoi mepumopii 6U3HAUAIOMb NPOYECU Menio0OMIHY.
Temnepamypa nogimpsi GUCMynac sik 0n0CepeoKo8anull NOKA3HUK, OCKIIbKU COHAYHA eHepeisi, 8 neputy uepey, NepemeoprocmvCs 6
Menio8y niOCMuIbHOI N08epXHi. Bcmanosneno, wo npsamutl KOperayiiuHull 36" 930K Midic NOKA3HUKAMU COHAYHOT padiayii € xapakmep-
HUM 0151 NOJIG MeMNePamypu Rogimps. ma ammoc@eprozo mucky. CmamucmuiHo 3HAUUMA 3ANEHCHICIND MIdHC HAOXOOHCEHHAM COHS-
uHoi padiayii Ha mepumopiro Yxpainu ma ammocgeprHum muckom npociioko8yEMbCsL Y 8eCHAHO-OCIHHIT NEPIio0 NEPeBad CHO HA Oilb-
wocmi cmanyii. Misc consunoro padiayicio ma memnepamyporo nogimps 00epHeHull KoperayitiHuil 36 930K CHOCMePieacmvCs 83UMKY,
NepemeoprUUCy Ha NPAMULL Y 8eCHAHO-TIMHII Nepioo.

Knrouogi cnosa: consuna paoiayis, cCOHSIYHA GKMUSHICIb, MEMNEPAMYPHULL PENCUM, MeMnepamypa nogimps, ammocgepHuii
Muck, Koepiyicum Kopenayii, SMIiHA KIMamy, pecioHalIbHa meMnepamypa.

C. UH. Pewemuenxo, B. I'. Knumenxo, H. H. Yepxawuna, b. C. By3nuyxuit. H/IEHTHO®HKAI[HA BJIHAHHUA COJIHEY-
HOH PAJTHAIIHH HA KTHMATHYECKHE ITIOKA3ATEJIH TEPPHTOPHH YKPAHHBI. [Tpusoosmcs pe3ynsmamui cmami-
CIMUYecKo20 aHanUu3a GIUAHUA COTHEYHOU paouayuy Ha noKasamenu memMnepamypuvl 8030yxXa U Ammoc@hepHo2o 0asiieHus Ha meppu-
mopuu Yxpaunvl ¢ meuerue 200a u ce30H08 3a nepuod 1965-2015 ze. Yuumvigas, umo kiumamuyeckue usmMeHenus u ux nocieocmeus
0X68aMbI8AIOM 8Ce KOMNOHEHMbl KIUMAMUYECKOU CUCTNEMDbL, Ce200Hs GO3HUKAem NpoOaeMa OATbHelule20 Ux UsyyeHus ¢ Yeawvlo pac-
wupeHus NOHUMAHUSL AMMOCHEPHBIX NPOYECCO8, KOMOPbLe MOOETUPYION NO20OHbBLE YCI08US HA PA3HBIX MEPPUTNOPUSX 8 3A8UCUMOCTU
om ceoticms. Cpedu npupoOHbIX UCMOYHUKOS GIUSHUSL HA NPOCMPAHCIMEEHHO-BPEMEHHbIe USMEHEHUsT meMnepamypul 6030yxa 3emuau
Heo6X00UMO yoensams HUMAHUE CONHEYHOU AKMUBHOCMU, KOMOPAsl onpedensen KOIUuYecmeo menia u npoyeccsl menjioooMena me-
24COY COCMABAAIOUWUMU KIUMAMUYECKOU CUCTIEMDbI.

C nomowbio Memooa cmamucmuyecko2o KOppesiyuOHHO20 AHAIU3A NOLYHeHbl KOG duyuenmol Koppensyuu, KOmopbie XapaK-
Mepu3yIom UMeH4U80CMsb NOKa3amelell COIHEUHOU paouayuu, memMnepamypuvl 6030yxa U ammochepro2o 0asieHus Ha Ucciedyemou
meppumopuu. JJanuas mMemoouxa no3eoasien OYyeHUums Cmenetsb U Xapaxkmep 6IUsSHUSL COIHEYHOU PAOUAyUY HA PecUOHATbHBIN mMeM-
nepamypHulil pescuUM u pacnpeoenerue ammocpeprnoo oasierus. Tennoghuszuyeckue ceoticmea noocmunaroueti H08epXHOCMU OaAHHOU
meppumopuu onpeoensiom npoyeccvl menioobmena. Temnepamypa 6030yxa evicmynaem Kax 0noCpeocmseo8antblii NHOKA3amenw, no-
CKObKY CONHEUHAsi IHEP2Usl, 8 Nepayio ouepedb, npeobpasyemcs 6 meniogyio noocmuaaroueil nogepxnocmu. Onpeoeneno, 4ymo cyuje-
cmeyem npsmas KOppeusiyuoHHAs, C6513b MeNCOy NOKA3AMENAMU COTHEYHOU paouayu u ammocpepnvim oagrenuem. Cmamucmuue-
CKAsl 3HAYUMASL 3A8UCUMOCHTb MEANCOY NOCIMYNICHUEM COHEYHOU paouayuy Ha meppumoputo Ykpaunvl u ammoc@epuvim 0agieHuem
npoCMampueaemcsi 8 8eceHHe-0CeHHUl Nepuood npeumyujecmeenino na 6onvuwiel yvacmu cmanyuti. Meoicdy conneunoi paouayuero u
memnepamypoti 8030yxa Hab00aemcs 00pamuas KopperayuoHHas céa3b HAOIO0Aemcs 3UMOl, 8 8eCeHHe-1emHblL Nepuod OHA npe-
obpazyemcs 8 npAMYio.

Knrwoueswie cnosa: conneunas paduayus, COIHeUHAs AKMUBHOCHb, MEMNEPANYPHYII PENCUM, MEMNEPamypa 6030yxa, ammoc-
¢hepHoe Oasnenue, ko3 puyuenm Kopperayuu, UsMeHeHUs KIUMAMA, PecUOHATbHASL MeMnepamypd.

Formulation of the problem. Considering the for most biochemical and physical processes on
fact that solar radiation is the main source of energy  Earth, further studies of its spatial and temporal
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changes make it possible to see the peculiarities of the
climate-forming properties of the underlying surface,
which is the main link that absorbs and converts solar
energy, acting as an indirect factor of variable cli-
matic conditions. Consequently, solar radiation deter-
mines the radiation and temperature regimes of the
territory, generating fluctuations in atmospheric cir-
culation, which in turn, involves various abnormal
weather events: typhoons, showers, hurricanes, etc.

Spatial changes, occurring in the constituent
parts of the radiation regime of the territory, are used
to solve applied problems: for calculations in the ur-
ban economy, solar energy, construction, agriculture.
In addition, the problem of energy supply, especially
its alternative types, is becoming increasingly im-
portant today.

Climatic conditions of any territory is a natural
factor that determines socio-economic conditions of
the society. According to studies [7], it has been
found that over the period 1860-1990 the average sur-
face air temperature on the planet increased by
0.55°C. According to the results of the International
Commission on Climate Change report, each of the
last three decades had a higher surface temperature
than any previous decade since 1850.

Lately, both natural, and anthropogenic factors
have been among the reasons that contribute to an in-
crease in the surface air temperature. Solar radiation,
as a natural factor, has a particular influence on spa-
tial and temporal changes in the air temperature on
Earth, since it characterizes the amount of heat enter-
ing the Earth's surface and determines the possibili-
ties of different heat transferring processes between
the components of the climatic system.

Analysis of recent research and publications.
Modern climatological studies [1-16] indicate a link
between cycles of solar activity and climate. The cy-
clicity of solar activity is generated by the combina-
tion of physical changes occurring on the surface of
the Sun.

The results of the study [21] denote influence of
solar activity on the temperature regime length in the
Arctic, namely Spitsbergen Archipelago. Using the
cross-correlation method, a relationship between the
time series of the solar cycle duration and the maxi-
mum number of spots has been found. The estab-
lished connections may have different meanings in
different regions of the planet. Thus, it has been de-
termined that stations located in the North Atlantic
have a greater correlation between the duration of the
solar cycle and the air temperature during the next cy-
cle than those located on the coast and in the middle
of the land with a correlation coefficient r ranging
from 0, 79 to 0.86.

A high degree of correlation between the Wolf’s
numbers and the air temperature in the northern Phe-
nocandia is given in [17], which proves the regional

effect of the solar activity influence on age-related
variations of the average annual temperature, and
confirms the study [28] on the existence of the Gleis-
berg cycle.

Acrctic ice is also an important source of infor-
mation on outbreaks of sunlight, supernova explo-
sions and climatic effects. Frequency and amplitude
of solar-explosive protons are determined by the con-
centration of nitrates in the dated layers of polar ice.
The amplitude-time characteristics of supernovae ex-
plosions are determined by measuring the time course
of cosmic isotopes 14C, 10Be and 36CI concentra-
tions in dated independent samples of polar ice. These
isotopes are formed in nuclear reactions in the Earth's
atmosphere under the action of galactic cosmic rays,
the source of which are supernova explosions. These
isotopes are also generated under the action of gamma
guanta of cosmic nature [21].

The main quantitative characteristics of solar ac-
tivity is the index of the Wolf’s number. Time varia-
tions in the number of sunspots are characterized by
periods of maxima, minima, described by a complex
quasiperiodic function. The cycle manifests in peri-
odic reduplication of the sunspots number. A direct
relationship was found by satellite monitoring of so-
lar activity between the Schwabe cycle (eleven-year
cycle) and luminosity with the amplitude from peak
to peak of about 0.1% [9].

The reasons for the occurrence of cyclic laws can
be modeled by a variety of factors, ranging from in-
tra-solar to the entire solar system. Variations in the
number of the observed sunspots may be determined
by relative arrangement of Earth and Sun in the solar
system relative to its barycentre and location in space
[10, 30].

Research, calculations, and numerical simula-
tions of the two kinematic indicators (the kinematic
index of the heliocentric longitude of the planetary
system and the planet connection index with a period
of 11.5 years and 19.8 years, respectively) indicate
that the solar system has two variations of the orbital
motion trajectory : an orderly and a chaotic with a pe-
riod of 49.9 and 129.6 years, respectively [30]. Two
ordered orbits or two chaotic ones change with a pe-
riod of 179.5 years. Periods of active solar radiation
correspond to the ordered orbit, while periods of low
solar radiation— to the chaotic one, therefore relative
movement within the solar system affects the solar
activity. In the study, large minima in the history of
solar activity are associated with the phase of the solar
system’s chaotic orbit. The sun provides a number of
different energy components that directly affect the
Earth's magnetosphere. In particular, variability of the
magnetic field is a source for processes that affect ge-
omagnetism and the upper part of the Earth's atmos-
phere. Thus, the next stage of the study is to detect
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solar radiation influence on the formation of climatic
conditions on the territory of Ukraine.

Emphasis on previously unsolved parts of the
general problem. Physical mechanisms of solar ra-
diation influence on the planet's atmosphere are com-
plex. Existing mathematical models can hardly con-
sider multivector physical processes occurring in the
atmosphere. The conducted research consists in ex-
panding theoretical and practical knowledge about in-
terconnections between indicators of solar radiation
and climatic values on the territory of Ukraine. The
obtained results can be used in further study and fore-
casting of temperature variations dynamics of any ter-
ritory.

Formulation of the purpose. The purpose of
the work is to establish the relationship between solar
radiation indicators and climate on the territory of
Ukraine for the period 1965-2015 and spatial features
of their distribution. As the initial information, the
time series of the average monthly air temperature
were used at 39 meteorological stations in Ukraine for
the period 1965-2015, atmospheric pressure at the
station level (period 1976-2015), the incoming
amount of solar radiation (total, scattered and direct
to the horizontal surface ) at 12 meteorological

stations (period 1965-2015) from the sources of the
Central Geophysical Observatory, time series of the
Wolf’s numbers for the period 1700-2015 (according
to the site http://sidc.be/silso/datafiles). The statistical
analysis of the actual material, maps drawing was car-
ried out using the software components of “Microsoft
Excel”, “Statistica”, “ArcGIS”.

Presentation of the main research material.
The main method of statistical analysis of the study is
the correlation method, which allows us to obtain co-
efficients of correlation variability of solar radiation
parameters, air temperature and atmospheric pressure
on the investigated area. This technique allows to es-
timate the degree and nature of solar radiation influ-
ence on the temperature regime of the territory and
distribution of atmospheric pressure. At first, the cli-
matological series were tested for statistical homoge-
neity and their correspondence to the normal distribu-
tion law, which determined the average value, disper-
sion (62) and the mean square deviation (o).

Statistical analysis of the solar radiation indices,
using annual values of the number of sunspots (the
Wolf’s numbers) for the period 1700-2015 and the
carried out averaging indicates the existence of solar
cyclesin 11, 22 and 90 years (Fig. 1).
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Fig. 1. Changes in the average annual number of sunspots in the period 1700-2015

Using Statistica software environment, seasonal
correlation coefficients between solar radiation indi-
ces, air temperature and atmospheric pressure at me-
teorological stations of Ukraine have been calculated
(Table 1).

The correlation degree between the random var-
iables of solar radiation ( x ) and atmospheric pres-
sure (v) is the correlation coefficient. At the value of

T,.4+=0, there is no linear correlation relationship, that

is:the values of x and vy are uncorrelated. If, at the
meaning of 0 < r,.., < 1 the relationship between the

values is direct, with values from - —1 < r,_ < 0 Is

inverse. Using the Student's criterion, statistical
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significance of the correlation coefficient has been
determined at the level of significance o = 5%
Statistically significant dependence between the
inflow of solar radiation on the territory of Ukraine
and atmospheric pressure is observed in the spring-
autumn period (0,3 <r < 0,7) mainly at most stations.
Inverse correlation between indicators of solar radia-
tion and air temperature is observed in winter
(0.7 <r £0.4), turning into direct one in the spring-
summer period. Given the fact that the relationship
between random variables is greater, provided that

the correlation coefficient is greater than the absolute
value, let us note the maximum effect of solar radia-
tion on the temperature regime of the territory in sum-
mer. The lowest indicators of the correlation coeffi-
cient are observed in autumn, which may be caused
by different characteristics of the underlying surface,
prevailing influence of circulation factors on the ter-
ritory of Ukraine.

Correlation dependence between random values
in summer was analysed on the example of the
Odessa station (Fig. 2).

Table 1
Correlation between solar radiation (Q), atmospheric pressure (P) and air temperature (T)
for seasons (W - winter, Sp -spring, S -summer, A - autumn)
Meteorological station | QPW | QPSp QPS QPA QTW | QTSp QTS QTA
Askania Nova 0,151 0,653 0,205 0,215 -0,250 0,075 0,052 0,154
Beregove -0,142 | 0,107 0,237 0,407 -0,499 0,230 0,103 0,064
Bolgrade 0,190 0,327 0,359 0,313 -0,122 0,606 0,257 -0,106
Boryspil -0,064 | 0,355 0,252 0,554 -0,673 0,096 0,272 -0,096
Karadag 0,248 | -0,317 | -0,272 | 0,017 -0,498 0,315 0,354 0,244
Kovel -0,046 | 0,352 0,527 0,422 -0,657 0,395 0,764 0,286
Konotop 0,226 | -0,089 | 0,349 0,456 -0,434 0,337 0,641 0,112
Mizhhirria 0,296 0,489 0,463 0,610 -0,464 0,220 0,249 -0,082
Nikitsky Botanical 0659 | 0348 | 0,260 | 0,097 | -0205 | 0558 | 0550 | 0,319
Garden
Nova Ushytsia 0,087 0,437 0,321 0,602 -0,604 0,364 0,461 0,198
Odesa 0,342 0,338 0,406 0,161 0,106 0,667 0,576 0,210
Poltava 0,276 0,281 0,405 0,519 -0,710 0,318 0,642 0,134
Scatterplot of P summer against Q summer
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Fig. 2. Correlation field for atmospheric pressure and solar radiation (Ssummer)
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By the arrangement of points in Fig. 2 it is pos-
sible to draw conclusions about the form and density
of the correlation connection. First, with increasing x
random y increases, thus we have a direct connection
between them. Secondly, the points on the correlation
graph are located near a certain line, so we believe
that the correlation connection is linear and the re-
gression function has the form of a straight line equa-
tion. By the points spread on the correlation graph one
can draw a preliminary conclusion about the density
of the correlation connection: it is denser when the
points are grouped around the regression line.

Analysis of the spatial distribution of the corre-
lation coefficients between solar radiation and atmos-
pheric pressure during the year indicates peculiar or-
ographic conditions of the study area: negative corre-
lation coefficients are observed in winter in the flat
forms of relief and in the areas of high altitude, at el-
evations, they are positive (Fig. 3). In general, the in-
dicators distribution is sub-latitudinal.

Isocorrelates with positive values shift to the
north in spring but indicators with negative values in-
crease in the northeast (to -0.4). In the west the values
of the correlation coefficients increase and they cover
a larger area relative to the winter period. Due to a
gradual warming of the underlying surface in summer
(Fig. 4), stabilization of atmospheric processes, dis-
tribution of correlation coefficients across the terri-
tory is almost homogeneous (from 0.2 to 0.5).

Distribution of indicators is more or less uniform in
autumn, only a significant increase in the correlation
coefficient is recorded within the mountain system of
the Carpathians (up to 0.6), there is a gradual transi-
tion to winter.

In winter, spatial distribution of the correlation
coefficients between solar radiation and air tempera-
ture is characterized by a reverse connection (-0.7) in
the east and north of Ukraine, associated with an in-
crease in albedo, cooling of the underlying surface.

Positive values of the correlation coefficients in
the Black Sea water area indicate that the main source
of warmth in this region is the warm sea. Distribution
features of correlation indices in the mountainous re-
gions of the Carpathians are due to the difference be-
tween the orographic structure and the structure of the
underlying surface.

In spring, the inflow of solar energy is increas-
ing, which is reflected in shifting of the connection
values to the north of the Black Sea and prevalence of
positive values. In summer, the highest values of the
correlation coefficients between solar radiation and
air temperature are observed almost throughout the
territory of Ukraine due to the geographical latitude
and the nature of the underlying surface. In autumn,
connections between the studied indicators weaken,
which is associated with a decrease in the amount of
solar radiation and orographic features of the terri-
tory.
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Fig. 3. Interconnection between total solar radiation and atmospheric pressure. Winter
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Fig. 4. Interconnection between total solar radiation and atmospheric pressure. Summer

Conclusions. Basic laws of solar activity fluctu-
ations have been established during the study: the
most significant are the Schwabe’s 11-year cycles and
the 22-year-olds. It has been determined that the main
factors which influence on the amount of solar radia-
tion, entering the underlying surface and forming the
radiation, as well as temperature regimes of the terri-
tory can be: geographical latitude of the locality, alti-
tude and nature of the underlying surface. Distribu-
tion of the main climatic indicators on the territory of

Ukraine corresponds to latitudinal laws where the re-
gions of high altitude are distinguished.

Analysis of the density degree of the correlation
between the random values of solar radiation, atmos-
pheric pressure and air temperature indicates mainly
linear direct relations, characterized by maximum
values in summer. In spring and autumn periods in-
terconnections between the investigated indicators
break due to changes in the properties of the underly-
ing surface and circulation factors.
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IDENTIFICATION OF SOLAR RADIATION EFFECT
ON CLIMATIC INDICATORS OF THE TERRITORY OF UKRAINE

Formulation of the problem. Understanding that solar energy is the main source of the majority of
biological, chemical and physical processes on Earth, investigation of its influence on different climatic fields
allows us to define the features of its space and hour fluctuations. To define radiation and temperature regime
of the territory it is necessary to determine climatic features of the spreading surface, which absorbs and will
transform solar energy. Considering the fact that modern climatic changes and their consequences cover all
components of the system, today there is a problem of their further study for comprehension of atmospheric
processes, modeling weather conditions on different territories depending on the properties.

The purpose of the article is to determine interrelations between indexes of solar radiation (the Wolf's
number) and air temperature, atmospheric pressure on the territory of Ukraine during 1965-2015, their change
in space and time.

Methods. Correlative method is one of the main methods of a statistical analysis which allows us to
receive correlation coefficients of solar radiation variability indexes, air temperature, atmospheric pressure on
the territory of the research. This technique estimates the extent of solar radiation influence on temperature
regime of the territory and distribution of atmospheric pressure.

Results. Coefficients of correlation, which characterize variability of solar radiation indexes, air
temperature and atmospheric pressure on the explored territory have been received by means of statistical
correlation analysis method. This technique allows us to estimate the degree and nature of solar radiation
influence on a temperature regime of the territory and distribution of atmospheric pressure. It has been defined
that direct correlative connection between indexes of solar radiation is characteristic of air temperature and
atmospheric pressure fields. Significant statistical dependence between incoming solar radiation on the
territory of Ukraine and atmospheric pressure has been noted during the spring and autumn periods mainly at
the majority of stations. Between indexes of solar radiation and air temperature the inverse correlative
connection in winter will be transformed to a direct connection during the spring and summer periods.

Scientific novelty and practical significance. Physical processes, which happen in the atmosphere, are
characterized by complex interrelations. For further research it is important to define solar radiation value and
the extent of influence on climatic conditions.

Keywords: solar radiation, solar activity, temperature regime, air temperature, atmospheric pressure,
coefficient of correlation, climate changes, regional temperature.
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