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SPATIAL DISTRIBUTION OF CLIMATIC INDEXES ON THE TERRITORY
OF FOREST-STEPPE AND STEPPE OF THE LEFT-BANK UKRAINE

C. I. Pewuemuenxo, B. I. Knumenko, H. 1. Yepxawuna, B. B. Mawkina. IIPOCT OPOBHH PO3IOJUI KITIMATHYHHX
IIOKA3HHKIB HA TEPUTOPII IICOCTEITY TA CTEI1Y JIBOFEPEJKHOI YKPAIHH. YV cmammi poszisidaiomscs ocobiu-
60CMI PO3NOOINY CEPEOHLOMICAUHOT MEMNEPAmMypu NOSIMps, MICAUHOI KITbKOCmi Onadié ma cepeOHbOMICAUHO20 NPUZEMHO20 AMMO-
chepro2o mucky Ha mepumopii ricocmeny i cmeny nigobepedcnol Ykpainu enpooosaic poky. 3a 00nomo2or KiacmepHo2o aHanizy
6yU GU3HAYEHT 3AKOHOMIDHOCIE NPOCMOPOBOT 3MIHU KAIMAMUYHUX NOKAZHUKIE YIPOO08dic poKy 3a nepiod 1951-2000 pp. Bcmarnos-
JIEHO, W0 3MIHU YACOBUX PAAOI6 KAIMAMUYHUX NOKAZHUKIE (OPMYIOMbCS NIO 6NIUBOM 8EIUKOMACUIMAOHUX amMOCchepHUx npoyecis i
Maroms c60i eapiayii 6npo0osaic ce3onis. Taxooc 0ocnioxcyemoca enaus Ilignivnoi Amnanmuxu Ha KIiMamudti yMo8u 00CaioHnCy8a-
HOI' mepumopii, AKutl MaKCUMAIbHO 8I0UYBAEMBCA Y OCIHHbO-3UMOSULL nepiod. Cmamucmuynull aHaniz memnepamyprux paois 0o-
36071U8 BUSHAYUMU NOOATbULY MEHOEHYII0 3MIHU MEeMNepamypHozo pexcumy Xapkiecvkoi obnacmi 3a nepioo 2001-2014 pp., wo xa-
pakmepusyemuca 3pocmanHam memnepamypu nogimps. Ompumani pesyibmamu ymounioloms ingopmayiio npo npocmopoeo-uacoei
3MIHU OCHOGHUX KIIMAMUYHUX NOKASHUKIE HA PEeCIOHAIbHOMY DIGHI.

Knrouosi cnosa: memnepamypa nogimps, ammoc@epni onaou, ammoc@eprutl muck, KiacmepHull aHaiis, cmamucmuyHui
ananis.

C. U. Pewwemuenko, B. I. Knumenko, H. H. Yepxawuna, B. B. Mawxuna. IPOCTPAHCTBEHHOE PACIIPE/IEJIEHHE
KIIHMATHYECKHX ITOKA3ATEJIEH HA TEPPHTOPHH JIECOCTEIIH H CTEIIH JIEBOBEPEKHOH YKPAHHBI. B
cmamve paccmampusaiomesi 0cobeHHocmu pacnpeoeienus cCpeOHeMecsauHol memnepamypusl 6030yxXa, MeCAUHOU CYMMbl 0CAOKO8 U
CpeoHeMecauH020 NPU3EMHO20 AMMOCHepHO20 0asneHls Ha MepPUMopul 1ecocmeny u cmenu i1egobepedichoil Ykpauivl 6 meyenue
200a. Onpedenero, umo usMeHeHus: BPEMEHHbIX PAO08 KIUMAMUYECKUXx nokasamenetl popmupyromes noo oeticmsauem KPynHOMACui-
MaOHBIX AMMOCHEPHBIX NPOYECCO8 U UMEIMm C60U sapuayuu 6 meuenue ce30Hos. C UCNONb308AHUEM KIACMEPHO20 aHANU3A Oblau
onpeoenenvl 3aKOHOMEPHOCMU NPOCMPAHCIMBEHHO20 USMEHEHUs KIUMAMUYecKux noxazamenei ¢ meyenue 200a 3a nepuod 1951-
2000 ece. Takouce uccneoyemes nusinue Cegeproii AMaAHMUKU HA KIUMAMUYECKUE YCI08UsL U3yHaeMOl meppumopui, Komopoe max-
CUMANbHOE 3HaueHue umeem 8 OceHHe-3UMHUL nepuod. CmamucmuyecKuti aHanus memnepamypHelx psoo8 No360Nul ONnpeoeruns
OanbHeuuy0 meHOeHYUio USMEHeHUs memMnepamypHo2o pexcuma Xapvrogckou obnacmu 6 nepuoo 2001-2014 ze., umo xapaxmepusy-
emcsa ygenuuenuem 3HaveHuli memnepamypul 6o30yxa. llonyuennvie pe3ynbmamel YMouHAIOM UHGOpMAYUI0 0 NPOCMPaHCMEEHHO-
8PEMEHHBIX USMEHEHUAX KIUMAMUYECKUX nokasameieti Ha pecuoHalIbHOM YPOGHe.

Kniouesnvle cnoea: memnepamypa 8030yxa, ammocghepuvie 0ocaoku, ammocgepnoe oagneHue, KIACMEPHbI AHAIU3, CINAMUC-
MUYEeCKUtl AHAIU3.

Formulation of the problem. Changes in me-
teorological values indicate unsteady temperature
conditions of both the global and regional climatic
systems [1-4, 11-14]. It has been determined that
sharp fluctuations in the average daily air tempera-
ture can be accompanied by dangerous elemental
hydrometeorological phenomena: squalls, hail, tor-
nados and thunderstorms. The study of regional law
of the climatic indexes distribution in the conditions
of global warming will allow to define the features
of atmospheric processes that form the anomalies of
temperature, to specify factors of impact that will
improve methods of short-term and long- term fore-
casts in the future.

Analysis of recent research and publications.
The main results of the global climate studies are in
the report of the Intergovernmental Panel on Climate
Change at the United Nations and WMO [10], as
well as in a number of papers [7-9]. Analysis of cli-
matic parameters on the territory of Ukraine was
carried out by many researchers [1-3, 6, 15-16, 18,
20-21]. They consider temperature and humidity
conditions, as well as the synoptic conditions of their
formation. Further study of the climate of Ukraine,
as a component of the global climate, will identify

features and rate of change of meteorological pa-
rameters.

The purpose of the article. The statistical
methods of long-term prognoses allow to calculate
meteorological processes, to build the statistical
models of meteorological values and phenomena. By
means of cluster and component analyses climatic
fields of average monthly air temperature values,
monthly rainfalls and atmospheric pressure have
been studied at 38 stations for the year in the second
half of the last century. The cluster analysis is an
heuristic algorithm based on the Euclidean distances
determined with predetermined threshold values.
This method is called "Universal iterative adaptive
method of cluster analysis (UAIMKA), which exam-
ines the components of the vectors characterizing the
physical state of the atmosphere [19]. Initial infor-
mation was introduced by matrix x — {Xu}m, com-

posed of n-series vectors with capacity m, character-
izing the statistical series of volume m = 50 of 38
points (n), which can be clustered.

Taking into account that the meteorological
fields are formed under the action of atmospheric
processes of different scale, the method of compo-
nent analysis allows the make parameterization of
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these climatic fields’ data. They are expressed by a
few uncorrelated parameters, linearly connected
with the components of a random vector and contain
basic information about the change [5]. This method
(the method of expanding the fields on the natural
orthogonal functions (NOF) allows to "compress"
the initial information, analyzing it, and it has been
applied to the temporal rows of monthly average air
temperature, precipitation, surface pressure consid-
ered during the year for the period from 1951 to
2000.

Presentation of the main material. Cluster
analysis characterizes the same type of districts on
temperature conditions, moisture regime and atmos-
pheric pressure within the limits of forest-steppe and
steppe of the left-bank Ukraine.

Fig. 1 shows as an example, districting of the
territory on the values of atmospheric pressure for

a)

Russia

)

Russia

the central months of the seasons (January, April,
July and October). A winter period is characterized
by the presence of three districts: north (1), south
(1) and southeast (I1). Northern district embraces
the territory of Chernihiv, Sumy, Poltava, Kyiv and
partly Kharkiv regions. In a December-January peri-
od, it extends to the borders of Zaporizhzhya,
Dnipropetrovsk and Luhansk regions. In February
the south-eastern district activates to the limits of
Luhansk and Donetsk regions. In spring characteris-
tic is distribution into the territory of northern dis-
trict. The southeast is mainly within the limits of
Luhansk region, and in May it is replaced by the
southern one.

In summer the third district activates on the ter-
ritory of Luhansk and of Donetsk regions. In July
northern district broadens on the large area of the
examined territory (up to borders of Zaporizhzhya

1} Dmepropetrovsk ;

Fig. 1. Classification of the territory on air temperature, precipitation and atmospheric pressure
(a- January, b- April, c- July, d- October)
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and Donetsk regions).

In autumn there is leveling of the climatic field
of atmospheric pressure: northern district embraces
almost all the territory of forest-steppe and steppe,
displacing the southern to the coast of the Azov sea.
Within the limits of Luhansk and Donetsk regions
the south-eastern district recommences.

Analysis of the average monthly values of air
temperature on the presented territory have shown
two main districts in an autumn-winter period:
northern and southern, the border between them
passes on the line of the north-west of Luhansk re-
gion, the north of Donetsk and the south of
Dnipropetrovsk regions. It takes place near the bar-
ometric axis of Voyeikow, which is defined by at-
mospheric circulation. In a spring-summer period
when the main value has the feature of laying sur-
face, in forest-steppe and steppe of the left-bank
Ukraine a local district is formed on the territory of
the Azov-Donetsk ridge.

Distribution of atmospheric precipitation is
complicated on the territory as it is formed under the
influence of circulation factors where regional circu-
lation is examined as a component of general circu-
lation. Thus, the change in the amount of precipita-
tion on the territory takes place differently. Atmos-
pheric precipitation substantially changes in time.
During the research there have been selected three
districts (northern, central, southern) that have main-
ly latitudinal location. Northern region is located in
Chernihiv, Sumy, Poltava and Kiev regions, the cen-
tral — in Dnepropetrovsk, Kharkov, Lugansk, on the
north of Donetsk and Zaporozhye regions, southern -
on the coast of the Azov Sea. A more homogeneous
climatic precipitation field is in autumn and winter.

In a spring-summer period local districts re-
flecting local orographic features of the territory are
determined. Significant changes in the precipitation
field are marked in a spring period under the action
of general and regional factors of atmospheric circu-
lation.

Thus, in the forest-steppe and steppe zone of
the left-bank Ukraine a cluster analysis has defined
three basic districts with general temperature and
water-moisture descriptions and similar distribution
of the surface pressure. In a fall-winter period these
climatic fields have a clear structure that confirms
the impact of global atmospheric processes on their
formation.

A component analysis defined main compo-
nents corresponding to the large structure features of
the climatic fields of air temperature, precipitation
and atmospheric pressure (table 1). According to
table 1, the average monthly temperature of air is
characterized by the first main component that has
80-93% of total dispersion of this field in all seasons
of year. The climatic field of atmospheric pressure

has 85% of total dispersion in an autumn-winter-
spring period, in summer - 70%. Field of precipita-
tion is characterized by two main components de-
scribed as 64-76% of total dispersion of the field in
February-April, September-November and Decem-
ber periods (table 1). In May-August for considera-
tion of the field of atmospheric precipitation it is
necessary to take into account three main compo-
nents that have more than 50% dispersions of the
precipitation field. As is known, the first main com-
ponents characterize the features of large atmospher-
ic processes that influence the climatic fields for-
mation over the prospected territory.

The second and the third principal components
are the processes of a smaller scale, small-scale fluc-
tuations, noise, which can be observed because of
errors in the measurements and data processing. The
analysis of the field of the first own vector of the
correlation matrix of atmospheric pressure for a year
on this territory determines two districts: the first is
located within the limits of Chernihiv, Kyiv, Poltava,
Sumy and partly Kharkiv regions; the second is on
the territory of Dnipropetrovs’k, Zaporizhzhya,
Luhansk regions. During winter they change their
configuration due to the changes of atmospheric cir-
culation.

In January, the southern district narrows but in
February it occupies the area of the south-eastern
part of Luhansk region. The first district is formed
under the influence of western transfer where west-
ern, north-western winds bringing significant atmos-
pheric precipitation prevail. Another district is under
the influence of eastern, north-eastern winds bring-
ing dry air. The location of the first district has a me-
ridional location, and the second one has a latitudi-
nal location. Thus, at the end of winter the prevailing
part of the territory is under the influence of cyclonic
activity of North Atlantic.

The location of districts changes in spring. In
March the central district broadens in the north-
eastern direction. The area of northern district dimin-
ishes, the southern district spreads to the borders of
Poltava and Kharkiv regions. In summer there are
local district within the north-east of Luhansk region
and south-west of Dnipropetrovsk, Zaporizhzhya
regions. In autumn under the influence of the atmos-
pheric circulation above the Azov - Black and the
Mediterranean seas aquatoria additional districts are
formed. By October, the climatic fields of atmos-
pheric pressure stabilize on the studied territory.

The fields of the first own vector of correlation
matrix of average air temperature confirm two pre-
existed districts: northern and southern, their divi-
sion takes place on the line Kharkov-
Dnepropetrovsk. In winter there are local districts on
the east of Sumy and the northeast of Luhansk re-
gions. The climatic field of air temperature is per-
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Table 1

Main components of air temperature, precipitation and atmospheric pressure

Amount Air temperature Precipitation Atmospheric pressure
Month | Oﬂp”;ﬁg:ns y) ol % y) ol % y) ol %

01 1 33,97 91,82 28,42 74,78 33,98 88,0

1 32,91 88,94 21,76 57,26 34,26 89,0
02 2 - - 4,47 11,76 - -

1 34,35 92,84 21,10 55,53 33,50 87,0
03 2 - - 4,82 12,69 - -

1 34,24 92,54 18,02 47,42 31,77 85,0
04 2 - - 6,26 16,46 - -

1 33,73 91,15 14,96 39,36 30,9 82,0
05 2 - - 5,50 14,48 - -

3 - - 2,03 5,34 --

1 34,42 93,01 16,25 42,75 28,02 70,0
06 2 - - 3,30 8,68 - -

3 - - 1,74 4,58 - -

1 31,52 85,20 14,69 38,64 27,11 68,0
07 2 - - 4,28 11,25 - -

3 - - 2,21 5,81 - -

1 31,32 84,66 13,25 34,86 26,07 67,95
08 2 - - 5,58 14,69 - -

3 - - 2,13 5,60 - -

1 33,44 90,37 20,08 52,83 29,65 69,37
09 2 - - 4,94 12,99 - -

1 32,80 88,65 23,18 60,99 32,19 86,25
10 2 - - 3,31 8,70 - -

1 32,11 86,78 21,71 57,14 34,31 89,21
11 2 - - 7,11 18,72 - -

1 32,70 88,37 21,71 57,13 33,37 88,68
12 2 - - 6,32 16,63 - -

manent in spring. Northern district broadens into the
territory. In summer a local district activates on the
east of Sumy, Kharkiv, and Luhansk regions. In Au-
gust due to the increased process over the water area
of the Azov and Black Seas the southern district
spreads to the northeast, covering almost all the ter-
ritory of Kharkiv and Luhansk regions. In autumn
under the influence of atmospheric circulation
northern district activates on the greater part of the
prospected territory.

The analysis of the fields of the first own vec-
tors of correlation precipitation matrix specifies on
two districts. In winter they change. The first dis-
trict has meridional direction and western cyclonic
influence. Its area diminishes in spring. The southern
district activates. In summer local districts appear on
the north-eastern and south-western territory. In au-

tumn during the activation of atmospheric processes
there are insignificant districts on the south of the
prospected territory.

Thus, under the influence of atmospheric circu-
lation, solar radiation throughout the year there is a
transformation of the surface pressure field, tem-
perature and moisture characteristics in forest-steppe
and steppe zone of the left-bank Ukraine, which
must be considered when forecasting the dynamics
of regional climate changes.

Conclusion. The research has allowed to speci-
fy the same type of areas on temperature and humid-
ity characteristics and the distribution of atmospher-
ic pressure by the actual data in the forest steppe and
steppe zone of the left-bank Ukraine. The compo-
nent analysis has revealed the factors of main cli-
matic fields of the territory formation. On the exam-
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ple of Kharkov region a trend in the increase in sur-  growth has been determined.
face air temperature, which is ahead of global
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