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DECOMPOSITION AND MODELLING OF THE ANNUAL CYCLE OF METEOROLOGICAL
VARIABLES IN THE UKRAINIAN CARPATHIANS

B oaniii pobomi ananizyromecs cmpykmypHi 0coOau80Ccmi ce30HH020 X00) pAJY MemeopoI0iYHUX 8eTUtUH 8 pauloHi YKpaitco-
kux Kapnam. B axocmi makux eiuyun po3ensioaniucs memMnepamypa nogimpsi, Kiibkicms ammocgeprux onaois, oe@iyum Hacuienus,
8IOHOCHA 80102ICMb NOGIMPA, NAPYIATLHUL MUCK 8005HOT nAPU, AMMOCHEPHUL MUCK HA PI8HT CMAaHyii ma Ha pieHi MOpS, WEUOKICb
simpy. IIpu ypomy cam piunuii Xio iHmepnpenye8ascs AK Cynepno3uyia wecmu 2apMoHix 3 nepiooom 6io 2 micayie 00 1 poky.

Hartisaoicnueiui pezyniomamu ompumano Ha 0OCHOBI AHANI3y Mamepianie cnocmepedicerv 33 memeopono2iunux cmanyii Yrpainu,
22 3 akux posmawosano desnocepednvo ¢ Kapnamax. [Jocniodcenns rpyHmyemocs Ha 6i00OMOCMAX NPO cepeOni MICAUHI 3HAYEHHS]
cemMu MemeopoNoSiuHUX 6eIUYUH 3a KIiMamono2iynut cmanoapmuuti nepioo 1961-1990 pp. Ipuxosani nepioduunocmi 6 ce30HHUX
KONUBAHHAX YUX GENUUUH GUABTATUCS MA OYIHIOBANUCA 3 OONOMO20I0 MEMOOY 2APMOHIYHO20 AHATI3Y.

OcnosHy ysazy npudineno napamempam nepuioi (piunoi) ma opyeoi (niepiunoi) eapMOHIK, AKUMU 6 CePeOHbOMY NOACHIOEMbCS
6nuzvko 94 % sazanvroi oucnepcii memeoponociunux éenuuun. Ilpu po3enaodi ce3onHux KOIUSAHL memnepamypu nosimps, oegiyumy
HacuyeHHs ma napyiaibHo20 MUCKy 600AHOI napu 00CMamHubo OOHIEL piunoi eapmonixy. Ananiz KOIUBAHL IHWUX BETUYUH BUMARAE
8paxogysamu i nigpiuHy eapmoHixky. I apmoHiku euwux nopaokie (3 mpemvoeo no n’samuti) HeoOXioHo 6pamu 00 yeasu npu aHanisi
8IOHOCHOI 801020CMi NOGIMPAL, KITbKOCMI aMMOChepHUx onadis, ammocgepHo2o mucky Ha pieri cmanyii ma weuoxocmi 6impy.

K 8UABUNOCS, CIPYKIMYPA CE30HHO20 X00Y MEMeOoPOL02IUHUX GeUYUH HA 2IPCLKUX CMAHYIAX | 6 neped2ip | nOMImHO 6I0pIi3Hs-
emocs. Jna 0eakux i3 Hux 6CMan061eHo CIamucmuyHo 3Ha4ywi opoepa@iuni eghekmu, wjo UPAHCAIOMbCA 6 3aNi3HI08anHT abo sune-
pedacenni (azu piunol eapmoniku 3 sucomoro. bauzokumu € gazu yiei 2apmMouiKu 0Jisi MEMeoPONOSIUHUX BETUHUH, NO8 S3AHUX MINC
€00010 NPAMUMU 3ANEXHCHOCAMU, A OM BENUHUHU, WO NOB A3AHI 0OepHEHUMU 36 AZKAMU, 3A36UYAll KOIUBAIOMbCA Y NPOMUDA3I.

Knrwowuoei cnosa: piunuii xio; eapmonixu,; amnaimyoa; gasa; mooeni; Ykpaincoxi Kapnamu, opoepaghiuni ecpexmu.

B. H. 3amyna. JEKOMIIO3ULHA H MOJAEJTHPOBAHHE I'O/OBOIO X04A METEOPOJIOTHYECKHX BEJIH-
YUH B YKPAHHCKHX KAPIIATAX. B oannoii pabome auanuzupyomcs: CmpyKnmypHvle 0COOEHHOCMU Ce30HH020 X00a psAod Mme-
meopono2uieckux eenudun 8 pavione Ykpaunckux Kapnam. B kavecmee maxux genudun paccmampuearomes memnepamypa 6030yxa,
KOAUYECMB0 amMOCHepHbIX 0CA0K08, Oeuyum HACbLWjeHUs, OMHOCUMENbHAS GIAMHCHOCTb 8030YXA, NAPYUATbHOE 0a6ILeHIUEe BOOAHO20
napa, ammocgeproe oasnienue Ha yposHe CIMAKYUL U HA YPOSHEe MOPs, CKOpocmb eempa. TIpu smom cam 2000601 X00 unmepnpemu-
POBANCA KAK CYREPNO3UYUSA WeCmu 2apMOHUK ¢ nepuodom om 2 mecayes 0o 1 2ooa.

Haubonee sadicuvle peynomamovl NOay4eHbl HA OCHO8E AHAIU3A MAMEPUanos nadnodenuti 33 Memeoponroeuieckux Cmanyuti
Vrpaunei, 22 uz komopwix pacnonoscensvt Henocpedcmeenuo 6 Kapnamax. Hccnedosanue 6asupyemcs Ha 8e00MOCMAX O CPEOHUX
MECAUHBIX SHAYEHUSAX CeMU MEeMeopoNosUYecKUX 8eIUYUH 3a Kaumamonosuieckuti cmanoapmuviii nepuod 1961-1990 ce. Cxkpevimobie
nepuooUUHOCIU 8 Ce30HHBIX KONeOAHUAX IMUX 8EIUUH bIAGIANUCH U OYEHUBANUCH C NOMOUWbIO MEMOOd 2APMOHUYECKO20 AHATU3A.

OchosHoe 8HUMAHUe YOeldemcs napamempam nepeou (200080ii) u 6mopoil (No1y2000601) 2aPMOHUK, KOMOPbIMU 68 CPeOHeM
obwscHaemcs okono 94 % obwetl ducnepcuu memeopono2uieckux eenudun. [Ipu paccmompenuu ce30HHbIX KOIeOaHULl memnepanypbl
6030yXa, Oehuyuma HACLIUEHUs U NAPYUATLHO20 0AGNIeHUs 600SIHO20 Napa 00CMAmMOYHO 00HOU 2000801 2apMOHUKU. Ananuz Koreba-
HUTL Opy2ux 6eudun mpebyem yuema u noiy200060U 2apMOHUKY. I apmMoHuKy evicuiux nopsaokos (¢ mpemve2o no namuiil) HeooXooUmo
NPUHUMAMb 60 HUMAHUE NPU AHAU3E OMHOCUMENLHOU GLANHCHOCMU 6030YXA, KOIUYECMEA amMOCPHEPHbIX 0CAOKO8, AMMOCHEPHO0
0asneHus Ha ypoeHe CIAHYUU U CKOPOCMU 8empa.

Kax oxasanocw, cmpykmypa ce3011020 X00a Memeopono2uteckux 6eIUUUH Ha 20PHbIX CMAHYUSX U 8 NPE020Pbe 3aMemHO OMlU-
uaemcs. [[na Hekomopwix U3 HUX OOHAPYIICEHbl CIMAMUCTIUYECKU 3HAYUMble opozpaguieckue IQghexmol, Komopbsie BbIPANCAIOMC 8
3anazobl8aHUU Ul OnepedceHul hazvl 200080U 2apMOHUKU ¢ 8bicomoll. Bauskumu ecms aszvl 2moui eapmoHuku 01 Memeopoaou-
YeCKUX 8eNUUUH, C8A3AHHBIX MeXHCOY CODOU NPAMBIMU 3ABUCUMOCTIAMU, A 60N BENUUUHDI, C6A3AHHbIE OOPAMHBIMU CEA3AMU, 0OLIUHO
Konebniomes 8 npomusoghase.

Knwouesvie cnosa: 200060ti x00; capmonuxu, amnaumyoa, gasa; modenu, Yxpaunckue Kapnamul; opoepaguueckue s¢ghghexmui.

Introduction. Effective use of climatic re- interesting. Daily and annual cycles play especially

sources requires integrated consideration of climatic
conditions fluctuations stipulated by the processes of
heat, water, and atmospheric circulation. Most of
them may be repeated in time with certain regularity.
Oscillations are quasiperiodic in case of continuous
changes of its amplitudes and periods. However, fluc-
tuations with a clear periodic nature are more

important role in nature. Data on fluctuations of both
types is an integral part of an area’s climatological
characteristic.

Formulation of the problem. At all stages of
atmospheric sciences development, considerable at-
tention has been paid to the annual cycle of meteoro-
logical variables (MVs) which is inherent in the time
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series of these sciences. Similarly to a daily cycle, it
is generated by the Earth’s climatic system influenced
by periodic fluctuations in solar radiation supply to
the upper atmosphere. Annual fluctuations of some
MVs (atmospheric pressure, in the first place) may be
triggered by gravitational interaction between the
Earth and the Sun, however, they are of secondary im-
portance.

Annual cycle analysis is usually based on con-
trasting long-term average seasonal (or monthly) val-
ues of variables or their anomalies. Obtaining the
whole complex of data has traditionally completed
the annual cycle analysis, which does not always meet
practical needs. That is why in search of more accu-
rate and informative annual cycle indicators some
special research methods have been commonly ap-
plied lately, with the method of harmonic analysis as
one of them. It is interesting that works on its use in
meteorology date back as far as the end of the 19™"
century [1].

Analysis of recent research and publications.
In some works, only the annual harmonic conditioned
by the Earth’s rotation around the Sun was considered
a basic component of the annual cycle of MVs. In par-
ticular, sinusoidal approximation of the annual cycle
was used to estimate long-term changes in average
daily air temperature in the territory of Russia and the
countries it borders on [31]. In other works, the sem-
iannual harmonic was considered in addition to the
annual harmonic, with the focus on the former one [5,
9, 16, 22, 30]. In general, seasonal fluctuations of
MVs are more correctly described by the first har-
monics which complement each other, not by one har-
monic [3, 4, 12, 14].

The importance and universality of the annual
cycle as a natural periodical process cannot be ques-
tioned. Thus, in extratropical latitudes of the Northern
hemisphere it normally determines over 90% of the
total variance of the air temperature series [10], which
makes it a major climatic signal. Spatial distribution
of the contribution the annual cycle makes to the total
variance of this variable and some other variables for
a considerable part of the World Ocean is shown in
[12]. In [13] not only spatial distribution of the annual
harmonic characteristics for air temperature over the
whole of Europe but also their relation to North At-
lantic Oscillation was shown.

A comparative characteristic of seasonal fluctu-
ations of various MVs for a limited number of stations
in Ukraine is given in [18]. Then, the annual cycle of
these variables was found to be noticeably different,
conditioned by the heterogeneity of the underlying
surface construction which varies from region to re-
gion. Along with that, the issue of similarity or differ-
ence of the climatic conditions of these variables in
the territory of some particular mountainous country
remains unresolved. The author did not consider this

question in subsequent papers [17, 19-20], devoted to
the identification of hidden periodicities of MVs sea-
sonal oscillations in certain regions of the East Euro-
pean Plain.

Further on, we consider the climatic conditions
of the Ukrainian Carpathians — a separate link of a
huge (about 1,500 km long) arc of the Carpathian
Mountains located in Ukraine. Mountain ridges, di-
vided by longitudinal depressions and demarcated by
deep transverse valleys, stretch for 280 km from
northwest to southeast, and 100-110 km from north-
east to southwest. The area of the mountain system is
about 24,000 sqg km, and together with the Ciscarpa-
thian Upland and Transcarpathian Lowland — 37,000
sq km. The Ukrainian Carpathians are mainly the
mountains of medium elevation, with the highest
points of 1,000-1,200 m. The height of six peaks in a
mountain range of Chornohora exceeds 2,000 m, with
Mount Hoverla (2,061 m) being the highest peak of
Ukraine. However, since they do not reach the snow
line, there are no evident traces of young glaciation.
The nature of the region is very similar to that of
Western Europe’s. The climate in the Ukrainian Car-
pathians is humid and comparatively warm with the
pronounced vertical zonation [29].

Despite their territorial compactness, the Ukrain-
ian Carpathians as a separate taxonomic unit of phys-
ical and geographical zoning of the Carpathian moun-
tainous country are determined by a considerable va-
riety of radiation and circulation conditions stipulat-
ing climate formation. On the whole, the climate of
the Carpathians can be considered well-studied,
which is proven by many monographs dedicated to it
[15, 24, 27]. At the same time, amplitude-phase char-
acteristics of even basic MVs of this area have hardly
ever been explored.

Purpose of the article. The main aim of this
work is to establish a consistent pattern of the annual
cycle of several MVs on the territory of Ukrainian
Carpathians by means of harmonic analysis. Special
attention was paid to spatial arrangement of annual
cycle peculiarities.

Data and methods. This research is based on the
average monthly values (climatological normals) of
seven MVs in the Ukrainian Carpathians within a
standard climatological period of 1961-1990. This
observation-based data have been provided by 22
weather stations located in the considered region
(Fig. 1, red marks). Moreover, the data of another 11
neighboring stations were used in the construction of
maps (Fig. 1, white marks). The basic results have
been obtained with the harmonic analysis method ap-
plied to the average monthly values of such MVs as
air temperature, some characteristics of air humidity,
monthly sums of precipitations, wind speed, and sta-
tion level pressure. The last variable has been opted
for due to the completeness of data (data on sea level
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Fig. 1. A network of weather stations in the Ukrainian Carpathians
and the adjacent areas of the East European Plain

pressure for stations with the highest hypsometric po-
sition is not published in reference literature on cli-
matology).

Mathematically, the annual cycle can be inter-
preted as a complex (polyharmonic) fluctuation of an
MV during a year, with its general features described
by the first (fundamental) harmonic that will be com-
pleted by fluctuations caused by the second and
higher order harmonics. The last harmonics can be
viewed as the overtones of the annual cycle since their
frequencies are a multiple of the fundamental fre-
quency.

Implicit frequency in seasonal fluctuations of
MV monthly values were revealed and estimated with
the use of harmonic analysis method, whose classical
scheme implies that any value can be presented as an
arithmetical mean and a finite amount of harmonics
[7,11, 23]:

LY 2n om .
X, =X+ Z_;‘{A' sm(?lt)+8 cos( ; |tﬂ O

where X, is mean value for month t (t=12,...,12);

X — mean annual value of MV; i — the ordinal num-
ber of a harmonic; n=12 — the original series length.

The unknown coefficients A and B, were cal-
culated by the formulas:

23 _(2m.
A =H§[xt sm(Tltﬂ, (2)

2 < 21 .
B, _Hg[xt cos[T |tﬂ. (3)

For the last (i=n/2) harmonic A =0, while B,

was halved.
The amplitude of a harmonic is its important
characteristic

C=yA +B. ()

Periodic fluctuations of MV, conditioned by a
particular harmonic, were presented as the product

C, cos{z—r:T (t—t, )} , (5)
where
t = L_arctg(Ai /B;) - (6)
2mi

the phase, that is time when the i -th harmonic reaches
its maximum (month). The necessary guidelines for
choosing the correct phase value outside the main
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domain of the t; for different values of the Fourier

coefficients can be found in [23].
The theory of harmonic analysis shows that the

variance due to a single harmonic is C?/2, except
for the last harmonic for which its value is twice as
big. Thus, the contribution a single harmonic makes

to the total variance of MV can be found by the for-
mula

C-2
f=—
' 262

-100 , (7)

where ° is the total variance. For the last harmonic
value f, is doubled.

Spatial localization of some features of climatic
conditions was evaluated with the use of regression
analysis.

Presentation of the main research material.
The use of standard climate indicators has methodo-
logically limited this work to covering a small
subrange of climatic conditions fluctuations, with the
period varying from 2 to 12 months. Fluctuations with
the period longer than 12 months as well as fluctua-
tions of a synoptic scale were not covered by the

study. At the same time, this made it possible to ob-
tain amplitude-phase characteristics of the annual
harmonic along with five more reference harmonics
with multiple frequencies.

In a study with the use of harmonic analysis, a
special attention is paid to the amplitude of the most
significant harmonics. However, amplitude charac-
teristics of particular harmonics for different MVs
will vary not only in the order of their values but also
in their dimensions. Thus, when cross analyzing and
comparing the revealed frequencies of these values

indicator f, should be used (Table 1).

According to Table 1, the first, or fundamental,
harmonics play the leading role in seasonal fluctua-
tions of all variables (the average value f, >50 %).

A physical nature of these fluctuations has already
been considered. It is evident and doesn’t need any
additional explaining. Generally, in 79 cases out of
142 it is the annual harmonics that determine more
than 90% of the total variance. Their contribution to
fluctuations of air temperature (99.4%), saturation
deficit (98.8%), and water vapour pressure (98.6%)
can hardly be overestimated.

Table 1
Main parameters average estimation of particular harmonics in some MVs in the Ukrainian Carpathians
Harmonic
Meteorological variable st | 2-nd . | 3-rd . | A-th | 5th | 6th
Period of oscillations, months
12 | 6 | 4 | 3 | 24 | 2
amplitude of harmonic:
Air temperature, °C 10.62 0.70 0.24 0.23 0.11 0.05
Sum of precipitations, mm 31.34 17.59 4.03 4.31 2.57 0.80
Saturation deficit, hPa 2.48 0.13 0.15 0.12 0.05 0.02
Relative humidity, % 4.81 1.50 0.59 0.93 0.29 0.13
Water vapour pressure, hPa 5.30 0.59 0.06 0.19 0.04 0.02
Station level pressure, hPa 2.59 0.47 0.85 0.20 0.59 0.18
Wind speed, m/s 0.52 0.12 0.10 0.05 0.06 0.03
contribution a single harmonic makes to the total variance of MV, %:
Air temperature 99.43 0.44 0.06 0.05 0.02 0.00
Sum of precipitations 67.61 27.50 1.77 2.19 0.77 0.15
Saturation deficit 98.79 0.31 0.39 0.33 0.15 0.03
Relative humidity 81.26 8.95 2.92 5.33 1.21 0.33
Water vapour pressure 98.60 1.24 0.02 0.13 0.01 0.00
Station level pressure 79.45 3.55 10.51 0.62 4.92 0.94
Wind speed 82.24 8.63 5.24 1.19 2.05 0.65
mean 86.77 7.23 2.99 1.41 1.31 0.30
phase of harmonic, months:
Air temperature 7.07 4.16 245 2.06 1.90 0.00
Sum of precipitations 6.82 0.29 2.92 2.07 1.36 0.00
Saturation deficit 6.72 1.66 0.78 1.36 0.55 0.00
Relative humidity 10.36 0.85 2.34 2.60 1.52 0.00
Water vapour pressure 7.22 1.19 2.14 2.26 0.77 0.00
Station level pressure 10.07 2.88 1.70 0.97 0.44 0.00
Wind speed 2.20 4.49 3.10 0.98 1.55 0.00
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The total contribution of higher harmonics at all
weather stations located in the Ukrainian Carpathians
is below 1% for air temperature, with only 1-2% for
water vapour pressure and 0.4-4.5% for saturation
deficit. In these cases, higher harmonics can be con-
sidered insignificant (with f, >5 9% taken as a crite-

rion of significance). Thus, all of them can be disre-
garded.

The annual harmonic contributes considerably to
seasonal fluctuations of wind speed (53-96%) and sta-
tion level pressure (69-93%). It is only at one alpine
weather station (Pozhezhevska, 1,451m above the sea
level) that this harmonic does not contribute signifi-
cantly to relative humidity seasonal fluctuations
(9.6%), following the four higher order harmonics. In
case of sum of precipitations, the number of such ex-
ceptions has grown to five, with three low weather
stations (Khust — 7.7%, Uzhhorod — 38.4%, Berehove
— 48.1%) having joined two mountain stations (Plai,
1,330m — 42.7%, Rakhiv, 430m — 41.2%). It is inter-
esting that here the role of the annual harmonic weak-
ened on the background of a considerable strengthen-
ing of the semiannual harmonic (Plai — 54.2%,
Rakhiv — 51.5%, Khust — 75.2%, Uzhhorod — 56.7%,
Berehove — 46.0%). Geographically, the fact that
these weather stations are located within the Trans-
carpathian Lowland and on the slopes exposed to the
winds unites them.

As we know, the semiannual harmonic is most
appropriate to describe the annual cycle of MVs with
two maximum and two minimum values. A similar
cycle is typical of the seasonal distribution of the
above-mentioned MVs — sum of precipitations (

f, =27.5%), relative humidity (8.9%), and wind

speed (8.6%), with indicator f, showing considera-

ble spatial volatility for sum of precipitations (from
9.9% in Yaremche to 75.2% in Khust), moderate vol-
atility for wind speed (from 0.4% in Chernivtsi to
37.3% in Uzhhorod) and a more even distribution for
relative humidity (from 2.1% in Drohobych to 19.3%
at Pozhezhevska station). In some cases, station level
pressure can show noticeable values of indicator f,.

At four out of ten weather stations it can reach the
mark of 5-6%. It can be assumed that such differences
in this indicator distribution are influenced by factors
of varying scale. Fluctuations of a planetary scale are
triggered by the mode of solar radiation supply as
well as meridional circulation between summer and
winter hemispheres of the Earth [22]. The fluctua-
tions of MVs modulated by them should also be con-
siderable, which is conditioned by thermobaric inter-
actions in the system atmosphere — ocean — dry land
in the Atlantic European sector. Finally, being influ-
enced by local peculiarities of underlying surface (or-
ographic factor) fluctuations with less spatial distinc-
tion can be generated.

The third harmonic (with a period of 4 months)
in a series of geophysical variables may be caused by
changes in atmospheric circulation in intra-tropic lat-
itudes resulting from the yearly motion of the Sun
[28]. This signal spreads to other parts of a climatic
system via numerous mechanisms of direct and in-
verse links.

A global nature of 4-month cycles is to be deter-
mined, in the first place, in atmospheric pressure fluc-
tuations, which can be seen from data provided, since
a relevant harmonic makes a significant contribution
to station level pressure annual cycle (10.5%). How-
ever, a more in-depth analysis reveals the importance
of the absolute altitude. It was found that the third har-
monic can be disregarded when evaluating atmos-
pheric pressure fluctuations at alpine weather stations
(Plai and Pozhezhevska), though at other stations this
variable causes rather noticeable disturbance in the
annual cycle of this variable. In Kolomyia, the contri-
bution the third harmonic makes reaches 16.2% of the
total variance. Moreover, the third harmonic deter-
mines considerable fluctuations of some other MVs:
wind speed (this variable makes major contribution at
six weather stations), sum of precipitations and rela-
tive humidity (three stations each).

Harmonics of still higher orders are usually very
weak. The reasoning behind physical cause of these
fluctuations lies far beyond this work and can arouse
more discussion. The grounded analysis of some of
them can be found in [21].

The fourth harmonic (with a period of 3 months)
can be noticed only in seasonal fluctuations of rela-
tive humidity (8 weather stations) and sum of precip-
itations (2 stations). The fifth harmonic (with a period
of 2.4 months) gains importance in the fluctuations of
atmospheric pressure (6 weather stations), relative
humidity (only for mountain weather stations:
Pozhezhevska —11.2%, Plai — 6.8%), and wind speed
(Slavske — 5.2%). The sixth harmonic (with a period
of 2 months) can be disregarded in all cases.

Data given in Table 1 support the idea that with
the higher order of harmonic the variance caused by
this harmonic diminishes [18]. A considerable contri-
bution (5% and more) to the total variance of the an-
nual cycle of MVs of several higher order harmonics
becomes possible with dramatic decrease in value of
the annual harmonic.

Distribution of f, values is similar at individual

weather stations in the Ukrainian Carpathians. The ra-
tio of arithmetical mean and standard deviation by
station sampling proves it right for more than one first
harmonics to be considered in statistical models of the
annual cycle of MVs.

Data on the distribution of such indicator as am-
plitude ratio between semiannual and annual harmon-
ics for different MVs is given in Table 2.

Table 2 shows that in case of MVs for which an-
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Table 2
Ratio of amplitudes between semiannual and annual harmonics of some MVSs, percentage
Meteorological variable

g ég Eg Eé 5 © -

. E 5 g g 2e | 3¢ 3

Weather station Q = c < 5 S 2 - &

£ = 2 g = = 8 S 8 =

2 S~ g E g8 B a £

= £ E < = & =

< A 3 4

Yavoriv 5.6 59.3 5.8 27.3 11.4 — 10.1
Mostyska 6.6 43.6 8.2 29.2 10.9 - 175
Drohobych 6.2 36.9 8.2 155 10.3 26.8 175
Stryi 7.1 40.3 4.3 40.6 11.2 - 16.4
Turka 6.9 49.2 5.8 47 .4 11.3 — 31.2
Slavske 6.3 44.4 6.6 19.7 11.3 21.1 36.7
Dolyna 6.3 35.9 2.0 43.6 11.2 — 11.0
Ivano-Frankivsk 6.9 41.1 7.2 23.7 11.3 28.9 19.3
Kolomyia 7.6 35.8 5.3 26.5 10.7 30.5 26.2
Yaremche 6.2 33.3 6.5 51.4 11.3 — 40.7
Pozhezhevska 2.7 60.9 6.0 141.7 13.8 145 15.7
Velykyi Bereznyi 7.5 84.8 4.4 29.7 11.1 — 38.0
Nyzhni Vorota 6.7 57.3 2.7 31.2 10.4 — 28.3
Nyzhnii Studenyi 6.6 61.5 6.3 22.7 10.5 — 27.0
Uzhhorod 8.3 121.5 4.9 34.3 10.8 9.8 83.7
Plai 2.0 112.7 4.8 35.9 12.3 9.2 36.6
Mizhhirya 7.3 76.7 4.7 27.2 10.6 — 28.7
Berehove 8.1 97.8 7.1 28.3 9.3 — 57.7
Khust 8.5 311.9 5.8 30.0 10.0 9.4 56.7
Rakhiv 7.0 111.8 3.3 38.2 12.2 — 34.8
Chernivtsi 7.1 46.2 5.0 26.7 11.7 28.5 6.6
Seliatyn 6.1 39.0 2.7 27.3 12.1 23.7 23.5
mean 6.5 72.8 5.3 36.3 11.2 20.2 30.2
maximum 8.5 311.9 8.2 141.7 13.8 30.5 83.7
minimum 2.0 33.3 2.0 15.5 9.3 9.2 6.6
standard deviation 15 60.1 1.7 25.1 0.9 8.7 18.1

nual harmonic is of prior importance, this ratio is low,
characterized by slight variations according to the
data provided by stations. Thus, for saturation deficit
and air temperature the amplitude of the semiannual
harmonic does not exceed 8-9% in relation to the an-
nual harmonic amplitude, while for water vapour
pressure it constitutes 14%. At the same time, for rel-
ative humidity and especially for sum of precipita-
tions the amplitude of the semiannual harmonic can
sometimes exceed the amplitude of the fundamental
harmonic.

Since in most cases it is the first harmonic that
determines most of the total variance of MVs, the
maximum and the minimum values of its cycle during
a year can be found by the phase value of this har-
monic. In this sense, the graphs of water vapour pres-
sure (Fig. 2) and relative humidity annual cycles
(Fig. 3) are most demonstrative.

Thus, at Plai weather station the maximum value
of water vapour pressure can be observed in late July
(t, = 7.26 month), while the maximum value of rela-

tive humidity — in the first half of December (11.68
month). For other weather stations in the Ukrainian
Carpathians, the maximum value of water vapour
pressure almost coincides in time with that at Plai sta-
tion (7.17+7.26 month). Time discrepancy in reach-
ing the maximum value of relative humidity is far
more considerable (9.71+12.19 month).

In addition to the actual seasonal cycle of humid-
ity elements, relevant graphs also show their model
estimates obtained with the first harmonic, the first
two harmonics and the first three harmonics taken
into account. It is the first harmonic amplitude that
best agrees with the annual cycle amplitude of a cor-
responding variable. With higher order harmonics
taken into account, model estimates become more ac-
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Fig. 3. Relative humidity annual cycle at Plai weather station

curate. This is more evident for relative humidity,
since it is only with these variables taken into account
that the model can display the minimum value in early
May as well as some other peculiarities. Figure 3
shows that for a more accurate representation of pe-
culiarities of the relative humidity annual cycle, the
number of approximating harmonics should be in-
creased (the fourth and the fifth harmonics at Plai
weather station describe 5.9 and 6.8% of the total var-
iance respectively). At the same time, in case of water
vapour pressure, though, consideration of the first two
harmonics — annual and semiannual — will suffice.
Normally, the maximum of the first order har-
monic for meteorological variables that are directly
interdependent occurs at the same time, while for

those that are inversely interdependent there is a six
month gap. Thus, at Plai weather station we can ob-

serve air temperature change (t, =7.15 month) in an

almost synchronized manner along with water vapour
pressure (7.26 month), saturation deficit (6.84 month)
and sum of precipitations (7.23 month) associated
with it. With a slight delay, the temperature itself fol-
lows seasonal changes in solar radiation (or, in the
first approach, midday altitude of the Sun, with the
phase angle being 6.23 months) as a determining fac-
tor of climate formation.

It is almost in antiphase that air temperature
(t, =7.15 month), relative humidity (11.68 month),

station level pressure (8.15 month), and wind speed
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(0.69 month) change. However, the cycle of atmos-
pheric pressure (8.15 months) as well as sum of pre-
cipitations (7.23 months respectively) does not reveal
the expected dependence. The disagreement in fluc-
tuations of these variables can be explained by some
peculiarities of a seasonal restructuring of thermo-
baric field in the whole of Atlantic European sector of
the Northern hemisphere. It should be noted that data
on the sea level pressure for Plai station is not availa-
ble, while at other weather stations with a lower hyp-
sometric position the phase of this MV was observed
to be late related to station level pressure with the de-
lay difference typically being not longer than 1
month.

It is general knowledge that the phase delay of
the air temperature annual harmonic with relation to
solar radiation indicates a weakened effect of large
land masses [6, 8], and that the mountain climate has

a lot in common with maritime climate [2, 26]. Given
this fact, let us try to estimate the effect of Ukrainian
Carpathians on the phase structure of seasonal fluctu-
ations of individual MVs.

It was found that with an increase in altitude, the
maximum of the first harmonic for a number of inter-
related variables occurs with some delay (Fig. 4).
Phase delay (angle of slope for trend lines in Fig. 4)
is bigger for saturation deficit (0.030 month/100m),
moderate for air temperature (0.014 month/100m)
and weaker for water vapour pressure (0.004
month/100m). The above-mentioned delay values
turned out to be statistically significant being at the

5% significance level. Determination coefficients R*
of linear equations (0.560, 0.639 and 0.234 respec-
tively) indicate medium (water vapour pressure) and
high (the other two variables) degree of dependence.

7.4
7.3

e

7,2
7,1
7,0
6.9
6.8
6,7
6,6

phase of the 1st harmonic, month

6_.,5 T T 1 T T T T T T T T T T T T T T T T T T T T T T T T T
0 200 400 600 800 1000 1200 1400 1600
elevation above sea level, m
air temperature saturation deficit > water vapour pressure —trendline

Fig. 4. Phase delay of the first harmonic with change in altitude

The opposite tendency, namely advancing of
coming of time the first harmonic maximum t; for

station level pressure with change in altitude (h), as
dependency being almost linear (determination coef-

ficient of equation t, =—0.0026h+11.511 is equal

t0 0.96), is also worth considering.

Time distribution for the maximum of the first
harmonic to be reached in the Carpathian highlands
differs significantly from that for the Transcarpathian
Lowland and the adjacent areas of the East European
Plain (Fig. 5).

The feature that is common for MVs, shown in
the picture, is the total length of contour lines of the
same phase values of this harmonic, going from

northwest to southeast as well as a considerable con-
centration of contour lines in mountains, but the mar-
gins of this variable differing a lot. For sum of precip-
itations, maximum delay in the first harmonic phase
is observed from the leeward side of the southwest
slopes of the Ukrainian Carpathians as well as on the
approach to the highest ridges of this mountain sys-
tem (Fig. 5, (b)). Moving deep into the territory of
Ukraine, the value of this harmonic phase goes down
again. For other MVs, the area of maximum delay in
the first harmonic phase is strictly localized over the
highest areas of the Ukrainian Carpathians.

Thus, it is not only general climatic conditions
that get milder in the Ukrainian Carpathians [15, 24,
25, 27], but also some specific orographically deter-
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Fig. 5. Phase of first harmonic for some MVs:
(a) air temperature; (b) sum of precipitations; (c) saturation deficit; (d) water vapour pressure

mined (by the whole complex of relief conditions, or
mainly due to varying altitude) effects are created,
which are difficult to detect with the use of traditional
methods of climatological treatment of meteorologi-
cal data.

Conclusions. From the provided materials, we
can see that in order to characterize polyharmonic
structure of different MVs annual cycle, the value of
a relative contribution that harmonic makes to the to-

tal variance of seasonal fluctuations (indicator f,)

proved to be most convenient. It was found that in the
Ukrainian Carpathians a major contribution to fluctu-
ations of different MVs is made by the annual and
semiannual harmonics. Their aggregate contribution
to the total variance of the whole complex of the cli-
mate regime parameters exceeds 94%.

Most seasonal fluctuations are determined by the
fundamental harmonic. In case of air temperature, sat-
uration deficit and water vapour pressure, its contri-
bution exceeds 98%. For some more variables, its
contribution makes as much as 80% and more. It was
also found that the contribution the annual harmonic
makes to the total variance of the seasonal cycle of

some water circulation indicators (relative humidity
and especially sum of precipitations) weakens in the
territory of the Transcarpathian Lowland and the
windward southwest macroslope of the Ukrainian
Carpathians.

Semiannual harmonic gains prior importance
only for sum of precipitations seasonal cycle (27.5%).
It also makes a noticeable contribution to the annual
cycle of relative humidity, wind speed, and to a some-
what lesser extent to station level pressure, with indi-

cators f, for these MVs showing different degrees of

differentiation in space.

The third harmonic is of prior significance in at-
mospheric pressure fluctuations. However, its im-
portance varies for weather stations of different hyp-
sometrical position likely reflects the overall weaken-
ing of the effect the underlying surface produces on
the atmosphere with change in altitude.

In the fluctuations of some MVs higher order
harmonics have also been found, though only in some
cases they determine over 5% of the total variance. It
was shown that the last harmonic (with a period of 2
months) does not play any significant role at all.
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The Ukrainian Carpathians possess some spe-
cific features of a mountain climate, with one of them
being a regular change of maximum occurring for a
number of MVs with change in altitude. The revealed
climatic effects of delayed or early annual harmonic
phase with relation to change in altitude are to be

supported by research into the climate of other moun-
tainous countries.

These materials indicate that it is essential for a
number of harmonics to be taken into consideration
when representing climatological features of MVs
with a weakened annual cycle.
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DECOMPOSITION AND MODELLING OF THE ANNUAL CYCLE OF METEOROLOGICAL
VARIABLES IN THE UKRAINIAN CARPATHIANS

Formulation of the problem. In this paper we consider some structural peculiarities of the seasonal cycle
of a number of meteorological variables (air temperature, sum of precipitations, saturation deficit, relative
humidity, water vapour pressure, station level and sea level pressure, wind speed) in the Ukrainian Carpathians,
with the annual cycle being interpreted as a superposition of six harmonics with the period ranging from 2
months to 1 year.

Data and methods. This research is based on the average monthly values of seven meteorological varia-
bles in the Ukrainian Carpathians within a standard climatological period of 1961-1990. Implicit frequencies
in seasonal fluctuations were revealed and evaluated with the help of harmonic analysis method.

Presentation of the main research material. A particular emphasis has been laid on the parameters of
the first (annual) and second (semiannual) harmonics. It was found out that, on average, the annual harmonic
explains some 87% of the total variance of the variables, while the semiannual harmonic accounts for more
than 7%. It is shown that when considering seasonal fluctuations of air temperature, saturation deficit and
water vapour pressure annual harmonic will suffice. Analyzing fluctuations of other meteorological variables
requires a semiannual harmonic to be taken into account. Higher order harmonics (from third to fifth) are to
be taken into consideration when analyzing relative humidity, sum of precipitations, station level pressure, and
wind speed. The last harmonic (with a period of 2 months) does not play any significant role at all.

It was found out that the seasonal cycle structure of these meteorological variables at mountain weather
stations and at foothill ones differ noticeably. For some meteorological variables, namely saturation deficit, air
temperature, water vapour pressure and atmospheric pressure, orographic effects that manifest in either de-
layed or early phase of the annual cycle with relation to altitude, have proved to be statistically significant.
Phases of this harmonic are typical of meteorological variables that are directly interdependent, while variables
that are inversely interdependent normally fluctuate in antiphase.

Keywords: annual cycle, harmonics, amplitude, phase, models, Ukrainian Carpathians, orographic effects.
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