Acta Agrophysica, 2008, 11(1), 45-55

THE EFFECTOFATMOSPHERICCIRCULATION ONTHE OCCURRENCE
OFTHAWS IN POMERANIA

Marek Chabiot, Matgorzata CzarnecKa

'Department of Marine Ecology and Environmental 8ctibn, Agricultural University
ul. Kazimierza Krélewicza 4, 71-550 Szczecin
e-mail: marekchabior@fish.ar.szczecin.pl
’Departament of Meteorology and Climatology, Agrtauhl University
ul. Papiea Pawta VI, 3, 71-459 Szczecin

Abstract. The analysis of atmospheric thaws was based omdiaa daily values of air tempera-
ture recorded at 200 cm above the ground at 15ViM@eteorological stations within the span of
1960/61-1999/2000. For the determination of thecefbf atmospheric circulation on the frequency of
thaws in Pomerania, Lifigki's classification and also the indices of thetiNétlantic Oscillation (NAO)
according to Hurrell, Jones and Rogers were udee.vital role played by atmospheric circulation in
determining atmospheric thaws in Pomerania wasirooed by statistically significant coefficients of
correlation obtained for all of the applied indarat the largest ones for the group of circulativections
from the western (SW, W and NW) and eastern (NEBnsectors, including non-advective situations
according to Lityiski's classification. The spectrum analysis camigdshowed that periodic character of
the course of atmospheric thaws, with cyclic congpts of 5.5 and 8.1 years, is determined by similar
changes of atmospheric circulation.
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INTRODUCTION

Variability of weather conditions is determined by the charasteatmos-
pheric circulation. Considerably higher number of mild wintersnesie-fold in
Pomerania, than that of frosty winters (Paczos 1982), is coaneite the flow
of air masses from over the Atlantic Ocean, and the laggEsitive anomalies
occur in the conditions of western cyclonic circulation (Baveski 2001). The
essential role of atmospheric circulation in the fororatf thermal conditions in
Poland is confirmed, using various methods of Gtén typology, by the results of
many studies (fkowska 2005, Ustrnul, Czekierda 2002,zchowski, Zmudzka



46 M. CHABIOR, M. CZARNECKA

2002, Kauchowski 2003). The objective of numerous analyss also the estima-
tion of the effect of atmospheric circulation otlee North Atlantic, described by the
North Atlantic Oscillation (NAO) indices, on ther &&mperature in the scale of the
whole country, but also in the area of Pomeranifipiggk 2003, Kauchowski,
Degirmend# 2002, Marsz 1999, Marsz, Stysgka 2001). Whereas, among sparse
national publications dealing with thaws only tworlks are concerned with atmos-
pheric circulation conditions of the phenomenonuziEmski's (1971) and Mrugata's
(1987/1988). For these reasons the main aim girtisent study was to determine the
influence of atmospheric circulation on the frearyeand cyclic character of the oc-
currence of thaw in Pomerania.

MATERIAL AND METHODS

As the basic material, mean daily values of airperature recorded at 200 cm
above the ground in 15 meteorological stations (IMGW) collecteigitine pe-
riods from November to April in the years 1961-2000 were used. lhitéhature
there is no unequivocal criterion of thaw, and the phenomenon is denietalr-
mined on the basis of maximum or mean daily temperature. In teenpretudy,
following Kuziemski's (1967) definition of thaw, a mean daily @mperature
occurring during at least two successive days, but only after the firssatHese-
day period with a mean daily air temperature bel8®; vas used as the criterion.
The phenomenon determined in this way was expressed by means of a nfumber o
days. To present characteristic features of the circulationitemry] Litynski's
classification of circulation types worked out for the whole tguand recog-
nized as one belonging to objective methods of typology (Kaszewski %280)
used. The results of this classification, including 27 typesirculation, were
published in calendars of circulation worked out byp8Stewska-Podrza (1991)
and Pawlowskat al. (2000). Analysing the relationships between the frequency
of thaw and the directions and types of circulation, it was obdethat a larger
influence on the occurrence of thaw had the direction antlesmathe type of
circulation. These are the reasons for which two groups of directionseapng
western (SW+W+NW) and eastern (NE+E) sectors togetharagito (0) circula-
tion were eventually selected for the analysis. Due todbetfiat the occurrence
of thaw is connected with the advection of warm masses ofoair dver the At-
lantic Ocean, the effect of the North Atlantic Oscillatd@scribed by the indices
worked out by Hurrell (1995), Rogers (1984) and Jaateal. (1997) were also
analysed. The objective of the analysis were mean valud¢isefgreriod from De-
cember to March. For the analysis of the cyclic charaftdre changes in atmos-
pheric thaws and circulation indices included in the present stumycHo's
method (1998) was applied. The method consists in the approximattnooio-
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logical sequences of the measurements by sinusoids, acct@ipgriods suc-
cessively every 0.1 year

RESULTS AND DISCUSSION

The most frequent occurrence of atmospheric thaws and, in consequeince, tha
of the thaw in the surface layer of soil is chagastic of the western regions of the
country (Czarnecka 1990, Czarnecka 2005, Mrugaha , 18@irugata 1987/ 1988). In
Pomerania, the average number of days with atmosgheaw varies from about 50
in Pojezierze Kaszubskie and Pojezierze Bytomgikikim Rownina Charzykowska
to almost 70 in the north-western and western regions (Fig. 1).

55 60 65 days

Fig. 1. Mean number of days with atmospheric thaw fromebazer to March. Years 1961-2000.

Even in the coldest months of a year, i.e. January and Febrtragsperic
thaws occur during a period from 10 to 15 days and generally tieadhtensity
from 3 to 4C (Czarnecka 2005). In the analysed period of 40 years the smallest
number of thaw days, i.e. about 18, was recorded in the most snover wint
1969/70, whereas particularly thawy was the winter in 1988/89 in whinlv
occurred in 111 days. That is as much as about 90% of the days ddrithe p
from December to March (Fig. 2). The random character of the pheoonie
reflected in very large coefficients of variation of tingmber of days with thaw
which vary, depending on the station, from 34 to 46%.
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Fig. 2. Variability and trends of the number of days watmospheric thaw (O), of days with west-
ern circulation (SW+W+NW) according to Litgki and to Hurrell's NAO index in Pomerania from
December to March. Years 1961-2000

Increase in the air temperature in winter and gpnonths, recorded in many
works, also manifests itself in a rise in the frmagy of occurrence of atmospheric
thaws and, although less clearly, in an increagbaim intensity (Czarnecka 2005).
Despite large seasonal variability of the phenoméndhe years 1961-2000 the lin-
ear trend was statistically significanteat 0.05. In Pomerania the number of thawy
days during the period from December to March sldomreincrease by 7.7 (Fig. 2)
every ten years, and in individual stations by abotd 8 (Czarnecka 2004). The
analysed period of forty years was also characterised bycagase in the fre-
quency of occurrence of the western directions of circulatioording to Litya-
ski by about 9.3 days, and also by an increase in the value oflldiMAO index
by 1.0 — the above characteristics refer to both indices durigoédice 10 year
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periods. A larger increase in thaw days was obdeiuethe western part of Pomera-
nia. The analysis for the months showed that #stitatly significant trend of the
frequency of atmospheric thaws took place onhaimuary. Analysis of Figure 2 also
shows that the variability of the number of daythvaitmospheric thaw in Pomerania
in 1961-2000 showed a distinct similarity to theiadaility of days with grouped di-
rections of circulation from the western sectoroading to Lityaski's classification
and also with the course of Hurrell's NAO winteder.

The directions of circulation grouped accordind ity nski show close relations
with the applied NAO indices and it is obvious thagher coefficients of correlation
were obtained for the western sector, particuldidyones with Jones's index, which
explains about 74% of the variability of days wittV/+W-+NW directions.

Directions of circulations according
to Litynski

Index NAO

Correlation coefficient
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Fig. 3. Coefficients of linear correlation, significant at= 0.01, between the days with atmos-
pheric thaw in Pomerania and the days with ciraatefrom the western and eastern sector accord-
ing to Litynski's classification and Rogers, Jones's and HsridAO winter indices in the ac-
cepted multiannual periods

Clearly larger consistency of the course of nunobeiays with atmospheric thaw
with the course of the applied indices of circalatin the second half of the analysed
forty year period is confirmed by the results tfated in Figure 3, in which correla-
tion coefficients for the accepted in the prestntysforty year period were compared
with the coefficients of correlation obtained foettwenty year periods included in
the mentioned forty year period and also in thesy&871-2000 embracing "the last"
circulation epoch. (Kauchowski 1996, Marsz 1999). Strong and highly §icamt



50 M. CHABIOR, M. CZARNECKA

correlation ¢ = 0.01) was observed between circulation directionsNé@ indi-
ces and the number of days with thaw. The closest relationshvediethe fre-
quency of atmospheric thaw and the circulation conditions was @osarnthe
twenty year period of 1981-2000. The correlation coefficientaliothe consid-
ered indices of circulation were higher than those in the thidy period of the
years 1971-2000. This may point to an increase in the impact of zanadhtion
after 1980.

In all the considered periods the largest correlation coefiisiwere charac-
teristic of the relationship between the thaw and the directbegculation ac-
cording to Lityaski. They were generally slightly higher for the direcsion
grouped from the western sector and lower for those from the reastetor, in-
cluding non-advective situations (0). Whereas, among the NAOeindie best
description of the variability of atmospheric thaws wagstlated by Hurrell's
index. A close relationship between the occurrence of thawy alay the circula-
tion conditions in Pomerania is confirmed by the results ofatiaysis for indi-
vidual IMGW meteorological stations presented in Table 1.llltha cases the
analysed relationships were statistically significard at0.01. The highest coef-
ficients of correlation, like in Pomerania, were obtained fodtrections grouped
according to Lityiski's classification, which illustrates the role of locatgiation
system of high pressure from over Russia in the creation tfi¢henal conditions
better than the NAO index. Hurrell's, Jones' and Rogers NAO mdjaee an
approximate description of the variability of days with atmosph#raw. Al-
though the differences of the correlation coefficients betweestttons were
not very large, their values for all the applied indices shww the atmospheric
circulation determined the variability of atmospheric thawtla more clearly in
regions situated in the highest points of Pomerania (Chojnie&idfzyna), the
regions of smaller on average frequency of thaws, whereaasitdetermined
a little less clearly in the north eastern seaside part.

The large similarity of oscillation spectra of the occuteefrequency of at-
mospheric thaws to the course of the number of days with thugpe circulation
directions, according to Lifiski's classification and also to the values of Hur-
rell's, Jones's and Rogers's NAO indices, was confirmed bgrihlgsis of the
time series, the results of which are presented in Tabtel Figure 4. The high-
est coefficients of multiple correlation for atmospheriavil were obtained for
the regression sinusoids of the periods of 5.5 and 8.1 years. Aitadleloiminant
cyclic component of a period of 5.5 years was also charactesfstiee western
sector of circulation (NW+W+SW) according to ligki and also that of the
NAO indices in which the most distinct was that of Jones's index. In the spkctra
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all the analysed indices of circulation, also cyclienponents of the periods of
about 8 years manifested themselves and the closest to thas.dyitle was the
one for Hurrell's and Jones's indices. The dominant character afrtteampera-
ture course of the 8-year periods in Poland was indicated by atmprs.
Boryczka and Stopa-Boryczka (2004) think that the horizontal compafghe
tidal resultant force of the Moon and the Sun is significadt that it probably
causes an approximately 8-year periodicity of the circulatfomtmosphere and
air temperature. Analysis of Figure 4 shows also that thémmaaof both the dis-
covered cycles fall approximately in the same years.

Table 1. Coefficients of linear correlation, significant@t= 0.01, between the number of days in the
period from December to March and the number of aih circulation from the western sector accord-
ing to Lityaski's classification and Rogers, Jones' and Hisri¢AO indices. Years 1961-2000

Directions_of,cir(_:ulation NAO Indices
Station by Litynski

SW+W+NW NE+E+0 Hurrell's Jones' Rogers
Swinoujicie 0.77 -0.78 0.72 0.70 0.72
Lipki k. Stargardu Szcz. 0.73 -0.73 0.73 0.68 0.71
Szczecin 0.78 -0.78 0.74 0.71 0.74
Przelewice 0.82 -0.81 0.76 0.75 0.75
Gorzoéw Wikp. 0.81 -0.79 0.75 0.74 0.74
Ustka 0.74 -0.79 0.70 0.65 0.72
Resko 0.77 -0.76 0.77 0.74 0.73
Koszalin 0.78 -0.77 0.75 0.73 0.74
Chojnice 0.85 -0.77 0.81 0.80 0.75
Koscierzyna 0.82 -0.80 0.77 0.77 0.73
Szczecinek 0.81 -0.78 0.77 0.75 0.77
Lebork 0.73 -0.78 0.70 0.68 0.73
Rozewie 0.74 -0.76 0.69 0.66 0.73
Gdaisk 0.77 -0.78 0.70 0.68 0.70

Elblag 0.78 -0.79 0.73 0.70 0.72
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Fig. 4. Number of days with thaw and circulation from thestern sector (SW+W+NW) accord-
ing to Litynski and thevalues of Hurrell's NAO index, and their 5.5 yead about 8/ear cycles
in the period from December to March in Pomera¥igars 1961-2000
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Table 2. Periods of the occurrence of atmospheric thawmsyf circulation according to Litgki
and the NAO indices from December to March in P@mnigr. Years 1961-2000

Indices of circulation Periods Correlation coetfiais
; 55 0.47*
days with weather thaw 8.1 0.46%*
. . . 7.9 0.45**
days with SW+W+NW circulations 55 0.36*
. . . 5.6 0.50%*
days with NE+E+0 circulations 192 0.46%
8.2 0.40*
Hurrell's index 5.5 0.36*
2.8 0.35*
2.8 0.44*
Jones's index 5.5 0.43**
8.2 0.41*
. 55 0.40**
Rogers index 83 0.39%

significant at: *** ¢ = 0.01, **o = 0.05, *a. = 0.1

CONCLUSIONS

1. Variability of the occurrence of atmospheric thaws in Pomaranide-
termined by the direction of circulation over the North Atlantic and Europe

2. In the years 1961-2000 the increase in the frequency of occurrence of a
mospheric thaws in Pomerania resulted from the growing frequerircolation
from the western sector, described by the number of days witBWheN+NW
directions according to Lifiski, and also by Hurrell's, Rogers and Jones's indices.

3. In the multi-annual variability of the occurrence of atmosphtriovs,
similarly to the frequency of atmospheric thaws from the western ssextording
to Litynski classification and to the NAO indices, generally seonmon cyclic
components of 5.5 and about 8.8 year periods are observed.
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WPLYW CYRKULACJI ATMOSFRYCZNEJ
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StreszczenieOdwilze atmosferyczne opracowano na podstawadnich dobowych warto-
sci temperatury powietrza z 200 cm n.p.g. z okredlgudnia do marca z lat 1960/61-1999/2000
z 15 stacji meteorologicznych IMGW. Do okienia wptywu cyrkulacji atmosferycznej nagsiosé
odwilzy atmosferycznych na Pomorzu zastosowano klasyfikhitynskiego, a take wskaniki
Oscylacji Pétnocnoatlantyckiej wedtug Hurrella, sa i Rogersa. Zasadniaole cyrkulacji atmosfe-
rycznej w ksztattowaniu odw#y atmosferycznych na Pomorzu potwierdzity statyatje istotne
wspotczynniki korelacji uzyskane dla wszystkichtaaswanych wskanikow, najwiksze dla zgru-
powanych kierunkéw cyrkulacji z sektora zachodniégje/, W i NW) i wschodniego (NE i Ejdznie
z sytuacjami bezadwekcyjnymi, wedtug klasyfikacifyliskiego. Przeprowadzona analiza widmo-
wa wykazataze okresowé¢ w przebiegu odwily atmosferycznych, o skladowych cyklicznych 5,5
i 8,1 lat, jest wymuszona podobnymi zmianami cyakiilatmosferyczne;.

Stowa kluczowe:temperatura, klasyfikacja Lifgkiego, zimowe wskaiki NAO, okre-
SOWas¢



