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Abstract

The main purpose of the article is the analysithefrelations between thermic weather types in
Hel and types of circulation from Osuchowska-Klgiklassification (1978). Thermic types have
been constructed on the basis of A.sWlassification of weather types (1993). As autesn

the study eleven thermic types have been distihgdisand grouped into three categories of
weather: warm, transitory and frosty. Detailed gsial has revealed that the frequency of thermic
weather types in particular types of circulationdistermined by the character of circulation

(cyclonic/anticyclonic) as well as by its directiohhe most numerous types of circulation over
Poland: E (north-eastern anticyclonic) and CB (mevestern cyclonic) most often are accompa-
nied by warm and transitory weather. In Hel thervareather group is conditioned mainly by the
circulation types associated with the advectionhef air from the West or South; transitory and
frosty groups are related to the types of circalattonditioning the airflow from the northern or

eastern sector.
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INTRODUCTION

Atmospheric circulation is one of the most impottiattors determining the variety
and course of weather processes in the moderate kdanse cyclonic activity, the
formation, development and movement of low and {uigdssure atmospheric dis-
turbances, are the main reasons of a very higlalitity of weather conditions in
Europe (especially in winter). The location of Rwlawithin reach of the atmos-
phere’s main centers of activity in Europe (theldndic Low and Azores High)
plays a key role in shaping the features of theeamperature field in the country.
The pressure fluctuation between these centeifseigniain factor conditioning the
intensity and the character of circulation in Ewwopower (than average) pressure
values within the Icelandic Low and higher in theaofes High usually result in
higher frequency of circulation types associatethwhe inflow of the air masses
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from the western sector over Poland. Humid andivelg warm air moving at that
time from the Atlantic Ocean most often brings gn#icant increase in tempera-
tures during the winter months (X-Il), while duritize periods of weaker zonal cir-
culation, marked by the prevalence of continenitabger Poland, freezing winters
are usually noted (Baranowski 2008,Adohowski 1989, Nietlviedz 1981).

The most important features of atmospheric cirgutatan be defined according to
indices or types of circulation. The circulatiordices are most often used during
comprehensive, component analyses of circulatiortofa (e.g. Barnston and
Livezey 1987, Thompson and Wallace 1998, Wibig 199ile classifications of
circulation types are generally used in studiesimulation conditions for particular
countries or regions (e.g. Péczely 1957, Muller7lied:wiedz 1983). Some of
them, however, may be based on circulation types arge territories and even
over the whole hemisphere (Vangengeim 1952, Gif&l,1@amb 1972, Dmitriev
2000). In this paper, due to the local charactethefconducted analyses, the fol-
lowing study makes use of B. Osuchowska-Klein'ssification of circulation types
(1978), which is characterized (like other visualssifications) by a high elasticity
in the process of weather types cataloguing, whidhirn facilitates the generaliza-
tion of factors that influence atmospheric circialiat

AIM AND SCOPE OF THE PAPER

The main purpose of the study is to define theueegy of thermal weather types in
Hel (in 1976-1995 period) in dependence on the tfpgmospheric circulation (ac-
cording to Osuchowska-Klein classification 1978).

Table 1
Thermic weather types
Type:
warm transitory frosty
tmin > OOC tmin < Oocu tnaxz OOC tmax< OOC
 hot weather (type 0) « moderately cool transitory |+ moderately harsh weather
twg> 25°C weather (type 4) (type 8)
« considerably warm weathe tvg>5°C 5°C <4,<0°C
(type 1) « very cool transitory weather| « rather harsh weather (type|9)
15°C <4,4<25°C (type 5) -15°C <4,4<-5°C
* moderately warm weather 0°C <4g=5°C * very harsh weather (type 10)
(type 2) * moderately cold transitory bug<-15°C
5°C <4,4<15°C weather (type 6)
« cool weather (type 3) -5°C <4,4<0°C
0°C <44<5°C * very cold transitory weather
(type 7)
gvgf -5°C

Source: A. W 1993
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The classification is based on visual comparisomprassure fields (on synoptic
maps) with the model pattern given for the particuype of circulation. Each type
corresponds to a defined distribution of atmosgheressure at sea level and results
from the position of the main pressure centersurofe and North Atlantic Ocean,
which determine the direction of air advection ofland in cyclonic or anticy-
clonic circulation. The typical baric situations med with letters (by the cata-
logue’s author) A, CB, & F, B, D have been designated as cyclonic aid] €,C,

E, B, D,C, G as anticyclonic types. Furthermore, the cgtsodistinguishes type
BE - of a transitional nature between cyclonic anticyclonic circulation and so-
called indeterminate situations (X). The most inb@or argument for using
Osuchowska-Klein's classification in the followistudy is a low number of types
distinguished, as well as the existence of thelagt@ of circulation types for the
years 1976-1995 (Osuchowska-Klein 1991, Baranoas#tiEwert 1997).

Thermic weather types have been distinguished @ddsis of the modified classifi-
cation system proposed by A. ¥W@1993) — established on twenty-four hours
weather conditions. In this case, the main critsragrouping weather in classes
were daily temperature values (average, minimum raagimum), cloudiness and
precipitation. In this paper, taking into considena only extreme temperature val-
ues (hax tmin) during the day, three basic weather groups haen listinguished
(warm, transitory and frosty) which, depending loe inean daily temperature,,
have been subdivided into eleven thermic weathpgsyTab. 1).

FREQUENCY OF THERMIC WEATHER TYPES

In Hel the most frequently represented weather fgpmoderately warm weather
(type 2), which in the analysed period 1976-1998stitutes more than 40% of clas-
sified days (Tab. 2) On an annual course, type [Zeays most often during late

Table 2
Average annual number of thermic weather typesah(iH76-1995)

Type | Jan.| Feb] Mari Aprl June July Aug. Sept. Oct. Nov. Nov. Dec. mSu
0 - - - - - - 0.1 - - - - - 0.1
1 - - - 01| 32| 11.8 256 25p 74 04 - - 7414
2 26| 11 5| 1483 26.1 188 54 50 224 277 147 B.9 146.8
3 104| 75| 123 83 1.1 - - - - 24 95 132 64{7
4 0.2 - 0.2| 09| 04 - - 0.1 - 0.2 0.1 - 2.1
5 38| 46| 75| 6.0f 0.2 - - - 01 03 3p 51 30|6
6 48| 56| 39| 01 - - - - - - 1.7 3.8 194
7 0.1 - 0.3 - - - - - - - - - 0.4
8 58| 6.3| 13| 0.1 - - - - - - 1 3.1 18.72
9 32| 3.0| 06 - - - - - - - - 1.3 8.1
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spring and autumn (with a maximum in October) agabst frequently in February.
High frequency types also include: considerably nwaveather (type 1) — noted
mostly in the period May-September, as well as eoehther (type 3) — occurring
from October to May. Very cool transitory weathgmpé 5), moderately cold transi-
tory weather (type 6) and moderately harsh wedtiipe 8) are also distinguished by
high frequency — especially in the cold half-ye@ct(-Mar.). The remaining types
constitute a total of 2.9% of classified days.

THERMIC WEATHER TYPESAND ATMOSPHERIC CIRCULATION
TYPES

The study analyzes the frequency of thermic weailmrs depending on the type of
circulation on an annual scale (Tab. 3), as welh@rding to a division into cold
(Oct.-Mar.) and warm (Apr.-Sept.) half-years (respely Tab. 4 and 5). The cal-
culations conducted show that the most frequeetlyasented in the 1976-1995 pe-
riod moderately warm weather (type 2) is most oiecompanied by the circulation

Table 3
Average annual number of thermic weather typesahddpending on the type
of circulation (1976-1995)

Circulation Thermic weather type sum
type o| 1| 2| 3| 4| 5| 6| 7| 8| 9| 10
A - 3.6 | 11.0| 59| 0.2 1.00 0.1 - 0.1 0.1 - 22.0
CB - 9.0 24.8] 134§ 0.1 448 2.4 - 15 o0p 4 567
- 4.7 | 12.0| 58| 0.2 25 0.7 - 0.7 0.1 - 26.)7
- 29| 87| 45| 0.1 1.7( 0.7 - 0.5 0.2 - 19.8
F - 29| 67| 25| 01| 15 14 01 12 O0p E 16/9
C,D - 10.0| 13.3| 53| 03] 24 1.7 - 0.6 - - 33.6
D,C - 33| 76| 26| 0.1 1.4 05 - 0.3 - - 15.8
G - 46| 6.8| 21| 02 19 1.2 - 1.4 0.6 - 190
E,C - 24| 72| 19| 0.1 1.8 0.9 - 0.6 0.2 - 1540
Eo - 79 | 156 6.0 0.1f 27 33 01 24 1J 39/8
E 0.1 16.0f 21.3 7.3 05 5.1 3.0 op 27 22 F 58.5
E, - 53| 84| 50| 0.1 33 34 0.1 54 2p g 332
BE - 08| 29| 21 - 0.5| 0.5 - 05 0.1 - 7.4
X - 04| 05| 0.1 - 0.2 01 - 0.1 - - 1.4
Sum 0.1| 74.0 1470 64)y 21 306 199 04 182 8.1 - 365.3
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Table 4
Average number of thermic weather types in Hehim¢old half-year (Oct.-Mar.) depending
on the type of circulation (1976-1995)

Circulation Thermic weather type sum
type o| 1| 2| 3| 4| 5| 6| 7| 8| 9| 10
A - 01| 66| 58| 02| 0.9 0.1 - 0.1 0.1 - 13.9
CB - - 8.2 | 115 - 3.8] 29 - 1.5 0.2 - 28.1
- 01| 77| 57| 0.1] 23 0.7 - 0.7 0.1 - 17.4
- 01| 33| 4.0 - 15| 0.7 - 0.5 0.7 - 10.3
- - 1.7 19 - 1.0 14| 01} 1.7 0.4 - 7.8
C,D - - 59| 50| 01| 16| 1.2 - 0.6 - - 14.4
D,C - 02| 53| 25 1.4 0.5 - 0.3 - - 10.2
G - - 29| 20| 02| 14| 12 - 1.4 0.6 - 9.9
E.C - - 21| 17 - 1.4 0.9 - 0.6/ 0.2 - 6.9
Eo - - 15| 3.7 - 16| 32| 01 23 1.7 - 14.1
E - - 33| 51 - 34| 3.0 0.1 27 22 - 19.8
E; - 01| 47| 48 - 3.1 34 01 54 2.2 - 23.8
BE - - 20| 1.6 - 0.5| 0.5 - 0.5 0.1 - 5.2
X - - 0.2 - - 01| 01 - 0.1 - - 0.5
Sum - 06| 554 553 0.4 240 198 04 181 8.1 - 182.3

types with airflow from the northern sector: CB,aBd E. Considerably warm
weather (type 1) is usually noted (more than 35Y%s aeth this weather) within the
range of influence of anticyclonic types: the nestbstern E and the westernlC
Furthermore, in Hel the south-western and southatityclonic circulation ¢D, the
north-eastern and eastern cyclonic circulatigraid the central anticyclonic circu-
lation G are distinguished by a high degree of wasnather.

The occurrence of transitory weather types in Hehost often associated with the
types of circulation conditioning airflow from tleastern or northern sector (E, CB,
E, ). Moreover, the western anticyclonic circulatiogDC the south-western cy-
clonic D and the central anticyclonic circulationa® distinguished by a high de-
gree of transitional weather.

The greatest frequency of frosty weather was ndtethg airflow from the eastern
sector both in anticyclonic (EE) and cyclonic types (EF) and within a range of
influence of the central anticyclonic circulation G

In the cold half-year (Tab. 4) the most frequendpresented are types 3 and 2 (oc-
curring most often during westerly airflow in citation types: A, CB, D and D),

as well as types 5 and 6 (usually accompanied &yyihes of circulation that bring
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Table 5
Average number of thermic weather types in Hehimwarm half-year (Apr.-Sept.)
depending on the type of circulation (1976-1995)

Circulation Thermic weather type sum
type o| 1| 2| 3| 4| 5| 6| 7| 8| 9| 10
A - 35| 44| 01 - 0.1 - - - - - 8.1
CB - 9.0 | 16.6] 2.1| 0.1 0.8 - - - - - 28.6
- 46| 43| 01| 0.1 0.2 - - - - - 9.3
- 28| 54| 05| 0.1 0.2 - - - - - 9.0
- 29| 50| 06| 0.1f 0.5 - - - - - 9.1
C,D - 10.0f 74| 03| 0.2 0.8 - - - - - 19.1
D,C - 31| 23| 01| 0.1 - - - - - - 5.6
G - 46| 39| 01 - 0.5 - - - - - 9.1
E.C - 24| 51| 02| 01| 04 - - - - - 8.2
Eo - 79 | 141| 23| 0.1 11 0.3 - 0.1 - - 25y
E 0.1 | 16.0 1840 2.2 0.5 1.7 - - - - - 38.7
E; - 52| 3.7| 0.2 0.1f 0.2 - - - - - 9.4
BE - 08| 09| 05 - - - - - - - 2.2
X - 04| 03| 01 - 0.1 - - - - - 0.9
Sum 01| 740 914 94 174 66 0.4 . 0{1 183.0

to Poland air from the eastern and northern se&grE, CB). In Hel no extreme
weather types in the cold half-year were noted \themest type 0 and the coldest —
type 10). From October to March the group of frosathers is distinguished by
the highest degree of moderately harsh weathee @ypThe mean share of type 8 in
the cold half-year exceeds 9.9% of classified days.

In the warm half-year (Apr.-Sept.) the warm weatgeyup predominates, among
which type 2 (moderately warm weather) and 1 (a®rsibly warm weather) are
most frequently represented. Their mean frequemdkie years 1976-1995 amounts
to 91.4 and 74.0 respectively (Tab. 5). Moderatedym weather (type 2) usually
occurs during circulation types associated with ddeection of the air from the
northern sector: E, CB andyEconsiderably warm weather (type 1) is most often
noted during the north-eastern anticyclonic cirtala E and the western anticy-
clonic one GD. From April to September the frosty weather typedel appear
rarely (less than 0.1% classified days), while nnatédy cold and very cold transitory
weather (type 7) from the transitory weather grdamot occur.

The comparative analysis of frequency of thermiativer types in Hel in depend-
ence on the type of atmospheric circulation indisa higher degree of variability
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during the cold half-year (Tab. 4 and 5). In theiqukfrom October to March, the
share of six weather types exceeds more than 4élasdified days, with only three
such types during the warm half-year.

CONCLUSIONS

1. The character of circulation over Poland in #malyzed period 1976-1995 is
predominantly determined by two types: the nortlstern cyclonic CB and the
north-eastern anticyclonic E (occurring with a meamual frequency of 56.7
and 58.5 days respectively). Types characterize@rbyverage frequency in-
clude: the north-eastern and eastern cyclonic letiom & (39.8 days a year),
the western anticyclonic circulation@ (33.5 days) and the south-eastern and
eastern anticyclonic one; E33.2 days). The mean annual frequency of the re-
maining types does not exceed 27 days.

2. Atmospheric circulation to a large extent deiaas the frequency of different
thermic weather types in Hel, although the rol¢hef advection of air masses di-
rection is greater than the character (cycloniazgiokonic) of the baric systems.

3. The most frequent weather type is moderatelynuaeather (type 2). On an an-
nual scale this weather type most often occuratm$pring and autumn (with its
maximum in October) with the lowest frequency inbkmry. Considerably
warm weather (type 1 — noted from April to Octobemil cool weather (type 3 —
which occurs during Oct.-May period) are commoyresented too.

4. A greater frequency of circulation types chagezed by airflow from the south-
ern or western sector is conducive to warm weafthgyes of circulation that
bring air to Poland from the North or East mosenfare accompanied by transi-
tional and frosty weather during the studied 20-yeaiod.

5. In the cold half-year (Oct.-Mar.) the most freqtly represented are types 3 and
2 (occurring most often during western airflow clonic types of circulation:
A, CB, D and GD), as well as types 5 and 6 (the most stronglp@ated with
the types of circulation that bring to Poland aonfi the eastern and northern
sector: g, E, CB). The frosty weather group frequently oscduring circulation
types associated with advection of the air from @hstern sector: E,;EE, or
within a high pressure area over Poland (type G).

6. From April to September (warm half-year) the waweather group predomi-
nates, among which types: 2 (moderately warm wegptmed 1 (considerably
warm weather) are most frequently represented. kétely warm weather usu-
ally accompanies circulation types associated thithadvection of the air from
the northern sector: CByE&nd E. The highest frequency of considerably warm
weather is noted during the north-eastern antieycloirculation E and the west-
ern anticyclonic one D.

7. In the cold half-year variability of thermic wbar types within reach of par-
ticular types of atmospheric circulation is hightegn in the warm half-year.
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TERMICZNE TYPY POGODY W HELU
ATYPY CYRKULACJI ATMOSFERYCZNEJ

Sreszczenie

Zasadniczym celem pracy byto okienie czstcsci wyskpowania w Helu termicznych
typow pogody (w latach 1976-1995), w zalesci od typu cyrkulacji atmosferycznej (we-
dhug klasyfikacji B. Osuchowskiej-Klein 1978). Teiomne typy pogody wyrfiono na pod-
stawie klasyfikacji zaproponowanej przez A.Wosi@93), opartej na dobowych warunkach
pogodowych. W niniejszym opracowaniu jedynym Kkrigter grupowania pogody w klasy
byty charakterystyki termiczne z tej klasyfikadfiiorac pod uwag dobowe wartéci tempe-
ratur ekstremalnych (&, tmin), Wyrézniono trzy podstawowe grupy pogod: ciepte, praiep
we oraz mrane, ktére w zalenosci od wartdci sredniej dobowej temperatury powietrza po-
dzielono na 11 termicznych typéw pogody.

W opracowaniu, w pierwszej kolejém okreslono typy decydujce o charakterze cyrku-
lacji nad obszarem Polski, a ngstie przeanalizowano towarzyse im termiczne typy po-
gody w poétroczu chtodnym (X-1l1), cieptym (IV-IX) mz w skali roku. Uzyskane wyniki
pozwalaj na wysnucie nagbpujacych wnioskéw. Cyrkulacja atmosferyczna wzdumierze
determinuje cgstas¢ wystepowania termicznych typéw pogody w Helu, przy czsata kie-
runku adwekcji mas powietrza jestaksza nk charakter (cyklonalny/antycyklonalny) uktadu
barycznego. Wyspowaniu pogéd cieptych sprzyja ekisza frekwencja typéw cyrkulaciji
charakteryzujcych sé naptywem powietrza z sektora potudniowego i zachegb. Pogody
przegciowe i mragne towarzysz najczsciej typom cyrkulacji sprowadzgym do Polski
powietrze z potnocy lub ze wschodu. Najliczniejreg@ntowanym typem pogody jest pogo-
da umiarkowanie ciepta, ktéra pojawia siajczsciej p&na wiosm i jesieni (z maksimum
w pazdzierniku) przy najmniejszej ¢gtasci w lutym. Do grupy typow o diej frekwencji
nalezy ponadto: pogoda bardzo ciepta — notowanaaezytie od kwietnia do paziernika
oraz pogoda chtodna — wypujaca od padziernika do maja. W pétroczu chtodnym weyst
puje wigksze zrénicowanie termicznych typéw pogody w zalesci od typu cyrkulacji at-
mosferycznej.



