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Abstract: This paper aims at recognizing spatial differentiation in probability of ice days occurrence with reference to 
atmospheric circulation, using regional classification of circulation types for Poland. Daily maximum air temperatures 
measured at nine meteorological stations were used to recognize the ice days occurrence in the period from January 
1951 to March 2014. The relations between the ice days occurrence and atmospheric circulation were analysed using 
catalogues of circulation types compiled for nine grid boxes within Poland. Linkage between the frequency of ice days 
and atmospheric circulation was recognized in the period of January 2001 – March 2014. A decreasing tendency in the 
frequency of the occurrence of winter ice days was found. The occurrence of ice days in Poland is clearly related to at-
mospheric circulation. In the entire area of Poland their occurrence is favoured by eastern and south-eastern advection 
of air during anticyclonic conditions (types Ea nad SEa). Regional variability is also noticeable.
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Introduction

Ice days are 24-hour periods with the max-
imum air temperature remaining below 0°C 
(Niedźwiedź 2003). Ice days are a common fea-
ture in Polish weather conditions in the cold half-
year. In Poland, days with maximum tempera-
ture never exceeding freezing point occur during 
at least five (Nov–Mar) or at most nine months 
(Sep–May) depending on location (Baranowski 
and Kirschenstein 2008, Błażejczyk at al. 2013). 
Being directly linked to daily air temperature, 
ice days are considered an indicator of current 
climate change. The frequency of ice days is also 
an important characteristic of bioclimatological 
conditions. Their occurrence has economic con-
sequences (Piotrowicz 1998).

The frequency of ice days occurrence in Poland 
was rarely studied, usually as a part of climate 
characteristic of particular localities (Grabows-
ka et al. 2007, Baranowski 2008, Baranowski 
and Kirschenstein 2008, Błażejczyk at al. 2013). 
Intensive studies of long-term variability in ice 
days frequency were performed by K. Piotrow-
icz (1998) in Cracow and Prague, by B. Głowicki 
(2008) in the Sudetes and by Bielec-Bąkowska 
and Łupikasza (2009) in Małopolska. As a result 
of these studies it appears that ice days occur-
rence is strongly influenced by altitude (Głowicki 
2008, Bielec-Bąkowska and Łupikasza 2009) and 
atmospheric circulation (Piotrowicz 1998, Bie-
lec-Bąkowska and Łupikasza 2009). Decreasing 
trends in the frequency of ice days were domi-
nant (Piotrowicz 1998, Cebulak and Limanówka 
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2007, Głowicki 2008, Bielec-Bąkowską and Łupi-
kasza 2009).

This paper aims at recognizing spatial differ-
entiation in the probability of ice days occurrence 
with reference to atmospheric circulation, using 
regional classification of circulation types for Po-
land. The paper consists of 3 analytical chapters. 
Regional differentiation in the frequency of par-
ticular synoptic types is discussed in chapter 3 
as a background for further analysis. Chapter 4 
is devoted to the intra-annual occurrence of ice 
days. It also deals with the temporal variability 
of the aforementioned days. The probability of 
ice days occurrence with relation to atmospheric 
circulation is described in chapter 5. 

Data and methods

Daily maximum air temperatures measured at 
nine meteorological stations were used to recog-
nize the ice days occurrence. At the majority of 
the stations chronological series cover the period 
from January 1951 to March 2014. The series for 
Rzeszów starts in January 1952. The data comes 
from the Meteorological Yearbooks (1954–1965). 
The archival data (1951–2006) were provided by 
the Institute of Meteorology and Water Manage-

ment – State Research Institute (IMGW – PIB) and 
latest data (2000–2014) was taken from the synop-
tic database OGIMET (Valor 2014).

The relations between the ice days occurrence 
and atmospheric circulation were analysed using 
catalogues of circulation types compiled for nine 
grid boxes within Poland (Fig. 1). The grid box-
es cover an area limited by the meridians of 14°E 
and 25°E and by the parallels of 49°N and 55°N. 
Each of the meteorological stations used in the 
study represents one of the grid boxes and is lo-
cated in or in the vicinity of its center as the circu-
lation types are determined for the center points 
of the grid boxes. The catalogue distinguishes 21 
synoptic types which are described by the direc-
tion of air advection (e.g. N – northern, S – south-
ern, NE – north-eastern, etc.) and the type of baric 
center (a – anticyclonic, c – cyclonic). Apart from 
the directional types which are characterized by 
distinct air advection (Na, NEa, Ea, SEa, Sa, SWa, 
Wa, NWa, Nc, NEc, Ec, SEc, Sc, SWc, Wc, NWc), 
four further types are included into the classifi-
cation: Ca – central anticyclone situation (high 
centre), Ka – anticyclonic wedge or ridge of high 
pressure, Cc – central cyclonic (centre of low), Bc 
– trough of low pressure (different directions of 
air flow and frontal system in the axis of trough). 
Unclassifiable situations are marked with an ‘x’. 

Fig. 1. Location of meteorological stations and grid boxes for which the classifications of circulation types exist
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The series of circulation types start on January 
1, 2001 with an exception of PLS grid point, for 
which the catalogue begins on September 1, 1873. 
The catalogues have been created manually on 
the basis of synoptic charts by German Weather 
Service (DWD) published in “Tägliche Wetter-
bericht” and “Europäischer Wetterbericht” in the 
period of 1951–2002 and by Institute of Meteorol-
ogy and Water Management (IMGW) published 
in “Daily Meteorological Bulletin” in the period 
of 1980–2007. The German synoptic charts from 
2003 are available on the Internet (http://www.
wetter3.de/Archiv/archiv_dwd.html).

In order to assess spatial variability of atmos-
pheric circulation over Poland, the frequencies of 
the synoptic types for each grid box were calculat-
ed. The calculations were performed for winter, 
which is the peak season of the ice days occur-
rence in Poland. In that part of the study, joined 
circulation types were used (Fig. 2). 

Spatial variability in the ice days occurrence in 
Poland and their annual course were recognized 
on the basis of arithmetical averages calculated 
for each month, for winter (DJF) and for the sea-
son of the ice days occurrence (from October to 
April) in the period from January 1951 to March 
2014. The decadal and 30-year averages for the 

DJF and Oct–Apr were also calculated. Statistical 
significance of the differences between the decad-
al averages and between the 30-year averages was 
checked with the Mann-Whitney nonparametric 
test (Wilks 2006). 

Probability of the ice days occurrence and con-
ditional probability of their occurrence in particu-
lar synoptic types were calculated for winter to 
recognize a linkage between the frequency of ice 
days and atmospheric circulation. The time-frame 
for this analysis is limited (January 2001–March 
2014) by the availability of the circulation data, 
with an exception of PLS grid box with the longest 
series of the synoptic types (January 1951–March 
2014). Afterwards the differences between the 
probability of the ice days occurrence in winter 
and the conditional probabilities were calculated. 
The types with differences reaching at least 25% 
were recognized as favourable to the ice days oc-
currence whereas the types with the differences 
below –25% were recognized as unfavourable.

Trends in the frequencies of those circulation 
types which are significantly correlated with the 
ice days occurrence deliver information on pos-
sible directions of future tendencies in the occur-
rence of ice days. Such analyses were performed 
using the data for PLS grid box with the longest 

Fig. 2. Frequency of circulation types in winter (DJF) for grid box within Poland. PLNW, PLN, … etc. – grid box within Poland, 
e.g.: PLNW – North-western grid box (see Fig. 1)
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series of the circulation types. Spearman correla-
tion coefficients between the frequency of circu-
lation types for PLS grid box and the frequency of 
ice days in Katowice and Kraków in the winters 
of 1951/52–2013/14 were calculated. The magni-
tude of trends in the circulation types was cal-
culated with the least square method, whereas 
their statistical significance was checked with the 
Mann-Kendall test (Mann 1945, Kendall 1975). 
The significance level adopted for both the trends 
and the correlation coefficients is α<0.05 

Regional differentiation of circulation 
types in Poland

Regional variation in the atmospheric circula-
tion over Poland in winter (DJF) expressed as the 
frequencies of synoptic types for each of the grid 
boxes is shown in Figure 2. Little spatial variabil-
ity in the pattern of the circulation types frequen-
cies was found in winter, when the westerlies are 
the most pronounced (Kożuchowski 2011). The 
summarised frequency of the synoptic types with 
western component (S+SWa, W+NWa, S+SWc, 
W+NWc) constitutes more than 50% of all circu-
lation types. In the western grid boxes it decreas-
es from 58% in PLNW grid box to 54% in PLSW grid 
box. In the eastern grid boxes it is slightly lower 
and diminishes from 56% in PLE grid box to 52% 
in PLSE grid box. The north-south changes in the 
frequency of W+NWc type and W+NWa type are 
the exact opposite. In northern Poland as well as 
in the central part of southern Poland W+NWc 
type occurs most often. Its frequency in PLNW and 
PLN grid boxes reaches almost 25%. On the oth-

er hand, northern Poland is characterized by the 
least frequency of W+NWa type which decreases 
when moving from the west (14% for PLNW) to 
the east (11% for PLNE) (Fig. 2).

In the middle grid boxes the anicyclonic type 
of W+NWa occurs almost as often as the cyclonic 
type of W+NWc. In southern Poland (PLSW and 
PLSE grid boxes) the air advection from W and 
NW during anticyclonic conditions is more fre-
quent than during cyclonic ones (Fig. 2). A grad-
ual decrease in the occurrence of eastern and 
south-eastern advection during the anticyclonic 
conditions (E+SEa type) was found in the east-
west direction (Fig. 2). In western grid boxes E+-
SEa type accounts for 9% of winter days (PLNW, 
PLW and PLSW grid boxes). In the eastern part of 
the country it reaches 11% (PLSE grid box) and 
12% (PLE and PLNE grid boxes) of winter days. In 
the entire Poland the rarest are N+NEa or N+NEc 
types.

The jointed frequency of all anticyclonic and 
cyclonic types is shown in Figure 3. It is clearly 
evident that in winter in the northern part of Po-
land the frequency of cyclonic conditions is about 
10% higher than of anticyclonic ones (Fig. 3). In 
this season the track of the Atlantic depressions 
crosses the Baltic Sea territory (Paszyński and 
Niedźwiedź 1999) whereupon the occurrence of 
cyclonic types increases. 

Intra-annual ice days occurrence 
in Poland

In Poland ice days occur from October to 
April. In that time maximum daily air temper-

Fig. 3. Frequency of antycyclonic and cyclonic circulation types in winter (DJF) for grid box within Poland. PLNW, PLN, … etc. 
– grid box within Poland, e.g.: PLNW – north-western grid box
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ature falls below the freezing point during 36 
days, as indicated by the average value for the 
period of 1951/52–2012/13 calculated from the 
nine stations considered here. Spatial distribu-
tion of ice days results from the changes in the 
degree of continentality – the further to the east 
the station is located the higher number of ice 
days occurs. The rate of west-east increase reach-
es 37 days in northern Poland and 14 days in 

southern Poland. In western Poland the number 
of ice days changes from 23 ice days in Szczecin 
to 29 ice days in Gorzów, whereas in eastern 
Poland it is substantially higher, reaching 59 ice 
days in Suwałki and 47 ice days in Terespol. The 
lowest number of ice days in Szczecin and Hel 
is an indication of the moderating influences of 
the Baltic Sea on the climate of coastal regions 
(Table 1).

Table 1. Average monthly and seasonal number of ice days in the period January 1951–March 2014 
at stations representing each grid box for which circulation classification exists 

stations index Jan. Feb. Mar. Apr. Oct. Nov. Dec. Oct.–Apr. Dec.–Feb.

Świnoujście

Avg. 8.4 6.7 1.6 0.0 0.0 0.7 5.2 23 20
St. Dev. 7.1 6.8 2.7 0.0 0.0 1.8 5.3 16 15

max 25.0 27.0 14.0 0.0 0.0 9.0 23.0 73 67
year 1963 1963 1987 – – 1965 1969 1962/63 1962/63

Hel

Avg. 9.8 8.6 2.4 0.0 0.0 0.9 4.8 26 23
St. Dev. 7.1 7.4 3.2 0.1 0.0 2.2 5.1 17 15

max 27.0 27.0 11.0 1.0 0.0 10.0 22.0 68 64
year 19871 1986 1964 1986 – 19652 2010 1962/63 1969/70

Suwałki

Avg. 17.0 15.4 7.4 0.1 0.1 5.0 13.8 59 47
St. Dev. 7.8 7.6 6.4 0.5 0.5 4.8 6.8 21 17

max 31.0 28.0 24.0 3.0 3.0 20.0 31.0 97 83
year 2010 1963 1952 2003 1979 1993 1969 1995/96 1969/70

Gorzów

Avg. 10.7 7.6 1.6 0.0 0.0 1.6 7.6 29 26
St. Dev. 7.2 7.1 2.4 0.0 0.0 2.8 6.3 17 15

max 28.0 27.0 10.0 0.0 0.0 11.0 28.0 76 72
year 1963 1963 1987 – – 19653 1969 1962/63 1962/63

Łódź

Avg. 12.9 10.3 3.7 0.1 0.0 2.5 9.4 39 33
St. Dev. 7.2 7.3 4.4 0.2 0.2 3.6 6.2 17 15

max 29.0 28.0 16.0 1.0 1.0 17.0 28.0 80 70
year 2010 1963 1958 19554 1956 1965 1969 1995/96 1962/63

Terespol

Avg. 15.2 12.3 4.6 0.1 0.1 3.3 10.9 47 39
St. Dev. 7.4 7.6 5.0 0.2 0.3 4.2 7.0 19 16

max 30.0 28.0 16.0 1.0 2.0 20.0 28.0 92 74
year 1972 1986 1952 19565 1979 1965 1969 1995/96 1962/63

Legnica

Avg. 9.0 7.5 2.0 0.0 0.0 1.3 6.2 26 23
St. Dev. 6.9 6.6 3.0 0.2 0.0 2.6 5.5 15 14

max 26.0 27.0 12.0 1.0 0.0 13.0 28.0 68 65
year 1963 1956 1964 1978 – 1965 1969 1962/63 1962/63

Katowice

Avg. 12.5 8.7 3.1 0.0 0.0 2.2 8.8 36 30
St. Dev. 6.7 6.7 3.9 0.2 0.2 3.3 6.1 15 14

max 27.0 27.0 14.0 1.0 1.0 13.0 29.0 69 63
year 1963 1986 1958 19586 1980 1965 1969 1962/63 1962/63

Rzeszów

Avg. 14.0 10.3 3.5 0.0 0.0 2.8 9.8 40 34
St. Dev. 7.0 7.4 4.4 0.3 0.2 3.8 6.4 16 15

max 28.0 27.0 16.0 2.0 1.0 18.0 27.0 82 66
year 1963 1956 1952 2003 1979 1993 2001 1995/96 1995/96

Avg. – average from 1951/52-2013/14, St. Dev.–Standard deviation, max – maximum number of ice days in the re-
search period, year – a year with the maximum number of ice days. The upper index at the year means that particular 
maximum value occurred more than once in the research period. The further years of its occurrence are as follow: 
12012; 21993, 1998; 31985, 1993, 41970, 1986, 2003; 51960, 1986, 2003; 61970, 2003.
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Considering October – April season, the high-
est frequencies of ice days at particular stations 
have been registered in 1962/63 or 1995/96 de-
pending on the station (Table 1). The majority 
of ice days fall in winter (85% on average). The 
number of winter ice days varies from 20 days 
in Swinoujście to 47 days in Suwałki. Spatial dis-
tribution of these days in winter resembles the 
pattern for October-April season (Table 1).

The maximum monthly number of ice days 
falls in January (from 8 days in Świnoujście to 
14 days in Suwałki). In the other winter months 
it reaches on average 10 days in February (from 
7 to 15 ice days) and 9 days in December (from 5 
to 14 ice days). All of the monthly extremes were 
noted in Świnoujście (minimum number) and in 
Suwałki (maximum number). January 1963 and 
December 1969 were very cold in the research 
period. At five of the nine stations the maximum 
number of January ice days was noted in 1963, 
and at seven stations the maximum frequency of 
December ice days was noted in 1969. In March 
the maximum air temperature falls below 0°C 
during 6 days on average. At particular stations 
this number varies from 2 days in Świnoujście to 
7 days in Suwałki. In November ice days occur 
more rarely (2 days less) than in March (on aver-
age 4 ice days). However, at the majority of the 
stations no more than 2 ice days are observed 

in November. The ice days occur sporadically 
in April and October. At three stations located 
in the north-eastern sector of Poland (Swinou-
jście, Hel, Gorzów), no ice days were noted in 
October and April. The exception is Hel, where 
one ice day occurred in April 1986. The highest 
number of ice days both in April and October 
characterizes the Suwałki station where 3 ice 
days occurred in both April 1986 and October 
1979. In Suwałki the total number of ice days 
within the entire research period equals 9 days 
in each of these months. 

The tendencies in the number of winter ice 
days were analysed by calculating the statistical 
significance of differences (Mann-Withney test) 
between averages for selected multiyear peri-
ods. These average frequencies for 30-year peri-
ods, for decades and for the periods of 1951/52–
1999/2000 and 2001/01–2013/14 are presented 
in Table 2. At the majority of the stations the 
average number of ice days for the period of 
1951/52–1999/2000 is higher than for the period 
of 2000/01–2013/14, except for the two stations 
located in the south-eastern part of Poland (Ka-
towice and Rzeszów). These averages are signif-
icantly different only at two stations (Suwałki 
and Terespol), which indicates decrease in the 
number of ice days in the last decade.

Table 2. Average number of ice days for various periods at stations representing each grid box 
for which circulation classification exists

Periods Świno- 
ujście Hel Suwałki Gorzów Łódź Terespol Legnica Kato- 

wice Rzeszów

a. 1951/52–1999/00 21 23 47b 26 33 39b 23 30 34
b. 2000/01–2013/14 18 22 43a 25 33 37a 22 30 35
c. 1951/52–1979/80 23 26 51 28 35 42 24 32 36
d. 1961/62–1989/90 23 25 50 28 34 41 25 31 35
e. 1971/72–1999/00 18 21 43 23 29 35 20 26 30
f. 1981/82–2009/10 17 20 42 23 31 35 21 28 31
g. 1951/52–1960/61 20 23 47 27 33 38h 22 32 33
h. 1961/62–1970/71 30 33k 58 k 36 k 42 k 51 gjk 32 ki 40 ki 44 k

i. 1971/72–1980/81 18 21 47 22 29 37 19h 24h 31
j. 1981/82–1990/91 20 23 45 26 31 35h 23 29 32
k. 1991/92–2000/01 16 18h 38h 21h 28h 33h 19h 26h 29h

l. 2001/02–2010/11 16 20 42 23 33 36 21 31 34

a, b, c … l – indications of the multiyear periods, bolded are averages with statistically significant differences (at 
α<0.05) between the period given in the first column and the period indicated by a superscripts, e.g. at the Hel station 
the average number of ice days in the period 1991/92–2000/01 equalling 18 days is significantly different from the 
average for the period 1961/62–1970/71 which is marked by the h superscript. Superscripts refer to the indications of 
the multiyear periods in the first column.
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At the majority of the stations the 30-year 
averages were highest in the period of 1951/52 
–1979/80 (Table 2) and the lowest in the period 
of 1981/82–2009/10 or in the period of 1971/72–
1999/2000. Gradual decrease in the frequency 
of ice days was found at the stations located in 
northern Poland (Świnoujście, Hel, Suwałki) 
and in Terespol. At the other stations the averag-
es for the last 30-year period (1981/82–2009/10) 
are higher than for the previous 30-year period 
of 1971/72–1999/2000. At every station how-
ever, the average number of ice days in the last 
30-year period of 1981/82–2009/10 was lower 
than in the first one (1951/52–1979/80). The dif-
ferences between the 30-year averages are not 
statistically significant at any of the stations.

 The decadal average number of ice days was 
the highest in the period of 1961/62–1970/71, 
which therefore may be considered the coolest 
decade in the research period. At the majority 
of the stations, with an exception of Katowice, 
the lowest frequency of ice days was found in 
the decade of 1991/92–2000/01 (Table 2). The 
differences between the averages for these dec-
ades are statistically significant. At Legnica and 
Katowice stations significant differences in the 
averages were also observed for the period of 
1961/62–1970/71 and 1971/72–1980/81. The 
greatest variability in the decadal number of 
ice days characterises Terespol station, where 
the average number of ice days in the decade of 
1961/62–1970/71 was significantly higher than 
the averages for the decades of 1951/52–1960/61, 
1981/82–1990/91 and 1991/92–2000/01. The 
signs of the differences between a given decade 
and the preceding decade are various, therefore 
it is not possible to identity a clear direction 
of the tendencies in the frequency of ice days. 
However, the difference calculated between the 
decade of 1951/52–1960/61 and any previous 
decade (e.g. the average for 1991/92–2000/01 
minus the average for 1951/52–1960/61) is 
usually negative, which is compatible with the 
results coming from the analysis of 30-year av-
erages. Generally the statistically insignificant 
decreasing tendency in the frequency of the ice 
days occurrence is found at the analysed sta-
tions. Similar results were found by Limanów-
ka (1999), Cebulak, Limanówka (2007) and Bie-
lec-Bąkowska, Łupikasza (2009). 

Probability of the occurrence of ice 
days in circulation types

The frequency of ice days in Poland is clearly 
related to atmospheric circulation. The character 
of these relations is shown in figure 4 presenting 
the differences between the probability of the ice 
days occurrence in winter and its probability in 
a particular circulation type in the same season. 
All the types with differences crossing the black 
line are recognised to influence the frequency of 
ice days.

Air advection from eastern and south-eastern 
direction during anticyclonic conditions (types 
Ea and SEa) favours the ice days occurrence in 
the entire Poland (Fig. 4). Its probability in Ea 
type is very high in eastern Poland, reaching 
96%, 95% and 78% of days with Ea type respec-
tively in Suwałki, Terespol and Rzeszów. These 
numbers decrease considerably to the west (57% 
in Swinoujście, 69% in Gorzów, 64% in Legnica). 
The probability of ice days in SEa type varies 
from 84% in Suwałki to 62% in Legnica. At the 
majority of the stations, Ea type is more condu-
cive to the ice days occurrence than SEa type ex-
cept for Świnoujście (64% of ice days with SEa 
type) and Gorzów (75% of days with SEa type).

Regional variability is also noticeable in the 
dependence of ice days upon atmospheric cir-
culation. In south-eastern Poland (Terespol, 
Rzeszów, Katowice) ice days can be expected 
during an inflow of air from the North-East un-
der anticyclonic conditions (NEa type). There, the 
maximum temperature is lower than 0°C during 
more than 70% of days with NEa type (72% in 
Legnica, 74% in Terespol, 77% in Rzeszów). In 
the northern part of the country ice days occur 
during the majority of days with Ca type, which 
results in great differences between the probabili-
ties (Fig. 4). This, however, arises from a very low 
frequency of Ca type at these stations (5 days in 
Świnoujście and Hel, 4 days in Suwałki).

Ice days are also related to air inflow from the 
east sector during cyclonic conditions (NEc, Ec, 
SEc types). Except for Swinoujście (no connection 
was found), ice days occupy from 57% (Hel) to 
80% (Terespol) of days with Ec type. In south-
ern and eastern Poland the share of these days in 
the overall number of days with Ec type exceeds 
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65%. In the central and north-eastern part of the 
country NEc type is most characteristic (71% of 
ice days in Łódź and 79% of ice days in Suwałki). 
In the north-eastern sector, days with Tmax<0°C 
are also associated with SEc type – 48% (Świno
ujście), 58% (Hel) and 68% (Gorzów) of days with 
this type.

At the stations located in the middle and 
eastern part of Poland (Gorzów, Łódź, Suwałki, 
Terespol, Katowice, Rzeszów) some cyclon-
ic types were found to be negatively related to 
the ice days occurrence, as evidenced by a low 
conditional probability. At the majority of these 
stations (except for Katowice), maximum tem-

Fig. 4. Departures of the probability of the ice days occurrence in circulation types from the probability of the ice days occur-
rence in winter (DJF) for grid boxes within Poland. PLNW, PLN, … etc. – grid box within Poland, e.g.: PLNW – north-western 

grid box (bold lines mean departures greater than 25%)

Fig. 5. Correlation coefficients between the ice days frequency (Kraków and Katowice) and the frequency of circulation 
types for PLS grid box and linear trends in the frequency of circulation types for PLS grid box in winters (1951/52–2013/14)
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perature rarely falls below freezing point dur-
ing the air advection from the West (Wc type). 
The other types with a low probability of the ice 
days occurrence are of NWc type (Suwałki), SWc 
type (Łodź, Katowice) and Sc type (Katowice, 
Rzeszów) (Table 3).

Spatial variability in the frequency of ice days 
in Poland is related to the synoptic scale of at-
mospheric circulation, as evidenced above. In 
order to assess the linkage between the tempo-
ral variability in the frequencies of ice days and 
circulation types, the correlations between these 
variables were calculated using the longest series 
of the circulation data (PLS grid box) and the fre-
quency of ice days in Katowice and additionally 
in Kraków. At both stations long-term variability 
in the frequency of ice days is positively correlat-
ed with Ea and then with SEa, Ec and NEc types 
(Fig. 5). The variability in Ea type frequency ex-
plains 43.5% of ice days variability in Katowice 
and 45.4% of ice days variability in Kraków, as 
assessed by the coefficient of determination. 
Strong negative correlation was found between 
the frequencies of ice days and Wa, SWa and Wc 
types. Wa type explains 30% of the variability in 

ice days in Katowice and 34% in Kraków. In the 
case of the other types, the coefficient of determi-
nation does not exceed 23%. 

The analysis of linear trends in the frequen-
cy of circulation types does not provide clear in-
formation about possible future changes in the 
ice days frequency. Both significant decreasing 
trends in Ec type (+0.4day/10y) and significant 
increasing trends in the frequency of Wa type 
may suggest a possible decrease in the occur-
rence of days with Tmax<0°C. This, however, 
may be strongly weakened by a decrease in the 
frequency of Wc type (–1.7 days/10y) (Fig. 5). 

Discussion and conclusions

In Poland ice days occur from October to 
April (36 days on average) but the majority of 
these days occur in winter months (85% of these 
days). The maximum monthly number of ice 
days falls in January (13 ice days). In the other 
winter months it reaches on average 10 days in 
February and 9 days in December. Spatial vari-
ability in the frequency of ice days results from 

Table 3. Conditional probability of the ice days occurrence in circulation types at stations representing each 
grid box for which circulation classification exists

Circulation 
types

Świnoujście
PLNW

Hel
PLN

Suwałki
PLNE

Gorzów
PLW

Łódź
PLC

Terespol
PLE

Legnica
PLSW

Katowice
PLS

Rzeszów
PLSE

Na 4 9 61 29 39 58 49 57 50
NEa 8 21 67 23 61 74 39 72 77
Ea 57 64 96 69 80 95 64 84 80
SEa 65 66 84 76 75 82 63 69 74
Sa 18 49 70 25 65 53 31 28 65
SWa 38 26 60 32 34 28 18 16 19
Wa 15 15 39 19 22 23 8 18 20
NWa 8 10 30 18 37 35 22 40 42
Ca 63 83 100 0 56 63 50 52 60
Ka 39 45 71 48 65 70 44 55 63
Nc 9 19 43 29 36 31 20 46 33
NEc 24 37 79 44 67 39 46 56 54
Ec 32 57 75 63 75 80 75 67 69
SEc 48 58 73 68 66 55 48 40 32
Sc 31 19 50 35 25 38 15 8 10
SWc 7 15 27 7 14 18 3 6 20
Wc 5 6 16 3 8 9 2 10 15
NWc 4 5 20 4 11 19 3 19 20
Cc 19 10 60 33 33 38 40 35 50
Bc 13 17 39 18 26 27 10 19 24
x 35 44 55 55 57 53 41 44 50
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local conditions, the most relevant of which are 
degree of continentality, distance from the Bal-
tic Sea and altitude. The average frequency of 
winter ice days at the stations located in Western 
Poland equals 23 days, whereas at the stations lo-
cated in Eastern Poland it reaches 40 days. The 
lowest number of ice days in north-western and 
northern Poland results from the moderating 
influences of the Baltic Sea upon the climate of 
these localities. 

The analysis of the 30-year and decadal aver-
ages at particular stations indicates a decreasing 
tendency in the frequency of the ice days oc-
currence. However, the differences between the 
30-year averages are not statistically significant. 
In the case of decadal averages, the significant 
differences were found between the coolest dec-
ade of 1961/62–1970/71 with the highest num-
ber of winter ice days and the warmest decade 
of 1991/92–2000/01 with the lowest number of 
these days. An insignificant decreasing trend in 
the annual number of ice days was also observed 
in the Sudety in the period of 1951–2007 (Głow-
icki 2008), in Małopolska in the period of 1951–
2000 (Bielec-Bąkowska 2009) and at particular 
stations in Poland (Cebulak, Limanówka 2007).

The occurrence of ice days in Poland is clearly 
related to atmospheric circulation. In the entire 
Poland the ice days occurrence is favoured by 
eastern and south-eastern advection of air dur-
ing anticyclonic conditions (types Ea nad SEa). 
Regional variability is also noticeable in the de-
pendence of ice days upon atmospheric circula-
tion. In south-eastern Poland (Terespol, Rzeszów, 
Katowice) ice days can be expected during an in-
flow of air from a north-eastern direction under 
anticyclonic conditions (NEa type). In the north-
ern part of the country, ice days appear during 
the majority of days with Ca type. However, 
days with Ca type are very rare. Bielec-Bąkows-
ka and Łupikasza (2009) similarly concluded that 
in Małopolska ice days are more probable during 
advection from the east, southeast and the north-
ern sector.

Atmospheric circulation is also an important 
driver of long-term variability in the frequency of 
winter ice days. Positive correlations were found 
between the frequencies of ice days and the fre-
quencies of Ea, SEa, Ec and NEc types. The oppo-
site relations concern ice days and Wa, SWa and 

Wc types. Statistically significant growing trends 
in the frequency of Ec type and decreasing trends 
in the frequency of Wa type suggest a possible 
future decrease in the occurrence of ice days. 
On the other hand, a decrease evidenced in the 
frequency of Wc may lead to an increase in the 
number of ice days. Due to complicated linkages 
between ice days and atmospheric circulation, an 
increase in the winter air temperature cannot be 
directly translated as a decrease in the frequency 
of ice days.

Acknowledgements

The present contribution has been prepared 
on the basis of data elaborated within the frame-
work of the research project entitled Extreme 
meteorological and hydrological events in Poland, 
financed by the Ministry of Science and Higher 
Education of Poland (PBZ-KBN-086/P04/2003). 
The project makes use of air temperature data 
provided by the Institute of Meteorology and 
Water Management – State Research Institute 
(IMGW – PIB) and data published in the meteor-
ological yearbooks. Data for the period 2000–2013 
have been obtained from the SYNOP messages 
database OGIMET (Valor 2014).

References
Baranowski D., 2008. Warunki klimatyczne Ustki (Climatic 

conditions of Ustka). Słupskie Prace Geograficzne 5: 101–
111.

Baranowski D., Kirschenstein M., 2008. Ogólna charaktery-
styka klimatu Łeby (General characteristic of the climate 
of Łeba). Dokumentacja Geograficzna 37: 68–75.

Bielec-Bakowska Z., Lupikasza E., 2009. Long-term precipi-
tation variability on thunderstorm days in Poland (1951–
2000). Atmospheric Research 93: 506–515. doi:10.1016/j.
atmosres.2008.09.018.

Błażejczyk K., Baranowski J., Błażejczyk A., Szmyd J., 2013. 
Klimat i bioklimat Hali Gąsienicowej (The climate of 
Hala Gąsienicowa). In: Rączkowska Z., Kotarba A., 
(eds.), Dolina Suchej Wody w Tatrach. Środowisko i jego 
współczesne przemiany. Prace Geograficzne IGiPZ PAN 
239: 67–95.

Cebulak E., Limanówka D., 2007. Dni z ekstremalnymi 
temperaturami powietrza w Polsce (Days with extreme 
temperatures in Poland). In: Piotrowicz K., Twardosz R. 
(eds.), Wahania klimatu w różnych skalach przestrzennych i 
czasowych, Kraków: 185–194.

Głowicki B., 2008. Ekstremalne zjawiska termiczne w Sude-
tach w okresie współczesnych zmian klimatu (Extreme 
thermal events in Sudety in the period of current climate 
change). Infrastruktura i ekologia terenów wiejskich 8: 29–40.



	 Regional differentiation in probability of ice days occurrence in Poland	 99

Grabowska K., Panfil M., Olba-Zięty E., 2007. Ekstremalne 
warunki termiczne w latach 1951–2005 w Polsce Północ-
no-Wschodniej (Extreme thermal conditions in the peri-
od 1951–2005 in north-eastern Poland). Acta Agrophysica 
10(2): 341–347.

Kendall M., G. 1975. Rank Correlation Methods, 4th edition. 
Charles Griffin: London.

Kożuchowski K., 2011. Klimat Polski, Nowe spojrzenie (The 
climate of Poland. The leatest look). Wydawnictwo Nau-
kowe PWN, Warszawa: 292.

Limanówka D., 1999, Ryzyko występowania silnych mrozów 
w Polsce (The risk of severe frost occurrence in Poland). 
Zmiany i zmienność klimatu Polski, Łódź, 123–128.

Mann H., B., 1945. Non-Parametric tests against trend. Econo-
metrica 13: 245–259.

Niedźwiedź T., 2003. Słownik Meteorologiczny (Meteorologi-
cal dictionary). Polskie Towarzystwo Geofizyczne. Insty-
tut Meteorologii i Gospodarki Wodnej. Warszawa: 495.

Paszyński J., Niedźwiedź T., 1999. Klimat (The Climate). In: 
Starkel L. (ed.), Geografia Polski – środowisko przyrodnicze, 
Wydawnictwo Naukowe PWN, Warszawa: 288–343.

Piotrowicz K., 1998. Wieloletnie zróżnicowanie liczby dni 
mroźnych i bardzo mroźnych w Krakowie i Pradze 
(Long-term differentiation of the numer of frosty days 
and days with severe Frost in Cracow and Prague). Acta 
Universitatis Lodziensis Folia Geographica Physica 3, 221–
229.

Podstawczyńska A., 2010. Temperatura powietrza i opady 
atmosferyczne w regionie łódzkim w ostatnim stuleciu 
(Temperature and precipitation in the łódzki region 
in the last century). In: Twardy J., Żurek S., Forysiak J. 
(eds.), Torfowisko Żabieniec: warunki naturalne, rozwój i 
zapis zmian paleoekologicznych w jego osadach. Bogucki Wy-
dawnictwo Naukowe, Poznań: 63–73.

Valor G., B., 2014, OGIMET – Professional information about 
meteorological conditions in the world (SYNOP messages 
available on-line on the web site: http://www.ogimet.
com). Last access 17 April 2014.

Wilks D., S., 2006. Statistical methods in the atmospheric sciences. 
International Geophysics Series. Elsevier.


