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Abstract. The paper presents nearly 150 years of history of ice research conducted on Polish
lakes. In the first stage, these were observations and expedition studies that had an exploratory
purpose. It was not until the 1920s that stationary measurements on several lakes were introduced.
Unfortunately, the outbreak of World War Il interrupted these observations. After the war, they were
resumed in 1946, but the real beginning of investigations of ice phenomena on lakes is taken to
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be 1960. At present, stationary measurements of ice phenomena are conducted on about 70 lakes
located mainly in northern Poland. Besides the purely explorative purpose, experimental research on
ice phenomena on lakes has also contributed to the development of a measurement methodology.
The author of this paper took part in numerous experimental studies conducted on over 30 lakes for

which the ice results are partially presented below.

Introduction

Ice phenomena occur on lakes in a process closely
related with meteorological conditions and the
processes of thermal exchange between water and
atmosphere. In lakes of the temperate zone, the
presence of ice on lakes is a common phenomenon
and depends on many factors, such as: geographic
location, local climatic conditions, the hydrological
and morphometric features of the lake, and
anthropogenic activities.

Generally speaking, research on lake ice
phenomena can be divided into experimental and
stationary investigations. The first experimental
research on lakes in Poland was conducted as early
as the 17th century and was limited to ad hoc
measurements related to people’s living needs. One
of these needs was the gathering of ice from rivers,

ponds and lakes for the construction of so-called
icehouses, which were used to store crops, meat,
dairy products and fish. Fragments of some of these
have survived to the present day and serve as simple
storage cellars (Fig. 1).

Fig. 1. Former ice house in Bachanowo in the Podlasie voivode-
ship (photo by author)
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Measurements of ice phenomena in lakes
in Poland

Lakes in the temperate transitional climate zone
are diverse in the course of biotic and abiotic water
properties. Certainly, these properties include water
temperature and ice phenomena on lakes in Poland.
The aim of the work is to present an almost 150-year
history of research on ice phenomena conducted on
Polish lakes.

The first measurements of lake icing

The first studies of ice phenomena on lakes were
carried out at the turn of the 20th century, mainly
by geographers (Bojanowicz 1970; Skowron 2017).
They mainly concerned the lakes in the Tatra
Mountains, and in the early 20th century the lakes
in Kuyavia and the lakes in the eastern borderlands
of Poland (Pastawski 1993). At the turn of the 20th
century, ice-cover investigations were conducted on
several lakes in the Tatra Mountains, such as Czarny
Staw, Morskie Oko and others. It was noted that the
differences in the dates of ice-cover formation and
disappearance on the lakes were conditioned by in-
solation, the topography of the surroundings, and
the influence of inflows on the thermal conditions
of the ponds (Lencewicz 1926).

On the basis of observations of the ice cover
on the Tatra lakes, Litynski (1913) identified the
freeze-up and break-up periods of the lakes, also
giving their duration. Moreover, he also described
the layered structure of lake ice. Observations of ice
phenomena showed that the ice cover on Tatra lakes
was not homogeneous (Szumny 2017).

Early 20th century to World War |

More or less systematic observations of ice phe-
nomena on lakes in Poland were carried out from
the mid-19th century, especially under the Prussian
partition. However, no significant records on this
subject have been preserved to the present day. Such
measurements were made for the needs of fishing

companies operating at the time and mainly con-
cerned ice cover thickness, and less frequently the
dates of its formation and disappearance. The ma-
terial was very often scattered, unsystematic and,
therefore, of low scientific value. The first mea-
surements of ice phenomena on the Masurian lakes
were conducted periodically on Talty Lake (in 1901,
then from 1904 to 1910 and from 1937 to 1939)
(Korolcéwna 1961).

It is worth noting that ice phenomena observa-
tions were carried out on Lake Serwy, which was
then under the Russian partition. Although the re-
sults of observations conducted from 1888 to 1910
were published in a Russian journal, due to certain
difficulties, it is difficult to retrieve these materials
(Matusewicz 1939).

The inter-war period (systematic measure-
ments begin)

After Poland regained its independence, research
on lakes was conducted by the Hydrographic
Office, and beginning in 1934 by the Hydrographic
Institute (Bojanowicz 1970; Pastawski 1993). The
Hydrobiological Station at Lake Wigry and the
Polesie Biological Station in Pinsk (Kozminski
and Wiszniewski 1935) made great contributions
to the studies of ice phenomena. The results
of these valuable measurements were included in
a paper presented at the General Assembly of the
International Association for Scientific Hydrology
in Washington in 1939. Unfortunately, the results
of the measurements were irretrievably lost in the
turmoil of war, and only valuable research on ice
phenomena in the lakes Gopto, Wigry, Swiatez,
Narocz and Drywiaty survived (Matusewicz 1939).

At this point, the significant contribution
of Polish geographers to the knowledge of ice-
covered lakes located within the borders of
contemporary Poland should be emphasised. These
studied lakes included: Switaz in Polesie Wolynskie
(today’s Ukraine) with an area of 25.2 km?, Narocz
in the Narocko-Wilejska Plain (in the northern part
of today’s Belarus) with an area of 79.6 km? and
Drywiaty in the Drujka river basin (in the northern
part of today’s Belarus) with an area of 36.1 km”
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Table 1. Average parameters of course of ice phenomena on lakes studied in Poland, 1926-1937 (based on data from Matuse-

wicz [1939])
=] N N 2

Lake E* E; i S é
Parameters & = 3 = &
Beginning of ice phenomena ~ 12-Dec 13-Dec 15-Dec 10-Dec 8-Dec
End of ice phenomena 19-Mar 7-Apr 29-Mar 16-Apr 18-Apr
Duration of ice phenomena

97.5 114.6 104.2 126.8 131.2
(days)
Maximum ice thickness

30.8 42.1 38.9 40.8 59.9

(cm)

(Fig. 2). The research on ice phenomena carried out
on five lakes within the borders of Poland at that
time, covering the years 1926-37, made it possible
to conclude with certainty that their course and
dates of occurrence result from the geographical
location of the lakes and the zone of abrasion of the
continental and oceanic air influence (Matusewicz
1939). Closer differences between the studied lakes
are shown in Table 1.

The greatest differences were observed between
Lake Goplo and Drywiaty, and related to the
duration of ice phenomena (in Lake Drywiaty they
lasted 34 days longer), while the thickness of ice
cover was 29 cm greater than in Lake Goplo. The
thickness of ice cover was also interesting, when
on Goplo Lake during the cold winter of 1928/29
it reached the highest recorded value of 75 cm.
Unfortunately, the war interrupted observations of
these interesting phenomena.

End of World War Il to 1975 (stationary re-
search continues)

After the Second World War, hydrological
measurements were resumed on many lakes as
part of a new network of stations of the Polish
Hydrological and Meteorological Institute (PIHM)
and several research stations. They were created
as an outcome of the Limnological Conference on
Limnological Research held in 1953 in Poznan.
The programme and organisation of limnological
research stressed the need for various scientific

5 56°
N |
Yoi @)

;l\l)rywiar_;}‘\_
, .\ & ~__<"I_ 550
J. Narocg
i
£ 54°
15
1
o I.
o ;, 53°
/1 Poznan ~-— - T ~ G
! [} Warsza“\/!\ \:"4_\
: J.| Goplo O “og. Y o
'y | Pee | !
L 1 ~L_ 4
J = ® \
ko U J. Switaz b @ 51°

50°

0 50 100 150 200 km
S S S E—

17 19° 21° 23° 25" 27

Fig. 2. Location of lakes from 1939 where research was conduct-
ed on ice phenomena in Poland, after Matusewicz (1939) (dashed
lines — medium isothermal machines, 1926-37)

centres to cooperate with PIHM (now the Institute
of Meteorology and Water Management - National
Research Institute IMGW-PIB) and hydrobiological
and fisheries centres (Galon 1954).

The year 1960 is considered to be the proper
beginning of stationary observations of ice
phenomena, when systematic measurements were
made on more than 20 lakes representing the most
important lake districts. In the years 1961-1970
there were 21 measuring stations concerning ice
phenomena on lakes (Bojanowicz 1970; Kowalska
1972). In the following years (1971-1980), the

Citation: Bulletin of Geography. Physical Geography Series 2021, 20, http://dx.doi.org/10.2478/bgeo-2021-0002 17



Ice phenomena in investigations of Polish lakes

R. Skowron

network of measuring stations was extended.
Only two lakes (Goplo and Studzienniczne) have
a full 65-year (1956-2020) measurement series.
Observations of lake ice cover are made at the
water level readings (at the gauges) by recording
the freeze-up and break-up dates of ice phenomena
and ice cover, and the thickness of ice cover every
5 days, with 1-cm accuracy.

The first studies presenting the results of post-
war lake ice observations based on stationary
measurements were carried out by Gotek (1957,
1986). They referred to four lakes (Serwy, Talty,
Jeziorak and Gopto), for which the freeze-up and
break-up dates of ice phenomena and ice cover, and
their duration and ice thickness were determined.

Longer data series compiled by Pastawski (1982)
concerned stationary measurements from 25 lakes
for the years 1956-1980. The author determined the
extreme and average dates of the appearance and
disappearance of ice phenomena and ice cover, as
well as the duration of their occurrence. He found
that the duration of ice cover accounted on average
for 79% of the duration of ice phenomena. The re-
sults of the study provided a basis for determining
the dates of ice cover onset depending on the mean
depth of the lake. Knowing the average number of
freezing days and the mean depth of the lake, the
theoretical freeze-up date and the duration of ice
cover were determined using a mathematical equa-
tion.

Analysing data for 1951-2010 for five lakes in
northern Poland, Choinski et al. (2014) found a re-
duction in the mean duration of ice phenomena (by
0.50 days-year') and ice cover (by 0.55 days-year),
and a reduction in the maximum ice thickness per
season (by 0.21 cm-year™). It was also observed that
the spatial distribution of ice phenomena was re-
lated to the increasing influence of the continen-
tal climate — especially for the maximum ice cover
thickness, duration and number of ice breaks.

Another subject of interest for Polish limnologists
was the dependence of ice cover thickness and
duration on meteorological conditions, geographical
location, degree of continentalism and water
pollution. Noteworthy works are by Skowron and
Szczepanik (1988); Skowron (1997, 2003, 2009);
Sziwa (2002); Girjatowicz (2003, 2004, 2005);
Marszelewski and Skowron (2006, 2009); Baranczuk
and Borowiak (2005) and Choinski et al. (2014).

The extreme dates of ice phenomena and ice
cover in 1961-2005 for ten lakes in northern Poland
were the subject of a study by Marszelewski and
Skowron (2009). The authors analysed the courses
of ice phenomena and highlighted all the properties
that deviate most from the mean values. During
this period, the ice cover formed earliest on 15
November on lakes Bukowo, Jamno and Necko, and
latest on 28 February (Lake Hancza). On the other
hand, the absence of ice cover in winter seasons was
recorded many times. It occurred most frequently:
four times in Lake Gopto (1975, 1981, 1989 and
1990) and Lake Lubie (1988, 1989, 1990 and 1995).
The longest duration of ice cover was recorded
on Lake Jeziorak and lasted 145 days (1996). Its
extremes of thickness ranged from 0 to 65 cm.

On the basis of the available stationary material
on ice phenomena in Polish lakes in the years 1976-
2000, Skowron (2008a) selected two winter seasons
1989/90 and 1995/96 with extreme courses of ice
formation. The extreme character of ice phenomena
was shown on the basis of its spatial variability in 74
selected lakes in the Polish Lowlands. The course of
ice cover showed a clear correlation with the course
of thermal conditions during winter months (Dec—
Mar) and with the winter NAO indices (Hurrell
1996).

The analysis of the course of ice cover in 1961-
2000 on six selected lakes in northern Poland
confirmed different trends of dates of ice-cover onset
(Marszelewski and Skowron 2006). However, the ice
cover disappeared earlier and earlier in all the lakes,
from 0.6 to 0.8 day-year' on average. The length
of the period with ice cover was characterised by
a negative trend, from 0.8 to 0.9 day-year'. A similar
negative trend was observed for maximum ice cover
thickness (from 0.26 to 0.60 cm-year™).

1975-2020 (research into the impact of cli-
mate change on the course of ice phenom-
ena)

Since 1975, new testing methods have been intro-
duced in the form of calibrated thermistor ther-
mometers, thermal gradient probes (RTW 8),
thermal imaging cameras (Flir SC 660), miniature
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Fig. 3. Distribution of lakes subject to ice phenomena observation: 1 — rivers, 2 — lakes, 3 — major cities, 4 — Polish border, 5 — max-

imum extent of Vistulian glaciation (list of lakes as per Table 2)

thermistors integrated with data loggers, and echo
sounders with integrated GPS and a side scanner
(Szumny 2017).

An extended study of ice phenomena was
presented for 34 lakes and covered the period
1961-2000 (Skowron 1997, 2003). A clear
correlation relationship was observed between the
duration of the ice cover and the degree of thermal
continentalism. This fact, according to the author, is
due to a clear warming of the thermal winter and
corresponds with the dates of its disappearance, the
maximum thickness and the degree of durability of
the ice cover.

The above-mentioned views are confirmed by
conclusions related to the 50-year data series (1956—
2005) for 15 lakes in northern Poland (Skowron
2009). The calculated mean dates of the ice cover
formation and destruction shows a clear bipartite
character for the whole area. The border between
the two separate parts runs along the Vistula River
valley. The variability in the occurrence of lake ice
cover in northern Poland in the second half of the
20th century may be regarded as further evidence
- and an indirect indicator — of climate change in
this part of Europe.

The main problem presented in the works
published after 2000 are the issues connected with
long-term changes in the course of ice phenomena.
Apart from a few works mentioned above, it is
worth citing those that refer to analyses of the ice
cover of individual lakes (Chojnowski and Ciszewski
1964; Gorniak 1999; Borowiak and Baraniczuk 2004;
Dabrowski 2008; Pius and Marszelewski 2016)
and groups of lakes (Baranczuk and Marchlewicz
2003; Girjatowicz 2003, 2004; Baranczuk and
Borowiak 2005), as well as in the supra-regional
aspect (Marszelewski and Skowron 2006, 2009).
These problems mostly concerned the spatial
differentiation of individual forms of ice phenomena
and their temporal occurrence (Skowron 2003;
Skowron and Marszelewski 2005; Sobolewski et
al. 2014), differentiation of ice thickness (Sziwa
2002; Choinski et al. 2006), the occurrence of
extreme values (Skowron 2008b; Marszelewski and
Skowron 2009), the influence of climate — especially
the winter NAO index on the course of ice cover
(Girjatowicz 2003, 2005; Borowiak and Baranczuk
2004; Skowron 2008a, 2009; Wrzesinski et al. 2013,
2015).

The initial dates of the appearance of the ice
cover were characterised by a negative trend at the

Citation: Bulletin of Geography. Physical Geography Series 2021, 20, http://dx.doi.org/10.2478/bgeo-2021-0002 19



Ice phenomena in investigations of Polish lakes

R. Skowron

level of 0.2-0.3 days-year’, while their end also
had a negative trend within the range of 0.6-0.8
days-year'. The consequence of these events was
a significant shortening of the time of its occurrence
by 0.8-0.9 days-year' with a clear decrease in its
thickness by 0.2-0.4 cm-year™ (Skowron 1997, 2003,
2009; Choinski 2007). It should be emphasised,
however, that research on ice phenomena is also
conducted in order to explain some mechanisms of
the formation of the cover or its distinctiveness and
its differentiation in particular winter seasons (Grze$
1974; Baraniczuk and Borowiak 2005; Choinski et al.
2006; Choinski 2007).

While studying lakes in the Kashubian Lakeland
in 1961-2000, Baranczuk and Borowiak (2005)
found that the total duration of ice phenomena
in Lake Radunskie Gérne declined at an average
rate of 1.2 days-year”, while the duration of the ice
cover decreased at an average rate of 1.5 days-year™,
and maximum ice thickness was reduced by 0.39
cm-year' on average. For 21 lakes in the Polish
Lowlands in 1961-2000, a decrease in maximum
thicknesses of between 2 and 4 cm per 10 years
was determined (Skowron 2003). On the other
hand, for 18 lakes in northern Poland during the
50-year period (1961-2010), the duration of ice
cover was found to have declined on average by
0.56 days-year’, and the maximum ice thickness
decreased by 0.61 cm-year' (Choinski et al. 2015).

The results of a long-term study on ice
phenomena for 25 lakes in Poland in the period
1961-2020 are presented for the first time in Figure
3 and Table 2 in this paper. The results of these
measurements differ slightly from the data presented
in the previous Polish literature (Pastawski 1982;
Skowron 2011; Choinski et al. 2014; Sobolewski et
al. 2014).

As can be seen from Table 2, the average dates
of the occurrence of ice phenomena were recorded
between 6th December (Lake Jeziorak) and 7th
January (Lake Lubie). On the other hand, the
average dates of ice cover occurrence were recorded
between 24th and 30th December. The average
terminal dates of the ice cover occurrence were
recorded between 26th February (Lake Jamno) and
28th March (Lake Studzieniczne).

The nature of the ice cover on the lakes, apart
from the dates of the formation and disappearance
of ice phenomena, is complemented by: maximum

thickness of cover, mean share of ice cover in du-
ration of ice phenomena, degree of durability of ice
cover (%), and number of ice breaks (%). These data
are supplementary to those in Table 2.

The data from Lake Morskie Oko provide
different properties of ice phenomena. The average
dates of the beginning and disappearance of ice
phenomena range between 18th November and
14th May, while the average dates of ice cover
occurrence fall between 27th November and 1st
May (Table 3). These data are slightly different from
those previously cited in the literature (Choinski
2007, 2010; Choinski et al. 2013).

In general, the number of lakes included in the
research on ice phenomena in Poland after the
Second World II underwent considerable changes
due to the expansion of the research base and
organisational changes. At present, stationary ice
measurements are conducted on about 70 lakes.

Experimental research has provided an important
supplement over the last half-century in this area.
These were studies conducted on individual lakes,
and sometimes on a larger number of them. Their
aim, apart from the purely exploratory aspect, was
to develop a measurement methodology, determine
differences in the dates of ice cover occurrence
and its thickness in the lake and also in relation
to other lakes. On the basis of thorough studies
of the ice cover on Lake Mikolajskie carried out
in 1952-57, Korolcowna (1961) presents the
measurement methodology and the results of the
first measurements. The measurements of ice cover
thickness on this lake indicated that its thickness is
clearly differentiated, and the differences can reach
up to 12 cm.

In her research on the lakes of the Masurian Lake
District, Litynska (1969) made an attempt to predict
the dates of ice cover formation on the basis of the
duration of homothermia, i.e. the period from the
moment when the whole water mass reached the
temperature of 4°C until the moment when the lake
became frozen. Chojnowski (1964); Chojnowski
and Ciszewski (1964) carried out observations of
ice phenomena on Lake Mikolajskie with the aim
of tracing the influence of air temperature on the
cooling and freezing of water, and to study the
conditions of formation, growth and disappearance
of ice cover. Meanwhile, Grze$ (1974), based on
observations of ice phenomena on Lake Goplo,
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Table 2. Average values of ice characteristics in lakes in Poland,1961-2020
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1 Osiek 28-Dec  05-Jan 09-Mar 15-Mar 63.5 54.5 19.2 0.64 89.1 80.5
2 Lubie 07-Jan  11-Jan 09-Mar 08-Mar 57.7 54.8 22.8 0.11 97.9 873
3 Stawskie 13-Dec  26-Dec 03-Mar 05-Mar 67.1 55.1 209 0.63 85.6 75.9
4 Jamno 18-Dec  22-Dec  26-Feb 07-Mar 62.0 52.2 21.0 0.84 79.5 76.7
5 Bukowo 18-Dec  26-Dec  27-Feb 03-Mar  63.3 53.7 247 053 869 887
6 Gardno 10-Dec  19-Dec  28-Feb 09-Mar  69.4 55.2 20.7 0.85 79.3 743
7 Lebsko 14-Dec  24-Dec  28-Feb 07-Mar  65.7 52.1 21.7 072 83.0 735
8 Charzykowskie 29-Dec  05-Jan 12-Mar 18-Mar  69.8 60.2 238 033 919 793
9 Sepolenskie 21-Dec  25-Dec 09-Mar 14-Mar  74.8 66.8 239 056 910 857
10 Biskupinskie = 17-Dec 23-Dec 06-Mar 11-Mar  76.2 64.1 246 071 873 80.6
11 Zninskie 21-Dec  29-Dec 06-Mar 11-Mar 71.1 61.4 25.1  0.52 91.2 89.2

Duze
12 Radunskie 30-Dec  09-Jan 16-Mar 27-Mar 73.3 58.4 23.1 0.60 91.0 733
Gorne
13 Ostrzyckie 19-Dec  21-Dec  19-Mar 20-Mar 85.1 80.9 252 0.53 903 94.0
14 Goplo 14-Dec  21-Dec  28-Feb 09-Mar 74.1 59.0 19.7  0.62 84.8 745
15 Jeziorak 06-Dec  16-Dec 15-Mar 19-Mar 93.0 80.9 27.1  0.51 90.7 85.3
16 Drweckie 12-Dec  23-Dec 11-Mar 17-Mar  84.4 73.3 274 031 940 799
17 Nidzkie 08-Dec 20-Dec 19-Mar 29-Mar 102.5 84.9 29.0 026 954 814
18 Mikotajskie 18-Dec  0l-Jan 16-Mar 30-Mar 93.4 69.6 31.1 053 930 71.0
19 Orzysz 13-Dec  28-Dec 17-Mar 27-Mar  99.1 75.9 282 029 955 747
20 Efckie 21-Dec  29-Dec 12-Mar 24-Mar 89.7 68.2 29.7 029 950 73.0
21 Olecko Wielkie 14-Dec 28-Dec  20-Mar 28-Mar  90.9 74.1 29.3 035 927 782
22 Rospuda 29-Dec  0l-Jan 25-Mar 29-Mar 929 82.6 27.1  0.06 975 872
23 Hancza 27-Dec  04-Jan 19-Mar 28-Mar 89.5 71.4 28.6 0.18 96.3 77.1
24 Studzieniczne 15-Dec 22-Dec 28-Mar 01-Apr 103.8 93.2 342 0.10 989 89.0
25 Serwy 19-Dec  28-Dec 21-Mar 29-Mar 98.1 81.6 30.5 0.10 98.6 81.2
26 Morskie Oko?* 18-Nov 27-Nov 01-May 14-May 171.7 150.2 69.3  0.50 97.0 874
Explanation: a — observations in the period 1962-2020 (after IMGW-PIB)
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Table 3. Characteristics of ice cover and ice phenomena on the Lake Morskie Oko in various periods 1962-2020

Period Duration of ice Duration Maximum thickness of ice
phenomena (days) of ice cover (days) cover (cm)
1962-1970 177 156 76
1971-1980 193 170 72
1981-1990 177 157 69
1991-2000 166 156 61
2001-2010 166 139 65
2011-2020 148 130 73
1962-2020 172 150 69

Table 4. Ice cover thickness on selected lakes, Jan 29 to Feb 1, 1996, and ranges of water temperature and heat content (after

author’s unpublished materials)

Lake T D Toa T, J-cm®
(cm) (cm)
Powidzkie 37 6 0.92 3.5 10.70
Gopto 41 5 0.91 3.5 10.31
Skulskie 40 3 0.88 34 7.16
Skulska Wies$ 44 6 0.75 4.1 10.79
Popielewskie 31 6 1.15 3.3 11.52
Wiecanowskie 42 2 1.00 3.7 10.00
Szydtowskie 30 5 1.18 3.2 10.11
Kamienieckie 32 4 0.80 2.6 8.70
Ostrowskie 31 2 1.12 3.9 9.73
Bachotek 36 4 0.13 3.1 6.11
Jeziorak 31 1 2.09 3.2 11.69
Dadaj 31 2 1.77 3.2 11.88
Narie 25 7 2.01 3.1 11.29

Explanations: T, — mean thickness of ice cover, D, — differences in thickness of ice cover (cm), T

— water temperature at bottom (°C), J-cm? — Heat content (J-cm™)

described forms of ice on the lake and drew
attention to the relationship between the duration
and variability of ice phenomena and the influence
of meteorological conditions.

Several publications present the course of lake ice
formation in an area with little variation in climatic
conditions. In such cases, other factors such as lake
basin morphometry and exposure, water circulation
in the lake, and the chemical composition of the
water may also determine the variability of ice
formation in lakes (Pietrucien and Skowron 1984).
Expeditionary research in the Kashubian Lakeland
covered short measurement series of up to 10 years
(Okulanis 1977). Subsequent publications concerned
the lakes of the Kashubian Lake District (Baraniczuk

. T,, — water temperature at depth of 0.2 m, T,

and Marchlewicz 2003; Borowiak and Baranczuk
2004). A paper by Baranczuk and Marchlewicz
(2003) presents spatial variability of ice cover on
Lake Radunskie Dolne, while a paper by Baranczuk
and Borowiak (2005) presents ice cover on several
lakes of the Radunia, Leba and Stupia spring zone.
There is a relatively large number of studies on ice
cover thickness. Their aim, apart from the purely
exploratory aspect, was to determine the reasons
for these differences, but also the degree of safe-
ty and suitability for the people residing on it. The
thickness of the ice cover in a lake varies minimal-
ly (up to 4-6 cm maximum), despite the relatively
high fragmentation and depth variation (e.g., Go-
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plo, Jeziorak, Popielewskie, Ostrowskie) (Skowron
1997).

However, the measurements of ice cover thick-
ness made on several selected lakes during the cold
and snowy winter of 1995/96 presented in Table 4
are very interesting.

The influence of a cold, snowy winter on the
thickness of ice cover on and among the lakes was
insignificant. The lowest thickness occurred on Lake
Narie (25 cm), and the highest on Lake Skulska
Wie$ (44 cm). On the other hand, the differences
in thickness among particular lakes varied from 2
cm (Wiecanowskie, Ostrowskie and Dadaj) to 6 cm
(Powidzkie, Skulska Wie$ and Popielewskie).

The measurements made by the author in the
last ten days of February 2003 in 11 lakes of the
Brodnica Lakeland also prove that ice thickness is
determined mainly by the mean depth of the lake
and the presence of snow cover. Ice thickness values
ranged from 33 cm (Zbiczno) to 38 cm (Dg¢bno),
while differences in the perimeter of particular lakes
ranged from 2 cm (Strazym) to 7 cm (Debno).
Further measurements made on six lakes of the
Kashubian Lakeland at the beginning of March
2003 and 2004 by Baranczuk and Marchlewicz
(2003) showed clearly different thicknesses of ice
cover: Radunskie Dolne 16-31 c¢cm, Ostrzyckie 10—
20 cm, Zamkowisko 22-26 c¢cm, Kaniewo 22-26
cm, Boruckie 16-20 cm and Zurominskie 17-20
cm. The authors concluded that one of the reasons
was the presence or absence of snow cover. Simi-

lar observations are reported by Choinski (2007) for
Lake Niepruszewskie (differences up to 6 cm), Lake
Charzykowskie (differences up to 11 cm) and Lake
Jaroszewskie (differences up to 10 cm).

Bearing in mind that the maximum thickness
of ice on lakes in the temperate zone occurs on
average at the threshold of January and February,
the measurements of this parameter were made on
lakes located over a wide area. Synchronous studies
on the thickness of ice cover were performed
from 30 January to 2 February 2004 on 33 lakes
in northern Germany, Poland and south-eastern
Lithuania (Marszelewski and Skowron 2006) (Figs.
4, 5). The study area was about 1,200 km long (8.02—
25.50°E) and about 250 km wide (52.87-55.26°N).
The results of the measurements confirmed its
increasing thickness from 3-8 cm in the western
part of the Mecklenburg Lakeland to 27-31 c¢m
in the Vilnius Lakeland, which correlated with
the course of the thermal winter (Skowron and
Marszelewski 2005). It can be concluded that due
to large changes in climatic conditions in this part
of Europe, the course of ice phenomena on the lakes
varied both in space and time.

Due to the limited volume of the paper (editorial
requirements), the author could not include several
papers concerning ice phenomena on various lakes,
for which he sincerely apologises.

o9 |

izl
Lloolz o [CHONICE

_|56°

154

14 1624

22 24 26

Fig. 4. Distribution of studied lakes in European Lowlands (after Skowron and Marszelewski 2005)
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Fig. 5. Course of thickness of ice cover, 30 and 31 Jan 2004 (after Skowron and Marszelewski 2005) Bearing in mind that the maxi-

mum thickness of ice on lakes in the temperate zone occurs on

Discussion

Changes in climatic conditions have led to closer
scrutiny of their effects on lake ecosystems. It is
widely known that winter periods were generally
warmer after 1850 than before (Fortuniak et al.
2001; Przybylak et al. 2003; Kaszewski 2015). The
changeability of the circulation and properties
of air masses that shape the climate of Central
Europe should be considered to be the main
and fundamental cause of climate variability.
According to Kozuchowski and Zmudzka (2001),
the mean annual air temperature calculated for
51 meteorological stations amounted to 9.5°C,
and was the highest in the years 1951-2000, and
probably the highest in the area of Poland since
the beginning of instrumental observations. The
conclusions concerning the course of air temperature
during winter months are particularly interesting
(Przybylak et al. 2003). No potential conflict of
interest was reported by the authors.

The publication of Hurell (1996) on the influ-
ence of the atmospheric circulation (NAO) on air
temperature during the winter months led to a clo-
ser examination of its influence on the course and
variation of ice phenomena in the northern he-
misphere in particular years (Magnuson et al. 2000;
Grirjatowicz 2005; Benson et al. 2012; Wrzesinski et
al. 2013, 2015).

24

Meaningful evidence for changes in lake ice in Eu-
rope is provided by the research conducted by Ko-
rhonen (2006) in Finland. Based on a series for the
period 1885-2002, he finds the average trend of lat-
er ice cover formation to be 7.9 days every one hun-
dred years in southern Finland, 3.6 days in central
Finland, and 4.6 days in northern Finland. In con-
trast, the average trend for earlier ice break-up is 8.6
days every one hundred years in southern Finland,
6.6 days in central Finland, and 7.5 days in north-
ern Finland. This results in a decline in ice cover
duration of 16.8 days every one hundred years in
southern Finland, 11.1 days in central Finland, and
12.8 days in northern Finland. A similar trend is
identified by Kérkas (2000) for the deep Lake Paa-
jarvi (southern Finland) when comparing data from
the multiyear periods 1910-30 and 1971-88.

Similarly, Reinart and Parn (2006) show that the
ice cover on Lake Peipus in Estonia lasts 115 days
(from 9 December to 4 April) and is characterised
by an earlier ice cover break-up, as in many other
lakes in the northern hemisphere. Also, on Lake
Ladoga there is an earlier break-up (14 days every
100 years) (Karetnikov and Naumenko 2008). On
Lake Onega, on the other hand, the phenomenon
of shortening of the ice cover duration extends
the ice-free period from 217 to 225 days (Salo and
Nazarova 2011).
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The results of the mean values of ice cover in Lith-
uanian lakes confirm this fact (Bukantis et al. 2001).
The average ice-in dates are two weeks later, and
the duration of the ice cover is on average 15 days
longer than the lakes located in north-eastern Po-
land (Skowron 2011). Also, lakes and artificial reser-
voirs in Belarus, as indicated by Danilovish (2004),
show that the 1.1 °C increase in air temperature in
1988-2002 resulted in earlier occurrence of spring
and a marked shortening of five days in the period
with water temperatures between 0 and 2 °C and
the duration of ice phenomena, and six days in the
duration of ice cover.

Statistical correlations between lake ice pheno-
logy (dates of ice freeze-up and ice break-up, ice
duration), air temperature and the North Atlantic
Oscillation (NAO) index were analysed for eight
lakes in the Karelia between 1950 and 2009. The
trends in the chronology of ice phenomena in the
last 20 years are shown to be more distinctive than
in the whole 60-year period (Efremova et al. 2013).

The course of the ice cover occurrence in the
areas west of the Polish borders was traced on the
example of Miiggel Lake in the period 1977-98

Fig. 6. Ice fishing on Masurian lakes (photo R. Skowron)

(Adrian and Hintze 2000). The values were similar
to those in western Poland. The studies conducted
on two lakes located in the Berlin-Brandenburg
Lake District showed an earlier ice cover break-up
and its shorter duration in the period 1961-2007
(Bernhardt et al. 2012).

The investigations carried out on the three
Masurian lakes in 2006-10 (Jagodne, Sniardwy and
Ros$) showed that the parameters of ice phenomena
did not vary much (Wira and Ptak 2015). Only the
earlier appearance of ice phenomena on Sniardwy
Lake in comparison to the other two lakes should be
associated with morphometry (lower mean depth)
and earlier cooling of the water mass of the lake.

It is interesting to compare the mean data of ice
observations for two lakes in Poland (Goplo and
Wigry) for 1924-33 with the mean values for 2001-
20. The mean properties of ice phenomena show
significant differences compared to the data after
75 years. Both in Lake Gopto and Lake Wigry, the
disappearance of ice phenomena in the first two
decades of 21st century occurs 14 days earlier.
The consequence of such a course is a shortened
duration of ice phenomena in both lakes by 27.5
and 26.1 days, respectively. Also, the maximum
thickness of ice cover decreased by 11.9 and 13.5
cm (Table 5).

Conclusion

The conducted research confirmed the noticeable
influence that changing climatic conditions,
caused by different intensity of the North Atlantic
Oscillation, had on the regime of lake ice phenomena
in the temperate zone (Hurrell 1996; Magnuson

Table 5. Comparison of average course of ice phenomena on Lakes Gopto and Wigry:

Average ice values of lakes

Lake Period Beginning of ice End of ice Duration of ice Maximum ice
phenomena phenomena phenomena (days) thickness (cm)
Goplo A 13-Dec 20-Mar 98.0 30.8
B 16-Dec 07-Mar 70.5 18.9
Wigry A 12-Dec 07-Apr 109.0 42.1
B 25-Dec 23-Mar 82.9 28.6

A —in 1926-1938 and B — 2001-2020 (after IMGW-PIB)
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et al. 2000; Benson et al. 2012). The transitional
character of the climate in northern Poland was
marked by the varied dates of ice cover occurrence,
its duration, and the degree of ice cover duration
(Girjatowicz 2003, 2005; Skowron 2003; Wrzesinski
et al. 2013, 2015). In the positive phase of the North
Atlantic Oscillation, during warm and moist winters,
the duration of the ice cover and its thickness were
significantly smaller than for winters with a negative
NAO index (Marsz 1999). The transitional character
of the Polish climate is clearly marked in the spatial
distribution of ice phenomena in lakes. To the
west of the River Vistula, the occurrence of ice
phenomena is clearly shorter and the thickness of
the ice cover is less.

Numerous research studies have confirmed this,
especially in the latter half of the 20th century in
the area of Pomerania, where a positive trend of
air temperature occurred, e.g., in the winter season.
Analysing the course of air temperature in Poland,
Kozuchowski (2011) showed an increasing trend of
climate oceanism. It also resulted in a softening of
the winter period in the South Baltic Coastal Strip
(Lukaszewicz and Jawgiel 2016).

The increase in mean annual air temperature is
most strongly influenced by the temperature of the
winter period in which the greatest variability is ob-
served. The occurrence of so-called “coreless” win-
ters, in which a short decrease in air temperature
is followed by a several-fold increase, is becoming
common. These characteristics should be associa-
ted with a revival of the zonal atmospheric circula-
tion and an increase in oceanic climate properties
(Marsz 1999; Kozuchowski and Zmudzka 2001),
causing warming of winter seasons, especially in
January and February (Fortuniak et al. 2001).

The transitional character of the Polish climate
characterised by a high fluctuation in its course in
the winter months results in significant differences
in the dates of occurrence of ice phenomena on
lakes. Therefore, their occurrence is characterised
by high variability, which is confirmed by standard
deviation values. They average +19.0 and +18.9
days for the initial dates of ice phenomena and ice
cover occurrence, and +21.3 and +22.7 days for
their break-up. On the other hand, the standard
deviation for the duration and maximum thickness
of the ice cover are +30.1 days, +30.2 days and +11.6
cm, respectively. Hence, in order to determine the

correct assessment of the occurrence of their trends,
long measuring series of at least 50 years should be
taken into account.

The ever thinner ice cover and more frequent
breaks in ice cover duration make it impossible to
hold traditional ice boat races and also limit fishing
opportunities for numerous ice-fishing enthusiasts

(Fig. 6).
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No potential conflict of interest was reported by the
authors.

References

ADRIAN R and HINTZE T, 2000, Effects of winter air
temperature on the ice phenology of the Miiggelsee
Berlin (Germany), Internationale Vereinigung fiir the-
oretische und angewandte Limnologie. Verhandlungen
27: 2808-2811.

BARANCZUK J and BOROWIAK D, 2005. Zjawiska lo-
dowe jezior. In: Lange W (ed.) Jeziora gérnej Raduni
i jej zlewnia w badaniach z udziatem Stacji Limnolo-
gicznej w Borucinie. Gdansk, 251-260.

BARANCZUK ] and MARCHLEWICZ R, 2003, Diversi-
ty of development of ice phenomena in chosen lakes
of Kaszubskie Lakeland in winter 2003. Limnological
Review 3: 3-8.

BENSON BJ, MAGNUSON JJ, JENSEN OP, CARD VM,
HODGKINS G, KORHONEN ], LIVINGSTONE
DM, STEWART KM, WEYHENMEYER GA and
GRANIN NA, 2012, Extreme events, trends, and var-
iability in Northern Hemisphere lake-ice phenology
(1855-2005). Climatic Change 112: 299-323.

BERNHARDT J, ENGELHARDT C, KIRILLIN G and
MATSCHULLAT ], 2012, Lake ice phenology in
Berlin-Brandenburg from 1947-2007: observations
and model hindcasts. Climatic Change 112: 791-817.

BOJANOWICZ M, 1970, Termika wéd jeziornych w Polsce
i ocena zasobow ciepta w jeziorach, PIHM, Materialy
nr 676, Warszawa (manuscript).

BOROWIAK D and BARANCZUK J, 2004, Secular fluc-
tuations of ice phenomena in Upper Radunia Lake,
Kashubian Lakeland. Limnological Review 4: 17-24.

26 Citation: Bulletin of Geography. Physical Geography Series 2021, 20, http://dx.doi.org/10.2478/bgeo-2021-0002



R. Skowron

Ice phenomena in investigations of Polish lakes

BUKANTIS A, GEUBINAS Z, KAZAKEVICIUS §,
KILKUS K, MIKELINSKIENE A, MOKRUNAITE
R., RIMKUS E, SAMULA M, STANKUNAVICIUS
G, VALIUSKEVICIUS G and ZAROMSKIS R, 2001,
Klimato svyraminu poveikis fiziniams geografiniams
procesams Lietuvoje. In: Bukantis A, Kilkus K and
Rimkus E (eds), The influence of climatic variations on
physical geographical processes in Lithuania, Vilnius,
280.

CHOINSKI A, 2007, Limnologia fizyczna Polski. Wy-
dawnictwo Naukowe UAM, Poznan.

CHOINSKI A, 2010, Badania z zakresu limnologii
w Zakladzie Hydrologii i Gospodarki Wodnej UAM
w Poznaniu. In: Choinski A (ed.), Przemiany jezior
i zbiornikéw wodnych (Woda. Srodowisko. Zmiany),
Poznan, 9-19.

CHOINSKI A, GALKA M and LAWNICZAK AE., 2006,
Przyklady zréznicowania grubosci pokryw lodowych
wybranych jezior. Badania Fizjograficzne nad Polskg
Zachodnig. Geografia Fizyczna 57: 15-20.

CHOINSKI A, PTAK M and SKOWRON R, 2014. Ten-
dencje zmian zjawisk lodowych jezior Polski w latach
1951-2010. Przeglgd Geograficzny 86(1): 5-22.

CHOINSKI A, PTAK M, SKOWRON R and
STRZELCZAK A, 2015, Changes in ice phenology
on Polish lakes from 1961 to 2010 related to location
and morphometry. Limnologica - Ecology and
Management of Inland Waters 53: 42-49.

CHOINSKI A, PTAK M and STRZELCZAK A, 2013,
Areal variation in ice cover thickness on Lake Morskie
Oko (Tatra Mountains). Carpathian Journal of Earth
and Environmental Sciences 8(3): 97-102.

CHOJNOWSKI S and CISZEWSKI R, 1964, Z badan
nad pokrywa lodowa Jeziora Mikolajskiego. Biuletyn
PIHM 8, Warszawa: 1-39.

DABROWSKI M, 2008, Zjawiska lodowe na jeziorze
Wigry. Prace Komisji Paleogeografii Czwartorzedu
PAU 6: 125-133.

DANILOVICH 1, 2004, Influence of climate warming on
hydrological regime of lakes and reservoirs in Belarus
during 1988-2002. Materials of XXIII Nordic hydro-
logical conference, NHP Report Ne 48. Tallinn, 691-
695.

EFREMOVA T, PALSHIN N and ZDOROVENNOV
R, 2013, Long-term characteristics of ice phenol-
ogy in Karelian lakes. Estonian Journal of Earth
Sciences 62(1): 33-41, DOL: http://dx.doi.org/10.3176/
earth.2013.04.

FORTUNIAK K, KOZUCHOWSKI K and ZMUDZ-
KA E, 2001, Trendy i okresowo$¢ zmian temperatury
powietrza w Polsce w drugiej potowie XX wieku.
Przeglgd Geofizyczny 46(2): 283-303.

GALON R, 1954, Program i organizacja badan
limnologicznych w Polsce. Przeglgd Geograficzny: 26
(2): 12-15.

GIRJATOWICZ ], 2003, The influence of the North
Atlantic Oscillation on ice conditions in coastal lakes
of the Southern Baltic Sea. International Journal of
Limnology 39(1): 71-80.

GIRJATOWICZ JP, 2004, Lodowe warunki polskich
jezior przybrzeznych. Przeglgd Geograficzny 76(1):
51-63.

GIRJATOWICZ JP, 2005, The relationships between the
North Atlantic Oscillation and Southern Baltic coast
ice conditions. Journal of Coastal Research 21(2): 281-
291. DOL: http://dx.doi.org/10.2112/03-0073.1

GOLEK J, 1957, Zjawiska lodowe na rzekach polskich.
Prace PIHM 48, Wyd. Komunikacyjne. Warszawa, 58.

GOLEK ], 1986, Zjawiska lodowe na wodach powie-
rzchniowych. In: IMGW, Atlas hydrologiczny Polski t.
II. Wydawnictwa Geologiczne, Warszawa.

GORNIAK A, 1999, Dynamika poziomu wéd, tempe-
ratury i zjawisk lodowych jeziora Wigry. In:
Zdanowski B, Kaminski M and Martyniak A (eds)
Funkcjonowanie i ochrona ekosysteméw wodnych na
obszarach chronionych. Olsztyn, 129-140.

GRZES M, 1974, Badania nad termikg i zlodzeniem
jeziora Goplo. Dokumentacja Geograficzna 3: 1-57.
HURRELL, JW, 1996, Decadal trends in the North At-
lantic Oscillation and relationships to regional tempe-
rature and precipitation. Science 269(5224): 676-679.

KARETNIKOV S and NAUMENKO M, 2008, Recent
trends in Lake Ladoga ice cover. Hydrobiologia 599:
41-48.

KARKAS E, 2000, The ice season of Lake Pidjirvi in
southern Finland. Geophysica 36(1-2): 85-94.

KASZEWSKI B, 2015. Zmiany klimatu Polski w pracach
polskich klimatologéw. Przeglgd Geofizyczny 60(3-4):
217-235.

KORHONEN J, 2006, Long-term changes in lake ice
cover in Finland. Nordic Hydrology 37(4-5): 347-363.

KOROLCOWNA H, 1961, Pokrywa lodowa na Jeziorze
Mikotajskim w latach 1952/3-1957/8. Dokumentacja
Geograficzna 2: 106-135.

KOWALSKA A, 1972, Termika jezior péinocnej Polski.
Czasopismo Geograficzne 43(4): 371-385.

Citation: Bulletin of Geography. Physical Geography Series 2021, 20, http://dx.doi.org/10.2478/bgeo-2021-0002 27



Ice phenomena in investigations of Polish lakes

R. Skowron

KOZMINSKI Z and WISZNIEWSKI J, 1935, Uber die
Vorfriihlingthermik der Wigry-Seen. Archiv fiir Hy-
drobiologie 28: 198-235.

KOZUCHOWSKI K, 2011, Klimat Polski. Nowe spojrzenie.
Wydawnictwo Naukowe PWN, Warszawa.

KOZUCHOWSKI K and ZMUDZKA E, 2001, Ocie-
plenie w Polsce: skala i rozktad sezonowy zmian
temperatury powietrza w drugiej polowie XX wieku.
Przeglgd Geofizyczny 46(1-2): 81-90.

LENCEWICZ S, 1926, Badania jeziorne w Polsce. Prze-
glgd Geograficzny 5: 1-70.

LITYNSKA Z, 1969, Prognoza zamarzania jezior Pojezie-
rza Mazurskiego, Prace PIHM 96: 16.

LITYNSKI A, 1913, Zmarzte stawy w Tatrach. Pamigtnik
Towarzystwa Tatrzanskiego 34: 48-54.

LUKASZEWICZ ] and JAWGIEL K, 2016, Przebieg
i charakter zjawisk lodowych na rzece Lebie. Badania
Fizjograficzne. A - Geografia Fizyczna 7: 99-117.

MAGNUSON JJ, ROBERTSON DM, BENSON B]J,
WYNNE RH, APRILINGSTONE DM, ARAI T,
ASSEL RA, BARRY RG, CARD V, KUUSISTO E,
GRANIN NG, PROWSE TD, STEWARD KM and
VUGLINSKI VS, 2000, Historical trends in lake and
river ice cover in the Northern Hemisphere. Science
289(5482): 1743-1746.

MARSZ A, 1999, Oscylacja Pélnocnoatlantycka a rezim
termiczny zim na obszarze poéinocno-zachodniej
Polski i na polskim wybrzezu Baltyku. Prace
Geograficzne 71(3): 225-245.

MARSZELEWSKI W and SKOWRON R, 2006, Ice cover
as an indicator of winter air temperature changes:
case study of the Polish Lowland lakes. Hydrological
Science Journal 51(920): 236-349.

MARSZELEWSKI W and SKOWRON R, 2009, Extreme
ice phenomena on the lakes of Northern Poland. Li-
mnological Review 9(2-3): 81-89.

MATUSEWICZ ], 1939, Badania nad zlodzeniem jezi-
or w Polsce, Wiadomosci Stuzby Hydrograficznej 2(1):
49-59.

OKULANIS E, 1977, Wplyw alimentacji Jezior Radun-
skich na ich rezim termiczno-lodowy, Zeszyty Nau-
kowe BiNoZ UG. Geografia 8: 109-131.

PASEAWSKI Z, 1982, Zlodzenie jezior w Polsce. Przeglgd
Geofizyczny 27(1-2): 79-92.

PASLAWSKI Z, 1993, Badania w dziedzinie limnologii
fizycznej w Polsce. In: Dynowska I (ed.), Przemiany
stosunkéw wodnych w Polsce w wyniku proceséw
naturalnych i antropogenicznych. Krakow, 56-69.

PIETRUCIEN C and SKOWRON R, 1984, Transforma-
cja wod Noteci pod wplywem zanieczyszczen jezio-
ra Goplo. In: Rola badan jeziornych w poznawaniu
stosunkéw wodnych pojezierzy. Materialy Konferencji
Komisji Hydrograficznej PTG - 25-27 czerwca 1984.
Gdansk, 186-193.

PIUS B and MARSZELEWSKI W, 2016, Effect of climatic
changes on the development of the thermal-ice
regime based on the example of Lake Charzykowskie
(Poland). Bulletin of Geography. Physical Geography
Series 11: 27-33.

PRZYBYLAK R, WOJCIK G and MARCINIAK K, 2003,
Wplyw Oscylacji PéInocnoatlantyckiej i Arktycznej
na warunki termiczne chlodnej pory roku w Polsce
w XVI-XX wiekach. Przeglgd Geofizyczny 48: 61-74.

REINART A and PARN O, 2006, Ice conditions of a large
shallow lake (Lake Peipsi) determined by observa-
tions, an ice model, and satellite images. Proceed-
ingsof the Estonian Academy of Sciences. Biology,
Ecology 55(3): 243-261.

SALO YA and NAZAROVA LE, 2011, Multiannual
variability of the Onega Lake ice regime in conditions
of variability of the regional climate. Processes Russian
Geographical Society 143: 50-55.

SKOWRON R, 1997, Tendencje zmian temperatury wody
powierzchniowej i zjawisk lodowych w jeziorach na
obszarach pojeziernych w Polsce. In: Choinski A,
(ed.), Wplyw antropopresji na jeziora. Poznain — By-
dgoszcz, 143-151.

SKOWRON R, 2003, Ice sheet in the forests of the Polish
Lowland. Distribution, differences and trends. Limno-
logical Review 3: 205-212.

SKOWRON R, 2008a, Extreme courses of ice phenom-
ena on the Polish lakes during the last twenty —five
years of the twentieth century (based on the multiyear
mean values), Osepa i1 mTy4Hi BojoiiMu YKpainu:
Cy4JacHuUil cTaH i aHTpomnoreHHi sMinn. /lyypk: 146-
151.

SKOWRON R, 2008b, Thermal conditions of water in
lakes during winter stagnation - selected problems.
In: Bajkiewicz-Grabowska E and Borowiak D (eds),
Anthropogenic and natural transformations of lakes.
Gdansk-Wdzydze Kiszewskie, 2: 187-190.

SKOWRON R, 2009, Changeability of the ice cover on
the lakes of northern Poland in the light of climatic
changes, Bulletin of Geography. Physical Geography
Series, 1: 103-124.

SKOWRON R, 2011, Zréznicowanie i zmiennos¢ wy-
branych elementéw rezimu termicznego wody w je-

28 Citation: Bulletin of Geography. Physical Geography Series 2021, 20, http://dx.doi.org/10.2478/bgeo-2021-0002



R. Skowron

Ice phenomena in investigations of Polish lakes

ziorach na Nizu Polskim. Wydawnictwo Naukowe
UMK, Torun.

SKOWRON R, 2017, Water temperature in the investiga-
tions of Polish lakes. Limnological Review 17(1): 31-46.

SKOWRON R and MARSZELEWSKI W, 2005, Climatic
and geographic conditioning of the ice cover thickness
on the lakes of the European Lowland. 1Ith World
Lakes Conference, Abstract volume, P.O. Box 30197,
Nairobi, Kenya, 59.

SKOWRON R and SZCZEPANIK W, 1988, Zrdznicowa-
nie przestrzenne i tendencje zmian przebiegu zjawisk
lodowych na jeziorach Polski polnocnej, In: Churski
Z (ed.), Naturalne i antropogeniczne przemiany jezior
i mokradet w Polsce. Torun, 125-136.

SOBOLEWSKI W, BOROWIAK D, BOROWIAK M and
SKOWRON R, 2014, Baza danych jezior Polski i jej
wykorzystanie w badaniach limnologicznych, “Picador”
Komunikacja Graficzna s.c., Lublin.

SZIWA R, 2002, Maximum ice cover thickness on lakes
of the Oder basin, Przymorze and the lower Vistula
basin. Limnological Review 2, Lublin.

SZUMNY M, 2017, Zarys rozwoju badan termiki wod
i pokrywy lodowej jezior w polskich Tatrach. Prze-
glad Geograficzny 89(3): 491-512.

WIRA ] and PTAK M, 2015, Zlodzenie wybranych jezior
w Krainie Wielkich Jezior Mazurskich w latach 2006—
2010. Zeszyty Naukowe — Inzynieria Lgdowa i Wodna
w Ksztattowaniu Srodowiska 12: 38-47.

WRZESINSKI D, CHOINSKI A, PTAK M and SKOW-
RON R, 2015, Effect of the North Atlantic Oscilla-
tion on the pattern of lake ice phenology in Poland.
Acta Geophysica 63(6): 1664-1684. DOI: http://dx.doi.
org/10.1515/acgeo-2015-0055.

WRZESINSKI D, PTAK M and BACZYNSKA A,
2013, Effect of the North Atlantic Oscillation on ice
phenomena on selected lakes in Poland over the years
1961-2010. Quaestiones Geographicae 32(3): 119-128.

Received 04 June 2021
Accepted 23 June 2021

Citation: Bulletin of Geography. Physical Geography Series 2021, 20, http://dx.doi.org/10.2478/bgeo-2021-0002 29



