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Abstract: The North Atlantic Oscillation is a macroscale type of circulation determining climate and hydrological
conditions in Europe. The paper presents water level fluctuations in 19 Polish lakes in various phases of NAO of
the winter season in the years 1976-2010. Correlations of the winter NAO index with monthly, seasonal, maxi-
mum, and minimum water stages, and annual water level amplitudes in lakes were calculated. Approximately
20% of the performed tests showed statistical significance. Lakes were recorded where the correlations were sig-
nificant in a major part of the year, as well as lakes showing no significant correlations in any month. Deviations
of mean water stages in the positive and negative phase of NAO from mean water stages were calculated for each
of the lakes. This permitted classifying the lakes into two groups by Ward’s method based on deviations of wa-
ter stages in the positive and negative phase of NAO,,., from average values. This resulted in the designation of
4 and 5 typological classes of lakes, respectively. Deviations of water stages in lakes in various phases of NAO;,,
from mean values were determined to even exceed 20 cm. The study results can find practical applications in ref-
erence to water retention. In view of the observed environmental changes, it is possible that the hydrotechnical
infrastructure on lakes will have to be developed in the future. Such a situation will permit the precise control of
water level fluctuations for the purpose of the optimal adaptation of lakes for economic purposes.
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INTRODUCTION

The North Atlantic Oscillation (NAO) is the pri-
mary type of macroscale atmospheric circula-
tion determining weather conditions in the north
Atlantic sector. NAO is a bipolar type of atmos-
pheric circulation, with centres over Iceland and
the Azores. In Central Europe, the effect of NAO
circulation is the most evident in the case of the
course of climatic processes, and as a consequence
also hydrological processes in the winter season
(December-March). The period is associated with
winter NAO index (NAO,;,,) (Wrzesiniski 2011).
Considering climatic processes, air temperature

and precipitation fluctuations should be deter-
mined (Scaife et al. 2008, Bednorz 2011, Heape
etal. 2013, Labudovd et al. 2013). In terms of hydro-
logical processes, the effect of NAO was confirmed
in reference to river outflows (Trigo et al. 2004,
Pociask- Karteczka et al. 2003, Pociask-Karteczka
2006, Pekarova & Pekar 2007), groundwater run-
off (Olichwer & Tarka 2015), the thermal regime of
lakes (Livingstone & Dokulil 2001, Trusewicz et al.
2009, Girjatowicz 2011, Wrzesinski et. al 2015a),
and the ice regime of lakes (Girjatowicz 2003, Bai
et al.,, 2012, Dokulil 2014, Wrzesinski et al. 2015Db).
This paper constitutes a continuation of research
on the effect of NAO, ;,, on the functioning of lake
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ecosystems in this part of Europe. In spite of the
determination of certain patterns, it has not been
completely investigated to date.

The objective of the paper is to determine wa-
ter level fluctuations in Polish lakes during vari-
ous NAOy ., phases. The paper aims at the deter-
mination of deviations from the mean values of
water stages in particular NAOy ., phases, their
statistical significance, and patterns in their spa-
tial distribution.

It is difficult to identify the hierarchy of the
importance of processes and phenomena occur-
ring in lakes. Those related to water level fluctua-
tions seem to be among the most important and,
in certain cases, they may cause the disappearance
of an entire lake. Processes responsible for water
level fluctuations are of a natural (precipitation,
evaporation) and artificial character (water intake,
melioration works). Analysing the water level fluc-
tuations of the Dojran Lake, Bonacci et al. (2015)
concluded that it is not easy to determine which
natural or anthropogenic factors determine such
fluctuations. This conclusion is of a very universal
character in a period of considerable transforma-
tion in the natural environment. The functioning
of lakes is affected by natural processes determined
by local (e.g. orography) and macroscale factors
(e.g. NAO). Anthropogenic changes can be ex-
pansive and dynamic. Various examples (Micklin
1988, Ptak et al. 2013) show that the artificial regu-
lation of water relations in a relatively short time
may lead to a complete change in the water balance

of alake. Apart from extreme situations, water lev-
el fluctuations and therefore changes in the sur-
face area of a lake and volume of retained water are
key for a number of physical-chemical (Hékanson
etal. 2000, Jeppesen et al. 2015), biological (Peczula
& Szczurowska 2013, Stefanidis & Papastergiadou
2013, Weiperth et al. 2014), and economic process-
es (Crase & Gillespie 2008, Dinka 2012).

As a result, any enrichment of knowledge on
issues related to water level fluctuations in lakes
should be considered valuable - considering ele-
ments of macroscale atmospheric circulation, then
modified by the local and individual factors of lakes.

MATERIALS AND METHODS

The area of north-east Central Europe is distin-
guished by a high number of lakes (Heine et al.
2015). According to Choinski (2006), the territory
of Poland includes more than 7,000 natural lakes
with an area of 1 ha or more. They are mainly lo-
cated in the northern part of Poland, a fact related
to the last glaciation.

This paper is based on the daily water stages of
19 lakes from the period 1976-2010 (Fig. 1) from
the collection of the Institute of Meteorology and
Water Management-PIB. The data were presented
in accordance with the course of the hydrological
year, beginning on 1 November, and ending on
31 October of the following year. The basic param-
eters of the lakes analyzed in the paper are pre-
sented in Table 1.
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Fig. 1. Location of the analysed lakes (numeration in accordance with Table 1). The dotted line designates the range of the last
glaciations: A - Pomorskie Lakeland, B - Mazurskie Lakeland, C - Wielkopolsko-Kujawskie Lakeland
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Table 1
Morphometric data of the studied lakes
Area Volume Average
No Lake [ha] [thous m’] depth
(m]
1 | Insko 529.0 65,182.0 11.0
2 | Morzycko 317.5 49,826.9 14.5
3 | Niestysz 526.0 34,457.6 6.9
4 | Lubie 1,487.5 169,880.5 11.6
5 | Drawsko 1,797.5 331,443.4 17.7
6 | Lednica 325.0 24,397.0 7.0
7 | Biskupinskie 107.0 6,397,2 5.5
8 | Zninskie Duze 420.5 29,492.6 6.8
9 | Sepolenskie 157.5 7,501.6 4.8
10 | preryine 565.0 | 51,7625 | 8.0
11 | Kalwa 561.0 39,468.6 7.0
12 | Dadaj 978.0 120,784.2 12.0
13 | Mikotajskie 424.0 55,739.7 11.2
14 Sniardwy 1,1487.5 660,211.8 5.8
15 | Jagodne 872.5 82,705.2 8.7
16 | Mamry 9,851.0 1,003,367.5 9.8
17 | Orzysz 1,012.5 75,326.2 6.6
18 | Selmet Wielki 1,207.5 99,463.9 7.8
19 | Litygajno 154.5 9,763.9 6.0

For the purpose of the determination of the
dependence of water stages in lakes on the in-
tensity of the North Atlantic Oscillation, Pear-
son’s coefficients of linear correlation were cal-
culated between standardised monthly, seasonal,
and annual mean water stages and maximum and
minimum water stages, as well as annual ampli-
tudes and seasonal NAO indices from the period
from December to March. These were retrieved
from https://climatedataguide.ucar.edu/climate-
data/hurrell-north-atlantic-oscillation-nao-in-
dex-station-based).

Changes in monthly and seasonal water stages
in the analysed lakes in various NAOy, .\ phases
were determined based on differences in the pa-
rameters of positive and negative NAO,;,, phase
in reference to mean values from the years 1976-
2010. Mean values of water stage parameters were
calculated for years with high (NAO, > 2.67,
eight times in the analysed multiannual) and low
(NAOpy < —0.41, eight times in the analysed
multiannual) values of winter NAO index. The
figures correspond to the first and third quar-
tile from the entire set of NAO index in the years

1976-2010. The statistical significance of the dif-
ferences was determined by means of a T test for
the correlated samples. Each time, the hypothesis
H:p = p, was tested with equal expected values,
against H:p # p,. The rejection of the hypothesis
permits conclusions to be drawn on the consid-
erable differences between the mean water stag-
es observed in various NAOy,;, phases and their
mean values from the years 1976-2010. For the
purpose of the verification of the hypothesis, a test
for a small sample was applied based on t-Student
distribution at n-1 degrees of freedom:

AW

N

t:

@

where:
n —sample size,
s —standard deviation,
X —mean from sample,
U, —mean from population.

Finally, a classification of the studied lakes was
performed from the point of view of the differenc-
es in monthly water stages in the period with high
and low NAO,,.,,, indices from the values of mean
water stages from the years 1976-2010. The clas-
sification procedure employed Ward’s method of
hierarchical grouping. The results of the grouping
were presented graphically in the form of a den-
drogram, reflecting the structure of the similar-
ity of a given group of lakes, and used for the des-
ignation of typological classes. In the paper, the
number of classes was determined based on a pat-
tern, i.e. dendrogram geometry and bond distance
curve. The mathematical-statistical processing of
analysis results involved the application of statis-
tical procedures included in programmes: Excel
(Microsoft) and Statistica (StatSoft). The prepa-
ration of the graphic representation involved the
application of programmes: 10 (Golden Software)
and CorelDraw 12 (Corel). The kriging procedure
was applied in the construction of isoline maps.

RESULTS

Coeflicients of correlation of water stages with
NAO,, index are listed in Table 2.

Geology, Geophysics and Environment, 2017, 43 (1): 151-163
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The coefficients of correlation of winter
NAOy,;, index with monthly and seasonal wa-
ter stages in the analysed lakes show both tem-
poral and spatial variability. The analysis of the
above table shows that statistically significant
correlations were revealed by 82 out of 377 per-
formed tests (approximately 20%). Lakes were
recorded where the correlations were significant
over a major part of the year (e.g. Lake Zninskie
Duze, Lednica), as well as lakes showing no sig-
nificant correlations in any month (e.g. Lake
Sniardwy). The strongest positive coefficients
of correlation for the majority of lakes were ob-
tained for water stages in winter months, and
weaker for the spring months and spring season.
In the period from January to March, the most
statistically significant correlations (p < 0.01)
concern Mazurian lakes (Dadaj, Kalwa, Litygaj-
no, Orzysz, and Selmet Wielki). Only water
stages in five lakes in these months show nega-
tive, although statistically non-significant corre-
lations. All of the lakes are located in the south-
ern part of the lakeland belt. They represent the
Wielkopolsko-Kujawskie Lakeland (Biskupin-
skie, Lednica, Niestysz) and the southern part
of the Pomorskie Province (Sepolenskie, Morzy-
cko). From May, an evident change occurs in the
analysed correlations between variables. At that
time, water stages in the majority of lakes show
negative correlations, but there are not statisti-
cally significant correlations with winter NAO
index. The strongest negative coefficients of cor-
relation, frequently at a level of p < 0.01, distin-
guish water stages in lakes from April to June
(Biskupinskie, Zniniskie, Sepoleniskie), and in
months from August to October (Kalwa, Ledni-
ca, Niestysz). A similar situation concerns corre-
lations with seasonal water stages. The majority
of lakes show positive coefficients of correla-
tion with water stages in winter and spring, and
negative in summer and autumn. Correlations
of winter NAO index with the mean maximum
and minimum water stages are usually statisti-
cally non-significant. In the case of the lakes of
the Wielkopolsko-Kujawskie Lakeland, they are
usually negative, and in the case of several lakes
statistically significant - see Table 2. Also, in the
case of extreme amplitudes, both positive and
negative coefficients of correlation with NAOy .\,

were obtained. Only the amplitudes of Lake
Kalwa and Niestysz are positively and statistical-
ly significantly correlated (p < 0.05) with winter
NAO index.

The determined temporal and spatial variabil-
ity of the strength of correlations of water stages
in Polish lakes with a winter NAO index make the
issue of how water stages and their fluctuations
develop in the annual cycle in various NAOy .,
phases an interesting one.

The effect of the intensity of the North Atlan-
tic Oscillation (NAO,;,,) on water level fluctu-
ations in Polish lakes shows spatial variability,
both in terms of the direction of such changes,
and the term of their occurrence (Fig. 2). In the
negative NAOy,;,, phase in winter months, wa-
ter stages lower than average are observed in the
majority of lakes. In the Mazurian lakes, water
stages are usually lower by 10 cm. and in Febru-
ary by even 15-20 cm. In the case of these lakes,
the observed differences in water stages are also
the most statistically significant (p < 0.01). Water
stages in the lakes of the Pomorskie Lakeland are
also lower, although usually by 5-10 cm, and the
differences are significant at a level of p < 0.05.
Water stages in the lakes of the Wielkopolsko-
Kujawskie Lakeland develop in a different way.
In years with a low NAO index, water stages in
the lakes are not statistically significantly dif-
ferent to those observed in average conditions,
and the recorded differences reach up to 5 cm.
In the positive NAOy;,, phase, differences in wa-
ter stages in the majority of lakes are statistically
non-significant. In the winter season, the water
stages in the lakes of the Pomorskie and Mazur-
skie Lakelands are slightly higher than average,
by approximately 5 cm. Higher differences are
observed in the lakes of the Wielkopolsko-Ku-
jawskie Lakeland. There, water stages lower than
average by 5-10 cm are recorded (only in the
case of Lake Lednica by approximately 20 cm),
but the differences are also statistically non-sig-
nificant.

In the spring season in years with a low NAO
index, water stages in lakes of the Wielkopolsko-
Kujawskie Lakeland are higher than average, and
water stages in lakes of the Mazurskie and Pomor-
skie Lakelands are slightly lower by approximately
5 cm (Fig. 2).

Geology, Geophysics and Environment, 2017, 43 (1): 151-163
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Fig. 2. Differences in water stages in lakes in different NAO,,,,, phases in comparison to average values (AH), and their statisti-

cal significance (p)
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Only in the case of Lake Sepolenskie are water
stages lower by 5-10 cm, and the observed differ-
ences are statistically significant (p < 0.05). Oppo-
site correlations are observed in years with high
values in terms of NAO index. Water stages higher
by up to 5 cm are observed in the Pomorskie and
Mazurskie Lakeland, and lower by up to approxi-
mately 10 cm, in the lakes of the Wielkopolsko-
Kujawskie Lakeland. The differences, however, are
statistically non-significant.

In summer months, the situation changes in
the case of Mazurian lakes. Water stages in the
lakes, similarly as those in lakes of the Wielkopol-
sko-Kujawskie Lakeland, are higher in the nega-
tive NAOy,, phase by 5-10 cm than on average,
although the differences are usually not statisti-
cally significant. A part of lakes of the Pomorsk-
ie Lakeland (Insko, Szczytno Wielkie) are distin-
guished in this NAO phase by water stages which
are lower than average, and the recorded differ-
ences in the case of Lake Szczytno are statistical-
ly significant (p < 0.05). In the positive NAOy
phase, the direction of water level fluctuations in
lakes is the opposite. Then, the majority of lakes
show water stages lower than average, usually by
approximately 5 cm. Only in Lake Lednica and
Zninskie are they lower by more than 10-15 cm.
Lakes Insko and Szczytno stand out again with
their water stages slightly higher (up to 5 cm) than
average. No statistically significant differences
were observed in any of the cases.

In autumn, the direction of water level fluctu-
ations in lakes is similar to those observed in the
summer season. In the negative NAO,,;, phase,
higher water stages are observed in the majority of

lakes. The highest differences concern water stages
in the lakes of the Wielkopolsko-Kujawskie Lake-
land. Water stages are locally higher by more than
10 cm (Zninskie), and even 20 cm (Lednica) than
average, and the differences are statistically signifi-
cant (p < 0.05). In years with low NAO indices in
the autumn season, water stages in the majority
of lakes are lower than average, in the Mazurskie
Lakeland by 5-10 cm, and in the Wielkopolsko-Ku-
jawskie Lakeland even by more than 20 cm (Ledni-
ca). The lowest fluctuations concern water stages in
the lakes of the Pomorskie Lakeland — up to 5 cm.

A TYPOLOGICAL
CLASSIFICATION OF LAKES

As a result of grouping of lakes due to standardised
differences in monthly water stages in years with
low NAO indices from average values from 1976-
2010, a division into five groups of lakes was ob-
tained. Their location is quite characteristic (Fig. 3).

The first group is represented by four lakes in
the Mazurskie Lakeland (Sniardwy, Mikotajskie,
Mamry i Jagodne). They are located within the re-
gion of the so-called Great Mazurian Lakes, and
represent the same type of water level regime.
Also the response of the lakes to changes in the in-
tensity of NAOy., is almost identical. In the neg-
ative NAO,,;, phase in the winter half-year (from
November to April), water stages in the lakes are
on average lower by up to 10 cm, and in the peri-
od from May to October, higher than average. The
most statistically significant differences (p < 0.05)
are observed in the lakes in September and Octo-
ber (Fig. 4).
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Fig. 3. Dendrogram of grouping of lakes due to differences in water stages in the negative NAO phases from average values (A),

and location of the designated groups of lakes (B)
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Fig. 4. The range of the variability of water level fluctuations in the negative NAO phase from the average values for lakes in
group I (A), and monthly coefficients of water stages and test of significance of differences (T) - based on the example of Lake

Jagodne (B)

Group 2 is represented by both the lakes of the
Pomorskie Lakeland (Insko, Drawsko, Szczytno),
and Mazurskie Lakeland (Orzysz, Kalwa). The
lakes of the group are characterised by similar
water level fluctuations to those in group I. In
the summer-autumn months, water level devia-
tions from average values are inconsiderable, and
in February and March they are slightly higher
than in the case of lakes from group I. They difter
from the previous group in water stages in winter
months (January-February) and March, lower by
approximately 10 cm (Fig. 5). The differences from
average values observed during that time are sta-
tistically significant (p < 0.05). In those months,
even higher water level fluctuations are observed
in lakes from group 3. They include two lakes in
the Mazurskie Lakeland (Litygajno i Dadaj). Dif-
ferences in water levels in the negative NAO .,
phase from average values amount to more than 20
cm, and are very statistically significant (p < 0.01)
(Fig. 6).

A different character of water level fluctua-
tions is represented by lakes from group 4 (Led-
nica i Zninskie) in the Wielkopolsko-Kujawskie
Lakeland. In the winter months (January-Febru-
ary), their water stages are slightly lower than av-
erage values, and from April to October they are
considerably higher. The differences vary from 15
to more than 20 cm, and in the period from Au-
gust to October they are statistically significant
(p <0.01) (Fig 7).

Similar responses are observed in the case of
lakes from group 5. They include the remaining

lakes of the Wielkopolsko-Kujawskie Lakeland
(Biskupinskie, Niestysz), three lakes in the Pomor-
skie Lakeland (Lubie, Sepolenskie, Morzycko),
and Lake Selmet Wielki in the Mazurskie Lake-
land. Their water stages show the lowest fluctua-
tions in the negative NAOy ., phase in compari-
son to average values among all of the lakes. Their
water stages are usually higher in all months with
the exception of January, February, and March,
although the observed differences are not statisti-
cally significant (Fig. 8).

The second typological classification of lakes
was performed based on standardised differenc-
es in water stages in the positive NAO,,,, phase
from average values from the years 1976-2010.
Four groups of lakes were designated (Fig. 9).

The lakes from groups 1 and 4 are typically the
lakes of the Wielkopolsko-Kujawskie Lakeland.
Water stages in the lakes in all months in a year
in the positive NAOy, ., phase are lower than av-
erage. In the case of lakes from group 1 (Lednica,
Zninskie), however, the observed differences are
considerably higher, reaching even 20 cm, and in
Lake Lednica in December and January statisti-
cally significant (p < 0.05) (Fig. 10). In the case of
lakes from group 4, the differences are inconsid-
erable, of up to 5 cm, and statistically non-signif-
icant. The majority of lakes of the Pomorskie and
Mazurskie Lakelands represent groups 2 and 3.
They show a similar direction of water level fluctu-
ations. In the positive NAOy, ., phase, water stag-
es in the lakes are higher from January to May,
and in the remaining months lower than average.
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A considerably higher deviation from average
values is observed in the case of water stages in
lakes from group 2 (Litygajno, Dadaj). In February
and March, their water stages are approximately
20 cm higher in the positive NAO, ., phase, and
the differences are statistically significant (p < 0.05)

(Fig. 10). In the case of Lake Dadaj, a statistical-
ly significant, but negative deviation from average
values is also recorded from August to October.
The lakes from group 3 in the positive NAO
phase show no high statistically significant differ-
ences in water stages from average values.
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DISCUSSION

The issue of the effect of macroscale atmospher-
ic circulation on water levels in lakes is discussed
by a number of authors, and depending on the re-
gion of the world and type of dominant circula-
tion, it shows varied correlations (Rodinov 1994,
LaValle et al. 2000, Johnk et al. 2004, Soja et al.
2013, Biron et al. 2014, Jalili et al. 2016), generally
associated with air temperature and precipitation
fluctuations. Analysing water level fluctuations in
selected lakes in the Mazurskie Lakeland in Po-
land. Gérniak & Piekarski (2002) determined that
they depend on the amount of precipitation which
is in turn determined by the NAO index. Analys-
ing the effect of winter NAO on water stages in
Lake Vortsjarv (Estonia), Noges et al. (2010) de-
termined that in the positive phase, it is distin-
guished by higher water stages. This is related to
changes in precipitation, air temperature, and
term and intensity of snowmelt.

The study results show that the effect of NAO,,
jem ON Water stages in lakes throughout the annual
cycle is not uniform, either in reference to partic-
ular lakes or selected months. Deviations of wa-
ter stages from average values in particular NAO
phases are varied, and in selected cases consid-
erable — exceeding 20 cm. The response of water
stages in Polish lakes to the effect of NAO,;,, is
not uniform. Water stages both lower and high-
er in comparison to average values in the same
phases are recorded. Such a situation generally
results from the location of lakes in different cli-
matic regions. Within the same regions, however,
responses of particular lakes to changes in NAO
intensity can differ due to the direct human effect
on water stages in lakes, or individual regime pa-
rameters resulting from the morphometric prop-
erties of the lakes themselves and the lake catch-
ment. Such a situation occurs e.g. in the case of
lakes: Lednica, Zniniskie Duze, and Biskupinskie.
The regimes of two former ones are characterised
by evident periods of spring floods and periods
of low water stages in summer and autumn. The
water stages in Lake Biskupinskie in the annu-
al cycle are very even. The lake is characterised
by very low mean amplitude of annual stages (32
cm), obscuring the effect of NAO on water stages
in the lake.

Analysing the effect of NAO on the water stag-
es in seven lakes in Turkey. Kiigiik et al. (2009)
also determined that the correlation is of varied
character. In the case of Poland, among the an-
alysed lakes, those located in the Wielkopolsko-
Kujawskie Lakeland and in the southern part of
the Pomorskie Lakeland are distinctive. They
generally respond differently than the remain-
ing lakes to the effect of macroscale atmospheric
circulation. This is confirmed by the grouping of
lakes due to standardised differences in monthly
water stages in lakes, in both the negative and pos-
itive NAOy, phase. In the case of the negative
NAO phase, no evident deviations in water stag-
es from average values are recorded. This may be
surprising, particularly in the winter period. The
negative NAOy,;, phase in this part of Europe is
characterised by inflow of cold and dry air. There-
fore, as a result of lower precipitation and condi-
tions favourable for longer water retention, lower
water stages should be expected. Such a situation,
however, is overcome by the climate conditions of
particular regions. The difference in water stages
in lakes in the cold season should be associated
with winter snowmelts. According to Czarnecka
& Nidzgorska (2013), the mean number of days
with snowmelt in the period from December to
February decreases eastwards, and the differences
amount to several days. The highest frequency of
snowmelts was recorded in the western and north-
western part of the country. Similarly to the case
of lakes, a different effect of NAO,, 1, on discharge
in rivers is observed in this part of Poland. Ana-
lysing river runoft in the region, Wrzesinski (2011)
determined that in the negative NAOy,;,, phase,
the rivers show higher water stages and runoft.
Winter snowmelts result in higher water supply to
lakes (due to frozen ground and no infiltration as
well as low evaporation), as manifested as slight
deviations from average values.

Detailed knowledge on the manner of response
of particular elements of the hydrosphere — in this
case a lake, to the effect of macroscale climate fac-
tors can be of an applicable character in the fu-
ture. Unfortunately, the obtained results are am-
biguous. Due to this, further research in the scope
is required, particularly based on more uniform
hydrometric material, for lakes with a quasi-natu-
ral regime of water stages.
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CONCLUSIONS

The obtained results are in accordance with cur-
rent studies concerning the effect of macroscale
atmospheric circulation on water level fluctua-
tions in lakes. Using detailed data, the paper sup-
plements information concerning the phenom-
enon for lakes in this part of Europe, based not
on a single case, but on a larger group of objects.
The obtained study results show that the effect of
North Atlantic Oscillation was limited to selected
months and selected lakes. Moreover, differences
were observed in the response of water stages to
the effect of NAO in spite of relatively small dis-
tances between the analysed lakes. The observed
correlations were particularly determined by their
location in various regions with different climate.
The considerable effect of regional factors is evi-
denced by the grouping of lakes by Ward’s method
performed in the paper. In the majority of cases,
the designated groups include lakes from similar
physicogeographic regions.
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