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Introduction

Lakes comprise a significant landscape element 
of the Pomeranian Lakeland (Pojezierze Pomorskie). 
This is a lakeland with the highest number of lakes 
larger than 1 ha in Poland. There are 3385 such lakes, 
and their total area has been assessed to 104 219.4 ha 
(Choiński 2006). In these terms, the Pomeranian Lake-
land holds the second ranking place, just behind the 
Masurian Lakeland (Pojezierze Mazurskie). Both the 
number and the area covered by the lakes have changed 
throughout the years. Most often they gradually disap-
pear as a result of overgrowing. One of the first papers 
dedicated to lake disappearance was the work of Ka-
linowska (1961). She assessed that the average degree 
of the lake atrophy in Poland is 67.4%. Other authors 
studying this issue include Choiński (2006), Jańczak 
(1996) and Ptak (2013). The changes in the lake area in 
particular river catchments were studied by Choiński 
(1997), who studied lake atrophy in the Parsęta River 
basin. Czaja and Jańczak (2010) described the atrophy 
of lakes larger than 10 ha in the Radunia River basin. 
The pace of lake disappearance is diverse and depends 
on both natural and anthropogenic factors.

Changes in the surface area of lakes in the Gwda River basin

Katarzyna Kubiak-Wójcicka1, Izabela Lewandowska2

1 Department of Hydrology and Water Management, Nicolaus Copernicus University, Lwowska 1, 87-100 Toruń, Poland, 
e-mail: kubiak@umk.pl (corresponding author)

2 Department of Geomatics and Cartography, Nicolaus Copernicus University, Lwowska 1, 87-100 Toruń, Poland, e-mail: izkamog@vp.pl

Abstract: This paper presents lake surface area changes that have taken place in the Gwda River basin. The studies were conducted on 
the basis of the cartographic materials released since the beginning of the twentieth century until the present times. The starting point 
was the area of all lakes greater than 1 ha which are present on the MPHP map from 2010. The assessment of the changes in the surface 
area of lakes in the Gwda River basin during approximately the last 100 years was possible thanks to the use of German topographic 
maps, so called Messtischblatt, at a scale of 1: 25 000 released between 1919 and 1944. The area of all the studied lakes has decreased by 
465.09 ha (from 12783.62 ha at the beginning of the twentieth century to 12318.53 ha at the present time). Despite the general trend of 
lake atrophy, in particular cases one may observe an increase in the water surface area. This is the result of hydrotechnical works leading 
to river and lake damming, which in turn hampers the pace of atrophy. 

Key words: area changes, lakes, Gwda River basin

Choiński and Jańczak (1998) point out that the 
changes in the lake area depend on several overlap-
ping factors. Hence, each lake should be investigated 
as a separate object. Papers on the change in area of 
single lakes are more and more common in the litera-
ture (Babiński 1998; Kowalewski et al. 2001; Choiński 
2001, 2002; Dorożyński and Skowron 2002; Kubiak-
Wójcicka and Golba 2011; Kowalewski 2012, 2013; 
Ptak et al. 2013).

Methods

The aim of this paper is to assess the changes 
in the area of the lakes located in the Gwda basin that 
have taken place during the last 100 years. The stud-
ies were conducted on the basis of the cartographic 
materials released since the beginning of the twenti-
eth century until the present times. The basis for the 
calculations was the total area of all the lakes larger 
than 1 ha which are visible on the computer-based 
Map of the Hydrographic Division of Poland (MPHP) 
released in 2010. The service WMS (Web Map Server), 
which provides the MPHP, includes maps at a scale of 
1:50 000. The service defines an interface to the spatial 
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data server, which is based on the HTTP protocol. The 
server responds to the clients’ requests with the spatial 
data in the form of a raster map (GIF, JPG, PNG). It 
is a uniform, continuous hydrographic data base for 
the area of Poland, which contains a collection of the 
vector GIS information layers (ArcInfo) and a full ge-
ometric and descriptive profile of the water network 
and basins. The map creation dates span from 1993 to 
the present time.

The assessment of the changes in the lake area 
in the Gwda River basin during approximately the last 
100 years was possible thanks to the use of German 
topographic maps, so called Messtischblatt, at a scale 
of 1: 25 000. These maps were released between 1919 
and 1944 and constitute the most precise cartographic 
source created at that time. As many as 58 sheets of 
these maps cover the Gwda River basin. Hence, only 
the lakes present on the MPHP were identified on the 
German maps. Therefore, the degree of the surface 
area change can only be considered with relation to 
the lakes present on the contemporary MPHP map.

Study area

The study area comprises the Gwda River ba-
sin, which covers an area of 4947.27 km2. The Gwda 
is a fourth order river. It is a right tributary of the riv-
er Noteć. The Gwda originates in Lake Wierzchowo 
and flows into the Noteć at its 119.86 km. The Gwda’s 
length is 139.95 km (Czarnecka 2005).

The Gwda River basin includes parts of the fol-
lowing lands: Drawa Lakeland (Pojezierze Drawskie), 
Szczecinek Lakeland (Pojezierze Szczecineckie), Wałcz 
Plain (Równina Wałecka), Wałcz Lakeland (Pojezierze 
Wałeckie), Gwda Valley (Dolina Gwdy) and Krajna 
Lakeland (Pojezierze Krajeńskie) (Kondracki 1998). As 
it is a young glacial area, the Gwda River basin shows 
a significant diversity of hypsometry. The catchment 
basin is built of fluvioglacial sands and gravels with 
numerous endorheic hollows. Lakes comprise 2.5% of 
the area and forests 30%. The areas with the largest 
density of lakes are upper reaches of the Gwda’s tribu-
taries and the vicinity of hydropower plants (Kubiak-
Wójcicka 2010).

A distinctive feature of the Gwda and its tribu-
taries is large terrain slopes, which favour energetic 
usage of the rivers. The hydrotechnical structures on 
the Gwda were built between 1905 and 1937 (Kubiak 
1999). Currently, there are 12 hydropower plants on the 
Gwda. They are located along the entire river length 

(from the source to the mouth) and are as follows: 
Spore, Gołębiewo, Lubnica, Węgorzewo, Łomczewo 
(Żarki), Podgaje, Jastrowie, Ptusza, Tarnówka, Dobrzy-
ca, Koszyce and Byszki (Kornaś and Kubiak-Wójcicka 
2013).

Results

The analysis of the cartographic materials of the 
Gwda basin revealed that currently the total area of 
all the lakes marked on the Map of Hydrographic Di-
vision of Poland (MPHP) from 2010 is 12 318.53 ha, 
which constitutes 2.53% of the basin area. The number 
of identified lakes is 211. Most of them are within the 
size range of 10 to 20 ha. However, the largest area 
(54% of all the lakes) is covered by the lakes from the 
size range of 100 to 200 ha (Table 1). Among the larg-
est lakes are the following ones: Wielimie (1640 ha), 
Pile (958.3 ha) Betyń or Bytyń (795.85 ha) and Wi-
erzchowo (720.4 ha). They constitute 33.4% of the area 
of all the lakes in the Gwda River basin (Fig. 1).

Table 1. Number and surface area categories of the lakes within the 
Gwda River basin, according to the WMS MPHP (2010) 

Size class Number of 
lakes % of total Area of 

lakes (ha)
% of area of 

lakes
1-5 22 10.43 68.45 0.56
5-10 45 21.33 339.88 2.76
10-20 53 25.12 761.46 6.18
20-50 44 20.85 1359.76 11.04
50-100 21 9.95 1479.75 12.01
100-1000 25 11.85 6669.22 54.14
over 1000 1 0.47 1640.00 13.31
total 211 100% 12 318.53 100%

In order to determine the changes in the lake 
area over time, the areas displayed on the MPHP map 
from 2010 were compared to the German maps from 
the beginning of the twentieth century. The analysis 
revealed that on the German maps there were 207 
lakes with the total area of 12 783.62 ha. Most of the 
lakes were in the size range of 10 to 20 ha. The largest 
area, likewise on the MPHP map, was taken by the 
lakes in the size range of 100 to 200 ha. The average 
lake area was 61.67 ha (Table 2).

The changes in the number and area of the lakes 
result from both natural and anthropogenic factors. 
Only four objects were not present in the years 1919-
1944. They were Lake Uniemino (Fig. 2), Leszczyński 
Pond (Fig. 3), Koszyce Reservoir (Fig. 4) and Nadarzy-
ckie Backwaters (Fig. 5). They are new objects created 
as a result of human activity. The Koszyce Reservoir 
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Fig. 1. The Gwda River basin



124 Katarzyna Kubiak-Wójcicka, Izabela Lewandowska

Fig. 2. Changes in the surface area of Lake Uniemino

Fig. 3. Changes in the surface area of Leszczyński Pond
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Fig. 4. Changes in the surface area of Koszyce Reservoir

Fig. 5. Changes in the surface area of Nadarzyckie Backwaters
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was built in the period of 1977-1980. It emerged as a 
result of damming the river Ruda. Its main purpose 
was water retention for irrigation and flood protec-
tion. Currently it is a recreation site for the inhabitants 
of Piła. The Nadarzyckie Backwaters were created as a 
result of damming the river Piława in the 1930s. Lake 
Uniemino is an exceptional lake. It existed on the map 
Karte des Deutschen Reiches at the scale 1:100 000 from 
1878. Then, as a result of land drainage, it disappeared, 
and currently it has re-appeared. The larger area of the 
lakes in 1919-1944 compared to 2010, regardless of 
the creation of new lakes, results from the atrophy of 
particular lakes. That in turn results from reclamation 
works mainly consisting of land drainage, overgrow-
ing of lakes or hydrotechnical activities.

In total 465.09 ha of water surface has disap-
peared. That constitutes 3.64% of all the water surface 
area. The largest decrease in the water surface area 
took place on the lakes in the size ranges 1 to 5 ha and 
5 to 10 ha. In the remaining size classes, a decrease in 
the water surface area was also observed. The trends 
in the surface area change were diverse in the various 
lakes. As many as 44 out of 207 lakes increased their 
area, while 163 decreased. The largest increase took 
place on Lake Miechówek (65.87%). At the begin-

ning of the twentieth century its water surface area 
was 10.41 ha while in 2010 it was 17.26 ha. The larg-
est decrease in the water surface took place on Lake 
Skickie (76.02%). Its area decreased from 9.19 ha to 
2.21 ha. The second largest decrease was observed on 
Lake Jeleń (a.k.a. Jelonek or Jelenino). The area of that 
lake has decreased by about 74%. A detailed descrip-
tion of the decreasing process of the lake area was 
presented by Ptak et al. (2013). The authors have de-
termined that the decrease took place in two stages. 
The first one consisted of a fall in the level of the water 
surface by approximately 2 m, which resulted from the 
hydrotechnical works at the end of the eighteenth cen-
tury. The second stage was a result of the reclamation 
work conducted at the end of the nineteenth century. 
Figs 6 and 7 show the graphical representation of the 
lakes with the largest change in the water surface area.

Table 3 presents a synthetic list of the trends in 
lake area change in the Gwda catchment. These changes 
are both positive and negative in terms of the lake sur-
face area and they have been grouped in size ranges. 
It was assumed that the area changes in the range of 
0 to +5% and from 0 to -5% may have resulted from 
measurement errors and the scale of maps. As many 
as 68 lakes have not changed, which constitutes 33% 
of all the studied lakes. The largest group consists of 
lakes the surface area of which increased between 10 
and 50% (71 lakes), which is 34.3% of all the stud-
ied lakes. This result is similar to the one achieved by 
Marszelewski and Adamczyk (2004) in the Masurian 
Great Lakes (31.9%). The increase in the surface area 
of the lakes that existed at the beginning of the twen-
tieth century is an insignificant share of the total lake 
area increase. This is because a few new lakes have ap-
peared since then. Taking into account the percentage 
share of the lake area change (decrease or increase), 
the results are unfavourable for the drainage basin of 

Table 3. Trends in the change in the lake surface area

Trend Number of lakes % of all lakes decrease/increase in 
area in ha

% share of area decrease/
increase

Area increase
>50% 2 0.96 10.13 1.21

10-50% 14 6.76 32.28 3.87
5-10% 7 3.38 5.65 0.68

No change 0-5%
-5-0%

22
46

10.62
22.22

13.52 
190.95 

1.62
22.92

Area decrease
5-10% 42 20.40 212.49 25.50

10-50% 71 34.30 312.96 37.56
>50% 3 1.45 55.18 6.62

Table 2. Number and surface area categories of the lakes in the 
Gwda River basin, according to the Messtischblatt maps (1919-1944) 

Size class Number of 
lakes % of total Area of 

lakes (ha)
% of area of 

lakes
1-5 16 7.73 49.84 0.39
5-10 43 20.77 322.46 2.52
10-20 55 26.57 791.69 6.19
20-50 45 21.74 1461.68 11.43
50-100 22 10.63 1560.71 12.21
100-1000 25 12.08 6870.04 53.74
Over 1000 1 0.48 1727.20 13.51
Total 207 100% 12 783.62 100%
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Fig. 6. Examples of an increase in the lake surface area

the Gwda because the decrease in area takes a firm 
superiority over the increase in area.

The total modulus of the change in water sur-
face area is 833.16 ha. Only 5.77% of that number 
represents an increase in area, while 70% represents 
a decrease in area. Including in the calculations the 
new water bodies, which contributed 250.95 ha to the 
increase in water surface area, the share of the increase 
in area is 27.58% while the share of the decrease in 
area is 53.56% of the surface change modulus. There-
fore, despite the hydrotechnical works related to dam-
ming lakes and rivers, lake atrophy prevails over the 
increase in lake surface area.

Conclusions

The analysis of the cartographic materials of the 
Gwda River basin has revealed that currently the total 

area of all the lakes marked on the MPHP map from 
2010 is 12 318.53 ha, which is 2.49% of the basin area. 
At the beginning of the twentieth century that area 
was 12 783.62 ha. This constituted 2.58% of the basin. 
As many as 465.09 ha, or 3.6%, of the water surface 
area have disappeared. This result is similar to the one 
obtained by Marszelewski and Adamczyk (2004) for 
the Masurian Great Lakes (3.1%) and by Czaja and 
Jańczak (2010) for the Radunia River basin for the 
lakes larger than 10 ha. On the other hand, it is rela-
tively small in comparison to the result obtained by 
Choiński (2006) for the entire Pomeranian Lakeland, 
in which the total area of the lakes had decreased by 
11 060.6 ha, i.e. 9.6%. Despite the general trend of lake 
atrophy, in particular cases one may observe an in-
crease in the water surface area. This is the result of the 
hydrotechnical works leading to river and lake dam-
ming, which in turn hampers the pace of atrophy. 
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Fig. 7. Examples of an increase in the lake surface area
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